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Abstract 

E-Textile is the future of clothing, providing added values to the wearer using electronic 
components embedded into fabrics. Conductive yarns are a crucial component for E-
Textile enabling the connection of different components. The first objective of this project 
was to analyze off-the-shelf conductive yarns doing their performance characterization in 
different operational conditions. An important issue found is the effect of human skin 
contact with the conductive yarn on the performance of sensor readings. 

To do this study an Arduino platform is used along with the most common type of 
conductive yarns: stainless steel. 

The second objective of this project was to develop an application using e-textile 
components, specifically to develop a fall detector. For this, a 9-DOF sensor that has an 
accelerometer, a gyroscope and a magnetometer is sewn to a t-shirt along with the 
Arduino platform using conductive yarns. Several fall detector algorithms has been 
implemented and tested to find the most efficient algotithm for the fall detection. 

 

  



 

 2 

Resum 

La tecnologia E-Textile es el futur de la roba ja que donarà a l’usuari l’oportunitat 
de portar components electrònics a la roba. Els fils conductors són un element crucial per 
l’E-Textile ja que permeten una fàcil connexió entre els diferents components. El primer 
objectiu d’aquest projecte es analitzar els fils conductors per obtenir la seva 
caracterització en diferents condicions operacionals. Un important problema que s’ha 
trobat és l’efecte de la pell humana en els fils conductors alhora de rebre lectures 
d’alguns sensors. 

Per realitzar l’estudi s’ha utilitzat la plataforma Arduino juntament amb els fils 
conductors més utilitzats comunament, els d’acer inoxidable. 

El segon objectiu del projecte es desenvolupar una aplicació utilitzant 
components E-Textile per desenvolupar un detector de caigudes. Per crear-lo, s’ha 
utilitzat un 9-DOF sensor que conte un acceleròmetre, un giroscop i un magnetòmetre, 
cosit a una samarreta juntament amb un Arduino utilitzant fils conductors. S’han 
desenvolupat diferents algoritmes de detecció de caigudes i s’han testejat per tal de 
trobar el més eficient i precís. 
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Resumen 

La tecnología E-Textile es el futuro de la ropa ya que dara al usuario la 
oportunidad de llevar Componentes electrónicos en su ropa. Los hilos conductores son 
un elemento crucial para el E-Textile ya que permiten una fácil conexión entre los 
diferentes componentes. El primer objetivo de este proyecto es analizar los hilos 
conductores para obtener su caracterización en diferentes condiciones operacionales. 
Un importante problema que se ha encontrado es el efecto de la piel humana en los hilos 
conductores junto con algunos componentes. 

Para realizar el estudio se ha utilizado la plataforma Arduino juntamente con los 
hilos conductores más comúnmente usados, los de acero inoxidable. 

El segundo objetivo del proyecto es desarrollar una aplicación usando 
componentes de E-Textile para desarrollar un detector de caídas. Para crearlo, se ha 
utilizado un 9-DOF sensor que contiene un acelerómetro, un giroscopio y un 
magnetómetro, cosido en una camiseta junto con un Arduino usando los hilos 
conductores. Se han desarrollado diferentes algoritmos de detección de caída y se han 
testeado para encontrar el más eficiente y preciso. 

  



 

 4 

Dedications 

 

To Dr. Ilker Demirkol from the Department of Telematics Engineering of the UPC 

for its support and help with the project. 

To my family for allowing me to do this university career. 

  



 

 5 

Acknowledgements 

I would like to thank all the people that made this work possible. Foremost, I would like to 

express my sincere gratitude to Dr. Ilker Demirkol for being the advisor of my project and 

giving me advice every time I need it. Finally I want to thank my family and my friends for 

giving me support when I needed it. 

  



 

 6 

 

Revision history and approval record 

Revision Date Purpose 

0 05/01/2015 Document  creation 

1 21/01/2015 Document  revision 

   

   

   

 

DOCUMENT DISTRIBUTION LIST 

 Name  e-mail 

Jordi Grabulosa Solés jgrabulosaso@gmail.com 

Ilker Demirkol Ilker.demirkol@entel.upc.edu 

  

  

  

  

 

Written by:  Reviewed and approved by: 

Date 21/01/2016 Date 21/01/2016 

Name Jordi Grabulosa Solés Name Ilker Demirkol 

Position Project Author  Position Project Supervisor 

  



 

 7 

Table of contents 

 

Abstract ............................................................................................................................ 1 

Resum .............................................................................................................................. 2 

Resumen .......................................................................................................................... 3 

Acknowledgements .......................................................................................................... 5 

Revision history and approval record ................................................................................ 6 

Table of contents .............................................................................................................. 7 

List of Figures ................................................................................................................... 9 

List of Tables: ................................................................................................................. 10 

1. Introduction .............................................................................................................. 11 

1.1. What is E-Textile .............................................................................................. 11 

1.2. Statement of purpose ....................................................................................... 11 

1.3. Requirements and specifications ...................................................................... 12 

1.4. Methods and procedures .................................................................................. 12 

1.5. Work plan and gantt diagram ............................................................................ 13 

1.6. Deviations and incidences ................................................................................ 14 

2. State of the art ......................................................................................................... 15 

2.1. History of E-Textile ........................................................................................... 15 

2.2. E-Textile ........................................................................................................... 16 

2.2.1. ZOLL life vest ............................................................................................ 16 

2.2.2. Vivonoetics life shirt ................................................................................... 16 

2.2.3. Georgia Tech Wearable Motherboard ....................................................... 16 

3. Conductive yarn characterization: ............................................................................ 17 

3.1. Analysis of the conductive yarn ........................................................................ 18 

3.1.1. Analysis of the power loss on a conductive yarn ........................................ 18 

3.1.2. Analysis of voltage and frequency on a conductive yarn when stretched ... 18 

3.1.3. Analysis of voltage and frequency on a conductive yarn when wrinkled .... 19 

3.1.4. Analysis of voltage and frequency on a conductive yarn when touched ..... 19 

3.2. Analysis of the effect of the sweat on conductive yarns by using a simulated 

temperature sensor ..................................................................................................... 20 

3.2.1. Methodology .............................................................................................. 20 

3.2.2. Results ...................................................................................................... 21 

3.3. Analysis of the effect of the sweat on conductive yarns by using a light sensor 23 



 

 8 

3.3.1. Methodology .............................................................................................. 24 

3.3.2. Results ...................................................................................................... 25 

3.4. Causes of the error ........................................................................................... 27 

3.4.1. Cause of the temperature sensor error ...................................................... 28 

3.4.2. Cause of the light sensor error .................................................................. 29 

4. Implementation of a fall detector on clothes and shoes............................................ 31 

4.1. What is a fall? ................................................................................................... 31 

4.2. Fall detector algorithms .................................................................................... 34 

4.2.1. Algorithm 1: Instant fall detector ................................................................ 35 

4.2.2. Algorithm 2: Fall detector using only an accelerometer .............................. 35 

4.2.3. Algorithm 3: Fall detector with accelerometer and gyroscope .................... 35 

4.2.4. Algorithm 4: Athlete fall detector ................................................................ 36 

4.3. Results ............................................................................................................. 36 

4.4. Fall detector on a shoe ..................................................................................... 37 

5. Budget ..................................................................................................................... 38 

6. Conclusions and future development: ...................................................................... 40 

6.1. Conclusions of the study of the conductive yarn ............................................... 40 

6.2. Conclusions of the fall detector ......................................................................... 40 

Bibliography: ................................................................................................................... 41 

Appendices: .................................................................................................................... 42 

Glossary ......................................................................................................................... 46 

 

  



 

 9 

List of Figures 

Figure 1. Gantt diagram 

Figure 2. Conductive yarn 

Figure 3. Conductive yarn sparking 

Figure 4. (1) Arduino Lilypad Simple Board (2) Lilypad temperature sensor (3) Lilypad light sensor 

Figure 5. Circuit used to simulate temperature sensor 

Figure 6. Graphic of the simulated temperature sensor test results 

Figure 7. Graphic of the errors of the simulated temperature sensor test results 

Figure 8. Equivalent circuit of the light sensor 

Figure 9. Curve luminance/current that follows the TEMT6000 

Figure 10. Graphic of the light sensor test results 

Figure 11. Graphic of the errors of the light sensor test results 

Figure 12. Equivalent circuit of human skin 1 

Figure 13. Equivalent circuit of human skin 2 

Figure 14. Equivalent circuit for both devices 

Figure 15. Equivalent circuit for the temperature sensor 

Figure 16. Equivalent circuit of the light sensor 

Figure 17. (1) Representation of a backwards fall (2) Position of the 9-DOF sensor (3) Orientation of 
the 9-DOF sensor 

Figure 18. Graphic of the evolution of a backwards fall for the axis X, Y, Z and its average 

Figure 19. Comparison between the acceleration and movement during a fall 

Figure 20. Representation of the pendulum effect 

Figure 21. Flow charts of the four fall detection algorithms 

 

 

 

 

 

 

 

 

 

  



 

 10 

List of Tables: 

Table 1. Power loss test results 

Table 2. Temperature sensor test results 

Table 3. Simulated temperature sensor test results 

Table 4. Voltage results converted into temperature 

Table 5. Light sensor test results 

Table 6. Light sensor test results converted into lux 

Table 7. Type of falls and axis affected 

Table 8. Results of the tests of the 4 fall detection algorithms 

Table 9. Costs of the first prototype 

Table 10. Costs of an operative prototype 

Table 11. Total cost of the project for 1 month 

 

 

 

 

 

 

  



 

 11 

1. Introduction 

1.1. What is E-Textile 

  

E-textiles are a new emerging field of research, bringing together specialists in 

information technology, microsystems, materials and textiles. It provides added values to 

the wearer by adding digital and electronic components embedded into fabrics and it 

gives to us the opportunity to create smart clothes. The main advantages of E-Textiles 

are that they are very flexible, they provide a large surface of sensing, it can be invisible 

for others because it’s unseen and it’s cheap to manufacturing. 

Smart textiles can be divided in two categories: Aesthetic and Performance 

Enhancing. The aesthetic category is the artistic part of the E-Textile, from fabrics that 

light up to fabrics that change its color. On the other hand, the Performance Enhancing is 

the healthy part of the E-Textile, it creates fabrics that can control and regulate your body 

temperature, heartbeats or detect if a person has fallen or not. This project is based on 

Performance Enhancing. 

1.2. Statement of purpose 

 

The first objective of the project is the characterization of the conductive yarns. 

Conductive yarns are one of the most common wires used on E-Textile products. They 

look like normal yarns (flexible and washable) but due to their stainless steel composition 

are also conductive. The main problem of conductive yarns is that there are no 

researches about them and their behavior, therefore we decided to research and 

investigate them and create a paper with all the results obtained for future studies. The 

research consists on study the behavior of the conductive yarns by doing stress tests, 

power loss tests or changing its environment and after this study, if some strange 

behavior has been found, investigates it more deeply. 

The second objective of the project is the creation of a fall detector for elderly. 

Actually the fall detectors exist but they are devices that hang on a necklace. The idea of 

this project is to implement those fall detector on fabrics, i.e. T-shirts and shoes. To 

create the fall detector it will be used an Arduino Lilypad and a LSM9DS0 that contains a 

3D accelerometer, a 3D gyroscope and a 3D magnetometer. This objective will consist on 

analysing what is a fall and what happens during it and then implement the information 

obtained to develop different algorithms to detect falls. 
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1.3.  Requirements and specifications 

 

Project requirements: 

-  Study and characterization of the conductive yarn. 

-  Development and implementation of a fall detector using an Arduino Lilypad E-

Textile platform and a 9-DOF sensor. 

-  Development of an algorithm for Arduino to detect whether a person has fallen or 

not. 

Project specifications: 

-  The fall detector must fit in a T-shirt and in a shoe. 

-  The algorithm must differentiate if a person has fallen or not. 

-  The device should be washable. 

-  The device should have a low consumption. 

 

1.4.  Methods and procedures 

 

 This project is based on the devices developed by Arduino to introduce the 

common user to the E-textile world. Arduino created the Arduino Lilypad idea that shows 

people an easy way to create their own E-Textile products. The kit used for the project 

has an Arduino Lilypad simple board that contains an ATmega328 and several devices.  

 The first part of the project is the investigation and characterization of the 

conductive yarns. Different physical experiments have been developed to understand its 

behaviour. The first test is to know if the conductive yarns have big power losses by 

connecting a temperature sensor to the Arduino Lilypad using different lengths of 

conductive yarn and measuring the voltage. The second test is to know if the voltage and 

frequency is affected by stretching and wrinkling the conductive yarns. The last test is to 

know if the voltage and frequency is affected by touching the conductive yarns with dry 

skin and sweaty skin. In the case of touching conductive yarns with sweaty skin, it has 

been done a more exhaustive investigation 

 The second part of the project is the creation and development of a fall detector. 

Firstly it has been done an investigation of how is a fall by assembling the 9-DOF sensor 

on the shoulder of a T-shirt to see what happens on the acceleration and gyroscope 

when a person falls. This investigation has been used to perform the algorithms of the fall 

detector. To develop the fall detector, four different algorithms have been developed that 

can detect a fall by using different information and resources. The four algorithms have 

been tested to know which is the best.  
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1.5.  Work plan and gantt diagram 

Work Packages:  

Project: Characterize the conductive yarn communication 
 

WP ref: (WP1) 

Major constituent: Hardware 
 

Sheet 1 of 4 

Short description: 
This block consists on testing the conductive yarn with 
different sensors in different environments to know its 
behavior for future implementations. 
 
 
 

Planned start date: 
05/10/2015 
Planned end date: 
18/11/2015 

Start event:T1 
End event:T2 

Internal task T1: Test the conductive yarn to see if there 
are errors on voltage, frequency or power lost by 
touching, wrinkling or stretching it. 
Internal task T2: In case of finding an error in one of the 
previous tests, investigate more deeply in that case. 

Deliverables: Dates: 

 

Project: Develop and implement the fall detector on T-
shirt 

WP ref: (WP2) 

Major constituent: Hardware and software 
 

Sheet 2 of 4 

Short description: 
This block consist on design a hardware circuit on a T-
shirt were all the devices needed can fit and develop an 
algorithm that detects the movement of falling over all the 
other movements to detect if the person has fallen or not. 
 
 

Planned start date: 
16/10/2015 
Planned end date: 
30/11/2015 

Start event:T1 
End event:T2 

Internal task T1: Design the circuit for the T-shirt. 
Internal task T2: Develop algorithms to process the data 
that 9-DOF IMU sensor collects to classify the falls 
correctly. 

Deliverables: Dates: 

 

 

Project: Implement the fall detector in the shoe 
 

WP ref: (WP3) 

Major constituent: Hardware and software 
 

Sheet 3 of 4 

Short description: 
This block consists on design a circuit that fits on a shoe 
like the one used on the T-shirt and made the necessary 
changes to the algorithms to make it work properly on a 
shoe. 

Planned start date: 
1/12/2015 
Planned end date: 
unknown 

Start event:T1 
End event:T2 

Internal task T1: Design the circuit for the shoe 
Internal task T2:Change the algorithms to make them 
work properly on a shoe 

Deliverables: Dates: 
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Gantt diagram: 

 

Figure 1. Gantt diagram 

1.6.  Deviations and incidences 

  

Due to a technical problem with the 9-DOF sensor, the project has been 

temporally stopped on its third phase, the development of the fall detector attached on a 

shoe. There has been a problem with the accelerometer of the 9-DOF sensor that we 

could not solve, it got stuck in a fix value when we were reading the acceleration and it 

never changed. The problems started during the tests on the T-shirt, the error appeared 

sometimes but by disconnecting and connecting the Arduino from the computer it 

disappeared. But unfortunately, after sewing the 9-DOF sensor on the shoe, the problem 

appeared again and it never worked correctly again. We are still in contact with the 

technical support of the product and looking for alternative accelerometer solutions to 

deploy on a shoe. 

Due to this problem, the development of the fall detector on a shoe was stopped 

pending on the answer of the company that sent to us the 9-DOF sensor. 

 The initial idea of adding a Bluetooth on the fall detector to have communication 

between the fall detector and a mobile phone has been discarded for time reasons. 
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2. State of the art 

Humanity is always searching for new technologies to improve the quality of life. 

Lots of years ago, to keep warm they created clothes and even in our time we still use an 

improved version of those clothes. So it’s interesting to see that the clothes are an 

important part of our live and everyone in the world uses them. Now we have to point to 

the future, what we can do with this objects that everyone uses and the answer is E-

Textile.  

E-Textile is the future of clothing. It consists on bring our technology to the 

clothing. Imagine if you could have a health center in all your T-shirts. That would greatly 

improve our standard of living. But we don’t have to look to the future because this 

technology already exists and now it’s being developed.  

2.1. History of E-Textile 

The electric engineering had its greatest progress during the 19th century and lots 

of scientific were investigating and developing it. It was at that moment when appeared 

the first E-Textile products focused on fashion combining electricity and clothes to 

create illuminated and motorized necklaces, costumes, hats and broaches. 

During those years, E-Textile was only for fashion but it was during the space race 

it was developed for the astronaut suits to regulate the body temperature and the 

pressure of the suit. It was at that moment when people realized the importance of this 

technology but the main problem was that the technology of those ages was very archaic 

and expensive and it was impossible to bring to the ordinary people.  

During the early-1990s, a group of the MIT began to develop computers 

integrated into bodies for military use but they were not wearable and very cumbersome 

to move around it. After that investigation, another group of the MIT began to explore how 

to integrate digital electronics into clothing by using conductive fabrics and they 

developed a method for sewing electronic circuits. Leah Buechley, a student of the MIT, 

created one of the most used wearable, the Arduino Lilypad. 

On the 1998, Levi and Phillips Electronics begin the integration between fashion 

and technology and on 2001 started the medical integration into clothing developed by 

ZOLL LifeVest[15]  and Vivometrics[16]. 
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2.2. E-Textile 

 

The actual trend of the E-Textile products is the health. There are some 

companies that developed health E-Textile products to improve the quality of life of the 

users. The principal advantage of E-Textile is that it provides a very systematic way of 

monitoring the vital signs of humans in an unobtrusive manner. The E-Textile products 

developed for this companies uses copper wires instead of using conductive yarns and 

that limits the production of a textile. The conductive yarns gave to us the possibility to 

have flexible and washable products that are easy to manufacture by sewing them. 

2.2.1. ZOLL life vest 

The company ZOLL[15] has developed the ZOLL Life Vest. It is a wearable 

defibrillator for patients at risk for sudden cardiac arrest, providing protection during their 

changing condition. It allows to the patient’s physician time to assess their long-term 

arrhythmic risk to make appropriate plans. It’s lightweight and easy to wear, that allows 

patients to do common life while it continuously monitors the heart and if a life-threatening 

heart rhythm is detected, the device delivers a treatment shock to restore normal heart 

rhythm. 

2.2.2. Vivonoetics life shirt 

The Vivonoetics[16] life shirt is a garment with embedded sensors that 

continuously collect information in a range of cardiopulmonary parameters.  Those 

sensors are woven into the shirt around the abdomen. There’s also a sensor that 

measures the hearth rate and an accelerometer that measures the posture and activity of 

the patient. Optionally, it can have peripheral devices that measure blood pressure, EEG, 

audio, temperature and blood oxygen saturation. 

The LifeShirt is continuously encrypting and saving the subjects physical data on 

a flash memory card allowing to the researchers to investigate and analyse the patient’s 

body behaviour in search of problems. 

2.2.3. Georgia Tech Wearable Motherboard 

The Georgia tech Wearable Motherboard is the first wearable motherboard or 

intelligent garment for the 21st century. It uses optical fibers to detect bullet wounds and it 

has special sensors and interconnections to monitor the body vital signs during combat 

conditions. It provides an extremely good sensing, monitoring and information processing 

devices.    
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3. Conductive yarn characterization:  

A conductive yarn is a special type of yarn used by the E-Textile industry and its 

main characteristic is that it contains stainless steel on its fibers and it makes it a 

conductive material. They look like a normal gray yarn but it can be colored to be used in 

different clothes without highlighting much. There are a lot of different types of conductive 

yarns[5] that can contain different quantities of stainless 

steel. Depending on the product you want, you can vary 

the % of stainless steel. The properties of the conductive 

yarn will change depending on the one we use. If it’s 

100% stainless it will be thin with a good conductivity but 

it will be expensive. Instead, if we use a 20% stainless 

steel and 80% polyurethane conductive yarn it will be 

cheaper but with worse conductivity and thicker than the 

other one.  

The one used for this project [4] is composed of 100% by stainless steel with a 

resistance of 91.8 Ohms/m. The conductive yarn is made 

by conductive stainless fibers [6] of 8μm tight with an 

elongation ratio of 1.60% and the composition of the 

stainless steel is the 316L[7] which composition is Fe, 

<0.03% C, 16-18.5% Cr, 10-14% Ni, 2-3% Mo, <2% Mn, 

<1% Si, <0.045% P, <0.03% S. Curiosity about the 

conductive yarns; they sparkle if there’s a short-circuit 

and we must be careful with it or it can burn a flammable 

fabric easily.   

The devices used to test the conductive yarn are the Arduino Lilypad, the 

MCP9700 thermistor [2], the TEMT6000 [3] and a set of devices to measure and simulate 

frequencies and voltages. The Arduino Lilypad is 

one of the most common computers used on E-

Textile industry because it is widely used for its 

ease of use and it has a special design that 

makes it easy to be sewed on a textile. It 

contains an ATmega328 [1] that can be 

programmed like a normal Arduino. The 

MCP9700 thermistor is the one that uses the 

temperature sensor from the Arduino Lilypad kit 

and it has 3 connections, Vcc, GND and S 

where S gives to us the information of the 

temperature with a sensitivity of 10mV/ºC. The 

TEMT6000 is a transistor that regulates the 

amount of current that passes through it depending on the light affecting him.  

  

Figure 4. (1) Arduino Lilypad Simple Board 
(2) Lilypad temperature sensor (3) Lilypad 
light sensor 

Figure 3. Conductive yarn sparking 

Figure 2. Conductive yarn 
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3.1. Analysis of the conductive yarn 

When the conductive yarns are sewn into a textile, they are affected by different 

physical effects. They can be stretched, wrinkled or they can touch the skin. Those 

changes can affect their behavior and should be analyzed. Also, conductive yarns are not 

perfect and can have some power loss which should be analyzed. 

To know if those effects affect the behavior of the conductive yarn, it has been 

developed a set of tests. 

3.1.1. Analysis of the power loss on a conductive yarn 

To know if the conductive yarn has some power loss, it has been used to connect 

the Arduino Lilypad with the temperature sensor. The temperature sensor has 3 

connections; Vcc, GND and S were S is the voltage that represents the temperature that 

is reading. With this simple circuit is possible to see if there’s any power loss by 

measuring the voltage of S in each of the ends to see if there’s any type of change by 

using the formula       
     
 

   
  where Vloss is S. 

To do this test it has been used 4 different sizes of conductive yarn, 10cm, 50cm, 

1m and 2m. The results obtained are the next ones: 

Length (m) Resistance (Ω) Vloss (V) Ploss(W) 

0.1 9.18 0 0 

0.5 45.9 0 0 

1 91.8 0 0 

2 183.6 0 0 

Table 1. Power loss test results 

In all cases the Vloss is 0 or less than 1mV, the minimum value that could measure 

the multimeter used for this test. 

It can be considered that the conductive yarn has no power loss. Everything has 

power loss in our world because there’s nothing perfect. If it had been used a conductive 

yarn of 50m surely it would have had losses but the conductive yarns used on E-Textile 

are for clothes and they should not be longer than 2m. 

3.1.2. Analysis of voltage and frequency on a conductive yarn when stretched 

To measure if there are any type of change on the voltage and frequency by 

stretching the conductive yarn, it has been used different weights of 0.1Kg, 0.2Kg, 0.5Kg 

and 1Kg. 

To test the voltage, it has been used a 20cm long conductive yarn and the same 

circuit as the power loss test. The measures of voltage have been done in both extremes 

of the conductive yarn using the different weights. The results have been that, in all the 

tests, the voltage is not affected by stretching the conductive yarn. 

In the case of the frequency, it has been used a conductive yarn of 20cm. To 

simulate the frequency it has been used a wave generator that simulated frequencies of 

1kHz, 10kHz and 16kHz (the working frequency of the Arduino) and it has been 

measured to see if there were any type of change by using the same weights of the last 
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test. The results have been that, in all the tests, the frequency is not affected by 

stretching the conductive yarn. 

3.1.3. Analysis of voltage and frequency on a conductive yarn when wrinkled 

For the wrinkling test, it has been used a conductive yarn of 2m long that have 

been wrinkled forming a S. 

 To measure if there is any change on the voltage, it has been used the 

temperature sensor to measure both ends of the conductive yarn like on the power loss 

test. The results have been that, in all the tests, the voltage is not affected by wrinkling 

the conductive yarn. 

To measure if there is any change on the frequency by wrinkling, it has been used 

a 2m wrinkled conductive yarn connected into a wave generator. It generated frequencies 

of 1kHz, 10kHz and 16kHz. The results have been that there are no changes on the 

frequency value. That’s because the Arduino works with low frequencies and the 

interferences normally appears at high frequencies. 

3.1.4. Analysis of voltage and frequency on a conductive yarn when touched 

To do this test it has been defined 2 types of contacts, touching the conductive 

yarn with skin and touching the conductive yarn with sweated skin. The E-Textile 

products can be focused on sports and the most normal thing that happens when you do 

sports is sweating and it will be interesting to study it. The normal quantity of salt in sweat 

is 35mmol/l, that’s equivalent to 1g of salt each liter of water. It has been used that value 

to do the tests. 

The circuit used for this test is the same as the one used in the power loss test 

using a 10cm length conductive yarn. To do the test, it has been touched the 3 

conductive yarns at the same time because if a circuit is sewed to a T-Shirt and it’s used, 

all the conductive yarns will be touching the skin. 

The temperature sensor common values are 0.5V when is at 0ºC and 0.75V at 

25ºC with a sensitivity of 10mV/ºC. 

 It has been done 4 tests during different moments of the day to have different 

temperatures and see the differences between them. 

# Test No touching (V) Touching (V) Touching with sweat (V) 

Test 1 0.734 0.741 0.813 

Test 2 0.709 0.711 0.793 

Test 3 0.733 0.730 0.777 

Test 4 0.701 0.707 0.788 

Table 2. Temperature sensor test results 

We can see how the values of the voltages have changed on the table when 

there’s a contact between the conductive yarn and the skin and the changes are even 

bigger when the skin is sweating. To see better the error, the first test has been done with 

an ambient temperature of 23.4ºC but when the conductive yarn has been touched it has 

changed to 24.1ºC and when the conductive yarn has been touched with sweat it has 

changed to 31.3ºC. That’s an error of approximately 8ºC. 

With these results, a deeper investigation must be done to see what and why it 
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appears those big errors when the conductive yarn is being touched with sweat.  

To measure if there is any change on the frequency by touching, it has been used 

a 10 cm conductive yarn connected into a wave generator. It generated frequencies of 

1kHz, 10kHz and 16kHz. The results have been that there are no changes on the 

frequency value.  

The frequency on the conductive yarns is never going to be affected by the 

physical effects of touching wrinkling and stretching at the working frequencies of the 

Arduino. 

3.2. Analysis of the effect of the sweat on conductive yarns by using a simulated 

temperature sensor 

3.2.1. Methodology 

To know better the effect of the sweat on the conductive yarns, it has been 

developed a more exhaustive test. This test consist on touching the conductive yarns with 

different areas and different voltages. The areas of touching are 2cm, 5cm and 15 cm 

and the voltage goes from 0V to 5V, the normal working voltages for an Arduino. 

The initial idea of the test was to use the multimeters and power generators from 

the UPC labs but during the first test it was found that those generators had big 

oscillations of the order of 0.1V and it was impossible to do the tests, 0.1V represents a 

temperature error of 10ºC. To avoid this problem, batteries of 1.5V and 9V have been 

used, they are very stable with no fluctuations. 

The temperature sensor only had a normal range of operation between 0.4V (-

10ºC) and 0.9V (40ºC) on its measuring voltage (S) and it’s a problem to know the 

behaviour of the conductive yarns at voltages between 0V and 5V. To solve that, it has 

been used a voltage divider. The resistances used are between 500 Ω and 1500 Ω to 

have values approximately of the order of the ones on the temperature sensor. 

To avoid this problem, batteries are used with a voltage divider with the 

resistances that simulate the temperature sensor it has been possible to obtain values 

between 0V and 5V, the only problem is that those values are not exact values like 1.5V 

or 3V.  

The circuit has been connected to the Arduino Lilypad using conductive yarns to 

obtain the data on the computer, the exact voltage and the theoretical value in 

temperature. The conductive yarns have been sewed on a piece of 30cmx20cm of fabric. 

On the next image it can be seen the circuit and the zone of contact with my skin: 

Figure 5. Circuit used to simulate temperature sensor 
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Where Vbatt is the voltage of the battery that can be 1.5V, 3V or 9V depending on 

the voltage you want, R1 and R2 are the voltage divider and they simulate the 

temperature sensor, Vmeasured is the voltage measured that represents the temperature. 

GND and Vcc are from the Arduino Lilypad, Vcc is not connected because it’s not needed, 

but is on the test because in the real circuit it’s used and not using it could report errors 

on the final results. The red lines are the conductive yarns and they have a size of 20cm 

and the blue zone is the contact zone were the skin touches the conductive yarns. 

3.2.2. Results 

The results are divided in 2 parts, the table of the results plus two graphics to 

understand the table and the conclusions of the tests. 

The results obtained during the test are the next ones: 

No contact(V) 2cm contact (V) 5cm contact (V) 15cm contact (V) 

0,298 0,387 0,363 0,397 

0,358 0,406 0,401 0,461 

0,584 0,6 0,65 0,65 

0,69 0,697 0,703 0,72 

0,965 0,99 1,01 1,07 

1,159 1,171 1,205 1,184 

1,209 1,216 1,215 1,233 

1,53 1,534 1,542 1,58 

1,986 1,64 1,73 1,74 

2,45 2,14 2,06 2,02 

2,93 2,36 2,1 2 

4,17 3,17 2,64 2,84 

Table 3. Simulated temperature sensor test results 

To see better the evolution of the test and compare them with the ideal results, 

they are presented in the next figure: 

 

        Figure 6. Graphic of the simulated temperature sensor test results 
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The blue line is the interpolated line of the test with 2cm of contact area, the red 

line is with 5cm of contact area, the green line is with 15cm of contact area and the black 

line is the ideal value. 

To see better the errors compared to the ideal values the following figure presents 

the error in absolute value: 

 

 Figure 7. Graphic of the errors of the simulated temperature sensor test results 

The blue line is from the test with 2cm of contact area, the red line is with 5cm of 

contact area and the green line is with 15cm of contact area. 

The tests show 6 important results: 

-The error is positive between 0V and 1.5V  

-The error is negative between 1.5V and 5V 

-The larger the area of contact, the greater the error. 

-The error of the 5cm and 15cm contact area are very similar. 

-The error of the 2cm contact area is lower than the 5cm and 15cm area contact. 

-The higher the voltage provided, the greater the error. 

 On first instance, the results can be divided in 2 groups. On the first group, which 

goes between 0V and 1.5V, the error is positive and this means that the interaction 

between the sweated skin and the conductive yarns produces a positive offset voltage. 

Instead, between 1.5V and 5V occurs otherwise, the error is negative and the contact 

between the sweated skin and the conductive yarn produces a negative offset voltage.  

 The second important problem that can be observed is that the area of contact 

affects the results. In the case of the 2cm contact, the error is lower than in the other two 

cases but between 5cm and 15cm, the error is very similar. 

The last important problem that’s observed on the test is the alarming increase of 

the error when the voltage is higher than 1.5V 

With the results that we obtained, it can be observed that the sweat is a big 

problem for the devices that works with voltage. If someone decided to use one of those 

devices, before starting to use it, he will have to take in account 3 points, the operation 
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range of the device, the length of the conductive yarns and the most important, the area 

where the device and the conductive yarns will be set.  

To avoid those problems it’s recommended to use short pieces of conductive 

yarns and don’t set the circuit in an area prone to sweat like the back or the armpit. If the 

device works in a voltage area between 0V and 5V, it’s recommended to sew it trying to 

not pierce completely the fabric to avoid skin contact. 

For digital devices that work with voltages of 0V and 5V it’s also recommended to 

not sewing them on areas prone to sweat because they can produce errors due to the 

decay of voltage. 

To have a clear idea of the magnitude of the errors, on the next table there are the 

values of the voltage converted into temperature: 

Theoretical 
temperature (ºC) 

Temperature 2cm 
contact (ºC) 

Temperature 5cm 
contact (ºC) 

Temperature 15cm 
contact (ºC) 

-20,2 -11,3 -13,7 -10,3 

-14,2 -9,4 -9,9 -3,9 

8,4 10 15 15 

19 19,7 20,3 22 

46,5 49 51 57 

65,9 67,1 70,5 68,4 

70,9 71,6 71,5 73,3 

103 103,4 104,2 108 

148,6 114 123 124 

195 164 156 152 

243 186 160 150 

367 267 214 234 

Table 4. Voltage results converted into temperature 

We can see clearly the big errors that the Arduino will receive in case of having 

the conductive yarns in contact with sweat. We have to remember that the normal 

temperature sensor range of operation is between -10ºC and 40ºC where the error is 

lower. 

Finally, it has to be highlighted that all the tests have been done with a skin full of 

sweat and this results are the most extreme we can obtain.  

 

3.3. Analysis of the effect of the sweat on conductive yarns by using a light 

sensor 

We have seen on the previously analysis that the conductive yarns can produce 

big errors when they are used to sew a device that works with voltage and there’s skin 

contact plus sweat. To corroborate those results it has been decided to do another 

analysis with another device that works with voltages between 0V and 3V, the light 

sensor provided by the kit of the Arduino Lilypad that uses a TEMT6000 transistor which 

regulates the amount of current that passes through it depending on the light affecting 

him. 
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3.3.1. Methodology 

The circuit used on this analysis is composed by an Arduino Lilypad, a light 

sensor and 3 conductive yarns of 20cm length. The light sensor has 3 connections; Vcc, 

GND and S which is the one that we will measure to know the luminance. 

 

 

On the figure 7 we can see the circuit that will be used on this analysis where Vcc 

is the voltage of the Arduino (5V), Vmeasured is the voltage measured that represents 

the temperature and GND is the ground. The TEMT6000 and the resistance of 10kΩ is 

the light sensor.  

The figure 8 is the curve that follows the TEMT6000. Depending on the luminance 

we have it will have a different current, to know the luminance we have to get the voltage 

obtained during the test and divide it by 10000 (the value of the resistance) to know the 

current and then, by looking the curve we can know the luminance on that moment. 

To recreate different voltages on this circuit what we will use is the flashlight of a 

mobile phone at different distances to obtain different voltages, the light of the room and 

the darkness by covering it with an opaque object. 

Due to the last test, we know that the values of touching the conductive yarn with 

5cm and 15cm area with sweat are approximately the same, on this test instead of 

touching the conductive yarn with 15cm and sweat, it has been touched with 5cm area 

contact and no sweat. 

  

Figure 8. Equivalent circuit of the light sensor 

Figure 9. Curve luminance/current 
that follows the TEMT6000 
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3.3.2. Results 

The results are divided in 2 parts, the table of the results plus two graphics to 

understand the table and the conclusions of the tests. 

The results obtained during the test are the next ones: 

No contact 
(V) 

2cm contact 
(V) 

5cm 
contact(V) 

5cm contact 
without sweat (V) 

0 0,5 0,7 0,08 

0,03 0,5 0,84 0,21 

0,42 0,72 1,15 0,6 

1,24 1,19 1,35 1,33 

2,13 1,82 1,84 2,13 

3,07 1,96 1,95 3,03 

Table 5. Light sensor test results 

The 0V has been obtained by not having light on the light sensor, the 0.03V have 

been obtained using the light of the room and the other values have been obtained using 

the flash of the mobile phone at different distances. 

To see better the evolution of the test and compare them with the ideal results, it 

has been done the next graphic: 

 

Figure 10. Graphic of the light sensor test results 

The green line is the trend line of the test with 2cm of contact area with sweat, the 

red line is with 5cm of contact area with sweat, the blue line is with 5cm of contact area 

without sweat and the black line is the ideal. 
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To see better the errors compared to the ideal values it has been done a graphic 

with the error in absolute value: 

 

Figure 11. Graphic of the errors of the light sensor test results 

The blue line is from the test with 2cm of contact area and sweat, the red line is 

with 5cm of contact area and sweat and the green line is with 5cm of contact area without 

sweat. 

On this analysis we can see 2 important differences and some similarities: 

Differences: 

-The error is bigger at low voltage values 

-There is an error on contact without sweat but is lower than the contact with 

sweat. 

-The larger the contact area, the greater the error on low voltages 

-There’s not a defined point where the error changes from positive to negative 

Similarities: 

-The error is bigger at high voltage values with sweaty skin 

In this case, we can see that the error is high at low and high voltages and at the 

zone near 1.5V the error is lower but there’s not a defined point where the errors changes 

its values from positive to negative, each test has a different point. 

The error of voltage on this analysis is not severely affected by the contact area 

and the errors are similar with 2cm and 5cm of contact, by the other hand, we can see 

that in this case there’s an error at low voltages when there’s a contact with the skin 

without sweat. 

 After these results, we can observe that there’s a problem with the light sensor 

and skin contact, i.e. is recommended to sew it avoiding skin contact in any area of the 

body or the sensor can have big errors.  
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To have a clear idea of the magnitude of the errors, on the next table there are the 

values of the voltage converted into lux: 

Luminance (lux) Error 2cm (lux) Error 5cm (lux) Error 5cm without sweat (lux) 

0 100 150 18 

6 100 185 40 

83 155 205 120 

212 208 230 228 

410 360 364 410 

550 395 394 545 

Table 6. Light sensor test results converted into lux 

We can see that the errors in lux are even bigger than the ones we have seen on 

the voltage, that’s because of the logarithmic behaviour of the sensor. This produces 

bigger errors at low voltages than the ones expected. 

3.4. Causes of the error 

With this results and comparing them to the ones of the temperature sensor we 

can see that there’s a problem between them, they are not similar and that may cause a 

big problem, there’s not a law that can explain the error on the conductive yarns. But after 

some delivering, we realized that maybe the problem came from the resistances.  

The human skin [17] can be represented with the next equivalent circuits: 

 

Where L is the inductance of our skin, C is the capacitance of our skin, R1 

represents the ohmic resistance of the aqueous solutions inside the pores and R2 is the 

charge transfer resistance associated to the ion exchange reaction. 

Knowing that we are working without frequencies, the L can be represented as a 

short-circuit, C can be represented as an open-circuit and the R2 can be ignored due to L 

or C. Then what we have is that our skin is a resistance of the value of R1, which is 

associated to the amount of sweat. 

Depending on the person, the resistivity of dry skin is usually between 1000 Ω and 

100k Ω [18] and it decreases a lot if the person is sweating. 

Knowing this information, the new circuit we obtain in both analyses is the next 

one:  

  

Figure 12. Equivalent circuit of human skin 1 Figure 13. Equivalent circuit of human skin 2 

Figure 14. Equivalent circuit for both devices 
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Where A can be the R1 of the temperature sensor or the TEMT6000 transistor of 

the light sensor, Rp is the R2 of the temperature sensor and the R10k of the light sensor 

and Rs is the resistance of our skin. The reason of having 2 Rs is because during the 

tests the skin was touching from Vcc to GND and from Vmeasured to GND. 

3.4.1. Cause of the temperature sensor error 

To analyse the error that produces the resistances, first of all we need the 

equivalent circuit: 

  

Where R1 and R2 are values between 500 Ω and 1500 Ω and Rs is the resistance 

of the skin and its values are variable depending on the skin and if it’s sweated or not. 

 Doing some calculations we obtain the next formula: 

 

 

 Where Rpl is the parallel between R2 and Rs and the other values are already 

known. 

When the skin is dry we have Rs>>R2 and Rpl becomes R2. Then we have the 

original voltage divider and the skin does not affect the results, only will affect if the 

person dry skin resistance is very low, of the order of 1k Ω (the lower possible values for 

human skin). 

Instead, when the skin is sweaty, Rs≈R2 and Rpl<R2. If Rpl is lower than R2 then 

the Vmeasured will change and it will be a lower value than the original.  

Looking to the equations obtained on the tests: 

For 2cm contact its y = 0.73x+0.25 

 For 5cm contact its y = 0.61x+0.38 

For 15cm contact its y = 0.62x+0.38 

 Where x is Vcc and y is Vmeasured. The ideal slope should be 1 without offset 

voltages, instead what we obtain is a slope lower than 1 in the 3 cases because of the 

Figure 15. Equivalent circuit for the temperature sensor 
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effect of changing the R2 resistance with Rpl that has lower values and the voltage 

divider does not work correctly. 

3.4.2. Cause of the light sensor error  

To understand the error, on the next image it can be seen the equivalent circuit 

knowing the resistance of our skin: 

 

Where Rp is the resistance of the light sensor and its value is always 10kΩ, Rs is 

the resistance of the skin and its values are variable depending on the skin and if it’s 

sweated or not and ITEMT is the current that will be provided for the TEMT6000 depending 

on the light it’s receiving.  

Doing some calculations we obtain the next formula: 

 

In this case, Rp is higher than the one used on the temperature sensor, its value 

is 10kΩ and the skin resistivity (Rs) can vary between 1kΩ and 100kΩ, this means that 

the dry skin will affect this circuit depending on the skin of the user. In my case it affected 

because the resistance of my skin may be similar to 10kΩ. 

In the case of sweaty skin, we will have that Rs<Rp and the values of the 

Vmeasured will be totally false and much lower than what they should be. 

Looking to the formulas obtained on the tests: 

For 2cm contact with sweat:  y = 0.52x + 52 

For 5cm contact with sweat: y = 0.4x + 0.85 

For 5cm contact without sweat: y = 0.94x + 0.15 

Where x is Vcc and y is V measured, it can be seen how the formulas of contact 

with sweat have an extremely lower slope and in the case of contact with dry skin the 

slope varies a little.  

In this test, the Vcc have been always the same and the results are not 

contaminated. 

Figure 16. Equivalent circuit of the light sensor 
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In conclusion, the conductive yarns only have half of guilt. The problem of all 

those errors came from not isolating the conductive yarn. That’s a good new because the 

solution for the problem is to isolate the conductive yarns. They may lose some of their 

properties like flexibility but these technical problems will disappear. 
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4. Implementation of a fall detector on clothes and shoes 

Everyone can be at risk of having a fall, but elderly is more vulnerable than the 

rest of the people. This is due to its long-term health conditions that can increase the 

chances of falling. 

Falls also can have an adverse psychological impact on elderly people. If a 

person falls, he can lose confidence and feel that he lost its independence. 

Those problems can be solved by using a fall detector. With a fall detector, a 

person can recover part of its independency because its physical state can be controlled 

and if he falls, it’s not necessary to have another person controlling you. The fall detector 

can detect it and call the responsible person or the emergencies. 

Actually, fall detectors exist but normally in form of necklaces. There are some 

companies that developed fall detectors for elderly that consists on using a necklace that 

can detect of a person has fallen or not and act accordingly. There are also several 

studies for using smartphones for fall detection. 

The main idea of this objective of the project is to implement fall detectors on 

fabrics. It’s a new way to wear them, instead of using a necklace or carrying a 

smartphone all day long, the fall detector can be attached in your clothes or shoes and 

it’s not necessary to think about wearing it continuously. 

For this project, it will be used an Arduino Lilypad as the main board to process 

the data and a 9-DOF sensor (LSM9DS0) that contains an 3D accelerometer, a 3D 

gyroscope and a 3D magnetometer that will be used to detect the falls. 

4.1. What is a fall? 

To develop a fall detector, first we have to know what a fall is and how we can 

detect them. A fall can be detected by knowing the combinations of movements and 

accelerations that happens before a fall, during a fall and after the fall. To know those 

data, it has been developed a simple algorithm that get those data from the 9-DOF 

sensor and it can be downloaded and investigated on the computer. 

To get those data it has been done a falling backwards test. To have more 

accurate information, the update time of the accelerometer and gyroscope has been set 

at 5ms. On the next image it can be seen the position of the 9-DOF sensor during the fall 

and its orientation. 

Figure 17. (1) Representation of a backwards fall (2) Position of the 9-DOF 
sensor (3) Orientation of the 9-DOF sensor 
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On the first image it can be seen the direction of the fall during the test. On the 

second image it can be seen the position of the 9-DOF sensor on the right shoulder and 

on the last image it can be seen the orientation of the 9-DOF sensor. The X axis is 

horizontal to the floor and it points to the right. The Y axis is vertical with the ground and it 

points upwards. The Z axis is horizontal with the floor and it points backwards. 

The results obtained on the test are divided in 5 graphics, the acceleration of the 3 

axis separately in m/s2, the module of the 3 accelerations in m/s2 and the movement 

detected by the gyroscope in dps. 

On the next image there’s the information of the acceleration of the 3 axis and the 

average: 

 

The first image corresponds to the X acceleration detected during the fall, the 

second has the acceleration of the Y axis, the third has the acceleration of the Z axis and 

the last image corresponds to the module of the acceleration of the 3 axes. 

The axis X starts at 0m/s2 because the axis is horizontal to the ground and the 

gravity does not affect. When the fall starts at the second 1 it detects low vibrations but 

when it hits the floor at 1.8 seconds it detects higher vibrations. Those vibrations are due 

to the body is not a completely solid body and also the accelerometer is attached to a T-

shirt which is not completely stable. 

The Y axis starts at -9.8m/s2. That’s the gravity of the earth pointing to the 

opposite direction of the Y axis. When the fall starts at 1 second it detects nothing but 

during the progression of the fall, the body is changing its orientation and the effect of the 

gravity on the Y axis is disappearing. When the body hits the floor it can be seen the 

same type of vibrations of the X axis. 

Figure 18. Graphic of the evolution of a backwards fall for the axis X, Y, Z and its average 
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The Z axis starts at 0m/s2 because the z-axis of the accelerometer is horizontal to 

the ground. When the fall starts it detects nothing, it should detect the gravity that we 

have seen disappearing from the Y axis but the body is accelerating to the ground 

because of the gravity and is offset. At the moment when the body hits the floor it can be 

seen a big acceleration on the Z axis of the order of 4G and some vibrations because the 

body is not completely solid. After the impact, the Z axis remains at 9.8m/s2 because of 

the gravity. 

 On the image of the module of the 3 axes it can be seen 2 zones. From 0s to 1.8s, 

the dominating axis is the Y and from 1.8s the dominating axis is the Z. 

 This test can be extrapolated into all the other type of falls, falling face down or 

falling to the left and right. The Y axis will show always the same result, first a 

deceleration and then a vibration but in the case of the X and Z axis it will change 

depending on the side we fall following the next table: 

Falling direction X axis Y axis Z axis 

Backwards No impact No impact Positive impact 

Frontwards No impact No impact Negative impact 

Fall to the right Positive impact No impact No impact 

Fall to the left Negative impact No impact No impact 

Table 7. Type of falls and axes affected 

In case of a diagonal falling, it will appear a mix between the X and Z axis. To 

avoid the problem of the fall direction what can be done is to do the module of the X and 

Z axis. It will be always the same independently of the fall direction and it will be similar to 

the one we have seen on the Z axis during the test. 

To complete this investigation of what is a fall, the next image has the behavior of 

the gyroscope during the same fall compared with the average acceleration:  

 

 The image shows the movement detected by the gyroscope during the fall. To 

detect movement gyroscopes uses a unit called degrees per second (dps). If a person fall 

to the ground in 0.3 seconds, it will detect that the body has moved 90 degrees in 0.3 

Figure 19. Comparison between the acceleration and movement during a fall 
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seconds and the dps will be 300. In our test we got the samples every 5ms to see exactly 

the changes of the movement during the fall. 

 First of all, the gyroscope does not detect any movement because the body is 

static but at 1s, when the fall starts, it starts detecting a movement that increases during 

the fall till the moment when the body hits the floor and 

detects the highest movement. If we look closely to the 

image it can be seen that the moment of maximum 

movement happens an instant before detecting the highest 

acceleration, this effect is due to the pendulum effect. The 

moment when the body hits the floor it has its maximum 

speed and then it decelerates till having no movement but 

having the maximum acceleration.  With this information 

we know what a fall is and consequently, how to detect it.  

4.2. Fall detector algorithms 

To have more options at choosing the best fall detector it has been developed 4 

types of algorithms which detect falls using different techniques. The first algorithm is 

based on fast detection. The second algorithm only uses the accelerometer to detect falls 

to know if it’s really necessary the implementation of a gyroscope. The third algorithm has 

some checks. The last algorithm is created for athletes instead of elderly and it checks if 

the person is running or doing some type of sport to avoid false falls. The codes of all 4 

algorithms are given in Appendices. 

 

 

Figure 21. Flow charts of the four fall detection algorithms 

Figure 20. Representation of 
the pendulum effect 
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4.2.1. Algorithm 1: Instant fall detector 

This algorithm was developed before knowing the information of what is a fall and 

is the one that have been used to test if the gyroscope and accelerometer works correctly. 

It’s a combination between the gyroscope and the accelerometer. It collects data 

every 10ms and then the data is processed to know if a fall has been detected during this 

moment. What the algorithm does is to detect a fast movement of the gyroscope, in case 

of detecting it, then it checks the position of the body in that moment, of the body is 

approximately horizontal with the ground then it detects a fall. 

After starting the Arduino, it starts collecting data every 10ms and looking for a 

fast movement. By testing the gyroscope previously, it has been found that a proper 

treshold of fast movement is 200dps. If a movement of that magnitude is detected, it 

checks if the body is horizontal with the floor by checking the accelerations of the 3 axis. 

The first thing that the algorithm does is to detect if there’s any type of 

acceleration on the axis Y, if a person is vertical, this axis should detect a value of the 

order of the gravity. Instead, if the body is on the floor it should not detect acceleration. It 

has been selected an acceleration of 3m/s2 that represents an inclination of 18º, 

approximately like being on the floor. If the Y acceleration is lower than the threshold, 

then it checks the X and Z acceleration. If the body is on the floor, the module of the X 

and Z axis should have a value near 9.8m/s2 (1G). It has been selected an acceleration of 

9 m/s2 that represents an inclination of 23º from the floor. 

If the fast movement is detected and the body is horizontal with the ground it 

detects a fall. 

4.2.2. Algorithm 2: Fall detector using only an accelerometer 

This algorithm has been developed without using the gyroscope. It is possible to 

develop a fall detector without using a gyroscope and that can be translated in less cost 

but also less confidence.   

After starting the Arduino, it starts collecting data every 10ms and checking the 

module of the 3 axis looking for an impact. If an acceleration of more than 1.6G is 

detected, is considered an impact. Then the algorithm waits 5 seconds before checking if 

the body is horizontal or not with the ground. This algorithm uses the same method as the 

algorithm 1 to know if a person is horizontal with the ground. If the body is horizontal with 

the floor then it detects a fall. 

4.2.3. Algorithm 3: Fall detector with accelerometer and gyroscope 

This algorithm is a better version of the first one and uses the accelerometer and 

the gyroscope. This algorithm does not check the body position at the same moment 

when it detects a fast movement, instead it waits a bit because maybe the fast movement 

is detected at the start of the fall and that could produce an error when the position is 

being checked. 

After starting the Arduino, it starts collecting data every 10ms and looking for a 

fast movement of more than 200 dps. If a fast movement is detected it waits 1 second 

and then checks the position of the body using the same method of the algorithm 1. If the 

body is on the ground then it waits 10 seconds and it checks again the position of the 

body. If the body is still in horizontal it detects a fall. This wait times have been added to 
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check if the person has fallen or he did a strange movement that triggered the gyroscope 

and the first body position check.  

4.2.4. Algorithm 4: Athlete fall detector 

This algorithm is a fusion of the 2nd and the 3rd algorithms. It uses the 

accelerometer to know the position of the body and looking for impacts and the 

gyroscope to find fast movements. 

After starting the Arduino, it starts collecting data every 10ms looking for an 

impact. To detect an impact the first thing that the algorithm does is to look for a fast 

movement of more than 200 dps. If a fast movement is detected, then waits 10ms and 

checks if there’s a big acceleration of more than 1.6G. If during those 10ms it detects a 

big acceleration then the algorithm detects an impact. After this impact the algorithm 

keeps looking for another impact during 5 more seconds. If it detects another impact, the 

algorithm is restarted and it keeps looking for more impacts because maybe the person is 

running and it can detect false falls, with this method the problem is avoided. If the 

algorithm does not detect any impact during those 5 seconds then it checks if the body is 

horizontal by using the method of the algorithm 1. If the body is horizontal then it detects 

a fall. 

4.3. Results 

To test all the 4 algorithms to know which is the best, 20 test carried out with each 

algorithm, 10 falling and 10 not falling. 

The true falls that have been done are falling frontward, backward, to the right, to 

the left, then the 4 diagonals, a fall with a jump before and finally falling vertically. 

The false falls that have been done are lie down frontward, backward, to the right, 

to the left, walking, running, jumping, doing push-ups, doing crunches and doing sit-ups. 

The results obtained are the next ones: 

Table 8. Results of the tests of the 4 fall detection algorithms 

The first algorithm failed detecting the vertical fall and it detected a false fall while 

doing push-ups, jumping and doing crunches. 

The second algorithm failed detecting the fall over me, and 2 normal falls and it 

detected a false fall while doing push-ups, crunches and 2 lie downs. 

The third algorithm failed detecting one of the normal falls and it detected a false 

fall while doing push-ups. 
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The fourth algorithm failed detecting one of the normal falls and it detected a false 

fall while doing push-ups and crunches. 

After this test we can see clearly that the 2 first algorithms are worse than the 

other 2, specially the second one that only uses the accelerometer but the other 2 still 

have some errors. But those errors come from doing push-ups and crunches and elderly 

people will not do them. 

In conclusion, anyone of those algorithms is perfect but if it has to be chosen one 

as the main it would be the 3rd or the 4rt algorithm. 

4.4. Fall detector on a shoe 

This section has not been developed because of the error on the accelerometer of 

the 9-DOF. The main idea of this section is to study how a fall would be detected by 

wearable electronics installed in a shoe and then redo the algorithms to make them work 

correctly. 

The components are already sewn but they have not been able to be tested. 
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5. Budget 

First of all, the device developed on this project is a prototype and the materials 

used on its creation are commercial with high costs that would be reduced significantly by 

using our own PCB and devices. 

The materials used to create the prototype are the next ones: 

Device or material Number of units Costs unit (€) Total cost (€) 

Arduino Lilypad SB 1 19.95 19.95 

LSM9DS0 + PCB 1 19.95 19.95 

Conductive yarn 10m 49.00 1.50 

Lilypad leds 2 3.75  7.50 

Light sensor 1 7.95 7.95 

Temperature sensor 1 4.95 4.95 

Normal T-shirt 1 15 15 

Worked hours 200 20€/h 4000 

Total   4076.80€ 

Table 9. Costs of the first prototype 

The total cost for the development of the first prototype has been 4076.80€. The 

total hours invested for the research + development has been 200h of work at 20€/h is 

4000€. 

The cost of an operative prototype will be the next one: 

Device or material Number of units Costs unit Total cost (€) 

Arduino Lilypad SB 1 19.95 19.95 

LSM9DS0 + PCB 1 19.95 19.95 

Conductive yarn 3m 49.00 0.50 

Lilypad leds 1 3.75 3.75 

Normal T-shirt 1 15 15 

Total   59.15€ 

Table 10. Costs of an operative prototype 

To assemble + test 1 fall detector it takes half an hour on average. With 8 workers 

working 8h/day at 10€/h is possible to create around 2560 units each month. The total 

costs of the project including workers + materials + investigation are on the next table: 

 Number of units Cost unit Total 

Fall detector 2560 59.15€ 151424€ 

Wages 8 workers 1600€/salary 12800€ 

Development  4076€ 4076€ 

    

Total   168300€ 

Table 11. Total cost of the project for 1 month 

With a total cost of 168300€ and a production of 2560 units x month, the price of 1 

fall detector should be higher than 65.7€. 
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To optimize the benefits 3 new performances can be applied: 

 -Find new materials to create cheaper fall detectors instead of use commercial 

ones. Only buy the electronic components and create our own PCB to assemble them. 

 -Create a production chain to optimize the time 

 -The option for the user to choose where he wants the fall detector and a set of 

different options  
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6. Conclusions and future development:  

6.1. Conclusions of the study of the conductive yarn 

During the study we could see that a not correctly isolated conductive yarn can 

produce big errors on devices that work with voltage. Therefore, if the device that is going 

to be developed will use conductive yarns, is recommended to isolate them with some 

type of enamel or avoid piercing completely the fabric that is going to be used for the 

project. 

The contact of the skin and sweated skin with conductive yarns has different 

effects on different devices depending on its internal resistance, the bigger the resistance, 

the higher the errors. This information should be taken in account during the development 

of new projects that will contain conductive yarns. 

For future investigations, it would be great to study more accurately the effect of 

the skin contact on the conductive yarns. It can contain the study of different skins and 

their effect on them and another study with the effect of different resistances on different 

voltages to obtain a better characterization. 

6.2. Conclusions of the fall detector  

 With the study of how is a fall now we know better what happens when a person 

falls, the effects involved on the fall and how to know if a person has fallen or not. 

 With the creation of 4 different algorithms, it has been found different ways to 

detect falls and its performance. Someone of them needs low resources but at the cost of 

less accuracy and the others needs more but they are more accurate. 

 A future development would be to study how is a fall if it is observed in a shoe 

instead of a shoulder and try to implement the algorithms on it to know which is the best 

one or if there’s other ways to detect falls. 

 Another future development would be the implementation of the Bluetooth 

communication between the fall detector and a mobile phone. With this communication, 

the fall detector  
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Appendices: 

Codes of the algorithms: 

All the four algorithms have the same initialization to establish contact between the 

LSM9DS0 and the Arduino Lilypad, this initialization is the one provided by the company 

flora: 

#include <SPI.h> 

#include <Wire.h> 

#include <Adafruit_Sensor.h> 

#include <Adafruit_LSM9DS0.h> 

Adafruit_LSM9DS0 lsm = Adafruit_LSM9DS0(1000);  // Use I2C, ID #1000 

#define LSM9DS0_XM_CS 10 

#define LSM9DS0_GYRO_CS 9 

#define LSM9DS0_SCLK 13 

#define LSM9DS0_MISO 12 

#define LSM9DS0_MOSI 11 

void displaySensorDetails(void) 

{ 

  sensor_t accel, mag, gyro, temp; 

  lsm.getSensor(&accel, &mag, &gyro, &temp); 

} 

void configureSensor(void) 

{ 

  // 1.) Set the accelerometer range 

  //lsm.setupAccel(lsm.LSM9DS0_ACCELRANGE_2G); 

 // lsm.setupAccel(lsm.LSM9DS0_ACCELRANGE_4G); 

 lsm.setupAccel(lsm.LSM9DS0_ACCELRANGE_6G); 

  //lsm.setupAccel(lsm.LSM9DS0_ACCELRANGE_8G); 

  //lsm.setupAccel(lsm.LSM9DS0_ACCELRANGE_16G); 

   

  // 2.) Set the magnetometer sensitivity 

  lsm.setupMag(lsm.LSM9DS0_MAGGAIN_2GAUSS); 

  //lsm.setupMag(lsm.LSM9DS0_MAGGAIN_4GAUSS); 

  //lsm.setupMag(lsm.LSM9DS0_MAGGAIN_8GAUSS); 

  //lsm.setupMag(lsm.LSM9DS0_MAGGAIN_12GAUSS); 

 

  // 3.) Setup the gyroscope 

  lsm.setupGyro(lsm.LSM9DS0_GYROSCALE_245DPS); 

  //lsm.setupGyro(lsm.LSM9DS0_GYROSCALE_500DPS); 

  //lsm.setupGyro(lsm.LSM9DS0_GYROSCALE_2000DPS); 

} 

void setup(void)  

{ 

  while (!Serial);   

  pinMode(11, OUTPUT); 

  Serial.begin(9600); 

  Serial.println(F("LSM9DS0 9DOF Sensor Test")); Serial.println("");  

  if(!lsm.begin())  /* Initialise the sensor */ 

  { 

    Serial.print(F("Ooops, no LSM9DS0 detected ... Check your wiring or I2C ADDR!")); // Error 

detected 

    while(1); 

  } 

  Serial.println(F("Found LSM9DS0 9DOF")); 

  displaySensorDetails(); 

  configureSensor(); 

  Serial.println(""); 

} 
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Algorithm 1: Instant fall detector code 
 
void loop(void)  
{   
  /* Get a new sensor event */  
  sensors_event_t accel, mag, gyro, temp; 
  lsm.getEvent(&accel, &mag, &gyro, &temp);  
 float xAcc, yAcc, zAcc, TotalAcc, xGy, yGy, zGy, TotalGy; 
 xAcc = accel.acceleration.x; 
 yAcc = accel.acceleration.y; 
 zAcc = accel.acceleration.z;  
 XZAcc = sqrt(xAcc*xAcc+zAcc*zAcc); 
 xGy = gyro.gyro.x; 
 yGy = gyro.gyro.y; 
 zGy = gyro.gyro.z; 
 TotalGy = sqrt(xGy*xGy + yGy*yGy + zGy*zGy ); 
if (  TotalGy > 200){ 
   Serial.print(" Fast movement DETECTED ");Serial.print(""); 
 if ( abs(yAcc) < 3   ){ 
  if ( abs(XZAcc) > 9  ){ 
   Serial.print("      Horizontal Alignment DETECTED ");Serial.print(""); 
    Serial.print("      FALL DETECTED ");Serial.print(""); 
    digitalWrite(11, HIGH);   // turn the LED on (HIGH is the voltage level) 
    delay(5000);              // wait for 5 seconds 
    digitalWrite(11, LOW);   
   }    
  }   
 } 
  delay(10); 
} 

 

Algorithm 2: Fall detector using only the accelerometer code 
 
void loop(void)  
{   
  /* Get a new sensor event */  
  sensors_event_t accel, mag, gyro, temp; 
  lsm.getEvent(&accel, &mag, &gyro, &temp);  
 float xAcc, yAcc, zAcc, TotalAcc,AccXZ; 
  xAcc = accel.acceleration.x; 
  yAcc = accel.acceleration.y; 
  zAcc = accel.acceleration.z;  
  TotalAcc = sqrt(xAcc*xAcc+yAcc*yAcc+zAcc*zAcc); 
  if ( TotalAcc > 16){ //Detect a impact of more than 1,6g 
    Serial.println("Impact Detected"); 
    delay(5000);//Wait 5sec 
    sensors_event_t accel, mag, gyro, temp; //Get new data from the sensor 
    lsm.getEvent(&accel, &mag, &gyro, &temp); 
    xAcc = accel.acceleration.x; 
    yAcc = accel.acceleration.y; 
    zAcc = accel.acceleration.z;  
    AccXZ = sqrt(xAcc*xAcc+zAcc*zAcc); 
    if(yACC<3{ 
      if( AccXZ > 9){  //See if the person is horitzontal with the floor 
      Serial.println("Fall Detected"); 
      digitalWrite(11, HIGH);   // Fall detected 
      delay(5000);              // LED open during 5 seconds 
      digitalWrite(11, LOW); 
      } 
    } 
  } 
  delay(10); 
} 

  



 

 44 

Algorithm 3: Fall detector with accelerometer and gyroscope code 
 
void loop(void)  
{   
  /* Get a new sensor event */  
  sensors_event_t accel, mag, gyro, temp; 
  lsm.getEvent(&accel, &mag, &gyro, &temp);  
 float xAcc, yAcc, zAcc, TotalAcc,AccXZ, xGy, yGy, zGy, TotalGy; 
 xGy = gyro.gyro.x; 
 yGy = gyro.gyro.y; 
 zGy = gyro.gyro.z; 
 TotalGy = sqrt(xGy*xGy + yGy*yGy + zGy*zGy ); 
 Serial.print("  \tTotalGy: "); Serial.print(TotalGy); Serial.println("  \t"); 
 if (  TotalGy > 200){  //Detect a fast movement 
  delay(1000); 
  sensors_event_t accel, mag, gyro, temp; // get new data from the sensor 
  lsm.getEvent(&accel, &mag, &gyro, &temp); 
  xAcc = accel.acceleration.x; 
  yAcc = accel.acceleration.y; 
  zAcc = accel.acceleration.z; 
  AccXZ = sqrt(xAcc*xAcc+zAcc*zAcc); 
 if( abs(yAcc) < 3 && abs(AccXZ) > 7){  // See if the accelerometer is in horizontal with the floor 
    delay(10000);  //Wait 10sec  
    sensors_event_t accel, mag, gyro, temp;// get new data from the sensor 
    lsm.getEvent(&accel, &mag, &gyro, &temp);  
    xAcc = accel.acceleration.x; 
    yAcc = accel.acceleration.y; 
    zAcc = accel.acceleration.z; 
    AccXZ = sqrt(xAcc*xAcc+zAcc*zAcc); 
    if( abs(yAcc) < 3 && abs(AccXZ) > 7){  //See if the person is still on the floor 
      Serial.print("  FALL "); 
      digitalWrite(11, HIGH);   // Fall detected 
      delay(5000);              // LED open during 5 seconds 
      digitalWrite(11, LOW); 
      } 
    }  
  } 
  delay(10); 
} 

 

Algorithm 4: Athlete fall detector 
 
void loop(void)  
{   
  /* Get a new sensor event */  
 sensors_event_t accel, mag, gyro, temp; 
 lsm.getEvent(&accel, &mag, &gyro, &temp);  
 float xAcc, yAcc, zAcc, TotalAcc,AccXZ, xGy, yGy, zGy, TotalGy,ACC=0; 
 int j; 
 xGy = gyro.gyro.x; 
 yGy = gyro.gyro.y; 
 zGy = gyro.gyro.z; 
 TotalGy = sqrt(xGy*xGy + yGy*yGy + zGy*zGy ); 
 Serial.print("  \tTotalGy: "); Serial.print(TotalGy); Serial.println("  \t"); 
 if (  TotalGy > 200){  //Detect a fast movement 
  for(int i=0;i++;i==10){ // To avoid problems, it collects information of the acceleration every 
1ms during 10ms 
    sensors_event_t accel, mag, gyro, temp; 
    lsm.getEvent(&accel, &mag, &gyro, &temp); 
    xAcc = accel.acceleration.x; 
    yAcc = accel.acceleration.y; 
    zAcc = accel.acceleration.z; 
    TotalAcc = sqrt(xAcc*xAcc+yAcc*yAcc+zAcc*zAcc); 
    ACC = ACC + TotalAcc; 
    delay(1); 
    } 
    TotalAcc = ACC/10;// Then we get the average of those accelerations 
    if (TotalAcc > 16){  //Impact 
      j=0; 
      while(true){ 
        Serial.print("  LOOKING FOR MORE IMPACTS "); 
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        sensors_event_t accel, mag, gyro, temp; 
        lsm.getEvent(&accel, &mag, &gyro, &temp); 
        xGy = gyro.gyro.x; 
        yGy = gyro.gyro.y; 
        zGy = gyro.gyro.z; 
        TotalGy = sqrt(xGy*xGy + yGy*yGy + zGy*zGy ); 
        if( TotalGy>200 ){ 
          Serial.print("  FAST MOVEMENT DETECTED "); 
          for(int i=0;i++;i==10){ // it looks for a new impact 
          sensors_event_t accel, mag, gyro, temp; 
          lsm.getEvent(&accel, &mag, &gyro, &temp); 
          xAcc = accel.acceleration.x; 
          yAcc = accel.acceleration.y; 
          zAcc = accel.acceleration.z; 
          TotalAcc = sqrt(xAcc*xAcc+yAcc*yAcc+zAcc*zAcc); 
          ACC = ACC + TotalAcc; 
          delay(5); 
          } 
          TotalAcc = ACC/10; 
          if(TotalAcc > 20){ 
            Serial.print("  NEW IMPACT DETECTED "); //if a new impact is detected it restarts the 
code 
            break; 
            }  
         } 
         else if( j == 500){ //5 seconds with no impacts 
          Serial.print("  5 SECONDS WAITED AFTER AN IMPACT "); 
          sensors_event_t accel, mag, gyro, temp; 
          lsm.getEvent(&accel, &mag, &gyro, &temp); 
          xAcc = accel.acceleration.x; 
          zAcc = accel.acceleration.z; 
          AccXZ = sqrt(xAcc*xAcc+zAcc*zAcc); 
          Serial.print(" CHECKING IF BODY IS ON THE GROUND "); 
          if( AccXZ >7){  //Body horizontal to ground 
            Serial.print("  FALL DETECTED "); 
            digitalWrite(11, HIGH);   // Fall detected 
            delay(5000);              // LED open during 5 seconds 
            digitalWrite(11, LOW); 
            break;  
          } 
         }  
         j++; 
        delay(10); 
        }  
      } 
    } 
}  
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Glossary 

9-DOF : 9 Degrees of Freedom 

Dps : Degrees per second 

MIT : Massachusetts Institute of Technology 
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