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Abstract The current communication-based train control system relies on wayside ATP for distance
control and EI for switching control in each jurisdictional area. However, the separate existence of
ground ATP and EI leads to complex control flows. Moreover, EI utilizes a fixed-block-based interlocking
logic, which degrades the control performance of the moving-block-based ATP. To address these issues,
this study proposes a new regional controller structure and control principle that functionally integrates
ground ATP and El. The proposed integrated zone controller simplifies the interlocking logic by
excluding redundant functions from EI, allowing for a more streamlined control process. This paper also
presents changes to the interface structure based on domestic standard specifications following system
integration. Operational scenarios using the proposed control principles are introduced, and a
comparative analysis of control performance is conducted against the existing communication-based
train control system, emphasizing the simplified system structure and workflow. In the simulation results,
the proposed system shows approximately a 50% improvement in predecessor train trackability
compared to the existing system, along with around a 10% reduction in minimum safety distance and
minimum headway time. The proposed integrated zone controller is expected to be applied and utilized
in future Korean radio-based train control systems.
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Fig. 1. System Architecture of Existing Communication-
Based Train Control system
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Table 1.

Comparison between the Existing Moving

Block System and the Proposed System

Comparison

Existing Moving Block
System

Proposed System

Wayside System
for Each Zone

Wayside ATP, EI

Integrated
Zone Controller

Components Plain Track, Switch, Switch, Switch
within the Route Switch Direction Direction
Mutex Resources Plain Track, Switch Switch

of the Route

Complexity of

Complex Routing
Logic
(overlap locking

Simple Routing Logic

the Route needed depending on| (no overlap locking
Generation track geometry and needed)
operational
conditions)
Complex Control Simple Control Flow
Flow X
Control Flow for (preceding (preceding

each Zone

train—wayside ATP—
El— wayside ATP—
following train)

train—~integrated
zone controller—
following train)

Table 2. Train Route Configuration Information

Length -

Values bi0 Description
NID_TRAIN 16 Identity number of the train
NID_LRTG 14 Identity number of the last

relevant tag group
Q_SCALE 2 Qualifier for the distance scale
NID_STATION 14 Station ID
NID_ROUTE 14 Route ID
Qualifier for route set status for
Q ROUTE 2 logical block
Direction of route in relation to
Q_DIRROUTE 2 the transponder group
orientation
Distance between the
D_ROUTE 15 transponder and start point of
route.
Length between start and end of
L_ROUTE 15 ROUTES
N_ITER 6 Number of iteration
NID_SWITCH 14 Switch ID
D_SWITCH 15 Distance between t.he
transponder and switch
L_SWITCH 15 Length between ;tart'of switch
and end of switch
Q_SWITCH 2 Qualifier for switch direction
status
Q_SWITCHSTATUS 2 Qualifier for switch status
Q_SWITCHLOCK 2 Qualifier for switch lock status
Q _SWITCHROUTELOCK 2 Qualifier for route lock status
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Table 3. Simulation Parameters

Parameters Values
Maximum Line Speed (V) 80 km/h
Train Length (D) 200 m
Position Uncertainty (Dpy) +10 m
Speed Error (Vipp) +2 km/h
Full Service Braking (FSB) Rate (Azgz) 3.5 km/h/s
Emergency Braking (EB) Rate (Agp) 4.5 km/h/s
Braking Efficiency Factor (&) 60 %
Guaranteed Emergency Braking Rate 27 km/h/
(Agppr = KX Agy) oA
Maximum acceleration rate (AA co) 3.0 km/h/s
Communication Delay between Wayside ATP
and Onboard Systems
- Waysdie ATP — Onboard ATP (f,,,) 0.5 s
- Onboard ATP — Waysdie ATP (¢ pp) 0.5 s
Communication Delay between Wayside ATP
and EI
- Waysdie ATP — EI (tp) 0.5 s
- EI — Waysdie ATP () 0.5 s
Wayside ATP System Response Time (¢ ;-4 7p) 1.0 s
EI System Response Time (% z;) 1.0 s
Onboard ATP System Response Time (4 7p) 0.75 s
Train Braking Response Time (tp) 1.5 s
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