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Abstract 

ABSTRACT 

Ice speed skating is a difficult sport to master. Knowledge of his skating stroke can help a speed 
skater to improve his performance. A project has been started to create the ‘smart skate’ as a 
way to measure and give feedback about the technique of a speed skater. Currently an 
instrumented skate is used to measure stroke force, steering angle and lean angle of a skating 
stroke. Because this design is quite cumbersome, expensive and not universally applicable, it is 
unpractical. For this study, the assignment was to find other ways to measure stroke force and 
counter these drawbacks.  

The specifics of long track speed skating, like environmental conditions, acting forces and 
footwear have been examined. Together with the data to be measured, a list of requirements for 
force measurement in speed skating was completed. The research was focused on pressure 
sensitive insoles that can be placed inside the shoes as these have been proven to work in other 
sports like skiing and running. With time for this project being limited, only commercially 
available pressure insole systems were looked at. A long list of different systems was gathered 
and scrutinized, resulting in the selection of three candidates. Two of them were found to be too 
expensive, so the system of choice became the OpenGo insole system by Moticon. 

The Moticon insole system consists of 13 capacitive pressure sensors, a three-axis accelerometer 
and temperature sensor. Together with a coin cell battery, all this hardware is fitted into an 
insole with a thickness of just over 3 mm, creating a very compact package. For speed skating 
purposes, a set of custom sized insoles was ordered.  

The insole system was tested simultaneously with the current instrumented skate. By using the 
instrumented skate as ‘golden standard’, the accuracy of the Moticon insoles was to be found. 
Two 5-lap test runs were conducted at an indoor ice rink. Test sample size was later reduced as 
only one run provided good data for analysis. For left/right sides, an average force offset of 13% 
and 32% was found with a precision of 10% and 7% respectively. For peak forces, an offset was 
found of 10% and 32% with a precision of 15% and 10% respectively.  

Accuracy does not seem to be very good but sample size was only limited, insole coverage by 
pressure sensors is just 50-60% and accuracy of the instrumented skates is still under 
discussion. Further testing will need to be done to get better results from the insole system. The 
insoles do however seem to be a good addition to the current instrumented skate as they 
provide a user-friendly package for measuring force in speed skating and are able to show 
plantar foot pressure distribution, which can be of importance for improving speed skating 
performance.  
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Introduction 

INTRODUCTION 

Speed skating is a sport where physical power, endurance and technique come together. The 
speed skating technique is different from other forms of locomotion in the way that a speed 
skater does not push off in the opposite direction of motion. Instead he makes use of a sideways 
push-off to propel himself forward. Although it seems counter-intuitive, it appears to be a very 
effective way of moving over an ice surface as professional speed skaters are able to reach 
speeds up to 60 km/h.  

When skating in a straight line, three different stages can be discerned: the glide phase, the 
push-off phase and the repositioning phase. At the start of the glide phase, the skater is still 
finishing the push-off phase of the other leg. During the glide phase, the skater has one of his 
skates on the ice while repositioning the other. When gliding, the blade is mostly positioned 
normal to the ground so no propelling force can be generated. The skater will use this phase to 
reposition his body so that the center of mass makes him ‘fall’ to the inside. This is also the 
transition to the push-off phase, where the skater is applying a lean-angle on the skate, allowing 
the blade to find grip on the ice in the lateral (sideways) direction. The steering angle of the 
skate determines the direction of the force vectors generated by the push-off. The steering 
motion of the skate makes the glide trajectory look like an ‘S’ curve.  

 

FIGURE 1 - SPEED SKATING PHASES WHEN RIDING THE STRAIGHTS 

Executing the described technique to perfection is the goal of many top-level speed skaters. 
However, for optimal performance, the perfect speed skating technique might be slightly 
different for each speed skater as physiological differences also have an influence.  

PROBLEM DEFINITION 

The problem for this research is submitted by a research group supported by the technology 
foundation STW, which is part of a project to improve speed skating technique. The goal of this 
project is to improve (long track) speed skater performance by measuring the actual stroke 
during training, compare this to the ideal stroke and feeding the difference back to the speed 
skater. To measure the forces and its directions during the stroke and push-off phase, an 
instrumented speed skate is required. This instrumented skate measures push-off force with a 
force platform fitted between the shoe and the blade. Inertial sensors and accelerometers fitted 
to the skate take note of the direction and angle of the applied force and its velocity.    
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Introduction 

The existing prototype is a first draft which gives workable data. There are some problems that 
arise with the current instrumented skate. For example, the system is made of multiple 
components which are connected trough wires, it’s relatively heavy and speed skaters are not 
able to use their own material. This makes the system less practical. At this moment, the system 
still lacks the ability to deliver real-time data for feedback and the used sensors for measuring 
force are relatively expensive. In order to be able to use the measuring skate in the future on a 
larger scale, it is important that consideration is given to these problems. 

ASSIGNMENT DESCRIPTION 

For the analysis of pressure and pressure distribution with skiing and running, so called 
‘pressure pads’ are being used. These pads are seemingly easy to use and relatively cheap. The 
question arises whether pressure pads can be an alternative or addition to the TU Delft 
developed measurement skate. With that, the assignment can be summarized as follows: 

The analysis of the possibilities for application of pressure pads or insoles in a speed skating shoe to 
provide the speed skater with feedback on his technique, thereby aiding speed skating performance. 

STAKEHOLDERS 

Multiple stakeholders are involved in this project. The client is connected to a workgroup for the 
development of a training system for skaters. The client therefore benefits from a correctly 
functioning measurement system which also satisfies the demands and wishes of the users. The 
skaters and their trainers are considered to be the users. They can also be counted among the 
stakeholders. 

APPROACH 

Together with the client, some of the design requirements are set. After this a thorough analysis 
of the required system follows. The current instrumented skate can be used as a reference for 
this analysis. Any information collected during this research is used to further refine the design 
requirements by making them specific and measureable. 

The next step is investigation of currently available pressure pad systems. Their working 
principles, specifications and areas of application must be considered. Also their strengths and 
limitations should be mapped. A Harris profile will be set up to select the best possible pressure 
measuring insole system for the application.   

For the selected system, testing methods will be devised to verify that it meets the given 
specifications and to validate the design as a replacement of, or addition to the current 
instrumented speed skate.  

This project will be documented from start to finish. Any relevant information, research data, 
concepts, calculations, test data, conclusions and recommendations will be included in this 
report. 
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Chapter 1 - Literature Research 

CHAPTER 1 - LITERATURE RESEARCH 

INSTRUMENTED SKATE 

O. den Braver and H. Kommers are considered to be the founders of the currently used 
instrumented speed skate. This special clap-skate is developed to give more insight in the 
amount of force produced by a speed skater during the skating stroke. An improved design has 
been made by O. den Braver, H. Kommers and D. Fintelman (Fintelman, 2011). This model uses 
two separate Kistler piezoelectric sensors (type 9602) who measure force in three distinct 
directions. They include integrated amplifiers and are placed in the bridge of the skate, which is 
the upper metal part between the shoe and the blade. The used Kistler sensors have two 
different measuring ranges: range 1 from -5 to 5 kN and range 2 from -1000 to 1000 N with a 
sensitivity of 1 and 5 mV/N respectively. The modified bridge adds 473 grams of weight. Weight 
of the instrumented skate is 1306 grams, which is roughly 57% more than the standard long-
track speed skate.  

TABLE 1 - LIST OF WEIGHTS (G) FOR THE INSTRUMENTED SKATE VERSUS A REGULAR SKATE 

 Regular skate 
weight (g) 

Instrumented 
skate weight (g) 

Boot 390 390 

Bridge (including springs) 148 621 

Blade 295 295 
Total 833 1306 

 

FIGURE 2 - SIMPLE RENDERING OF THE INSTRUMENTED SKATE [VAN DER KRUK 2013] 

The instrumented speed skate has been used during research for the construction of a simplest 
skater model (Fintelman, 2011) and the 3D movement of a speed skater (Van der Kruk, 
Modelling and Measuring 3D movements of a speed skater., 2013). With the latter research, the 
instrumented speed skate has been used in conjunction with an Indoor GPS system (iGPS) for 
measuring dynamic position and Xsens sensors for measuring lean angle. During the research of 
E. van der Kruk (Van der Kruk, Modelling and Measuring 3D movements of a speed skater., 
2013), the instrumented skate has been upgraded with wireless data transfer of the force 
sensors.  
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Chapter 1 - Literature Research 

 

FIGURE 3 - SKATER OUTFITTED WITH MEASURING EQUIPMENT 

LIMITATIONS 

The current instrumented skate has limitations which make practicality an issue. For practical 
use at top competition levels, the measurement system is not allowed to impede the skater 
performance. For example, the added weight of the instrumented skate (473 grams) is a big 
issue. While making a skating stroke, the skate describes an s-curve which is technically difficult. 
After finishing the stroke, the skate is lifted off the ice and brought back into starting position. In 
both instances, extra weight impedes maneuverability and costs extra energy. Especially at the 
end of a race when fatigue is at its maximum and coordination falls, the weight of the skate is of 
big importance.  

In the first designs of the instrumented skate, wired sensors have been used, all connected to a 
mini-laptop on the back of the skater. All the wiring limited the skater’s freedom of movement, 
resulting in a negative impact on skating performance. With the latest model however, sensors 
have been replaced by wireless ones. This resulted in the added weight of a battery and 
transmitter. 

Research of E. van der Kruk (Van der Kruk, Modelling and Measuring 3D movements of a speed 
skater., 2013) showed that during testing, unwanted gaps in the data-range occurred. This was 
due to the lack of a synchronization method. The left and right skate were not automatically 
synchronized with all the other components. This made it difficult to analyze the gathered data. 
In the research, a fix is proposed by using a global timestamp on all the used instruments. 
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Chapter 1 - Literature Research 

REQUIRED DATA 

The instrumented skate will have to provide the speed skater with power data, combined with 
position and direction of the skate. Together with the orientation of the centre of mass (upper 
body) relative to the track, this results in the effective power, a performance indicator. For this 
research, only the acquisition of power data is within the project boundaries. Delivered power 
(W) is a combination of force (N) and speed (m/s), according to the formula: 

 

Here, the speed is that of the skate with respect to the centre of mass of the speed skater. Speed 
can be monitored by making use of the readily available tri-axial accelerometer. Force is 
measured at the skate. When pressure pads are to be used for measuring force, some extra 
calculations have to be made. Applied pressure (Pa) is a function of force (N) divided by the 
surface (m2) the force is applied on: 

 

Getting to know the total amount of force generated by the athlete is one of the research 
questions. The other one is to find the distribution of force or pressure over the given contact 
area.  With that it is possible to give feedback over an athlete’s positioning on the skates, which 
is of great importance for delivering a good, effective stroke. 

Force can be measured in multiple directions, as is done by the current instrumented skate. 
Distinction can be made between normal and lateral forces. Due to the nature of the skating 
stroke, normal force is the biggest factor in determining the stroke power. The effect of lateral 
force on the skating stroke might be related to normal force, but is still subject to further 
investigation. With pressure pads, only normal force can be measured. It has to be validated if 
measuring only normal force gives enough information about a speed skater’s stroke.  

 

  

x y 

z z 
x 

y 

FIGURE 4 - THE THREE DIRECTIONS IN FORCE MEASUREMENT. NORMAL FORCE (ALONG THE Z-AXIS) IS THE 
BIGGEST ACTOR IN THE SPEED SKATING STROKE. 
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Chapter 1 - Literature Research 

LIST OF REQUIREMENTS 

Together with the client, a draft of the requirements and desires was made, which was followed 
by an exploratory study to further fine-tune this list. First the requirements and desires are 
presented, followed by a brief explanation of some requirements.  

REQUIREMENTS 

 The design must be able to withstand and measure the force introduced by a long-track 
speed skater on the ice, where the expected maximum normal forces are about 2000 
Newton (experimental data from top level speed skater). 

 The design must be able to measure with decent accuracy. For validation, the current 
instrumented skate with associated test rig can be used. Exact desirable accuracy has to 
be determined with a lot of data collection. 

 Measurements with the design should be repeatable without the need for intermediate 
calibration. 

 The design must be able to function properly in typical conditions that are to be expected 
inside an indoor ice rink. This includes an air temperature of 10-15 degrees Celsius in 
the hall and around 5 degrees Celsius right above the ice, as well as a relative humidity of 
70%.  

 The design must be able to function properly in conditions when wearing a speed skate 
with insoles. This includes a body temperature of 37 degrees Celsius and possible 
perspiration coming off the feet.  

 The design must be able to fit inside a speed skating shoe. A study has to be made to 
determine which shoes are most used and what typical dimensions, characteristics and 
limitations are.  

 The design must be able to collect data during at least one full training workout or race 
(+- 2 hours). 

 The design must be robust enough to be used multiple times and regularly without 
breaking down. 

 The design must be able to synchronize with other measurement systems so a complete 
image of the speed skating stroke can be created.  

 The design must not hurt or injure the user. 

 The design must not endanger the user. 

 The design must not impede the user in his movement. Movement impediment can be 
found in the use of wires or components placed in areas that are subject to movement. 

 The design must be useable with the skates of every individual skater (uniformity). 

 The design must weigh less than 120 grams, including battery and data logger. 

DESIRES  

 It is desirable that the design is easy to install. 

 It is desirable that the design is as cheap as possible: at least cheaper than the current 
measuring bridge (+- 10.000 euro), preferably less than 1.000 euro. 

 It is desirable that the design gives real-time feedback. 

 It is desirable to connect the system to a shimmer for calibration. 

 It is desirable that the measurement system is also useable on natural ice, where surface, 
temperature and humidity are different from indoor ice rinks. 

 It is desirable that the design has no negative effects on possible speed of the skater 
(considering weight and aerodynamics) 
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Chapter 1 - Literature Research 

 It is desirable that the design can measure up to a week (+- 15 training hours) of data 
before having to recharge the battery and/or clearing data memory. 

 It is desirable that most of the system weight is placed close to the center of mass of the 
skater. 

EXPLANATION OF THE REQUIREMENTS 

Some of the requirements will now be shortly explained. For a full explanation and research on 
the requirements, please refer to Appendix A.  

MEASUREMENT DATA 

In the list of requirements, a maximum amount of force the system has to cope with has been 
specified. The given force of 2000 Newton has been determined on the basis of earlier tests with 
a top level speed skater using the current instrumented skate. If an instrument is to be used that 
measures pressure, a certain correlation between the two unit values has to be determined.  

ACCURACY 

The exact required accuracy of the force or pressure measurements is not determined, mostly 
because there is no reference yet. The actual and required accuracy ultimately have to be found 
by collecting a lot of data. If possible to combine with a selected system, the instrumented skate 
can be used as a reference. The instrumented skate however still needs to be validated. Accuracy 
of the instruments should be within the boundaries that determine a speed skating performance 
gain. This is still subject to research.  

ENVIRONMENT 

For now, the intended use of the instrumented skate is on a regular artificial 400 meter ice rink. 
An indoor skating rink allows the most control over the environment. Air and ice temperature, 
relative humidity and sometimes even airflow are adjustable parameters. These typical climate 
conditions are to be taken into account when developing new measuring techniques for the 
instrumented skate. As found in a literature review concerning Smooth Measuring (Van der 
Kruk, Smooth Measuring: Finding accurate kinematic data of skaters on an ice rink., 2013), a 
relative maximum humidity of 70% will be assumed. Air temperature indoor is 10-15 degrees 
Celsius, dropping to just 5 degrees Celsius right above the ice surface.  

Apart from external climate considerations, there might also be interaction with the feet of the 
speed skater. This can create a micro-climate the measurement system has to withstand as well. 
The temperature of the human body is around 37 degrees Celsius. The feet however are furthest 
away from the core of the body, thereby cooling down easily. This is enhanced by reduced blood 
flow as a result of the tight fit of the speed skates. A speed skater also transpires, which is a 
process that also takes place at the feet. The main component of sweat is water but it also 
contains minerals like sodium, potassium, calcium and magnesium. Although no big amounts are 
to be expected, reaction with the materials used in the measurement system should be 
prevented.  
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Chapter 2 - Measurement insoles 

CHAPTER 2 - MEASUREMENT INSOLES 

In sports like running and skiing, there is also the desire to measure force or pressure as a 
performance indicator. In the field of running, a lot of research has been conducted. Most of this 
research is concerning plantar foot pressure measurement where data is collected with pressure 
sensitive insoles placed inside the shoe. This kind of measurement system offers possibilities for 
use in speed skating as well. Therefore, we will focus our attention on the use of pressure 
sensitive insoles.  

With time for this project being limited, the best course of action is to find and try out existing 
pressure pad designs for use inside shoes. That way, less time is involved into developing 
something from the ground up and more time can be used on validation of the design.  

 

FIGURE 5 - PROJECT ROADMAP 

The choice for using an insole to measure force during speed skating brings along some practical 
issues. These need to be addressed if speed skaters are going to use them on a bigger scale. 
Normally, (top level) speed skaters are used to put on their skating boots bare-footed. This is 
done to provide a tightly fitting, non-slip contact with the boot which allows them to better 
control the steering of the skate. To retain that feeling with the boot, the insole has to be as thin 
as possible. Since the insoles will be in direct contact with the feet of the skater, the upper may 
not irritate the skin, have reasonable anti-slip characteristics and should not have any sharp 
edges that can lead to discomfort or injury. The insoles have to be as compact as possible with 
preferably no external wires which can otherwise make it difficult to put on the skate or may 
impair movement. The user should be shielded from direct contact with any of the electronic 
components since that could give either discomfort or cause injury. More on insole specific 
problems can be found in Appendix B. 
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Chapter 2 - Measurement insoles 

FIELDS OF USE 

Insoles fitted with sensors for measuring plantar foot pressure are mostly used for medical 
purposes. For example, they find a use in ‘mobile’ rehabilitation after surgery. It means that a 
patient recovering from leg or foot surgery can also continue his rehab at home by using 
measurement insoles for feedback. They can help correct gait problems, detect abnormalities 
and track improvement, thereby preventing future injuries. More healthcare applications 
include the use for designing and testing orthotics, evaluating footwear or defining long term 
loads on the feet. 

Instrumented insoles also have a place in sports studies. Some sports require very specific 
techniques in order to improve performance. The pressure insoles can help with analyzing 
movement or load distribution. In sports like running or skiing the pressure insoles have already 
been put to use to increase performance.  

With technology standards evolving every day, the limitations of instrumented insoles are 
decreasing. Some companies are offering foot pressure measuring insoles as a commercial 
product. 

PRESSURE TO FORCE COMPARISON 

There was no research found on measurements of peak pressures with long track speed skaters. 
However, some research concerning inline skating and running has been found of which some 
conclusions are noted in Appendix B. Research concerning in-shoe plantar pressure during 
walking and running (Chuckpaiwong, Nunley, Mall, & Queen, 2008) shows that while running, 
test subjects managed an average peak plantar pressure of 375,20 ± 141,6 kPa with a 
normalized average maximum force of 2,20 ± 0,3 times their respective body weight (average of 
74,8 kg resulting in 1614 N of force). The speed skater who performed tests for assumption of 
the 2000 N peak force weighs 81 kg. This equates to a normalized force of 2,52 times the body 
weight. It might be assumed that his peak pressure would then be close to 500 kPa with use of 
the same measurement system (Novel Pedar-X). However, since most speed skating shoes are 
tight fitting, custom made and thermo-formed, a better than average pressure distribution is 
expected which might bring down the peak pressure. To find true peak pressure with top level 
speed skaters, testing has to be done.  
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Chapter 2 - Measurement insoles 

PRESSURE PAD INSOLE TECHNOLOGY 

Measuring plantar foot pressure can be done with barefoot measurements, cumulative 
techniques, optical techniques or electromechanical techniques (Urry, 1998). Measuring inside a 
shoe is usually done by electromechanical means. This can be divided into different technologies 
(Rosenbaum & Becker, 1997). Each of them converts physical pressure into an electric current 
or voltage. By using electrical current or voltage as output, it is easier to synchronize the 
obtained data with other measurement instruments. The way of achieving such output differs 
between each of the techniques. 

 Capacitive sensors make use of the change in electrical capacitance when two plates, 
separated by a dielectric layer, are pressed together. The voltage changes proportional to 
the applied pressure. 

 Resistive sensors consist of two electrodes, separated by a conductive layer which 
changes resistance when force is applied.  

 Piezo-resistive sensors work on the concept of the change in electrical resistance of a 
special ink with conductive properties  

 Piezoelectric sensors are based on ceramic, non-conducting materials. When pressure is 
applied, they produce an electric field. These charges can be amplified and converted to 
voltage.  

  

  

FIGURE 6 - PRESSURE SENSOR TECHNOLOGY. TOP ROW: CAPACITIVE AND RESISTIVE SENSORS; 
BOTTOM ROW: PIEZO-RESISTIVE AND PIEZO-ELECTRIC SENSORS (IMAGES TAKEN FROM (RAZAK, 
ZAYEGH, BEGG, & WAHAB, 2012)) 
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Chapter 2 - Measurement insoles 

PRESSURE SENSOR ACCURACY  

Accuracy of a pressure sensor can be defined in different ways. There are standards such as 
IEC60770 and DIN16086, but manufacturers of pressure sensors rarely specify them in the data 
sheets. The most common way of defining pressure sensor accuracy is stated in IEC 61298-2, 
that it is the sum of the errors due to hysteresis, non-repeatability and non-linearity.  

HYSTERESIS 

When a pressure sensor is loaded and unloaded during a full span (FS) pressure cycle, a 
difference between the output values of both phases at a certain pressure might be noted. This 
maximum output difference (as percentage of output value) is called hysteresis. Hysteresis 
might also occur with a constant pressure applied, but with changing temperatures, which is 
called thermal hysteresis. There are many possible causes for this phenomenon to occur but in 
the case of pressure sensors it is often the rate at which the pressure induced material returns to 
its original shape due to elasticity.  

 

 

NON-REPEATABILITY 

Non-repeatability is the difference between output values when the same pressure is applied 
consecutively under the same conditions, approaching from the same direction (i.e. either 
loading or unloading). It is stated as a percentage of the full span pressure.  

(NON-)LINEARITY 

The (non-)linearity of a pressure sensor can be found using different methods, giving different 
outcomes. Two of the most used methods are the Best Fit Straight Line (BFSL) and the Terminal 
Point method1. The linearity of a pressure sensor is only given for increasing pressure.  For the 
BFSL method, a line is drawn between the largest positive linearity value and the largest 
negative linearity value. Maximum measured output deviation from this line is given as a 
percentage of the full span. With the Terminal Point method, a linear line between the end-
points counts as a reference for the maximum deviation. An example of the difference these two 
methods might produce for a comparable pressure sensor characteristic is given in Figure 8. 

                                                             
1 source: http://www.dwyer-inst.com/articles/industry/powderbulk/understanding-pressure-sensor-
accuracy/understanding-pressure-sensor-accuracy.cfm 

FIGURE 7 - EXAMPLES OF HYSTERESIS (LEFT) AND NON-REPEATABILITY (RIGHT) 



 

 Insole pressure measurement in speed skating     14 

 

Chapter 2 - Measurement insoles 

 

 

Each of these techniques has advantages and disadvantages which limit their use to certain  

Total pressure sensor accuracy due to these three system parameters can be calculated in three 
different ways. There is the root of the sum squared, root of the mean squared and the summed 
factors. The simplest method is the root of the sum squared, given by the formula 

 

This value gives a bandwidth for the accuracy of the system. Ideally the sensors have a highly 
linear pressure input to voltage output relationship, low hysteresis, low temperature sensitivity 
and satisfactory pressure range.  

Sometimes repeatability is affected as well with some resistive sensors accuracy degrading by 
repeated use.  After loading, capacitive sensors sometimes have the tendency to get back to their 
unloaded state at a relatively slow rate (hysteresis). To get sufficiently accurate data, sampling 
frequency with this type of sensor should not exceed 100 Hz (Schaff, Reinisch, Mitternacht, & 
Senner, 1991). For piezoelectric sensors, the biggest drawback is their temperature sensitivity.  

Accuracy is an important factor with pressure sensors. For most sensors, accuracy is what 
determines the prices of the sensor. The more accurate the sensor is, the more it will cost. This 
can be taken into account when finding the best balance between a pressure sensor that is 
accurate enough for the required application but is not overly expensive. 

 

 

  

FIGURE 8 - TWO METHODS FOR DETERMING THE NON-LINEARITY OF A PRESSURE SENSOR: BEST FIT 
STRAIGHT LINE (LEFT) AND TERMINAL POINT (RIGHT). 
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COMMERCIALLY AVAILABLE PRODUCTS 

There are a large number of different pressure measuring insoles researched and developed, 
especially in the last 5 to 10 years. Recent developments are mostly due to advances in 
microelectromechanical systems (MEMS). A lot of these systems never got past the research 
phase. Some of the more developed measurement insoles are now commercially available. 
Others are expected to become available in the near future. Several possible solutions in the 
form of commercially available products have been identified and are listed in Table 2. Appendix 
C gives a more detailed overview of the different insole systems. 

TABLE 2 - SYSTEMS THAT PROMISE PLANTAR FOOT PRESSURE MEASUREMENT 

Company Product name Technology Field of use 

3L Labs Footlogger - Fitness 

Anhui June Sports / Bioforcen Slipsole - Healthcare, sports 

Kinematix  WALKiNSENSE Piezoresistive Healthcare 

MedHab  RPM² Resistive Healthcare 

Medilogic - - Healthcare 

Moticon  OpenGo Capacitive Sports 

Nike Nike+ Training - Fitness 

Novel  Pedar X Capacitive Healthcare, sports 

Orpyx  Surrosense Rx Resistive Healthcare 

Paromed  ParoTec Piezoresistive Healthcare 

RSscan  Footscan Piezoresistive Healthcare, sports 

SPI Tactilus Piezoresistive Healthcare 

Tekscan  F-scan Resistive Healthcare, sports 

Veristride - - Healthcare 

 

 

FIGURE 9 - PAROMED PAROTEC INSOLE MEASUREMENT SYSTEM 
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COMPARING SYSTEMS 

In order to have a better insight in to which of the selected insole pressure measuring systems 
offers the best solution to the problem, a Harris Profile is created. The Harris profile consists of a 
list of variables, corresponding with the list of requirements and wishes as stated in the last 
chapter. The variables are to be made concrete and measurable as much as possible. For each of 
the systems found, manufacturer data has been gathered. The data can be used to compare each 
of the systems on the basis of the Harris profile assessment.  

For each of the requirements and wishes, all of the systems get a mark ranging from ‘- -‘ to ‘+ +’. 
Depending on the variable, these marks correspond with the extent to which the requirements 
are met.  

- -  = System not able to fulfill the requirement 
-  = System probably not able to fulfill the requirement 
+ = System probably able to fulfill the requirement 
+ +  = System is able to fulfill the requirement 

The completed Harris Profile is pictured in Figure 10. The ideal system has 11 ‘++’ marks (or 22 
‘+’ points) for the requirements. For the requirements the system should not have any ‘--‘ marks 
since that implies that the system is not able to fulfill the requirement, rendering it unfit for 
application. The Harris Profile and the data that form basis for the assessment are further 
clarified in Appendix D. 
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HARRIS PROFILE RESULTS 

From the Harris Profile in Figure 10, conclusions for the selection of the best system can be 
made.  Important is the number of negative marks received as this would imply that the 
requirements are least met. Here, the best three contenders are the Moticon OpenGo, the Novel 
Pedar X and the Tekscan F-Scan.  These three candidates also happen to have the best score for 
positive marks on requirements, together with the Orpyx Surrosence Rx.  

The former three systems are investigated further. The Moticon system, being more practical, is 
different from the Novel and Tekscan systems, who seem to offer better accuracy. The Moticon 
system also scores better on the wishes, mainly because of the costs. From the scientific research 
point of view, the Novel and Tekscan systems offer the best opportunities. When comparing an 
insole system with the current instrumented skate, it is desirable to have an insole system that 
promises very good accuracy. 

All three companies have been approached to gain further information on the systems and 
discuss the options of using the system for this and further research. Each of the companies has 
shown interest in the research and made an offer to either buy or rent their system from them. 
In this area, the offers from Novel and Tekscan were still on the high side. This made it 
impossible to fit them inside the budget reserved for this research, leaving the Moticon system 
as the prime candidate. 

INSOLE SYSTEM CONCLUSION 

The search for insole measurement systems provided a number of possible contestants. From 
the Harris Profile, the three best systems were selected. Inquiries with the different companies 
made it clear that the Moticon OpenGo will be our system of choice to conduct research with. 
Clear advantages of this system are its compact form and reasonable price, making it more 
practicable.  The system has already been used effectively in skiing, which suggests that the 
environmental conditions found in ice skating should not pose any problems. From contact with 
the company (a start-up supported by the University of Munich), it was clear that they are 
interested in this research and they will offer support when needed.   

Some downsides of this system should be noted as well. The number of sensors is lower than 
most systems, possibly lowering accuracy. The effect of this system property will require some 
testing. Another negative thing might be the thickness of the insole. As all the components, 
including the battery, are fitted in the insole it is thicker than most insole systems. This might 
cause some difficulties fitting them inside the already tightly fitting skating shoes.  

FIGURE 11 - MOTICON OPENGO INSOLE 
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MOTICON OPENGO INSOLES 

With the selection of the Moticon OpenGo insole system, further explanation of the system 
details is appropriate. The insoles come as a pair with each insole bearing 13 pressure sensors, a 
3-axis accelerometer and a temperature sensor. From the manufacturer, the following data was 
given on the insoles. 

Pressure sensors 

Number of sensors per insole 13 

Pressure sensor type Capacitive 

Coverage of insole area 50% 

Pressure load range лΧ пл bκŎƳ2 

Pressure sensitivity (max) 0,25 N/cm2 

Pressure output resolution 7 bit 

Acceleration sensor 

Number of sensors per insole 1 

Sensor position Mid-foot 

Sensor type MEMS, tri-axial (x, y, z) 

Acceleration range  2g / 4g / 8g (programmable) 

Acceleration output resolution 8 bit 

Temperature sensor 

Number of sensors per insole 1 

Sensor position Mid-foot 

Temperature range -млΧ ҌроΦрϲ/ 

Temperature sensitivity 0.5°C 

 

FIGURE 12 - MOTICON OPENGO INSOLE SENSOR LAYOUT 

Depending on the number of sensors, different sampling rates are supported. Individual sensors 
can be selected for measuring. 

Number of sensors Sampling rates 

1 to 8 100 Hz, 50 Hz, 20 Hz, 10 Hz 

9 to 16 50 Hz, 25 Hz, 10 Hz, 5 Hz 

17  33.3 Hz, 16.7 Hz, 6.7 Hz, 3.3 Hz 
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The insoles work on a CR2032 coin cell battery hidden in the arch of the insole and come with 
dedicated firmware pre-installed. Some of the functions (acceleration range, number of sensors 
to use, sampling rates) can be programmed to specific needs. Moticon offers PC software for 
analysis, synchronization of components programming and visualization. Data can be 
transferred from the insoles to a pc by ANT protocol, for which Moticon also supplies a USB 
receiving unit, or by a direct USB connection. Regular sizing and layout of the insoles is included 
in Appendix E. 

 

 

 

FIGURE 13 - MOTICON INSOLES, CUSTOM SIZE 40/41 WITH 
THE UNDERSIDE ON THE LEFT AND UPSIDE ON THE RIGHT 
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CHAPTER 3 - MEASURING WITH MOTICON 

To verify if the Moticon OpenGo insole system meets the requirements, it will need to be tested 
in real world conditions. To get the most accurate results it is necessary to do a lot of testing. A 
good testing protocol was devised to limit external influences and promote the acquisition of 
useable data for analysis.  

RESEARCH GOAL 

Since the time available for this graduation study is limited, it was decided that for now only a 
pilot test will be conducted. As a part of a larger project in speed skating, the insole 
measurement project will be continued after the completion of this thesis. Therefore it is of 
importance that the results from the pilot test lead to a preliminary conclusion about the 
possibilities of the insoles in ice skating, accompanied by recommendations to further refine the 
testing protocol and suggestions to make the best use of the insoles in speed skating. 

RESEARCH SET-UP 

Before testing can take place it is necessary to get familiar with the insole measurement system. 
This includes understanding of: 

 Insole installation 

 Calibration 

 Data collection 

 Software programs 

 Output data 

The same applies to the current instrumented skate, since that will be used for verification and 
validation. The insoles were tested by simply putting them in normal shoes and walking on 
them. After getting to know the included Moticon software program, it was very easy to extract 
data from the insoles. It gave insight into the aforementioned points, allowing for the set-up of a 
test protocol.   

METHOD 

The test person skates with his own skate shoes in which the pressure insoles are placed. The 
shoes are mounted on the measuring bridge, which for these tests will be used as the ‘golden 
standard’ for measuring forces. The test person has to ride 5 complete laps twice, one at low 
speed and one at high speed, keeping a steady pace after getting up to speed. Measurements 
with the insoles and instrumented skates will be taken during all of the 5 laps. 

For this test, three high-speed cameras will be used as a control. They can offer help with 
synchronization of the data from the insoles and instrumented skates or when odd entries are 
found that can’t be explained. Tests have taken place on the long track skating rink of Thialf, 
Heerenveen. As the 400 meter rink was occupied at the time, tests were conducted on the 333 
meter track which is located on the inside of the bigger track and is separated by an inflatable 
barrier. This gave enough space to safely put the cameras in the right position and get on and off 
the ice easily without having to worry about any incidents.  
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The test protocol that was used can be found in Appendix F.  

PARTICIPANTS 

The participant in this pilot test was a male competitive skater, able of keeping a steady pace 
over 5 laps. He weighed 76 kilograms at a height of 182 cm.  

  

 Measuring area 
  Control cameras 

Ice rink 

Measurement 
insoles inside 

Instrumented 
bridge 

FIGURE 14 – LAYOUT OF THE FIRST PILOT TEST 
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DATA COLLECTION 

During the pilot test, data was gathered with both the instrumented skates and the Moticon 
OpenGo insoles. Video images were captured for back-up purposes, of which examples can be 
found in Appendix G. Most of this raw data is used to determine accuracy of the insoles.  Beside 
the numbers, it was also a first real test to see if the insoles work in an ice rink environment. For 
that it was not only important that it could gather the data, but that it could also meet the other 
requirements like whether it is in the way of the skater. For this, the insoles (without 
instrumented skate) were also tested by semi-professional skaters from the iSkate development 
team.  

RESULTS 

The gathered data of the insoles and instrumented skate first needed to be synchronized, filtered 
and resampled. This process is further discussed in Appendix H. The files of each run are cut so 
that only the 5 laps remain for analysis. 5 laps consist of 10 straights and 10 curves. The first 
straight is used by the participant to get up to speed. For analysis purposes it is better to remove 
this part from the equation since the skater won’t be able to reach a good consistency in his 
strokes. The  

 

FIGURE 15 - FORCE DATA COLLECTED WITH THE INSTRUMENTED SKATES AND INSOLES DURING THE 
FIRST TEST RUN. THE PICTURED PLOT CONSISTS OF 9 STRAIGHTS AND 9 CURVES.  
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When the skater reaches his cruising speed, his lap times (and thus speed) are pretty constant. 
Lap times are found with the high speed camera and with the insoles or instrumented skates. 
Lap 1 is counted from the first passing of the camera area (1000 meter finish lines as reference). 
For the skates, the time is taken at three points: the first, 4th and the last stroke of the straight, 
which are all easy to pick. The measured strokes are not always at the exact same position on the 
track, causing a difference at the lap time. It is however close enough to assume that the 
timestamp from the measurement systems is correct. 

TABLE 3- OVERVIEW OF LAPTIMES (IN SECONDS) FROM CAMERA AND INSTRUMENTED SKATES 

Laptime (s) Lap Camera 3 Skate first stroke Skate 4th stroke Skate last stroke 

Run 1 

1 39,5 39,7 39,9 39,8 

2 39,5 40,3 39,6 39,5 

3 39,0 38,8 38,9 38,9 

4 38,5 38,6 38,0 37,9 

 Lap Camera 3 Skate first stroke Skate 4th stroke Skate last stroke 

Run 2 

1 34,5 36,0 35,5 35,1 

2 34,0 33,5 33,7 33,7 

3 33,7 33,6 33,3 33,5 

4 34,0 33,4 33,4 32,9 

 

SKATING STROKES 

There is a difference in technique between skating the curves and skating the straights. It is 
therefore necessary to split up the files between curves and straights in order to obtain more 
accurate results. Separating them can be done manually or by use of a Matlab script, the latter 
offering some possible benefits for future analysis. To achieve this, some aspects of the skating 
technique are to be distinguished.  

STROKE LENGTH 

First we will look at stroke length. Using the first test run as an example, it is clear to see that the 
stroke length is longer for the straights than for the curves. Left and right strokes are alternating, 
with some double stance phase in between. For further data analysis, the first straight and curve 
are cut off so that the ‘file’ starts with stable straight end strokes. Detailed information about the 
stroke length determination can be found in Appendix I. 
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FIGURE 16 – MEASURED STROKE LENGTH DURING RUN 1 WITH STRAIGHT END STROKES ENCIRCLED. 
NOTE THE OUTLIERS FROM THE CURVE STROKES 

For the first test, typical straight stroke length is somewhere between 1.26 and 2.1 seconds, 
while the curves are completed with a typical stroke length of 0.8 to 1.0 seconds. Using this 
dissimilarity, the data from the straight end strokes and the curve strokes can be separated.  

STRAIGHTS AND CURVES 

With the stroke length data from the instrumented skate, it is easy to separate the straights from 
the curves. The maximum curve stroke length in this dataset is 1.24 seconds, while the minimum 
straight stroke length is 1.26 seconds. Classification of each stroke as either straight or curve can 
be done by counting, as both straights and curves are completed with an even number of 
strokes.  The last stroke on the straights on most occasions seems considerably shorter than the 
previous strokes. This might follow from the participant maintaining a certain speed coupled to 
stroke length. If he uses some longer strokes early on the straight, he needs to compensate for 
that by using a shorter stroke at the end of the straight. The same goes for the curves, except 
here the trend is the other way around. Counting the strokes in the curves reveals that either 8 
or 10 strokes are made by the participant. Using 8 strokes with the same speed over the same 
distance would imply a longer average stroke length. Also, the participant could have made some 
small errors for which he needed to correct himself with a longer or shorter stroke. The average 
stroke length for the curves and straights for each leg is given in Table 4. The difference between 
both systems for each stroke shows a relatively low standard deviation. 
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TABLE 4- MEASURED MEAN STROKE LENGTHS (IN SECONDS) BY EACH SYSTEM OF THE CURVES AND 
STRAIGHTS FOR BOTH LEFT AND RIGHT, AND THE STANDARD DEVIATION OF THE DIFFERENCE IN 
STROKE LENGTH BETWEEN BOTH SYSTEMS 

  Mean stroke length (s) Standard deviation (s) 

  Skate Insole Skate-Insole 

Straights 
Left 1,644 1,668 0,02489 
Right 1,659 1,628 0,02214 

Curves 
Left 0,891 0,884 0,01966 
Right 0,953 0,931 0,01676 

PEAK FORCES 

The force exerted by the skater during the skating stroke is not a steady one. After placing the 
skate for a new stroke, force steadily builds up, culminating in a distinct force peak at the end of 
the push-off. This peak force is found with both the instrumented skate and the insoles. This 
allows for a comparison between the two.  The found force pattern is expected since previous 
tests with various skaters yielded a similar image. Figure 17 shows a few straight end strokes 
with a clearly visible force peak. 

 

FIGURE 17 - SNIPPET FROM THE 5 LAP TEST RUN, SHOWING THE PEAKS OF LEFT (TOP) AND RIGHT 
(BOTTOM) SIDES 
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For the first 5 lap test run, all individual force peaks per stroke are found. They are plotted and 
given in Figure 18. A trend line indicates that the participant did not produce an equal peak force 
throughout the test. The one outlier here seems to be the left insole. 

 

FIGURE 18 - ALL FORCE PEAKS MEASURED BY EACH OF THE INSTRUMENTS ALONG WITH 3RD DEGREE 
TRENDLINES TO CLARIFY THE TREND 

To compare the insoles to the instrumented skates, for both the left and right side, peak forces 
from the insole are subtracted from the instrumented skate. Figure 19 shows the differences in 
peak force between the two instruments for all strokes. A negative value means that the peak 
force measured by the insole was greater than the one measured by the instrumented skate. 
Overall, it is easy to see that the peak force difference on the right side is bigger than that of the 
left side. The right side seems to have a regular spread in peak force difference as the test run 
continues, whereas the left side seems to exhibit some sort of drift with both offset and variance 
increasing. 



 

 Insole pressure measurement in speed skating     29 

 

Chapter 3 - Measuring with Moticon 

 

FIGURE 19 - PEAK FORCE PER STROKE DIFFERENCE BETWEEN INSTRUMENTED SKATE AND INSOLES 
FOR BOTH RIGHT AND LEFT SIDE 

As the different technique between skating the curves and straights might have an influence on 
what the systems measure, they are separated. The results are given in Figure 20 and Table 5 for 
both the instrumented skate and the insoles. As the participant maintained a steady pace, peak 
forces are expected to have a relatively small spread. The right skate exhibits the biggest 
variation in peak forces making it suspicious for false readings. The average peak force offset, 
here noted as mean difference, is considerably higher for the right side. However, the right 
insole relatively to the left shows a similar increased variation in peak forces. The standard 
deviation between the instruments is smaller for the right than for the left side. 

TABLE 5 - MEAN PEAK FORCES FOR EACH SYSTEM, AS WELL AS MEAN/MAX DIFFERENCE AND 
STANDARD DEVIATION BETWEEN SYSTEMS. ALL VALUES ARE FORCES MEASURED IN NEWTON. 

  Mean skate Mean insole Mean 
difference 

Max 
difference 

Standard 
deviation 

Left 
straights 1018,7 878,6 140,0 287,2 77,8 
curves 977,6 911,1 66,50 188,9 52,8 

Right 
straights 1286,2 907,3 378,8 492,3 64,5 
curves 1250,7 816,8 433,8 548,7 54,4 
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FIGURE 20 - BOXPLOT INDICATING THE PEAK FORCES MEASURED OF BOTH THE SKATE AND INSOLE 
FOR THE STRAIGHTS AND CURVES 

From Table 5, it is also noted that there is a considerably lower standard deviation for the 
curves. This suggests that standard deviation might be lower for shorter strokes. To verify this, a 
scatter plot is made from the mean difference in peak force per stroke for its stroke length, 
which is given in Figure 21. This plot is interesting, as both sides show a clustered peak force 
difference with short stroke length, but for longer strokes are either spreading upwards (left) or 
downwards (right).  

 

FIGURE 21- PEAK FORCE DIFFERENCE BETWEEN INSTRUMENTED SKATE AND INSOLE PLOTTED 
AGAINST THEIR RESPECTIVE STROKE LENGTH FOR LEFT AND RIGHT SIDE WITH A 2ND DEGREE 
POLYNOMIAL TRENDLINE 
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Looking at the systems individually, we can see that the right skate and insole both have a bigger 
force peak spread with longer strokes. On average, the instrumented skate keeps a steady force 
peak, while the insole registers an increase in force peak with longer strokes. On the left side, the 
insole shows a steady peak force over a range of different stroke lengths, while the skate peak 
force trend is rising. 

 

FIGURE 22 - PEAK FORCES VERSUS STROKE LENGTH, GIVEN FOR EACH INSTRUMENT AND SIDE WITH A 
2ND DEGREE TRENDLINE 

To verify that each of the peak forces measured between the systems compares, it is also good to 
have a look at when in time the peak is reached. For each peak, the location is given for both the 
instrumented skates and insoles. Their difference is plotted and given in Figure 23.  Overall, the 
left side shows more variation between insole and skate timing. The point of a stroke where the 
peak force is found can also be expressed as a percentage of the total stroke length. This can be 
an indication of the skating technique, which could prove valuable for increasing speed skating 
performance. On this subject, the right side seems to track better than the left side, as can be 
seen in Figure 24. 
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FIGURE 23 - TIME DIFFERENCE IN REACHING PEAK FORCE BETWEEN SYSTEMS. WITH A 50 HZ 
SAMPLING RATE, EACH TIME STEP IS 0.02 SECONDS.  

  

FIGURE 24 - TIME TO PEAK AS A PERCENTAGE OF TOTAL STROKE LENGTH FOR LEFT (TOP) AND RIGHT 
(BOTTOM) 
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AVERAGE FORCE 

With all strokes separated, it is also possible to define the average force during a stroke 
measured by both instruments. The force value entries of one stroke are summed and then 
divided by the number of entries of that stroke to return the average force.  

 

FIGURE 25 - AVERAGE STROKE FORCE FOR ALL STROKES DURING THE FIRST TEST WITH A 3RD DEGREE 
TRENDLINE 

The participant held a steady speed throughout the test run and even accelerated slightly at the 
end. This would suggest that average force near the end of the run would be at least equal to that 
at the start. From Figure 25 it is clear that the average force measured by the left insole steadily 
decreases, where the left instrumented skate remains steady throughout. Right insole and 
instrumented skate show more variation between average stroke force, but tend to be very 
similar overall.  

TABLE 6 – MEANS, DIFFERENCES AND STANDARD DEVIATION FOR AVERAGE STROKE FORCES DURING 
THE FIRST TEST RUN. ALL VALUES ARE FORCES MEASURED IN NEWTON. 

  Mean skate Mean insole Mean 
difference 

Max 
difference 

Standard 
deviation 

Left 
straights 712,7 623,0 89,66 156,6 40,29 
curves 699,0 609,2 89,76 144,4 28,76 

Right 
straights 766,6 517,4 249,2 285,5 18,64 
curves 716,2 485,2 231,0 289,1 29,82 
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DISCUSSION 

This first test was performed with only one participant. As it turned out, one of the two runs 
returned false data so there was only one set of data to work with for this first analysis. With 
such a limited amount of data it is difficult to draw firm conclusions.  

SUSPECT READINGS 

From the force plots, it looked like the left instrumented skate and insole were very similar in 
output profile. The right insole also seemed to provide a similar force pattern. Outlier here 
looked to be the right instrumented skate which returned bigger average and peak forces. 

However, trend lines with the peak forces and average forces for each instrument indicated that 
the left insole was the one instrument deviating from the average profile. This puts this study 
into a quandary as a comparison between instruments for each side will always incorporate 
either a left insole error or a right instrumented skate error, thus increasing the total error. 

INSOLE ACCURACY 

To describe accuracy, we can discern two terms: trueness and precision. Trueness refers to the 
distance between the measured value and the ‘true value’. Precision refers to the closeness of 
individual values.  

 

FIGURE 26 - ACCURACY DESCRIBED AS FUNCTION OF BOTH TRUENESS AND PRECISION2  

Taking the skate as ‘true value’, the trueness of the insoles is the mean difference between the 
instrumented skates and the insoles. Precision is taken as the double standard deviation of the 
difference, accounting for 95% of all values with a normal distribution. Both trueness and 
precision are also given relative to ‘true value'.   

TABLE 7 – STROKE LENGTH COMPARISON BETWEEN THE INSOLES AND THE INSTRUMENTED SKATE 

  Min. 
difference 

(s) 

Max. 
difference 

(s) 

Trueness 
(s) 

Precision 
(s) 

Relative 
Trueness 

(%) 

Relative 
Precision 

(%) 

Left 
straights -0,08 0,02 -0,024 0,050 -1,48 3,03 
curves -0,04 0,06 0,007 0,039 0,80 4,41 

Right 
straights 0 0,08 0,031 0,044 1,87 2,67 
curves 0 0,06 0,021 0,034 2,25 3,52 

 

                                                             
2 source: http://en.wikipedia.org/wiki/Accuracy_and_precision 
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TABLE 8- PEAK FORCE COMPARISON BETWEEN THE INSOLES AND THE INSTRUMENTED SKATE 

  Min. 
difference 

(N) 

Max. 
difference 

(N) 

Trueness 
(N) 

Precision 
(N) 

Relative 
Trueness 

(%) 

Relative 
Precision 

(%) 

Left 
straights -28,09 287,20 140,1 155,51 13,75 15,27 
curves -16,98 188,93 66,50 105,69 6,80 10,81 

Right 
straights 263,06 492,29 378,9 128,97 29,46 10,03 
curves 330,06 548,65 433,9 108,73 34,69 8,69 

 
TABLE 9 - AVERAGE STROKE FORCE COMPARISON BETWEEN THE INSOLES AND THE INSTRUMENTED 
SKATE 

  Min. 
difference 

(N) 

Max. 
difference 

(N) 

Trueness 
(N) 

Precision 
(N) 

Relative 
Trueness 

(%) 

Relative 
Precision 

(%) 

Left 
straights 16,71 156,60 89,66 80,57 12,58 11,31 
curves 32,87 144,35 89,76 57,51 12,84 8,23 

Right 
straights 211,94 285,54 249,2 37,29 32,51 4,86 
curves 162,99 289,07 231,0 59,64 32,26 8,33 

 

From Table 7, it can be concluded that accuracy on stroke length is good. Accuracy on peak and 
average force is worse, as can be found in Table 8 and Table 9. As mentioned before, the right 
instrumented skate is partly to blame for most of the trueness deviation. Also, the left insole is 
probably the instrument giving the relatively low precision on left side measurements.  

Better precision for measuring force on the curves than on the straights (except for the average 
force of the right side) is found. This leads to think that the insoles have a better dynamic than 
static behavior.  

Trueness is mainly affected by systematic errors, while precision is mainly affected by random 
errors. Accurate determination of instrument precision is very much dependant on the sample 
size. With the small sample size extracted from the tests, it is likely that the determined 
precision of the insoles is not very accurate. Improving precision determination can be done by 
increasing the sample size (decreasing random errors) Improving trueness can be achieved by 
eliminating systematic errors.  

SYSTEMATIC AND RANDOM ERRORS 

Looking at the peak values, almost every stroke seems different, as does the difference between 
instrumented skates and insoles. When averaging this difference, there seems to be a certain 
standard offset between the two insoles. This offset can be related to certain limitations in the 
insole system or the used test setup. Over a lot of measurements, this value can be more 
accurately determined and then be adjusted accordingly.  

Beside the ‘standard’ offset, there are random variations between measurements. This is the 
standard deviation of the mean difference. These small variations tell something about the 
quality of the system. For a good quality system, random errors are small and precision is good.   
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STATIC BEHAVIOR 

Upon finishing the 5 lap test run, the participant performed a coasting exercise. With the speed 
he carried at the end of the 5 laps, he first glided on his left leg with the right leg off the ground, 
switching sides after about 14 seconds and again after another 14 seconds. This provided some 
interesting results. It allowed for checking of the instrumented skate trueness, as the measured 
force by the instrumented skates hovered around 750 N for the left and 730 N for the right. With 
a rider weight of 76 kilograms, one would expect a normal force of 746 N. Actual rider weight 
was not measured at the time, but the difference between both skates is interesting nonetheless.  

 

FIGURE 27 - COASTING EXERCISE AFTER THE 5 LAPS. WHERE THE INSTRUMENTED SKATE STABILISES 
AROUND RIDER WEIGHT VALUES, THE INSOLES KEEP ON RISING. 

Another strange thing is happening here, as the insoles are first slow to react to the force input, 
but after some time surpass the instrumented skate and keep rising until it seems to stabilize at 
a certain value. This is around 880 N for the right insole, 920 N for the left insole on the first 
stage and 970 N on the second stage. During the 5 laps, the insoles almost consistently register 
less force than the instrumented skate, but with this exercise they return a bigger value.  

It seems like the insoles perform better dynamically than statically. A few guesses can be made 
to why this happens. 

 The soft upper of the insoles sags more with prolonged pressure application, thereby 
generating more pressure on the sensors. You might consider this a damping effect. 

 The Moticon firmware might be making use of an algorithm that supports dynamic 
behavior, but works against static behavior. As the intended use of the insoles is 
measuring dynamic forces, this would make some sense. 
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PARTICIPANT FEEDBACK 

Apart from the goal of finding the accuracy of the measurement insoles, the opportunity was 
seized to find out how well the insoles fitted inside the skating shoe while speed skating. 
Feedback on this matter was provided by the aforementioned test rider, as well as by a few 
speed skaters from the iSkate development team who voluntarily tested the insoles.  

On the use of the insoles, the following can be mentioned: 

 Fitting the insoles (size 40/41, custom) in a size 42 skating boot proved to be relatively 
easy.  With each of the volunteers having different feet and their skating boots molded 
accordingly, it still gave a reasonably good fit.  

 The insole was noticeable, but not uncomfortable when putting on the skates. The most 
noticeable part was the battery in the arch of the insole.  

 Pulling on the laces just as tight as one would do normally gave an uncomfortable feeling 
after a few minutes and became even painful after about 15 minutes. Shoe lacing needs 
to be adjusted to the extra space that the insoles take in. 

 Participants were to skate a few laps before calibrating the insoles so that they could 
adjust themselves to the temperature conditions and form a bit to the skating boot.  

 Calibration of the insoles while inside the skating shoes went well, as long as the USB 
ANT sensor was positioned properly.  

 When skating with the insoles, they were noticeable. They gave some sort of instable 
feeling at first with one participant describing it as if his foot was tilting over a ridge in 
the middle of his shoe. However, each of the participants got accustomed to it and none 
had visible negative effects of the insole on their technique.  

 During all of the tests with the participants (with a consecutive minimum run-time of 15 
minutes and a maximum of 40 minutes), the insoles were able to record data.  

 When removing the insoles from the skating boots, some sweat spots were noted.  

Afterwards, the participants were given the chance to review themselves. With the included 
Moticon software, it was possible for them to directly see what they did during their training. A 
screenshot of this is included in Appendix J. They were told that the values for now don’t mean 
anything as the system is not yet verified or validated, but the visual presentation of the 
pressure distribution already gave them some sort of feedback on their technique. An example of 
a ‘gait report’ can be found in Appendix K.
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CONCLUSIONS 

The aim of this thesis was to analyze the possibilities for application of pressure pads or insoles 
in a speed skating shoe to provide the speed skater with feedback on his technique, thereby 
aiding speed skating performance. The research focused on pressure pad insoles because they 
are already used extensively in other sports like running and skiing.  

Testing the Moticon OpenGo insole system performance on the ice track was done using the 
instrumented skate as a ‘golden standard’. The key performance component to test was 
accuracy, consisting of precision and trueness. With trueness being the average offset from the 
reference and the double standard deviation for this offset as a measure for precision, the 
following was found. 

TABLE 10 - RELATIVE TRUENESS OF LEFT AND RIGHT INSOLE FOR THREE DIFFERENT PARAMETERS 

 left right 

Stroke length -0,6% 2,0% 

Peak force 10,1% 32,2% 

Average force 12,7% 32,4% 

 
TABLE 11 - RELATIVE PRECISION OF LEFT AND RIGHT INSOLE FOR THREE DIFFERENT PARAMETERS 

 left right 

Stroke length 6,2% 6,1% 

Peak force 15,0% 10,3% 

Average force 9,7% 7,2% 

 

FIGURE 28 - TYPICAL STRAIGHT END STROKES: THE RIGHT SKATE RETURNS THE BIGGEST PEAK AND 
AVERAGE FORCES WHILE THE RIGHT INSOLE RETURNS THE SMALLEST AVERAGE FORCE AND THE LEFT 
INSOLE RETURNS THE SMALLEST PEAK FORCE. FORCES MEASURED OUTSIDE THE REAL STROKE ARE 
SET TO ZERO. 
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The lack of accuracy of the insoles is mostly the result of a systematic error. With the used insole 
system, that could be the pressure sensor coverage of the insole, which is only 50-60%. That 
leaves a lot of plantar foot pressure to be carried over outside the sensor area, causing an offset 
in the measured force values.  

The lack of precision is partly inherent to the used pressure sensors. Capacitive pressure sensors 
are not as quick to respond to force input as the Kistler piezoelectric sensors. This lag will 
possibly have its influence on the results. As found in the coasting exercise, the insoles are also 
worse for measuring static pressure.  

It should be noted that while the referenced instrumented skate was considered as a golden 
standard, it is not yet validated so possibly provides inaccurate results. An example of this 
inaccuracy can be found when comparing the left and right instrumented skates. Taking only the 
straights, where left-right technique is the same, almost 270 N of difference between mean peak 
forces is found. Even with an unbalanced technique, this is quite a lot. This raises questions 
about the quality of the measurement data of the instrumented skates. The quality of the 
robustness of the instrumented skates is also questioned as the second test run proved to be 
useless for comparison analysis.  

POSSIBILITIES 

The selected Moticon OpenGo insole system proved to be very practical, with a minimum 
amount of effort required to start up a measurement. The system counters some of the 
drawbacks of the instrumented skate by being relatively cheap (1750 euro), ease of installation, 
compatibility with different types of skates (provided the correct size), compactness and weight 
(125 grams).  

The Moticon OpenGo may not be as accurate as the current instrumented skate, but it can still be 
a useful addition. With the insole consisting of 13 independent pressure sensors, it can give an 
image of the pressure distribution while speed skating. Thanks to the provided software, test 
subjects in this study were able to look back at what they did when skating. This gave them some 
new insight on their current technique, something they indicated to be valuable.  

LIMITATIONS 

Insoles in general are able to measure normal forces but no shear or lateral forces.  At this 
moment it is clear from the instrumented skate data that there are lateral forces found during 
the speed skating stroke. However, it is not yet clear whether these lateral forces have a big 
influence in the speed skating technique or that they might be related to the normal forces.  

The Moticon insole accuracy with regard to the instrumented skate doesn’t seem to be very 
good, especially when the applied pressure is more static. The true accuracy of the instrumented 
skate still needs to be determined so no firm conclusions can be made on this subject. 
Furthermore, there is no exact limit given for the required accuracy. Still, if the insoles are to be 
used in future applications, their accuracy needs to be increased.  
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RECOMMENDATIONS 

Considering that this study was only a small part of a bigger project concerning measuring in 
speed skating, some recommendations are provided to possibly further improve the use of 
pressure measuring insoles in speed skating. 

MOTICON INSOLE SYSTEM 

The Moticon OpenGo insoles used in this study seemingly didn’t provide sufficient accuracy 
based on the data collected so far. This preliminary conclusion is based on a very limited set of 
data. Gathering more data was not accomplished in this study due to the lack of available time 
and testing facilities. It does however give enough reason to further test the system. 

INCREASING SAMPLE SIZE 

It is recommended that more tests are done with different participants. By conducting more 
tests, the systematic error of the system can be approximated. Using multiple participants gives 
a better chance to find system errors that are not caused by the individual technique of one 
participant. Also in this study, the instrumented skate sometimes exhibited suspicious behavior. 
Suspect data can be omitted when the dataset for analysis is large enough. Doing more tests will 
also provide more information on the robustness of the insole system.  

CREATING A DATABASE 

Collecting large amounts of data with the insoles has another positive side to it. With the current 
lack of reference on what is the ideal skating technique, the objective data can only be used for 
subjective judgment.  Still, even subjective coaching with the use of objective data can be of good 
use. If a trainer wants to coach his athlete on the basis of the collected pressure and force data, 
they first need to create a big database for reference. Then it might be possible to see if the 
athlete is doing something different as compared to the times he was performing at his best and 
they can make adjustments accordingly. 

IMPROVING ACCURACY 

There are enough reasons to assume that accuracy can be improved. Even with the small dataset 
used in this study, one could improve accuracy of the insoles by removing the mean offset. If 
errors prove to be systematic and constant, they can be corrected through the use of an 
algorithm so that trueness of the insoles can be improved.  

This leaves the problem of precision. For that it is still a question to answer what the required 
precision should be. This might be subject to a different study. 

MAKING DATA UNDERSTANDABLE 

If the data gathered with the Moticon insoles is to be of any use for the trainers and athletes, it 
should be worked into a readable format. Moticon itself already provides software to look back 
the exercise and print performance reports. This is aimed at walking or running, but could be 
made into a new format to better suit speed skating. Creating a good format for this should be 
done in consultation with speed skating trainers.   
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OTHER OPTIONS IN PRESSURE MEASUREMENT 

This study comprehends the search for a commercially available pressure measuring insole 
system to be used in speed skating. The choice for commercial products was made with the 
limited available time for this graduation trajectory in mind. The Moticon OpenGo insoles 
provide some insight into the practical use of such a system. With a background in running and 
skiing, the insoles are not optimized for use in speed skating.  

As insole pressure measurement can have a place in the analysis of the speed skating technique, 
it might be of interest to optimize the design of such insoles to better suit the application. Some 
suggestions for the development of a better suited insole measurement system are brought up. 

 Increase pressure measuring area by taking all hardware but the pressure sensors away 
from the insole (for example to the outside of the shoe) and filling that space with more 
pressure sensors. This might decrease the systematic error, thus improving trueness. 

 Increase precision and trueness by using a matrix-like sensor bed, like the Novel and 
Tekscan systems. 

 Increase precision and trueness by using higher sampling rates. 

 Increase comfort of the insoles by extracting the battery from the insole and placing it 
outside the shoe (on top for example). 

 Increase comfort by creating a thinner insole. This might be achieved by using thinner 
protective layers or by use of a different type of pressure sensing technique. 

 Using a Bluetooth® wireless protocol to communicate with other instruments and the 
receiver. This allows for easier synchronization and better fits the purpose in the bigger 
picture of this research. 
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APPENDIX A – NOTES ON THE LIST OF REQUIREMENTS 

AREA OF APPLICATION 

Training methods in speed skating have come a long way. Speed skaters might be considered 
slightly conservative, although this is changing. Technically speaking, the introduction of the clap 
skate (mid 1990’s) has been the last big innovation in speed skating. After that, only little 
progress has been made. Nowadays, there’s a lot of innovating going on in specific training to 
make skaters better. As a part of these new ways of training, there’s also the need to get more 
feedback and find out which parameters influence performance.  

In cycling, techniques to measure performance (power) have been used since the early 1990’s. 
Cycling performance is relatively easy to measure since power is only generated in one plane. 
With skating, things are a bit more complicated. Speed skaters and trainers would like to know 
how much force speed skaters are able to deliver during training or competition. That allows 
them to find out how much power one needs in order to reach certain speeds or performance 
levels. With that knowledge, strength training can be adjusted to their needs. Determining the 
pressure points is also important as that says something the technique and balance of the speed 
skater. 

The instrumented skate is designed to give insight into skating technique, power, used materials 
and fine-tuning adjustments of the equipment. Previous research using the skate was aimed at 
verification of simulated 3D movement of a speed skater (Van der Kruk, Modelling and 
Measuring 3D movements of a speed skater., 2013). Using this model, the perfect skating 
technique can be described. A skater’s current technique can be compared with this ‘ideal’ image 
so he or she might be able to increase his performance. To find a skater’s current technique and 
applied force, the instrumented skate can be used. The aim of this assignment is to make the 
instrumented skate better suited for these measuring purposes.  

DIFFERENT TYPES OF SPEED SKATING 

Besides long-track speed skating, there’s also short-track speed skating. One of the differences 
between the two is already given by their names. Long track speed skating takes places on an 
oval with an average length of 400 meters, whereas short track skaters ride laps of 111 meters. 
Beside the different type of racing, the used equipment differs as well. With short track racing, 
fixed blades are bolted under a very stiff and relatively high boot. Long track skaters nowadays 
make use of a so called clap skate. Here, the blade is attached to the boot trough a hinge on the 
front. This makes it possible for the skater to keep the blade on the ice for longer during the 
skating stroke, increasing efficiency.  

ENVIRONMENT 

For now, the intended use of the instrumented skate is on a regular artificial 400 meter ice rink. 
In the Netherlands there are as many as 17 of these skating rinks. As far as artificial ice rinks go, 
there are three different types to be distinguished considering environmental influence. There 
are indoor rinks like Thialf in Heerenveen, which have their own internal climate control. There 
are semi-covered tracks like De Uithof in The Hague, which have a roof only covering the ice and 
stands but not the middle ground. Lastly, there are outdoor rinks like the Jaap Eden IJsbaan in 
Amsterdam which are very open to nature’s forces.  
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Conditions between these three types of ice rinks can vary immensely. On semi-covered or 
outdoor tracks, conditions vary with the weather. An indoor skating rink allows the most control 
over the environment. Air and ice temperature, relative humidity and sometimes even airflow 
are adjustable parameters.  

These typical climate conditions are to be taken into account when developing new measuring 
techniques for the instrumented skate. As found in a literature review concerning Smooth 
Measuring (Van der Kruk, Smooth Measuring: Finding accurate kinematic data of skaters on an 
ice rink., 2013), a relative maximum humidity of 70% will be assumed. Air temperature indoor is 
10-15 degrees Celsius, dropping to just 5 degrees Celsius right above the ice surface. In wintery 
outdoor conditions, temperatures will drop below zero.  

 

FIGURE 29 - THIALF ICE STADIUM3 

Apart from external climate considerations, there’s also interaction with the feet of the speed 
skater. This can create a micro-climate the measurement system has to withstand as well. The 
temperature of the human body is around 37 degrees Celsius. The feet however are furthest 
away from the core of the body, thereby cooling down easily. Most ice skates are tied up very 
tight, restricting blood flow and cooling feet down in the process. Although no specific research 
on this subject was found, similar research on the temperature inside a regular walking shoe 
during exercise showed an increase of 2-5 degrees on top of the ambient temperature (35-15 
degrees Celsius) (Covill, Guan, Bailey, & Pope, 2003). 

In mild or warmer conditions a speed skater transpires, which is a process that also takes place 
at the feet. The main component of sweat is water but it also contains minerals like sodium, 
potassium, calcium and magnesium. Although no big amounts are to be expected, reaction with 
the materials used in the pressure pads should be prevented.  

ACCURACY 

The exact required accuracy is not determined, mostly because there is no reference yet. The 
actual and required accuracy ultimately have to be found by collecting a lot of data. It is possible 
however to use the current instrumented skate together with pressure pads. That way they can 
be put against each other to check for accuracy.  

                                                             
3  source: Schaatsen.nl 
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Sensor accuracy depends a lot on hysteresis and sampling frequency. Hysteresis is the difference 
in output found between loading and unloading of a sensor. Little hysteresis gives better 
accuracy. Sampling frequency is the amount of measurements taken per second, specified in 
Herz. If only very few measurements are taken, chances are that certain peak pressures are 
‘missed’, thus decreasing accuracy. The downside of large amounts of samples is the strain this 
places on the data storage space and battery life.   

Some sensors will also show some temperature sensitivity. Different materials in the sensor 
body might cause differences in measurement with changing temperatures. As mentioned 
earlier, temperature will range from just above zero up to 37 degrees Celsius. To have good 
accuracy it is therefore necessary to find sensors with low temperature sensitivity at that 
temperature range. 

Exact measurements (0% accuracy) are well-nigh impossible to reach because there are a lot of 
disturbances to account for. To get an idea what to aim for, accuracies of power meters used in 
cycling can be reviewed. Known producers of power meters are SRM (Schoberer Rad 
Messtechnik) and CycleOps Powertap. These and others claim an accuracy of within 2,5% of the 
measured value (Gardner, et al., 2004). These power meters have to be regularly calibrated to 
compensate for temperature in order to keep the accuracy in check. Sampling rate of SRM is at 
200 Hz, whereas the Powertap has a sampling rate of 61 Hz. They will, however, only use a 
sampling rate of 1 or 2 Hz to send and display data on the head unit. This is done in order to 
make real-time data readout easier (less fluctuation), save data storage room and increase 
battery life.  Note has to be taken that performance measurement in cycling is mostly done in 
one plane of movement, thus reducing the necessity of very high sampling rates. 
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APPENDIX B – MEASUREMENT INSOLE SPECIFICS 

SKATING BOOTS 

The contemplated design uses so-called pressure pads. These pads are to be placed inside the 
skate boot where they will measure the pressure applied by the feet of the skater. One of the 
goals for this project is to make this system universal so a skater can still use his own desired 
equipment. These days, virtually every top level speed skater uses custom made skating boots. 
These boots are built around their own personal last. Width and length therefore are dependent 
on the owner. Using a custom build also allows the skater to choose some other characteristics 
as stiffness, height or torsion-resistance. Since there are so many different variables, an average 
boot has to be picked on which the pressure pads will be designed. Dutch company Viking is 
considered to be one of the major players in the speed skating business. Therefore we will use 
their top of the line ‘regular’ shoe, the Nagano Gold 2005, to define our model. 

 

FIGURE 30 - FROM TOP TO BOTTOM: MAPLE - POWERSLIDE - VIKING 

Almost all the top of the line skating boots of different manufacturers are built on a carbon tub 
construction. This tub is basically a sole with an integrated heel cup and ankle part. It is the main 
part giving the boot its stiffness and shape. It also provides mounting points for the blades. 
Viking boots are known to allow for some torsional flex. This makes the skate easier to 
maneuver and steer during the skating stroke. 
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FIGURE 31 – THE BASE OF A CUSTOM SPEEDSKATING SHOE4 

At Viking some thermoplastic foam is added, which allows the skater to fine-tune the shape by 
heating it in the oven before vacuum-fitting it around the foot. The boot’s upper is made of 
kangaroo leather and is bonded to the tub. On the inside of the boot, calf’s leather lining is used. 
Inner and outer layers are stitched together in a way that it creates a smooth inner surface, 
minimizing irritation or hot spots. 

 
 

On some models, Kevlar is added on the outside of the heel cup to prevent a skater from 
accidentally cutting trough the shoes with his own blades. The shoes close by use of laces. 
Compared to regular shoes, these boots are very stiff and tight-fitting. This is done to ensure 
maximum feel with the shoe and ice, as to make handling properties better.  

                                                             
4 source: andrewlove.org/blog 

FIGURE 32 - INSIDE OF THE HEEL (LEFT) AND TOE (RIGHT) OF THE VIKING NAGANO 
GOLD 2005 BOOT 
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INSOLE REFERENCE 

To get an indication for the insole thickness, different insoles from cycling shoes with varying 
thickness have been placed in a Viking Nagano Gold 2005 skating boot. A problem that has 
arisen during placement of the insoles is the precise fit of the insoles. Although the size of the 
insoles was more or less correct, the stiffness and slimness of the boot in combination with the 
slightly oversized insoles caused the latter to wrinkle a bit at the edges around the heel.  

Comfort testing of the insoles was done with bare feet, just as would be done with speed skating. 
A tested insole with a thickness of 3 mm and with a high arch support caused minor discomfort. 
A 2 mm thick and flat insole was less notable and should provide a minimum benchmark for 
reasonably comfortable insoles. Thinner insoles can be considered even less troublesome.  

 

FIGURE 33 - CYCLING INSOLE WITH A THICKNESS OF 2 MM 

The used insole is made of a plastic base with a thin cloth covered upper. Weight of the used 
insole is also measured and came in at 14 grams. A set will then weigh 28 grams and can be used 
as reference for weight comparison of the instrumented insoles. 
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PEDOBAROGRAPHY 

Dynamic measuring of pressure distribution between the plantar surface of the foot and 
supporting surface is part of the study called pedobarography. It is mostly used for analyzing 
gait and posture and for biomechanical purposes. Before the age of the computers, analysis was 
done by using ink and rubber. With the advent of personal computers, pedobarography quickly 
became more practical. Measurement devices can now be divided into floor-based systems and 
in-sole systems. There are different kinds of technology being used for measuring purposes, like 
piezoelectric sensors and light refraction. More advanced hardware leads to huge amounts of 
data. Analyzing this data can lead to peak pressure at each sensor, contact duration, the 
trajectory of the centre of pressure or produce a pressure-time integral.  

 

FIGURE 34 - TYPICAL PRESSURE DISTRIBUTION DURING A SINGLE STEP5 

  

                                                             
5 source: HTTP://EN.WIKIPEDIA.ORG/WIKI/PEDOBAROGRAPHY  
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PRESSURE TO FORCE COMPARISON 

In the list of requirements, a maximum amount of force the system has to cope with has been 
specified. The given force of 2000 Newton has been determined on the basis of earlier tests with 
a top level speed skater using the current instrumented skate. Most instrumented insoles 
however are only able to measure pressure. To find out how possible systems meet up to the 
demands of required force/pressure measurement range, a certain correlation between the two 
unit values has to be determined.  

2000 Newton is the total amount of force exerted by the skater onto the ice. Assuming only force 
transfer trough the sole of the boot, dividing this force by total surface area of the inside sole 
gives the average amount of pressure. For a regular size 42 foot, this total area equals about 100 
cm2. This results in an average pressure of 20 N/cm2 or 200 kPa. However, pressure distribution 
over the sole of the foot is never perfect. For example, areas under the heel and ball of the foot 
take on more pressure than other parts of the foot. Measurement of peak pressure is highly 
dependent on pressure sensor size. A small pressure sensor placed correctly will pick up higher 
peak pressure then a large pressure sensor, since the latter will average out the peak pressure. 

A review article by S. Urry (Urry, 1998) described the use of an optical pedobarograph, which 
has about the same resolution as a very small sized sensor, for finding typical peak pressure 
ranges. While standing peak pressures are expected in the range of 0-200 kPa, while walking 
they are in the range of 0-1000 kPa with extreme peak pressures around 2000-3000 kPa. 

A research on pressure distribution in inline skating straights (Eils & Kupelwieser, 1998) shows 
the difference between skating at different speeds of 18 and 24 km/h. Measuring of pressure 
and force was done with the use of a Pedar mobile system. At the higher speed, an average peak 
force over the total sensing area of 907±132 N was found, while at lower speed the peak force 
was significantly lower at 775±112 N. Pressure measurements were grouped and averaged over 
a certain area. High pressure areas were found in the heel, first metatarsal head and first toe. 
Highest pressure was found at the first toe with an average peak pressure of 320±90 kPa for the 
high speed test run. No significant difference was found on the slower speed test run. This would 
suggest that peak force and peak pressure are not linear. This might be caused by the fact that 
when pushing a bigger amount of peak force the pressure gets more distributed (by flattening of 
the foot), causing a smaller rise in peak pressure. Research concerning in-shoe plantar pressure 
during walking and running (Chuckpaiwong, Nunley, Mall, & Queen, 2008) shows that while 
running, test subjects managed an average peak plantar pressure of 375,20 ± 141,6 kPa with a 
normalized average maximum force of 2,20 ± 0,3 times their respective body weight (average of 
74,8 kg resulting in 1614 N of force).  

The speed skater who performed tests for assumption of the 2000 N peak force, weighs 81 kg. 
This equates to a normalized force of 2,52 times the body weight. It might be assumed that his 
peak pressure would then be close to 500 kPa with use of the same measurement system (Novel 
Pedar-X). However, since most speed skating shoes are tight fitting, custom made and thermo-
formed, a better than average pressure distribution is expected which might bring down the 
peak pressure. To find true peak pressure with top level speed skaters, testing has to be done.  
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SENSOR SIZING AND PLACEMENT 

When using pressure sensitive insoles, the number of required sensor points will have to be 
determined. Plantar foot pressure is never perfectly dispersed over the whole surface of the foot. 
There are areas of the foot sole that take on large quantities of pressure, whereas other areas 
don’t seem to make contact to the supporting surface at all. This is mainly caused by the 
anatomy of the foot. The areas that take the most pressure are the heel, the ball of the foot and 
the big toe. Therefore it is desirable to have a system that at least has sensors placed at these 
specific spots. As concluded by Razak et al. (Razak, Zayegh, Begg, & Wahab, 2012), to find most 
of the plantar foot pressure caused by the body weight, 15 distinguishable areas of the foot (Shu, 
Wang, Li, Feng, & Tao, 2010) have to be covered by sensors.  

 

FIGURE 35 - FOOT SOLE PRESSURE POINTS (SHU, WANG, LI, FENG, & TAO, 2010) 

Pressure sensitive insoles can possibly provide data for calculation of average pressure, 
pressure distribution and peak pressure. The layout of the pressure pads is very important for 
the accuracy of these numbers.  

For the most accurate determination of average pressure (or total force), the pressure pads need 
to cover the whole sole. Here the number of sensors is not important and sensor size should be 
as big as the whole sole.  

For accurate measurement of pressure distribution, the number of sensors is also important. 
The minimum amount of sensors would be two, for example for measuring anterior-posterior or 
medial-lateral balance. If more sensors are added, precise load patterns can be distinguished. 
Sensor size is subordinate to sole coverage and number of sensors but is, of course, positively 
related. This type of system is called a matrix system. 

If accurate determination of peak pressure during foot loading and unloading is required, sensor 
size should be infinitely small. The bigger the sensor, the more peak pressure becomes averaged 
over the measured area. If areas where peak pressure will occur are known, only a limited 
amount of sensors and no full sole coverage is needed. This is called a discrete system. 
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TABLE 12 - OVERVIEW OF REQUIRED INSOLE LAYOUT FOR OBTAINING ACCURATE DATA 

 Full sole area 
coverage 

High number of 
sensors 

Infinite small 
sensor size 

Average pressure (total force) x   
Average pressure distribution 
(force distribution) 

x x  

Peak pressure  x x 

The use of a fine matrix-type measurement insole could possibly provide the most complete 
data, giving benefit to research on the validation of insoles. This will however, add a huge 
amount of data to be processed, making it less practical. Also, adding extra components might 
add to the chance of failure and increase the price of the instrumented insoles.  

A B C 

FIGURE 36 - SENSOR DISTRIBUTION: A) 1 SENSOR COVERING THE WHOLE SOLE; B) MULTIPLE 
SENSORS COVERING THE WHOLE SOLE; C)VERY SMALL SENSORS COVERING ONLY PEAK PRESSURE 
AREAS 
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APPENDIX C - COMMERCIAL MEASUREMENT INSOLES 

Product Footlogger 

Manufacturer 3L Labs (South-Korea) 

Field of use Fitness 

Website http://footlogger.com/ 

Sensor type - 

Special features Integrated battery, memory card and tri-axial 
accelerometer, inductive charging 

 

 

Product Bioforcen Slipsole 

Manufacturer Anhui Bioforcen Intelligent Technology Co. (China) 

Field of use Healthcare, Sports performance 

Website http://www.biomechanicsweb.com/en/display.asp?id=83 

Sensor type - 

Special features External battery and data logger 

 

  

 

  



 

 Insole pressure measurement in speed skating     54 

 

Appendix C   

Product WALKiNSENSE 

Manufacturer Kinematix (Portugal) 

Field of use Healthcare 

Website http://www.kinematix.pt/#section-n2 

Sensor type Piezoresistive 

Special features Small external battery and data logger, custom sensor 
layout 

 

 

Product RPM2 

Manufacturer MedHab (USA) 

Field of use Sports performance 

Website http://www.rpm2.com/ 

Sensor type Resistive 

Special features Integrated battery, motion measurement, wireless data 
transmitter 

 
FIGURE 37 - HARDWARE INSIDE THE INSOLE (SOURCE: 

HTTP://WWW.DEATONENGINEERING.COM/CASE_STUDIES/MEDHAB.PHP) 
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Product Medilogic insole 

Manufacturer Medilogic (Germany) 

Field of use Healthcare, Sports performance 

Website http://www.medilogic.com/en/products-
human/footpressure-measurement/ 

Sensor type Resistive 

Special features External data logger and battery, high accuracy 

 
FIGURE 38 - SOURCE: WWW.BAUERFEIND.COM 

 

Product OpenGo 

Manufacturer Moticon (Germany) 

Field of use Sports performance 

Website http://www.moticon.de/en/ 

Sensor type Capacitive 

Special features Integrated replaceable battery, data logger, temperature 
and motion measurement 
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Product Nike+ Training 

Manufacturer Nike inc. (USA) 

Field of use Sports performance, Fitness 

Website http://nikeinc.com/ 

Sensor type Resistive 

Special features Integrated battery, Bluetooth data transmission, motion 
measurement 

 

 

Product Pedar-X 

Manufacturer Novel (Germany) 

Field of use Healthcare, Sports performance 

Website http://www.novel.de/novelcontent/pedar 

Sensor type Capacitive 

Special features External data logger and battery, high accuracy 
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Product SurroSence RX 

Manufacturer Orpyx (Canada) 

Field of use Healthcare 

Website http://orpyx.com/pages/surrosense-rx 

Sensor type Resistive 

Special features Small external data logger and battery 

 
 

Product ParoTec 

Manufacturer Paromed (USA) 

Field of use Healthcare, sports performance 

Website http://www.paromed.biz/paroTec-3-2.html 

Sensor type Piezoresistive 

Special features External battery and data logger, can measure shear force 
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Product FootScan 

Manufacturer RSscan International (Belgium) 

Field of use Healthcare, Sports performance 

Website http://www.rsscan.com/ 

Sensor type Piezoresistive 

Special features External data logger and battery, big measuring range 

 

 

Product Tactilus® insole 

Manufacturer Sensor Products Inc. (Germany) 

Field of use Healthcare, Sports performance 

Website http://www.sensorprod.com/tactilus.php 

Sensor type Piezoresistive 

Special features External data logger and battery, high accuracy 
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Product F-scan 

Manufacturer Tekscan (USA) 

Field of use Healthcare, Sports performance 

Website http://www.tekscan.com/medical/system-fscan1.html 

Sensor type Resistive 

Special features External data logger and battery, high accuracy, very thin, cut to 
size 

 
 

Product Veristride 

Manufacturer Veristride (USA) 

Field of use Healthcare 

Website http://www.veristride.com/ 

Sensor type - 

Special features Integrated battery and data logger, inductive charging, 
wireless data transfer 
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APPENDIX D - HARRIS PROFILE CLARIFICATION 

The Harris profile consists of a list of variables, corresponding with the list of requirements and 
wishes as stated at the beginning of this research. The variables are to be made concrete and 
measurable as much as possible. For each of the systems found, manufacturer data has been 
gathered. The data can be used to compare each of the systems on the basis of the Harris profile 
assessment.  

For each of the requirements and wishes, all of the systems get a mark ranging from ‘- -‘ to ‘+ +’. 
Depending on the variable these marks correspond with the extent to which the requirements 
are met.  

- -  = System not able to fulfill the requirement 
-  = System probably not able to fulfill the requirement 
+ = System probably able to fulfill the requirement 
+ +  = System is able to fulfill the requirement 

VARIABLES 

The list of requirements can be divided into three categories. ‘Measurements’ stands for the 
gathering of data and the requirements it needs to satisfy. ‘System load’ is mainly about the 
environmental conditions the system has to endure. ‘User restrictions’ has to do with the 
amount of hindrance the user experiences.  

 

FIGURE 39 – HARRIS PROFILE VARIABLES BASED ON THE LIST OF REQUIREMENTS 

List of requirements 

Measurements 

Range  

Accuracy 

Precision 

Data recording time 

System load 

Temperature range 

Relative humidity 

Waterproof 

Robustness 

User restrictions 

Thickness 

Weight 

Movement impedement 
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The wishes can be divided into three variables. These variables don’t play a big role in the 
decision process but do complete the overview of all the different concepts.

 
FIGURE 40 - HARRIS PROFILE VARIABLES BASED ON THE LIST OF WISHES 

MANUFACTURER DATA 

Data provided by manufacturers is not always displayed in the same way. Some companies have 
a different way of measuring or are not providing certain data, making some direct comparison 
difficult at best. 

MEASURING RANGE 

Differences in rated measuring range are also linked to the intended use of the measurement 
insoles. Measuring range is very dependent on sensor sizing. True peak pressures only occur on 
very small areas. Increasing the measurement area decreases the measured peak pressure by 
averaging so a relatively large sensor will never measure pressures as high as a small sensor 
would. Insole systems with a large number of sensors aimed at high pressure applications (e.g. 
running, jumping) often tend to have a larger measuring range. Every system with a measuring 
range җ500 kPa can be marked as ‘++’, while systems below 100 kPa can be marked as ‘--‘. 

 

 

 

List of wishes 

Ease of use 

Costs 

Real-time 

Product Measuring range [kPa] 

3L Labs (Footlogger) n/a 

Anhui June Sports / Bioforcen 600 

Kinematix (WALKiNSENSE) 500 

MedHab (RPM²)  n/a 

Medilogic 300 

Moticon (OpenGo) 400 

Nike (Nike+) n/a 

Novel (Pedar X) 600/1200 

Orpyx (Surrosense Rx) 50 

Paromed (ParoTec) 625 

RSscan (FootScan) 500 

SPI (Tactilus) 500 

Tekscan (F-scan) 517/862 

Veristride n/a 
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ACCURACY 

Accuracy can be defined as 

 

Accuracy can be seen as instant or time-dependent (drift). There are various variables that can 
influence accuracy. Apart from certain technology-specific properties, some choices for 
instrumented insole layout can also influence accuracy. A system with a large amount of sensors 
(high resolution) is less likely to underestimate peak pressure and gives a more accurate reading 
of pressure load patterns (balance). The required accuracy is not known at this time, so a 
concrete value for the number of sensors can’t be used. With the Novel Pedar being named ‘the 
golden standard’ of insole measuring, their amount of sensors is taken as reference for good 
accuracy. The accuracy is assessed according to the following scheme: 

- -  = <8 sensors 
-  = 8 – 20 sensors 
+ = 20 – 90 sensors 
+ +  = >90 sensors 

 

 

 

 

 

 

 

 

 

 

PRECISION 

For precision, the sampling frequency is crucial. A high sampling frequency means that there’s 
less chance of missing any peak values. The benchmark for a ‘++’ mark is 200 Hz, which previous 
research suggested, is good enough for measuring running activities. Testing with the insole 
system of choice might possibly show if lower frequencies will also suffice. Tuning down 
sampling frequency can decrease the stress of the data stream on the available data space and 
battery life. Assessment was done according to: 

- -  = <10 Hz 
-  = 10 – 50 Hz 
+ = 50-200 Hz 
+ +  = >200 Hz 
 

Product Number of sensors [#] 

3L Labs (Footlogger) 8 

Anhui June Sports / Bioforcen 900 

Kinematix (WALKiNSENSE) 8 

MedHab (RPM²) 4 

Medilogic 240 

Moticon (OpenGo) 13 

Nike (Nike+) 4 

Novel (Pedar X) 99 

Orpyx (Surrosense Rx) 8 

Paromed (ParoTec) 24 

RSscan (FootScan) 300 

SPI (Tactilus) 400 

Tekscan (F-scan) 954 

Veristride 8 
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DATA RECORDING TIME 

One of the requirements is that the selected system is able to record data during a training 
session. For this it is important that both the battery and memory space are sufficient. In the 
case of direct wireless data transfer, the available memory space is less important. Sometimes it 
is also easy to increase data memory size by use of a bigger flash memory card. Minimum 
recording time required would be 2 hours. In the list of wishes, 20 hours was set as reference. 
Therefore, a ‘+’ mark is given for each system claiming over 2 hours of recording time, while 
systems claiming over 20 hours get a ‘++’ mark. The systems for which no recording time was 
found are graded with ‘-‘. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Product Sampling frequency [Hz] 

3L Labs (Footlogger) 500 

Anhui June Sports / Bioforcen 100 

Kinematix (WALKiNSENSE) 100 

MedHab (RPM²) 100 

Medilogic 300 

Moticon (OpenGo) 100 

Nike (Nike+) n/a 

Novel (Pedar X) 100 

Orpyx (Surrosense Rx) 50 

Paromed (ParoTec) 300 

RSscan (FootScan) 500 

SPI (Tactilus) 500 

Tekscan (F-scan) 500 

Veristride n/a 

Product Battery type Recording time [h] 

3L Labs (Footlogger) internal 24 

Anhui June Sports / Bioforcen external n/a 

Kinematix (WALKiNSENSE) external 4 

MedHab (RPM²) internal 4 

Medilogic external 2 

Moticon (OpenGo) internal 20 

Nike (Nike+) internal 40 

Novel (Pedar X) external 4,5 

Orpyx (Surrosense Rx) external 14 

Paromed (ParoTec) external 2 

RSscan (FootScan) external n/a 

SPI (Tactilus) external n/a 

Tekscan (F-scan) external 2 

Veristride Internal n/a 
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TEMPERATURE RANGE & HUMIDITY 

The insoles are to be used inside an ice skating hall. This specific environment can be 
detrimental to the insoles accuracy or can even cause possible malfunction of components. For 
some products, no data was known. However, with all of them designed for in-shoe use, they are 
expected to handle reasonable temperature and humidity well. The Moticon and Novel systems 
have been proven to work outside on the ski slope in wintery conditions (Müller, 2011) so the 
intended use in this research should pose no problems. Working temperatures of 5 to 37 
degrees and humidity җ70% are considered to be the benchmark for a ‘++’ grade.  

 

 

 

 

 

 

 

 

 

 

ROBUSTNESS 

The robustness variable considers the stability and reliability of the system and the need for 
regular recalibration. As it is difficult to gather objective data on this subject, marks are given 
based on the common use of the system. Found user reviews on several of the systems provide a 
bit of background. The area of application of a system also gives a clue on its robustness. 
Systems used extensively in sports research and application (which places bigger stress on the 
system) can be considered more robust. 

THICKNESS 

The thickness of the insole has a great influence on the degree to which the insole is experienced 
as a nuisance. Insole thickness can be as thin as paper, while some also incorporate a battery 
which adds to its thickness. Simple testing with regular insoles of different thickness inside a 
speed skating boot lead to the conclusion that an insole with a thickness of 2 mm is acceptable. 
For a ‘++’ mark, the insole has to be less than 1 mm in thickness. Insoles thicker than 4 mm are 
marked ‘--‘. 

- -  = > 4 mm 
-  = 2 – 4 mm 
+ = 1 – 2 mm 
+ +  = < 1 mm 
 

Product Working temperature [° C] Humidity [%]/moisture 

3L Labs (Footlogger) n/a n/a 

Anhui June Sports / Bioforcen n/a n/a 

Kinematix (WALKiNSENSE) n/a n/a 

MedHab (RPM²) n/a n/a 

Medilogic n/a n/a 

Moticon (OpenGo) skiing conditions skiing conditions 

Nike (Nike+) n/a n/a 

Novel (Pedar X) 10 to 40 ok for sweat 

Orpyx (Surrosense Rx) -20 to 40 ok for sweat 

Paromed (ParoTec) -40 to 120 ok for sweat 

RSscan (FootScan) n/a n/a 

SPI (Tactilus) -15 to 40 n/a 

Tekscan (F-scan) -20 to 35 5 to 90% (non-condensing) 

Veristride n/a n/a 
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WEIGHT 

Weight of the system is considered to be the total weight of all the components combined. Only 
looking at the insole weight doesn’t provide a clear image since some systems have all the 
components integrated into the insole, while others have external type batteries and data 
loggers. Finding weights proved a difficult task. Generally it can be assumed that integrated 
systems tend to be lighter than systems with external components. For a perfect mark, weight of 
the complete system should be below 120 grams. Anything heavier than the current 
instrumented speed skate (473 g) gets a ‘--‘ grade.  

- -  = > 473 grams 
-  = 300 – 473 grams 
+ = 120 – 300 grams 
+ +  = < 120 grams 
 

 

 

 

 

 

 

 

 

  

Product Thickness [mm] 

3L Labs (Footlogger) 3,0 

Anhui June Sports / Bioforcen 3,0 

Kinematix (WALKiNSENSE) 0,5 

MedHab (RPM²) 3,0 

Medilogic 1,5 

Moticon (OpenGo) 3,2 

Nike (Nike+) 5,0 

Novel (Pedar X) 1,9 

Orpyx (Surrosense Rx) 0,5 

Paromed (ParoTec) 3,5 

RSscan (FootScan) 0,7 

SPI (Tactilus) 0,3 

Tekscan (F-scan) 0,4 

Veristride 1,5 

Product Weight [g] 

3L Labs (Footlogger) n/a 

Anhui June Sports / Bioforcen 738 (including data box) 

Kinematix (WALKiNSENSE) 70 

MedHab (RPM²) n/a 

Medilogic 180 

Moticon (OpenGo) 116 (including battery) 

Nike (Nike+) n/a 

Novel (Pedar X) 400 (including data box) 

Orpyx (Surrosense Rx) n/a 

Paromed (ParoTec) n/a 

RSscan (FootScan) n/a 

SPI (Tactilus) n/a 

Tekscan (F-scan) 332 (including data box) 

Veristride n/a 
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MOVEMENT IMPEDEMENT 

Movement can be impeded by the presence of wiring coming from the insole or an external 
battery and data logger carried somewhere else on the body. There is no real objective data to 
support the grading on this subject, except for pictures of the system in use. Fully wired systems 
impede the user the most, so any systems using that will get a ´--‘ mark. For a ‘++’ mark the 
system would have to be confined to the space in or around the shoe, without really affecting the 
user.  

- -  = Wired system 
-  = Mobile system with wired external electronics 
+ = Mobile system with very small wired external electronics 
+ +  = Fully wireless integrated system 

USABILITY 

The usability considers the ease of use and learnability aspects of the system. It can be found in 
the effort needed to start up the measurements (hardware) or the effort needed to extract 
useable data (software). If starting pressure measuring requires a lot of steps like fitting and 
calibrating, a system is not very user-friendly. The same reasoning applies for the software, 
although for this project it will probably be necessary to write new software, taking the included 
system software out of the equation. A ‘plug and play’ type of insole system would be ideal, thus 
receiving a ‘++’ mark. 

COSTS 

The costs are an important variable for both the research part as well as the commercial 
application. As a reference, the current measurement skate is used. For the Harris profile, a ‘--‘ 
mark indicates a price of more than €10.000, while ‘++’  is for systems costing less then €1.000.  

- -  = > €10.000 
-  = €5.000 - €10.000 
+ = €1.000 - €5.000 
+ +  = < €1.000 
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* Found price in US dollars using conversion rate of 1:0,8 
** Price inquiry trough personal contact 

REAL-TIME 

Fulfillment of the wish of real-time measurement is sometimes difficult to determine. Some of 
the commercial systems don’t allow real-time data readout. Others have the option of wireless 
data transfer trough Bluetooth or ANT+. This makes it easier to use the data for real-time 
feedback since that allows for coupling to with devices that have the processing capacity to 
provide the feedback. If manufacturers declare that the system allows for real-time data viewing, 
or that the system can be paired trough a Bluetooth or ANT+ wireless connection, the system is 
given a ‘++’ mark. Systems who only give the option of data readout when connected to a PC or 
docking station are given a ‘--‘ mark. 

HARRIS PROFILE 

With the collected manufacturer data and established assessment standards, a Harris profile of 
all the insole measurement systems is put together. The columns are made up from the selected 
systems. The rows are providing the requirements and wishes. For each of the measurement 
systems, the – and + marks are summed. The totals are displayed below the rows of 
requirements and wishes.  

The best system is the one assessed with the biggest amount of + and the least amount of – 
marks. From the Harris profile, it can be found that three systems are rated equally in terms of 
totals. These are the F-scan (Tekscan), Pedar-X (Novel) and Moticon. The first two stand out 
because of their very good measuring range and accuracy which makes them ideal candidates 
for research. The Moticon system is less accurate, but does promise better practical applicability 
with its fully wireless and integrated system.  

Since it is not yet known if an insole measurement system can offer the same useable data as the 
current measurement skate, it is decided that either the F-scan or the Pedar-X are to be used for 
verification of the insole measurement system. If verification is positive, validation can also be 
done with the Moticon insole system.  

Product  Costs [€] 

3L Labs (Footlogger) 160* 

Anhui June Sports / Bioforcen n/a 

Kinematix (WALKiNSENSE) 5500 

MedHab (RPM²) 475* 

Medilogic n/a 

Moticon (OpenGo) 1795 

Nike (Nike+) 170* 

Novel (Pedar X) 15.450 

Orpyx (Surrosense Rx) 720* 

Paromed (ParoTec) n/a 

RSscan (FootScan) n/a 

SPI (Tactilus) n/a 

Tekscan (F-scan) 15.000** 

Veristride n/a 
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NOTES ON THE MEASUREMENT INSOLE MANUFACTURER DATA 

Most of the provided data was taken from the manufacturer website. In case of missing data, 
email inquiry has been done. Some manufacturers were not able or willing to answer questions 
so as a result the data sheet of certain insoles is incomplete.  

Two companies made some interesting suggestions. Novel suggested the use of a single-sensor 
insole when only the total plantar foot pressure is asked. This would simplify the data stream, 
giving the option of smaller processing units. This however, would also rule out any pressure 
distribution analysis.  

Orpyx, manufacturer of the SurroSense insole, has announced the development of a more 
advanced insole as a successor of the current system. The new insole should be able to give 
accurate pressure measurements over a much larger range, up to 500 kPa. A new wireless 
protocol would allow higher recording frequencies (up to 100 Hz) and eliminates the need for 
cropping data sets. Also, the new version would get a sensor upgrade in the form of an added 
accelerometer and gyroscope. These developments could possibly erase some of the negative 
points of the SurroSense system and put it at the top of the Harris profile list. Production of this 
new insole is expected for early 2015.  
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APPENDIX E – MOTICON OPENGO INSOLES 

All images taken from the website Moticon.de 

 

FIGURE 41 - TYPICAL SIZING OF MOTICON OPENGO INSOLES

 

FIGURE 42 - LOCATION AND SPECIFICATION OF ACCELEROMETER SENSOR IN THE MOTICON OPENGO 
INSOLES 

 

FIGURE 43 - SENSOR LAYOUT AND SPECIFICATION OF THE MOTICON OPENGO INSOLES 
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FIGURE 44 – INSOLE OUTLINE OF A SIZE 40 BONT JET SKATE BOOT, USED AS A REFERENCE FOR THE 
CUSTOM MADE MOTICON INSOLES
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APPENDIX F - TEST PROTOCOL  

A. Doel: 

Validatie van de Moticon insoles als instrument voor het meten van kracht en vermogen 
in het langebaanschaatsen. 
 

B. Methode 

De test persoon schaatst met zijn eigen schaatsschoenen waarin de pressure insoles zijn 
geplaatst. De schoenen worden gemonteerd op de meetbrug, die in deze test als gouden 
standaard wordt gebruikt.  
 

C. Onderzoeksopzet 

1) PARTICIPANTEN 

In het onderzoek willen we  4-6 participanten (waarvan tenminste 2 goed getrainden 
en 2 topschaatsers) gebruiken waarvan we van ieder op 2 verschillende snelheden (2 
verschillende vermogens) 5 slagen op het rechte stuk willen opnemen (5 rondes). 

 Snelheid 1 Snelheid 2 
Participant 1 5x 5x 
Participant # 5x 5x 

 

2) APPARATUUR 

a. High speed camera’s 

 Opname met 120 fps 

b. Meetschaats 

Er wordt gebruik gemaakt van de Shimmer gyroscope en accelerometer. Daarnaast 
worden de krachtsensoren toegepast. De volgende data worden gelogd op 50 Hz: 

 Accelerometer data 

 Gyroscoop data 

 Magnetometer data 

 Kracht data 

 Timestamp 

 Global timestamp 

 Temperature 

 Battery life 

c. Meetzool 

De meetzool kan volgens specificatie tot 8 sensoren loggen op 100 Hz, tot 16 

sensoren op 50 Hz en 17 sensoren op 33,3 Hz. De 13 druksensoren zijn het 

belangrijkst voor dit onderzoek dus zal gelogd worden op 50 Hz. Ook 

accelerometer data kan een interessant vergelijk opleveren, dus wordt ook deze 

meegenomen in de test. 

d. Calibratie 

1. Krachtsensoren 

Calibratie op de drukbank.  
2. Meetzool 

Calibratie volgens protocol fabrikant. Nulmeting met schaatsen aan, zonder 
gewicht (overeenkomend met de meetschaats). Verificatie met weegschaal. 
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3. Losse Shimmers 

Calibratie volgens het shimmer calibratie protocol. 
4. Meetschaats shimmers 

Data wordt op dezelfde manier verzameld als het shimmer protocol, maar 
worden achteraf gecalibreerd. 
 

3) PROTOCOL 

a. Cameras opstellen rond de 1000 meter finish.  

b. Plaats de meetbrug tussen de schoen en het ijzer van de schaatser. 

c. Plaats de meetzool in de schoen van de schaatser 

d. De participant wordt uitgerust met twee meetschaatsen, shimmer op onderbeen 

e. De schaatser kan de baan op. 

f. Camera’s aan 

g. Lampje op (slave kant) onderbeen shimmer om de cameras te synchroniseren 

met meetschaats. 

h. Filmpje met QR code voor het zicht van de camera’s afspelen voor synchronisatie 

met meetzool. 

i. Calibratie 

 Meetschaats: schaatser staat op iedere schaats voor 10s (herhalen aan het 

eind van de meting.  

 Meetzool: tegelijkertijd met de meetschaats 

j. Participant schaatst 5 rondjes, tussen de camera’s door.  

k. Eindcalibratie. 
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APPENDIX G – RAW DATA OUTPUT 

From the pilot test, a lot of data was gathered. Beside the data from the insoles and instrumented 
skate, there was also video material captured. These videos were used to determine lap time and 
provided a backup synchronization method.  

  

  
FIGURE 45 - TOP ROW: SYNCHRONIZATION FOR THE INSOLES (LEFT) AND INSTRUMENTED SKATES 
(RIGHT). BOTTOM ROW: CALIBRATION POINT FOR THE INSTRUMENTED SKATES  
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FIGURE 46 - POINT OF VIEW FROM EACH HIGH SPEED CAMERA. PICTURED IS EXACTLY THE SAME 
STROKE 
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APPENDIX H –RAW DATA PROCESSING 

The data gathered during the pilot test with the insoles and instrumented skate is not directly 
ready for analysis. To make the raw data useable for analysis, several steps have to be taken. 
Some of the errors were known beforehand, others were found during analysis. Simply plotting 
the raw force data with the corresponding timestamp gives an overview of what needs to be 
done. Test 1 will be treated first. 

 

FIGURE 47 - RAW DATA PLOT OF THE INSTRUMENTED SKATE AND INSOLES DURING THE FIRST TEST 
RUN 

From Figure 47, it can be seen that there the Moticon data is already reasonably well 
synchronized for time and force. This was to be expected since the Moticon Insoles are more of a 
finished commercial product then the instrumented skates. The instrumented skates will need 
to be corrected for the force offset as well as the time offset. Left and right skate use different 
timestamps, but those are already synchronized trough the use of a master-slave setup.  

INSTRUMENTED SKATE FORCE SYNCHRONIZATION 

The offset in force for the instrumented skate is obvious. The force is already scaled correctly, so 
only a scalar value needs to be added. The value for the left and right skate is different. The offset 
value is determined by looking at one of the synchronization points, where the participant stood 
on one leg only, making the force on the other skate zero. 
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INSTRUMENTED SKATE TIME SYNCHRONIZATION 

The instrumented skate timestamps are already synchronized during their setup. This means 
that between the two skates, no further time synchronization should be required. When the 
force data of the skates is plotted against their respective timestamps, it directly aligns the data 
on a time-scale. The timestamp is given in seconds, up to 4 decimals. The first entries in the 
timestamps are given in Figure 48. 

 

FIGURE 48 - FIRST 10 ENTRIES OF THE INSTRUMENTED SKATE TIMESTAMP 

If the timestamps for left and right are indeed the same, the difference between the two during 
the test should be zero. Subtracting the right skate timestamps from the left skate timestamps 
gives the time difference between the two. Over the complete test this gives the plot found in 
Figure 49. 

 

FIGURE 49 - DIFFERENCE BETWEEN TIMESTAMPS FROM LEFT AND RIGHT SKATE FOR EACH ENTRY 
DURING THE COMPLETE TEST 
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 What can be seen in this picture is that the difference (in seconds) between the two signals is 
slowly drifting with a very small amount. The three jumps in the graph are caused by missing 
data. With a sampling rate of 50 Hz, A drop of 0.02 (seconds) is exactly one time point. The first 
drop is due to a missing line on the right skate, while the two jumps upward are due to two 
separate missing lines in the left skate. With only 3 missing lines on a set of 40380 entries, this is 
not a very big problem. However, it should be checked when conducting further tests.  

Looking at this timestamp data, it can be found that for every 5 or 6 entries, 0.0001 is added. 
This makes the sampling rate of the instrumented skates slightly less than the expected 50 Hz. 
Taking the right skate timestamp entry 1 and subtracting from timestamp entry 1001, gives 
1000 time-points for a total time of 20.0198 seconds. This corresponds to a sampling frequency 
of  

 

This can be taken into account to further refine the data gathered with the instrumented skate. 

GLOBAL TIMESTAMP AND CROSS CORRELATION 

The problem with the difference in timestamps and sampling frequency is for now worked 
around by making a global timestamp, similar to the one that the Moticon Insoles are using. This 
will also make later data processing easier. The skate timestamps will then start at t=0 (instead 
of 69.5914 or 24.5282). The nearest value of the original data is taken for the new global 
timestamp. This means that at certain points, some data will be a duplicate. This however is less 
of a problem then a shifting timestamp.  

A global timestamp also makes it easier to evaluate the time offset. For this, the Matlab cross 
correlation function xcorr is used. The right skate is put against the right insole and the left skate 
is put against the left insole. The function shows a distinct peak where there is a ‘best fit’. The 
horizontal axis in the graph gives the offset (in entry points). Peak alignment at zero means a 
zero offset.   

 

FIGURE 50 - CROSS CORRELATION GRAPHIC FOR LEFT AND RIGHT DATA WHERE THE HORIZONTAL 
AXIS GIVES THE OFFSET IN DATA POINTS AND THE PEAK INDICATES THE BEST FIT. 
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Here, the left skate is offset for 5985 entries. Divided by the sampling frequency this equates to 
119.7 seconds. The right is offset for 5983 entries. This difference in offset can be caused by an 
offset in between the skates or in between the insoles. Since the skates are just converted to a 
global timestamp, suspicion goes out to the insoles. This will be treated later. For now, the time 
offset is corrected with the offset of the left skate. With time and force synchronized, the output 
can now be represented as in Figure 51. 

 

FIGURE 51 - SYNCHRONIZED DATA SET OF THE INSTRUMENTED SKATES 

 

MOTICON INSOLE TIME SYNCHRONIZATION 

The Moticon test data shows that the cross-over point from left to right (when the right stroke 
begins) is systematically lower then from right to left. This can also be seen in Figure 52. If this 
was true, then either the weight of the skater would fluctuate between 50 and 90 kilograms, or 
the skater was using very different techniques for the right and left skating stroke.  
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FIGURE 52 - SNIPPET FROM MOTICON TEST DATA SHOWING THAT THE CROSS-OVER POINTS ARE FAR 
FROM BEING EQUAL 

This difference is probably due to a timestamp deviation, but can be adjusted easily by removing 
some of the first entries on the right insole force data. This moves the whole right insole data set 
to the left, creating more equal crossover points that better represent the skating motion. 
Experiments have been done for different offsets. After removing up to 5 of the first entries, the 
mean cross over value was checked, as well as the standard deviation of all cross over points. 
The lowest standard deviation is found when shifting the right insole for 0.06 seconds, or 3 data 
points. Looking back at the cross correlation check, it has been decided to shift the right insole 
for 0.04 seconds, or 2 data points.  

TABLE 13 - MEANS AND STANDARD DEVIATIONS FOR THE LEFT INSOLE AT ALL CROSS OVER POINTS 
FOR DIFFERENT TIME CORRECTIONS ON THE RIGHT INSOLE  

Time correction between 
insoles (seconds (entries)) 

0 0.02(1) 0.04(2) 0.06(3) 0.08(4) 0.10(5) 

Mean cross over L/R (N) 377,22 369,91 365,94 362,72 356,74 344,99 

Standard deviation cross 
over L/R (N) 

108,23 77,85 50,00 40,69 46,14 65,76 

 

 

MOTICON OPENGO RAW DATA 

The data retrieved from the Moticon insoles after the first test is already partly preprocessed by 
the Moticon software. Plotting the data file directly with Matlab shows the following for the first 
test (low speed run) 
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FIGURE 53- THE FORCE DATA FROM THE MOTICON INSOLES DURING THE FIRST TEST RUN WITH THE 
RED LINE REPRESENTING THE RIGHT INSOLE AND THE BLUE LINE REPRESENTING THE LEFT INSOLE. 

What can be seen in this graph is the zero calibration at the start (after 30 seconds). The two big 
peaks between seconds 220 and 233 are from calibrating the measurement skate. This was done 
by lifting one skate off the ground while the full body weight was resting on the other skate. 
After that calibration, the participant first skated to the start for his 5 laps (after 255 seconds). 
At the end of the run (487 seconds) the participant coasted, first on his left, then on his right and 
back to the left leg again. After that he made one final easy lap to get back to the start.  

Looking further into the data provided by the Moticon insoles, some peculiarities are observed. 
For every 1000 entries in the Moticon data, one double entry can be found (1001, 2001, etc). 
This holds true for both the timestamp and the total force measured, as can be seen in Figure 54. 
When using this data the force must be plotted against the timestamp to have correct results. 
When comparing the insole data directly with the instrumented skate data, for example when 
subtracting, it will cause a drift. To solve this problem, every 1000th line of the insole data is cut 
away.  
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FIGURE 54 - DUPLICATE AT EVERY 1001ST ENTRY IN THE MOTICON DATA 

SECOND TEST RUN 

So far, only data from the first test run has been treated. The second test run is checked for 
errors in the same manor. After all data was synchronized for time and force offsets, the 
instrumented skate data was plotted (Figure 55). From this plot it is obvious that something 
with the right instrumented skate data is wrong. Force offset correction was based on the 
synchronization moment just before the test. During the test, there is a shift in the force offset, as 
well as peak values that are way above reasonably expected values. Because there is no way to 
fix this problem, this second test run will be further ignored in this study.  

 

FIGURE 55 - SYNCHRONIZED DATA OF THE INSTRUMENTED SKATE FOR THE SECOND TEST RUN
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APPENDIX I – DETERMINATION OF STROKE LENGTH 

Stroke length can be determined in multiple ways. For example, the right stroke can start when a 
force is applied on the right skate or insole (F>0), or when its force value is greater than that of 
the left side (right force > left force). Both cases are researched to find the best outcome.  

STROKE STARTS AT CROSS-OVER POINT 

The easiest way of splitting the right and left strokes is to take the stroke start and end as the 
cross-over point between left and right. A right stroke is ‘active’ when right stroke force is 
greater then left stroke force. Adding up all the left and right side strokes of a test run will give a 
total time that is equal to the duration of the test run. With the start of the run taken from the 
second straight, we have nine straights and nine curves for a total of 156 strokes alternating 
between left and right.   

 

FIGURE 56 - STROKE LENGTHS FOR THE FIRST TEST RUN WHEN USING THE CROSS OVER METHOD 

The method of using the crossover point does however have a drawback. If one of the sides is set 
up wrong, then it’s measurement of stroke length directly influences the other side. For example, 
from the data it seems that the right skate measures larger forces then the left. This makes the 
right skate crossover the left skate earlier at the start and later at the end of the right stroke than 
when both sides would measure equal forces. These larger right leg forces could be the result of 
the skating technique of the participant or they could be a measurement error. In any case they 
directly influence the length of the left side strokes.  
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FIGURE 57 - DIFFERENT WAYS OF DETERMINING STROKE START AND END: DIAMONDS DEPICT THE 
CROSS OVER METHOD, WHILE CIRCLES REPRESENT THE END AND START POINTS WHEN CROSSING A 
PRE-SET VALUE 

STROKE STARTS WHEN EXCEEDING A PRESET VALUE 

Technically speaking, the stroke starts when the skate is placed on the ice and ends when it is 
lifted from the ice. This would imply that at the start the force goes up from zero and returns to 
zero at the end. This would define the starting point of the stroke when a force is found. The 
skating technique incorporates a double-stance phase, where both the left and right skate are on 
the ice at the same time. Summing the stroke lengths of both left and right during a test run 
would surpass the total time duration of the test run. It does however make stroke length of one 
side independent of the other side. If a skater would try to curl up his foot inside the speed 
skating boot when the skate is lifted from the ice, he would induce pressure on the insoles. This, 
together with other force residue inherent to the pressure sensor type, makes it that a zero force 
is not always found. Therefore the arbitrary limit of 200 N of force is chosen as start and end 
points of the stroke.  
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FIGURE 58 - STROKE LENGTH FOR THE FIRST TEST RUN WHEN USING THE >200 N CRITERION 

COMPARING METHODS 

To find the effect of each method on the stroke length, the stroke length means are plotted for 
each instrument and side. From Table 14 it can be found that the average stroke length increases 
with the >200N criterion. The biggest increase is found in the left skate. As suspected, the right 
skate had an influence on the left skate with the crossover method. Using the >200N method is 
still not very precise but it will allow for better comparison of the left and right side since this 
method makes the stroke length of each side independently of one another.  

TABLE 14 - MEAN STROKE LENGTH IN SECONDS FOR THE TWO DIFFERENT METHODS 

Stroke length (s) Crossover method >200N method 

Left skate 1,109 1,239 

Right skate 1,158 1,279 

Left insole 1,125 1,246 

Right insole 1,142 1,253 
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FIGURE 59 - DIFFERENCE IN MEASURED STROKE LENGTH FOR BOTH LEFT AND RIGHT WHEN USING 
THE CROSS OVER METHOD 

 

FIGURE 60 - DIFFERENCE IN MEASURED STROKE LENGTH FOR BOTH LEFT AND RIGHT WHEN USING 
THE >200 N CRITERION 
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APPENDIX J – MOTICON BEAKER SOFTWARE 
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APPENDIX K – MOTICON GAIT REPORT 
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APPENDIX L - REFLECTION 

The education at the Haagse Hogeschool is competency-based. During the study, a number of 
general HBO-Bachelor competencies and several program-specific competencies are to be 
acquired. During the internship for this project, the acquired competencies were applied but also 
improved. At the start of this project, an overview of the student’s competencies has been laid 
out. Now it is time to reflect on the competencies acquired during this internship. 

TABLE 15 - COMPETENCE SET (IN DUTCH) WHERE MARKED AREAS INDICATE AN IMPROVEMENT ON 
THE REFERENCE VALUES.  

Competentieset Werktuigbouwkunde & HBO 
Algemeen 

Taakrollen 

O
n

d
er

zo
ek

er
 

O
n

tw
er

p
er

 

A
d

vi
se

u
r 

B
eh

ee
rd

er
 

P
ro

je
ct

le
id

er
 

O
n

d
er

n
em

er
 

nr. Competenties Werktuigbouwkunde 
1 Projectmanagement uitvoeren (organiseren, uitvoeren, verslag opstellen) 4 3 3 

 
3 

 
2 Een onderzoeksopdracht uitvoeren 4 

 
3 

   
3 Het kunnen opstellen van een productdefinitie, PVA en PVE voor een 

duurzaam product of proces 
3 3 3 

 
3 

 

4 Het realiseren van een functioneel duurzaam product of 
voortbrengingsproces  

3 
    

5 Het realiseren van een detailontwerp voor een duurzaam product of 
voortbrengingsproces  

3 
  

3 
 

6 Het realiseren van een prototype/model van een duurzaam product of 
voortbrengingsproces  

3 
    

7 Het voorbereiden van een voortbrengingsproces 3 
 

3 2 3 
 

8 Het produceren van een duurzaam product 
    

3 
 

9 Het beheren of onderhouden van een product of proces 3 
  

2 
  

 Algemene HBO competenties 
 

10 Kritisch handelen (analytisch en probleemoplossend vermogen en het 
onderbouwen van keuzen, oordeelsvorming) 

4 3 
    

11 {ȅǎǘŜƳŀǘƛǎŎƘ ŜŜƴ ǇǊƻōƭŜŜƳ ŀŀƴǇŀƪƪŜƴ όŎǊŜŀǘƛŜǾŜΣ Ǉƭŀƴπ Ŝƴ ǇǊƻƧŜŎǘƳŀǘƛƎŜ 
werkhouding) 

4 3 
    

12 Samenwerken (sociaal communicatieve vaardigheden) 
3 3 

    
13 Persoonlijke en professionele ontwikkeling 

4 3 
    

14 zelfverantwoordelijk werken 
3 3 

    
15 Kunnen functioneren in een internationale en/of multiculturele context 

      

TABLE 16 - COMPETENCE LEVELS OVERVIEW (DUTCH) 

Overzicht Competentie Niveaus 

 

taakrol 

geleid zelfstandig sturend 

C
o

n
te

xt
 

simpel 1 2 3 

lastig 2 3 4 

complex 3 4 5 
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Appendix L - Reflection 

The education at the Haagse 
Hogeschool is competency-based. 
During the study, a number of 
general HBO-Bachelor 
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