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Abstract The train control system is a facility to ensure model-based design and safe train operation, and its safety
is the most important factor for system introduction, complexity of the design information and traceability etc.
Therefore, the model-based design and safety activities regarding the way-side equipment of a train control system
is also highlighted. To solve this problem, In this paper, model-based design was carried out first to develop an
effective train control system, which is represented by SysML(System Modeling Language). The test scenarios that
can take advantage of the design model were created to improve the train safety control system. Case studies of a
model-based design of a train-centric train control system were applied to the test scenarios; the results demonstrated
its usability. The improved activity over the test highlighted the safety improvement approach, and it is expected to
reduce the cost and time in the conceptual design of a future development model-based train control system.
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Fig. 1. Train-centric Train Control System

Table 1. Train-centric Train Control System functional

hierarchy
System Subsystem Function
-Manage the timetable
-Manage the train service
-Supervise train tracking
-Supervise the status of the TCS equipments,
trains and other systems
ATS -Monitor traction power
(Automatic Train| -Process command
Supervision) | -Provide the operator interface
-Provide interface with the communication
system for passenger and staff
-Provide interface with the passenger
information system
-Manage rolling stock and staff resources
Train- (Auto 1111\;;11; T -Control passengefs doors‘ .
centric Train|  protection) —Enst{re safe starting COndlthl:lS
-Put in or take out of operation
Control . . .
System -Changing driving 'modes Operate a train
between two operational stops
-Change the driving direction
-Ensure  detection and management of
emergency situations
ATQ | -Ensure safe separation of trains
(Automatic Trainl pypre safe speed
Operation) | _Authorize train movement
-Supervise train movement
-Control acceleration and braking
-Prevent collision with obstacles
-Prevent collision with persons
El
(Electronic | -Ensure safe route
Interlocking)
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Fig. 2. Interface of ATP of Train-centric Train Control System
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Fig. 4. Activity Diagram of Train-centric Train Control System

578



o
=2

AR A 2 Aol A RE|HE

mlo

bad [Packaga] Structure [System_Herarchy]
<Bbock
BCT_Systam
= =Block» = <Bocks» = =Blocks» = =Biocks» = Bhock =
Diiver Railway ATS Meighlsoring_Railway PSD
= =Bleche = = aBioche ~Bhoche =
BTE_Onboard MMI Door
<<Blocks> | | ssBockex Bl < <Blothe=
ATP_Onboard ATO TAG_Reader L]

Fig. 5. Train-centric Train Control System Architecture
for Function View

3

i, 27l Al wel o] sl vt vk
ol7]€lx H7} W= SAAM (Software Architecture
Analysis Method), ATAM (Architecture Tradeoff
Analysis Method), CBAM (Cost Benefit Analysis
Mehtod) 5©] Atk SAAME aite] of7]El Aol ojgh
q7te} ol-ge] AATA oA S v 4
A= o] FAelth. ATAMS SAAMQ Alsske] A
AR Aoz ol EIA 7L A Foll o]

[SIR=%
DA

_1

Z2 AAENEAE Hdhs 4 “J‘?j%oli}. A4
0}71 A7 Al A, 7R, S S 2 v

S ARGl izt @5l sl 2710 o= S
% RHEANZ) 3L QA R4 e, o] T F37h S
el o)A Agsh=A Tefshe slo] Fo ik
CBAME ATAMOIAM -3k A1 37Hs maddt A
of Aotk i =M= vkt W7F U T

0] 1=

= ATAM (Architecture Tradeoff
Analysis Method)E R.¢kste] 48831 k. ATAMS
Al es

A ek, g

Bo] &&Hu

FHoE 54 A &

579

3.1

ﬁa
RS

A

%Ed
e
fp L L

o £

o

% oz Ho o
S

a
A H A O] A) 2~ ¥l
g o= oA 2.5 HollA Activity Tho]o] 19
WS AR AR AlvE e A8 AR
Yo 7|Nto R AlY ARE FEeon,

Table 2¢] LERH AT

[e:

>

E

5
20

o4, O

[e:

>

mﬂ‘O.\.n.,
o> >

K
il

Table 2. Normal Mode Scenario

Mode Scenario
TCS onboard equipment awakes in the BCT territory
TCS onboard equipment restarts after enter the BCT
Startup .
territory
TCS onboard equipment restarts after failure detection
Train registration at entry the BCT territory
Train registration after the onboard TCS restarts
Data Entry
Operation management system request the train
re-registration
TCS onboard equipment cyclically transit train status
Train Status - - -
Train position reward when train detect the transponder tag
Operation in the authorized speed in BCT mode
If the current speed exceeds the authorized speed, the TCS
. . |onboard equipment reduces the train speed by authorizing
Train Driving | e service braking
Train is running under Non-BCT mode
Train is running under ISO(Full manual mode) mode
Current runway is determined after train registration
Runway If it doesn’t have a trackside object, runway determined
Appoint | Runway is determined including the switch point
Runway is determined including the crossing
Release Train |Release train when detect the BCT advance notice tag
Emergency stop requests from operator
Manual Cancel runway by operator
Operation | Determine runway by operator
Release train by operator
Failure/ Record information
Accident
Records | Download the recorded information
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Objective To the engineer tell-tale test results

Pre-Requisites

Requirement#

Test Script#
Step# Action

Execution Date Executed By Release P

Test Data

Expected Result

An engineer, opening up your computers. The mandate not the record for the
input TIU, NP SB
2 Real mode has shown that 5B mode. 5B 5B
3 After the test, test defined message is displayed. SB SB
4
5

Fig. 6. Test Sequence of Train-centric Train Control System
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Fig. 7. Test Scenario of Train-centric Train Control System
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Table 3. Emergency Mode Scenario

Mode Scenario Measure
System failure ISO operation
Tag Detector failure ISO operation
Tachometer failure ISO operation
System
failure radio transmission module failure ISO operation
Operation management system .
P . & Y ISO operation
failure
Train ID error EB application
Train Schedule non transmission EB application
registration | Schedule check non transmission EB application
error U ted ont ;
ncommitted entrance ta, Lo
o ¢ EB application
registration
Train status Non train status report EB application
error Non train status check EB application
Train Delayed train emergency stop [Manual brake application
operating Delayed train FSB Operator request brake
error REC modules error Notice message
Current runway non-endorsement EB application
Runway Next runway non-endorsement [Manual brake application
determinatio Delayed manual runway cancellation Operator request brake
n error Delayed "
elayed manual runwa
Y . v Operator request brake
determination
Entrance notice/first non-detection EB application
Entrance non-detection EB application
Tag Advance notice non-detection EB application
detection Advance non-detection EB application
error Absolute position detection EB application
Switch point control non-detection EB application
Crossing control non-detection EB application
Trackside Switch point non-control EB application
control Crossing entrance non-control EB application

error

Crossing advance non-control

Operator manual change

Train release non-endorsement

EB application

Train release
error

uncommitted advance
tag release

EB application
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