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Influence of Angular Velocity of Pedaling on the
Accuracy of the Measurement of Cyclist Power

Abstract

Almost all cycling power meters currently available on the
market are positioned on rotating parts of the bicycle (pedals,
crank arms, spider, bottom bracket/hub) and, regardless of
technical and construction differences, all calculate power on
the basis of two physical quantities: torque and angular velocity
(or rotational speed - cadence). Both these measures vary
during the 360 degrees of each revolution.

The torque / force value is usually measured many times during
each rotation, while the angular velocity variation is commonly
neglected, considering only its average value for each
revolution (cadence).

This, however, introduces an unpredictable error into the power
calculation. To use the average value of angular velocity means
to consider each pedal revolution as perfectly smooth and
uniform: but this type of pedal revolution does not exist in
reality. Angular velocity may vary due to a number of factors:
style of pedaling and physical condition of the cyclist, cadence
and effort, slope of the ground, type of chainring used (round or
oval), etc. In addition to this, when using an indoor trainer, the
angular velocity variation also depends on the inertia it
generates, so it may vary significantly from model to model.

Favero Electronics, to ensure the maximum accuracy of its
power meters in all pedaling conditions, decided to research to
what extent the variation of angular velocity during a rotation
affects the power calculation.

The study was made with the collaboration of 5 cyclists, who in
the past year covered a distance of between 10,000 km and
20,000 km, and whose physical characteristics and athletic
preparation are representative of a wide range of power meter
users. Each cyclist performed 24 tests, in different situations,
both on the road and on indoor trainers.

The results show that variation of angular velocity within a
rotation has a considerable impact on the error in calculation of
any algorithm that does not take it into account. The
miscalculation can be as high as -1.6% using round chainrings
and +4.5% using oval chainrings. Different patterns were also
observed depending on the type of indoor trainer used.

The miscalculation may be—even significantly—greater than we
found in our study, for the following reasons:

. the test was limited to only 5 cyclists: there is no
doubt other cyclists may have styles of pedaling with
greater variations of angular velocity;

. only 2 indoor trainer models were considered: other
models may produce greater errors;

. slopes greater than 5% (the only value tested) may
lead to less uniform rotations and consequently
greater errors.

It should be noted that the error observed in this analysis
occurs because to measure power the power meter considers
the average angular velocity of each rotation. In power meters
that use this type of calculation, this error must therefore be
added to the accuracy stated by the manufacturer.

The power meter is often used by cyclists to evaluate their
improvement over long periods of time and therefore its
accuracy is important and should not be influenced by factors
that change over time, such as pedaling style (which can also
vary with cadence, effort, and physical condition), the type of
indoor trainer or chainring used, etc.

This study is part of a wider research that has led Favero
Electronics to implement the new Assioma IAV Power system,
which combines proprietary software solutions that take full
advantage of the integrated three-axis gyroscope with power
calculation algorithms capable of handling the real angular
velocity variation during each pedal stroke. The overall
accuracy of Assioma has been improved to +/-1% and is ensured
in all pedaling conditions, regardless of style, type of chainring
used (round or oval), type of trainer, etc.

With the new IAV Power system, once again Favero Electronics
marks a major step forward in the field of sports electronics, by
using a gyroscope to detect instant angular velocity in cycling
power meters, a solution that we believe will become a future
technological standard for all power meters placed on rotating
parts.
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Introduction

In the past few years, demand for cycling power meters has
grown considerably, both in the technical and professional field,
and among competitive cyclists. At the same time, a demand for
accuracy in the measurement of the power the cyclist applies
while pedaling has grown. How the signals required to measure
power are acquired, therefore, becomes important, just as the
subsequent processing of numbers that yields the final result.

On the market today, power meters positioned on rotating parts
can be classified into two groups: meters using the average
rotational speed within a pedal stroke for the calculation, and
those which take its variations into account.

To use the average value of angular velocity means to consider
each pedal revolution as perfectly smooth and uniform: this type
of pedal revolution does not exist in reality.

Favero Electronics, on a quest to constantly improve the quality
of its products, decided to research how much the two different
calculation methods influence the accuracy of the final result in
different cycling conditions.

Mathematical model

Force F4 applied by the cyclist to the pedal is never fully
exploited, since only its Fr part tangential to the rotation of the
crank arm produces the moment of force M and is therefore
effective in moving the bicycle; the centrifugal component F¢ of
the applied force is lost for the purposes of movement. The
moment of force M is greater the longer the bc length of the
crank arm:

M =F,- b,

The useful power applied by the cyclist to the propelling
mechanism depends, other than on the torque, on crank arm
rotational speed w (tied to the cadence):

P=M w=F; b;:-®

This power, known as instantaneous power, varies along the 360°
of a pedal revolution, since both tangential force Fr, and
rotational speed w vary; normally, to make the measured data
available, the average power Py of an entire pedal revolution
cycle is considered. The quantities examined, Fr and w, are
acquired with suitable sensors, at regular intervals that are
sufficiently small compared to the total duration of a pedal
revolution; the recorded values are called samples.

We shall now examine the two algorithms currently used by
commercially available power meters to calculate power, we
shall define them as:

* AAVpwr algorithm - Average Angular Velocity Power;
* |AVpwr algorithm - Istantaneous Angular Velocity Power.

It should be noted that all the following considerations,
although referring to the pedal, remain valid even when the
points at which the moment of force M and the rotational
speed w are detected are situated on the crank arm or
spider or on the bottom bracket/hub.

AAVpwr (Average Angular Velocity Power) Algorithm

To calculate the average power Py, of @ complete rotation, this
method measures the average rotational speed wy of the entire
pedal stroke and the average tangential force Fny; a final
calculation is then carried out:

Py = Fry b @y

To calculate Fry, the sum of samples Fr(k) of the tangential force,
acquired during the entire pedal revolution, is divided by the total
number of samples N:

L
FTM:ﬁ'ZFT(k)
k=1

Normally the average rotational speed wy is derived from the
complete duration (period) T of a pedal revolution:

o, =2
Moor
g
Fig. 1: Forces applied to the pedal. Fr: tangential force, Fc: centrifugal

force, M: moment of force.

IAVpwr (Istantaneous Angular Velocity Power) Algorithm

In this second method, to calculate the average powerPy, of a
complete rotation, the samples of tangential force Fr(k) and
rotational speed w(k) are acquired together, they are multiplied
and the product is progressively summed; at the end of the pedal
stroke the result is divided by the number of samples N.

be &

M2 = N ZFT(k)'m(k)

k=1

P

This algorithm, therefore, adheres more closely to the
instantaneous variations of the tangential force Fr and rotational
speed w within the pedal revolution.

A theoretical description of the power calculation can be found in
the appendix.
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Test procedure

Tangential force Fr and rotational speed w were acquired and
recorded during the pedal strokes of a number of cyclists, in
various cycling conditions. Both power calculation algorithms,
AAVpwr and IAVpwr, were then applied to the acquired
data(using trapezoidal integration) to compare the results.

Data acquisition and processing

Acquisition of the physical signals, tangential force Fr and
rotational speed w, was performed every 5 ms with an
ASSIOMA® power meter, with specially designed firmware; this is
done in real time and, using the Bluetooth® low energy
technology radio protocol, the data were transferred to a laptop
to be registered in a csv file.

Each line of this file has the date, time and instant of sampling, a
progressive counter of the radio message to reveal lost packets,
and the 24-bit values of the signals mentioned in grams-force [gf]
and millidegrees per second [mdps].

This purposely developed method makes it possible to acquire
the signals in the most diverse conditions of use, both in a
controlled indoor environment, as well as outdoors.

Since the purpose of the research was not to measure the total
power applied by the cyclists, only the signals relevant to the left
pedal were acquired; in all subsequent tables, to simulate the
power applied by the cyclist with both legs, the power measured
by the single pedal was doubled.

The files with the acquired data were then processed offline
using the SCILAB numerical computation software package to
isolate the single pedal strokes and calculate the power using the
two algorithms, AAVpwr and IAVpwr.

Materials

The same bicycle was used for all tests with a 172.5 mm crank
arms, carrying a pair of ASSIOMA® devices equipped with special
firmware with the following features:

* internal gyroscope, calibrated with 0.1% accuracy using an
encoder and a National Instruments NI-6211 and
measurement device, to measure the angular velocity;

* eight strain gauges applied to the pedal axle to measure the
forces applied to the pedal, with an 0.1% accuracy calibration
obtained using M1 precision class calibrated weights; it must
be noted that any variations due to temperature act on both
algorithms and therefore do not influence the result of their
comparison;

* radio communication via Bluetooth® low energy technology
protocol.

The laptop was provided with an ASUS USB-BT400 4.0 USB
Bluetooth dongle for radio communication, manufactured by
ASUS.

In the lab test setting, the following two indoor trainers, which
are representative of the various types of trainers on the market,
were used:

* Qubo Power Mag, manufactured by Elite;
¢ NEO Smart, manufactured by Tacx.

The following two chainrings were used:

* round: PRAXIS 110BCD 50/34 10/11SP 7075-T6;
¢ oval: OSYMETRIC 110mm - 50R.

Cyclist characteristics

Table 1 below reports the general data on each cyclist who
performed the complete trial (24 tests); cyclists were selected
based on their having covered at least 10,000 km per year and to
provide a broad range of possible power meter users.

Table 1:  General characteristics of the cyclists undergoing the trial (FTP: functional threshold power).
Cyclist Sex Age Height [cm] Weight [kg] FTP [W] FTP / weight km / year type category
o1 male 39 172 65 330 51 20°000 former pro 2
€02 male 42 176 71 260 37 107000 competitive cyclist 5
€03 male 32 180 68 360 53 10°000 MTB elite 2
04 male 50 170 67 270 40 107000 competitive cyclist 4
C05 male 19 177 62 280 45 207000 under 23 3
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Measurement protocol

The complete trial performed by the 5 cyclists was divided into a
set of 24 tests, in each of which a particular pedaling condition
was set to assess its impact on the results of the two algorithms;
in particular, the 24 combinations listed in Table 2 were taken
into consideration, but there was no mandatory order in which
the individual tests needed to be performed.

Before starting the trial, each cyclist warmed up for about 5
minutes, and between each test there was a cool-down phase.
Both indoor tests on indoor trainers and outdoor road tests were
carried out.

Outdoor road tests

The same itinerary was followed in both directions, shown in Fig.
2, made up of a part on flat terrain (@bout 7 km) and an uphill
slope (about 1 km with a 5% climb) with subsequent descent; the
climb was repeated twice, first in a sitting position and then
standing on the pedals. The cyclists were asked to remain seated
on the flat terrain and to produce a pedaling speed of about 100
rpm on the way out and 90 rpm on the way back. During the
uphill parts, besides the position on the bicycle, no other
particular indications were given.

The power calculated with the two algorithms was obtained as
an average of an interval of at least 90 seconds in which pedaling
was uniform; parts with considerable variations where cyclists
had stopped, braked, started again, or sprinted were excluded.

Indoor tests on trainers

The cyclists were asked to reach the established pedaling

configuration and maintain it for at least 40 seconds while the

signals were acquired. The pedaling power calculated using the

two algorithms is the average of the entire test duration, Fig. 2:
identifying the start and end of each pedal stroke.

Bidasi

Road route used in the outdoor test, with elevation data.
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Table 2:  Listand configuration of the tests performed by each cyclist.
Test chainring mode position FTP [%] cadence [rpm]
T111 90
70
T112 110
round on Elite Qubo Power Mag trainer sitting
T113 90
95
T114 70
T121 90
70
T122 110
round on Tacx Neo Smart trainer sitting
T123 90
95
T124 70
T131 on the road, flat road sitting cyclist's free choice 100
T132 on the road, uphill, 5% climb sitting cyclist's free choice Free choice
round
T133 on the road, uphill, 5% climb standing cyclist's free choice Free choice
T134 on the road, on flat road sitting cyclist's free choice 90
T211 90
70
T212 110
oval on Elite Qubo Power Mag trainer sitting
T213 90
95
T214 70
T221 90
70
T222 110
oval on Tacx Neo Smart trainer sitting
T223 90
95
T224 70
T231 on the road, flat road sitting cyclist's free choice 100
T232 on the road, uphill, 5% climb sitting cyclist's free choice Free choice
oval
T233 on the road, uphill, 5% climb standing cyclist's free choice Free choice
T234 on the road, on flat road sitting cyclist's free choice 90
FAVERO ELECTRONICS SRL Page 5/27
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Results

The results of all 24 tests, each performed by 5 cyclists, are
reported in the appendix in 24 tables 9 ~ 32.

The results of these tests were grouped by 4 in the following 6
tables 3 ~ 8, each of which refers to a specific test condition.

For each test performed by the 5 cyclists, the average error is
recorded, obtained as an average of the 5 cyclists and the
maximum error found among the 5 cyclists.

We define error as the percentage difference between the power
calculated with the AAVpwr algorithm compared to the one
calculated with the IAVpwr algorithm.

It must be borne in mind that AAVpwr erroneously considers the
average rotational speed of the entire pedal revolution, while
IAVpwr correctly performs the calculation considering its
variations.

Test with round ring and Elite Qubo trainer

In the following Table 3 it can be observed that the AAVpwr
algorithm, on average, tends to underestimate the power value in
the various situations by between -0.22% and -0.86%, but a
maximum error of -1.59% is also observed.

Table 3:  Results obtained using a round ring and Elite Qubo trainer.

test description FTP cadence  averageerror  maximum emor
% [pm] %] %]
T111 Round ring 90 -036 -071
70
T112 Elite Qubo 110 -022 -066
T113 trainer 90 -051 -115
95
T114 Seated 70 -0.86 -159

Test with round ring and Tack NEO smart trainer

Even in this situation, the results of which are reported in Table 4,
an underestimation error of the power calculated with the
AAVpwr algorithm is observed.

Table4:  Results obtained using a round ring and Tacx NEO Smart trainer.

test description FTP cadence  averageerror  maximum emor
[%] [rom] [%] [%]
T121 Round ring 90 -013 -0.22
70
T122 Tacx NEO 110 -0.12 -052
T123 Smart % 017 -031
trainer
95
T124 Seated 70 -030 -045

Test with round ring, on the road

In Table 5 an overestimation of power calculated using AAVpwr
is evident; the error can reach +0.84%.

Table 5:  Results obtained with a round ring, on the road

test description average error  maximum error
[%] [%]
T131 round ring, flat road, seated, 100rpm +0.04 +0.15
T132 round ring, climb 5%, seated +047 +063
T133 round ring, climb 5%, standing +048 +084
T134 round ring, flat road, seated, 90rpm +0.10 +020

Test with oval ring and Elite Qubo trainer

With an oval chainring, the overestimation error using AAVpwr is
on average +2.5%, with a maximum reaching +3.3%.

Table 6:  Results obtained using an oval ring and Elite Qubo trainer.

test description FTP cadence  average error  maximum error
% [pm] %] %]
T211 Oval ring 90 +273 +298
70
T212 Elte Qubo 110 +297 +330
7213 trainer 90 +251 295
95
T214 Seated 70 +197 +227

Test with oval ring and Tacx NEO Smart trainer

In this situation, the oval ring makes the AAVpwr algorithm
overestimate power by an average of +3.1%, peaking at +3.79%.

Table 7:  Results using an oval ring and Tacx NEO Smart trainer.

test description FTP cadence  averageerror  maximum emor
P61 [pm] %] [%]
T221 Oval ring 90 +315 +33)
70
T222 Tacx NEO 110 +321 +379
1223 Smart % 4325 4376
trainer
95
T224 Seated 70 +271 +314

Test with oval ring, on the road

On the road, the effect of the oval ring on the error resulting from
the AAVpwr algorithm is heightened, as it is on average +3.9%,
with a maximum of +4.54%.

Table 8:  Results obtained with an oval ring, on the road.

test description average error  maximum error
[%] [%]
T231 Oval ring, flat road, seated, 100rpm +385 +416
T232 Oval ring, climb 5%, seated +390 +454
T233 Oval ring, climb 5%, standing +393 +451
T234 Oval ring, flat road, seated, 90rpm +390 +429
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Discussion

An analysis of the tests and their outcomes leads us to some
interesting conclusions; the first conclusion, which is immediately
apparent, is the substantial difference of the output of the
calculation algorithms depending on whether a round or oval
chainring is used.

Below, the results are discussed according to the type of
chainring used.

Miscalculations in power using round rings

With the round chainring, the average error made by the AAVpwr
algorithm compared to the IAVpwr algorithm varies from -0.86%
(test T.1.1.4, Table 3) to +0.48% (test T1.1.3, Table 5), with a
maximum value of -1.59%. Observing Table 5, which refers to
road tests, the measurement error on flat roads is negligible,
(maximum +0.2%), while with a 5% climb there is an average
+0.5% overestimation, which is justified by the greater irregularity
in pedal strokes under strain. We can assume that by increasing
the slope the miscalculation would increase.

Observing, instead, tables 3 and 4, which refer to tests on indoor
trainers, an underestimation is evident, which is different for the
two types of trainers and can be as high as -1.59% (test T.1.1.4,
table 3).

Evaluating the error interval for the same cyclist by looking at all
his tests on both road and trainers (see: table 37 of cyclist C.03),
the error can be observed to go from -1.59% of test T.1.1.4 to
+0.62% of test T.1.3.2, so there is a 2.21% difference. This means
that if the power meter uses the AAVpwr algorithm, it can show
the same power even though there is actually a 2.21% difference.

Miscalculations in power using oval rings

We would like to point out that the oval ring used (OSYMETRIC
110mm - 50R) is one of the most ovalized currently on the
market, therefore less ovalized chainrings would cause lower
errors.

The AAVpwr algorithm, which does not take into account the
rotational speed during the pedal revolution, overestimates
power by an average of about 2 ~ 4 % (Tables 6, 7 and 8)
reaching a maximum error of +4.54%. The overestimation is
observed especially on the road tests, compared to tests on
trainers (about 1% more), and a difference in the response of the
trainers themselves is also observed (Tables 6 and 7).

It must be noticed that this study does not set out to find the
reasons for the different behavior observed on the road vs. on
trainers and on one trainer vs. the other—a difference which is
presumably due to a different inertia behavior and braking
method on the trainers—but only to ascertain their difference.

Analyzing, even in this case, the error interval for the same cyclist
by looking at all his road and trainer tests (see: table 34 of cyclist
C.01), the error goes from +1.85% of test T.2.1.4 to +4.51% of test
T.2.3.3, with a difference as great as 2.65%. This means that if the
power meter uses the AAVPwr algorithm, it can show the same
power output even though there is actually a 2.65% difference.

General observations

Since our study only considered a limited number of situations,
and, above all, the trials were performed by only 5 cyclists and
only 2 trainers were used, it can be assumed that if we were to
widen the case study, the error could only increase.

Even with climbs steeper than 5% the error might increase.

In all cases considered, both those with a round ring and those
with an oval ring, in addition to the identified errors, one needs to

add the accuracy stated by the manufacturer of power meters
that do not consider in the calculation the variation in rotational
speed, an error which is generally around 1%.

To what extent the percentage error of the AAVpwr algorithm
depends on the percentage variation of the pedaling rotational
speed (maximum - minimum, compared to average) is shown in
the chart of Fig. 3, which also shows a 4th-degree polynomial
trend line, with a high correlation coefficient R? = 0.93. This chart
shows the results of all the tests divided by cyclist, while the
trend line refers to all of them. It is evident that all cycling
conditions that produce an increase in the unevenness of
rotational speed within the pedal stroke progressively influence
the error in the calculation of power; these conditions depend on
the equipment used (chainrings), cycling situation (on trainer or
road, flat road or climb), as well as the pedaling style of each
cyclist.

It is worth pointing out that all the errors detected so far,
which occur when the variation in speed within the pedal
rotation cycle is not taken into account in calculating the
power, are exactly the same for all power meters installed on
pedals, crank arms, crank spiders/chainring, and bottom
bracket/hub, since they are all subject to the same variations
in speed.

This study proves the importance of equipping power meters
with a gyroscope to enable them to precisely detect the
instantaneous angular velocity.

Since the IAVpwr algorithm correctly measures power regardless
of whether a round or an oval chainring is used, a power meter
which uses the IAVpwr algorithm may help cyclists assess the
type of chainring that allows them to express greater power.
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Power Error vs Angular Velocity Variation
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Fig. 3: Correlation between the variation of angular velocity and error of the AAVpwr algorithm in the power calculation.
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Results by test type

In this section, the results of the 24 tests are reported 24 tables,
from 9 to 32. The rows show: (a) the cyclist identification code,
(b) the csv file produced during the test, (c) the
maximum-minimum rotational speed variation in a pedal
revolution compared to the average speed, (d) the power

The power values shown are the values obtained from the left

pedal only, multiplied by two. To calculate the torque,a 172.5
mm crank arm length was used. Each table is connected to a

chart showing a cyclist’s typical pedal stroke.

calculated with the IAVpwr algorithm, (e) the power calculated
with the AAVpwr algorithm, (f) the percentage error resulting
from the latter algorithm.

Table 9: Test T.1.1.1 - round ring, Elite Qubo trainer, seated, FTP 70%, cadence 90 rpm (chart T.1.1.1 - AO1png)
cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]
co1 T1.11-C01-01(2018.0205 1003.27).csv 48 2585 2574 -042 max =-071
med =-0.36
€02 T.1.11-C02-01(2018.02.09 11.33.13).csv 43 1806 1807 +004
€03 T1.11-C03-01(2018.02.15 0346.22).csv 6.1 2613 2594 -071
C04 T.1.11-C04-01(2018.02.16 03.54.31).csv 31 2161 2156 -023
€05 T.1.11-C05-01(2018.02.19 03.31.24).csv 56 2348 2337 -049
Table 10:  Test T.1.1.2 - round ring, Elite Qubo trainer, seated, FTP 70%, cadence 110 rpm (chart T.1.1.2 - AO1png)
cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]
co1 T1.12-C01-01(2018.02.05 10.05.04).csv 38 2256 2254 -011
€02 T.1.1.2-C02-01(2018.02.09 11.34.39).csv 41 1887 1890 +016
03 T.112 - C03 - 01 (20180215 0348.03)csv 43 2562 2551 -043 max =-043
med =-0.22
C04 T.1.1.2-C04 - 01 (2018.02.16 03.56.33).csv 26 1728 1727 -006
€05 T.1.1.2-C05 - 01 (2018.02.19 03.33.06).csv 6.1 2226 211 -0.66
Table 11:  Test T.1.1.3 - round ring, Elite Qubo trainer, seated, FTP 95%, cadence 90 rpm (chart T.1.1.3 - AO1png)
cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]
Co1 T.1.1.3-C01-01 (2018.02.05 10.06.35).csv 56 3068 305.3 -051
€02 T.1.1.3-C02-01(2018.02.09 11.36.31).csv 56 2641 2638 -009
o3 T113-C03 - 01 (2018.02.15 0350.03)csv 73 3263 3226 -115 max =-1.15
med =-051
C04 T.1.1.3-C04- 01 (2018.02.16 03.58.53).csv 39 2766 2760 -021
€05 T.1.1.3-C05- 01 (2018.02.19 03.35.16).csv 6.2 2627 2612 -057
Table 12:  Test T.1.1.4 - round ring, Elite Qubo trainer, seated, FTP 95%, cadence 70 rpm (chart T.1.14 - AO1png)
cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]
Co1 T.1.14-C01-01 (2018.02.05 10.09.40).csv 74 2860 2838 -0.76
€02 T.1.14-C02-01(2018.02.09 11.39.26).csv 100 2341 2321 -082
o3 T114-C03 - 01 (20180215 035203)csv 103 3354 3300 -159 max =-159
med =-086
C04 T.1.14-C04 - 01 (2018.02.16 04.01.28).csv 6.5 2611 2599 -047
€05 T.1.14-C05-01 (2018.02.19 03.37.31).csv 76 2341 2326 -0.64
FAVERO ELECTRONICS SRL Page 9 /27
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Table 13:  Test T.1.2.1 - round ring, Tacx NEO Smart trainer, seated, FTP 70%, cadence 90 rpm (chart T.1.2.1 - AO1.pnq)
cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%)]
co1 T.12.1-C01-01(2018.02.05 10.14.09).csv 6.7 2273 2268 -020 max =-0.22
med=-013
€02 T.1.2.1-C02-01(2018.02.09 11.44.28).csv 6.3 186.2 1860 -008
€03 T.1.21-C03-01(2018.02.15 03.57.01).csv 5.2 2580 2577 -012
04 T1.21-C04-01(2018.02.16 04.06.48).csv 37 2005 2004 -004
€05 T.1.2.1-C05-01(2018.02.19 0343.16).csv 52 2242 2237 -022
Table 14:  Test T.1.2.2 - round ring, Tacx NEO Smart trainer, seated, FTP 70%, cadence 110 rpm (chart T.1.2.2 - AO1png)
cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%)]
co1 T.12.2-C01-01(2018.02.05 10.15.39).csv 6.5 2472 2471 -005 max =-052
med=-012
€02 T.1.2.2- (02 - 01 (2018.02.09 11.46.03).csv 6.1 2064 2065 +006
€03 T.1.22-C03-01 (2018.02.15 03.58.58).csv 58 2735 2730 -018
04 T.1.2.2 - C04- 01 (2018.02.16 04.09.10).csv 40 2099 2101 +007
€05 T.1.2.2-C05- 01 (2018.02.19 03.45.09).csv 79 2501 2488 -052
Table 15:  Test T.1.2.3 - round ring, Tacx NEO Smart trainer, seated, FTP 95%, cadence 90 rpm (chart T.1.2.3 - A01.pnq)
cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]
co1 T1.23-C01-01(2018.0205 1017.51)csv 71 3107 309.7 -031
€02 T.1.2.3-C02-01(2018.02.09 1148.28).csv 72 2318 2316 -012
03 T.123 - C03 - 01 (2018.02.15 04.00.38)csv 63 3334 3326 -0.24 max =-0.51
med=-017
C04 T.1.23-C04- 01 (2018.02.16 04.11.35).csv 40 2527 2527 -001
€05 T.1.2.3-C05-01(2018.02.19 03.47.08).csv 5.1 2741 2736 -019
Table 16:  Test T.1.2.4 - round ring, Tacx NEO Smart trainer, seated, FTP 95%, cadence 70 rpm (chart T.1.2.4 - AO1png)
cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]
co1 T1.24-(01-01(201802.05 10.19.52).csv 78 304.2 3028 -045
€02 T.124-C02-01(2018.02.09 11.50.29).csv 71 2286 2282 -020
03 T.1.24- C03 - 01 (2018.02.15 04.03.04)csv 73 3308 3295 -039 max =-045
med =-0.30
C04 T.1.24-C04- 01 (2018.02.16 04.13.47).csv 5.2 2432 2429 -013
€05 T.124-C05-01(2018.02.19 0349.14).csv 6.5 2728 2719 -033
Table 17:  Test T.1.3.1 - round ring, on flat road, seated, cadence 100 rpm (chart T.1.3.1 - AO1pnq)
cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]
Co1 T.131-C01-01(2018.02.05 1046.08).csv 50 2058 2059 +007
€02 T.13.1-C02-01(2018.0209 1044.12).csv 60 1613 1612 -010
o3 T13-C03 - 01 (20180215 024550)csv 54 2457 2460 +011 max =+0.15
med = +0.04
C04 T.131-C04-01(2018.02.16 02.55.38).csv 44 1688 1690 +015
€05 T.13.1-C05-01(2018.02.19 02.3843).csv 101 1788 1788 -004
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Table 18:  Test T.1.3.2 - round ring, on the road, 5% climb, seated (chart T.1.3.2 - AO1png)
cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%)]
co1 T132-C01-01(2018.0205 11.02.14).csv 78 3314 3325 +0.34 max = +0.63
med = +047
€02 T.13.2-C02-01(2018.02.09 11.01.29).csv 100 2689 2701 +045
€03 T.132-C03-01(2018.02.15 03.05.54).csv 80 3572 3594 +062
04 T132-C04-01(2018.02.16 03.1141)csv 69 2588 2604 +0.63
€05 T.13.2-C05-01(2018.02.19 02.54.32).csv 79 2595 2603 +031
Table 19:  Test T.1.3.3 - round ring, on the road, 5% climb, standing (chart T.1.3.3 - AO1pnq)
cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%)]
co1 T133-C01-01(2018.0205 11.02.14).csv 103 3509 3538 +0.84 max = +0.84
med = +048
€02 T.13.3-C02-01(2018.02.09 11.06.37).csv 123 286.7 2887 +0.69
€03 T.133-C03-01(2018.02.15 03.15.11).csv 9.7 3606 360.7 +003
04 T133-C04-01(2018.02.16 03.17.11)csv 90 3060 3073 +041
€05 T.13.3-C05-01(2018.02.19 03.00.28).csv 114 2922 2935 +043
Table 20:  Test T.1.3.4 - round ring, on the road, flat road, seated, cadence 90mpm (chart T.1.3.4 - AO1png)
cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]
co1 T134-C01-01(2018.0205 11.11.14)csv 59 2416 2419 +011
€02 T.134-002-01(2018.0209 11.11.38).csv 6.5 2151 2151 -002
03 T.134-C03-01 (20180215 03.2022)csv 50 2621 2626 +0.20 max =+0.20
med =+0.10
C04 T.134-C04-01(2018.02.16 03.22.57).csv 47 1658 1659 +006
€05 T.134-C05-01(2018.02.19 03.06.14).csv 116 1799 1801 +013
Table 21:  Test T.2.1.1 - ovalring, Elite Qubo trainer, seated, FTP 70%, cadence 90 pm (chart T.2.1.1 - AO1pnq)
cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]
co1 T.2.1.1-C01-01(2018.02.05 09.50.29).csv 193 2514 2575 +244
€02 T.2.1.1-C02-01(2018.02.09 12.06.38).csv 197 1807 1860 +292
o3 721 - C03 - 01 (2018.02.15 0421.03)csv 173 2703 2779 +280 max = +298
med =+2.73
C04 T.2.11-C04- 01 (2018.02.16 04.31.26).csv 199 2135 2188 +2.50
€05 T.2.1.1-C05-01(2018.02.19 04.08.29).csv 180 214 2280 +298
Table 22:  Test T.2.1.2 - ovalring, Elite Qubo trainer, seated, FTP 70%, cadence 110 rpm (chart T.2.1.2 - AO1pnq)
cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]
Co1 T.2.1.2-C01-01(2018.02.05 09.51.57).csv 191 2273 2346 +320
€02 T.2.1.2-(02-01(2018.02.09 12.07.59).csv 200 1937 1991 +277
o3 722 - C03 - 01 (2018.02.15 042402)csv 180 2603 2685 4317 max =+3.50
med =+2.97
C04 T.2.12-C04- 01 (2018.02.16 04.33.38).csv 210 1953 2000 +240
€05 T.2.1.2-C05-01(2018.02.19 04.10.12).csv 182 18738 1940 +330
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Table 23:  Test T.2.1.3 - ovalring, Elite Qubo trainer, seated, FTP 95%, cadence 90 rpm (chart T.2.1.3 - AO1pna)

cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%)]

o1 T.2.13-C01-01(201802.05 09.53.59)csv 188 3251 3327 +1.34 max =+2.95
02 T.213-C02-01(201802.09 12.10.26).csv 184 2261 2327 +295 med=+251
03 T.2.13-C03-01(201802.15 04.2544)csv 168 3409 3483 +218

o4 T.2.13-C04 -01(201802.16 0435.20).csv 195 2914 2980 +2.29

€05 T.2.13-C05-01(201802.19 04.12.56)csv 177 2806 2884 +2.77

Table 24:  Test T.2.1.4 - ovalring, Elite Qubo trainer, seated, FTP 95%, cadence 70 rpm (chart T.2.14 - AO1pna)

cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%)]

o1 T.2.14-C01-01(201802.05 09.55.59)csv 174 3090 3148 +1.85 max =+2.27
med =+1.96

02 T.2.14-C02-01(201802.09 12.12.00).csv 166 2358 2412 +227

03 T.214-C03-01(201802.15 04.29.55)csv 165 3126 3177 +162

o4 T.2.14-C04 -01(201802.16 0437.22)csv 183 2784 2846 +223

€05 T.2.14-C05-01(201802.19 04.1542)csv 181 2585 2633 +1.85

Table 25:  Test T.2.2.1 - ovalring, Tacx NEO Smart trainer, seated, FTP 70%, cadence 90 pm (chart T.2.2.1 - AO1pnq)

cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]

co1 T.2.2.1-(01-01(201802.05 09.25.05).csv 236 2242 2311 +307

0 T.22.1-(02-01 (20180209 11.56.05).csv 214 1938 2002 +33)

co3 T.2.2.1- (03 -01 (201802.15 04.09.36).csv 219 2576 2661 +330 max = +3.32
med =+3.15

o4 T.2.2.1-C04 - 01 (201802.16 04.19.53)csv 227 2026 2084 +2.88

€05 T.22.1-(05-01(201802.19 03.55.25).csv 215 2219 2290 +320

Table 26:  Test T.2.2.2 - ovalring, Tacx NEO Smart trainer, seated, FTP 70%, cadence 110 rpm (chart T.2.2.2 - AO1.png)

cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]

cot 7222 - CO1- 01 (20180205 09.3420)csv 133 277 2752 279

V) 7222 - C02-01 (20180209 1157.52)csv 213 2086 2149 +304

o3 7222 - C03 - 01 (2018.02.15 0411.04)csv 203 2686 2788 379 max =+3.79
med=+321

o4 7222 - C04-01 (20180216 0422.07)csv 18 2145 2206 +286

cos 7222 - C05 - 01 (20180219 0357.13)csv 201 144 2531 +356

Table 27:  Test T.2.2.3 - ovalring, Tacx NEO Smart trainer, seated, FTP 95%, cadence 90 pm (chart T.2.2.3 - AO1png)

cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]

cot 7.223 - C01- 01 (20180205 09.38:42)csv 15 2306 2380 323

V) 7223 - C02-01 (20180209 1200.23)csv 207 1345 2433 376

o3 7223 - C03 - 01 (2018.02.15 0413.10)csv 218 3295 3401 4322 max = +3.76
med = +3.25

o4 7223 - C03 - 01 (2018.02.16 04.24.24)csv 29 2582 2654 276

Cos 7.223 - C05 - 01 (20180219 0400.10)csv 200 m7 2817 330
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Table 28:  Test T.2.2.4 - ovalring, Tacx NEO Smart trainer, seated, FTP 95%, cadence 70 pm (chart T.2.2.4 - AO1pnq)

cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%)]

o1 T.224-C01-01(201802.05 094531)csv 229 306.7 3137 +2.29 max =+3.14
02 T.224-C02-01(201802.09 1202.29)csv 214 2262 2333 +314 med=+271
03 T.2.24-C03-01(201802.15 04.15.27)csv 226 3331 3421 +2.69

o4 T.2.24-C04-01(201802.16 04.2643)csv 222 2473 2539 +2.69

€05 T.224-C05-01(201802.19 0402.24) csv 213 2682 2755 +272

Table 29:  Test T.2.3.1 - ovalring,on the road, flat road, seated, cadence 100 rpm (chart T.2.3.1 - AO1pnq)

cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%)]

o1 T.23.1-C01-01(201802.05 11.28.00)csv 234 2095 2182 +416 max = +4.16
02 T.23.1-C02-01(201802.09 0944.07)csv 220 1607 166.7 +378 med=+386
03 T.23.1-C03-01(201802.15 01.57.39).csv 230 2577 2666 +346

o4 T.23.1-C04-01(201802.16 02.07.33)csv 238 1802 1873 +393

€05 T.23.1-C05-01(201802.19 0146.54)csv 213 1913 1988 +395

Table 30:  Test T.2.3.2 - ovalring,on the road, 5% climb, seated (chart T.2.3.2 - AO1pnq)

cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]

co1 T.2.32-C01-02 (20180205 1143.40).csv 274 3259 3364 +320

0 T.23.2-(02-01 (20180209 10.12.57).csv 256 2550 2666 +454

co3 T.2.32-C03-01 (20180215 0212.10)csv 272 3502 3623 +346 max = +4.54
med = +3.90

o4 T.2.32-C04-01 (20180216 02.23.41)csv 275 2750 2871 +441

€05 T.23.2-(05-01(201802.19 02.09.44).csv 246 2635 2736 +3.87

Table 31:  Test T.2.3.3 - oval ring, on the road, 5% climb, standing (chart T.2.3.3 - AO1png)

cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]

cot 7233 - C01- 01 (20180205 114745)csv 72 3491 3649 +451

V) 7233 - C02-01 (20180209 10.18.13)csv 294 3033 3162 425

o3 7233 - C03 - 01 (2018.02.15 022330)csv 296 3833 3985 +396 max = +4.51
med =+393

o4 7233 - C01- 01 (20180216 02.29.29)csv 265 3085 3180 +309

cos 7233 - C05 - 01 (20180219 02.15.59)csv 300 3105 3224 384

Table 32:  Test T.2.34 - ovalring, on the road, flat road, seated, cadence 90 rpm (chart T.2.3.4 - AO1pnq)

cyclist file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]

cot T234- C01- 01 (20180205 11.52.20)csv 16 226 319 415

V) T234- C02- 01 (20180209 1023.07)csv 127 324 2406 +353

o3 T234-C03 - 01 (20180215 022833)csv 15 2765 2873 +388 max = +4.29
med =+391

o4 T.234- C04- 01 (20180216 02.3449)csv 37 1597 1656 +368

Cos T.234- C05 - 01 (20180219 022144)csv 26 1781 1858 429
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Results divided by cyclist IAVpwr algorithm, (e) the power value given by the AAVpwr

algorithm, (f) the percentage error resulting from the latter
The following test results refer to the individual cyclists. The algorithm. To calculate the torque, a 172.5 mm crank arm length
columns of the following table report: (a) the test’s identification was used.

code, (b) the maximum-minimum variation in rotational speed
within a pedal stroke compared to the average speed, (c) the csv
file produced during the test, (d) the power calculated with the

The power values shown are the values obtained from the left
pedal only, multiplied by two.

Table 33:  Cydlist CO1 - summary of the results of tests using around ring

test file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%)]
T111 T.11.1-C01-01(201802.05 10.03.27).csv 48 2585 2574 -042
T112 T.112-C01-01(201802.05 10.05.04).csv 38 2256 2254 -011
T113 T.113-C01-01(201802.05 10.0635)csv 56 306.8 3053 -051
T114 T.1.14-C01-01(201802.05 10.0940).csv 74 2860 2838 -076
T121 T.12.1-C01-01(201802.05 10.14.09).csv 6.7 273 2268 -020
T122 T.122-C01-01(201802.05 10.15.39).csv 65 2472 2471 -005
T123 T.123-C01-01(201802.05 10.17.51).csv 71 3107 3097 -031
T124 T.1.24 - C01-01 (20180205 10.19.52)csv 78 3042 3028 -045
T131 T.13.1-C01-01(201802.05 1046.08).csv 50 2058 2059 +007
T132 T.132-C01-01(201802.05 11.02.14).csv 78 3314 3325 +034
T133 T.133-C01-01(201802.05 11.02.14).csv 103 3509 3538 +084
T134 T.134-C01-01(201802.05 11.11.14)csv 59 2416 2419 +011

Table 34:  Cyclist CO1 - summary of the results of tests using an oval ring

test file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]
T211 T.21.1-C01-01(201802.05 09.50.29).csv 193 2514 2575 +244
T212 T.212-C01-01(201802.05 09.51.57).csv 191 273 2346 +320
T213 T.213-C01-01(201802.05 09.53.59).csv 188 3251 3327 +1.34
T214 T.214-C01-01(201802.05 09.55.59).csv 174 3090 3148 +1.85
T221 T.22.1-C01-01(201802.05 09.25.05).csv 236 2242 2311 +307
T222 T.22.2-C01-01(2018.02.05 09.34.20).csv 233 267.7 2752 +279
T223 T.223-C01-01(201802.05 09.3842).csv 225 2306 2380 +323
T224 T.224-C01-01(201802.05 0945.31).csv 229 306.7 3137 +2.29
T231 T.23.1-C01-01(201802.05 11.28.00).csv 234 2095 2182 +4.16
T232 T.232-C01-02 (20180205 114340).csv 274 3259 3364 +3.20
T233 T.233-C01-01(20180205 1147.45)csv 272 3491 3649 +451
T234 T.234-C01-01(20180205 11.52.20).csv 246 2226 2319 +4.15
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Table 35:  Cyclist C.02 - summary of the results of tests using around ring.

test file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%)]
T111 T.1.1.1-C02-01(201802.09 1133.13)csv 43 1806 1807 +004
T112 T.1.12-C02-01(201802.09 11.34.39).csv 41 1887 1890 +016
T113 T.1.13-C02-01(201802.09 113631).csv 56 2641 2638 -009
T114 T.1.14-C02-01(201802.09 11.39.26).csv 100 2341 2321 -082
T121 T.12.1-C02-01(201802.09 1144.28)csv 63 186.2 186.0 -008
T122 T.122-C02-01(201802.09 1146.03).csv 61 2064 206.5 +006
T123 T.123-C02-01(201802.09 1148.28)csv 72 2318 2316 -012
T124 T.124-C02-01(201802.09 11.5029).csv 71 2286 2282 -020
T131 T.13.1-C02-01(201802.09 1044.12).csv 60 1613 1612 -010
T132 T.13.2-C02-01(201802.09 11.01.29).csv 100 2689 2701 +045
T133 T.133-(02-01(201802.09 11.0637)csv 123 2867 2887 +069
T134 T.134-C02-01(201802.09 11.11.38)csv 65 2151 2151 -002

Table 36:  Cyclist C.02 - summary of the results of tests using an oval ring.

test file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]
T211 T.2.11-C02-01 (20180209 12.06.38).csv 197 1807 186.0 +292
T212 T.2.1.2-(02 - 01 (20180209 12.07.59).csv 200 1937 1991 +277
T213 T.2.1.3-(02 - 01 (20180209 12.10.26).csv 184 2261 2327 +295
T214 T.2.14-(02 - 01 (20180209 1212.00).csv 166 2358 2412 +227
T221 T.2.21-(02 - 01 (20180209 11.56.05).csv 214 1938 2002 +33)2
T222 T.2.2.2- (02 - 01 (20180209 11.57.52)csv 213 2086 2149 +304
T223 T.2.2.3-(02 - 01 (20180209 12.00.23)csv 207 2345 2433 +376
T224 T2.24-(02-01 (20180209 1202.29)csv 214 2262 2333 +314
T231 T.2.31-(02-01 (20180209 0944.07).csv 220 160.7 166.7 +378
T232 T2.32-(02-01 (20180209 10.12.57)csv 256 2550 2666 +454
T233 T233-(02-01 (20180209 10.18.13)csv 294 3033 3162 +425
T234 T2.34-(02-01 (20180209 1023.07)csv 27 2324 2406 +353

Table 37:  Cyclist C0O3 - summary of the results of tests using around ring.

test file angular velocity variation [%] I1AVpwr [W] AAVpwr [W] power error [%]
T111 T.111-C03-01 (20180215 0346.22).csv 6.1 2613 2594 -071
T112 T.112-C03-01(201802.15 0348.03).csv 43 2562 2551 -043
T113 T.113-C03 - 01 (201802.15 03.50.03).csv 73 3263 3226 -115
T114 T.114-C03-01 (20180215 03.52.03).csv 103 3354 3300 -159
T121 T.121-C03-01 (20180215 0357.01).csv 52 2580 2577 -012
T122 T.122-C03-01(201802.15 03.58.58).csv 58 2735 2730 -018
T123 T.123-(03-01(201802.15 0400.38).csv 63 3334 3326 -024
T124 T.124-(03-01(201802.15 0403.04).csv 73 3308 3295 -039
T131 T.131-C03-01(201802.150245.51).csv 54 2457 2460 +011
T132 T.13.2-C03-01(201802.15 03.05.54).csv 80 3572 3594 +062
T133 T.133-(03-01(201802.1503.15.11).csv 97 3606 360.7 +003
T134 T.134-(03-01 (20180215 03.20.22).csv 50 2621 2626 +0.20
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Table 38:  Cyclist CO3 - summary of the results of tests using an oval ring

test file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]
T211 T.2.11-C03-01(201802.15 04.21.03).csv 173 2703 2779 +280
T212 T.2.1.2-C03 - 01 (2018.02.15 04.24.02).csv 180 2603 2685 +317
T213 T.2.13-(C03 - 01 (201802.15 04.2544).csv 168 3409 3483 +218
T214 T.214-C03 - 01 (2018.02.15 04.29.55).csv 165 3126 317.7 +162
T221 T.221-C03 - 01(2018.02.15 04.09.36).csv 219 2576 2661 +330
T222 T.2.2.2- (03 - 01 (2018.02.15 04.11.04).csv 203 2686 2788 +379
T223 T.2.2.3- (03 -01(2018.02.15 04.13.10).csv 218 3295 3401 +322
T224 T.2.24- (03 - 01 (2018.02.15 04.15.27).csv 226 3331 3421 +269
T231 T.231-C03 - 01(2018.02.15 01.57.39).csv 230 257.7 2666 +346
T232 T.23.2-(03-01(201802.15 02.12.10).csv 272 350.2 362.3 +346
T233 T2.33-(03-01(201802.15 02.23.30).csv 296 3833 3985 +396
T234 T2.34-(03-01(201802.15 02.28.33).csv 245 2765 2873 +388

Table 39:  Cyclist C.04 - summary of the results of tests using around ring.

test file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%)]
T111 T.11.1-C04-01(201802.16 03.5431).csv 31 2161 2156 -023
T112 T.112 - C04- 01 (201802.16 03.5633).csv 26 1728 1727 -006
T113 T.113-C04-01(201802.16 03.58.53).csv 39 2766 2760 -021
T114 T.114-C04-01(201802.16 0401.28).csv 65 2611 2599 -047
T121 T.12.1-C04 - 01(201802.16 04.0648).csv 37 2005 2004 -004
T122 T.12.2 - C04 - 01(2018.02.16 04.09.10).csv 40 2099 2101 +007
T123 T.123-C04-01(201802.16 04.11.35)csv 40 2527 2527 -001
T124 T.124-C04-01(201802.16 04.1347).csv 52 2432 2429 -013
T131 T.13.1-C04-01(201802.16 02.55.38).csv 44 16838 1690 +015
T132 T.132-C04-01(201802.16 03.1141).csv 69 2588 2604 +063
T133 T.133-C04-01(201802.16 03.17.11).csv 90 306.0 3073 +041
T134 T.134-C04-01(201802.16 03.22.57).csv 47 1658 1659 +006

Table 40:  Cyclist C.04 - summary of the results of tests using an oval ring.

test file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]
T211 T.2.11-C04-01(201802.16 0431.26).csv 199 2135 2188 +250
T212 T.2.12 - C04 - 01 (2018.02.16 0433.38).csv 210 1953 2000 +240
T213 T.2.1.3-C04 - 01 (2018.02.16 04.35.20).csv 195 2914 2980 +229
T214 T.2.14-C04 - 01 (201802.16 0437.22).csv 183 2784 2846 +223
T221 T.2.2.1-(C04-01(201802.16 04.19.53).csv 227 2026 2084 +2.88
T222 T.2.2.2- 04 - 01 (2018.02.16 04.22.07).csv 228 2145 2206 +286
T223 T.223-(03-01(201802.16 04.24.24).csv 229 2582 2654 +276
T224 T.224- (04 -01(201802.16 04.2643).csv 222 2473 2539 +269
T231 T.231-(04-01(201802.16 0207.33).csv 238 1802 1873 +393
T232 T.23.2-(04-01(201802.16 02.2341).csv 275 2750 2871 +441
T233 T233-(01-01(201802.16 02.29.29).csv 265 3085 3180 +309
T234 T2.34-(C04-01(2018.02.16 02.34.49).csv 237 1597 1656 +368
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Table 41:  Cyclist CO5 - summary of the results of tests using a round ring.

test file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]
T111 T.1.11-C05-01 (20180219 03.31.24)csv 56 2348 2337 -049
T112 T.1.1.2-C05 - 01 (2018.02.19 03.33.06).csv 6.1 2226 211 -0.66
T113 T.1.1.3-C05-01 (20180219 03.35.16).csv 62 2627 2612 -057
T114 T.1.14-C05-01 (20180219 03.37.31)csv 76 2341 2326 -064
T121 T.1.21-C05-01 (20180219 0343.16).csv 52 2242 2237 -022
T122 T.1.2.2-C05-01 (20180219 0345.09).csv 79 2501 2488 -052
T123 T.1.2.3- (05 - 01 (2018.02.19 0347.08).csv 52 2741 2736 -019
T124 T.124-(05-01 (20180219 0349.14)csv 65 2728 2719 -033
T131 T.131-C05-01(201802.19 02.3843).csv 101 1788 1788 -004
T132 T.132-C05-01(201802.19 02.54.32)csv 79 2595 2603 +031
T133 T.133-(05-01(201802.19 03.00.28).csv 114 2922 2935 +043
T134 T.134-(05-01(201802.19 03.06.14)csv 116 1799 1801 +013

Table 42: Cyclist C.O5 - summary of the results of tests using an oval ring.

test file angular velocity variation [%] 1AVpwr [W] AAVpwr [W] power error [%]
T211 T.2.1.1-C05-01(201802.19 04.08.29).csv 180 2214 2280 +298
T212 T2.12-C05-01 (20180219 04.10.12).csv 182 1878 1940 +330
T213 T2.1.3-(05-01(201802.19 04.12.56).csv 177 2806 2884 +2.77
T214 T2.14-(05-01 (20180219 04.1542)csv 181 2585 2633 +185
T221 T2.2.1-(05-01(201802.19 03.55.25)csv 215 2219 2290 +320
T222 T2.2.2-(05-01 (20180219 03.57.13)csv 201 2444 2531 +356
T223 T2.2.3- (05 - 01 (2018.02.19 04.00.10).csv 200 2727 2817 +330
T224 T2.24-(05-01(201802.19 04.02.24)csv 213 2682 2755 +272
T231 T2.31-C05-01(201802.19 0146.54)csv 213 1913 1988 +395
T232 T2.32-(05-01(201802.19 02.0944).csv 246 2635 2736 +387
T233 T2.33-(05-01(201802.19 02.15.59).csv 300 3105 3224 +384
T234 T.2.34-(05-01 (20180219 02.2144)csv 226 1781 1858 +429
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Charts displaying force and angular velocity

The following charts show a typical pedal stroke for each type of
test. The 5 cyclists are associated with different colors: C.O1 -
red, C.02 - green, C.03 - blue, C.04 - brown, C.05 - light blue.

It must be noted that starting angle 0° is not associated with a
definite position of the crank arm.

Angular velocity vs Tangential force
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Fig. 4: T.1.1.1 - A01: round ring, Elite Qubo trainer, seated, FTP 70%, cadence 90 rpm - Example of single pedal revolution
Angular velocity vs Tangential force
£
g
>
8
@
>
&
ES
c 1L EES £ i e TEE
® ! 1 ] ! ' ! !
L e e e e e e e
0 20 40 60 B0 100 120 140 160 180 200 220 240 260 280 300 320 340 360
Angle [degs]
=
2
[
g
8
s
=
)
2
s
<20+ t + t + t t + t + t + t + t t t t |
0 20 40 60 B0 100 120 140 160 180 200 220 240 260 280 300 320 340 360
Angle [degs]
Fig. 5: T.1.1.2 - A01: round ring, Elite Qubo trainer, seated, FTP 70%, cadence 110 rpm - Example of single pedal revolution
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angular velocity [rpm]

tangential force [kgf]

Angular velocity vs Tangential force
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Fig. 6: T.1.1.3 - A01: round ring, Elite Qubo trainer, seated, FTP 95%, cadence 90 rpm - Example of single pedal revolution
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Fig.7: T.1.14 - A01: round ring, Elite Qubo trainer, seated, FTP 95%, cadence 70 rpm - Example of single pedal revolution
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Fig. 8: T.1.2.1 - A01: round ring, Tacx NEO Smart trainer, seated, FTP 70%, cadence 90 rppm - Example of single pedal revolution
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angular velocity [rpm]

tangential force [kgf]

Angular velocity vs Tangential force
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Fig.9: T.1.2.2 - A01: round ring, Tacx NEO Smart trainer, seated, FTP 70%, cadence 110 rpm - Example of single pedal revolution
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Fig. 10: T.1.2.3 - A01: round ring, Tacx NEO Smart trainer, seated, FTP 95%, cadence 90 rpm - Example of single pedal revolution
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Fig.11: T.1.24 - A01: round ring, Tacx NEO Smart trainer, seated, FTP 95%, cadence 70 rpm - Example of single pedal revolution
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Fig. 12: T.1.3.1 - A01: round ring, on flat road, seated, cadence 100 rpm - Example of single pedal revolution
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Fig. 13: T.1.3.2 - A01: round ring, on the road, 5% climb, seated - Example of single pedal revolution
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Fig. 14: T.1.3.3 - A01: round ring, on the road, 5% climb, standing - Example of single pedal revolution
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Angular velocity vs Tangential force
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T.1.3.4 - A01: round ring, on flat road, seated ~ Example of single pedal revolution
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Fig. 16: T.2.1.1 - A01: ovalring, Elite Qubo trainer, seated, FTP 70%,
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Fig.17: T.2.1.2 - A01: ovalring, Elite Qubo trainer, seated, FTP 70%,
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cadence 110 rpm - Example of single pedal revolution
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Fig. 18: T.2.1.3 - A01: oval ring, Elite Qubo trainer, seated, FTP 95%, cadence 110 pm - Example of single pedal revolution
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Fig. 19: T.2.14 - A01: oval ring, Elite Qubo trainer, seated, FTP 95%, cadence 70 rpm - Example of single pedal revolution
Angular velocity vs Tangential force
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Fig. 20: T.22.1 - A01: ovalring, Tacx NEO Smart trainer, seated, FTP 70%, cadence 90 rpm - Example of single pedal revolution
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Fig. 21: T.2.2.2 - A01: oval ring, Tacx NEO Smart trainer, seated, FTP 70%, cadence 110 pm - Example of single pedal revolution
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Fig. 22: T.2.2.3 - A01: oval ring, Tacx NEO Smart trainer, seated, FTP 95%, cadence 110 pm - Example of single pedal revolution
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Fig. 23: T.2.24 - A01: oval ring, Tacx NEO Smart trainer, seated, FTP 95%, cadence 70 rpm - Example of single pedal revolution
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Fig. 24: T.2.3.1 - A01: oval ring, on the road, flat road, seated, cadence 100 rpm - Example of single pedal revolution
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Fig. 25: T.2.3.2 - A01: oval ring, on the road, 5% climb, seated - Example of single pedal revolution
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Fig. 26: T.2.3.3 - A01: oval ring, on the road, 5% climb, standing - Example of single pedal revolution
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Angular velocity vs Tangential force
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Fig. 27: T.2.3.4 - A01: oval ring, on the road, flat road, seated, cadence 90 rpm - Example of single pedal revolution
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Appendix - Theory

Instantaneous power P(t) (in watts) at time t (in seconds) in a
pedal stroke is given by:

P(t)=F;(t) w(t) b
where:

* Fr(t) is the tangential force (in newtons),

* w(t) is the angular velocity (in rad/s) and

* bc is the length (in meters) of the lever arm on which the force
is applied.

To calculate the power of a pedal stroke Py (in watts) the mean of
instantaneous power P(t) is computed in a period T of crank arm
rotation:

M_%lp dt——fF o(t)by-dt

Both tangential force Fyt), and angular velocity w(t) are not
simple wave forms, but can be expressed as a Fourier series of
sine waves (harmonics) extending by periodicity a single period.

+ZF )-cos[ =—— 2““ +¢(k)]

where F0) and w(0) are the average values of the quantities in
period T, ¢(k) and @(n) are the phase shifts of the harmonics.
Instantaneous power is therefore:

P(t)=F,(t)}o(t)b.

=be | F1(0)+ 3 Fylk)-cos| (1))

k=1

8

-lw(O)+im(n)-cos[27;m+6(n)]}

n=1

The products yield an expression made up of 4 terms:

bC-FT(O)-Z;w(n)-cos[%ﬂi(n)ﬁ
b o(0) Y. Fy(k)-cos| 22K+ gk )+
bciiFT COS[ant+¢( k)]-co

=1

2nkt

(25 +0(n)]

=
I
F)

Integrating the expression in a period T, the first term gives:
bC
Py, =2 [ Fr(0)w(0)dt=bc F1(0) w(0)
T

corresponding to the power obtained by multiplying the
average values of the tangential force and angular velocity.

Integrating the first and second term into the period gives zero,
(Pwz2 = Pus = 0), since these are periodic terms of period T and
therefore with a zero mean.

The fourth term can be rewritten as:

Zefyy fen

T k=1n=1

(k+n) 2n(k—n)t
+¢(k)+6(n )}*'COS[f

+¢(k)—8(n)]}dt

{cos[

Proceeding to sum integration, one has:

ZZF

k 1n=1
f k+n ¢(k)+9(n)]+cos[—2n(k )t
T T
The first term in the integral stil has a period that is a
submultiple of T, so its contribution is zero. The second term
contributes with a value other than zero only when k = n (with k
# n, the period is a submultiple of T), so one can proceed with:

be &
pM4:ﬁ~Z FT(k)-m(k)-jr"cos[¢(k)—e(k)}dz

be 3k, (Kol k)-coslo( k)6 (k)]

2 k=1
Considering the various contributions, the mean power of a
pedal revolution is therefore:

Py=be (0} {01+ 253 F (KoK )cos[ (k)-8 (K)]

k=1

Remarks

*In computing the mean power of a pedal stroke, a
contribution is given by the product of the harmonics of the
tangential force Fr(k) and angular velocity w(k) as long as
they have same frequency (period).

The contribution of these harmonics is in any case zero when
they are shifted by 90°, i.e., (k) - O(k) = £90°.

Normally, angular velocity has a fundamental harmonic with a
frequency double the tangential force, so the term w(l) is
zero.

Calculating the average power solely by multiplying the
average values of the tangential force, F(0) and angular
velocity w(0), i.e., considering only the first addend of the final
expression, the contribution of the higher degree harmonics is
neglected.

It is not possible to establish a priori whether the harmonics
can increase or decrease the result obtained from the average
values.
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