
77

Volume 2 

Issue 1

February 2009TelematicsTelematics
Transport SystemTransport System

Archives of

© Copyright by PSTT. All rights reserved. 2009

1. Introduction
Level crossing of railway and road traffi  c always was 

and also will be a problematic place for both types of traf-
fi c. Road transport user’s wrong reaction, as a result of 
long waiting time in front of the closed level crossing is 
one of factors infl uencing the traffi  c safety. Th e waiting 
time mostly depends on two factors:

• Geometric confi guration of the level crossing;
• Line speed.

Both of these two factors have cardinal infl uence on 
the train approach warning time and the length of resul-
ting approach section.

Th e geometric confi guration of a level crossing is fi xed. 
Its change is problematic and in most cases not possible.

Th e length of the approach section (distance of a con-
trol place from a level crossing, where warning at the le-
vel crossing system (LCS) is activated), is calculated based 
on the maximum speed of a train (line speed) in the cru-
cial section before the level crossing. For this reason, level 

crossings for trains approaching at a speed slower than the 
maximal will be closed longer than necessary. Th e more 
trains velocities diff er, the longer is the excessive waiting 
time for road transport users at level crossings.

Th e traffi  c on railway is not homogeneous, trains 
move at diff erent speeds. Although speed diff erences are 
not so important now, in the future they could considera-
bly change with the application of technologies provided 
to drive at higher speeds.

Most of the traffi  c accidents are caused by non-respec-
ting of the warning signal and passing a closed level cros-
sing. Long waiting times at level crossings do not only have 
negative eff ect on the road traffi  c fl ow, but also infl uence 
car drivers psychology to cross level crossing even when 
warning is activated. Th erefore the reduction of excessi-
ve closing time of level crossings can contribute to general 
safety at level crossings.

Th is is the reason why for warning activation we sho-
uld not use the approach warning time, which is calcula-
ted based on the line speed. We should rather consider re-
ducing the approach warning time, depending on the in-
stantaneous speed of the train. A device, which takes this 
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into account, is named a speed discriminator (SD). Th e 
implementation of this device can result in the level cros-
sing closing for a time, which is almost constant for diff e-
rent speeds of the train. SD would contribute to increasing 
the fl ow and road traffi  c safety. 

Th e principle of speed discriminator operation is not 
new. In the past, a suitable technologic solution, which 
would provide the realization of speed discriminator on 
required safety and reliability level did not exist. Today, 
such resources already exist, but it is debatable, if the SD 
is still applicable.

2.  Principle of speed 
discriminator operation

Th e information about instantaneous speed of the tra-
in in a crucial section before the level crossing is the main 
information input for correct SD operation. On the basis 
of this information (and other information), SD determi-
nes the point on the railway line or time moment, where 
the warning at the level crossing is activated. Speed discri-
minators can work on diff erent principles:

• Choice of fi xed operating point principle [1];
• Warning delay activation principle [1];
• Warning in advance activation principle;
• Train speed continuous control principle.

2.1.  Systems working on the choice 
of fi xed operating point principle

“SDs with choice of fi xed operating point” determine spe-
ed of the train before the level crossing generally by measu-
ring the passage time trough the section of well-know length. 
Th en according to measured speed of the train they choose 
one of the predetermined operating points so that its distan-
ce from the level crossing is longer or at least equal to the rele-
vant distance corresponding to the directive time for measu-
ring the length of reduced approach section. Speed discrimi-
nators of this type do not fulfi l the condition of constant ap-
proach warning time to the point, but try to maximally ap-
proach it. Th e condition for correct SD operation is that aft er 
the speed determination the train is forbidden to accelerate. 
“Systems with choice of fi xed operating point” are already ob-
solete today and not used anymore at modern railways.

2.2.  Systems working on the warning 
delay activation principle

Th ese are autonomous devices working on “warning 
delay principle” for trains going at lower speeds than the 
line speed. In contrast to “systems with choice of fi xed ope-
rating point”, “an SD with warning delay activation” realizes 

the constant approach warning time in an ideal case, whe-
re the ideal case is a constant approach speed of the train in 
the crucial section before the level crossing. “SD with war-
ning delay activation” formerly worked on: disc cam prin-
ciple, electromechanical principle, stepping switch princi-
ple or Miller integrator principle. Th e SD developed by We-
stinghouse Rail Systems Ltd (WRSL), which is applied in 
the UK under the name of WESTeX level crossing predic-
tor, is representative of current systems. WRLS developed 
this system with aim to reduce the investment costs for LCS 
implementation. WESTeX is described in more detail in [2].

2.3.  Systems working on the warning 
in advance activation principle

As a complement to the previous solution we can con-
sider advancing of warning. SD that works based on this 
principle is a device interacting with trains going at higher 
speeds. In the case of a slow train, the warning is activated 
like usual, by means of the predetermined activation po-
int. In the case of a fast train, the warning will be activated 
in advance, i.e. so it will guarantee that the level crossing is 
closed before this train arrival.

2.4.  Systems working on the train speed 
continuous control principle

Th e specifi c case of “SD with warning delay activation” 
are “systems working on train speed continuous control prin-
ciple”. Th e speed of the train is continuously checked in the 
whole section before the level crossing. When the train re-
aches the distance from the level crossing, where train’s cur-
rent speed still allows a safe passing of the level crossing be-
fore the train arrival for the slowest and the longest vehicle, 
the warning at the level crossing is activated. Aft er the war-
ning activation moment, the train acceleration is forbidden.

3.  Analysis of SD application  
relevance

A positive result of SD application should be shown by 
a sharp reduction of waiting times for road transport users 
in the case of slow trains. For this reason, the analysis has 
to be focused on increasing the warning time duration at 
LCS depending on the speed of the train. Th e analysis has 
to be done for diff erent types of level crossings. Not only 
the area of level crossing arrangement, but also the speed 
conditions of the track have to be analyzed.

Th e total time of level crossing closing depends also 
on the length of the train. Because trains have diff erent 
lengths, the directive value for analysis is the warning 
time duration at level crossing, from the LCS infl uence 
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moment, to the moment when the train enters the level 
crossing area (from the moment when the train enters 
the approach section to its level crossing boundary ar-
rival). Formulas used for directive lengths and times for 
specifi c diff erent types of level crossings calculation are 
published in the standard [4]. Example calculations for 
three specifi c level crossings are presented below.

3.1.  Level crossing of a single track line 
with 80 km.h-1 line speed

In this case the considered level crossing is situated at a 
single track line with 80 km.h-1 line speed. Th e level cross-
ing is equipped with LCS without barriers. Th e crossing an-
gle between the railway line and the road is 60°. Th e axis of 
road warning board is 1.5 m from the dangerous area. LCS 
is not equipped with barrier signals. All values describing 
the geometric arrangement of level crossing considered that 
are necessary for monitored values calculation are defi ned 
in table 1. Level crossing parameters in table 1 are marked 
with symbols according to the standard [4].

Warning time duration tT versus the train speed is 
shown in fi g.1. Th e grey part of graph corresponds to the 
directive time tL for the length of approach section calcu-
lation. Th e red part of graph corresponds to the excessi-
ve time of level crossing closing tnd. Th e dependence of 
excessive time of level crossing closing (warning duration) 
on the train speed is separately shown in fi g. 2.

For the safety purpose it is suffi  cient, that warning at 
LCS is activated when the train enters the reduced appro-
ach section, which length is not set on the basis of the line 
speed, but is set on the instantaneous speed of the train 
basis. Th e length of the reduced approach section Lpr ver-
sus the train speed is shown in fi g. 3.

3.2.  Level crossing on a double track line  
with 120 km.h-1 line speed

In this case the level crossing considered is situated on 
a double track line with 120 km.h-1 line speed. Th e level 
crossing is equipped with LCS with half-barriers. Th e 
crossing angle between the railway line and the road is 40°. 
Th e axis of road warning board is 1.5 m from the danger-
ous area. LCS is equipped with barrier signals, which in-
form the approaching train’s engine-driver about the op-
erating status of LCS. All values describing the geometric 
arrangement of level crossing considered that are neces-
sary for monitored values calculation are defi ned in table 
2. Parameters of the level crossing considered in table 2 are 
marked with symbols according to the standard [4].

Warning time duration tT versus the train speed is 
shown in fi g. 4. Th e grey part of graph corresponds to direc-
tive time tL for the length of approach section calculation. 

n number of lines 1

Dn [m] dangerous area boundaries distance 5

α [˚] crossing angle of road and railway line 60

Sj  [m] width of road traffi  c lane 5

D2 [m] road warning board axis distance before the 
level crossing from the dangerous area 1,5

D7 [m] face distance of  road warning board lights from 
its axis 1

D8 [m] car  distance from face of road warning board 
lights 1

vt [km.h-1] line speed 80

– type of mechanical warning without 
barrier

Table 1. Parameters of the level crossing

Fig. 1. Warning time duration at LCS for considered level crossing

Fig. 2. Excessive warning time duration for considered level crossing

Fig. 3.  Length of reduced  approach section for considered level 
crossing
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Th e red part of graph corresponds to the excessive time of 
level crossing closing tnd. Th e dependence of excessive time 
of level crossing closing (warning duration) on the train 
speed is separately shown in fi g. 5.

For the safety purpose it is suffi  cient, that warning at 
LCS is activated when the train enters the reduced ap-
proach section, which length is not set on the basis of the 
line speed, but is set on the instantaneous speed of the 
train basis. Th e length of the reduced approach section Lpr 
versus the train speed is shown in fi g. 6.

3.3.  Level crossing of double track line  
with 160 km.h-1 line speed

In this case the level crossing considered is situated on 
a double track line with 160 km.h-1 line speed. Th e lev-
el crossing is equipped with LCS with full-barriers. Th e 
crossing angle between the railway line and the road is 90°. 

Th e axis of road warning board is 1.5 m from the 
dangerous area. LCS is equipped with barrier signals, 
which inform the approaching train’s engine-driver 
about the operating status of LCS. All values describing 
the geometric arrangement of level crossing considered 
that are necessary for monitored values calculation are 
defi ned in table 3. Parameters of the level crossing con-
sidered in table 3 are marked with symbols according to 
the standard [4].

Warning time duration tT versus the train speed is 
shown in fi g. 7. Th e grey part of graph corresponds to 
directive time tL for the length of approach section calcu-
lation. Th e red part of graph corresponds to the excessive 
time of level crossing closing tnd. Th e dependence of ex-
cessive time of level crossing closing (warning duration) 
on the train speed is separately shown in fi g. 8.

For the safety purpose it is suffi  cient, that warning at 
LCS is activated when the train enters the reduced ap-
proach section, which length is not set on the basis of the 
line speed, but is set on the instantaneous speed of the 
train basis. Th e length of the reduced approach section 
Lpr versus the train speed is shown in fi g. 9.

4. Conclusion
In general, we can say that excessive warning time 

duration depends on two parameters. In the fi rst place it 
is the train speed (diff erence between line speed and in-
stantaneous speed of the train). In the second place it is 
the length of the approach section as a result of confi gura-
tion of the level crossing (type of barrier, number of lines, 
crossing angle …). Th e dependence of excessive time for 
a level crossing of a double track line with 160 km.h-1 line 
speed is shown in fi g. 10.

n number of lines 2

Dk [m] axis distance of neighbor railway lines 5

α [˚] crossing angle of road and railway line 40

Db [m] length of barrier 3,5

β [˚] crossing angle of barrier and road axis 40

Sj  [m] width of road traffi  c lane 5

D2 [m] road warning board axis distance before the level 
crossing from the dangerous area 1,5

D7 [m] face distance of  road warning board lights from its 
axis 1

D8 [m] car distance from face of road warning board lights 
distance 1

vt [km.h-1] line speed 120

– type of mechanical warning half-
barrier

Table 2. Parameters of the level crossing

Fig. 4. Warning time duration at LCS for considered level crossing

Fig. 5. Excessive warning time duration for consider level crossing

Fig. 6.  Length of reduced approach section for considered level 
crossing
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Results of analysis have shown that:
• for regional traffi  c lines (low traffi  c lines) where there is 

a low intensity of railway traffi  c and diff erence between 
speeds of trains is not large, benefi ts resulting from SD 
application is minimal;

• for main lines, for which combined traffi  c and high in-
tensity of railway traffi  c is characteristic, SD application 
can considerably contribute to the increase in road and 
railway traffi  c safety and hence to the increase in the road 
traffi  c fl ow.

SD application is important for railway lines, where tra-
ins drive at diff erent speeds. SD has to respond to instanta-
neous speed and direction of the train in the approach sec-
tion while respecting principles of safety-related techno-
logy. Advantages of SD implementation become evident 
especially in the increase in road traffi  c safety and fl ow.

Th is work has been supported by the scientifi c grant agency 
VEGA, grant No. VEGA-1/0040/08 “Mathematic-graphical 
modelling of safety attributes of safety-critical control systems”.
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n number of lines 2

Dk [m] axis distance of neighbor railway lines 5

α [˚] crossing angle of road and railway line 90

Db [m] length of barrier 3,5

β [˚] crossing angle of barrier and road axis 90

Šj  [m] width of road traffi  c lane 5

D2 [m] road warning board axis distance before the level 
crossing from the dangerous area 1,5

D3 [m] road warning board axis distance behind the level 
crossing from dangerous area 1,5

D7 [m] Face distance of  road warning board lights from 
its axis 1

D8 [m] car distance from face of road warning board lights 
distance 1

vt [km.h-1] line speed 160

– type of mechanical warning full-
barrier

Table 3. Parameters of the level crossing
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Fig. 7.  Warning time duration at LCS for considered level crossing

Fig. 9.  Length of reduced approach section for considered level 
crossing

Fig. 8. Excessive warning time duration for considered level crossing

160
150 140 130 120 110 100 90 80 70 60 50 40 30 20

3700

2200

2000

0
40
80
120
160
200
240
280
320
360
400
440
480
520
560
600

t nd  [s]

v  [km.h-1]L P  [m]

560-600

520-560

480-520

440-480

400-440

360-400

320-360

280-320

240-280

200-240

160-200

120-160

80-120

40-80

0-40

Fig. 10.  Excessive warning time duration vs. the train speed and the 
length of approach section
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