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Summary 
The speed pedelec provides new opportunities for the Flemish commuter, with a higher limited assistance speed 

up to 45 km/h compared to the 25 km/h of the normal e-bike. In an attempt to objectively compare seven different 

speed pedelec models, based on limited measurements and measurement tools, this paper discusses the 

preliminary results of performance testing within two criteria: assistance speed and braking distance. Results 

indicate that there is a large variety between the assistance speeds and assistance levels of the speed pedelecs, 

and measuring braking distances with limited measuring tools proves to be challenging. 
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1 Introduction 
In Flanders, the speed pedelec (i.e. fast electric bicycle with motor assistance limited to 45 km/h and a maximum 
motor power of 4 kW, EU-classified as an L1e-B vehicle subject to type testing) [1] (SP) provides new 
opportunities for the daily commuter. The speed pedelec users can easily travel faster and are more independent 
from slopes and wind conditions than a normal e-bike (motor assistance up to 25 km/h and 250 W motor power). 
Despite wide power margins set by the European Commission, the EU market today shows three major motor 
categories: 750/800 W, 500 W and 350 W nominal motor power [2]. Preliminary results of research done within 
the 365SNEL project [3], [4], already indicate that the latter do not hold the promise of routinely reaching 45 
km/h with reasonable effort, indicating differences in performance between different types of SPs.  

Frequent user complaints question whether the vehicles meet the expected quality for commuting vehicles [5]. 
The research groups Electa Gent (KUL) and MOBI (VUB) aimed to answer this research question during the 
365SNEL project. To make statements about quality, an objective framework to compare SPs is needed. This 
paper proposes an objective quality framework for SPs, based on a limited number of measurements. This paper 
will report on the first category (performance) of the eventual four main quality framework categories: 
performance, usability, safety and reliability.  
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2 Methodology for the performance measurements 
In assessing the performance of each speed pedelecs, six criteria and test protocols have been selected and have 
been discussed in the abstract. The criteria should be easy to explain to users, resulting in a practical decision 
tool when doing market research before buying a new vehicle. The criteria are assistance speed, battery range, 
charging speed, acceleration time, braking distance and maximum assistance factor (MAF). The preliminary 
results of two criteria are discussed in this paper: assistance speed and braking distance. 

 
Table 1: Example of objective performance framework results 

Performance 

Speed Battery 

Assistance level (n)  Battery Capacity Battery range Charging speed 

0 17.6 km/h 500 Wh 87.3 km 20 km/h 

1 22.5 km/h Motor 

2 26.4 km/h Motor power Acceleration time MAF 

3 30.2 km/h 350 W 7.48 s 1.6 

4 33.4 km/h Braking distance 6.8 m 

 
To test the different types of speed pedelecs, the following measuring equipment is required: speedometer, power 
meters, distance indicators and a measuring tool. Table 2 gives an overview of the tested speed pedelecs with their 
respective motor power, battery capacity, total mass (including lock and battery) and total number of assistance 
levels [4]. To obtain comparable results, the tyres are, where possible, inflated to a similar tyre pressure (3 bar) 
before all tests. As the performance of the SPs also depends on the environment, the comparative tests are carried 
out with similar environmental factors, i.e. road surface (wet/dry), terrain (flat/hilly), test person’s weight, 
outdoor temperature and wind speeds.  

Table 2: Overview of tested speed pedelecs 

 Motor  (W) Battery capacity (Wh) Mass (kg) # assistance levels 
SP1 800 814 27.4 3 
SP2 600  570 28 3 
SP3 350 500 23.3 4 
SP4 350  500 23.6 4 
SP5 350  603 25.6 4 
SP6 500  735 30.9 6 
SP7 500  735 30.9 6 

 

2.1 Assistance speed 
“Speed”, an often used trip comparator, is a difficult concept for electrically pedal-assisted cycles (EPACs). 
Average speed, mean speed, and cruising speed [6] make sense [7], but are user and environment dependent. For 
EPAC’s the speed also depends on the used assistance level. To compare different models of SPs through an 
objective measurement of speed, this paper defines the term of assistance speed  (with  the assistance level) 
for each assistance level, with the user input at the pedals of 100 W ± 5% and a cadence of 80 rpm ± 5%, in 
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accordance with guidelines for exercise testing by the Flemish Government [8] on flat terrain. An untrained man 
has a functional threshold power (FTP), which is the power output that can be sustained for one hour, of about 
2.2 W/kg. A woman has about 1.9 W/kg [9]. A test user of ± 80 kg will therefore have no problem maintaining 
100 W. 

 
Figure 1: Geographical location of test course  

The test course, route indicated in Figure 1, is an elevated asphalted public bidirectional bike path of almost two 
kilometres alongside the road. The bicycle path, showed in Figure 2 is characterised by being almost flat, an 
absence of turns, in a semi-open environment (next to the canal, street width from neighbouring houses), and the 
fact that a speed pedelec is allowed on the bike path with no speed limit imposed, other than the applicable speed 
limit of the road (50 km/h). The latter is important as during the tests the rider attempts to pedal at 80 rpm and 
with a rider input of 100 Watt and will reach speeds up to 45 km/h. Both parameters are measured with the 
Assioma Power meters of Favero Electronics [10] and are both displayed and captured by a Garmin EDGE 510 
GPS cycling computer [11]. The Assioma Power meters calculate the power input based on summation of 
multiplications of the instantaneous angular velocity with the instantaneous tangential force instead of taking the 
multiplication of the average of the rotational speed and the sum of the tangential force. The benefits of such a 
technique are explained in [12]. The Garmin EDGE 510 uses GPS to record longitude, latitude, altitude and speed. 
The almost instantaneous display of rpm and power input allows the rider to make adjustments to stay within the 
pre-set margins.  

Figure 2: The test route alongside the canal 

Start 

Turning point 

Test route 
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One test ride for one speed pedelec consists of a return trip on the path for each assistance level, starting at level 
zero (no motor assistance). At the end of each leg of the trip, a small pause is held to identify the forward and 
return sections of the trip, as well as a longer break after each return section, to change the assistance level and 
take notes about weather and gear changes.  

Via GoldenCheetah [13] the captured data is exported into comma separated value-files and further analysis is 
done with Python. 

As seen in Figure 3, it is not self-evident during the test runs to stay within the margins of the set range, so not all 
values could be used for analysis. The appropriate data points were selected and extracted during processing to 
allow an accurate calculation of the assistance speed by taking the average per section. 

Figure 3: Selection of appropriate data points 

2.2 Braking distance 
The speed, total weight and road surface determine to a large extent the braking distance of a vehicle. In attempt 
to compare the different types of SPs, the braking distance (in meters) is determined in dry conditions by 
repeatedly performing braking tests by different persons within the same weight range. The reported braking tests 
were performed by 4 different test riders on a test course set up on the asphalt parking of the university of KU 
Leuven Technology campus Ghent. The purpose of the test is to approach the braking line at 30 km/h ± 5% and 
fully squeeze the brakes when passing the line until a stop. This constitutes a hard, or emergency, braking 
manoeuvre. 

The braking distance was measured using two methods. The first method, a raw field measurement, was done 
after each braking test with a measuring wheel1 [14] starting from the braking line up to the contact point of the 
front wheel with the ground, the second method was done by analysing the slow motion videos 
(240 frames/second) filmed with a smartphone using the Tracker programme [15]. On the test course 8 traffic 
cones were set up 1 meter apart (see Figure 4), in order to get a general benchmark of the actual braking distance 
                                                        
1 The Stanley Measuring Wheel has one significant number after the decimal point. 
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for later analysis, but also to use as a reference marker within Tracker. During the processing of all the test rides 
in Tracker, the distance between the first 4 cones (i.e. 3 meters) was taken as a reference marker. The front wheel 
axle of the speed pedelec was taken as a reference point to determine the movement of the speed pedelec frame 
by frame. By measuring the time (in seconds) and determining x- & y- position of the reference points, Tracker 
generates, when indicated, the speed (m/s), acceleration (m/s²) and distance covered (in m) and exports those 
data points in CSV-files, which were later analysed in Python using the pandas package [16]. The data was 
resampled to smooth out the data and ease the analysis. 

 

 
Figure 4:Set-up during braking tests 

3 Results 
The following sections will report on the preliminary results gained from test runs with 7 different speed pedelecs 
and braking tests performed with 3 speed pedelecs. 

3.1 Assistance speed 
 

 

 

 

 

 

 

 

 

 

 

Figure 5: Overview of assistance speeds of seven speed pedelecs. Assistance level 0 is unassisted by the motor 

Figure 5 shows the assistance speed of 6 different speed pedelecs, as SP6 and SP7 are the same model. First of 
all, it should be noted that not every speed pedelec has the same number of assistance levels, for example SP2 
and SP3 have 3 levels and SP6 and SP7 have 6 different levels. Looking at the average speed reached with no 
motor assistance, a difference is noticeable between SP1, SP3 and SP4 and the other speed pedelecs. This could 

Reference point 

3 m 

Braking line 
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be related to the weight of the speed pedelecs if not for the fact that the SP1 weighs 27.4 kg which makes it one 
of the heavier models. Furthermore, it also striking that the highest assistance speed, the assistance speed of SP4 
at top assistance level, is only slightly higher than 40 km/h, as shown in Figure 6. Although high, this speed does 
not come close to 45 km/h, while the perception by non-users is that the average speed achieved with speed 
pedelecs is 45 km/h [17]. 

Current test results show that the maximum assistance speeds of the other speed pedelecs do not all reach 40 km/h, 
thus indicating that with the mild pedal power of 100 W and achievable cadence of 80 rpm a rider definitely does 
not reach the maximum speed of 45 km/h, which is also reported by users [17].  

 
Figure 6: Overview of maximum assistance speeds of seven speed pedelecs 

Although it is difficult to compare speed pedelecs with a different number of assistance levels and more test rides 
are needed, we can already compare the speed pedelecs with the same number of assistance modes. The most 
notable difference is between SP1 and SP2, both with 3 levels. SP1 shows large transitions between the different 
modes, while the other makes smaller transitions as can be seen in Figure 7. Both SP1 and SP2 have a fairly high 
motor power, compared to the other tested vehicles, and a similar mass (cfr. Table 2). The difference lies however 
in the setting of the controller. 

 

 

 

 

 

 

 

 

 

 

 
Figure 7: Assistance speed comparison between SP1 and SP2 
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Figure 8: Assistance speed comparison between SP3, SP4 and SP5 

Considering the differences in the 350 W speed pedelecs in Figure 8, we see less outspoken differences than with 
the comparison of SP1 and SP2. SP5 exhibits the largest speed jump between assistance levels 3 and 4. Whereas 
SP3 and SP5 only reach an average speed of about 25 km/h when on the second assistance level, with SP4, this 
is already the case in the first assistance mode. Lastly, Figure 9 shows the difference in assistance speed for SP6 
and SP7. Despite the fact that SP6 and SP7 are two speed pedelecs of the same model, a difference between the 
assistance speeds for the same assistance levels is noticeable. 

 
Figure 9: Assistance speed comparison between SP6 and SP7 

In conclusion, these results show a wide variety in assistance speeds and assistance levels of speed pedelecs. On 
the one hand, one may wonder why it is necessary to have many assistance levels if differences between them 
are minimal. It may prove to be a nuisance for users that they have to push a button several times before reaching 
a noticeably lower level. It can even create unsafe situations where for example quick acceleration is necessary 
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in certain traffic situations and the user is not able to easily shift up in levels. On the other hand, the presence of 
few but distinctly different assistance levels could also provide problems, when, for example, unconsciously 
changing assistance level causes a sudden deceleration while cycling through fast moving traffic [17]. 

In general, the presence of different assistance levels is recommended. Be it in variable traffic situations, where 
speeds lower than 30 km/h are more optimal in urban environments and higher speeds more convenient in open 
environments, or when the battery is low, several assistance levels offer the capability of shifting down so there 
is less energy consumption and no excessive speed loss, provided a similar input power and cadence. So similar 
to gears in cars, it will permit the speed pedelec rider to select the appropriate level of motor support given the 
local traffic conditions Finally, being aware of the fact that city centres in Europe will evolve towards “Zone 30” 
(large area with a general speed limit of 30 km/h) [18], a speed pedelec with a 30 km/h assistance level and an 
assistance level which allows a user to exceed speeds of 40 km/h without excessive effort for outside those zones, 
would be an asset to the future user and therefore to the market.  

3.2 Braking tests 
Twelve braking test were performed with SP6 and SP7, with each a different test rider with a weight of about 
80 kg. The purpose was to approach the braking line at 30 km/h and fully squeeze the brakes when passing the 
line. The braking distance is calculated by taking the difference between the last value where the speed is 30 km/h 
and the first value where the speed is 0 km/h as seen in Figure 10. 

 
Figure 10: Calculation of braking distance after resampling 

However, manual processing of the video images with a sample rate of 240 frames per second causes noise on 
the average speed values and influences therefore the calculated braking distance, it is best to resample the data 
to remove the noise in the data. To determine the accuracy of the produced values after processing the video 
images, the deviation between the braking distances per resample rate needs to be calculated. Therefore the 
standard deviation of the braking distance for 4 resample rates (i.e. 100 ms, 50 ms, 40 ms and 20 ms with median 
values2) have been calculated over 6 evaluations of one test ride. The resampling rate of 50 ms with median 
values appears to be the most accurate, with a standard deviation of 0.05 m as seen in Table 3. Therefore a resample 
rate of 50 ms will be used for the remainder of this paper. 

  
                                                        
2 A resampling with median values was chosen over a resampling with mean values as it is more robust against outliers. 
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Table 3: Overview of braking distances calculated from resampled values of one test ride 

 100 ms resample (m) 50 ms resample (m) 40 ms resample (m) 20 ms resample (m) 
1st processing 6.77 6.78 6.91 6.35 
2nd processing 7.74 6.86 6.65 5.78 
3rd processing 6.63 6.81 6.70 6.44 
4th processing 6.78 6.80 6.93 5.08 
5th processing 6.85 6.91 7.03 5.77 
6th processing 6.88 6.89 6.38 5.8 

Mean 6.94 6.84 6.77 5.87 
SD 0.4 0.05 0.24 0.49 

 
During the brake testing, the aim was to reduce the influence of external factors as much as possible by 
performing all tests in similar circumstances: a tyre pressure of 3 bar, speed pedelecs of the same model with 
similar past usage, test riders of similar height (± 1.80 m) and weight (± 80 kg), video analysis and similar weather 
conditions.  

In Table 4, the field measurements with the measuring wheel are next to the calculated values from the video 
images for the 12 braking tests executed with respectively SP6 and SP7. Both speed pedelecs are new speed 
pedelecs, of the same model, were used intensively for 3 weeks for commuting in the 365SNEL project [3]. It is 
clear that there is a big difference overall between the braking distances of rider 1 vs. rider 2. This difference can 
be explained by the position of the body during braking, where rider 1 remained on his saddle during braking, 
while rider 2 positioned his rear behind the saddle, as can be seen in Figure 11. A difference in applied braking 
force could also be an explanation. As the braking power itself was not measured during these tests, further work 
is required. 

Table 4: Overview of braking test with speed pedelecs of the same model 

 Rider 1 on SP6 Rider 2 on SP7 

 Measured values (m) Calculated values (m) Measured values (m) Calculated values (m) 

° 1 7.6 7.01 5 4.53 
° 2 8 7.06 4.5 6.07 
° 3 7.3 5.78 4.1 5.51 
° 4 8 7.58 4 4.37 
° 5 7.3 6.88 5 3.97 
° 6 7.15 6.36 4.1 5.32 
° 7 7 5.87 4.3 4.56 
° 8 6 6.59 3.4 4.87 
° 9 7 7.57 3.1 3.71 

° 10 6.3 6.18 3.4 6.04 
° 11 6.3 6.6 3.7 4.34 
° 12 7 5.88 3.6 5.21 

Mean 7.08 6.61 4.02 4.88 
SD 0.64 0.63 0.61 0.76 
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Furthermore, we can see that both the measured as the calculated values have a different mean value with both 
riders. This could be explained by the difference in determining the braking distance of both methods: the field 
measurement assumed a speed of 30 km/h before braking and measured from the braking line to the contact point 
of the front tire at standstill, whereas the calculated values using image processing determine the difference 
between the last point where the speed was 30 km/h and the first point where the speed was 0 km/h. Taking this 
into account, it is possible that rider 1 braked too late and rider 2 braked too soon in most cases. Finally, the 
standard deviations of both measured and calculated values are around 0.62 meters. Whether or not these values 
or hypotheses remain valid after extensive testing, will need to be investigated by means of more analysis and 
practical testing. Table 5 shows the results of braking tests performed by four different riders with SP5, where the 
purpose of the tests was to determine the impact of the rider, rather than determine differences between SPs.  
 
With a shortest average braking distance of 4.22 m (Rider 2) and a maximum average braking distance of 6.25 m 
(Rider 1), it is clear that significant braking distance differences are observable between the users. Further tests 
will be required to elucidate the difference between the impact of the user and the SP. A further point to investigate 
is why the standard deviation in braking distances with the visual processing (“calculated”) method is 
significantly larger than with the measured points, and what methodological changes are required for improved 
testing consistency. 

Table 5: Overview of braking tests with SP53. 

 
  

                                                        
3 Calculated values determined using visual processing 
4 Entry speed <30 km/h; run excluded from analysis 

 Rider 1  Rider 2  Rider 3  Rider 4  

Test 
run 

Measured 
values (m) 

Calculated 
values (m) 

Measured 
values (m) 

Calculated 
values (m) 

Measured 
values (m) 

Calculated 
values (m) 

Measured 
values (m) 

Calculated 
values (m) 

N°1 6.8 6.88 4.3 4.08 3.8 NA4 3.65 5.58 
N°2 6.2 5.85 3.8 4.58 4.7 NA4 4.3 5.64 
N°3 6.4 5.38 4.4 4.41 4 5.84 4.4 NA3 
N°4 6.3 5.46 3.9 3.84 4 6.51 4.85 6.46 
N°5 6.3 6.87 3.7 5.17 3.9 4.8 4 4.08 

Mean 6.4 6.09 4.02 4.42 4.08 5.72 4.24 5.44 
SD 0.23 0.74 0.31 0.51 0.36 0.86 0.45 0.99 

Figure 11: Position of rider 1 (left) and rider 2 (right) during braking tests. 
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In conclusion, the preliminary results of these braking tests show that there are still some factors to be taken into 
account before the test protocols can be put into practice: the variable braking power of each test rider, the speed 
upon braking (30 km/h was intended, but was not easy to maintain due to lag of the bike speedometer), the 
manner of braking (ex. anti-lock braking (ABS)), the positioning of the body while braking, reaction time of test 
rider when passing the braking line and a habitual phenomenon of test person after a few test runs. 

4 Conclusions 
This paper discusses the preliminary results of practical tests with 7 different speed pedelecs; looking at assistance 
speed  and braking distance in an attempt to objectively compare speed pedelecs with a limited amount of 
measurements and measurement tools, and avoid the cost of specialised high-speed and high-torque (speed) 
pedelec test benches. The purpose is to aid potential buyers and provide a design tool for manufacturers. In a 
later stage, the objective results can be linked to user feedback.  

The preliminary results of the test show that there is a large variation between the distribution of assistance speeds, 
not only between models with the same engine power or the same number of assistance modes, but even between 
the same models. This lack of uniformity between speed pedelecs or assistance speeds is however not a concern, 
as there are, as far as the knowledge of the researchers goes, no guidelines about the amount of assistance levels 
or speeds. It is however suggested to explore a 30 km/h assistance level in addition to an assistance level that 
would allow a user to reach and exceed speeds of 40 km/h without extensive effort. Determining the braking 
distance with limited measuring tools proves to be a challenge considering the many external factors as well as 
the speed pedelec user’s behaviour. In general more tests and analysis are needed to set up practical tests to 
objectively compare SPs. 
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