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ABSTRACT

ABSTRACT: Chinese high-speed railway is developing rapidly, which demands
urgently of equipping advanced, safe and reliable railway signaling system for train
operation safety. The Track circuit Based Train Control system (TBTC) can’t satisfy the
safety requirement as the train speed increased, while the Communication Based Train
Control system (CBTC) can. Radio Block Center (RBC) is the kernel subsystem of the
ground system in high-speed railway signaling system. The information of train
operation state and train control is transferred between RBC system and Centralized
Traffic Control system (CTC); the information of train operation state and route state is
transferred between RBC system and Computer Interlocking System(CIS); the
information of train operation state, movement authorities and train interval control is
transferred between RBC system and Train On-board system; the handover of train
control is realized between RBC system and neighborhood RBC system. RBC system
makes key effect of actualizing the function of “operation commanding, safety
protection” in the high-speed railway signaling system.

At present, the research on the RBC system abroad is mature, while the domestic
counterpart is still at the start stage. The functional requirements and implementation
scheme were presented based on the functional decomposition of the signaling system
introduced by high-speed railway project. And a RBC principle prototype based on
MCU and CAN bus was developed, the running environment of RBC principle
prototype for simulation was constructed. The software & hardware debugging and
functional experiment were completed.

Research works in this paper are focused on the followings:

Firstly, the working principles of RBC system in the signaling system of different
architecture were studied, the scheme of functional decomposition of signaling system
was described, and the functional requirements and implementation scheme of RBC
system were presented. The interior and exterior architecture of RBC system were
analyzed, and the architecture of RBC principle prototype was designed.

Secondly, the principle prototype hardware architecture was designed, and the
principle prototype consisting of kernel 2002M2 processing unit, voting unit, switch
unit and communication unit based on Megal28, CAN bus was developed. The safety

and reliability of the principle prototype were analyzed.
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Thirdly, the principle prototype software architecture was designed. The software
modules for train registration, start-up, operation control, switch between RBC system
and neighborhood RBC system or different line levels and communication were
complied according to the RBC system’s technical specification. And the operation
control module was composed of train receiving, departure, passing and block running
etc.

Finally, the external running environment for simulation was constructed, and the
. software testing was completed, then the hardware debugging was realized. At last the
functional experiment of the principle prototype with CTC, CIS and Train On-board
system was realized.

"KEYWORDS: Radio Block Center (RBC); Principle prototype; MCU; CAN bus
CLASSNO: U284. 91
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WAE, AMIRE R ER SRR, “MRgELEdas, NRBELME". X
BEMEENRSERBNBNYE, EHit, fkEEEHEEDHRAAEZE
BERMEAREEEZ Y, MNEERAZRERTFET HEKBNHRS S
#, FRBTERNRS. MERERESHENBRBRK, XEEKE{TFRRE
BREBBELIT,

REGBORE, EREEESRAEURE “EBITRE. R0~ NE
E, REELANAEET RS, SREPBRURIERFIRGHFTEREE P
KRR, BT ENBR, EHER, MEEAKRBERANRRAESRES
RENMEFHFRBETHER. Frk. HF—ROIBERAEEFRE. HEHEK
AL RET GSM-R (Global System for Mobile Communication-Railway) #1514
BHIRGHRREXFERER T RREXRK, T RBC (Radio Block Center) fEA{E
SREMMEZOTRE, ELHFFRBHEHAITEATHTIE, TEBE
HAMES.

1.1 ARE=

1) BES%EHIRRBRIR

ATREZHAES. AMENARSER TS, HudisE, EIMER
RAGTHEEROHR. BBEGBROREREUBA, BERERINAR:
1964610 A 1 H, BABRATHT LB - mE %R —REBEFTE, mE
iXE) 210km/m, BEEREEEBEET LM, Rib. LREH T, IIEH &M mEEKR
B BEX 1831.5km. AEMF TLETRFEN, NETREIE; EHE 1981
FEHETE—4RHEEY, BOHE, BoERFRBEMN Mg, LRKRES
£EH, EEEF 270km/h. JERXEK TGV (Traina Grande Vitese) KFHFLE,
A 300km/h; EBEHEER%A A, BEERAEHA ELH BN EE
250km/h BVKBEEEMLE R, M 1981 EFHEEKEMFLERRIBL&IE, &
1991 4E, IBEFE 426km, tiiEIHLZ 1000km, LITMRZHBRNEELTLE
X, HEIXEF 250km/h. BEJE N SEH SRR EERMBEKBEHEER, HWREHE
W, EEFHN—RFIALBUE, FOFHF—HAR ICE (Inter City Express)
HESE. BT ERERS, EH, BXH. WA, EHETFREESHETTH
BB kg, A
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1994 %, "M—FYIEREEBER, XEEAF—FEREKE, FIFE
AT IS E] 160—200kmvh, 1X £ 26 (1 8 AU 0 e E B kB AT T T Ehk.
2003, REF—LFEEE—RES —THERFRAEZE, BIHEFEN
2%, FRAIERASTEEBNSREEELARMT AEZRY., RiEHE (F
KB B B PIALRIY, B 2020 &, BREREELHHE “NHNR" NEEELE
5, BEERX 1.2 7 km. BAl, ). ¥, FERSFETLCHART
BRI

2) FIEBEHIBARNRRIR

FIEEENRE, NTEEFSRENLLNE. TEAEREHTERNEKR,
AHEEHREZOMFIEES RE BRGNS, A5 HARZECRANERANEE
WEBITHHAZTERZEN UT R4%. #E LZB80 R4, HAH T ATC
(Automatic Train Control) R4t KX EK#{ ] ETCS (European Train Control System)
R, XERGEBRAMENET I EEHIHAME—HEEBERTRAAR.

(1) EEUT &4

EEEEEE TGV KBIFA TVM300 BB TVMA430 BINERE S, HhEE
BAEHIR A UMT1 5 UM2000 HUEFRE, EFR UT R4

NEFSHEINEEERERLE UT REH— MR, ERRIEITERZZ.
B EBEBITHAE R TR UT REE E R 5 B 5 2 H)
B, ANKES—BEERBEERAHNEEEEITHN, EERERER
FHANEF#E, STRVEERERTEEEDINE N LTFEER, EER
BiR&RE 3.
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Figure 1-1 Speed supervision curve of TVM300
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Yig)E, FIEBITHEE DA 320km/h, A bhidk B 52 70 R L R B Y Al
UIT REHAT T HFHBUE, RCBRAEHNE TVM400 RIIF=&H. FHHFWL
UIT RERRE T IRRENEREMATNEES, LB SRR T 7 sy
REW &GP, EIL, RARFEGEEAREE—BKE B ERE TR
Bk, MEZE—EmERERBERREM, FRANGERETE. ELXs,
XEfE BRI 2 F ERIRIERIS, TR EAMARIGE. ERENFRLHIGE
MER, HEHEERERIENMBER TS S Bi&EH TR, R
TVM300 RZEM RS X BT LBGY, R&REERNAAIRS, RN, Hh
2 CHEE I B HE S HIR
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Figure 1-2 Speed supervision curve of TVM430

EE UT REKE KA UMT1 BLEGDE B, ZERBEEE 1971 F
h B 1B AT i AR AR S| H R I TR TR ) — R S SR BLIE FRL R, ' 43 8 1700Hz.
2000Hz. 2300Hz K& 2600Hz PFH3SEY . B9/MHER AIBE B 8% (8] R A S R i 2k,
ST TR R SEE. SRR E R EAEEHER, & TVM300 &
girh, KA UM71 SLERBENELRX 18 FMEMAHIER, UEEERNER
S R R B A B 2R (I BT B . 7E TVM430 REMER, R4k AR UMTI
PUE R BERREREAM E, B REBMRFRE, KSR 27 #,
B HATHRIGAE, FHEBAME R TVM300 418 #A48% 221 F, XAREF
A H AR MM RRIE T EH AR &, P

(2) H# ATC 4

HAT 1964 FHIAAHER THA L5 —F Rl ki
RIFAT 200 ZIKFIZE, B4 EH 30 BERE,

AAFHTRFIERGIMR 5EE TVM300 REMAME, BAMESR, FAHE

REGEHTS. ©F
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Figure 1-3 Speed supervision curve of Japan’s ATC

PFEERTFHFERANKRE, BEAKBARFHKRT ZMHEFERX ATC RS, €
AR 3 B LM T, EEEEHUE RS R EEENE R T, K
F ATC AR EMNERREHIS, HEPERBRESNEHERSH, #4%
SECRALE BERAHE, EHRREBE ZEEAHERRIENERLEBITIEE,
M5BT, W

(3) #E LZB &4

#E LZB RS EETEH AAREERRKER S T HBRRALIHAF:
BT/RF4F SEL AFMTE T FARBRE KK . HRKF EEEEEREHIEAT
S EESEN LR LZB REN— AR R, XHFIEZHERITH T 440
EXBRSBREFNERES, FIENGHSHERNSBRE REIZED—KEIZ), HHl
HEREHNEESSH. FIEEREARBSHURTESHEREREN, &
5t ERAESRERESHTR. KA FEGEREERRET—FIERHIZ
HEEMLFEEREN, TARZEHZERERAZNETE, HEESMNIESE
BA—HAENT, SR KREMRSLENELRESN, ANEAAER—
KB et 5 5 FE LR HI3h F A&

LZB EZRNEBITEH AL FZEHMEF EZHIFO. F-XRERE
B & RN EEBITHIR &= KE 5418, LZB Hil#s &4 .02 LZB REHMEL,
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B 1-4 LZB #E iz ek
Figure 1-4 Speed supervision curve of LZB

LZB ELXFNEEBITEHI R RS SFI%E 52 6 h.0 2 B #E BAERE
NEPR: —RAUERSE—E— A REREARN LZB FHEY: —EE
H i & —GSM-R BT B3Ik T RALLEREM.

Bt LZB £ — XA s BEM RS, LZB FRERRSHIENEHLE.
KPR HLERFIE TR SRS BIXE) LZB #5640, LZB #iE5]
GO ETHENU S BT R BOROLE B AR B O R 1R A5 FE i %
FREARENIFELNEBTEREFLWHE. WEE, BEERENETERZEN
AR TSI BT R R R/ NISIEBITEE, HIEE LZB h—EX (5 B4

—

WMARR X —EENSEAVE LM LZB EHBHIR %, HELHANFEEITE
EH{]%%UO [3](41(5)
(4) BWMFNEZBRSE

BEERRM BRI R R, PR & EARRBEETR I EEHRAN R AN,
F 20 42 90 ERBXAHIE T Rk 51 ZE#2H R (ERTMS/ETCS, European Railway
Traffic Management System) $iAR#MiE, FHHE T ERTMS/ETCS N %4

ERTMS/ETCS-0: %% T ERTMS/ETCS RIFIZ W] LIfE R H % % ERTMS/ETCS
WHEERELAERES RENLE LET, REEREITHH ERTMS/ETCS £
B EEAT. T ERHIER LR TERMNE S Eurobalise, EHFERASF
Eurobalise 55T 6E ) BTM (Balise Transmission Module) k.,

ERTMS/ETCS-STM: #:%& T ERTMS/ETCS W5 %, & T AEES RN
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g LiEfT. ATHRBAFAEREGFS, ERHIREEFHYM STM (Specific
Transmission Module, FHEHEHR) BEOKRE. STM EEK B A EE S FK
FRHER ETCS I, ARG HEL ETCS.

ERTMS/ETCS-1: 3% T ERTMS/ETCS M5 %, EHEE&E AXIEHIRAKH
MBS Lk EiEAT, MU B AR H)E B S 24K S Burobalise, #iE HLEE R 58
RRAE X B RS R ERSIER T BERE. TGRSR E&TEE,
28 b 0] LA REEBRM IR ZE Euroloop BL# LR E AN #7G, BH ERTMS/ETCS %4 1
A ENE B HENE BFFPEEL

ERTMS/ETCS-2: %4 7 ERTMS/ETCS HI5I%E, FEhTk M ZE P OEHf.
JH H#% T Eurobalise f1 Euroradio BI4E& Li21T. ZFEHZ RIFIN RS BlFEEIE
B GSM-R {24, 1 Eurobalise {2t EALF R, MERETHINETBHERE.

ERTMS/ETCS-3: %% T ERTMS/ETCS HIFIZE, TELL MBS LIFHIN.
H H#%&T Eurobalise f Euroradio HIZEE Liz1T. ZEHbZ [BIRIX {5 BB 5 i
GSM-R RHBtEREE, FIEEMMFIERENMERERR LI, Eurobalise
RiRHt BTCS & iHnamr 4. I

(5) PHEAIEEHRSE

o [ B R R R ) Bl Bk B P E B AT E AR 350kmvh, 7E BB AT I T 51
EHEEKEHAR, HEVRENEGSER. TEREEEBRIERER
LRBWFH|E, NTRIEFIERLEBITRAWARRN. KA EEH TS B irf#
BREANRZAEARMX R, EXAHREERER. HLKERT 2002 4
&£ T CTCS (Chinese Train Control System) FH&:

CTCS-0: ABMAELKIR, HERANEESHETRIZEXEEHNR,

CTCS-1: HEMNERS + ZERBTREEREBEHAMN. HH 160kn/h
UTHXE, ERINFEBTELRMEDE.

CTCS-2: ETHEABE RN FESTENRS. HRRETENEERL,
KRAE-H—FLR, EATEMRERR, HETARELESH.

CTCS-3: ETXEL (GSM-R) #5f5 BIFRANELRTFARNEFIE S
R EBITEHRSE. BRRETE. BmEFLSUFHKES, ETELERFNE
EMESER GEME, ERTEAREXR, BETAEIRFESH.

CTCS-4: BT REEHERMFIESITEH RS . I mEH LRk %,
BETELBENEMNERBSIAZE, H RBC MEHRIFRALARIIEEA
MIlERBHRE, BEARELESH. U

1.2 RBC 2% KN BI%
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WRIEERCM T =4S HI R MTE, 21k 2] ERTMS/ETCS 2 28} ERTMS/ETCS 3 £,
FEAHEIRE RBC, #id GSM-R #1754 #ZH|. RBC & ERTMS/ETCS 2 4,
ERTMS/ETCS 3 {55 RAHE R S K%L, Fbxt RBC MEAR, BEIMRERT
GEFHEE TR KHYHEE .. ECHEE DL RBC A0S T H 5 CTC (Centralized
Traffic Control) &%t FIEFEH RS BB RS X HH4E RBC REMX HHEA,
HAoM T ENXELMEREBRXEHE, BAtE BT RBC TR
I, @EFHET RBC A HE—NERAB TAEX . BEFEREAERIK
AT A B X BN e NS R b B T R VP ER IR TET RS SR
ML RZEFPHE, HEHTETHHEARN RBC RELH RIIRERFLIRE;
ECREEAT RBC FIAXLERE RWATR TR ERN, FERITHBI
PAZEAERIHEAT S04, ZECIPEE 3T CSP—OZ—DC ESHRT RBC HEAER
RIALEE . ZEESMFAARBIRA, FHERMHAMRE, ER5T RBC FFRELTE
HHER.

RBC 7£ ERTMS/ETCS 2 £l ERTMS/ETCS 3 X FEMBRKEF RHAEL K
HIAF, 72 ERTMS/ETCS 2 £ RBC kB 2l 2 531 %, M7E ERTMS/ETCS
3LPRIEESIAE, MNP HEFIERHIER, EF CTCS 3 4 CTCS 4
KA FEEMERE RBC. WAERKRM RBC REMEERBRMBILAN K, &
ALCATEL A% . ALSTOM /A#. BOMBARDIER /%] X SIEMENS A#. W
BOMBARDIER A #)#l SIEMENS 2 &8I ET ELEFEMFIEZG RS
FFB, BLAZTE 2000 G550 ) 2e 48 [ 40 S5 4r 8 R kB RV B D E R I WA 2R
B EBATRETY, diX KEMAR RBC RARAZLHEN, BEHREN
ZEUMTAYE, ERXEREHITAED LERFENZTESE R, EdE
WML CHED, W GSM-R ME#1T# 0. A& TR B+ BOMBARDIER A
#) RBC REBMEE—MrERBSHMES, SMUAERK 5 & RBC HIRF,
BHRR 72 6 5%, —4> RBC HLIERT % 30 5%,

PEKBREIEANKKEREGE, KREFFEITKFEH 200km/h. REANM
KT HEEKBEHES, TREXNEFRENHSRE, BEHAXNERE
SHEARKFE. RERBRKNERE, A TH-TEBRPERBNESAES, BN
FEMREBRFHEKE, ASEEBRERBRISELRHEM, FURE—-A#HE
BELHAE LD, WAl BER. K %F. Uk FEERH L —RAKES]
FBATE, WIHIE 300km/h, HAG5 RERER— N AEN R & AR, BEMN
ZABR. GEREPLIEL, EREEE. TEEH. REBUMNGERER
ERT-HNEILARE, FEARBNEBTHEETRE. FIESTEHTER
. BBITRENFESREEPRWLE FREWN Y. BTEER, #4540
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BETHEAROFERHERCIRBETERS, FEF AR CTCS 3 %1%
s, FURSTEEE4 X% T BOMBARDIER 2 8 M5 EHHI% &, #
RIUAE H LT E RBC. #19 RBC RAXHEA 51 HME SR &, T e#EAR
BEHEENE L.

1.3 TEMRAS

HefESt RBC REMFRCL KR, ENHXEARMFR BN E LKL
B. T HEFH T HRMRE RBC TR R THRE, A30KLIEATI#K RBC
RFEAMAXNSR, HASH RBC REIIAEF K, 7ML Lk RBC RAELH.
BEFAEMEHDRNLEE, HFEEXRELN, BiH RBC REMR, B
HEETHE, BALARANR.

BEANEZHET:

B—E NAREKE. FIEEHHAK RBC HIFFAN A IR .

B_#E HARBCERSRATHIENE, RUFSRAIRIBITR,
FEREERE EE RBC RATNRERREHLIG R, 247 RBC RS
SMEREHRILATG M, BT RBC REFEHLE B AL H

B=F BFRESNEGBASEHE, ERORSLEET, RBETET
£ Megal28, R _F_HA, HLETHEEME. AR
MIThEEZEK;: BFHIZET CAN BEMBEHER; BEa ot sisRg
Zet. WEE,

FWE it REEIRER S A%, KB RBC kMt HREH
SHERNBRFRE.

BHE W RBCHHEBITHE, LIREBHIIKINR LI LR.

BAE BERLCEANITEARIRE T -PHRAARE.
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2 RBC # B 2B Tt
2.1 RBC L{E#IE

RBC R&EAMEGE S RANZLOTFRE, KU ERLINFEHRER
RATEGT Tk, WIRERETISREETRE. FHFIERURERINEEH
RAXHLHM, FIETMH RBC MIENE, FLESNMBENMEBESREN
Z¥. B RBC RARBEHANATE, FSRANMRBRMEH: —& RBC
AHAREMESRELEH, —RRBCETRENESRELH. FHARERERL
RBC A4REBEFEHEHE, £TREMLEIE RBC REARE S L, FELHRER

S BEEOMA: TMERARRMREEERAR, URARK KRN
BEEPRS. YIRS SUEREM RBC %iX#%; CTCS-2 M CTCS-3 HREZ A1 A
AWM, IERTUENMERPEFENEAMELT, XEMNSHA
EAFHE; R GSM-R W& L BEEEAN RBC K%K, FIZETLA—HTE CTCS-2
IR AT 4.

AFRERBE: BTFREES, LASBUNAES; L LHER, fHts
B (B2 H RBC Kzt

EPRBOMA: ZENTHNFIERBRRETARE; TURE—T K
& WEBFERWENL:; EBTRSERE, EHTRERESHRENE
Bk, HiXEE &b XEERUR, UBEASELHE.

EPFREHRS: WXHREOITFRESERS, BAREE=SWLAFE R
R CTCS-2 M CTCS-3 MIhfeHA; BANEMBFREME S, BA—#IhE
R AX L E R ERW, FTUEHITIERLENIR: REFSHWESR,
FHERMRAKREE .

HEl, ERHILEAFEERNERD, FEREZEFLHERRASIARES
X, BdwcLENEE. HESRAABGLEMWT:
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B 2-1 RBC A RETRAL A

Figure 2-1 RBC decentralized architecture of signaling system

FEXFEMT, RBC 5BBIRZ. CTC HHLEREIT TR RS422 & O BT
M, 5 GSM-R M%%iEid ISDN (Integrated Services Digital Network) IR% 2525
HE#, T RBC 5448 RBC Z Al ¥ HMHFEELIERE. RBC BT S8
REMXEREAABREER. UESARBR, 5 CTC MR ERBIARE RS
e FREEER, 5 GSMR MEEEE AN EERZARDLRBIIEBITRE.
ENEER, SEHAFMNEESHSER, BITHE. 18, BUHNTE
WA HI5 BT

EERERZERMBRS, HPIEET GSM-R MEKFIERHI R G K EMME
WRERKFATESER, R’ CTCS 3 WAMFEEHRGN, K CTCS 2 45
EBHIRAEENEH. X, EHFIEEHRZA (TCC, Train Control Center) 5
DAMRE, R RBC RAXRNSAREF X, LREMEBHSFFRE A LD
REFRMSGNERTR, FTUSTIRELE, RERFAEFREMNHN, B
FTE I RBC HEFBEN—MAZEP.L, HEmwmA:
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CTCIEH &

GSM-R

TCC B F CT;’} TCC TCC L—-’ B~ CT,;‘%

LaF 371
iE)ss
LEU ]k LEU LEU
[\ msm [\ nss VANIN - L

& 2-2 RBCEPRERG S RALEHAE

Figure 2-2 RBC centralized architecture of signaling system

XM T, TCC 5EBIAL. CTC I RHII A M RS422 1T, 5
LEU FHITTA R RS485 #H1T&#, TCC 5H48 TCC KA+ HMHFEiEiEs:,
T i B .08 RBC 5 CTC B 08T CTC R4IE 5 Mi&ER:, RBC X #blE
5% e 5K TCC #3i%, RBC it ISDN R4 %5 GSM-R £, T RBC 54348
RBC 3] LUE S & /7% 8. 7 CTCS 3 AT, it RBC K#THEREH,
34 RBC M EL GSM-R M #bsE, FIZERERIEITE CTCS 3 X TR, @it TCC
FHIF)ZE# CTCS 2 A FiEAT.
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RE, BT ERIAMNTHESHEARENEENE, HFEZAZENBKRS,
i@ PHEETREBEI WAL R BERT “FHoRKFEHE-TFFE” K2
BmAIERES.

EEERBMARKS. SRS FRMERT. WERBEAHBEASRSF
Hk. SHE 2 FAKNES Vin BN, TEN, #SUGESEENFBABRK
R FEARBNSE, T BEZSLSFEEREEE RMS (Root Mean Square) # T
BHESRAREEEMERBE, R 5 BB HEK#E OUTPUT kil
1R B E B BV P 2 S P B B T FL R AR BB A i B PR

X AR RS REEE, BiE AD736 Nix TR
PAMABEEAT, LEFEEEmE:
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Figure 3-5 Implementation of AD736
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Fp R —AN R s BEL 3 A R B R 5 500 1—1000 MHMEIIEE. ERSEURBK S,
BB, K 8 EIK SOIC 8 DIP 345, ft Al h+2.3V—=+18V, B Kt
BARMA 1.3mA. AD620 BARIFHEFIFEMZRIE, EHREXKAARN
HIER S0uV, BKMAKRAHREERE R 0.6uV/C, BABMAREHRTA 2.0nA,
G=10 if, HILEMHEIEL D 100dB. LA EE SR SEERERHNERENEA S
BB AR R, PO

A R¥E, R AD620 HARK RIES SHATHCR, AikmignE.

Rg O
AD620 0
RG i 8 RG
..||,__-IN_ 2 7 L 2Vs v
Vout0 +IN 3 6 OUTPUT ADCO
A vsp—=Ns 4 s | -REF
C11_0 —
C12_0
Rg 1 -
ADG620 1
LG 1 8 RG
.||}__-IN_. 5 7 s v,
Voutl +IN 3 6 OUTPUT ADC1
o vsp—=Ys | 4 s [-REF

Ccii_1 =

Cc12_ I

1

3-6 AD620 LHLA

Figure 3-6 Implementation of AD620
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AD620_0 1 AD620_1, 2 KEH ADCO Fl ADC1, 4+ 5% A\ MCU A0 fil MCU
Al b¥,

7 AD620 W EBH P 24.7KQ BIERFE, BA1M# E 8 AD620 MK 15 $5e

EdH—MERARE, ARKR:
49.4KQ

G= +1 3-1)
Rg
i
Rg= 49.4KQ (3:2)
G—1

XEMRIMAE GH 10, B (3-2) ARG HEE Rg HIFRME N 5.5KQ%!,
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34 BIERETAMITEEH
341 CANTHIS RN AzZAT

BERILRF AT LBEMNELREGEHTS, At HEERIR #BET
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MCU A2
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Figure 3-7 Architecture of communication module

A RE B RARRMEIE, REHEF L CTC ERFIBBHYRLRNZ CAN
PEHI8 R CAN ik 81536 1%, MCUAL f MCU A2 #BR%, HWRIUEEER,
AT MCU Al 1 MCU A2 X BIE R & BRM IR, URAERLEN, #LR
W, BRKSMNBRER AR, FEEVEIETERR, —BRAENLEE.
REFIFEMEBLFREL RIE, FRUCKH CAN BEHHAL.

B2 ERAIFT RBC R4H B4 RITET4N, RBC MR BEHUEHSEGR,
BARERERFFIRT . EFHAIXT, —4 RBC 45 TCC B RAKAL
B UESE & 3 RS422 5B, BN EMIR AT SERE, AT RS422 H1E.
fRiE. {ER RBC REEFTWRESS, £/ RBC BESRMELMAAEES CTC R
G H, WMRERM RS422 — M —MUER, UEMLHRViE RBC RANFRE—
A—AMHERHTTR, XHEERRALREE, AEA RBC RAMEEHMHEN, #
WRGEAT, SERBNMREBEGFHNAN. EFULRRE, XXRE CAN E(E
IR R, T CAN BELLIT RBC WELESR.

CAN (Controller Area Network) ZEr LN ZHIABEEZ —, BY]
Bk, BRATHBRREFERNBFIEGEEZ MRS ERER. —4
B CAN B &M B — M4 P30 R DU RN A, TSR Al 52 4%
AR ERSFERTIRS, REsEE 110 MW A CAN BEREFERIAE] IMbits

(40m) , FTUASERIHEIREF: 554h CAN RS R BIE (7L AR B = £ AT T 45HR,
BT SEtEIR &, A LWEEIRE, {#18 CAN # ZHMNA.

CAN MBFHRE 5T RAZEBMEA 0SI —3, At CAN WLHERFEHR
TENEEERENYEE TR, KPEiREsBiEsiaensn, myEEs
RLBFBESHER. CAN KBRFNRIRE, WKL, KA%, BRERANKE
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WALk, HAFFHZE T BEAE, BALEFRA CAN_H 1 CAN L, JEMTEHE 2.5V
EARNRRFEE “17 , 4 CAN_H=3.5V, CAN L=1.5V &, XR&HE “0” ,

CAN B — &+ LA s :

D) R4, BEMERE, ARRERTULIERNRZE,

2) e RS F HE.

3) EEEESEERNEERE, B 40m I H0E E X IMbit's, i &iZ 10Km
K& A SKb/s. EEREBZ BEE ZHKARS, EEFE. RiE.

- 4 BEARRE, CAN BERE FHAXLIE, £—3 0T AR 8] [H
HEWAREGER, CRAENLIASN R, BNERERNE mMEH.

5) HE B LB AR RRIORIE R SURE 2/B RS Y A hhk k17,
CAN SE&MRER TN BRAN, IHEFEHZIRT RN BRE RS EEE,
[, RIXABERIPFRFFRE TR EL.

6) RAEHAEBLMAEBAR, BENMNEAFNABERERE B, REHR
BRIEMT A2 ERIBRIE, MRALEHRT ST RZL W% EEREE,
M KKTTE T B R A& .

7) WEEREE R B AR AR LE, SR REMEREIBSETAER.
WREHRTENEAL TERFA3IBES&NIEE, MNAAEREEY A TE.

CAN BREMERAFHMITR, —RIEHBRER, —RELHLITHEER.
P87C591 B R —FEE M CAN I HI2E, BAMNEE 51 BRAHKIIEE, THA
£ /T CAN #HI28, £ CAN {1 MCU i&F AT90CAN128 %, £k CAN ] MCU
AU, FRBFE, BLEFTG FMERERGE. NIRRT, LA
LR RA S SLIUER T R R LI CAN & (5. &

CAN #5438 BRI BAIR SIA1000, TEEREN—KRITWHFERFH, 5
Ai—4t CAN #4128 PCA82C200 AHLL, HhnT —M B TYER R PeliCAN, i
KX UZFRERE TR CAN2.0B Hhill. EAAFHEIT:

1) #1PCA82C200 J3Z CAN =38 5|3 A. HIHKA.

2) B7 PCA82C200 BRilH) BasicCAN TR, FF BT PeliCAN T
Ao

3) [FIBZHFF 11bit A 29bit HIIRHIES.

4) ¥ /& 64 FHHIEWE M2, FIFO X TLIE.

5) PLEZE]IE 1Mbits/s.

6) REXNAF MCU #0.

7) AIFERI CAN B Ksh R E, P

CAN WK 28 A AR AR PCAS2C250, &£ CAN EHIaSMyFR MLk ik
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EEER, R4 RERIEESRIEES, 3 CAN BHIBREEFBKEES.
HfRanF:

1) BEE %A LUA ] 1Mbps.

2) EREpUBRTIRAEES, KRR,

3) MEEH, BRSHTI, Feh@EdRwRRaE, FE6R TEERR
AT .

4) ZHEWEE, FUKIGEMETH, BT,

5) ANEHE 110 M &, THPA BT AT BLRERW.

TXD AR EBIEMAS; RXD AEEHIEAHR; VCC #BFFEHK: GND
Behh; Vief ASHHES, —BBZ; CANH M CANL SLHEIE M ES RIEME
- T Rs BERM R AP A, @i um DR, IS AR
%ﬂmlo

342 BERETHMEIHTSRN

BEEATKAHERT CTC R EWFIEKBARS . RBC REEILAIIE
ZEIEME BAZE, FETIRFRSM, LR CAN BFEREENT:

G i?a‘ s

& 3-8 CAN {5 RA

Figure 3-8 Implementation of CAN based communication
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SBR CAN {5 B0 L, STA1000 78 MCU 41 F T 8RR R 1%,
H - CANO_CS scILRT STA1000 f] Fi%, CANO_ALE :IL% SIA1000 k847,
CANO RD FI CANO WR 3EHL%F SJA1000 HIiEE#%, M CANO_RET SLLst
SJIA1000 FIE AL, CANO_INT SLELA WS 5 MIf&E, HEARE M MCU M Hik 3|
HIBEE BEAT &b 32 . ADO_0— ADO_7 Sk BREUH ) 451 « A2 LB THH X MCU H1 STA1000
S AIRMEANE RIREAN, 34 16MHz,

BB AT BAE HH STA1000 /9 TXO0 1 RX0 i J6# /5 5 PCA82C250 i #, 1 TX1
5 RX1 ®H 5 PCA82C250 &, X A ¢ SR 7250 CBP Ak BEAL, &
BTHMAER, RE RX0RBIEN. MEANERNEAFERLIRESHESR
ME, BEXAENGEEERERBTLL.

PCA82C250 W BIXUIE 5, &1t CANH M CANL E 54k it 1T451%, 7£ CANH
5 CANL tefskis L& m— NP2 N TR, MeEflZEmerEg T LA H
M, REREN, T Rs BN, RAKRARTIEEREEXT.

3.5 HNMREMATEESH

ZEMEMRREEBTERPERREF ABHB ISP ETRERAR
ERHFERARNERER, XENEREERERME. BiREERSMATIREH
., WERGRITE, FRIEEEMRSRERER ARG L TEM T G5 K
PR RGBT R ERE.

ZEWMNRREN—FHE, EEEREREURERMEE. MURHENEER
FRILERO RERE M, TTHREMEX N : RER RN E KRR E
&G T ERMEDRKEES, EXEX T, REHNRERE R RLRY
HEKER. FUNMERERNEREAZATREEEE, BMNE: A —RHBH
REE. FO—BITREEE. RO—AHE. MO—K¥E, LR/ MER
B5RBIEX, AEEFernE R REEE, XHE: RN RS
ERAFTEZA. Hik, FLESIAEGHRIEXNSH, HIBREEN—ISE
R PTR T3 T B TAE RS A), BARY-33 dk & 8] K@ & (8] MTBF (Mean Time
Between Failed), MTBF 7] LU LA H], Wafth@d BN ERTFEAXR.
RFEE TEMEKE TR, BTFEX—MHPEHLR¥E L A—NEH, EHEH
MTBF &F A K21 %, Bl MTBF=1/A. 1%

THATRITH R R _ERREFERG 2T EE. Bl R
ZEMARAA, RIED/RARER A A H TEARESHERE:
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Figure 3-9 States transition of 2002M2

HoREHBR:

D REORTE, BNHRILTRIFRS.

2) R&E 1 REERDPE - MERKRE, HERMECEIR, TREERE—
MEREE.

3) R&E2RF-—RUE, BIRE, 5—RE¥ L.

4) RE 3 RFHREE —HHRYE, RARFHE, HE—%2,

5) RE4RFABE—RNEMRIEE, HAEHREE,

6) K& MO RRENP —HRHRHEREHEANE, RETIEEH B R
&
7) K& M1 RRENF SRR, ERBEHANE], ZHLF—BEikE
BRI E) R

8) R& M2 RREHUEH, EHP—ERE, BREFHNI.

9) R SO RREH — IR MbE, EREHRME.

10) K& S1RFEVER, SVIHBEREE, —MEERHIR, 35— KR
AHERN, LFHIERS.

11) RE FU RRREE D THERERFEELRB L.
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12) RAE FS KRR RARAEENA T A TERASN HIRATTRHEE, Fmze.
WR|REERE, BIRSEBERERE, NTEINW TS TEAA:
(Do) = 42900 + upi®
P "1(1) = ~4Acpo(r) - (34 + p) pi(e) + upa(t) + Acpmo(r) + Acpso(s)
D' 20) = Aepi(e) - 24+ p)pa(2) + Acpsi(s)
D "5(0) = 24epi(e) + 24cpm(r) + 2cpsi(e)
P ' 4t) = 24cp2(t) + 2Acpma(s)

D" mo(e) = 241 - €) po(e) ~ 44pmo(r) + Apm(r)
< P "mi(t) = 24(1 - ) pi(e) + 2Acpmo(t) — (34 + ) pmi(2) + ppm(2) + 2 Acpso(t)
D' wale) = 2201 - )p2(e) + Acpmi() - (24 + ) pma(s) (3-3)
D so(t) = 24(1 - € po(e) - 44pso(e) + upsi(r)
P s1(0) = A(1 - €)pr(e) + Apmo(e) + Acpso(t) — (34 + 1) psi(2)

p 'FU(I) = 4A(1 = ¢)pmo(t) + 3A(1 - ) pmi(¢) + 2A(1 = ¢) pm2(t)

D' #5(0) = 4401 - &) psole) + 3A(1 - &) psi(r)

HYth&M4HR t=0 i, FEHRB5ER, #F P (0) =[1, 0, 0, 0, 0, 0, O,
0, 0, 0, 0] TRAIMBRZEKTTRENR:

Rax2(t) = po(t) + pi(2) + p2(2) + psot) + psi(?) (3-4)
REMNRZLEEA:
S2x2(t) =1~ pru(t) (3-5)
R Mo B 8]
MIBF 2.2 = L‘“’ Rax(t) (3-6)

¥ MATLAB 3t ZE —Fe — £ #) ¥ 5 /R o] RAERI M 5 7 Rt AT kg, 83
FREHAKBE, RENMETHREERER L=0.0001h, HEFEEHN c=
0.95, {HELATIEY 10000h, ©T43 MTBF=2.8536x10°h, W2 LhrafEMER, *7

T 308 5 MR B T S 1k S S WUE B LR 7 A8 LURAEE

ATH—PERBRENTRENZEYE, R4 A RSB RRARHEMRZ
REIRS R BREEN, —REASHEH, —REMKIERE, —REFHIF
5, HAPEtEbiker g R P LR iEA =

1) MSLAIRE: B EHESRABSLERN S, RESENRIBFED, B
F R RIS TAER, NE—K, BFERZBDERE, HTFAKERTMEA
FMBEIE, MATBAMERERBERANNERRE, NUISBRAEBITRER
&, B X RER TENEETRER.
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2) AkfEE: £ BN AN EORRIERS, BRAERT RS M,
ERRET RAT RN, Bh—HiZe#iE, BMREH2 R

3) MER BRI e MR EREERE L, 0 EE AR A B (RIRFRER),
—ERAEHNE, BYNETRRESMUBE, IHEBHRALER.

L RANFE: AN MCU BT AT, ¥ BFRak 1,2,3.....n
MEE, EEERNNFRSEU—MEESH—REITIE D RP R ER, SMESH
LRBEWE B HS, UMEXN RS RNRLE RHIT AN, B
MCU ZBATEEART R LMA, FFR—ESFERD MCU LPTERBX, W
REZALBITHARKUNERSE KR, H MCU Al £4ERE i MEE, B4R
MR AR, RS MCUA2, RERE—NBRAKSHEHE, KKk MCU
A2 RIBHFEEAE R XRFREIRPLERE 0T IR

1) BREEEERAEE, BREIS— MCU BRDER, RATLERRL,

2) AREFEERNR, ERERTERSERSES— MCU, AL
&

3) ARESELENBIRARERES— MCU RIEMFAISER, SMEEE
R, WRS R, &EEEREE.

F R RA KRR ES RS TR,

K, AKEIHPRAZNZE, TEEFEREFRS, WE4 B ER N
Hyo, HEEEZNEKE, REEVNEES; KERSRIERLRT, #
WERK GBS L2 P .

3.6 NG
FEHERET RBC LRSI B4R TR, RFELEME, TE

B BT BRI A IR REMB FES, BHEEARHLRT R
R_MEROTRTREEET, BREMTTHILRRN RS2, TiEk.
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4 RBC #H BB H% T 5K

4.1 REZHRIT

RBC HNIIRELRMIKI, BT REXHFHEMEME, TEFHNIIEEK
. BATNGITERISHTH 22T # RBC FIIIREFR K, TIUR LR AERE A,
Wit LI RBC Dhae /KK Rkl &

1) % MCU W% F£28. VO K CAN # #8817 IEBYIIA1L.

2) FplE, WREPRRE, AN IAEERE, iR
RECR IR, WMAE SO CTC R, EFIIBBRERR, FIE
FHZEHER K 548 RBC LA, HPiFEH L CTC REMHEBIET CAN
PIEIEWRI YT, 3KF CTC TRAM&4, Wink BE. BEMS%, i MCU 8
B SRBRHEXITEE BI& CAN BRI N RIES CTC REE. EubFIFBel
¥HuZ CAN BB Wik N4 RBC #HXEB(E 8, RBC WXEEIRMIIE, £l
PR S 4, XA & MRITIE St 28T CAN SURmifE 4 Eub 5 IEEk
PIRG. TIFEFERB RIS 532 a4 0 R IERFIEA XA BB
5448 RBC WX E @it MCU B & O EHH .

3) HHEAN “HEEFL CTC AEMAX” ABESR, FERLHITEENXHE,
B CAN a5 4 R

4) HHN “HESFIBHRU R LEER, thRET CAN HIE i st B
FREGESENFEENZE.

5) FHHEAN “HIEFHBHAMR” LBER, REESERBERLIFIE
ITERMBEHRAETEMXERNERE, FERTUMIIENEM. BahiEs.
ITEFTI T R AR ## M RBC/RBC Yj#i#hl. HPTEFTNGTEE. &
., B RXEITESRR.

6) HEANG “4A48 RBC RGiAHXR" LB, M@ MCU BH# ) USART
8B 0L RBC BRI EFE R E.

U ESERENRERE, RAREENT:
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Figure 4-1 Flow chart of Sofeware of prototype system
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FhH, srRTelindX, BoksEX. BEEX. 519K, BRTE
B, R, BERK, NEESEARKKRES. XbhwehpEXERE
EH ALV EBEFITEHSBERLIRR, WEFIEET; BorREEXEZRE
HIEE C2 WA, TTUEKNERBATTERER, BELREIERE; RAEE
KR ES AR EE 40km/h BIS LR, HRFIEATE; FI9BRIEHFENERE
FIZE L HMPUER BB, BRI ESTHRENESAER: BITEER
RIEBIESHBAINEEEE, HIEFTESSLETH, ANARZETE: Hil
BREEERAREAIRE: BEEIEHBEEREST, AHWREIRETXESE
BRI R NEFSEREFMEARE C3/C2 &8, #%EE 80km/h, i
PERFSITE: MIREXER C3 AT, EXRFHRERHRE.

TREBRBLEER, XX RBIFIR CTCS 2 45 CTCS 3 R Bfkik. =
& RBC—RBC ]#%, £#FEEiTIdESTMN—4 RBC #Xiz1T#| T —/* RBC &
R 5T, &

421 GERSEEHSEM

FIEMEMA=FEE, —RIVFEEE CTCS 3 ZRARER L L, SEE
BATH, FEEEM: ZRIIEHM C2 BAMLRIEITE CTCS 3 HHEA ML
Lbrf, JERAEA, B C2 B C3 HMBEHRNTEEM: =ZRIIEN—IRBC R
G HFE X BITEIMHSE RBC EHIEX N, ®EEFEM.

FERHEE, THEETAFRWTF: & RBC BRIERMPFUEL, &
SR HWA RBC BHSIEREREREA, BARERE, ARMFIERITEMH
EEMHE SRR TL CTC RS, #% RBC EREHMARHSHUBERER
TEFTHSEGER, WEIEXXERERITHE, REANERHAR, KK
AR, &E, SERFERENSE M RBGEMS ERERITHR. KRR
BT
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Figure 4-2 Flow chart of train registration
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Figure 4-3 Flow chart of train start-up
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Figure 5-12 Graph 1 of communication with CIS
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Figure 5-12 Graph 2 of communication with CIS
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