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Abstract— We have tried to develop a compact system to 

measure directly the pressure absorption of shoe soles. For that 
we build a portable system of two sensorized shoe insoles, able to 
acquire information about the pressure and send the information 
wiressly to a PC. The idea was to place one sensorized insole at 
the inside of the shoe and the other insole on the sole of the shoe. 
In that way we wanted to measure differences. We thought that 
the impact on the sole should be greater than the impact on the 
inside of the shoe in case that the sole has pressure absorption 
properties. In fact as we did the measurements we could identify 
significant differences. Nevertheless as we showed the system to a 
mechanical engineer he told us that according the force on the 
sole should be equal to the force on the inside of the shoe. 
Consequently if no further theoretical considerations are taken 
this system is not valid to make a direct conclusion about the 
cushioning properties of the shoe sole. Although the system has 
proved to be valid to measure pressures on the sensorized insoles 
as a regular sensorized insole system does. 
 

Index Terms—Plantar pressures, absorption study, failed 
system, vertical impact on shoes 

I. INTRODUCTION 
owadays in the shoe industry more and more technology 
and engineering are used to produce high quality 

products. Concretely in the area of the running and 
skateboarding shoes most importance is given to the sole. A 
good sole can absorb a big part of impacts.  
Nowadays there are various procedures of measuring the 
attenuating properties of shoe soles. To understand them we 
differentiate two blocs: The first one is the generation of the 
force in the shoe. The force can be generated by machines or 
by humans. The second bloc is the measuring of the forces 
that occur to the shoe or insole during the external force 
application. That is done by sensorized shoe insoles, 
dynamometric platforms or indirectly through low-weight 
accelerometers. 
For example measuring the couching properties of shoe 
insoles through a combination of a machine and a low-weight 
accelerometer is found in the study of  “Chiu, HT., Shiang, 
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T.Y., & Lin, D.C. (2001)” [1] or “Hung Ta Chiu (2005)” [2]. 
An example of the study of shock attenuation characteristics 
with human generated forces using sensorized insoles is done 
by “Windle, C.M., Gregory, S.M., & Dixon, S.J. (1999)” [3] 
or “House CM, Waterwoth C, Allsopp AJ, Dixon SJ (2002)” 
[4]. 
All of these studies have in common that the absorption of the 
shoe soles/insole is obtained indirectly or through various 
tests. For example “Hung Ta Chiu” tries to find out the energy 
absorbed by insoles in typical sports shoes with impact testing 
method. He uses the impact machine on the shoe without the 
insole and then he repeats the impact with an insole. Through 
comparison of the information given by the accelerometer  in 
the two cases a conclusion of the energy absorption is done. 
Same happens when cushining is tried to be measured through 
human impact forces and sensorized insoles/dynamometric 
platforms. “Windle, C.M., Gregory, S.M., & Dixon, S.J. ”  in 
their study: “Four types of insoles were assessed: viscoelastic 
polymetric insole (Cambion(R)) polymetric foam insole 
(PPT(R)) Saran insole (military issue) and Sorbothane(R). 
There was a fifth control condition in which no insoles were 
used.” We see that it´s also a indirect method as the pressures 
obtained from the group without insoles has to be compared to 
the group with insoles. 
For that reason the objective of this project was to do a 
compact system that could measure directly the cushioning 
with only one test. The system could be used to simplify the 
testing’s with an impact machine as the accelerometer would 
not be needed anymore. That would save time because 
accelerometers are difficult to configure and interpretate. Then 
also the system, if used in human generated forces, would 
make measurements much more precise and quick because 
only one test would be needed. 
Although that the developed system is momently theoretically 
not correct at least it might save time to other researchers that 
get the same idea. In case a different theoretical interpretation 
is found this system is correct and consequently is a 
contribution in the field of measuring cushioning properties. 
Also the system has proved to give approximated correct 
values of the pressures. In that way it is possible to be used as 
a regular portable sensorized insole system. Consequently it 
would be possible to measure the cushioning of shoes due 
various tests. If the theoretical problem hadn´t occurred a few 
days before the deadline of this project a study of the 
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cushioning of different sport shoes due a human vertical 
impact would have be done. 

II. COMPACT SYSTEM TO MEASURE ABSORPTION 
The system is basically as a regular portable sensorized insole 
system. The difference is that it´s designed so that one insole 
is placed in the inside of the shoe and the other insole on the 
sole of the shoe, as shown in figure 1. Also the Labview 
application is specially designet to calculate the cushioning 
from the information of the pressure of the two soles. 
 

 
Fig. 1.  System to measure absorption worn by a test person 

 
 

 
Fig. 2. Overview of the components of the system 

 
 
 
 

 
 
 

To explain the system it is useful to differentiate 5 functional 
parts: 
 

1. Instrumented insoles 
The instrumented soles get the information about the impact 
through piezoelectric sensors and transmit it through a flat 
cable. 
4 piezoelectric PZT sensors from Murata (7BB-35-3L0) are 
used. These type of sensors are the most used in instrumented 
insoles because they can be very small, are sensible and cheap. 
The characterization of the sensors was done using a closed air 
pressure system. In that system an air gun was mounted on a 
tube. On the end of that tube the piezoelectric sensors was 
fixed. No air could get away in that closed system. When the 
trigger of the gun was pulled the pressure in the inside of the 
tube raised until the value showed on the compressor. So the 
voltage in that moment was measured and finally the relation 
between voltage and pressure could be found.  

 

2. Conditioning circuit 
The signal that comes out of the sensors is not appropriated to 
get directly into the sending module, for that reason a 
conditioning circuit is used. 
The first problem is that the voltage produced by the 
piezoelectric sensors sometimes gets over 100V. The 
microprocessor only allows voltage until 3.4V otherwise it 
breaks. To solve that problem the output of the sensors is 
connected to a variable resistor. In that way it´s possible to 
reduce the voltage so much as needed. 
Also another problem is that the microprocessor needs that 
whatever is connected to him has a low output impedance. 
Otherwise the so-called voltage error occurs. To assure that an 
operation amplifier is mounted behind the resistor. The 
operational amplifier doesn´t change the voltage of the circuit 
but guaranties low output impedance. 
Finally as the operational amplifiers need to be supplied a two 
AA batteries slot is connected to the whole circuit. 

 
Fig. 3. Scheme of the conditioning circuit 
 

3. Sending and reception modules 
After the information coming from the sensors is conditioned 
it needs to be proceeded by a computer. Nevertheless direct 
connections to the PC present various disadvantages. One of 
them is that the soles has the utility to be used in movement 
and large wires can difficult that task as they can break. For 
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that reason the connection is made first to a sending module 
situated near the body. That module send the information to 
another module connected to the PC. The information received 
by the second module sends the data through USB port to the 
Computer. 
That heart of the reception and sending modules are XBee S1 
chips, from the company Freescale. The chips have an 10bit 
analog-to-digital converter and a 60K internal flash memory.  

 
Fig. 4. XBee S1 module 

 
The Xbee modules had to be programed adequately in order to 
make the reception and sending of the data. The sending XBee 
is programed to obtain the quickest acquisition velocity. The 
programing was done with Codewarrior, an integrated 
developing environment from Freescale. 

4. Accessories  
Finally a small box is used to introduce the conditioning 
circuit and the sending module. The box is fixed on the belt to 
be portable. Then a rubber band is used to fix the insole that is 
placed under the shoe as seen in figure 1. 

5. Labview application 
Once the information arrives at the PC it´s still not ready to be 
easily interpreted. So the information is treated by a Labview 
application.  
 

 
Fig. 4. Screenshot Labview application 

 

III. SUMMARY TECHNICAL CHARACTERISTICS 
TABLE 1 

CHARACTERISTICS OF THE INSOLES 
 

 
 

 
TABLE 2 

CHARACTERISTICS OF THE COMPLETE SYSTEM 
 

 

IV. THEORETICAL CONFLICT 
The foot-sensor-shoe-sensor system can be simplified: 

 

 
Fig. 5. Simplified diagram of the system 

 
Initially we considered that at the moment of the impact the 
force that is acting between the ground and the shoe should be 
bigger than the force between the shoe and the foot. 
Nevertheless considering Newtons 3 Law “To every action 
there is always an equal and opposite reaction” we conclude 
that the force between the shoe and the sensor has to be equal 
to the force between the foot and the shoe in every single 
moment.  
 

V. METHODS 
To demonstrate the capability of the portable data-acquisition 
system, multiple walking tests of a normal adult subject (male, 
weight: 65, and height: 175) were conducted. The subject 
wore a “DC Tonik S” shoes through the whole test. Before the 
test the subject walked 5minutes to get used to the sensorized 
insole system. It was told to the subject to walk at a normal 
rhythm.  Once the 5 minutes passed the test phase started. 
During the walking test the subject always pressed the 
acquisition button just before stepping with the foot in which 
he had the sensorized insole system. A walking study with 
sensorized insoles is described elsewhere [5]. 
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VI. RESULTS, DISCUSION AND CONCLUSION 
The variable that was pretend to analyze through the test was 
the peak pressure. After repeating the test 10 times the 
following average values were calculated: 
 
Insole situated on the sole of the shoe: 
Posterior heel: 779,44kPa 
Metatarsal: 716,1kPa 
 
Insole situated in the inside of the shoe: 
Posterior heel: 719,12kPa 
Metatarsal: 551,11kPa 
 
Consequently the differences: 
Posterior heel: 60,32kPa 
Metatarsal: 164,99kPa 
 
The peak planar pressures obtained with our portable unit give 
consisted with results reported by others [5]. A. Martinez 
found peak pressures in shod walking to be 750kPa at the  
posterior heel and 1240 at metatarsal. Gross and Bunch [6] 
reported peak pressures of 140-450 kPa. The study of 
Martinez is an example of high peak pressures values obtained 
and Gross and Bunch an example of low values. As our values 
are between those two they can be considered as coherent. 
 
Consequently the system is valid for measuring planar 
pressures. 
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