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Design and Verification Method for the Train Supervisory
Controller of the Korean High-Speed Train
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Abstract

: This paper presents a design procedure for the supervisory controller(SC) of the high—-speed train

car. The proposed SC manages control logic and scenario of the overall train system, and monitors input/output
signals among the sub-controllers in the system. The roles and functions of each sub-control system are
defined, and the interfaces among the control systems are developed. Train control system is modeled with
automata, and the model is implemented into a program using a computer-aided software engineering(CASE)
tool, ObjectGEODE. The designed SC is verified and evaluated by using simulation. The SC is shown to
successfully perform the designed functions without any errors.

Keywords : supervisory control, discrete event system, high-speed train, computer aided software engineering
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Fig. 1. Hierarchy of supervisory controller.
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Fig. 2. Door system of high-speed train.
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TFig. 5. Relation of the door plant states.

E L% B FA g g,
Table 71 State definition of the door plant.

r State Name State Name |
P, Open State P4y Step Ciose State 1
P, Close State A P, Closé étate 1
P, Fault State P ’ Step Lock State ‘l
Py Left Step Open State Py i Lack State
P Left Open State Py i Step Seal State
Py ) All Open State P26 Sgal State v}l
L nght Open State P Isolate State
Pys Right Step Open State » Pg | Manual State 3
[ Any State Py Fault State \

X 2. Y B ZHEQ AT A9
Table 2. Signal definition of the door plant.

right open
close

Sensor input :

step open valve on/off

step close vaive on/off
& open valve on/off

%2 & close valve on/off

left open 2 XI alarm buzzer

right open 3 Al

close 2 X!

ZoHE 20X Output Data :

door NI &2t fault
isolate state door state

manual handling

Input Data :
speed value
M2 2 &
tunnel state

29 3 9% g ZdEel 47 Y45
Fig. 3. Input and output signals of the door plant.
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Fig. 4. Classification of the door plant state.
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Fig. 6. Automata model of door plant.
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| 7= 3]
St Ready
S2 Left doors opening
S3 Right doors opening
S4 All doors closing
state ;
Ss Fault state of left door opening
Se Fault state of right doors opening
57 Fault state of doors closing
S« any state
vl moving (boolean)
v2 total car number (integer)
, v3 state of right door (integer array)
variable -
v4 state of left door (integer array)
c dummy (integer)
dummy (integer)




1222

Blval=1) J c+=1.
display [c'th left
door opened],
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(X(sg4,c.L.v4(c)) ofsgd.c.Rv3()

ofsgd.c Av3(c) and v4(c)) .

ag 7. 98 & HEE A% Alejr] 2.
Fig. 7. Automata model of external door function.
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Fig. 8. Part of SDL program of function, external
door.
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) -
(condition)
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Ty

|

me 109
- or- docr(1) fmrr _lopen_provided
1 Tron: ted

wep

outp.at
pl - 201

0 trans tons executsd

dor_-tatifdoor: feom env via elc_any to op_doer(1)

dep - 111
tar cp_doort) frcin__imguta sor_-tatfssors
irput na_dor, statifdoars from env o ep, door(l)
Prot Trve F‘ 0

fan. executed

e . :
AT R l Fireable biansitions:

L

T (h 0

——
j -_\_l |n|/:.15 I‘mn N —»‘—‘ ——’[

29 9. ObjectGEODES] Al E# o] AYshd.

Fig. 9. Simulation view of ObjectGEODE.

#H2 3= MSC(Message Sequence Chart)e} o)At
g7l AGE AEEolA AU eE o83t AFATH
a¥ 9= AjEdeld F4 lHolth AHE38 CASE =7
9] 7] 71%5E o83ty Z} ZE A 20 Aol Wy
e AE9 g 52 AEHeA Fd Moz B
Atk o] JIEEE o83 AEH)AE 539 9B
el A"l #@EAelr7l FdHeE FFHgE F
ok oF F A2EHo] IAYE e A L SF
QoA S, 74 B3 Wl Fo] mahd AapbA
25 A3

AR

.

IV. "X AlAE] 22| 0]7]

M g PHE FHE3ste] R & Jl9 o9
9 & #EA ] 7TEY LEvE 2dg TAE
AA 2dg zzaygos FEHIGET FE A7) AA
of Ulgt T2 YL A|AH BE Z2ALE 717 #E
Ao}719] )5 (unction), Al 7] (sub-function), &
(role)2 teAA T2y Aok G A" B Ao
718 stue] Aa"log slu, FEANEESS FHo=
gg E2E0 AR EE HHEE Favsd 74+ EF
ofgfolle ARE7ITd ABee ZERA2EC] X, T
Az ko] YR 22e 2y ot

SDL Zzzade] 71 FHASA A=de #eEAe
71 AABA Y 103 2ow, #elAo]r]e] reRE
Q1 E-E(block) 9712 —TL/“EJOHIE} zr E%S A 2ol A
da3 Asg F3u ¥, B
A F3 et AsE F3 ‘i‘:_}"\:‘ def o] Z& E
Zo} 9|5 (environment) 5 ME Q4" A
& ol&3m, [ ] gy A= 27 F1 g
==& ]‘3} ’\11-4 ST *‘érii 5 %l—E % 2

14
f

449 Aoz, Buo] ZeAsE FAH0 A8E X
qFTh ZIALE BE3 gol YHE WHIE

e SCU e e r<—|[m;stﬂmswm ]

lprecse) bepretr] | lsch sonat)
‘precon_mon -

mwfsi“ju%_nw] ] -
Vvl N |

[tprech_scb)

Supervismexmd &anmbﬂ Moritoring Timaonte1]

splay.
SBJJAT_SMBATI,]
SB_BAC_StatBATI.

‘bar_mon

[rexct_e)]

- spe o
ENT. StatBATI } | Lpg swB_suaiswh. s _safelock

aic_env . ar_mon [ batb_e) e _parb]
AirCompressor eryControl -
r mnpm] te_airb)] [ AT saar) B | ereycono bet_env

bat_ETC

28 10. ObjectGEODEZ =Z =213 #AgA )72
A" P2

Fig. 10. System-level-view of the supervisory
controller in ObjectGEODE.

Block Preconditioning

S8 _um CrmiPra.vnSm]
Pressure

SB_DTR_CindPreconCib]
Converter_power,
SB_MCB_StaMCBI,
SB_PAN._StaEmgPario,
SB_ACB_StmACBI,
SB_BAC_SasBATI,

verter_power_(
SB_SCU_CdACBI
B_SCU_CmdBACIO)

ag 11 #Aer|Y i BE.
Fig. 11. Preconditioning  block  of
controller.

supervisory

AAME zZte=rh Preparation TEA|Z0] AE AZA
prep_scu® 3¢ precon_scu®} FZAHEH, ©] precon_
scus 23 109 Y& AE dZXMe oot L TR
AlE Y Aol o8 M7E TAN EAT F o,
Za A4 08 Yxlo] ‘A oE(AANAL, HU
Ae)yE ZEg A SR ZRA2Y AAE
=itk Gar Al2" #Alolrle A Y EF
7 16709 ZE2A 27 3=

AAG B A 719 ASES s, ELFAA =&
A7tAe] P AURILE FHIA, ol wE A&
o)L FP3tPct. AlEB oL CASE =72 Object

. GEODE“|AM AlFste AEHIA 7]5E ol&gom,

AlEg ol Ft AATte R zF m Az el 2 W
9 AHEY g #IEGT aAFUE AN Al
ol Foll A T 2F7FFF MAA Ao
o, £XeztA BALE =TS AT F YA 19
12 AEHCIAS Zag F skl HHn HAel
3 MSCE 3 Awixzde AARH 72t Z2ALE
o] Fuuke AF &y, TIEAX YA © £85 F&
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inst_t )rapmuon nst_1_scb inst_1 mca_aﬂ

fscb{1) Jmon_ctri(] l)

inst_1_cont_maonitoring

sb_scu_emdmeblclose PROCESS

--# iaculpreconditioning
feont_moaitoring(1)

sb_seu

sb_dtr_cmdpreconstrt
sb_scu_cmdemgpantoup

convertes_power_on plag ( it ition’ )
sb_scu_cmdachiclose i
sb_sou_cmdbacton

I400c(t) | display Cprecondition recognition’ )

5 Jior_statiidoors (2,31]
X opays0) Ta_for_ statidoors (1,31
‘na_flor_statifdoors (3,31)

na_dor,_statifdoors{4,31)

oY _seu ¢
19y COK, Left Dooropening’)
display COK, Left Dooropening ) ,

. oy Aol ek MSCel

converter power (Arue}

a9 12. AEHeld F

AR,
Fig. 12. Part of message sequence chart for
preconditioning.

AU E RoFEth o] MSCY ARE o]&3te, A&
ojd Foll ZEAAFO] Fu w2 d&H Az I &
< A

V.38
2 Rt 238 08 A299 398 2503
o @7 AAN2RE £2 Bt BeAIoI7Ie AA
A%

E n5AH AojA2H
&HAEe] AoJA|~ER)
E yleto 2 =9 34
ostgh 23 AJA =¥
5 2 4 ey AFRUY
S Aolsla, 715 BE J&H435 9 A5 AA(signal
interface)& FAIRTH AA7A 9Ne] & 7|5 3=
At

#welAol719] Z 7l 7150 BEE E A|a"Ee
LEAEE g3l md3) Yok 2deo] Ay #
AelgAs ZRES] R B Az waEt Ao
st AA A|2Fd ARgslE A5 A% diF
Axee] 9 Evlel Rdd HBadl 471x] AMAS G
[z, 2 715l gl "ed 5 E Ay 715H
ol 2 FIRAlAE] B3 AelA e AeAelE o83}
o Ztzte] e Entgl RdL wren F zdls AdEd
AR Aor)e LEwE ndg SAEAY. AALH
L £xAQ Aol(sequence logic contro)E P2, &
AEQ o Eriel RAZRE FAlo] 2LEWE RAS
THER) g Ao|A Al wE #HE Ao Rdd} FHEY

41

Ko - Ksst - ANAEIEsE ==Kl Xl 7 & K 1 = 2000. 1

e QEvEl EdS 77t ghEo] AFste WS Al
£3Ht. LErEly] A4S o|&omx #AEA Y
9| 7% AAAN $£A3H FHo] Lolff, LERE
gL o)lgsted, ME TE Za A7) Ay WEE
718kehe AAdY 79 22 A2 £FY 2R/
JeldolgAE AR AASIY dojue a3,
Mol ERke ooty & e HolHA Rite
el (livelock) 59 /43S AAANT

#ejAoi7] A 2ErlEl A o] g3t L Ev}
B2 7RO g w50z SDLE o83ty Z2aye vt
=E 2 A 9Ees ARG AA"E AN E
AFEH 98 LT Eo]Fs =F(CASE tool)Q! Object
GEODEES  o]&3ld =z a3 ok #A7E
Far15< FYPste Pl ES5blckER TR,
Z+ BEE2o ZTZ M X(process)EE TAEIOH, EEA
2:9] Yie SErE RdS o83ty SDLZ ZE I
ok ojg@A FEE FEAelr] Z=2IWL Object
GEODEd A A gsle AE oA 7158 AR 8
g 23 AUELE HEato 4FHoR AFHUT

oy wE owd o o

o
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