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Abstract Currently, the most advanced train control system, the moving block train control system, uses
communication between onboard and wayside to track the train position and has high transport
efficiency. However, it uses an absolute braking model with only the train location information, so there
is a limit to improving the transport capacity. This paper proposes a relative braking model and a new
movement authority structure to improve the interval control performance. The proposed model can
shorten the interval by using the speed information of the preceding train to calculate the braking
distance of the following train. The new movement authority consists of distance and speed information
and is generated by the train. To enable relative braking, the position report and movement authority
packet structure of the domestic standard (KRS SG 0069) is proposed for the movement-obstructed train
control system. The interval control performance of the proposed method was compared with that of
the existing system. The simulation results show that the minimum safe braking distance is improved by
up to 30% based on an urban railway. It is expected that the proposed model will be utilized in the
moving block train control system and standards in the future.
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Where, tpg, t,4 are the train position report and
movement authority communication times, respectively,
tye, tg are the response times of ZC and EI,
respectively, and tp, t, are the communication

times between ZC and EI, respectively.

BC

A
Speed Error (Vg )-—» % e vy MRSP
ATP Overspeed -—+ S\P
Allowance (V) \\ EB Curve
< L
IPosiion ATP Profile”” \\ Unoertaint}
t {Uncertainty X t,
ST \ 0T o
gg o0 D~=-Dir AN 100020
V\\ M. g
e tma tpr

[MA] Packet No. 21

EI Position 7C
I—, ’l—,
2] tzc

tr

ﬁ;ckct No. 42

Fig. 1. Interval Control Principle of Absolute
Braking Distance based Moving Block Train
Control System
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Where,  Acely the  maximum

acceleration of 77, G’E'BRTf denotes the GEBR of

denotes

D

), means the position uncertainty of the

Ty,
.
train, and V7, is the correction speed of 7}, as

in Eq. (3).

Vi, =Vy + Vgt Vy 6)

Where, Vy, means speed of 7}, Vj; denotes

speed error, V is overspeed allowance of ATP
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Fig. 2. Interval Control Principle of Relative Braking
based Moving Block Train Control System
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Train Location
Calculation

ATP crboard message (Message ID 42)
with modified Packet No. 42

’ Train Location

Determination Onboard functions

wayside message WOl limit of movement
protection(Packet No. 21)° ZgEc},

2= limit of movement protection (Packet No.
21)2 Table 20 AN AMEA F7H HH=
MA o ARl D83t APAR9] Ade] d B3 8573
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Table 2. Modified Packet(Packet No. 21) for Limit of
Movement Protection

- ZC functions
EI functions Values Description Note
R NID_PACKET Packet 1D
Frotect Zones Validity direction of transmitted
data.
Movement Authority Static Speed Profile (skipped)
Determination(MAzz) Determination(MRSP) N
D LOM Distance from LRTG tag O to the
- limit of MA
ATP wayside message (Message 1D 21) 1 .
with modified Packet No. 21 V_TRAIN Traveling Speeia?rfl the preceding newly added
Mow: t Authori
De(t);:::;::tior:(lM;l:g) V_ERROR  |[Speed error of the preceding train|newly added
V_ALLOW ATP overspeed allowance newly added
Fig. 3. Modified Block Diagram for Limit of A\ BB Emergency Rate of the preceding v added
Movement Authority Determination = train newly adde
Time interval of the position
T_PR newly added
4= Position Report IAL Table 19 AAGH report
= Time interval of MA t issi
t}. 19 Position Report(Packet No. 42)5 53 T_MA me e o 7 FANSIISSION | owly added
I Y s QA= ZCol A9 AR} oA A TR Transmission interval from EI to newly added
A=o] Wt X} AHARE ALt 7= BTy - ZC
Tre ission interval fi ZC t
G:h‘H e X}ETH ‘{r\‘é_]?:]'g %Eﬂxéy_‘g EEHE Tp ransmission 1nEeIrva rom o newly added
MA ZCSJ’]' MRSPE Alsto] Gxjo] ATP WaYSide T 7C System response time of ZC newly added
message (Message D 21)% %E—H ;‘(__/_C,)\_ }-1:]_ 031}7]_ T_EI System response time of EI newly added

MAge ARl B3 YIS JHidE= ATP

Table 1. Modified Packet(Packet No. 42) for Position

Report
Values Description Note
NID_PACKET Packet ID
L_PACKET Packet length
(skipped)
V_TRAIN Traveling speed of the train | newly added
V_ERROR Speed error of the train newly added
V_ALLOW ATP overspeed allowance newly added
A_EB Emergency Rate of train newly added
T PR Time interval of the position newly added
report
M_DRVMODE Train operation mode
M_DEGRADE Performance degradation
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Table 3. Simulation Parameters

Parameters Values
Maximum Train Speed 150 km/h
Train Length (D) 200 m
Position Uncertainty +10 m
Speed Error +2 km/h
Full Service Braking (FSB) Rate 3.5 km/h/s
Emergency Braking (EB) Rate 4.5 km/h/s
Braking Efficiency Factor (&) 60 %
Guaranteed Emergency Braking Rate
(GEBR= K'* EB) 2.7 km/h/s
Maximum acceleration rate 3.0 km/h/s
Communication Delay between Wayside ZC and|
0.5 s
Onboard Systems (£, tpg)
Communication Delay between Wayside ZC and|
0.5 s
El (tp, )
Wayside System Response Time (¢4, Tpp) 1.0 s
Onboard System Response Time (%) 0.75 s
Train Braking Response Time (t5+ ) 1.5s
42 845 24 & H|lW
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where, D;; means train length, V,, denots line

speed.
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headway time comparision
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Fig. 5. Minimum headway comparison between
ABD-based MBS and RBD-based MBS
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