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Real-time speed and position detection of MAGLEV vehicle system
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Chung-nam Nat’l University, *Korea Institute of Machinery & Metals

Abstract - This paper presents microprocessor-
based real-time speed and position detection by
inductive radio loop in new transportation
system, such as magnetically levitated train
system, rubber tyred train, and linear-motor car.
The constant elapsed time method is used in this
study for high accurate detection over a wide
speed range. And for reliability and safety of the
system, it is duplicated and data-bus level
comparison is performed by fail-safe comparator.

1. M =3

I @3 AE A2 2AFA o] Al g
oA, dagPe n&e ndsse FAE <l
st ¢HAF 2AAAE Hdtd A =9 43
o] AFea 4ALEJN AA7 s7HD Yk

A7) R4 LHMAGLEVIY 1RElolold) @3},
Yol 2 H7HLinear motor car)s# Z< AZLEA
290N J1Ee #HdH AEFY HEZol e
gzt A2daes ge adfEAn ERAEEE
e A AA WAL AFgEA g

B dpdae Ao g9 FEFHE ol
3 49 H4 2 £ HEAFE vgoE 3o
D&ESAANE g EYe Jd9 FEE 54
23, A289 Fail-Safed] 21§ GUFSE 948,
N&E9 F/VEWEE 08¢ X FE e NA
3o} rlojzz =2 AA WelA Constant Elapsed
Time(CET) methodE AM§3le] AZEdojzgos
Az g Yt =, dAte g MAGLEVE
Aoj&t7] st CET method®] Elapsed Time
Maximum response time®& A3 HAsgod,
RS-232C A FENE E389 Supervisory A H
o dolEE A4 =E 34

MAGLEVA &89} S8 A0E AvEY &9
o} 2o AAHIAXNE uEF FUF kolz o]
EAsng Azde Asidn R4 E Adky
Watchdog TimerE ©] &3 rlojag =z gy

o =zZ2aY¥e& EUHHSM, Data busE
Fail-Safe comparator& ©]-&3t] vimgozr A
2¥0 3FA AZo2 FRHEE 314

dzle] YR &= HEE g3 o7 Ao
A FoE 3t FRYE sty J2E ¥4
9] dole] A$o2M CAN(Controller Area
Network)& #lste] R3tv).

2. &5 39X AHX|

dxte = % YA HRAE Y5 I 9
4oz Wolzth FYAE d4og FEHL A
Asta, nFg AZE ARG g Qe
F1He FEAGE XA, var],
71 € %3849 10cme AXNPRE 7INe Y24
2 gtgd

28 1. a5 ¥ i HXE Yy HEs

Detected
Signal

Antenus I

Antenna 2

Antenna 3

- 346 -



3. Constant Elapsed Time(CET) g

3.1 CET ol flz|(1]

H29E ol 83ld H2ady £58 FHses o
2 direct pulse counting®dolvh H2F7] &3
5& R3] oz 71A Wgo] AHgE 4 Utk
E d3dd g2 e CETHE 23" &5 ¢
o H AEzAEH (/) A&FH 1499
Mgl &5 A ¥3AZe] HE2de A F9
3¢ 7HAD Yo =8 93 rle|a2fELY
ol 80CI9KCE AME3ted Al2dg fesiriq @
glgge] slem, Supervisory HFEHE S F
712 "HolH& $A41387]q H3sict

29 32 CETHY 9dd us) d9gsizn o
HA7eEH 9 By E Bagy A A
A B EdEtAl doth olE FheHe CETH
Ty AZrel At 3 3w A5 KA HH
AA 2o BALHE B2d9 A% 2 3
Ag AAT F ¢, YEd, BYLHE
T, A7l At He A AR A5 dA7=Y A
e B T,& 7HAA dd. 80CI9%6KC| timerl
9 #7140 T.& ol&sd XFY &z OEH
2ol 734 & Utk

s G x %0

(km/h]
T, X T,
Counter capture
MAGLEV . ot
. . Timar reset
7} stats puise counting n H . ;
firstrising. ! &tme - H
edge of - = T .
el ) [T ]
1
: aRs oo T‘-----f--—-e-n?g(-———‘r‘—--ﬁnmnsingedgc
constant ime interval . time derivative . -
(2)8y & ¥H9
H .
: 1 1
SO 7o e - ;
e Ty DT
1 ¥ 1 4
’ i 1
I 1 1
N ‘ l 1
_‘} ! ) ; ]
1 T
Start or. . H
! Stand Stit T eren EXPirEG - Speed
speed =0 calcutated

ghel WAage] Zolrt T, AHE &
ARE 00] ok 00] HY) AHY FF 753
Xg7}'"€‘£‘59 Vmin a} 3 111

Viin = 0.36 / Trax  [km/h]

32 =22 J1x

80CI96KC2 5 7H9- golng 71Ax itk
Timerl& 1681E 9 A-{Z71elo]lvioln, timer2e
timerl9] Y& nwEoR 3o YRANE FSE
e JHeEHZ AHSE & Atk CETHY #8 &
2% T,3 Ton SEHHEES BRI Ao
HSOC(high speed output) AT Eg]ojglo]m|E Al R
=g #r} ol E =doly EAL uigeg
8o ol 1Y 49 ¢mPZHe FAYFY.

a9 49 gugEe vidd Y 2T EE
ol QAEHHEMH A FE, timer2 capture UEHH
E Mula #¢ Fo2 FAHN vk Timerld
299 NS F3sT, 2ZES ol 3
9] Jiwte] HE F¥oE RARLIAEL TRIG #
A2EE T, A0 Ad Fol T, 7t 571 A
o Bx4d9 JdA7t AEHAST L EAE A&
Eoln, QUIT #A2HEs TZaYe] F9ZE A
ojsted AMREHE HAXHIG. £xo Ain
HolEHE £Aldl=E &L T,A7 W 44
oz AYPHAR L 3tk F, T, A AL &
TAAS dole4al, Hd EFrtesE, A &
AMSEE 52 18 AF}=E g

Timer2& 168|E elo]njolr] & HuE A
A% & Y& dA= dF 6.5kmAE} ok ole
L.lkm 778 A@A2AME AME 7ME3tAT 3
SA2Ho2 FHE FALE uvstd ZE WA
o] WaEs YAl AZEHAILEHE ol&dTh
Hol, 342 ZF37% §TF Tu, Tox N 930
Axd £ en, & dFdMe Hd F37F
&z & oF 1000(km/h], HA EFF7s &8 &
5lkm/h] = o)t

Software Timer ISR

 Init Variable Q
init Timer2 ST 0 a ST 2
/- Timer2 Trig Loop I Timer1 reset I [Pulnz = Pulset J
& Pulse! =timer2 1 1
. pulse2 = timer2

Send Data(0) Init T_max(ST_2) SstQUIT

[ Return |

T2CAP ISR

INT mask T2CAP ! "SOtTRIG |
j

“Reset Timer1
Read Timer2
.INT.Disable

Init T_el (ST_0)

INT Enable

Read Timer2
Read Timert

Position & Speed
Clear CAM
Set TRIG
Send Data to Set QUIT

Calculation of

Supevisory Comp.

2l 4 CET whdel =233 32|

O

- 347 -



4. Fail-Safe ==t

gutx o g, vlojaz T2 MUY gAY AREL
Qe o3 HA HFE WL & Aoy oz g
8 Al2®e] mAo] dojd stEAe] w1, 2 2
Feo] 43 & YAE Fopdle Rl 4A 49
G4 712t MAGLEVatEEe] dZ o W E
U #23E RS 29AgAMEgold Yee
g nxget F4E 43 zFANF AN Yo
=025 B A7FHY koj2YEo] EAT.
upetr], o3t o]z Ee] 93 Alxwo] HA o
e Wy PAR=Z JA3E7 4ok

) —-i MCUA .

a8 6. AN METE 28 ALH BT

e BARES FES B ¢gAsla A8
4 e A2"lE 747 fEid S8R9 A
2doz PAHY FSCol 943 Wy vmr}
g, £33 Azte] 25 TSCltotally self
checking) ¥ 29 & A7 WG 7|5 S 713t =
g oy FEFRE TAHE Al&PE  hot-
standby sparing T2 FZA g,

5. Controller Area Network

gz19 £x 9 HXAHEE AW AR 2y
B3 A2d®gr o}l dxte] o] AlojRdA
APREY] g &o] Z+ AR E dFsE JVEY S
FAse o] A&FHolth T AlAW EAN 1
=9 AqHAE 715, FLe AL, g4y PE
E8i9e] T4 &olF Fo] a7 ET

CAN =Z=2ZEZL C(CSMA/CD(Carrier Sense
Multiple Access by Collision Detection)e] ¥4&E o
22X 3 ZHd dol Ho) 8ulolE S HelHE A
% 4 Jdon, CRCA5 bit)st bit coding,
Message Frame CheckZol 93 ZEEed) g
€ FA @3 error detection® F8slH, TFo]
B =& AEHLE  AAIE fault
confinement 71%5& 7FA 3 QIeHo,

" Add./Data bus’ R
o .-} CAN .
CPU | interruptiing g’:N Bus
""RD Ek S P Driver
- e
. WR# - ;
CALE.
__RES

a8 7. EE&S{9t CANS| o1

I 1. oio|e{{a Zo|e} v|ESS| A

" " Bus Length (m)" | ' Bit Rate (kbit/s)
30 1000
100 500
250 250
500 125
1000 62.5
6.8 &

E =%dxe MAGLEVAI&He AAZF 43
Ax % &= HAE AT CET ¥y o3 ¢z
2AF THsgen, Aade gAY AL
# % Fail-Saferl 2¥& 80C196KC rlola 2T EE
2 & o|&dd TAstd Bt EF 4zte] dxt
AARE Ads= YEYE 437 A% Z2E
E2 CANE Agtste ®mgi)

(& 32 & 8]

[1] Richard Bonert, “Design of a High Performance
Digital Tachometer with a Microcontroller”, IEEE
Trans. Instrumentation & Measurement, vol.38, no.5,
pp.1104-1108, Dec. 1989.

[2] E.JJong, et al, “A Simulator for Train Detection
and its Control by Inductive Radio Line”, Elesiver
Science, pp.595-598, 1995.

[3] Barry W. Johnson, Design and Analysis of Fault-
Tolerant Digital Systems, Addison-Wesley Pub. 1988,
(4] John B. Peatman, Design with Microcontrollers,
McGraw-Hill, 1988.

[5] HEiselen E. JOhnk, “Maximum CAN Line
Length using ISO 11898 Transceivers”, CAN
Newsletter, pp.10-12, 1, June, 1997.

[6) Intel 82527 Serial Communications Controller
Architectural Overview, Jan., 1996,

- 848 -



