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ABSTRACT

ABSTRACT: The wireless train dispatching command system plays an important role in
ensuring the safe and efficient operation of the railway system. One of the key systems to ensure
the safety of the wireless train dispatching command system is the wireless column scale test
system. With the development of China's railway system, although the GSM-R digital
communication system has been a lot of popularity, but the 450MHz wireless regulation system
in China's railway still has a very wide range of applications. At present, most of the railway
station active 450MHz wireless column scale test system mostly exist due to the old equipment
caused by the test accuracy is not high, poor compatibility and other issues. At the same time,
the improvement of the level of technology also on the wireless column field strength test
system performance put forward higher requirements. According to the structural
characteristics of the field strength test system, the new test equipment and design scheme are
used to optimize the original field strength test system, which is based on the field strength test
system. The main contents of this paper include:

(1) The paper expatiates on the development status of the wireless column field strength
test system in detail, and carries on the detailed demand analysis to the object of this paper, both
the new wireless column scale test system. Aiming at the characteristics of field strength test,
referring to the development course of railway system and drawing on the design concept of
the original field strength test system, a new design scheme of the whole structure of wireless
column field strength test system is proposed, and a new field strength test is analyzed in detail
The key technologies involved in the system. In the process of theoretical analysis, the ODO
positioning performance, error source, positioning accuracy, TAX box principle and positioning
technology, GPS positioning performance and usability continuity test and multi-sensor
information fusion theory were analyzed.

(2) Based on the structure of the original field strength test system, this paper constructs a
wireless column scale test system based on PR100 field strength tester with multi-mode
positioning as the core. This paper studies the hardware and software design and
implementation of the new field strength test system, including: system equipment
requirements analysis, design and implementation of multi-mode positioning scheme based on
ODO, TAX and GNSS, system hardware design and implementation, system software design

And implementation. This paper presents a GPS-based train mileage calibration algorithm to
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reduce the error of test chart mapping.

(3) Based on the problems encountered in the previous system, the test platform based on
virtual simulation software and physical equipment is designed in the laboratory, and the system
designed and implemented in this paper is carried out. Multifaceted. In addition, the system
also in the Urumqi Railway Bureau of the actual field test in the more excellent completion of
the field strength test task.

Based on the development of field strength test system, this paper designs the advantages
of the design of field strength test system. Based on the multi-sensor positioning and fusion
theory, this paper designs a wireless column scale test system with a new system architecture.
Based on this, Class data acquisition, analysis, processing, preservation, real-time curve
drawing, train location automatic correction, human-computer interaction interface and other
functions, and through the simulation platform, physical platform to test the feasibility of the
system, completed the Urumgqi Railway Bureau Of the field test tasks. The system will be used
in the various bureaus, the market has great potential

KEYWORDS: Railway Wireless Dispatching System;Field Strength Test; Multi-

mode; Data fusion; Multi - sensor;
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CEP) #Rl,

AR B AE M AR SCER IR ] AT 1, 2, 3 F5 bk 22 1) LA ME 253 BN 68.3% 95.5%,
99.7%. I FAE T RS R AT O, 1 bR 2 R v, L A P B B 5 R
(DRMS). 2DRMS. F#i%2 (CEP) AIFE LM Z AR (R9S) Fon —4EksE, Wik



AR EGE R L (B3X) IEX

2-2 FlTos:
R 22 RESHOTER
R AR T

DRMS DRMS = /o7 + 07 65%
2DRMS 2DRMS =2,[0? + 0 95%

CEP CEP =0.59(c, + Gy) 51%

R95 CEP =1.2272(c, +0,) 95%

(2) GNSS ELLHE FE K nl A 2 2 P
GNSS FUHLFI KB RE S B e —F /2 AL E . H T E MR EEAE 10 KAL) C/A

H% GPS MO F L2, e A A Mk B T DA 38 JE K 25 14 ek B2 GPS F= WL o
BysmilliX RGRe SR A GNSS SRk — DI TFIUA & 1077 2 BT 25 52 10 (1 O i (2 Hoe
PR FE o P AR SC R BRSO L 1 S ok BEa3EAT 1 It

GNSS HAREHMZ MY, (HFNHB B AAEER, (55 TH A AT
FER R AL RERI SN . T AN S ORI SR FE I E AL RE, 7 ZEORIE 4 B LA B
J2 TR o FLE A i LRI GNSS SR SEIILA 22 14 e b 2 5 o7 75 25008 HL mT FH I AT 8 1 gk
AT . BN F GNSS SRE 235 2 1§85 BIO7E b IR NF ) 253 4775 28 17 2R R0 ik i
I GNSS W HIFE AL A RSN . E T A% R B A 3 i XSO L ox 471 25 A
& IR ARBEIEAT B RLBE SR 2R K 8 AL B AT TR . IS BT 1, HmR 2R &M
B LA & T GNSS AL i3k DEKOHE 6 LL L. HZFH 0.78%HII 7] W1
EEAAE 4 LURBLIOMRE 0 Ty ORUE I e 5 1 7R R F AR IR ) 22 i B0

2.2.4 ZIEREREMRE SRR

T 2ARGBEM RGN T, 5 QBB O PER A kit GPS $2ik
Bl R THEE S 2 AL 5 S R G e AL RE A il o X A% B PR A 3 1 B e 2
RLE TR, JEIR X RAL I8 I RR A BT Rl &, SA AR RIS T %,
AR R T 2 ALK E LEN R S

(1) ZALRREIE DRl e

F R RS BORAE 2R G0 B N F 3 R AR I 18] 22 8] _E OB 22 %, IR IiZ R e m]
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AR EGE R L (B3X) IEX

FEVEL RIPRGEE . HEhnfE BRI,

MG RGN 5,251 RGN E 1 R 4615 B e i SRR ARG B A, L
DAL PR IS MESE. FTLUE e RO R AR B AT M S AR B,
R TR iRl G TR, R IRl AR A e AN B 5, B4R RS 7 AR 1 Bl
Bsie gt — Mg a0, ZJRRIEAR SR A SVANS IX S s AT AL B, A 2843 BRI IS B
G BORIF B E L4 2R

FEINFEM ARG, WEHEAKSE BT IR PRI, GPS SRR3R 1131
TR TG BRIV EREAT AL H RS A7 AE RENS R SR At S8 v i 10 51 4258 (45 2,
AR IRERAFAE, T AZER ] 2 AR AR5 B Al S BRI 2 MBS R gttt AT Bl it &
BETIAF RS0 By, A EEAE LA 2

225 ETFHE BRI FER

UNAT S LA B L HERA 138 SRR AL XS 18 Bl 3 iR B 25 5 AL A S DG IR P g 7E If
i B S BRI R AL A T IB s, BATA R A R I R G S AR R G TR
LR 2 R sh AR A AR . Noval ZritfAl. oy 2 3
A, R BRI AR SO R 4R

(1) BLBEAR 1 AR A

WAL T L AL TS AL — 4 B ST BRI NI IS B, 5 FEREHL T3
TR 0L AR =B A A

TR AR
X 0 1 0fx]| |0
X{={0 0 1| x|+|0 w(t) 2.1
X 0 0 Ofx| |1
X x——Bsh AL E
18 B EAR HE B
I8 B EAR BN B

Ao T e
(2) HLBh#AMAR) “ 2177 FA
FEBLSIA B R PR (IS SRS AR A Ak T 2000 (0 S T B ST NI, 1M A2 A 1 HE 50 3 B
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ARSIINEIZBPIRZS o 0 1 LA B M G PR FA T 75 B 45 5 S P I A S SO T 4 S
Bt DLRINL B B AR IZ ST o WRIE NS A B ) B PEFRA T R] LLRIE, e 40+ —
I B2 I SIPIRES T N BAR BN — B B 21 BN RS BUE 2 € A T 2 i
Z W HLBhEARR “ 21T Geit B AE RUId B B e M e Bt o ARt b izt e 2
TARFIME N (AR AR RO ATAE AR o BT DALl 280 A g FEE (A R m] ey R 5 R K0 A 1
o BUI, B TR SCRERL .

{Xa)] 01 0 ]{xa) O} {O]

X(t) [=/0 0 1 |[[x(t)|+|O0 |a(t)+]|0 |w(t) (2.2)
X(t) a 1

0 0 —al||X(t)

AT A FLET Singer AR A B 08, AR AL G H RN 1 AR T (A VR
SR (148 13 M AT R AL LI LR, 7T LCRE AL ¥ LA 388 58 A8 A BE O S B R 2
RIAARIE ok, & a0 LB F5 B AP,

+

2.3 B &S BARMK R R DRIt E

2.3.1 RGIhREE K T Hh

TL AN 3 I AR G ALy 1 IR 6 0 £ JC 0 51 8 37y 9 M 8 P56 2 75 15 4 Bk it O
EARHERII R S8 . ASTHED T T 2B RIA 137 8 I R G TS5 LU S5 & % i
JRAE B NG Ao 22 G il 2 ) BUEEAT 1 204, SR 1R R 9 sl 28 G i
AR R 75 SRR LRI R T 58 o

(1) RGINREF K

ARG BAE AT 2 B AN 5RO 5 2 Be B AR A A R R R AR B
HZESEIN AL ELAS S A A A5 L, IR AT Bl /A e v A PR 3 S B R R Y
HIT A 25 0T 0 S B SRR B R S S i it 2 (2], O HLREA X I b 1) 48 2R Kt
AT DRAF S B2 Mo FLAARRE LD T -
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S CTTES DN WX e B

\ 4 \ 4

S A AP B LU =RERS,

| |
!

Kot o B Ak B

SHRBBY

\

\ 4 \ 4 \ 4

SHRE BN 95 2 22 11 IR K A

22 RGF KRR

(2) fRRITHR

SEIL IR B G b (R Th e T R T BE R BT 7 SR BT 2047 . BT AR S S R B
Difed ARGV — B REW TN A 5H/EEH, 51 2 REE 58 Bk o<t
SHIIBRCHE : 5458 77 I BTH 75 2R R 40 H i F AL RS RS A B R
W2 G vh D RE B BT /5 2L £ — & P Re i 2 M 2K HAT I N A i IR 1) 3
SEA, FEATIOE IR RS R AR A AT SRS R Th e BT
KRAG O — B2 IEW . BERIECRES BoRThRe; an 22 H D) RE R B R0k
KA B B HI AL AT BN B A5 B 1% BB AR 2R G i1 J5 78 A S 7 5 T R 10 35 AT 1)
Jeor R . BUEAS BAF-E DI BE EOR RSt RETS H 2 5T 0l A ic sx i % R s 4 e Ay
T AT IRAE, DA 5 A2 A7 5080 43 b b 2

2.3.2 RGN I SRR

(1D RGBT

RIAEXR RGF R IREF R FHRFT KT T VEHI AT 25 80H T AR R G
PRGN . RGBT REUS AR BT AR, K ODO. TAX. GNSS. ZZ#e#l| & AH
AP A A AE T IE LA b, S5iHELE I W DA TIELE, SR PR100 3 3Rk
8 ThinkPad 1E AN % . BAARGLE WA 2-3 k.
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FFIEES
p/a e T - LY M g > MFEF:
TSR B M7 e A R S fns
L16
il et e iIN Ethernet Ethernet HaEmiR AL
( ThinkPad T400) | (R&S PR100)
GNSSEZ
TAXFEEOEEREE Z el
(BITU-FST-2)
| IEmﬁnﬂ l Ethernet
" _
OLEDE R
raxi [ O o BNC ONSS Tops MEw R
o |
- RS485 e
= e | B
nas BTER A )
R5485
=
AEEES
HEEN B 2E
(BJTU-FST-1)

K] 2-3 ff RG]
(2) RGBT

ASONSEHURT R LI R G T ZE I RE, AR5 A 790 R R B 255 AP
fRH 2 TARR A R Gt Biit 140 R ShREREBORING A REUTT K. 45 BLRE i FAs
oA s B B G AR, R AR . A P B A B . Kt
i AR SRR RS SRR B i 22 BBk . ARBR (B A E % R 40 R B TR -

r ’| r—------- ’|
| GEsE | [ EFERE |,

H BRI | H%%ﬁ%&ﬁ“
| Biopst | XS |
| Rl | | wE I
o memamn || enen

|| ODO#E H v
| TaxiE || )
|| TAX+GPSEL |

Kl 2-4 RGBT IE
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2.33 RBEEKESZTH

AP TE SEPLR BT A T 26 51 37 9 I kAR AR T T S F 0 5 B RS Bk i R I
AL AT R BCE T H , RGBARVEREZK & it 2% PR TIREE K.
I RGP P A 2 5 B2 BB RV BEAT & 1F . R G R 4T
R RS 2R

RGET RN RGRAG vt EOE . SRR 5L, R
NS BT S SBL I8 AE I E B g S ARSI &S B Loe S s i i it 5
Hi& . A RS oty BT s 2 Rt B S El. DiET G HE
ST B FRCE A S 0 A T, ey Gl B EARF ki R I
Mk

A, AL FESER AR H : RAF RO 5B @S e
1 v e B IS RN SRS B 2 2 PO AP B U 5 o0 A 8 sz s i
IRt ity SEdls Bl R BB AR TR R I 1o

2.4 IRE N

A% B M SR A1 B i R TC £k 51 37 9 K AR T N2 5 TR R HEAT T
Bre FEREE RIS L S 37 1 R G S R B BOR AT W FT . AR S PR A S
PR 75 SR A St PR M T 3 T 2 A% RS S A PR Y DL 2 A 508 AL A% O K T R 81 i 1 5
M RGBT L. 48T ODO, TAX #, GNSS X558 A (I EIR J7 5, X 2 4RI
el G E N IR NS s s R R AT 1R . JF DA ORISR T xR A Te 2k 51 R 3
sl ) B AR BT T S 5 AR S5 %A
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3 ek FA RN R R i 5 SEEN

TeLR A VR 3 5 I 5 2R G 1) 3 B D X Bk it 4 2 T £ A PR3 A L (1 3 5 0 A 18
SERFIE . 375 Hh 28 R 2 ) LR BE Ab L IR RS AR RS . E RS B %
AR BN CEICARRD . Rl 7 miiE R gs . 4R AR IR
TAX # LA S 37 838 25 o

BRI BHARGRIT A RSB

A% ZR G5 5 BN T R [E RS 28 450MHz To2k 7 R IR . A RS E 2%k
BRI IR AR B, WS RE BRI ODO. TAX 4, 3G H T L RE%% .
HAR E W — SE R R MR E . AT SEdE, #EffitE, DLAGHNERCHS A A B4
IFAE . B RGBT FER IR G AT, S iRIE R 3 e et R AR
T PC MM, 3 SR A6 B R A A 20 0 Rk PR F

(1) T RGIMER %

FESEBRMNA A R G AME A B AE 2o AT ST AR A AR X 4 Ak 2 2 14 11
MR FEHIENL. B ODO. TAX #8. GNSS Kk, 5Ri%.

(2) MR G AU REfE

EHCAS IR LSS e EAR . GNSS Bife, AoHehlbibe, Mjfish, SR
PR

Gy MG AC 25 KK GNSS Bl ZE50 BE AL 1A% AR TAX A8 B 1 i 4% 14
BIZEALE . . BRMEEIMTFE, FRRIESIMREES AL, [R50 0E A 48
I LA AZ b, SR AL a0 DURAR ] SR B DA R 37 5 a1 1 25 2 T F 1) 286 5

rﬂ-ﬁ%

3.1.2 BECHR LGN ITT SER ST

AR SCAERTIE RO A% W7 SEREAT A1 40 0ty Jim $2 Hh 2 AR R B SE C A s 1R it T 2%
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HARSE T B o -

PC PR1003Z 381X
\ 4
AL
—GNSS K2 GNSSHR R > MCU >  WoRBE
A
RS485 s
—Tax > u < ODO
; T Bk

3-1 W R g5 K

FETEH A SR YR & FL 28 B 77 RO BT 78 T IhRe i, B HE. 2 i,
fER B, EoRIEH, GNSS Bilt, AZHAUBEL, T,

Horh 3 DR H T A TR SR L KRB I(TNC #5:3%). MZR 3 11 (XL RI45
FeSk) TAXOERC#8 A VSRR 1 (idiie ) R0 B AR I l i 4 11 (WTddide k)
WIREE D (DB9): W RN AA /NI /R BE A LED SosAT CHRIEHR/RIT . &
PFERIT . RGSITHRRIT . EAAR IR KT TR T . TAX AR TR AL dish
AT IIE N 220V-300W .

1m Tj] ]'M 'H_

TEX RA T SRR RALE T 5E R G, AR SCHERCEEA B it 7 56T 9 A & e
A PC BB ST, FHREBIRGITRE Y, ARG B A I3 55
P AL I R S A 2 Rk dr N, R . BART AN Ay st
FEHLF NG L A8 K Ik 2 T 3 5ml I B8 17137 93 ) ML A IS Hd A
Ry Sk, HdE, “RIGAINAn. 1. GPS{EERIC, JRMA NMEA (58, AT
L. TAX #ICGSTAX, (40 NFEFH TAX FEEE) K8 4A7\r\n. ODO i 3:$0DO,
MRS, B 100ms Sk d, BBk EC RS A7 \r\n.

RS 0~ R R
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R 3-1 @ RC A A5 P

TS TECH it
$ODO | ViK' | 4 100ms fkih% | Rt S bketg | REAL |\
$TAX | WKS TAX2 JR 4G4 REAL | \r\n
$GPS | [HBAL NMEA JF 654 \r\n

Fr s YK 5 AR A FH SR S i 5 DA R 03 25 2 P R 22 4% S 2 A 1
A5 4 100ms Bkt HON BARTH R RGNHART Ry DF16 R4 AL 848 ) A 100ms K%k
ZIERC AR BB R B EOy BAR T RO GRS ket S, REAR A CRC
Fe56, TAX2 JFUEHAR#E UM NMEA JFUGE S i QL M %

3.3 1B EhL R EH M E ARG AR

3.3.1 BEEHEHIGIH S S5E

TEAR RGRAF IR S5 92 BER 7, A L E B R RGN R R . ARG
B4 A5 E D ASEHRR ) A B RN S AR T 5 SEILEEAT A A o AR VR B AR R BT R 3 )
WA T A stm32 J-Link ke5 281 TTL-232 #64288, 4370 FH R IS BEHURT GNSS Rk
AT

(1) FFREHAB TSI 5 IR

X F R RAEE T Keils A KIS ASCHRYEREAF R G0 7 R 7B 324Kk
KH LA STM32F103 5 /E RAR RS0 MCU. 1% MCU RI R I FI3 2 R85 T 5dE
PR ) 75 3R AN LR R R AR 2 o iRYE R MR TR SR B S TH T E
PCB #R, W& 3-2 ffiom NaE—h PCB, ZMRAENIKIFEH ODO. TAX i REREF, (H
GNSS MR IETRIE T TAE. EX s B34 VLR ARSI 5 R I, A2 DR A FL RS A A4
AT R I T SO IR IK{E PCB B TAE, BLCH0EIN.
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AERE R L B (B3X) IEX

el 3-2 AR

HF Bkt PCB BCiT A7 AL ™ 5 r) i, 55— RRCE X Al TR gt AT i B A 5
BeUHJa Xt 78 IR AU PCB,  dn &l fs:

.....

33 B AL R

X IZARAR R 2 6 LA 2R AT R . 2R A MCU, W, SD F,
TERAL AR UE YL . GNSS #2101, RS485 # AL MfE—3 PCB F. 7 L% LED iR pf
O, 1E EJ7h ODOL TAX #URHIATE L, 45T 75 ks 46 5 B H 22 A8 3l
] LAN [, 72 FANRERE O 78RRt sh B SO A AT 7 V4R, FEAR I
SR, S TR e IR

(2) MR

ZRER RS R ] DC-14V\SV\3.3V LR HE N, 20l ik R 5 £ 10

HLE AR . Ak B IR AR P2 I 5 YMGUL-2085DIXA FEJERE, WK Fin:
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AERE R L B (B3X) IEX

SO B R 8

YRR

3-4 HLJEAR R
HLR RS2 N LR : AC167-264V; firH K : V1: DC5V/5A, V2: DC12V/5A;
fig tH P % FELIE 23 3 PCB R ODO AR s it G D
(3) SRBRHB 5 IR
N HEERA R RGO, S SR IE ARSI A A s, KRR
OLED 7R Ff R Bon i I AAE B . Boshf e 5V e 0.96 ~F BB BoRbE, 7ESLPrRi
A R R B s

7 RN

K] 3-5LED &t
(4) GNSS B it 5528
ZIERNHE B TR, 16 GNSS BHUEFH AR RGERA 7 AL 2l i: UB351

Jt3}-/GPS/GLONASS =ik % OEM HORAE v GNSS BEER K108, 2 Ja il e R4t H &
BT 5 SR AEAZ Do Al B i T GNSS B b, BT L iE B 28 1 Wit 7 3K .
W5 L [F R R GNSS B, G R B R
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:N/S

00S200101080:N/d
951002191 LOLLYE:

I

3-6 GNSS fEHt

GNSS HEEL [ fd & B AT PGS e &, BAaneE 7 N id TTL-232 0%
FLA% ] GNSS it F AL BG4 . AAIX UB3S1 HER ATt 70 fa, kIR c & 2
KXPH AT A SEACE, % GNSS BIALE Nl EMAE N 1HZ, =4 GNRMC.
GNGGA %5 GNSS MHRAE R, AR R s

‘ I sscoma.2TitlE fem g [Email:mcu52@163.com,2007/9 - O X

$EDGSY, 2, 2,07, 170, 31, 203, 34, 161, 37, 145, 39, 166, 74, 095, 39+51

~
$GHGGA, 212937, 00, 3956. 89655202, , 11620, 18564534, E, 1, 14, 1. 8, 61. 6114, M, —5. 9114, I, 00, 0000455
$GHGEA M, 3,10, 12,18,31.,,...,., 2.6, 1.8, 1. 92C
SGHGSA, M, 3, 67, 78, 79, ., 000s00, 2.6, 1.8, 1. 3425
$GHGEA M, 3, 161, 162, 163, 166, 167, 170,174, ,,.,.2.6, 1.5, 1. 917
$GHEMC, 212937, 00, 4, 3956. 39686202, N, 11620, 18564634, E, 0. 162, 0. 3, 260617, 0.0, E, A*23
$GPGSY, 1, 1,04, 012, 41, 061, 40, 018, 56, 170, 52, 031, 22, 232, 43, 010, 76, 231, 454Th
$GLGSY, 1, 1,03, 078, 76, 193, 44, 079, 34, 206, 44, 067, 46, 117, 52+61
$EDGSY, 2, 1,07, 163, 42, 188, 41, 167, 56, 187, 48, 174, 42, 138, 49, 162, 32, 223, 4046F
$BDGSY. 2, 2, 07, 170, 31, 203, 34, 161, 37, 145, 39, 166, 74, 095, 39451
$GHGGA, 212935, 00, 3956, 89656517, H, 11620, 18564759, E, 1, 14, 1. 8, 61. 6106, I, —9. 9114, I, 00, 0000450
$GHGEA M, 3,10, 12, 18,31, ,,...,., 2.6, 1.8, 1. 92C
SGHGSA M 3, 67, 76, 79, ,,,.,..,, 2.6, 1.5, 1. 9425
$GHGEA M, 3, 161, 162, 163, 166, 167, 170,174, ,,.,.2.6,1.5, 1. 917
SGHEMC, 212933, 00, 4, 3956, 39656517, H, 11620, 18564789, E, 0. 149, 1.0, 260617, 0.0, E, A*20
$GPGSY, 1, 1,04, 012, 41, 081, 40, 018, 56, 170, 62, 031, 22, 232, 43, 010, 76, 231, 45474
$GLGSY, 1, 1,03, 078, 76, 193, 44, 079, 34, 206, 44, 067, 46, 117, 52+61
$BIGSY, 2, 1,07, 163, 42, 188, 42, 167, 56, 187, 48, 174, 42, 136, 49, 162, 32, 223, 40460
$EDGSY, 2, 2,07, 170, 31, 203, 35, 161, 37, 145, 39, 166, 74, 095, 39%60
$GHGGA, 212939, 00, 3956, 89657707, H, 11620, 18564956, E, 1, 14, 1. 8, 61. 6140, M, —9. 9114, I, 00, 0000450
$GHGSA M, 3,10, 12, 18, 31, ,,..,,,, 2.6, 1.6 1. B¥2C
SGHGEA M, 3,67, 78,79, ,,.,...., 2.6, 1.8, 1. 9425
$GHGEA M, 3, 161, 162, 163, 166, 167, 170,174, ,,.,.2.6, 1.5, 1. 917
$GHENC, 212939, 00, 4, 3956. 89657707, K, 11620. 18564956, E, 0. 137, 1. 7, 260517, 0.0, E, A+21
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BOScms  ~| 2ipsn (@ [ MENET | APCHTHARST SMmEETH! (2]
SERHFEE| 115200 - [ HEXEE | B RIPCEFTHE-SMING B —m 2R Rl — S AR
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i Nore | FHEHME: B [ iR ASS00ME. 1367 1 BIfFwinl 03547
Fi 4% [Nore v [sbedefs

4

www.daxia.cor |S:0 R:30229 |COM3EFIFT 115200bps,8,1 7R LFEE  |(CTS=0 DSR=0 RLSL

3-7GNSS iR EHE

MR E AT DL B GNSS BEELEE B R D), AT DA% R EE B SR SR AR B e A S B
RIEZRIERC DS, ERCAS MR 1 HALIE B .
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AR RS

7 KPR SN T e B E AL R 755K, AR GEKH T Novatel

NEIEFARS 0N GPS-701-GG ) GPS Rk, HIHZ AR L ] LA 1) 5¢ A e L 2

PR EATSS . B FR:
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3-8 RS
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SN

K 3-9 RS HHE

(6) 28 AT AR B i 7
W 2% 22 AL ] T4 242 PR100 37 543 )% HE 00 FH i — A LAN HUR G4 2

PC. WIETRDHT, KRG KA TP-LINK 45755~ TL-SF1005D MEAZHibl. 1%
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= 8919-83
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PR100 4% I

|

522l
£ s \E

HLYREE M

] 3-12 T SR G Ak 4 1

FE B TP RATAT LTSI A B R . TR, GNSS b, i, Bor

FRERZ IR R R . IZE A 2R H AT e L E SOk B ODO. TAX .

GNSS sERAR (5 1 JF B 3 Az BB E LB )5, 2 AR B 12 2 PC,

R TR ) LED Ei‘i‘%ﬁ%f&iﬂﬁ‘]ﬁ&ﬁ%%bﬂ BBk RGO T VA ER
& B a R LED SRR ik, X DUR BT A L HAT f % X

3.4 KB/
AR P ERLAS B 7 R R ER A ST RE R L, $R 0 T 2T Aiid e
FBELT (AR PE R GEBE 7 5 SR HT, R SR T e T BB EAR S 3R R

GBI S A SGEAE Ui JFAE LT SRR EREAT T & SIS . e X%
T R ST RS R AT T A
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4 TG EpsRMI R G 5 SN

TR H 5 MR A2 BN DR R G P B o RSB 78, AR SO T JLE X T3
SRR R G0 75 2R BB 77 R IR T, T8 TE 237 5 M 3k A B A4 1 15 115 S Pt
ITVERAT R . K C+HES, 454 GitHub £ Windows #1E RG34 F 3T vS2015
FIRCvEE R 48 B3 i AR, IR AE SEBm il 49 21 17 AN A5 A B

41 BRI A RS ER
4L1BENAERSEKSH

TLH 7 am A AT 2 A R G o A B IR AT A B s geit SoRier
&, WERREFENAATIEES TR TR, BEEMABRINKRE, RGaREMEEL.
PRAE S VA BRI A BNt R B TR i ke s . AR H A ORHR 208k
6 J5 10 3 s I R T R AR o A, FEA R BEAE XP B L M &R 48 BigqT. BT
XP ARG CRE PRI SR, 4EIP A th R Ok, XMEEIET T XP RGN HAT
g TR . A5 & A SCZ AT RGETIRETT I AT, H AT R E X 58
MARAFPAFAE R DI RE TSR 2T (LA EREINRE . oifs BRI A b
AL EIIRE . BASHOBE RS i 2B DhRe . MASHEL BorThRg. MR
SHEHETh R MABIRAA A DIRE, % DI RE R K AT 5¢ R B prs -

4

N
Wi fE E R
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A
Y
MRS H 7R a— WS HEE B Py 222 )
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Train Locator Using Inertial Sensors and Odometer
Abstract: The paper describes a solution to railway vehicle localization problem for the cases,
where no global positioning information (like GPS) is temporarily unavailable. The given
solution also assumes no additional landmarks or other extraordinary installations aside the
train track. The presented approach is based on smart fusion of onboard-gathered data making
use of Kalman filter. The available data sources include a vehicle odometer and accelerometer.
[. INTRODUCT
WHIDESPREAD usage computer control and other telecommunication technologies enable to
achieve steadily increasing operational safety at optimization of costs for transportation services.
Classical train-control systems are based on trackside equipment for signaling and train position
localization in particular.
Unfortunately, standard type of such system has many disadvantages like: protection against
vandalism or no support of dynamic configuration changes on traffic lines etc. Therefore, new
trends in design of train control systems apply distributed intelligent control system principles
which integrate the train track as well as the vehicle itself.
The main requirement for implementation of intelligent train control system is general
knowledge about railway configuration and position of the train on railway. A satellite
navigation systems (GPS) can be used for basic train localization. Nevertheless, there are
singular situations in which even the GPS systems fail. This occurs in environment where
insufficient GPS signal (tunnels, deep valleys etc.) appears. The failure cases might influence
the railway control and safety, therefore these cases should be treated in other ways.
Generally, while satellite signal is not available, the train localization system can not rely on
the GPS. This sets requirement on handover of the localization task to other onboard sensors as
accelerometers, odometers etc. In simplified case, the GPS might be substitute for a while by
data fusion from odometer and accelerometers and applying a dead-reckoning principle. Each
of the mentioned sensors has specific features and sophisticated combination of these together
with the GPS could operate as highly robust and safe train localization system.
Dead reckoning a train position from odometer may fail when worse adhesion between train

wheel and rail occurs. The adhesion level impairs whenever the train is accelerating or braking.

53



AEREGE R LB (830) it 5%

Authors in  compute the train velocity using a fuzzy inference system and neural networks
based on differences between odometers joined with multiple wheels. There are also many
references in the robotics field on data fusion from gyroscopes, accelerometers and odometer
using Kalman filter , PDAF techniques . An attractive navigation system is presented in , in
which the approach to data fusion is driven by belief, that the most typical errors of these sensors
are uncorrelated. The meaningful odometry errors occur during acceleration or braking phases
could be successfully discovered by accelerometers. The navigation system described in  for
mobile robots uses Kalman filter for calculating estimation of the position by measured
odometry and from ultrasonic beacons, etc.

The usability of inertial sensors like gyros and accelerometers does not depend very much on
system status and conditions, but using them for the navigation system might causes incorrect
position of the train over long time periods. These kinds of sensors suffer from multiple
fluctuating parameters as drift, offset and nonlinearity. Accurate and not easy estimation of the
sensor parameters (mainly the offset) is needed to guarantee the required precision and
reliability of the localization system.

Therefore, this paper introduces a smart data fusion approach to integration of the train
odometer and onboard accelerometer using Kalman filter estimation. The method enables to
obtain an efficient estimation of the sensor parameters (offset), position of the train. The long-
term stability of the position localization is guaranteed .by periodic calibrations via the GPS
system.

II. PROBLEM SETUP

The train locator provides estimation of forward position on the rail with no respect to existence
of the GPS system status and errors caused by slippage of the vehicle wheels on rail.
Whenever the GPS system operates, obtained positioning accuracy is sufficient for
determination of the train position. In cases the GPS system fails, the position of the train can
be computed from odometer (in case the slippage of the wheel is not detected) and the offset
estimation of the accelerometer is provided using Kalman filter algorithm. For the case the
slippage of the wheels on the railway is detected, the prediction of the position on railway is
determined from measurement of vehicle acceleration. The use of accelerometer requires
respecting of the predicted offset of the sensor, which is done in backward steps (a sliding
window concept). This data-tracking strategy is described in the Figure 1.

Vehicle position predicted from measured acceleration is usable only for a short time period
while the accelerometer offset is variable in time. The acceleration offset value clearly depends

on the current acceleration value itself and on the temperature of environment in general.
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The herewith proposed solution of the train locator applies Kalman filter algorithm split into
two methods. The differences between these methods stand in slippage detection and its'
subsequent correction. The implementations of these algorithms are described in chapter I'V.
The chapter V shows experimental results obtained with these algorithms.

III. PROBLEM MODELLING AND DATA PREPROCESSING

This chapter provides description of modelling the problem using Kalman filter as the optimal
estimator of the vehicle position and accelerometer offset. The filter inputs are: vehicle
acceleration from accelerometer and velocity from odometer (in case the GPS signal is not
taken into account).

In the case, sliding of a wheel has been detected, the train-position estimation from odometer
is substituted by a time-predicted position (via integration of the acceleration). This is done
while respecting the known offset of the measured acceleration.

The navigation system using Kalman Filter is defined as a discrete time system, where each
sample interval corresponds to the real time sampling of the measured data. The Kalman Filter
algorithm is defined in terms of two equations: the state equation and the output measurement
equation.

IV. DATA FUSION

This chapter describes algorithm for data fusion from GPS, odometer and accelerometer
applying Kalman filter. This approach should respect possible errors which might occur on each
of type of sensor used. The approach assumes, the GPS signal is available in most the cases,
therefore position estimate is obtained from GPS. In case the GPS fails, the actual position of
the train is estimated by Kalman filter algorithm using measured acceleration and velocity from
odometer as sketched above. There are provided two algorithms using Kalman filter,
implementing different approaches to detection of wheel slippage as well as two ways how to
predict train position on the rail.

A. Observation error based approach

The first algorithm is based on recognition of the slippage from the observation error value
from the Kalman filter.

The introduced approach uses switch strategy of estimated positions between Kalman filter and
GPS position. This switch strategy is based on availability of GPS signal.

The algorithm applies prediction of the state vector in two standard steps of Kalman filter. In
the case a slippage is detected, the covariance matrix R is assigned high value, so that the
algorithm omits the influence of the velocity from odometer. The predicted position is obtained

from measured acceleration in state prediction step. The state prediction x and covariance
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matrix P provide weak dependency on current velocity measurement from odometer in a
prediction step. On the other hand, improper choice of the ¢2 and EMAX parameter values
might cause unstable behavior of the state prediction.

B. Bounded offset based approach

This algorithm is based on recognition of the slippage by checking for min/max of the sensor
current offset value.

The approach described in this chapter uses the same switch strategy as approach described in
previous chapter. The main difference between previous approach (OEBA) is in jumping over
the measurement prediction step, in case the offset gets over the limitations.

This algorithm is based on prediction of the state vector in two steps of the Kalman filter as the
preceding approach based on the observation error.

Minor disadvantage of the method stands in requirement to choose the parameters by preceding
data analysis, while the accuracy of the predicted position depends strictly on these parameters.
Nevertheless, this drawback might be overcome by on-line estimation of the offset bounds.

V. EXPERIMENTAL RELSULTS

The algorithms for train position estimation were designed for application with railway vehicles
(locomotives) to serve for coupling GPS-based and dead-reckoning train positioning systems.
Experimental data were gathered with a train setup carrying an incremental optical encoder
offering a resolution of 400 pulses/rev. and industrial accelerometer type Crossbow CXLO1LF.
The reference position of the train has been obtained from differential GPS receivers operating
in RTK (Real Time Kinematics) mode with the accuracy range of about 0.02m. The experiment
was performed on a real railway with intentionally created slippage fields. The measured
odometry and acceleration data were provided to the described algorithms for performance
evaluation. The quality of the position estimation has been verified against the GPS data.

The following presents some results from the observation-error based method.

A. Experimental results of the OEBA approach

The used data incorporate slippage visible in the odometer velocity (dashed line) in Figure 5.
The uncorrected integrated acceleration (speed with the integrated offset) is shown by broken
line and the estimated velocity using Kalman filter is represented in the Figure 5 by solid line.
In the Figure 7 is presented result of the distance estimation plot. The error in distance caused
by slippage of the odometer achieves 14,4 % (dashed line) of the real distance measured by the
GPS (solid line). The error of the estimated distance using Kalman filter is 0.8 %.

B. Experimental results of the BOBA approach

Behavior of the bounded-offset based method is presented below and has been tested with
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identical input data. The following presents some results from the bounded-offset based method.
VI. CONCLUSION

The presented algorithms show two straightforward possibilities of inertial sensor and odometer
fusion, serving as a short time substitute for satellite navigation system with railway vehicles.
The level of achievable long-time precision depends mainly on accuracy of the odometer and
proper detection of wheel slippage as well as on the accelerometer offset.

Comparing both the above described approaches, real-data tests have shown, that the maximum
achievable robustness is provided by the bounded offset approach. Nevertheless, its’ accuracy
is lower. The observation error approach offers better accuracy but less stability (robustness) of
the Kalman filter.

From the safety point of view the usage of the more stable and reliable approach might be
enforced for the applications in transportation applications.

The presented approaches to localization system are not only the possible solutions to the given
problem. Although, the achieved results are quite good the investigation of the sketched
approaches are still in progress.
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