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Sammanfattning
Vid  AASS  laboratoriet  som  är  beläget  i  Teknikhuset  vid  Örebro  Universitet  finns  det 
forskningsprojekt med mål att skapa ett intelligent hem. Detta hem ska användas inom omsorgen 
för gamla och andra personer som är i behov av vård. Det har redan idag mycket teknologi inbyggt i 
diverse saker, exempelvis en robotarm i kylen.

För att veta när dessa moduler ska arbeta eller inte så är positionen på användaren viktig. Det vore 
inte så bra om kylskåpsdörren öppnades av ett misstag när användaren befinner sig på toaletten. 
Men dörren ska öppna sig när användaren står framför kylen. Men hur vet man då vart användaren 
är?

Idéen med detta examensarbete är att skapa en sådan lösning som kan hålla kolla på positionen av 
en person. Lösningen ska sedan vara en del av det intelligenta system som i framtida projekt skall 
användas för att övervaka personen.

Vilken hårdvara och hur den skall kopplas samman är en stor del av detta arbete, och även hur 
applikationen som skall integrera hårdvarulösningen i det intelligenta systemet utvecklades. Hur ser 
resultatet ut och vad finns det för möjligheter att vidareutveckla detta resultat i framtiden.

Abstract
At the AASS laboratory located in “Teknikhuset” at ORU there are research projects that has the 
goal to create an intelligent home. This home should be used in care of elders and other people that 
are  in  need of  care.  It  has  already a  lot  of  technology embedded in  the  different  parts  of  the 
apartment, i.e. a robot arm in the fridge.  
To know when these modules should be activated for use or not, the location of the user can be 
used. An example would be that the fridge door shouldn't open when the user accidentally tells it to 
when he or she is in the bathroom, but it should when he or she stands in front of the fridge. Then 
how to know where the person are located?
This is what the idea of this thesis is, to create a location tool to be used in the care of elders. It will  
be embedded in the intelligent environment in the apartment and in later projects together with 
other systems monitor the patient.
What hardware to use and how to connect them together are a major task in this thesis. And also 
writing the application to be able to embed the tool in the environment system. How did the result 
turn out, and what can future development can be done. 
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1 Introduction
This is the report for the PEIS Slipper project, the master thesis  (Swedish: Magisterexamen) for the  
student  Tobias  Nurme  during  the  time  period  of  20090901  to  20100531.  It  describes  the 
construction path on how to create a position recording slipper. 

It starts with problem description and background information. Then the working path takes place, 
starting with information gathering, continues with designing, and constructing the device and last 
testing. When the developing part is completed the integration part will be start, here the device will 
be integrated into an existing intelligent environment.

1.1 Motivation
In the care of the elderly there are some people that need more attention than other. Dementia a  
common disease when the life span of people increases, and these people needs help in their normal 
life. These people can sometimes have a tendency to run away or to wander off since they are a bit  
disoriented. Today “surveillance” is mostly done by the staff at the care center. And since the staff 
are only humans and mistakes can be made, so that old people sometimes get a chance to wander  
off. 

If a person suddenly starts to go to the toilet very often this might indicate on some disease that just  
struck the patient, for example urinary infection. To be able to detect this increase of toilet visits the 
person must have their own knowledge of the sudden increase. A “normal” person usually has a 
pretty good knowledge when they over use the toilet. But what if the person have some problem 
that makes it difficult to realize that he/she is over using the toilet. To notice this a care taker must  
observe every toilet visit to see if there is an increase.

These are just a few examples that can be done with the position recording device.
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1.2 Description
The tracking device and its integration in the intelligent environment will be divided into two parts. 
The first one with the goal of developing the tracking device and the second one with the goal to  
integrate it in the intelligent environment. 

1.2.1 Planning
To be successful with this project it must be planed in a good way so that it can show what needs to 
be done and make sure that it is made in time.

After consulting my supervisor Alessandro Saffiotti on how to solve the problem in a structured 
way, each of the two parts were split into different sub parts. 

1.2.1.1 Part 1
The first sub part were then divided into two different tasks. The first task contains information 
gathering, market investigation and antenna design.

The project was then planed in a way that reminds of the waterfall project plan. Where the first  
parts are planing and information gathering, then development and finally testing and evaluation. 

It is not purely a waterfall, during some of the phases iterations were made. An example would be 
the antenna, that were build and rebuilt a couple of time before it was working fine. 

Picture 1: The schedule for the first part in the most optimistic way, the x is showing which task is  
active the specific week.

The different parts will now be explained.

• Sub-part 1:

◦ Task A: Market investigation to find the needed hardware. Also included is information 
search on how the hardware works and if it suits our needs. 

◦ Task B: Market investigation to find a suitable power supply.

◦ Task  C:  Investigation  on  how  to  design  the  parts  of  the  system  that  need  to  be 
manufactured.

◦ Task D: Assembly of the device.

◦ Task E: Testing the almost complete solution.
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◦ Doc: Writing this thesis and documenting on the AASS laboratory wiki page.

• Sub-part 2:

◦ Task A: Market investigation to find a wireless communication module.

◦ Task B: Find a power source for the wireless module, or investigate if there is enough 
power in the source in Sub-part 1.

◦ Task C: Integrate the wireless module in the device from Sub-part 1.

◦ Task D: Testing the complete solution in a real environment to achieve test data. 

◦ Doc: Writing on the thesis and wiki.

1.2.1.2 Part 2
This part had a waterfall approach with some smaller recursions in the development tasks B and C.

Picture 2: The second part schedule in an optimistic way. 

• Part 2:

◦ Task A: Get to know the system in the intelligent environment.

◦ Task B: Develop an application that works in the environment.

◦ Task C: Develop a tracking software.

◦ Task D: Testing.

◦ Doc: Adding text to the thesis and the wiki.
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1.2.2 Information gathering
The main part of the information that were gathered for this project was made by internet searching. 
To do this the Google search engine was used. It was used since it give more accurate hits than 
Microsoft Bing search and other search engines.

The  information  about  the  environment  was  collected  at  the  wiki  for  the  AASS  laboratory. 
Information about the working environment for the slipper project was mainly to get to know what 
hardware was available. 

Then internet was used to find the suitable tools that could use the hardware in the environment. 
Since electronics is ever changing products the library wasn't an option, books tend to get old before 
they hit the market.

Internet is a good source to achieve knowledge but its a really mess to find the right one. The best  
description of the internet is, “It was once said that a million monkeys typing at a million keyboards  
could reproduce the works of William Shakespeare. Now, with the Internet, we know this not to be  
true.”. In shorter terms there is a lot of crap on the internet. 

So my conclusion is that I found what I needed, but it took longer time than expected and at best  
probably around 90 % of all pages looked at during this search were not of interest in one way or 
another.

1.2.3 Hardware testing
All hardware that will be used, shall be tested individually to get an idea on how they work, and that 
they are working at all. This is to make sure that everything works and not have to debug later when 
the modules are put together. During assemble and disassemble there is always the risk of damaging 
the hardware. And error search is easier when the grade of complexity is low, in other words, the 
fewer  things  that  can  be  the  source  of  trouble  the  better.  Then  as  the  testing  goes  along  the 
complexity shall increase when mounting modules together. 

1.2.4 Tracking device construction
Assembling of the device is the part done when all modules are tested and designed as they shall 
look when mounted. This part is short since most of the work in the previous part shall lead to  
modules ready to be mounted. But since this isn't an ideal world, there will always be complications 
and new bugs might appear. So it can lead to some reconstructions of a design since it might prove 
wrong for the final device.  

1.2.5 Client Programs
To be able to carry out some of the tests in the test phase, small recording programs need to be 
developed. To get a better view on how the test turned out, a data visualization program that shows 
the result in a nice way need to be constructed.

To use the final product in the intelligent environment, a program that should work in the target 
environment  and  communicate  with  other  applications  using  the  same  environment,  will  be 
developed. This environment will be explained in chapter 2.1 .
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1.3 Outline
This thesis is divided in the following chapters and order.

Chapter 2
The chapter with background information about how to record positions. It also contains the market 
investigation when searching for a suitable hardware.

 

Chapter 3
In this chapter the design is explained, and why it was made in the specific way.

Chapter 4
Here is the implementation description on how the project processed and how the slipper was built.

Chapter 5
In this chapter testing is described all from prototype test to slipper tests. 

Chapter 6
This chapter is about the development of the application. 

Chapter 7
The thesis conclusion: what have this project resulted in. 

Appendix 

Here is all the test data, user guide and other information. 
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2 Background
This chapter shows the result of the information gathering about hardware and environment used in 
this thesis.

2.1 The PEIS ecology
The PEIS ecology is a combination of the fields of Artificial Intelligence, Robotics and Ubiquitous 
Computing. These three parts are put together to create an intelligent home, where the person gets  
the support that he or she needs.

It has a lot of sensors and cameras, this makes it pretty easy to monitor a person. Tracking can be 
arranged by using the ceiling cameras. This has it benefits and drawbacks, to mention one of each 
starting with a benefit. Since the cameras are mounted in the ceiling they are not in the way of the 
user, a drawback is the amount of recorded data that needs to be processed. 

The floor in the PEIS ecology is embedded with a technology that makes it usable for navigation. It 
has so called RFID tags placed under the parquet flooring.

Then what are RFID tags, or more correctly what are RFID technology?

2.2 Theory
“RFID Basic Concept - The basic concept of Radio Frequency Identification (RFID) is that a query  
is sent out over radio waves ("What or who are you?") and then a subsequent reply is received  
("This is what or who I am").” - Dataflows.com

This is a simple description of how the RFID technology works. A more detailed description will 
now follow.

Many people today have induction stoves in the kitchens and the principle is almost the same for 
RFID technology. But instead of using the magnetic field to create heat of the induced power it uses 
it to power the RFID tag. 

So when a signal is sent it induces power to the tag that comes alive. And depending on what the 
signal means to the small instructions programed in the tag, it responds in a specific way. There are 
two different signals to send to a tag, read request or write request. The read request can either 
request the id or some data stored in a memory field. In this project the most common request signal 
will be to send an id request. In some tags memory data can be changed with the write memory  
request to be able to store data in the tag. 

An example would be a storage shelf with a lot of boxes in an auto workshop, these boxes have 
different  spare  parts  in  them. All  boxes  have  an RFID tag  with the  spare  part  name stored  in  
memory. So to find a part the user just sweeps with the reader to find the correct one. As time goes  
new models are created and some spare parts are outdated, and then to be able to update the tags it  
can write new data to the field that holds the name of the spare part.   

Another way of doing it is like the one in the PEIS room where only id data is the read. And only 
knowing the name is quite useless so it needs to be augmented with some other data. In this case the 
data is the tag map over the PEIS room. Every tag has it coordinates and when a tag is read it can be  
located on the map and the position is then known. This localization are taking place outside of the  
slipper, it needs a computer to process it. 
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Where is the RFID technology used in normal life?

It's probably more common than you can imagine. Common today are at the entrance door to an 
apartment building, instead of using a code lock there is a RFID reader, this reads a key tag and 
opens the door. Your buss card which is chargeable and can be read through the wallet. Or the id tag 
that can identify the family dog if it gets lost.

2.2.1 The link
The link between the tag and the reader is either radio waves or magnetic waves. The different types 
of technique have benefits and drawbacks. Radio waves can communicate over a longer distance 
than magnetic. It can be up to 100m between the reader and tag.

So in the PEIS room the tags are of the magnetic type. Why is it a good choice to have short ranged 
tags? 

The floor has many tags, and all these tags make up a hexagon grid. The number of tags in the grid 
can be called the grids density. And a denser grid can give more exact reading since the risk of not 
hitting any tag decreases. And with higher density the resolution of the floor increases, compare this 
with a picture, more “correct” pixels gives better image details quality. But if the picture is blurry 
then the amount of pixels doesn't matter anymore since a blurry picture will never be as good as a  
sharp picture. 

So if the resolution of the floor is high, the reading range shall be short to get a more accurate 
reading. It's hard to tell where the person is if the reader reads every tag in the room, you'll get a 
blurry picture. So that's why the magnetic type tags are a good choice in the PEIS room.

The link works over different frequency, 125 kHz, HF1 13.56 MHz and UHF2 865-928 MHz. In the 
PEIS room the tags are of the HF type.

2.2.2 Tags
The tags exists in three different types: passive, semi-passive and active. A passive circuit is a non 
powered tag that comes alive when the signal induces power. An active tags has its own internal 
power supply and have a sender circuit. 

The active one has the longest range of the three types of tags. The negative part is that it's bigger  
than a passive. It can also store more data than the passive one, on one comparison on the web it  
shows that it can store up to 1000 times more3.

All tags in the PEIS floor are passive, since it's hard to change the power source when they run out 
of power. And the prices is from 3 to 100 times greater on an active tag compared to a passive tag.

1 HF stands for High Frequency
2 UHF stands for Ultra High Frequency, to read more see chapter
3 See the “Active RFID vs. Passive RFID” web page link in chapter 8.4
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2.3 Related projects
There is very limited work using RFID readers as navigation tool. And its not that common to put  
RFID readers on slippers or shoes. But there are two similar projects, one also includes a slipper as 
the mount board.

2.3.1 A  Passive  RFID  Information  Grid  for  Location  and  Proximity 
Sensing for the Blind User 

This project produces a similar slipper for another purpose.

Web address: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.95.1180&rep =rep1&type=pdf

2.3.2 BtnodeRFID - the smallest mobile RFID reader 
This  project  shows  how  to  connect  the  RFID  reader  M1-Mini  to  a  BlueTooth  Node  and 
communicate information to a cellphone using the BlueTooth technology.

Web address: http://btnoderfid.sourceforge.net/

2.4 Market investigation
To find the right RFID reader a market investigation was made. The RFID technology has been 
around for a while, but still haven't had its total breakthrough, since bar codes are still the choice to 
mark packages in stores and stockrooms. This made it complicated to find a suitable reader with all  
the restrictions for it.  

First restriction to consider is that the reader has a good or some good interfaces that will fit the  
other hardware. It should be small in a lot of ways. It has to be small in size since it will be mounted 
on a slipper, either in the sole or on top of it. The reading range should be around 200 mm, with an 
external or internal antenna. This is needed to overcome the gap between the RFID tags in the floor. 
The distance between them is 200 mm. An external antenna is one of the more critical criteria for 
the reader. Since the reader might end up on top of the slippers, then it will loose some range and 
also a risk of interference might occur when there is a foot in the way. The frequency that the reader 
should operate at is 13,56 MHz, the HF band. 

It took longer than expected to find a suitable reader and to order it. 

Here are all listed candidates for this project, their positive side and negative sides. 
• RFID Reader ID-12 

◦ Technical data:
▪ Size: 25x26 mm
▪ Interface: TTL4

RS-2325

▪ Baud rate6: 9600 bps7 
▪ Voltage: 5v
▪ Power consumption: 200 mA
▪ Frequency: 125 kHz

4 Transistor-Transistor Logic, to read more see chapter 3.3.2
5 Recommended Standard 232, to read more see chapter 3.3.2.4 
6 Data transfer rate
7 Bytes per second
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▪ Reading distance: 100 mm
◦ This reader was rejected since it was in the LF band. It was found and made a candidate 

in the beginning due to lack of knowledge.

• SkyeModule M1 - A small and suitable RFID reader.
◦ Technical data:

▪ Size: 45x45 mm
▪ Interface: TTL

RS232
I2C8

SPI9

▪ Baud rate: 4800 to 57600 bps
▪ Voltage: 1.8 - 5 V
▪ Power consumption: 110 mA scanning
▪ Frequency: 13.56 MHz
▪ Reading distance: 100 mm
▪ Brand: SkyeTek

• SkyeModule  M1-Mini  -  Pretty  much like  the  one  above but  smaller.  It  has  an  internal  
antenna that is enabled by default. To only use external remove the cseries resistor, this will  
increase the reading distance some.
◦ Technical data:

▪ Size: Ø 25 mm
▪ Interface: TTL

I2C
SPI

▪ Baud rate: 4800 to 57600 bps
▪ Voltage: 1.8 - 5 V
▪ Power consumption: 60 mA scanning
▪ Frequency: 13.56 MHz
▪ Reading distance: 10 cm depending on the antenna
▪ Brand: SkyeTek

The two readers from SkyeTek where the winners in this round, they had pretty much all the things 
needed. The M1 had a lot of interfaces to start working with, and at a later stage when it was  
working change it an implement the M1-Mini instead of it. The only problem with these are that  
they are sold in USA, so it took a while to find a supplier and to ship them to Sweden.

8 I2C, to read more see chapter 3.3.2.2 
9 SPI, to read more see chapter 3.3.2.3 
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2.4.1 The RFID tag
The tag used in the PEIS room measures 75 x 
45 mm. And the antenna area is approximated 
to  1500  mm2  and  the  small  circuit  which 
holds the information is only 1.6 mm2. So the 
antenna  that  is  used  is  940  times  bigger  in 
area than the circuit.

2.4.2 The wireless module
In  this  part  there  were  no  actual  market  investigation,  Bo-Lennart  and  Per  had  some  good 
experience of the XBee module and recommended it. So this part were pretty short. But to make it a 
bit clearer what the XBee is a short data description and picture of every  XBee module will follow.

A XBee module communicates over the ISM 2.4 GHz frequency band, and meets the standard IEEE 
802.15.4.

• XBee Pro:

◦ Dimension: 24.4 x 32.9 mm
◦ Supply voltage: 2.8 – 3.4 volts
◦ Range: 

▪ Indoor: < 100 m
▪ Outdoor: < 1500 m

◦ Transmit power: < 100 mW
◦ Power consumption:  

▪ Sending: 270 mA (at 3.3 V)
▪ Receiving: 55 mA (at 3.3 V)
▪ Sleeping: < 10 μA

◦ Baud rate: 1200 – 115200 bps

• XBee:

◦ Dimension: 24.4 x 27.6 mm
◦ Supply voltage: 2.8 – 3.4 volts
◦ Range: 

▪ Indoor: < 30 m
▪ Outdoor: < 100 m

◦ Transmit power: 1 mW
◦ Power consumption:  

▪ Sending: 45 mA (at 3.3 V)
▪ Receiving: 50 mA (at 3.3 V)
▪ Sleeping: < 10 μA

◦ Baud rate: 1200 – 115200 bps

16

Picture 6: The RFID tag seen together with the SkyeModule M1-Mini.  
The M1-mini is the small round circuit to the left.

Picture 8: The XBee module

Picture 7: The XBee Pro module



• XBee – Simple Board:

◦ Dimension: 52 x 35 mm

◦ Input voltage:

▪ 3.3V pin: 3.3 V

▪ VIN pin: < 12 V

◦ Output voltage: 3.3 V

◦ Power output(USB 500 mA):

▪ XBee: 300 mA

▪ XBee Pro: 140 mA

• XBee – USB Board

◦ Dimension: 52 x 35 mm

◦ Input voltage: 5 V

◦ Output voltage: 3.3 V

◦ Power output(USB 500 mA):

▪ XBee: 300 mA

▪ XBee Pro: 140 mA
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2.4.3 The Battery:
The RFID reader and the XBee are both big power consumers, so this puts some demands on the 
power supply. It should be small, not too heavy and be able to deliver enough power so that the 
module can work for at least a couple of hours. When looking around for a more specialized battery, 
with the needed voltage level in just one cell, a problem occurred. How do you charge that cell 
without the risk of damaging it. So then a cellphone battery and similar was not a choice after that.  
And a standard cell which can be charged easy in a regular charger, which is cheap to buy if  the 
user doesn't have one. 

• AAA - Spec: 
◦ Dimension: Diameter 10 mm, Length 45 mm 
◦ Voltage: 1,2 V 
◦ Power: 450 - 1000 mAh 
◦ Weight: 10 g

• AA - Spec: 
◦ Dimension: Diameter 14 mm, Length 50 mm 
◦ Voltage: 1,2 V 
◦ Power: 600 - 2700 mAh 
◦ Weight: 30 g

• C - Spec:
◦ Dimension: Diameter 26 mm, Length 50 mm 
◦ Voltage: 1,2 V 
◦ Power: 2000 - 3500 mAh 
◦ Weight: 80 g

• D - Spec: 
◦ Dimension: Diameter 34 mm, Length 61.5 mm 
◦ Voltage: 1,2 V 
◦ Power: 2200 - 9000 mAh 
◦ Weight: 150 g

• 6LF22 - Spec: 
◦ Dimension: Depth 17 mm, Width 26 mm, Length 49 mm 
◦ Voltage: 9 V 
◦ Power: 250 - 1200 mAh 
◦ Weight: 40 g

After looking around different batteries the choice fell on AA and AAA since they gave enough 
power and was small and lightweight. These are also standard cell that can be bought in pretty much 
every store,  and the  chargeable  ones  has  really good power  capacity.  And they also  have  non 
chargeable versions that can be used if no chargeable are ready at the moment.  
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3 Design
The goal is to develop a slipper with suitable hardware to be able to monitor the user of the slipper. 
It is supposed to be a wearable one with no physical obstacles in the way. And also protected from 
the environment so that the electronics doesn't crash during ordinary handling. 

When designing this slipper it was split in to three separate tasks, these were power, connections 
and antenna design. A slipper with an antenna, RFID reader, batteries and XBee10 module.  Antenna 
design description will be here.

3.1 Power
To run the different electric modules without power cables batteries will be needed. Standard cells 
were chosen since its easier to charge, but there is one issue. Since the power level on a standard 
cell is 1.2 volts on chargeable and 1.5 volts on non chargeable. Of the two electric modules the  
RFID reader and XBee, the XBee module has the lowest maximum power limit on 3.3 volts. And 
3.3 volts cannot be divided with 1.2 or 1.5 without either to more or less power than needed.

And another issue is that if the system is designed for 1.2 volts, what happens if the user change the  
batteries to 1.5 volts. So to work around that problem a power level circuit is needed. 

There are internal power level circuits on the RFID reader and on the XBee mounting board. So 
why not use them instead of the external power level circuit? 

With the XBee Pro and M1-Mini setup it won't work, together they consume more current than any 
of the power circuits can deliver. It's pretty close to the maximum for the XBee Pro mounting board, 
but  after  a  small  experiment  that  led to  a  destroyed power circuit  on the RFID reader  it's  not 
recommended.

If in a future design the XBee Pro will be changed to a regular XBee with shorter range, then the 
power level circuit on the mounting board of the XBee will be able to deliver the current to both 
modules.

10 The wireless module, pronounced zigbee.
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3.2 Antenna
The link that is between the tag an the reader is of the magnetic type. The field is short ranged and 
decays when created round a single wire. It decays according to formula F-1, but since the loop 
antenna is more than one wire, this formula is not accurate.

Magnetic field decay : 1
r (F-1)

A transformer is in design similar but without the iron core. So then the formula that calculates the 
field decay around a transformer can be used. The formula in F-2 show that the decay increases  
when using a loop antenna compared with a single one. 

Magnetic field decay transformer : 1
r3 (F-2)

The plan from the beginning was to place the antenna between the insole and the sole. But since it 
decays pretty fast and every centimeter counts and a small test was made to strengthen the argument 
that the antenna shall be mounted in the sole. So the design was then changed. The reading distance 
was too long and  the sole interfered so that almost no tags were found on the PEIS room floor. And  
this is of course not acceptable when you are trying to track a persons movement.

So to get a better working antenna it is mounted on the outside of the sole in the first version. Then 
in the final version it will be mounted in between the sole outer material and isolation material in 
the sole. This will make that only 2-3 mm of the rubber sole is in the way of the antenna.

The XBee, RFID reader and the battery are mounted on top of the slipper. And they are held in 
place by Velcro, so it will be easy to disassemble the shoe. All the cables between the different  
modules are connected to each other with pin connections. This is also so it can be more easily 
disassembled, but it shall still hold together when used.

After tests this design changed and everything was put in a box to make it more safe to use. When it  
was mounted directly on the slipper it was easy to either hit the electronics with the other slipper 
when walking or kick it into furniture. 
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3.3 Connection
In the module there are internal communication between the two modules. And to send data from 
slipper to the server wireless communication is used.

3.3.1 Wireless
Wireless is really necessary if the slipper should be able to be worn over a bigger area and over long 
time.  A cable  wouldn't  reach  that  far  and  after  a  while  it  would  get  all  tangled  up  in  some 
mysterious way.

3.3.2 Internal
To communicate between the two modules there were some of different interfaces. In the following 
sub parts the different interfaces will be explained, it will show on some differences between the 
different interfaces that were available. 

3.3.2.1 TTL
TTL is a way to interpret high and low voltage on a port. If a port has a voltage level between 2.2 
and 5 volts it's interpret as a logic 1, and between 0 and 0.8 volts it's a logic 0. It is asynchronous  
which means that there are no clock signal to sync the data transfer. 

It has two wires + ground and communicates one way on these. So there is one wire to send data 
and one to receive, it can be visualized as a road with cars going in one direction in one lane and the 
opposite direction on the other lane. The ports are named Rx and Tx, receive and transmit. From 
device one the Rx is connected to Tx port on device two and the same the other way around.

3.3.2.2 I2C
I2C is also communicating like the TTL over two wires + ground, but here one cable is for sending 
clock pulses and the other for data communication. And the first byte is an address byte, so it can  
connect between more devices then just two as TTL.

3.3.2.3 SPI
SPI stands for Serial Peripheral Interface. It has a master and slave relationship between the devices 
where the master is the clock pulse generator. SPI uses 3 wires + ground wire to communicate on  
the RFID reader SkyeTek M1.

3.3.2.4 RS-232
Was the most popular data port on a PC, now USB is more common. It stands for Recommended 
Standard 232. It's used in 4, 9 or 25 wire communication. It sends the data in serial communication.

It transmits logic 1 from +5 to +15 volts and logic 0 from -5 to -15 volts. Interpretation of the 
received signal is logic 1 from +3 to +13 volts and logic 0 from -3 to -15 volts.
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3.3.3 Internal result
Here the decision were made based on Bo-Lennart and Per knowledge. They had good experience 
using the TTL interface. During the test other alternative ports were used since there were some 
complications. 
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4 Implementation
In this chapter is the description on how to produce a similar slipper to the one that were produced 
during this thesis. In picture 11 the different electric modules are on display.

Picture 11: From left, Xbee Pro mounted on USB board, SkyeTek M1 reader, XBee Pro mounted on the  
simple board. Second row from the left the UB232R circuit and the SkyeTek M1-Mini reader

4.1 Individual tests
Before putting the modules together, they were tested individually. This step is important to know 
that everything is working as it should.

4.1.1 UB232R
This is a small circuit that connects the USB to TTL. It can simulate 
a serial-port on the USB, and this can be used to connect to modules 
that have the TTL interface. It can communicate both on the 5 V 
and the 3.3 V TTL levels. 

4.1.2 SkyeTek M1
This  reader  are  best  tested  with  a  UB232R circuit.  It  can  be 
connected directly from the Rx/Tx port on the UB232R to the 
Tx/Rx on the reader. To be able to read a tag, connect the two 
ports on the RFID reader named INT and ANT. These ports are 
pointed out with arrows on picture 13. By doing this the internal 
antenna will  be activated  and tags  can  be  read  if  they are  in 
around 5 cm range from the reader.
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Picture 13: The SkyeTek M1, the  
arrows are pointing out the 
antenna ports.

Picture 12: The UB232R 
module



4.1.3 SkyeTek M1-Mini
To connect the M1-Mini reader is a little trickier than the M1. It has the TTL levels on another 
standard, here maximum level is around 3 volts. So to level the power down to 3 volts a power 
divider circuit (picture 14) will do the work. It consists of 2 resistors, one on 1 kOhm and the other 
on 2 kOhm. 5 volts is spent on the 3 kOhm from the Input to the ground. So the 1 kOhm resistor  
will have 1/3 of the total voltage, calculated in numbers this is according to formula 3 1.67 volts.

Voltage 1kOhm : 5
3
=1.67 volts (F-3)

So 1.67 volts is spent on the first resistor how much is it left? 
Result voltage :5−1.67=3.3volts (F-4)

Then the output is connected before the 2 kOhm where the voltage level is 3.3 volts. So then the 5 
volts logic 1 signal is leveled down to 3.3 volt that the reader can interpret as a logic 1 without the 
risk of burning any circuits.

In this part the previous part was the easiest one to implement. 
The second part demands a little more electric understanding. To 
level up the voltage again back to 5 volts, a double NAND gate 
coupling is made. This works in the way that the NAND gate has 
to have a trigger level for logic 1 lower then the RFID readers 
maximum TTL voltage level, in this case 3 volts. So then when 
the NAND gate gets input that will result in a logic one out from 
the NAND gate it will open up the and deliver the voltage level 
that the NAND circuit is powered with on the out pin. Now the 
power level is up to 5 volts  and can be interpret by the RFID 
reader again.

On picture 15 its shown that two NAND gates are connected in serial and the input pins have the 
same input source. This is because the NAND gate gives true on every value except on both true. So 
the first NAND will give false when the input is logic 1, and 
true when its false. Then the second NAND gate will invert 
the value of the first NAND gate so it's back to the value 
coming from the RFID reader. Ex, the first NAND gets true 
as input from the Tx pin on the reader, sets false as output, 
second NAND gets false as input and sets true as output to 
the Rx on the UB232R. So in this way the logic 1 signal has 
been leveled up to 5 volts from 3.3 volts.

The M1-Mini  has  the internal  antenna activated from the 
beginning so it's ready to read when the circuits are done.
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Picture 14: The power divider  
circuit

Picture 15: A level up circuit



4.1.4 XBee module
To test this in a simple way it's good to have the “USB Board” this makes it possible to connect it to 
the USB. Connect both of them to the PC through the USB and start to communicate through a 
terminal software. 

If there is only one of the “USB Bard” and one of the type “Simple Board”, then connect the DOUT 
to the DIN port. This will make all incoming data on the input port to be sent to the output port, so 
now everything will be echoed back to the sender.

4.2 Building the antenna
There are some different guides on how to build an antenna. The one distributed by SkyeTek11 is a 
fairly good antenna. It does not work that well in this project, so it got replaced with the antenna 
solution  produced in  the  “RFID Receiver  Antenna 
Project for 13.56 MHz Band”. This is a thesis that 
aims  at  developing  a  good  RFID  antenna  for  the 
13.56 MHz band. The antenna in this paper is built 
on a fiberglass circuit board, that is not so flexible so 
instead use either  plastic circuit  board or mount  it 
between two tape layers. Use 0.2 mm copper wire to 
create the antenna, put an extra tape layer between 
the the inner part of the wire and the loop when it 
crosses  the  loop  to  avoid  short  circuit.  The  extra 
layer shall be placed at the square according to the 
picture 16.

Use brass platings to mount the capacitors and resistor on. Use either antenna cable or regular cable 
if the cable isn't longer than 50 cm, the wave length is longer so there will be no interference.

4.3 Connecting the antenna
The next step is to connect the built antenna to the reader to make 
the reader distance greater.

4.3.1 Connect antenna to SkyeTek M1
The next step now is to connect the external antenna that shall be 
mounted  in  the  sole.  So  to  start  remove  the  cable  mounted 
between  the  INT and  ANT the  internal  antenna  is  not  needed 
anymore now. Now the antenna shall be connected to the ANT 
and GND pins on the reader. Now the external antenna is in use.

11 “Short design guide of a external antenna for SkyeModule M1-mini” see appendix chapter 8.4
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Picture 16: The second prototypes new antenna.

Picture 17: The SkyeTek M1, with  
the external antenna and ground 
pin marked with arrows.



4.3.2 Connect antenna to SkyeTek M1-Mini
This is pretty similar to the M1, it will work by connecting the 
antenna to the GND and ANT pin, pointed out in the picture 18 by 
the two arrows.

It will work now as connected but it wont work good since the 
internal antenna is still active. So that antenna is still stealing some 
of the out  effect.  So to  disable this  antenna remove the cseries 
resistor  marked  with  a  square  in  picture  18.  Read  the 
documentations first so there haven't been any changes in design 
when it's tried out. There are a few differences in the removal of 
circuits  needed  to  disable  this  antenna  in  earlier  versions 
comparing to the used version. So it is pretty important to know 
what version the reader has.

4.4 The complete module
Now when everything is tested and the antenna is 
built it's time to connect everything to a module.

4.4.1 The SkyeTek M1 module
So now there were a working module with RFID 
reader and wireless communication. It contains all 
the parts to put it on the slipper and use it.

4.4.2 The SkyeTek M1-Mini module
This is the complete module with the M1-Mini and 
Xbee. The main difference from the M1 module is 
that  the  NAND logic  part  is  not  needed  and the 
whole  circuit  is  powered  with  3.3  volts.  It  is 
powered with 4.8 to 6 volts depending on what sort 
of batteries are used.

4.4.3 The power control circuit
In both of the pictures 19 and 20 from the plus side of 
the battery the wire goes to a circuit. This circuit (see 
picture 21) is there to level the voltage level to 3.3 from 
4.8 to 6 volts depending on the battery type. It's built up 
with a LM2937 and two capacitors.
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Picture 18: The SkyeTek M1-Mini 
reader

Picture 19: The SkyeTek M1 and XBee module

Picture 20: The module with the SkyeTek M1-
Mini and XBee module



4.5 The Final slipper
The reader module shall be mounted on the top of the slipper 
either using Velcro or put in a box and stitch it to the slipper.

And  the  antenna  is  placed  in  between  the  sole  and  the 
isolation in the sole by cutting an opening and place it there. 
The antenna cable shall be led out of the sole on the side of it  
and up to the slipper top. Then glue the opening together and 
the slipper shall be completed.

The batteries are put in two AAA holders and connected in 
series.  On  the  cable  connecting  the  two  battery  packs  a 
power switch is mounted to be able to turn off the slipper.
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Picture 21: This picture shows the  
voltage level circuit.



5 Testing
First  everything  part  of  that  were  supposed to  be  used  in  the  slipper  was  module  tested.  The 
SkyeModule M1 was the main test object since it was easy to interface. Before mounting everything 
in a real slipper a prototype was produced. This prototype is used to try out the whole electric 
module. 

This prototype was not wearable and had to be pushed around on the floor by hand.

Picture 22: This is the first prototype used for testing the hardware in the grid test.

5.1 Square testing
To test the prototype a 15 x 10 square grid (see picture 23) 
was  made  on  the  floor  in  the  PEIS  room  at  a  place 
randomly selected area. The distance between each tag and 
the pattern on how they were placed was known before. 
Even though the tag pattern were known, the starting point 
was not known which means that the exact placement of 
the tag grid is not known. The two goals of this test is to 
see how good the prototype works and where the tags are 
located. Then those tags shall be located in the tag map. 

The matrix was built up by 5x5 cm squares, so the total size of it was 75x50 cm.

On the picture  24 it  is shown how the shoe was placed 
during  the  test  series.  The  shoes  were  placed  in  four 
different angles (0, 90, 180, 270 degrees). The measuring 
part of the prototype is the front of it, on a human foot it 
would  be  the  front  part  that  is  where  the  toe  joints  are 
located. That is the measuring point that is placed in the 
middle of the square. In the picture above the measuring 
point is in the square (8,4).

The shoe was then moved one square at the time and all 
readings  were  recorded.  Every time  the  prototype  got  a 
reading it was marked in a matrix. All readings that showed a tag id was then reduced to just a 
Boolean, with true or false. True meant that a tag id was registered. Then all the four different 
angles matrices were added together to create total reading map.

It  is  150 squares in the matrix and 4 angles for every square,  so in  every test  there were 600  
readings, and every reading toke around 5 s. This leads to that every test took around 50 min to run.
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Picture 23: The test grid.

Picture 24: Shows the placement of the  
prototype/slipper during the test.



A small notation the shoe was moved to the next square after a successfully reading or a failure. The 
time the shoe had to read in every position was not fixed, it was more at random selection of the  
time period.

Also the number of times it read the tag at a specific position was not recorded. This result could  
give a notification on how good the range the antenna had. 

A smarter approach here would have been to write an application that measured all that and told the 
user when to move the slipper. At the time of the test no knowledge of how to make a suitable 
application was known. And when knowledge existed the test it self was not that important since the 
shoe was ready for walking test.

5.1.1 The first prototype square test
The first prototype had an antenna that covered the front part of the slipper prototype. The first 
antenna was made from signal cable shielding, plaited wire. It was a total disaster, so to make a  
better antenna it was modified. The new antenna was made of brass plating and shielding .It was 
made in some way looking like the real slipper. So that it would give a clue on how the well the 
design should work when implemented on the real slipper.

The result  of  every reading of  this  test  is  displayed 
later in the result chapter 8.3.1. 

5.1.2 The second prototype square test
After the first test it was clear that the antenna wasn't 
close to what was necessary, so the new copper wire 
antenna design was added to the prototype.

5.1.3 The slipper square test
In this test the real slipper was used to do a comparison test with the two other tests. This test  
should give almost the same result as the second prototype test, since its the same antenna. The 
reader is different in this test the M1-Mini is the one used, since that is the one to be used on the  
real slipper.
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Picture 25: The second prototypes new antenna.



5.1.4 Square Test Result
The first  two pictures  below are  the  test  with  one  angle.  The  shoe  was  set  in  the  zero  angle 
approach.  A blue square is  a  square where a  tag id  was recorded.  On the left  side is  the first 
prototype with the bad antenna and the one to the right is the upgraded prototype with the new 
antenna. 

Picture 26: This picture shows the first  
measurement with the prototype in zero angle  
and with the first antenna design.

Picture 27: This picture shows the first  
measurement with the prototype in zero angle,  
with the second antenna design..

Picture 28: This picture shows the test with the  
slipper, where the antenna is mounted in the  
sole.

Even though the the first test with the prototype showed how bad the antenna worked it still gives a 
good result in one aspect, the tag location. With shorter range comes better accuracy in this case. 

The following two pictures are summarized pictures of the four measurements.  This will  make 
squares that are read more then once show up in another color(Blue = 1, Green = 2, Orange = 3 Red 
= 4). When it has a red color it means it was read in every angle. It's a strong indication that a tag is  
close to that square. 

In  the two pictures  seen below there is  a  gap in  both  pictures  at  column 9-11 rows 1-3.  This 
indicates a broken tag, and according to the tag map it has a gap there. So the conclusion is that the 
tag is broken. 

Picture 29: The summarized first prototype one test. Picture 30: The second prototype test.
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Picture 31: The summarized slipper test.

In this last picture below both of the two readings is summarized into a picture, the bad and good 
antenna prototype. This map increases some of the square results to make it even more clear where 
the tags are located. So the tags that are red is registered in every test angle and the mustard colored 
once are almost in every test. Now its pretty clear where they are located, position 1,5 (x,y) should 
bee a tag.

Picture 32: The total summarized matrix.

The grid was placed 151 cm from the wall to the left of the grid, and 73 cm from the wall under the  
grid. With this in mind its easy to calculate to how the result matches reality. At position (2,6) it is a  
big probability for a tag to exist. 

That tag e0070000071dad7d has coordinates x-1.6250m, y-0.9750m. It measures from the lower 
left corner. So with that in mind a calculation of the result should be possible. Calculated length 
from wall to the middle of the selected square. To calculate the x axis coordinates.

X −Cord :151105
2

=158.5 cm (F-5)

Calculation of the y axis coordinates.

Y −Cord :73 2520
2

=95.5cm (F-6)

The comparing it with the real value of the tag to see how big the offset is. For the x position.
X −Cord diff :162.5−158.5=4cm (F-7)

For the y position offset.
Y −Cord diff : 97.5−95.5=2cm (F-8)

And analyzing the found tag and place them on the tag map to see what was found during the tests. 
On the picture below the red squares represents the squares that  were found under the matrix, 
during the square test. 
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Picture 33: In this picture the tag layout of the PEIS room is drawn. The squares with red color are the ones found in the  
Square Test.

5.2 Battery life test
With fully charged batteries the slipper will 
be  set  to  read  a  single  tag  to  be  able  to 
record how many tags it reads before it dies. 
It will be done with sleeping times 1s, 0.5s, 
0.1 and full speed reading.

This test will give a graph on how different 
frequencies affect the batteries over time. It 
will  give  a  hint  on  where  a  maximum 
reading frequency and longest working time 
is. 

5.2.1 Battery test results
On four chargeable AAA12 cells it can read 
around 700000 times and lasts for around 7 
hour and 30 minutes before the batteries are 
empty. 

Also  a  test  reading  in  full  speed  with 
standard  AAA dry cells  is  done  and  read 
around and lasts for around 7 hour and 30 
minutes. So dry cells preform pretty much 
the same as the chargeable ones.

12 Chargeable cells type AAA, with 1000 mAh capacity.
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Picture 34: A graph showing how the reading curve during a battery  
endurance test.

Picture 35: All test compared



5.3 Discussion
Here is the discussion of the results gained during the different tests. Thoughts like what could  
inflict on the test results and how to interpret the result is also mentioned. 

5.3.1 Square test
When pushing the slipper around on the matrix its hard to get the precise position. The square that  
were used as positioning square are either the next in line or the previous. A little example: to 
measure square (2,1) in zero angle the positioning square is (1,1). So the slipper was placed with the 
front  part  at  the  center  of  the  positioning  square,  too  estimate  the  center  was  done  by  eye 
measurement. This leads to a small difference between every measuring, and small differences can 
sometimes be very important. In this specific case, 0.5 cm could sometimes led to correct reading or 
not.

5.3.2 Trajectory test
Since this test was done in the way that the user would use slippers and walk a path to measure how 
many tags were registered and repeat it for every test. It is hard to walk the exact path two times in a 
row so four times is even harder. There are blind spots between the tags where the reader wont get a 
reading, it is shown in the square test result. So if the person walking around, walks a little more to  
the left or right of the path this can lead to a reading of a tag or not.

5.3.3 Battery test
The exact number is 675873 readings before it died, but this result is not the whole truth since a  
restart  happened  after  20  min  so  around  40000  readings  were  left  out.  So  thats  why it  is  an 
approximated number.
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6 PEIS Software
This  step  will  build  some  interpretation  software  on  either  the  slipper's  computer,  or  on  the 
connected PC, or both, to allow the interpretation of the RFID data. Interpretation may range from 
the simple identification of (x,y) trajectories, to the filtering and smoothing of these trajectories, to  
the classification of these trajectories into patterns of activities. The details will be decided before 
this step is started.  

6.1 Application Description
A development of an application that runs and communicates with the PEIS kernel software. To 
communicate it will use tuples, that is transmitted and received from the tuple space. It will use the 
RFID library written in c by Maurizio Di Rocco13. 

There shall be some different tuples that can be sent to the application. 

• Scan 1000000 – This command sets the sleeping time for the thread in micro seconds. The 
maximum speed is around 10 Hz if the software requests a tag.

It can read at 28 Hz if the reader is told to read until a stop signal is given. In this case only 
one way communication is used from the slipper to the computer. 

• Read id field – this command will read a specific field in the memory of the RFID tag. This 
will take some time an should not be used when walking around.

• Write id field – this command will write data to a specific field in the tag memory. This 
should as the one above only be used when standing still to get a good functionality.

6.2 Doing
In the previous construction part of this thesis it started with information gathering, so the next part 
started in the same way to hopefully end in the same way, with a successfully built program. So 
information about the PEIS was gathered from the AASS wiki and the PEIS tutorial presentation. 
There  are  also  some  PEIS  sample  programs  that  comes  with  the  PEIS  kernel.  So  when  the 
information was gathered an attempt to simply modify these sample programs were made.

To build the program some attempts were made by using GCC14 directly, this didn't work since there 
are a lot of PEIS files and arguments that need to be set to make it work. This part never worked 
and after discussion with Alessandro, Federico was called to aid with the problem. He produced 
after  some  trouble,  an  empty  project  from another  PEIS  application.  Now  it  was  possible  to 
generate the make files as it should after some minor changes to suit the specific project. Federico 
also announced that the sample programs that followed the kernel are obsolete. So no big surprise  
that it wouldn't work.

When the application could be built, the real task started. The RFID library was already written in 
some way. So the first part to start with was to make the component be able to control the RFID 
library thread. A small template code was received with the RFID library, and by implementing that 
reader part into the PEIS application the reading function was working. So far it only printouts were 
showing that it worked.

After printouts started to flood the screen the next step of the development took place, to get it back 
13 See 8.5.1 for more information.
14 GNU Compiler Collection
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to the main thread. To make this happen a pointer was used, to store the readings in from the RFID 
thread.  This  was  a  bit  tricky  but  after  some  small  guidance  from  Marco  Trincavelli 15 about 
allocating memory space for the pointer it worked. At this point printouts were used in the main  
program to show if it worked. To be able to visualize it on the screen it had to be converted in the 
print function from hex values to char values.

Now the program ran in some form, but it could not communicate with the environment. So to be  
able to control the application at some distance it needed to be controlled by tuples. Scan and stop 
tuples were created to be able to start scanning and to stop scanning. At this time it could only scan 
in one frequency that was set in the code.

Since receiving instructions was added response should be the next step. To communicate with 
other  listening software the application needed to communicate  over  the tuple space.  This  was 
almost done in the sample project created by Federico, it just had to be refitted to suit the specific 
demands. The data was received hex format and the tuple needed string, a solution here was to use  
sprintf. This function takes data and turns it into a string and stores it in a variable. This variable is  
then added to the tuple and it is sent away over the PEIS space.

Next in line was the read/write functionality. Tags have a read and writable memory, so it would be 
nice to be able to store data in it. 

After some problems with the thread controlling in the RFID library, it was updated so it could be 
used to read by calling functions instead of the thread controlling. This decreases the number of 
threads and made it a lot easier to control. 

6.3 Tracking test
Tracking test was done in the way, that a user would walk around for 1 minute wearing the slippers  
and all the tag id:s were collected. When all data was collected it was processed and a graph of the 
function was plotted.  This was done at 4 different frequencies to see how good the the slipper  
worked. It will read in the frequencies 1, 5, 10 Hz and a full speed test. Tracking test is to get a view 
on how good the specific reading frequency is to record the tags in the traveled path, so to be able to 
compare result the same path was traveled every time.

15 See 8.5.1 for more information.
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6.3.1 Trajectory Test Result

Picture 36: The trajectory with around 1 Hz reading frequency.

Picture 37: All of the paths projected on one graph.

The test time is quite short, imagine walking around, during 1 minute not that much distance is 
covered. But if the time was longer and the distance greater the graph will only get messy. If the 
room had been bigger longer time would be an option since there are more tags to read.

All the trajectory test can be seen in the appendix. Where they are shown in a number of ways to 
show the difference of the performance. 

36



6.4 Result
The PEIS application is usable to get RFID tags readings. The software can read and distribute the 
readings in the tuple space, it can be controlled by sending instructions to it. To set the reading 
frequency the sleeping time of the main thread is altered. It cant read the memory or write to it.
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7 Conclusion
What was the result of this thesis, what new knowledge has been learned, is the slipper working or 
was it a total failure?

What could have been made better, was there something totally unnecessary done?

The main result  is  the slipper,  there is after  this thesis  a working slipper.  It  is not perfect,  but  
according to the tests it works. So the first part was as I see it successful. The market investigation 
produced suitable hardware for the slipper, and the design and implementation resulted in the RFID 
slipper.

The antenna part was in some way a little strange, it was something I haven't done earlier so I had to 
trust in others work. This seemed to be successful too, since the antenna I built worked pretty well.

The PEIS application is working, but it's the part I'm least satisfied with. Since I didn't write the c  
library it came with a design I didn't like that much. So if I had done what I did in the end and  
created my own functions in the library from the beginning the result would have been better. 

7.1 Future ideas
In the way that the slipper is designed there should not be any bigger problem to add more modules. 
Just add a small micro controller, and let it handle the communicate between the sensors and the 
XBee module.

By implementing the micro controller it can also make the batteries last longer. This is done by 
turning the modules to sleep mode, when the slipper for instance has been in the same place for a 
longer period of time.

The reader can be programed to read tags directly on start up without the need to send a command. 
This makes it possible to add a piezo element that can create the power needed to read a tag and 
send the data and then turn off. This will make a slipper that only reads when the slipper is used.

If the piezo wont produce the needed power, it could in some way be made to charge the batteries or 
a capacitor to make the time you can use the slipper longer. It can last over 7 h now, and with a 
micro controller and a functional peizo charger, my believes are that it could probably go for a week 
without the need of charging. 

Another idea to make the batteries last longer would be to program the micro controller so it 
recorded the data collected and only sent it when it had some amount of it, for example 100 
readings. This will make the XBee that is the most current heavy module to sleep as often as it 
could. This is nothing I'm totally sure that it will improve the length of the battery life, but it feels 
like it should be a good idea.
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7.2 How the plan turned out
The two project plans turned out to be pretty well planed. The differences between the “Human 
Plan”16 and the “Actual Plan” was the result of lack of experience in the specific fields. You can't 
know everything from the beginning and parts of the knowledge is not possible to put on paper, an 
example would be my soldering skills. It improved during the project, but it led to some time 
consuming problems in the project, an example would be the destroyed reader when trying to 
dismount a resistor. 

7.2.1 

Picture 38: This show the actual schedule, how the work flow turned out.

The different parts will now be explained.

• Sub-part 1:

◦ Task A: Market investigation to find the needed hardware. Also included is information 
search on how the hardware works and if it suits our needs. 

◦ Task B: Market investigation to find a suitable power supply.

◦ Task  C:  Investigation  on  how  to  design  the  parts  of  the  system  that  need  to  be 
manufactured.

◦ Task CD17: Testing the hardware before assembly.

◦ Task D: Assembly of the device.

◦ Task E: Testing the almost complete solution.

◦ Doc: Writing this thesis and documenting on the AASS laboratory wiki page.

• Sub-part 2:

◦ Task A: Market investigation to find a wireless communication module.

◦ Task B: Find a power source for the wireless module, or investigate if there is enough 
power in the source in Sub-part 1.

16 Compare with the picture 1 and 2, in chapter 1.2.
17 This task was implemented after the planing phase, that's why it doesn't exist it the human plan.
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Part 1 Week
Subpart 1 v37 v38 v39 v40 v41 v42 v43 v44 v45 v46 v47 v48-v02

A X X X
B X X
C X X

CD X X X
D X X
E X X

Doc (X) (X) (X) (X) (X) (X) (X) (X) (X) (X) (X) X X
Subpart 2

A X
B X
C X X X

CD X X
D X X

Doc (X) (X) (X) (X) (X) (X) (X) X X

The Actual Plan



◦ Task C: Integrate the wireless module in the device from Sub-part 1.

◦ CD: Testing the complete solution, to see that it is working properly.

◦ Task D: Testing the complete solution in a real environment to achieve test data. 

◦ Doc: Writing on the thesis and wiki.

7.2.2 
The actual plan followed the human plan rather well, some changes were made along the way, but it 
wouldn't be normal if there were no changes.

Picture 39: The actual schedule for the second part.

• Part 2:

◦ Task A: Get to know the system in the intelligent environment.

◦ Task B: Develop an application that works in the environment.

◦ Task C: Develop a tracking software.

◦ Task D: Testing.

◦ Doc: Adding text to the thesis and the wiki.

It followed the working plan pretty well, and there were no greater periods of panic caused by the  
stress of being behind schedule.
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7.3 What have I learned
It  gave  some  new  electronics  and  low  level  data  communication  understanding.  Some  new 
programming skills were also learned. But the main knowledge won during this thesis is more on 
the project handling and problem solving. A more strategic debugging method when experimenting 
with electronics was learned.

Another very important lesson learned, always test everything to be sure that it is working before 
the experiment begins. Always test everything individual in some way that can give proof  of their  
correctness. Even to test simple things like cables that are a part of your experiment but its not built  
by you.

The result is a slipper that is wearable and works together with the PEIS environment. It's a bit  
clumsy but still it's not a total deathtrap. So for experimental purpose the slipper shall work good, 
and will last a pretty long testing session before it needs to get the batteries charged.
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8 Appendix
Here in the appendix all the test data and other information located. Its located here to make the 
report a little shorter to read for those who's not interested in all of the tests and other facts.

8.1 Software
During  the  development  a  couple  of  programs  was  used,  some  of  the  software  were  from 
manufactures and some were developed by me. 

8.1.1 Standard software
X-CTU
The communication program for the XBee module.

PySerial

“This module encapsulates the access for the serial port. It provides backends for Python running  
on Windows, Linux, BSD (possibly any POSIX compliant system), Jython and IronPython (.NET  
and  Mono).  The  module  named  “serial”  automatically  selects  the  appropriate  backend.”  - 
pyserial.sourceforge.net/

Pygame 

“Pygame is a set of Python modules designed for writing games. Pygame adds functionality on top  
of  the  excellent  SDL library.  This  allows  you  to  create  fully  featured  games  and  multimedia  
programs in the python language. Pygame is highly portable and runs on nearly every platform and  
operating system. Pygame itself has been downloaded millions of times, and has had millions of  
visits to its website.” - www.pygame.org

OpenOffice
“OpenOffice.org  3  is  the  leading  open-source  office  software  suite  for  word  processing,  
spreadsheets, presentations, graphics, databases and more. It is available in many languages  and  
works on all common computers. It stores all your data in an international open standard format  
and  can  also  read  and  write  files  from  other  common  office  software  packages.  It  can  be  
downloaded and used completely free of charge for any purpose.” - www.openoffice.org

Geany
“Geany  is  a  small  and  lightweight  Integrated  Development  Environment.  It  was  developed  to  
provide a small and fast IDE, which has only a few dependencies from other packages. Another  
goal  was  to  be  as  independent  as  possible  from a  special  Desktop  Environment  like  KDE or  
GNOME - Geany only requires the GTK2 run time libraries.” - www.geany.org
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GNUPlot
“GNUPlot is a portable command-line driven graphing utility for Linux, OS/2, MS Windows, OSX,  
VMS, and many other platforms. The source code is copyrighted but freely distributed (i.e., you  
don't have to pay for it).  It was originally created to allow scientists and students to visualize  
mathematical functions and data interactively, but has grown to support many non-interactive uses  
such as web scripting. It is also used as a plotting engine by third-party applications like Octave.  
GNUPlot has been supported and under active development since 1986.” - www.gnuplot.info

PlotDrop
A GUI front end to GNUPlot. 

“PlotDrop  is  designed  for  quick  simple  visualization  of  2D  data  series.  It  is  not  intended  to  
encompass anywhere near the full capabilities of GNUPlot.” - plotdrop.sourceforge.net

EAGLE Layout Editor 
“The EAGLE Layout Editor is an easy to use, yet powerful tool for designing printed circuit boards  
(PCBs). 
The name EAGLE is an acronym, which stands for Easily Applicable Graphical Layout Editor”

- www.cadsoft.de

8.1.2 Developed software
These programs were as the title says developed by me during this thesis. They are very specialized  
to this thesis and the RFID Slippers so they will probably not be usable for any other area.

ReaderProgram

A small python software that records all tag ids to a file. It stores both the full length id and the time  
it was recorded in seconds.

It can read at full speed or at some specific frequency.

TrajectoryProgram

Takes the data file from the reader program and show the path traveled with some history trace.

PEISRoomFinder

Shows the id of the tag that the mouse pointer hovers above.

The tags are can be tagged by a mouse click to be able to make marks on which tags that were 
found during a test.
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8.2 User guide
This is a small user guide on how to use the PEIS Slipper and RFID reader. The most interesting 
part for the end user is how to use the slipper, so the first section in this chapter will concentrate on  
slipper use.

8.2.1 PEIS Slipper guide
This guide will give a short introduction to how to handle the slippers. It also contains some simpler 
error recognition and hopefully a solution for it.

8.2.2 The RFID reader guide
Here is the short guide for the more advanced user. If you want to produce the same and understand 
more of the software. It will give a hint on how to create a simple program to read a tag. For more 
advanced studies it will give links to documents at the end of this guide for further reading.

8.3 Test results
Here are all the test results from the different test. This is not the raw data but its pretty close to it,  
some modifications have been made. These were made to make the data more readable for a non 
experts without taking away any of the important information.

8.3.1 Square test result

Picture 40: Here are the different readings and summarized grids with the first prototype.
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Picture 41: Here are the different readings and summarized grids with the second prototype.

Picture 42: Here are the different readings and summarized grids with the slipper.
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Picture 43: This is the summary of the three measurements.

8.3.2 Trajectory test result

Picture 44: Trajectory test with 1 Hz
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Picture 45: Trajectory test at 5 Hz.

Picture 46: Trajectory test at 10 Hz.
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Picture 47: Trajectory test at full speed reading frequency.
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8.4 Documents and Links
“RFID Receiver Antenna Project for 13.56 MHz Band”

http://www.proxmark.org/files/index.php?dir=Uploads
%2F&download=RFID+Receiver+Antenna+Project+for+13.56+Mhz+Band.pdf

Alternative link:

http://fens.sabanciuniv.edu/telecom/eng/RWL/report.pdf

“RFID description from Dataflows”

http://www.dataflows.com/RFID_Overview.html

“Antenna Design Guide for the SkyeRead M1”

http://btnoderfid.sourceforge.net/files/FAN001_SkyeRead_M1_Antenna_Design_Guide.pdf

“Short  design  guide  of  a  external  antenna  for  SkyeModule  M1-mini” 
http://btnoderfid.sourceforge.net/files/skyetek-antenna-design.pdf 

“SkyeTek Protocol”

http://btnoderfid.sourceforge.net/files/SkyeTekProtocol.pdf 

“Skyeread M1 Reference Guide”

http://www.ecs.umass.edu/ece/sdp/sdp05/Gao/docs/skyeread_m1_reference_guide.pdf
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“XBee Product Manual”

http://ssdl.stanford.edu/ssdl/images/stories/AA236/0708A/Lab/Rover/Parts/xbeeproproductmanual.
pdf

“XBee USB Board Datasheet”

http://www.droids.it/data_sheets/990.002 datasheet.pdf

“Magnetiska och elektriska fält”

http://www.mmi-instrument.se/infoelmag.html

“Transistor–Transistor Logic”

http://en.wikipedia.org/wiki/Transistor-transistor_logic

“I2C”

http://www.i2c-bus.org/

“RS-232”

http://www.omega.com/techref/pdf/RS-232.pdf

“Active RFID vs. Passive RFID”

http://www.atlasrfidsolutions.com/active-vs-passive.asp

8.5 Other Information
Here are some other information that isn't that crucial to this thesis but still has some value so it  
must be present. 

8.5.1 People
Alessandro Saffiotti
Professor for the laboratory Mobile Robotics

The supervisors for this thesis.

Federico Pecora
Senior teacher at the School of Science and Technology

Created the empty PEIS project.
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Marco Trincavelli
PhD. student at the School of Science and Technology

Supported with C programming knowledge.

Per Sporrong
Research Engineer at the AASS Laboratory

Helped with the market investigation and ordered the shipments with RFID reader.

Bo-Lennart Silfverdal
Laboratory Engineer at the AASS Laboratory

A living  encyclopedia  about  electronics,  so  basically  answered  questions  and  gave  aid  when 
electronics problems came up. 

Maurizio Di Rocco
PhD. student at the University of Roma-3, Italy

Built the RFID c library that were used to create the PEIS application. 

Mathias Broxvall
Researcher at the School of Science and Technology

The examiner for this thesis.

Dag Stranneby
Professor and superintendent for the Research school MOS

Did antenna tests to find the range problem.

Thorbjörn Andersson
Research Engineer

Was involved in the same test as Dag.

The people above hopefully have more knowledge than described, the described knowledge is the 
one they have contributed with to this thesis.
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