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Chapter 5 
            

Alternative Capacity Scenarios (Part I): 
Signalling System enhancement 

5.1 Introduction 

The previous chapter realized about the null possibilities of the existing infrastructure and 
signalling system to hold an increase of transport demand. However, large time space between 
blocking time graphs remains unused not only because of differences in running time profiles of 
train series but also the existing bottlenecks due to dwell times at intermediate stations experienced 
by local trains and the effects of the double track corridor.  
 
In order to obtain an optimum driving pattern that realizes a minimum headway at the same time 
design standards (headways, maximum occupations, etc.) are respected, line capacity will be 
increased regarding the double railway track corridor. 
 
The main objective of this thesis was to propose different alternative scenarios to improve capacity 
utilization all over the line under study, thus to provide a set of proposals to deal with possible 
upgraded demand scenarios. In other words, it tries to implement different measures leading to an 
increase of the line capacity as well as a better use of the existing timetable capacity. By this, an 
increased line buffer generated might allow the running of more trains in addition to existing 
services maintaining the same line occupancy, thus optimizing the capacity utilization.   
 
Standard measures applied to increase the capacity of a railway line could be to provide new tracks, 
to elongate deceleration and acceleration overtaking tracks, to harmonize train speeds between fast 
and slow trains, to optimize dwell time at stations in order to reduce enormous blocking times, to 
improve the overtaking possibilities at stations, to implement high-speed turnouts, a double usage 
of platforms, to implement continuous train protection, or to decrease block lengths among others. 
 
For the case study of this thesis, the following approaches are developed: 
 

1. Reediting the timetable (re-scheduling) 
2. Modify the signalling arrangement 
3. New track layout  
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Alternative capacity scenarios based on the above measures are spilt in two parts. The first one fits 
in this chapter and is based on the performance of new scenario proposals based on different and 
optimized signalling arrangements as well as implementation of more advanced signalling 
technology. The second part, based on infrastructural design of alternative track layouts, is treated 
in Chapter 6. Re-scheduling is not applied directly but slightly used if necessary somewhere in this 
work (see Chapter 7). 
 
Therefore, both Chapter 5 and Chapter 6 develop independently different possible scenarios based 
on enhancing the existing signalling system and enlargement of the existing infrastructure. 
Combined approaches based on these and additional measures are not treated numerically, and only 
some suggestions to improve the presented scenarios are cited.  
 
Chapter 7 deals with a step forward to meet demand forecasts by first choosing a suitable 
alternative scenario and developing some rough scheduling tasks as pointed out in the three points 
presented above. 
 

Enhancement of the signalling system 
 
In a network with lineside signals, the signalled approach distance has to meet the braking distance 
for the fastest train. The problem in such a system, with single step braking, where high density of 
mixed operations take place is that slow trains meet an approach signal for the following block 
section much longer than the real distance required for braking. This is common at intermediate 
stations where just stopping trains stop and block sections are relatively large (e.g. Delft, Delft 
Zuid). 
 
An increase of capacity could be achieved by means of different signalling approaches like 
continuous cab-signalling system, split up block sections and overlapping of them, moving block 
system, double approach indications, permissive signalling, two–step braking operation, etc. 
Among all possible signalling configurations and technologies, this chapter suggests two different 
types of scenarios: 
 

1. Reduction of the block lengths according to the minimum braking distance 
2. ATC (Automatic Train Control equipment) 

 
The fact of introducing these signalling modifications to the existing fix block signalling system 
aims to optimise the blocking time diagram. Three scenarios are analysed, scenario A and scenario 
B regarding block lengths variations (section 5.2) and scenario C regarding ATC technology 
(section 5.3), applying the simulation tool Railsys, checking whether capacity improvements are 
significant or not and proposing other possible configurations or combined strategies that might 
improve the obtained results. Short summaries and discussions are presented at the end both 
sections to assess the contribution of the different approaches. 

5.2 Reduction of Block Lengths (scenario A and scenario B) 

A new fix block signalling arrangement with reduced block lengths may lead to a reduction of 
blocking times. This yields an increase of buffer time and therefore a capacity increase. 
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However, reduction of block length does not follow a linear relation with regard to capacity, 
making further reductions lead to little improvements. Figure 5.1 states that non-linearity from 
block section shortenings. 
 
 

 
 

Figure 5.1: Effect of reduced block length on the blocking time 
(Pachl, J., 2002:172) 

 
 
To reduce block sections first of all is necessary to check whether the existing ones are already 
larger than the braking distance or not. If block section lengths are close to the minimum braking 
distances, length variations would achieve small improvements; nevertheless, if they are larger, a 
new location of signals to have smaller block lengths according to the braking distance would 
reduce blocking times at the same time extra space would appear to place new block sections. 
Hence, if block sections are already optimized, it should not expect to obtain significant 
improvements. 
 
The first part of this section describes the main aspects of an optimization performance of block 
lengths and gives an overview of the braking distances concerning the railway services operated 
along the line. After discussing and comparing the existing lengths with the minimum necessary 
distances derived from the braking curves, two scenarios, A and B, are elaborated in detail and 
presented regarding two different service operation criteria. 
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5.2.1 Braking Distances 

Among all passenger trains scheduled, IC-, INT- and HST- trains are those running faster along the 
tracks. These passenger train series are operated using a certain rolling stock as defined in 
subsection 2.3.1. Existing rolling stock data used in planning tasks by Dutch Railways was applied 
in previous research to set the train data in RailSys, and is now also applied to calculate minimum 
braking distances.  
 
From previous research works (Yuan, J., 2004), data concerning to braking rates and braking times 
of the different train types is used to calculate braking distances needed to stop a train form certain 
speed to standstill according to a specific braking rate. This data is collected in subsection B.2.2 in 
Appendix B. Assuming it, a speed-braking distance diagram can be build for different deceleration 
movements. Although trains can technically run faster than the design speed threshold (e.g. Thalys 
trains might reach 300km/h in suitable network conditions), they never overrun the allowed speed 
on the line, otherwise they would be automatically brake by the protection system. Therefore, the 
worse braking situation might happen if a train starts to brake immediately after releasing a yellow 
signal running at maximum design speed allowed just before the signal aspect. Then, given the 
braking data per train series and the speed restrictions along the line under study, it is possible to 
determine several deceleration curves for the different design speeds determining the required 
distance to brake. Of course, these values vary from train series to train series, basically due to 
differences between braking rates of trains.  
 
The existing movement of trains is characterised by the previously defined rolling stock. Some 
running characteristic allow trains to decelerate at 0.66m/s2, whereas other less efficient just handle 
braking rates up to 0.50m/s2 (see table B.3 in Appendix B). Of course, all these trains are running in 
the existing schedule, thus all these braking characteristics are present in the movement of trains 
along the line. Then, in order to represent feasible braking curves it is assumed an average braking 
rate of 0.50m/s2 to calculate braking distance from different design speeds. Of course, some train 
types use higher braking rates leading to lower braking distances, but through checking the given 
tables with regard to braking characteristics of the different operated services, one realises how 
high speed trains like Thalys, able to reach the maximum allowed speeds along the line, also 
experiences a deceleration of 0.50m/s2 which is the worsen braking situation. 
 
In short, for the different design speeds existing along the double-track corridor, Figure 5.2 
indicates the required braking distances according to the lowest existing braking rate. 
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Figure 5.2: Speed-distance diagram for deceleration from different design speeds to standstill 
assuming a minimum deceleration rate of 0.5 m/s2 
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From above-presented curves, minimum braking distances are determined. Table B.3 in Appendix 
B presents the numerical values used for the braking lengths in the following subsections. Those 
should be at least the minimum block length in case of the specified block section used as 
approaching distance is released at certain of the selected speeds.     

5.2.2 Minimum Block Lengths 

The minimum block length between two main signals approaching the next signal must be at least 
the minimum braking distance according to the maximum speed a certain train is allowed to run. 
However, sometimes it happens that two different alignments with different design speeds are 
located within a single block section. In this case, the block section contains a speed board, thus 
two different design speeds are defined in it. 
 
With regard to this situation, the simulation tool calculates the speed-distance diagrams for all train 
types scheduled. These diagrams show the speed profile of a train along the track with regard to 
block sections, thus it can be graphically determined the individual speed of a train at each slot of 
the line. The following figures show examples of these speed-distance curves calculated by the 
system for both AR- and IC-trains.  
 
 
a) AR- train             b) IC- train 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.3: Speed-distance diagram for selected train series in southbound direction 
 
 
Three different shapes are represented in the above diagrams: 
 
Black curve    Maximum speed allowed along a certain stretch of line limited by the infrastructure 
characteristics such as alignment, cant, and other infrastructure design parameters. It is named 
design speed. 
 
Red curve    Speed related to minimum running time between stations. It could be reach in 
situations where the driver decides to speed up the train and use the available recovery time in 
order to fit the timetable and not to experience a delay. 
 
Yellow curve    Speed reached if trains are running according to the scheduled. 
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It is physically impossible for a train to operate according to the white curve because it does not 
take into account acceleration and deceleration distances required to reach a certain speed. Using 
these speed profiles, the braking distances arising from the calculations might lead to needlessly 
too large braking distances. On the other hand, it would not be correct to use the scheduled running 
speed (yellow curve) in calculations because operational speed of trains does not always match to 
this pattern, e.g. if a train is delayed, it could recover time lost by speeding up, reaching the station 
on time. In this case, calculations might lead to too short braking distances probably insufficient for 
certain running situations. 
 
Therefore, to calculate feasible braking distances, minimum running time pattern is used (red 
curve). It gives the suitable minimum braking distances to be applied in the selected stretch of the 
line. Moreover, speed-distance curve for the fastest train (or train reaching higher speeds) is used 
for safety reasons. As Figure 5.3 indicated, speeds reached by IC-train are higher than those 
reached by an AR-train due to differences in dynamics and operation. Besides, the station density of 
the line is so high that stopping trains are not even capable to reach their maximum speed between 
stations. 
 
In conclusion, graphically checking the maximum releasing speed for IC-trains according to the 
minimum running time profile at each main signal (see red curve in Figure 5.3) in combination to 
the calculated braking distance diagrams (see Figure 5.2), minimum block lengths can be 
determined.  

5.2.3 Minimum Block Lengths vs. Existing Block Lengths 

Table 5.1 gives a comparison between the existing block lengths along the track in both directions 
between Rijswijk and Rotterdam CS (double-track corridor) and the minimum block lengths 
required to brake from the selected design speeds indicated by the minimum running time curve 
profile. 
 
a) West track            b) East track  
 

Block 
section 

Existing 
length [m] 

Vbrake (*) 
[km/h] 

Minimum 
block length 

[m] 

 Block 
section 

Existing 
length [m] 

Vbrake 
[km/h] 

Minimum 
block length 

[m] 
       1 1327 100 772  16 1350 110 934 

2 486 100 772  17 712 90 625 
3 681 100 772  18 642 90 625 
4 1723 120 1200  19 858 90 625 
5 1327 140 1513  20 1217 90 625 
6 1381 140 1513  21 1330 120 1200 
7 1393 140 1513  22 1796 140 1513 
8 1334 140 1513  23 1767 140 1513 
9 1202 100 772  24 1556 140 1513 

10 1203 90 625  25 1157 140 1513 
11 513 90 625  26 329 100 772 
12 680 90 625  27 927 100 772 
13 936 100 772  28 1165 100 772 
14 895 120 1200      
15 287 60 278      

(*) max. speed releasing entrance signal of the block section 
 

Table 5.1: Characteristics of the existing block sections along the double-track corridor and minimum 
recommended lengths to safe brake 
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It can be noticed that block sections 2, 3, 5, 6, 7, 8, 11, 14, 25 and 26 are in principle too short 
according to a maximum speed operation of some trains, whereas the rest are over the minimum 
braking length, hence could be optimized.  
 
At this point of section 5.2, two different scenarios are presented according to different operation 
criteria. Each of these scenarios present different block lengths redistributions according to the 
minimum braking distances derived from the previously calculated deceleration curve. A first 
scenario (Scenario A) is proposed according to a maximum exploitation of intercity and high speed 
trains capabilities. This does not mean that train are allowed to run at maximum technically 
possible speeds, but at maximum design speeds along the track. In this sense, variations of existing 
block lengths may necessarily lead to extensions of certain block lengths, whereas others might be 
reduced. A part from that, because not too much trains over the whole pattern would reach high 
speeds up to 140km/h with the lowest braking rate in real operation (only HST- and some IC-
trains), a second scenario (Scenario B) is suggested from a more operational and efficient point of 
view focusing on achieving maximum capacity. In this case, any of the existing block lengths is 
extended but only reduced or kept, optimizing track occupations and reducing costs due to less 
signalling modifications. Of course, such situation requires slightly variation of speed restrictions, 
not allowing trains to reach 140 km/h at those parts of the line where it is possible to reach such 
speeds, limiting to 130 km/h. Otherwise, existing lock lengths might not be sufficient for a 
completely safe-brake of certain trains. 
 
However, from the observed databases of the infrastructure, it seems that the existing block lengths 
were already optimised, thus they are not too much larger than the braking distance required, which 
might lead to small improvement by shortening them. Special attention is put performing the new 
scenarios to critical block sections 1, 10, 14, 18 and 26 because they represent the existing capacity 
bottlenecks. By shortening them (if possible) according to the minimum block length, additional 
buffer time might be expected leading to better capacity utilisation. 

5.2.4 Scenario A 

As presented in the previous subsection, Scenario A is based on maximum speed criteria. In other 
words, its main goal is to allow individual trains to run as fast as they can, respecting the design 
constraints.  
 
According to the calculated values, to build up this scenario the different block sections should be 
redistributed according to the braking distance required, and new block sections added if necessary 
and some space is left. The following tables give the new proposed signalling arrangement for both 
directions of the railway line under study. 
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   a) West track               b) East track  
 

Block 
section 

Existing 
length [m] 

Proposed 
length [m] 

 Block 
section 

Existing 
length [m] 

Proposed 
length [m] 

1 1327 800  16 1350 1000 
2 486 900  17 712 700 
3 681 794  18 642 700 
4 1723 1200  19 858 700 
5 1327 1600  20 1217 708 
6 1381 1631  20+ (*) - 750 
7 1393 1593  21 1330 750 
8 1334 1534  22 1796 1300 
9 1202 790  23 1767 1600 

10 1203 632  24 1556 1600 
11 513 628  25 1157 1600 
12 680 680  26 329 1600 
13 936 818  27 927 848 
14 895 1417  28 1165 950 
15 287 351   

(*): extra block section added 
 

Table 5.2: New proposed signalling arrangement according to minimum braking distances (Scenario A) 
 
 
From the above values it can be checked how some block sections lengths are increased according 
to minimum braking distances calculated before (including round-off of values). These measures 
are contra-productive from optimal capacity utilization because they might reduce the line capacity 
(see definition number 6 in section 4.1), but are necessary given the speed profile assumptions. 
Such situation happens especially in critical block sections in northbound direction. 
 

Capacity evaluation 
 
Once defined this new signalling arrangement and new block section lengths, and assuming no 
changes with regard to the Status Quo 1999 scheduling, the new capacity scenario can be analysed 
through RailSys. As commented before, big improvement might not be expected from shortening 
already short block sections and especially in this scenario where due to speed assumptions some 
block sections have been increased. The figures below show both the blocking time diagrams 
according to the existing signalling system and the proposed scenario in both directions along the 
double-track corridor. 
 
a) Existing signalling arrangement           b) Proposed block lengths (Scenario A) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.4: Comparison between the existing signalling arrangement and the new proposal for block lengths 
(southbound direction) 
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a) Existing signalling arrangement             b) Proposed block lengths (Scenario A) 
 

 
 
 
 
 
 
 
 
 
 
 
 
     

 
Figure 5.5: Comparison between the existing signalling arrangement and the new proposal for block lengths 
(northbound direction) 
 
 
Blocking time graphs in both directions between Rijswijk and Rotterdam CS showed almost any 
increase in buffer time achieved through checking individual time gap between blocking times. It is 
even possible to find some blocking times, especially in northbound direction, where blocking time 
situation has been turned to worse due to larger block lengths as commented before. Thus capacity 
improvements might not be meaningful as expected previously and the bottlenecks remain the 
same. The following tables show numerical results (once blocking time diagram is compressed) for 
the new capacity consumption per direction to realise about the little or even null improvements 
achieved.  
 
 
 

Track Occupation 
Southbound direction = 89 %  Track Occupation 

Northbound direction = 89 % 

 
Table 5.3: Track occupations applying the proposed block lengths (Scenario A) 

 
 
According to the results obtained, it is clear that this scenario assuming maximum exploitation of 
speeds leads to a suboptimal situation from a capacity point of view. A more optimal and efficient 
approach at the same time economically more acceptable is presented in the following subsection. 

5.2.5 Scenario B 

This subsection describes a more efficient and feasible scenario based on totally different criteria 
compared to the maximum velocity applied in the previous one. Scenario B is characterized by a 
more realistic approach where capacity optimization is the main goal instead of exploitation of 
speed capabilities of trains. In this sense, the existing block sections are either optimized by 
reducing their length or kept as they are in the existing configuration. This approach not only might 
lead to lower track occupation but also should reduce the enhancement costs because many sections 
remain the same. 
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However, to deal with the above statements, it is necessary to modify the speed profile of some 
trains that otherwise would reach high speeds. That is the case of trains capable to run at 140km/h 
in some stretches of the line, which in this scenario are only allowed to run at 130km/h and will 
therefore adapt their speed. This leads to a double effect: speed is reduced thus any of the existing 
block lengths have to be increased, reducing costs of signal location at the same time the theoretical 
blocking lengths are reduced due to shorter block section running time, reducing occupation. At the 
same time speeds are more homogeneous leading to a more harmonized timetable, thus lower 
capacity utilization. 
 
Table 5.4 gives the new proposed signalling arrangement in this scenario for both directions of the 
railway line under study. 
 
 

a) West track               b) East track  
 

Block 
section 

Existing 
length [m] 

Proposed 
length [m] 

 Block 
section 

Existing 
length [m] 

Proposed 
length [m] 

1 1327 736  16 1350 1350 
2 486 736  17 712 712 
3 681 772  18 642 642 

3+ - 772  19 858 858 
4 1723 1200  20 1217 608 
5 1327 1327  20+ - 609 
6 1381 1381  21 1330 1330 
7 1393 1393  22 1796 1796 
8 1334 1334  23 1767 1767 
9 1202 772  24 1556 1556 

9+ - 772  25 1157 1157 
10 1203 625  26 329 800 
11 513 749  27 927 800 
12 680 680  28 1165 821 
13 936 936     
14 895 895     
15 287 287     

 

Table 5.4: New proposed signalling arrangement according to minimum braking distances (Scenario B) 
 
 
From the tables above it can be checked how most of the existing block lengths have been kept 
with their former length due to the new operational speed restriction, whereas just reductions, on 
average, have been done. “On average” refers to the fact that individually, some sections have been 
increased do to the braking requirements, but taking into account surrounding block sections, the 
length of their combination is optimized according to blocking times. Capacity evaluation shows 
the improvements achieved by means of this new distribution of block lengths. 
 

Capacity evaluation 
 
Stating the same assumptions as in scenario A, track occupation is estimated through the results 
obtained from the simulation tool. Any big improvement is expected neither from this scenario 
compared to the Status Quo, but it might lead to a better capacity situation compared to scenario A. 
 
The figures below show both the blocking time diagrams according to the existing signalling 
system and the proposed scenario in both directions along the double-track corridor. 
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a) Existing signalling arrangement           b) Proposed block lengths (Scenario B) 
 

 
 
 
 
 
 
 
 
 
 
 
 
      
 
Figure 5.6: Comparison between the existing signalling arrangement and the new proposal for block lengths 
(southbound direction) 
 
 
 
 
a) Existing signalling arrangement           b) Proposed block lengths (Scenario B) 
 

 
 
 
 
 
 
 
 
 
 
 
 
       

 
Figure 5.7: Comparison between the existing signalling arrangement and the new proposal for block lengths 
(northbound direction) 
 
 
 
 
From the diagrams above it is still difficult to detect improvements by means of increased buffer 
time. However, going through them in detail, it can be checked how buffer space between blocking 
time graphs is slightly increased although bottlenecks seem to keep at the same locations as before. 
Any capacity improvement achieved might lead to a substantial drop of track occupation with 
regard to the existing situation, but enhancements regarding scenario A might occur. Track 
occupations calculations give a better insight on the improvements achieved by means of this new 
approach regarding the previous one (see Table 5.5). 
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Track Occupation 
Southbound direction = 85 %  Track Occupation 

Northbound direction = 81 % 

 
Table 5.5: Track occupations applying the proposed block lengths (Scenario B) 

 
 
These track occupations are still rather high but they are lower than the ones obtained in scenario 
A, validating this new block length scenario as more optimal from a capacity utilization point of 
view. Nevertheless, although improvements seem to be one of the optimal solutions with regard to 
an optimization of block lengths, it might not be enough for a significant decrease of track 
occupation such as to fit the schedule with more trains. 

5.2.6 Summary and conclusions 

Two new scenarios have been presented regarding block section length optimization based on the 
same approach but different criteria. On the basis of minimum braking distances from selected 
design speeds to standstill according to the worst rolling stock deceleration rates, a first scenario is 
built where the main aim is the exploitation of velocity capabilities of the different trains. By 
calculating this new capacity scenario, it is concluded that such a block length redistribution might 
lead to low or even none improvements. Then, an optimal scenario where the main goal is to 
increase capacity and reduce costs is proposed on the basis of reducing block lengths to optimize 
capacity and keep the longest ones assuming a maximum speed restriction for faster trains of 
130km/h (which is more representative of real operation). By this, lower track occupations are 
achieved at the same time a more realistic and feasible approach is presented with regard to real 
management. Table 5.6 and Table 5.7 summarize the different results obtained from computational 
experiments and compare them with the existing scenario and theoretical standards previously 
presented. 
 
 
 

Capacity Utilization Southbound 
direction 

Northbound 
direction 

Scenario A Line Occupation 89% 89% 
Percentage difference to Status Quo -1% +1% 
Percentage difference to UIC +14% +14% 
Percentage difference to ProRail +9% +9% 

 

Table 5.6: Scenario A track occupation per line direction and percentage 
differences with regard to Status Quo and maximum standards 

 
 

Capacity Utilization Southbound 
direction 

Northbound 
direction 

Scenario B Line Occupation 85% 81% 
Percentage difference to Status Quo -5% -7% 
Percentage difference to UIC +10% +6% 
Percentage difference to ProRail +5% +1% 

 

Table 5.7: Scenario B track occupation per line direction and percentage 
differences with regard to Status Quo and maximum standards 
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From the above tables it can be concluded that scenario B contributes clearly to improve the 
capacity whereas scenario A does not. However, any of the presented approaches reaches 
occupation values to fulfil the two selected capacity standards. 
 
In this section, a few general principles of blocking times have been applied regarding block 
lengths. However, it can be stated that the existing signal allocation is not optimal and seems to be 
a consequence of a lack of signal location management due to some inconsistent block lengths. 
Obviously, a new reallocation of all signals would not be economically feasible neither necessary 
due to short-term cab-signalling technology planned on the line (in 5 years aprox.). Thus, it is 
necessary to find out an approach dealing with capacity at the same time a small investment is 
needed, and this is proposed in scenario B whereas scenario A just deals with a theoretical extreme 
situation, not economical neither efficient.  
 
From a technical point of view, the resulting blocking time diagrams showed different issues to be 
pointed out. Critical block sections either remain in the same position or shift to neighbouring 
sections. This repeats capacity bottlenecks which still have not been removed form their former 
location, leading to small improvements of capacity usage. On the other hand, the proposed block 
lengths may have difficulties to deal with an upgraded demand scenario, basically because a fixed 
block system with fixed block lengths is still in use, not adjusted to all kind of trains running in a 
mixed operation. However, certain reduction of track occupation is achieved (in scenario B) and it 
might improve the stability of operation. 
 
A final aspect refers to the blocking time graphs obtained. They have almost the same shape as the 
ones obtained for the Status Quo, corroborating that one of the main capacity constraints of this 
line is located at stations. Hence, a convenient short term policy “bypass” to the new signalling 
system should focus on the optimization (reduction) of dwell times at stations as the most efficient 
way to reduce track occupation. This last concept of dwell times is retrieved in Chapter 6 and 
proposed for further research within a speed homogenization framework.  

5.3 Implementation of ATC technology (scenario C) 

Automatic Train Control equipment (ATC) is a computer aided performance leading to a fail-safe 
operation, which means automatic braking of trains in case of too high speeds, short distances 
between trains, passing at signals indicating a stop, and other situations where deceleration is 
required. 
 
ATC technology includes among others, the following components (Hansen, I.A. et al., 2003:135-
139): 
 

• Track circuits loops for train detection 
• Signals 
• Cab-signalling equipment 
• Computerized central control 

 
Such a system provides actual vehicle speed, position, braking curve, etc. The Control Centre 
determines and transmits to the vehicle the required braking distance to the train ahead or next 
point where speed limit or a stop are defined according to the available braking rate. Then, on-
board computer calculates the allowed speed, which is compared to the real/ actual speed, and if the 
train does not reduce speed according to the situation, it is automatically braked. In other words, a 
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continuous supervision of the braking distance a train is done according to the actual position of the 
preceding train or conflict point (Pachl, J., 2002:171,172). 
 
Therefore, due to a continuous cab signalling the approach distance meets the braking distance, 
thus an optimization of the approaching time and distance for slow trains is achieved avoiding 
inefficiency due to fixed block length. As a consequence, blocking time diagram is optimized and 
higher timetable capacity utilization can be achieved. 

5.3.1 Introduction of ATC technology to the existing signalling arrangement 

The existing signalling arrangement based on a fixed block signalling system is additionally 
combined with an Automatic Train Protection (ATP) plus continuous supervision. This achieves 
automatic braking in case the driver does not react according to the signalling system. However, 
ATC works differently and would lead to an optimised operation (Hansen I.A., 2005) 
 
Through RailSys tool, the existing signalling system along the line between Den Haag HS and 
Rotterdam CS has been replaced by ATC technology to build up Scenario C. First of all, main 
fixed signals have been changed to ATC signals and existing block sections reedited to work 
consistent with them. Besides, train types have been provided with the suitable technology to run 
according to this signalling system. 

5.3.2 Capacity evaluation 

Once defined ATC technology for the existing infrastructure and rolling stock, capacity is 
evaluated under the Status Quo planning. As it has been done in previous scenarios, both blocking 
time diagrams according to the existing signalling system and the new proposed scenario are 
compared (see Figure 5.8 and Figure 5.9). 
 
 
a) Existing signalling arrangement           b) ATC technology (Scenario C) 
 

 
 
 
 
 
 
 
 
 

      
 
         

 
 

Figure 5.8: Comparison between existing signalling arrangement and the new proposal with ATC 
technology  (southbound direction) 
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a) Existing signalling arrangement           b) ATC technology (Scenario C) 
 

 
 
 
 
 
 
 
 
 
 
        
 
 

Figure 5.9: Comparison between existing signalling arrangement and the new proposal with ATC 
technology (northbound direction) 
 
 
 
 
The analysis of the blocking time graphs shows how the time gap between two consecutive 
blocking time stairways using ATC system increases with regard to the fixed signalling system. In 
other words, line buffer time using ATC slightly increases.  
 
Because the block occupation begins at necessary braking distance to the standstill point instead of 
at the entire distance of the previous block section, this signalling system yields to later start point 
in time and space of the braking manoeuvre as shown in Figure 5.10. In this situation, this 
signalling system leads to a later starting time of the blocking time for a selected block section. The 
figure visualizes these differences in blocking time for a randomly selected block section, using 
either ATC or fixed block signalling systems. 
 
 
 
a) Existing fix block signalling system           b) ATC technology (Scenario C) 
 
 
 
 
 
 
       
 
 
 
 
 
 

 
 
 

Figure 5.10: Gain in buffer time due to later starting (in time and space) of the approaching movement when 
ATC technology is implemented 
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Hence, blocking times decrease and buffer times are enlarged proportionally, recovering part of the 
capacity misused by the existing signalling arrangement due to inefficient approaching distances. 
 
Therefore, an increase of capacity may be expected from this scenario although not too much 
significant given the reductions of blocking times visualized. As in the fixed block signalling 
scenarios, location of capacity bottlenecks remains at the same locations. Numerical results of 
capacity consumption per direction are presented below. 
 
 

 
Track Occupation 
Southbound direction = 85 %  Track Occupation 

Northbound direction = 79 % 

 
Table 5.8: Track occupations applying the applying the ATC technology (Scenario C) 

 
 

5.3.3 Summary and conclusions 

This section presented another signalling scenario based on a new signalling technology different 
from the existent in use. Implementation of this new technology named Automatic Train Control 
(ATC) should optimize the capacity use reducing the blocking time sizes. It is assumed that a 
continuous supervision of the approaching distance to a block section with regard to the necessary 
distance to safe-brake is done, thus optimal approaching times might be obtained. In other words, 
this approach theoretically deals better with the mixed operation of the line and might achieve 
lower occupation rates. 
 
 
This section described the realization of computational experiments made by RailSys to implement 
ATC technology along the line under study in both directions. Table 5.9 summarizes the results 
obtained and the relative capacity increase in such enhanced scenario compared to the existing one 
and prefixed standards. 
 
 

Capacity Utilization Southbound 
direction 

Northbound 
direction 

Improved track occupation 85% 79% 
Percentage difference to Status Quo -5% -9% 
Percentage difference to UIC +10% +4% 
Percentage difference to ProRail +5% -1% 

 
Table 5.9: Relative capacity improvements applying the new proposed ATC signalling 
technology compared to the fixed existing one and maximum track occupation standards 

 
 
From the above table it can be concluded that relative increases in capacity use are not spectacular 
and probably not sufficient to fill the timetable with additional services. On the other hand, the 
implementation of ATC might be beneficial in terms of timetable stability due to gains in buffer 
time to be used in case of small delay, postponing or even avoiding delays to trains. Nevertheless, 
ATC application leads to a capacity situation closed to the occupation standards, working better 
than a fixed block signalling system for a mixed operation of train services. 
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A last comment referring to operation of the simulated timetable under ATC conditions, the block 
carrying capacity varies with train speed, whereas under a fixed block signalling conditions it is 
predetermined at the design stage, not related to the train speed. However, some studies proved 
how block carrying capacity is not in direct proportion to train speed and it reaches its maximum at 
a lower optimum speed (Nin, B., 1998). In this sense, improvements achieved by means of ATC 
technology could be rather increased if an operational speed policy is combined with ATC 
implementation to get an optimal scenario. Of course, this would require rescheduling tasks in 
order to find out the best scenario. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




