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Abstract All trains in a communication-based train control(CBTC) system report their position to a
wayside ATP in the jurisdictional area and travel when the wayside ATP provides movement authority,
which is a limit of the distance to travel. For a train to travel between two or more jurisdictions,
handover is required. Handover is a complex process of exchanging control information between the
train and ground ATP. This study analyzes the problems of the handover algorithm of the Korean
Radio-based Train Control System (KRTCS) and proposes a handover algorithm that supports various
operation schedules by handover revocation or handover authority transfer according to the traveling
direction and position of a train. In addition, a handover message structure for the Korean Railway
Standards(KRS SG 0069) of KRTCS is proposed to support the new handover algorithm. In order to
analyze the performance of the proposed handover algorithm, a zone for a train model and route was
defined. Through simulation, the handover suggested in the existing standard and various operation
schedules were compared and analyzed. The simulation results confirmed that the proposed handover

algorithm enables stable handover even in situations such as a direction change at all handover sections.

Keywords : ATP Handover, Handover Revocation, Korean Railway Standard, Radio-based Train Control,
Schedule
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Fig. 1. Typical CBTC System Configuration
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Where, Prz and Ppp are the train’s front end
and rear end positions, respectively, ¢Jy;,, means
qualifier to indicate the wvalidity direction of
train, Pp,,qe, is boundary of the zone, and D4
is distance of the train's MA, D,, ., means the

length of the train.

N
i
%

= o GRS QA AEen Fod o]
Hekek= 49 (kth A4 ATPS} (k+1)th A4

oJgto] HlFlolof hre of7|A] Qe ATE 7
Atk 9WF Bq. (3) S, 720N 9 ABeks A4S @
EoW 2 olFoE A= % o] A4k ATP}O] &
ol §A=, Bq. (4) Syl W Ak A4S
Fig. 2014 MAS ®Esh 24 ATP 417} v
Hue Gk Zoo] "as MAS ¥4 23 wAAS
2 AZs =

£

®)
4

and end positions

Pygs Sy < B

border

<

Brorder < S5 < Pyp
Where, Py, Pyp are the start

of handover, respectively.

Table 1. Handover Messages in Korean Radio-based
Train Control System

Indies| Message ID Message Name
i 25 Handover Preannouncement
ii 43 Initiation of a Communication Session
Acknowledgment of Initiation of a
il 23 S .
ICommunication Session
v 42 ATP Onboard Message
v 181 Handover MA Request
vi 21 ATP Wayside Message
vii 44 Termination of Communication Session
Acknowledgment of Termination of
Vil 24 L .
Communication Session
ix 42 ATP Onboard Message
X 21 ATP Wayside Message
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immediately after change of direction, (b) MA
generated by wayside ATP after change of
direction
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Table 2. Message for Handover Revocation

Variable/Packet Description
NID_MESSAGE Message ID
L_MESSAGE Message Length
T_MASTERCLOCK Master Clock from ATS
NID_TRAIN Train ID
NID_LRTG Last Relevant Tag Group ID
Q_DIRTRAIN Direction of Train Movement
Q_DIR Validity Direction of Transmitted Data
Q_SCALE Qualifier for the Distance Scale
D_HANDOVER Distance to Handover Border
NID_WAYSIDE Accepting Wayside ATP ID
N_ITER Number of Iterations
Q_IPVer(k) IP v4/v6 flag
NID_HANDOVERIP(k) Accepting Wayside ATP [P
NID_HANDOVERPORT(K) Accepting Wayside ATP
Communication Port
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Table 3. Train Model Class

Attributes Type
NID_TRAIN int
D_Length int
Accel float
Decel float
EB float
FSB float
B_isArrived Bool
D_BD float
Position float
V_Speed float
Operations

BD(V_C, V_N, Decel)
Drive(D_MA, Q_DIR, T_TD, V_LS, EB)
EOM(Zone_ID, WATP)
SOM(Zone_ID, WATP)
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Table 4. Simulation Parameters

Parameters Values
Maximum Line Speed 80 km/h
Number of Zones 3
Jurisdiction section of Each Zone 5 km
Maximum MA Distance 1.5 km
Maximum Train Speed 150 km/h
Train Length 200 m
Full Service Braking (FSB) Rate 3.5 km/h/s
Emergency Braking (EB) Rate 4.5 km/h/s
Maximum acceleration rate 3.0 km/h/s
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Table 5. Simulation Results

Handover Results Handover Results
Handover . . .
Scenarios with Proposed with Existing
Algorithm Algorithm
Direction Change Handover Handover
at non-handover
Success Success
area
Direction Change Handover Fail:
at S, handover Handover Connection with two
4 . Success Wayside ATPs after
section handover finished
Direction Change Handover Fail:
S Handover .
at Op handover Emergency Braking
Success .
section Applied
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