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A B S T R A C T   

In the signal planning process, the ERTMS speed profiles based on track nature needs to be 
complemented with additional constraints. The base profile resolving the allowed track speed, 
often includes several speed changes which can be difficult for the train driver to follow. One 
approach to deal with this problem is to filter the base profile, reducing the number of changes 
and giving the driver more time for attention. 

This paper presents the effects of a speed profile filtering principle, based on possible time 
usage during a speed increase, on train energy consumption, train driver braking behavior, 
running time, and driver workload. In an Electrical Multiple Unit train driver simulator, 40 
drivers tested three different speed profiles of a 19 km railway line. It can be concluded that 
differences in running time are small, that these small time-gains implies a high energy con
sumption cost, and that drivers tend to drive close to the indication braking curve in the 
beginning of the braking phase. Further, the drivers rated the driver task workload low for all 
filter conditions. Accordingly, a certain filter level is required to get capacity and energy effects.   

1. Introduction 

Sustainable railway design plays a central role in the process of reaching the goals of traffic safety, capacity, and energy con
sumption. For a successful technical swift from the previous lineside based signaling system, for example the Swedish Automatic Train 
Control (ATC) to European Rail Traffic Management System (ERTMS) and its signaling component European Train Control System 
(ETCS), there is a need to examine the consequences of the transition on both train drivers and capacity measures. More consideration 
for drivers has been requested in the design phase (Colford, 2005; Hamilton and Colford, 2003; Blanchard, 2013) and existing tools 
used for speed profile design or time scheduling may be improved by including driver behavior (Van der Weide, De Bruijn and Zeilstra, 
2017; Young et al., 2006; Powell and Palacín, 2015). For example, simulated running time used for time scheduling has been shown 
significantly different to real running time (Rosberg and Thorslund, 2020). 

ERTMS is implemented to improve cross-border interoperability throughout Europe by creating a seamless railway system. ERTMS 
is a continuous radio communication-based signal system that is expected to benefit travelers, infrastructure owners and train op
erators to save maintenance costs, improve safety, and increase traffic capacity (Unife, 2021). However, experiences from ERTMS 
implementations are still limited, and there is no established process for driveability analyses, examining both physical aspects and 
driver perception. Highlights from a literature review on driveability are the importance of the speed profile design to avoid negative 
consequences for the train driver workload, driving style, and braking behavior as well as the suggestion of filtering or merging speed 
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profiles presented to the train drivers (Rosberg et al., 2021). 
Applying speed filters by suppressing a certain amount of speed signaling information to the driver, is an important topic in the 

ongoing driveability assessments discussions. Traditionally, The Swedish Transport Administration and consultants have performed 
signal planning projects, which results in basic speed profile design based on the current track conditions. By removing or merging 
speed-changes, the driver will have more time for outside cab attention but also decreased possibility to catch up with time-table 
delays. 

Some research support reduced driver workload as a consequence of changing from lineside signaling to ERTMS. This is mainly 
motivated by increased automation and clear announcements by the Driver Machine Interface (DMI) (Van der Weide, 2017; Young 
et al., 2006; Buksh et al., 2013; Van der Weide, De Bruijn and Zeilstra, 2017). Other suggest an increased workload due to complex 
speed profile or badly planned transitions (Thompson et al., 2017; Young et al., 2006; Kecklund and Nordlöf, 2013). Risks of mental 
underload challenging the drivers alertness have also been highlighted (Van der Weide, 2017; Van der Weide, De Bruijn and Zeilstra, 
2017; Buksh et al., 2013; Hamilton and Colford, 2003; Buksh et al., 2013). 

ETCS has more conservative braking algorithms than ATC (Landex and Jensen, 2019; Trafikverket, 2012). For Limitation of Au
thority (LOA), a speed restriction, ETCS has a safety margin that makes the train reach the new speed limit before the start point of the 
infrastructure restriction (Trafikverket, 2019). These restrictive drive conditions and safety margins can increase driving times, 
tending to result in lower capacity, or less-than-expected improvement, compared to ATC (Landex and Jensen, 2019; Rönn, 2009). 
Energy consumption is one of the key performance indicators when it comes to driving strategies (Scheepmaker et al., 2020). However, 
the literature on the impact from speed filtering on energy consumption is scarce. 

Train driving simulators offer safe and repetitive environments close to reality, which makes them important tools for efficient and 
valid training (Olsson et al., 2021) as well as for research (Olsson et al., 2021; Rosberg et al., 2021; Thorslund et al., 2019) and they 
have been suggested useful also for driveability analyses and evaluations (Rosberg et al., 2021; Nordlöf et al., 2014). 

This study aims to examine the consequences and quantify the effects of applying speed filters on the train energy consumption, 
capacity parameters as braking and running time, and train driver workload. For this, a train driving simulator has been used and the 
following research questions have been formulated: 

What effect do speed-filtering have on.  

1. Running time?  
2. Train driver brake behavior?  
3. Train energy consumption?  
4. Train driver workload? 

2. Background 

In this section some concepts necessary to answer the research questions are presented and described. 

2.1. Running time and brake behavior 

Generally, the capacity of a railway line is defined as the number of trains that can safely pass a given segment within a period. The 
capacity is affected by variations in system configurations, such as tracks, signaling system, operation philosophy, and rolling stock 
(Lindfeldt, 2015). This means that running time is one of the target variables that effect the capacity. 

In line with this definition, the train driver brake behavior has an impact on capacity and is discussed in numerous studies. The 
ERTMS standard defines several braking curves and intervention levels. When the authority is about to get limited or ends, the 
Indication curve (I) functions as a driver indication. The time between the I-curve and the permitted curve (P) allows the driver to react 
to a new target, without overpassing the permitted speed. The intension of these braking curves is to guide the driver towards the new 
target. At a certain distance from the target, the DMI speedometer indicates that a target is approaching and the pre-indication 
monitoring state is entered.1 7 s later (T_preindication) the driver enters target speed monitoring state and the P-curve is visible in the 
DMI. With a speed below the P-curve there is a margin to intervention, while driving over this limit means a high risk for brake 
intervention. The different brake limits for ERTMS are showed in Fig. 1. See European Railway Agency (ERA) standard (ERA, 2014a,b) 
for a full description of the limits and interventions. According to capacity guidelines for retrofitted and newly build ERTMS lines in 
Sweden, the driver is expected to brake according to the P-curve (Trafikverket, 2018). This is most likely an optimistic approach, why 
the distance from train to P-curve is of high interest. 

ETCS drivers are guided to the next target speed by the DMI. From the allowed speed the circular speed gauge will start its 
countdown according to the permitted braking curve. The ETCS speedometer with its circular speed gauge (CSG), and an example of a 
speed decrease from 125 km/h to 85 km/h are shown in Fig. 2. The color of the filled part of the CSG indicates if the I-curve is passed. 
White color indicates that the train has not passed the I-curve, yellow color that the train has passed I-curve, but not the P-curve (ERA, 
2014a,b). 

1 The pre-indication monitoring state will be removed in DMI version 3.6.0. 
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2.2. Energy consumption 

Train energy consumption is also of interest when evaluating speed-filtering. This can be divided in three parts; traction energy, 
friction braking energy, and re-generated braking energy. Friction braking is the conventional train braking system, where the kinetic 
energy is dissipated as waste, mainly as heat from wheels and brake-pads. In trains with regenerative braking, the current in the 
electric motors is reversed, slowing down the train. Electricity generated is fed back into the catenary system and can be used by other 
trains. The regenerative braking system is train model dependent; some are fully automated using the optimal brake mixture between 
friction- and regenerative brake for a certain setpoint, while others are manual, leaving the decision between the brake mixture to the 
driver. The train model used in this study is an electrical multiple unit (EMU) with an automated regenerative braking system. This 
automated braking mix feature is not included in the train driver simulator, and thus only energy consumption will be measured. 

Energy consumption is based on the simulator vehicle model, defining traction force and train resistance. Traction force is 
calculated from train traction curve and adhesion according to Curtis-Kniffler empirical formula (Curtius and Kniffler, 1950). In the 
train resistance, running, curve, and slope resistance is considered. Where the running resistance includes mechanical, ventilation and 
aerodynamic resistance. The rotating mass is not taken into consideration. Train energy efficiency is set to 0.85 (Brandström, 2021). 

2.3. Speed-filtering calculation 

Speed filtering is a method to suppress a certain amount of speed changes in the static speed profile (SSP). The Transport 
Administration suggests a simplified time-based principle of achieving this (Trafikverket, 2020c), and in Fig. 3 an example of a 30 s 
speed filter is shown. The train must be able to reach its target speed within 30 s, before starting a deceleration towards a target with a 
more restrictive speed. If this condition cannot be met, a lower target speed (in steps of − 5 km/h) is considered. If no alternative is 

Fig. 1. Emergency (EBD)- and Service (SBD) brake intervention curves together with the indication curves; Warning (W), Permitted (P) and 
Indication (I). Expected train driver braking behavior is a deceleration somewhere between I and P curve. This example is based on the lambda 
braking model for an Electric Multiple Unit with a brake percent of 150 and a track with no gradient. 

Fig. 2. ETCS speedometer, with analogue and digital speed pointer and circular speed gauge. To the right the planning area with information of 
speed changes, track gradient, etc. The symbol down the middle indicates “Full supervision” driver mode. Screenshot from VTI Train simulator. 
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found, the speed increase is excluded from the SSP. The time when the driver gets the speed signaling information is delayed due to 
train length consideration, and the acceleration starts when the whole train has passed the speed point. In this study two filters, 30s and 
60s are examined and compared with the unfiltered base profile. 

Simplified calculation of time (t) when braking must be applied: 

t=
sdelay

v0
+

∑n=max− 1

n=0
(vn+1 − vn) / an +

(
sspeedincrease − sacc − sdec

)
/

vmax (1)  

sacc = sdelay +
∑n=max− 1

n=0

(
v2

n+1 − v2
n

) /
2an (2)  

sdec =(v2
max − v2

e

)/
2ad (3)  

Where: 
t time for train to accelerate and keep its maximum speed vmax before starting its deceleration [s]. 
saccdistance for the train to reach its maximum speedvmax. 
sdecdistance for the train to decelerate from vmax to its end speed ve. 
ad train deceleration − 0.6 [m/s2] (Trafikverket, 2020c). 
an train acceleration in interval n according to Appendix A [m/s2]. 
sdelay train length delay [m]. 
vmax maximum train speed during speed increase [m/s]. 
v0 train start speed [m/s]. 
ve speed increase end speed [m/s]. 
vn train start speed in interval n [m/s]. 
n interval n in train acceleration phase according to Appendix A 
This simplified calculation model uses a conventional braking rate (− 0.6 [m/s2]), and track gradients are omitted (Trafikverket, 

2020c). The alternative is to use ERA braking curves for the train deceleration. However, this methodology is considered too extensive 
for the signal planning process in Sweden. Braking deceleration curve reach target speed in the same position as the new permitted 
speed (ve) starts. This is a simplification of real signaling. 

3. Method 

In this section the different methodologies used to answer the research questions are presented. Preparations, experimental setup, 
and data collection are described. Further the research questions are broken down and statistical methods are suggested for hypothesis 
testing. 

3.1. Train driver simulation setup 

The overall idea was to examine the effect of speed filtering on the variables described in the background section (and summarized 
in section 3.5.1), which was approached by letting participants drive the same railway section with different filter levels in a train 
driver simulator environment. The VTI train driver simulator (Thorslund et al., 2019) including a vehicle model in accordance with 
Bombardier Regina EMU (X55) was used. This is designed as a real driver’s cabin, which was mounted in a trailer and moved between 

Fig. 3. 30 s speed filter principle. v0 is the starting speed. vmax is the proposed target speed. sdelay represents the signaling train length delay.  
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the ERTMS operator driving centers in the north of Sweden. The driver cabin was equipped with a DMI, according to ERTMS standard 
(ERA, 2014a,b), a 56 inches tv-screen showing the train front window view, original Regina X55 driving stick and a driver dead man 
pedal. The simulation with its scenarios was running on a gaming computer, hidden in the cabin. 

3.2. Driving scenario 

The main track at Ådal line, specifically the stretch of 19 km between Ramvik and Dynäs, was implemented in the train driver 
simulator with infrastructure data from BIS, the Transport Administration track database. This includes track coordinates, gradient, 
curvature, signal positions, balise positions, and ETCS marker boards positions. The environment around the track, as seen from the 
train cabin, was simplified compared to the real world. In Kramfors, the main station between Ramvik and Dynäs, the driver was asked 
to stop for passenger exchange. Accordingly, the train route had two End Of Authorities (EOA), one in Kramfors and one at the stopping 
point in Dynäs. Fig. 4 shows the railway route. 

Three different speed profiles for the selected line were implemented in accordance with section 2.3 and shown in Fig. 5. The base 
SSP was retrieved from Transport Administration ERTMS project (Trafikverket, 2020d). Four simulation scenarios were prepared 
according to Table 1. In the scenarios several train meetings occurred, and these appeared at the same position for all participants. 

3.3. Participants 

The driver test group was recruited in collaboration with the train operators. In total 40 participants took part in the study, 29 men 
and 11 women. Mean age was 44.2 years for women and 39.6 for men. On average the participants had 6.8 years of experience from 
train driving and 4.9 years of ERTMS experience. Most of the participants (33) were drivers of passenger trains, some (5) freight train 
drivers, and two drivers of working vehicles. As a compensation for their contribution the participants received 500 SEK. 

3.4. Procedure 

Upon arrival, the participants were given oral and written information about the study and agreed to participate by signing an 
informed consent. The simulator test was preceded by driving instructions and a training session in the simulator. Three driving 
conditions were then carried out by the participants, in a predefined balanced order, with a small break for questionnaire and 

Fig. 4. Part of the Ådal line with the starting point in Ramvik, stopping point at Kramfors station, and end point close to Dynäs (Open
StreetMap, 2022). 
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refreshments between each run. After the completed test there was an opportunity for debriefing and discussion for those who wanted. 

3.5. Measures 

To capture driving behavior and perception, extensive vehicle data was collected during the test together with participants 

Fig. 5. Experiment speed filter levels.  

Table 1 
Test setup for the different filter levels.  

Test condition Time (minutes) Filter level Description 

0 5 Training Familiarization of simulator. 
1 15 ERTMS Unfiltered Signaling base. 
2 15 ERTMS Speed filter 1. 30s filter time. First filter level. 
3 15 ERTMS Speed filter 2. 60s filter time. Second filter level.  

Fig. 6. A detailed presentation of the brake behavior parameters t1[s] and t2[s], MRSP [km/h], permitted and indication braking curves [km/h] in 
time domain. See Fig. 1 for a more complete picture of the braking curves. 
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subjective experience quantifying human factor aspects of the experiment. 

3.5.1. Data logging 
A data logging mechanism, related to the driver’s interactions with the signal system and train performance, was implemented in 

the simulator software. The function enabled data of interest to be sampled. For driving behavior, the following parameters were 
registered.  

1. Train clock [s]  
2. Train speed [km/h]  
3. Permitted braking curve [km/h]  
4. Indication braking curve [km/h]  
5. Train position, track coordinate [m] and route position [m]  
6. Traction energy [kWh]  
7. MRSP, Most Restrictive Speed Profile [km/h] and [m] 

To avoid effects of start and stop behavior, running time was measured from track coordinate 445 000 m to 459 000 m (14 km). 

3.5.2. Brake behavior 
Effects of braking was measured in the time domain with the P-curve as reference. The brake measures are defined in Fig. 6, where 

t1 is defined as the time span from the speed gauge countdown starting point to the permitted braking curve. In the same way, t2 is 
defined as the time span when reaching target speed. Due to the allowed overspeed, t2 may be measured shortly before target speed is 
reached, as indicated in Fig. 6. 

All measurements were performed at the speed change between track coordinates 448 000 m to 450 000 m (see Fig. 5), which 
corresponds to a speed decrease from 125 to 85 km/h for unfiltered and level 1 alternative, and 115 to 85 km/h for filter level 2. 

3.5.3. Questionnaires 
A background questionnaire containing questions of age, gender, train driving experience (in total, with ERTMS, and with ATC), 

and type of train mainly driven (passenger train, freight train, or working vehicle) was sent to drivers volunteering for the study. 
Subjective workload was measured with a questionnaire after each condition. This included NASA-TLX, which is a validated widely 

used multidimensional assessment tool that rates perceived workload divided into six subjective subscales to assess a task: mental 
demand, physical demand, temporal demand, performance, effort, and frustration (Hart and Staveland, 1988). The RAX-TLX without 
weighting was used (Hart, 2006) and the participants were asked to rate their effort on a horizontal bar ranging from very low to very 
high. 

The questionnaire also covered boredom using selected items of the validated Multidimensional State Boredom Scale (MSBS) with 
ratings from strongly disagree (1) to strongly agree (7): Time is passing by slower than usual, I am easily distracted, Everything seems 
repetitive and routine to me, I feel bored, It is difficult to focus my attention, I wish I was doing something more exciting, I feel cut off from the rest 
of the world (Fahlman et al., 2013). Questionnaires were analyzed using repeated measures ANOVA after sorting the order according to 
condition, instead of the chronological and balanced order used in the experiment. Co-variates were age and years of experience with 
ERTMS. 

4. Result 

In section 4.1, 4.2, and 4.3 the effects of speed filtering on running time, brake-behavior, and energy consumption are presented. 
The effects of speed filtering on workload are presented in section 4.4. 

4.1. Running time 

The running time for 14 km driving, measured to the station stop in Kramfors show small-time differences between the filters. 
Between the unfiltered speed profile and the first filter level no significant difference was revealed. Between the unfiltered condition 
and filter level 2, there is a significant difference of 3 s, tUnfiltered-L2(38) = 3.9 (p < .001). Descriptive statistics are displayed in Table 2. 

Average speed distance calculation, based on all 40 drivers is displayed in Figs. 7 and 8. Visual inspection reveals that the drivers 
take advantage of more speed increases in the unfiltered profile and filter level 1, which is the reason for the running time difference. 
Some of the speed changes are presumably considered too short to be useful. 

Table 2 
Descriptive statistics for running time for the three filter levels.  

Filter type N Mean [s] SD [s] 

Unfiltered 39 524.9 6.2 
Filter level 1 38 525.2 7.2 
Filter level 2 39 528.0 5.8  
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4.2. Brake-behavior 

No significant difference between filters on time distance to the permitted braking curve was revealed. In general, drivers left 
sufficient margins to the P-curve. In the beginning of the braking phase the average time was 4.9 s (t1), and in the end 1.9 s (t2) A paired 
samples T-test reveals a significant difference tt1-t2(95) = 13.6 (p < .001). Descriptive statistics according to Table 3. 

4.3. Energy consumption 

A significant effect of speed filters on energy consumption was found, such that compared to unfiltered, consumption was reduced 
for level 1 (2%) and for level 2 (8%), tUnfiltered-L1(38) = 2.228 (p = .032) and tUnfiltered-L2(39) = 6.777 (p < .001). Average energy 
consumption is displayed in Fig. 9 and descriptive statistics in Table 4. 

4.4. Driver workload 

The driving task was easy, as shown by low workload ratings in all conditions. On average, the TLX ratings were never higher than 
27.3 on the scale from 0 (low effort) to 100 (high effort). No significant effect of filter on workload was found. See Table 5 for mean 
values and standard deviation. 

On average, for all filters, boredom was rated on the lower part of the scale for all questions except for It was all repetitive and routine 
for me, which had a mean close to 5 (somewhat agree) on the scale from 1 (strongly disagree) to 7 (strongly agree). No effect of filter 
level was found on any of the items of the MSBS. There were significant main effects both of age and of experience of ERTMS on the 
item I feel bored, such that higher age was related to less boredom, F(1,37) = 19.6 (p < .001) and more experience of ERTMS was 
connected to less boredom, F(1,37) = 7.8 (p < .001). Similar and significant results were revealed also for the Wish to do something more 
exciting, with the effect of age, F(1,37) = 12.3 (p = .001) and experience of ERTMS, F(1,37) = 14.7 (p < .001). 

5. Discussion and future work 

This study aims to examine the consequences and quantify the effects of applying speed filters on the train energy consumption, 
capacity parameters as braking and running time, and train driver workload. For this, a train driving simulator as suggested by Rosberg 
et al. (2021) has been used and the following research questions have been formulated: What effect do speed-filtering have on; running 
time, brake behavior, train energy consumption, train driver workload? 

For running time, a difference of 3 s (<1%) delay was revealed between the most filtered and the unfiltered alternative. The reason 
for this slight difference is the restrictive ETCS brake curves, preventing the driver from using the whole speed increase, which is in line 
with previous research (Rönn, 2009; Landex and Jensen, 2019). 

Regarding train driver brake behavior there was no difference between speed filter conditions. However, for all three filter levels, 
there was a significant higher margin to P-curve in the start compared to the end of the braking phase. The average time difference of 
4.9 s in the beginning of the braking phase is strongly connected to the I-curve, which is probably due to the 5 s time between P-curve 
and I-curve according to the ETCS standard (ERA, 2014a,b). This indicates high influence from I-curve on the braking behavior, which 
contradicts with the default setup of capacity tools, where the driver expects to follow the P-curve (Trafikverket, 2018). Whether this 
accounts for real trains is a subject for further studies. 

The energy measurements showed that a slightly increased running time for the most filtered condition, compared to the unfiltered 

Fig. 7. Speed distance graph for unfiltered and filter level 2 based on 40 drivers.  
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condition, significantly reduces the energy consumption (8%). To our knowledge, the speed profile filtering effects on energy con
sumption have not been examined before. In general, the consumption calculated in the simulator is lower than reported by Green 
Train (Lukaszewicz and Andersson, 2009) and Transport Administration (Trafikverket, 2020e). However, these reports are focused on 
3-waggon Regina EMU, which adds another 45 tons to the train compared to this study. Energy measures of a 2-waggon Regina EMU 
revealed that the simulated and measured energy consumption is exponentially increased with the decreased running times (Ghaviha 

Fig. 8. Speed distance graph for unfiltered and filter level 1 based on 40 drivers.  

Table 3 
Descriptive statistics for filter level brake behavior.  

Filter type Unfiltered Filter level 1 Filter level 2  
t1 [s] t2 [s] t1 [s] t2 [s] t1 [s] t2 [s] 

N 34 34 32 34 30 30 
Mean [s] 5.1 2.1 5.6 2.0 3.9 1.6 
SD[s] 2.7 2.0 3.0 2.2 2.3 1.5 
Mean for all filters t1 [s] 4.9      
Mean for all filters t2 [s] 1.9       

Fig. 9. Simulated average energy consumption based on the three filter levels. Expressed in kW/km; 5.5, 5.4, and 5.05 [kW/km].  

Table 4 
Descriptive statistics for energy consumption for the three filter levels.  

Filter type N Mean [kWh] SD [kWh] 

Unfiltered 40 104.5 9.0 
Filter level 1 40 102.6 9.1 
Filter level 2 39 96.0 5.6  
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et al., 2017). In this study, the effects between unfiltered and most filtered were even more apparent, which is challenging to verify 
with field measurements. However, an extended simulator study focusing on energy consumption is a topic for future research. 

The generally low workload ratings confirm an uncomplicated driving task, which was in line with the intentions. Neither was the 
task too boring, according to the MSBS ratings, which also were mainly low. Higher age was related to less boredom and a decreased 
wish to do something more exciting, which is in line with previous research on boredom and stimulation seeking across the adult life 
span (Giambra et al., 1992). More experience of ERTMS was also significantly connected to less boredom and a reduced wish to do 
something more exciting. Spontaneous comments from the drivers suggest that more experience of ERTMS lead to a higher acceptance 
and possibly the decreased boredom is a consequence of this. 

The speed filter calculation presented in section 2.3 is simplified with a constant train deceleration. Further, track gradient is not 
taken into consideration, even though present both in real train driving and in the train simulator. Refinement of the filter calculation 
is a topic for further research, however a trade of between realism and what is reasonable to implement in the signal planning process. 

The EMU selected in the simulator experiment setup is based on the assumption that freight and locomotive drivers can operate an 
EMU equipped with cruise control. In general, controlling the vehicle is less challenging for an EMU than a freight or locomotive train. 
This assumption is confirmed by the drivers’ self-assessments regarding workload. 

The scope of this study is connected to the railway planning process and its early signal planning phase. In a wider perspective of 
driveability, Driver Advisory System (DAS) is another approach to increase driving support, which is more oriented to the railway 
operational phase. 

6. Conclusion 

Conducting driveability studies and comparing various speed filters with a train driving simulator is a feasible method to increase 
the knowledge of speed filtering effects in the ERTMS environment. By applying speed filters and suppress a certain amount of speed 
signaling information to the train driver, the prerequisite for driveability is changed. When applying a time filter, suggested by the 
Swedish Transport Administration, the filter time effects running time and energy consumption. 

A 60 s filter is required to get significant differences in running time, but the differences are small (<1%). The 30 s filter is too short 
to generate an effect as long as the restrictive ETCS braking curves are applied. Both filter alternatives result in a reduced train energy 
consumption, 2% for the 30 s filter and 8% for the 60 s filter. There was no effect of the speed filtering on brake behavior. However, the 
result from brake distance measurements showed a braking behavior close to the indication curve in the beginning of the braking 
phase. Accordingly, a certain filter level is required to get capacity and energy effects. However, a less filtered speed profile can be 
motivated to remove irrelevant speed increases without losing capacity, which could be useful not least in the transition towards ATO. 
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Appendix A. Acceleration values  

Speed -interval [km/h] Acceleration value [m/s2] 

0–10 1.287 

(continued on next page) 

Table 5 
Descriptive statistics for self-rated performance with the three different speed profiles.  

Filter type N Mean SD 

Unfiltered 40 27.3 11.1 
Filter level 1 40 26.7 11.4 
Filter level 2 40 24.4 12.6  
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(continued ) 

Speed -interval [km/h] Acceleration value [m/s2] 

10–20 1.286 
20–30 1.285 
30–40 1.283 
40–50 1.281 
50–60 1.143 
60–70 1.004 
70–80 0.928 
80–90 0.86 
90–100 0.783 
100–110 0.706 
110–120 0.648 
120–130 0.589 
130–140 0.529 
140–150 0.469 
150–160 0.424 
160–170 0.389 
170–180 0.353 
180–190 0.316 
190–200 0.279 
200–210 0.242 
210–220 0.165 
220–230 0.151 
230–240 0.138 
240–250 0.126  
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