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Total resistive forces opposing motion 
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ATHLETE = 70 % RA

BICYCLE = 30 % RA

RA
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Importance of cycling position
Oggiano et al., 2008
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Percentage of drag area for the individual body segments at wind speed of 60 km/h
(Defraeye et al., 2011)
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Effect of time-trial duration on head and lower back movements
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9 elite road cyclists

Participants & materials

4th World Congress of Cycling Science

Introduction – Methods – Results – Discussion – Perspectives

IMU



IMU
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Inertial Measurement Unit
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ST-iNemo-M1:
- 3-axis accelerometer
- 3-axis magnetometer
- 3-axis gyroscope
- ARM STM 32 microcontroller

USB connector

30.10 mm
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m

Serial Peripheral Interface
connector:
Extension capabilities (SD card
or other sensors)

300 mAh battery
Supply power for 2h30

ESP8266 Wifi Module
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Discontinuous incremental exercise

×3
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Grappe et al., 1997
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×3
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y =  0.1205x  +       4.377
R² = 0.99
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TT tests

Duration (min)
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ACd =
PO – V × Rr

0.5 × ρ × V3

Kestrel Powertap DIE

Categories TT1 TT2 TT3
U17 Men / U19 Women 3 8 15

U19 Men / U23 Women 4 10 20

U23 + Elite Men / Elite Women 5 15 30
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Effect of duration

- 36 %

 in angle variations of the X and Z axes head IMU for the TT1 and TT3 

**

-3
-2
-1
0
1
2
3
4
5
6
7

TT1 TT2 TT3A
n

gl
e 

va
ri

at
io

n
s 

o
f 

th
e 

Y
-a

xi
s 

h
ea

d
IM

U
 (

d
e

g.
s-1

)

TT duration

**

* *

0

2

4

6

8

10

12

TT1 TT2 TT3A
n

gl
e 

va
ri

at
io

n
s 

o
f 

th
e 

Z-
ax

is
 h

ea
d

IM
U

 (
d

e
g.

s-1
)

TT duration

ns



12Anthony BOUILLOD 4th World Congress of Cycling Science

Introduction – Methods – Results – Discussion – Perspectives

Effect of duration

 in angle variations of the Y-axis lower back IMU 
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Effect of time
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Example : Z axis Gyroscope comparison between 3 gateways 
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Effect of time

a Significant difference between the 20th and 30th tenth (p < 0.05)
b Significant difference between all tenth except for the 90th tenth (p < 0.05)
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 in angle variations of the X-axis head IMU according to time
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Effect of time

a Significant difference between the 20th tenth (p < 0.05)
b Significant difference between the 20th and 30th tenth (p < 0.05)
c Significant difference between the 20th, 30th and 40th tenth (p < 0.05)
d Significant difference between all tenth except for the 80th and 90th tenth (p < 0.05)
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 in angle variations of the Z-axis head IMU according to time
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Relationship between ACd and angle variations of the X and Z axes head IMU
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Angle variations of the X-axis head IMU

y = 129.87x – 24.476

R2 = 0.40 (p < 0.001)

Angle variations of the Z-axis head IMU

y = 102.29x – 19.36

R2 = 0.29 (p < 0.05)
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Relationship between ACd and angle variations of the X-axis head IMU in each TT
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y = 174.23x – 33.661
R² = 0.60
P < 0.05

y = 47.842x – 6.6661
R² = 0.23
P > 0.05

y = 216.18x – 44.44
R² = 0.60
P < 0.05
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The more the angle variations of the X-axis head IMU  the more the ACd 
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Relationship between ACd and angle variations of the Z-axis head IMU in each TT
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y = 76.066x – 12.625
R² = 0.19
P > 0.05

y = 78.953x – 14.695
R² = 0.41
P = 0.063

y = 165.14x – 33.836
R² = 0.37
P = 0.08
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The more the angle variations of the Z-axis head IMU  the more the ACd 
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• ACd significantly correlated with angle variations around X and Z axes of the head
IMU

• Results in accordance with Defraeye et al. (2011) -> drag value highly influenced by
the head (19 % in TT position)

• Angle variations around X and Z axes of the head IMU over time

• Fatigue accumulation = in head movements

•  in head movements =  in ACd =  in PO/ACd ratio =  in performance
during flat TT (Peterman et al., 2015)

• IMU = useful tool to detect small changes in TT position and optimise the
performance by reducing head movements.

• Future investigation : degradation of the TT position in competitions

• Full body IMU system to make kinematic measurements on the field

Effects of duration and time



Static measurements
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Madgwick Mahony iNemo

Validation of a fusion algorithm to compute reliable Roll, Pitch and Yaw
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