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FACTORS IN HUMAN PERFORMANCE

O2

Physiological factors

oxygen consumption 
lactate 
anaerobic sources, etc

Anthropometry factors

moments/forces 
kinematics, etc

Environmental factors

equipment (e.g. bike) 
road, terrain, etc.

Phycological factors

motivations, mental 
fatigue, etc

Many challenges: 

๏ Extremely complex 
system 

๏ need a large variety 
of data 

๏ in completely 
different scientific 
domains



Miniaturised wearable biosensors, microelectronics and low power wireless 
communications

03 04

Our electric drive system         has reached a new stage. This new technology expands the joy of bicycle riding.Innovated 36V Center Motor Unit

WHAT IS
“Multi Speed Assist System”?
Panasonic's whole new motor unit, which is an 
electric bicycle motor equipped with 
an internal two-speed gear.

Electric shifting
Riders can shift the gear using operation buttons on pedelecs.

Press the button for:
Over 1 second: Assist mode change
Under 1 second: Upshift

Over 1 second: Assist mode change
Under 1 second: Downshift

Gear 
position
indicated 
on display

Even though this is an electric bicycle motor, its internal two-speed gear serves as a 
two-speed front gear. In combination with the rear hub gears, it offers sportier riding 
than ever. The new gear feature also enhances the electric consumption efficiency of the 
motor. It can be used in a belt-driven electric bicycle.

New technology

Panasonic standard setting

Assist Motor + Two speed = Wonders!

29T

35T

Low  29T  ( 1 : 1 )
High 41.035T  ( 1 : 1.415) 
Low 35T  ( 1 : 1 )
High 49.525T  ( 1 : 1.415) 

Gear teeth and 
gear ratio at each position

Smooth shifting
The motor torque is adjusted during shift change, enabling a smoother shifting operation.

Wide Gear Ratio
The ratio of low gear is 1:1 and that of high gear 
is 1:1.415.There are two types of front gears that 
suit normal and speed pedelec functions.

*High gear teeth is calculated based 
  on the gear ratio.Voltage

Weight
Output

Front gear
Gear teeth                    

36V
Approx. 4.8kg
250W (Pedelec)
350W (S-Pedelec)
Inter 2 
29 T or 35T

：
：
：
：
：
：

Front mount motor unit ( Inter 2) 

DUAL GEAR

NOTIO KONECT

KOMODO  
SMART SLEEVE

SUPA  
POWERED BRAKOMODO SUIT

HEXOSKIN SMART SKIRT

BSX LACTATE SENSORPIVOT



Growing trends in wearable technology



LARGE DATABASE OF COLLECTED DATA: READY TO BE EXPLORED!



HOW DO WE INTERPRET AND USE 
THIS LARGE AMOUNT OF DATA?
๏ Models: we can learn from past data 
๏ we can use model to predict future data 
๏ if prediction is “good” we can optimise



MODELS
ˈmɒd(ə)l/ 
noun 
A simplified description, especially a mathematical 
one, of a system or process, to assist calculations and 
predictions. 

"a statistical model used for predicting the survival rates of 
endangered species"



TRADITIONAL MODEL FOR PHYSIOLOGICAL RESPONSE (V02 [LA])

PMAX AWC

CP
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WHAT IF WE WANT TO LET ALGORITHM FIND KNOWLEDGE? ARTIFICIAL INTELLIGENCE
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TRADITIONAL MODELS VS ARTIFICIAL INTELLIGENCE

๏ Is that possible to predict exercising VO2 response by means of AI technologies like 
machine learning and Deep Neural Networks?



Zignoli et al. 2017 (in submission)

TRADITIONAL MODELS VS ARTIFICIAL INTELLIGENCE



PREDICTION
prɪˈdɪkʃ(ə)n/ 
noun 

1. a thing predicted; a forecast. 
"a prediction that economic growth would resume" 

2. the action of predicting something. 
“the prediction of future behaviour"



PREDICTION

๏ use prediction to understand performance, to see the effect off parameters or to 
evaluate different training protocols



PREDICTION OF CYCLING POWER OUTPUT

๏ We predict power output and pedal torques and forces (without measuring them).

Andrea Zignoli∗, Francesco Biral, Barbara Pellegrini,  Azim Jinhad, Walter Herzogd, Federico Schena, Optimal control solution to the predictive dynamics of cycling , Journal of  Biomechanics, submitted 
2016  



SIMULATE SQUAT EXERCISE: PREDICT JOINT FORCES

๏ decision how to active muscles is a complex problem: solve with optimiston of a 
desired goal



LEG EXTENSION EXERCISE: HUMAN ROBOT INTERACTION



OPTIMIZATION
The action of making the best or most effective use of a 
situation or resource. 

"companies interested in the optimisation of the business"



WHAT CAN WE OPTIMISE?

๏ Optimize the combination of different working and resting intervals in high 
intensity interval training (HIT) 

๏ Optimize the power delivery and the trajectory during a sprint 

๏ Optimize the pacing strategy during a race 



The method suggest moving towards protocol in 
which working and recovery time intervals are not 
constant across the exercise.  

CAN WE FIND THE “PERFECT” COMBINATION OF A HIT?



WHAT IS THE BEST SPRINTING STRATEGY?

๏ When do we establish our break away? 

๏ How do the wind or the turns influence the sprinting strategy?



HOW DO WE DISTRIBUITE THE ENERGY OUTPUT ALONG THE RACE? 57
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Figure 5.5: Time trial. Opti-
mized power and state vari-
ables.

The numerical results are reported in table ??.
The results are coherent to the main findings in the study of 2. 2 Atkinson, G., O. Peacock, and

L. Passfield
2007. Variable versus constant power

strategies during cycling time-trials:
prediction of time savings using an up-
to-date mathematical model. Journal of
sports sciences, 25(9):1001–1009

Time saving can be obtained when power output is varied accord-
ing to the conditions of hills and wind.

Swain 3 found that if a rider alters power to compensate for the

3 Swain, D. P.
1997. A model for optimizing cycling

performance by varying power on hills
and in wind. Medicine and Science in
Sports and Exercise, 29(8):1104–1108

hilly and windy conditions, variations in speed are reduced and
times to complete are shorter compared with a constant pacing
strategy.

5.2.3 Real applications

We can use the same approach to estimate the optimal pacing strat-
egy for a real course of a given slope. We are assuming that there is
no wind along the course. The slope is depicted in figure 5.6. The
rider and system parameters used for the simulations are reported
in tables 5.2 and 5.1 respectively. In figure 5.7 is depicted the result
of the solution.



HOW DO WE DISTRIBUITE THE ENERGY OUTPUT ALONG THE RACE? 

Course Length	[km] Constant	pace Real Optimized
TT	climb 5,13 13m	36s 13m	16s 12m	31s



EXPLOIT KNOWLEDGE FOR SMART MOBILITY

๏ Can we share the delivered power with electric motors in a smart way? 

๏ Support specific individual characteristics

New solutions to viability? Tools for preventive treatments?

S. Dorel, C. A. Hautier, O. Rambaud, D. Rouffet, E. Van Praagh, J.-
R. Lacour, and M. Bourdin, “Torque and power-velocity 
relationships in cycling: relevance to track sprint performance in 
world-class cyclists,” Int J Sports Med, vol. 26, pp. 739–46, Nov 
2005.

pedalling rate sustained in the sprint (f200). Retrospective anal-
ysis of the ten best peak performances obtained during the pre-
ceding 5 years’ world championships and world cup races ena-
bles us to calculate a strongly significant relationship between
performance in the 200m time trial and the final competition
ranking (r = 0,95; p < 0.001). However, little data, to our knowl-
edge, is available concerning track sprint cycling. An anthropo-
metric analysis by McLean et al. [31] suggested a trend for corre-
lation of thigh girth with 200m sprint performance. The authors
hypothesized that absolute strengthmay contribute to success in
this event. Thus, in this explosive event, muscle anaerobic me-
tabolism [20], neuromuscular and mechanical factors, including
maximal force and/or power of the lower limbs [43], may con-
tribute to final performance.

Thesemuscle power characteristics demonstrated during cycling
can be accurately measured on a cycle ergometer, using the well
known torque-velocity test [1,19,27,28,32,39,41]. The linear re-
lationship obtained between torque and pedalling rate enables
assessment of f0 and T0, which have the dimensions of maximal
pedalling rate at the zero torque axis and the torque correspond-
ing to a zero pedalling rate, respectively (Fig.1). Maximal power
generation is described by a polynomial power-velocity relation-
ship [11,18,28,39]. Power output reaches a maximum value
(Pmax) at the optimal cycling rate (fopt). For example, sprint run-
ning and high jump performances have been demonstrated to
be correlated with Pmax [33,44] and sometimes also with fopt
[16]. It is noteworthy that information concerning both power
and velocity data in elite track sprint cyclists is not well docu-
mented, neither is information concerning the possible relation-
ships between these factors and performance.

From the mechanical point of view, considering several endur-
ance cycling power equations [2,5,8,10,26,35,36] and the high
speeds achieved during sprint cycling (> 18m·s–1), air resistance
(Ra) represents the main resistive force acting on the rider + bi-
cycle system (> 90%). For a standardized environment, Ra still de-
pends on speed (V) and two individual biomechanical-anthropo-
metric factors: the drag coefficient (Cd) and the frontal area of the

rider + bicycle (Ap) (i.e. Ra = 0.5ρApCdV2, where ρ is the air den-
sity). Measurement of individual Ap by photographic methods,
as proposed in some recent studies [5,17,37], might help a better
understanding of the mechanical linkage between power output
and performance (i.e. cycling speed).

The present study describes anthropometrics and the torque-
and power-velocity relationships in world-level sprint track cy-
clists, providing data for future comparative studies. The purpose
was to investigate whether these anthropometric and cycling
power characteristics were related to flying-start 200m sprint
performance in this population. Finally, the present investigation
tested the hypothesis that f200 attained during the 200m is sim-
ilar or close to fopt and discussed how values of the latter would
influence performance.

Materials and Methods

Subjects and anthropometry
Twelvemale elite cyclists volunteered to participate in the study.
Five were professional track cyclists, including three winners of
World or Olympic championships (F, H, K). All were competing
in national and international-level track races. Anthropometric
measurements are reported in Table 1. Four skinfold thicknesses
weremeasured to estimate the percentage of body fat (BF), using
the equations of Durnin and Rahaman [13]. Lean leg volume
(LLV) was calculated by anthropometry using Jones and Pear-
son’s technique [22]. The projected frontal area (Ap) of ten of the
twelve cyclists (riding their own competition bicycles, clothes,
and helmet) was determined in the position they commonly
used during competition: i.e. from partially to fully bent-over
torso position (parallel with the ground), with the hands on the
drops portion of the handlebars and elbows more or less flexed.
Subjects were asked to maintain their head in the same position
as used during the race (Fig. 2). Ap results were obtained accord-
ing to the method used by Heil et al. [17]. Digital photographs
were taken of each the participant sitting on his bicycle with a
square surface of known area at their side. The area enclosed by
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Fig.1a and b Torque (a) and power-velocity (b) relationships of two
athletes, F and K, fitted by average downstroke values obtained from
three sprints of 5-s duration. Determination of maximal power (Pmax),

optimal cycling rate (fopt), maximal cycling rate (f0), and maximal tor-
que (T0). F: filled circles; K: open circles.

Dorel S et al. Sprint Performance of Elite Track Cyclists … Int J Sports Med 2005; 26: 739–746
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CONCLUSIONS
take home messages



CONCLUSIONS AND WHAT FUTURE HOLDS

๏ Without a mathematical model, measured data cannot be discussed critically and 
converted to useful information.  

๏ The quality of a model in terms of accuracy and reliability strongly depends on 
quality of experimental data that needs clinical validation.  

๏ More collaboration between model developers (e.g. engineers and mathematicians) 
and sport scientists (e.g. researchers, coaches) is needed to provide high quality 
models and usable tools.  



THANK YOU!


