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Samenvatting

Océ doet onderzoek naar onder andere een alomtegenwoordig kantoor, gebruik makend van het Océ Office Lab
voor het demonstreren van nieuwe technol ogieén. Onderzoek dat gedaan wordt aan het office lab heeft soms ook te
maken met samenwerking met het Smart Surroundings project. Deze samenwerking betreft ook mensen van de
Universiteit Twente en de Universiteit van Karlsrtuhe. Een van de settings, die worden onderzocht in dit project, is
het alomtegenwoordige kantoor. In deze setting wordt een concept genaamd “ Smart Signs’ uitgewerkt. De Smart
Signszijn een netwerk van draadl oos verbonden apparaatjes. Deze apparaatjes hel pen nomadische medewerkers
door de weg te wijzen, informatie te tonen en printen te automatiseren. De Universiteit Twente zorgt voor het
platform voor de redlisatie van dit Smart Signs systeem. Dit platform is een netwerk van draadloos gdlinkte
gpparadt]es, die magere bronnen (0.a. processor en geheugen) heeft en energie efficient zijn.

The hoofddoel van dit onderzoek is het vinden van de best passende redlisatie van het Smart Signs systeem,
gegeven het verzorgde platform. De redisatie is aangaande het semi-dynamische Smart Signs systeem, die meest
van de originedl bedoelde functionaliteiten heeft, voor het genereren van gebruikers respons op de SVG Open
conferentie.

Het onderzoek begint met het verkennen van de exacte intentie van het Smart Signs systeem, door het uitwerken
van de eerste omschrijving tot een set van scenario omschrijvingen en een lijst van vereisten. Deze vereisten zijn
verder uitgewerkt, met een meest passend Smart Signs systeem als resultaat. Dit systeem is een combinatie tusseen
een gedidtribueerde en centrale aanpak. Alle data hier aanwezig in een centrale opdagplaats en a het intdigente
gedrag wordt geleverd door een centrale component. Ook wordt er een cache van de informatie lokaal op de smart
signs opgedagen en niet te complexe taken worden lokaal uitgevoerd. Het systeem is niet compleet gedistribueerd,
omdat het gegeven platform een omgeving met schaarse bronnen betreft

Dit best passende ontwerp is ten uitvoering gebracht op de gegeven draadloze nodes. Daarnais de implementatie
gebruikt voor een demondratie op de SVG Open conferentie. De demonstratie bleek geen succeste zijn. Dit was
het gevolg van technische moeilijkheden, aangaande het platform, en het te strakke schema.

Ookal werkte het systeem niet op de conferentie, is het bijnaklaar en heeft het ved potentie. Daarom is het
aanbevolen om dit systeem verder te testen en uit te werken, om te gebruikren voor gebruikers responsin de
toekomst
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Abstract

Océ researches, amongst others, on a ubiquitous office, using the Océ Office Lab for demonstrating new

technol ogies. Some research done at the office lab involves collaboration with the Smart Surroundings project.
This collaboration a so involves people form the University of Twente and the University of Karlsrtuhe. One of the
settings, which are researched in this project, is the ubiquitous office. In this setting a concept called “ Smart Signs’
isddiberated. The Smart Signs are a network of wireesdy interconnected devices. These devices help nomadic
workers by guiding, showing information and automated printing. The University of Twente provides aplatform
for the redlisation of the Smart Signs system. This platform isanetwork of wirelessy linked devices, which are
resource lean (amongst other things processor and memory) and energy efficient.

The main objective of thisresearch isfinding the best-suited redisation of the Smart Signs system, given the
provided platform. The redlisation regards the semi-dynamic Smart Signs system, which has most of theinitialy
intended functiondities to generate feedback at the SV G Open conference.

The research starts with exploring the exact intention of the Smart Signs system, by working out the first
description to aset of scenario descriptions and requirements. These requirements are further worked out, with a
best-suited Smart Signs system as aresult. This system isacombined distributed and central approach. Here dl
datais present at a centra repository and dl intelligent behaviour is provided by a centra component. Also acache
of theinformation is stored locally on the smart signs and not too complex tasks are done locally. The systemis not
completely distributed, because of the resource lean environment of the provided platform.

This best-suited design isimplemented on the provided wireless nodes. Thereafter the implementation is used for a
demonstration at the SV G Open conference. The demonstration did not turn out to be asuccess. Thiswas dueto
technical difficulties, regarding the platform, and a schedule that was too tight.

Although the system did not work at the conference, it isamost finished and has alot of potentid. That iswhy itis
recommended to further test and engineer this system, to be able to use for user feedback in the future.
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1 Introduction

11 Context

Océ Technologies [OCE] offers products and services for (re)production, presentation, distribution and
management of streams of documents. Océ for example supplies copy and print systems. Océ ams at aleading
position in the world market, using advanced products, which distinguish themsel ves through high quality,
reliability, productivity, durability and user- and environment friendliness. The assortment is mainly developed and
produced by Océitself.

Research and Development is the branch of Océ that works on the devel opment of new technologies and new
products derived from these technologies. This branch researches and works for the future of Océ. One topic that
Océ R&D researchesisthat of a ubiquitous office. Thisvisionis materialised in the “ Office Lab” [HSSN], in which
Océ researchers can show their prototypes, which fit thisvision.

Some research done in the Office Lab a so involves collaboration with other parties. One exampleisthe
collaboration in the Smart Surrounding project. This project has the mission to investigate, define, develop, and
demonstrate the core architectures and frameworks for future ambient systems. The Océ Office Labisused, in this
collaboration, as a setting to make concrete prototypes and to retrieve user feedback. In this settings subgroup
(Work package 5 of Smart Surroundings) people from the University of Twente and the University of Karlsruhe
areasoinvolved. [SSUR]

Inthevision of this office setting, the idea of a nomadic worker takes acentral place. The physica location of a
nomadic worker isirrelevant for accessto work content and contact with other people at anytime. To subgtantiate
this concept, two settings were worked out. One of these settingsisthe“Flexible office”, where every office
worker has means to work from any place within a company aswell asfrom another location. For this setting
severa scenarios were created. [WP5S]

One of these scenarios describes the nomadic worker being in aflexible office, using asystem of “Smart Signs’.
The Smart Signs, on the office doors, help the nomadic worker to work in the flexible office by giving room
information, persondised information and by guiding the person through the nomadic office. The Smart Signs
scenario contains the basi ¢ thought behind this report.

In thisreport the redlisation of the Smart Signs on a platform provided by the University of Twente is discussed.
This platform consists of two parts; hardware and software. The hardware part isthe “ sensor node’” [NSN], which
the system should use as the signs. The software part of the provided platform isthe operating system AmbientRT
[ART] [AMAN], on which the Smart Signs software hasto run.

12 Objectives
The global objective of thisreport isto get an answer on the research question, whichiis:

What isthe best-suited realisation of the Smart Signs system, given the provided platform?

Apart from answering this question, there are more objectives. Now the involved parties with their objectives are
listed.
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121 Personal objectives

Gain more knowledge about embedded devices.

Gain experience working with embedded devices.

Learn more about designing and redising a product.

Apply gained knowledge.

Gain experience on working in acompany. (~ time pressure, colleagues, rea world ~)

122 Océtechnologies

e  Gain knowledge about new technologies and office concepts.
e Display ademo at the Océ Office Lab.

123 Smart Surroundings

e  Gain knowledge about the redlisation of the Smart Signs system.
e  Show ademo of the Smart Signs at the SV G Open conference [SVG].

13 Approach

My approach for answering the research question isto first gain more information about the characteristics of the
hardware and software platform, on which the Smart Signs system should be operating. Thereafter the high level
designis made, deciding what solution, to various design problems, is best suited in this context. When the high
level design isfinished, the system isimplemented. Finaly the system is put to the test, by testing and a
demongtretion.

14 Report Sructure

This report will discuss the design process of the Smart Signs system. First the methodology will be discussed.
Here the used instrumentation and methodology are discussed. Also the planning of the project isdiscussed in this
chapter. Thereafter the design and implementation are designed, describing the decisions made, the problems
encountered and the descriptions of the various system components. After that the tests and the demonstration will
be discussed, describing the validation of the designed system. Next the results of the implementation discussed,
describing the interpretation of the results. Finally the conclusi ons and recommendations are given, to answer the
research question and to discuss further work and other conclusions taken, regarding this report.
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2 Instrumentation and M ethodology

Before exploring the exact meaning of Smart Signs, first the instrumentation and methodology is described. This
chapter first describes the used tools (while implementing). Thereafter the used diagram categories, used for
moddlling the system, are discussed. Finally the model legend, which gives the explanation of the used pictograms,
isgiven.

21 Usadtools

The used software tools for implementing the Smart Signs system is different for every part of the subsystem. The

only “tool” that isused in every subsystem is the programming language C (or avariety on C). Hereunder the

subsystems are listed with their used toals.

o Central server: “Vim", for editing the code and “gcc” for compiling the code.

o Gateway: “Crimson editor” [CRIM] to edit the code and “gec” in combination with “MinGW” and “MSY S’
to compileit.

e Smart Sgns. “ Crimson editor”, to edit the code and “mspgec” in combination with “MinGW” and “MSY S’ to
compileit and flash the program into the memory of asmart sign.

22 Usddiagrams

While designing the Smart Signs system, a set of diagrams was used to specify the system. These diagrams are
used, because they have several advantages. They give overview, the diagrams makeit easier to explain and
understand a system, and they let one think about the system on ahigh level. Every type of diagram used for
describing the system has their own characteristics and therefore their own advantages. Hereunder the used
diagrams are described with their characteristics and advantages.

221 DataFlow Diagram

Dataflow diagrams (DFDs) are used to give a clear picture about the (datic) architecture of the system. These
diagrams show whether datais exchanged between different processes. This gives agood view of what
components are present in the system (high and low level components) and how they are related to another. The
DFDs are availablein Figure 9 and 10. (for more detailed information about DFDs, please read [AMOD]).

222 SequenceDiagram

While DFDs show the processes and their relations to each other, the Sequence Diagrams (SD) gives more
information about the stream of data between the processes. A SD depicts the sequence of actionsthat occur in a
system. This gives agood overview of the dynamic behaviour of the system and shows how the dataiis passed
from one process to another. The Sequence Diagrams of the system are available at appendix G. For more
information about Sequence Diagrams, please read [AMOD].

To get amore descriptive and graphical picture about the flow of dataa variant onthe SD is used. These graphica
diagrams are used in chapter 7.

223 UseCaseDiagram

In addition to showing the internal behaviour using DFDs and SDs, aso Use Case Diagrams (UCD) are used to
show the external behaviour of asystem. With this diagram one can see dl the available functiondity of the system
at aglanceand avery high level. Thisgives agood black box view of the system, where one can see dl the system
functiondity, while not having to dig though details. The Use Case Diagrams are available a chapter 3. These
UCDs have alittle bit more information added to anorma UCD. Here one can also see the environment objects,
which the system is connected to. For more information about Use Case Diagrams, please read [AMOD].
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23 Usd planning

Appendix A and B show the planning used for this project. Here only the differences between theinitial global
planning and the interim planning, and the differences between theinitid planning and the actua execution will be
discussed.

The reason behind the crestion of the interim planning is that, when enough information was collected at the
university, it became clear that the development of the static system would not be sufficient to get proper
evaluations. Also the gap between the static and the dynamic system (see chapter 3) would betoo big. That iswhy
the idea of the semi-dynamic (see chapter 3) system came to mind. This made a change of planning necessary. For
further explanation please see chapter 3.

There are dso differences between the interim planning and the actual execution (marked bold). These differences
have two reasons. Thefirst reason isthat some deadlinesincluded a safety buffer to get everything donefor sure.

The second reason behind the differences, isthat of an unforeseen devel opment at the (preparation of) the
conference. Thisisdiscussed in detail in chapter 9.

24 Modd Legend

Component Explanation

Thisgrey filled square represents ahigh level entity. This entity represents amain component
entity of the Smart Signs system.

( b\
Channel This rounded rectangle represents a communication channel between the high level entities.
: Through this channel the high-leve entities send datato each other.
\&
process Thisrounded, green, rectangle represents a processin a Data Flow Diagram. This process
can communicate with other processes and storage fecilities.

This symbol represents arepository, where information can be stored. It isused in Data Flow
Diagrams and can communi cate with processes.

Thissign represents a central server, which can be used in the Smart Signs system.

E‘ This sign represents a gateway computer, used in the Smart Signs system.



Thissign represents aclient (for example acomputer or handhel d) which auser can useto
communicate with the Smart Signs system.

This sign represents a printer, where the Smart Signs system can communi cate with.

Thissign represents asmart sign in the Smart Signs system.

Thissign represents atag, which is an element of the Smart Signs system.

Thishigh level Sign represents the whole Smart Signs system, which can be used to describe
thesystem at ahigh level.

Thissymbal is used to represent a user of the Smart Signs system.

Thisred arrow represents communication between two smart signs.

This blue arrow represents communication between two computer components (also printer).
This orange arrow represents communi cation between a smart sign and a compulter.

This purple arrow represents communication between a guest computer and a centra server.

This green arrow represents communi cation between atag and asmart sign.
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3 Scenarios

This chapter discusses the elaboration of the scenarios. This process starts with the first and second draft.
Thereafter thefirst set of scenario descriptions (static and dynamic) isgiven. Then arevision isdescribed. Finaly
the set of scenarios, used for further design, is elaborated.

31 Firgdraft
Thevery first draft is partly derived from areport of the Smart Surroundings group (Work package 5) [WP5S):

“ The Nomads also offers a system of ‘ Smart Signs', which the employees can use at the doors of the office they
occupy. The Smart Sgn shows the name of a person working in a particular room and some information of where
the employee currently is or when heis expected to be back. It can also show some personalised message
addressed to a specific passer-by”

“ As she changes her offices so frequently, Martha never knows where the closest office facilities such asprinters
are. Mini-Martha helps her to deal with it with a new use of the * Smart Signs'. The Smart Sgns can collectively
show to Martha the way where she should pick up her prints. These are arrows projected in the direction of the
printer, or she can get the route on her personal handheld device.”

From this quoted text two functiondities of the Smart Signs can be extracted:
e  Showing genera and personalised room information.
e Guiding personsto locationsin an office.

Thefollowing functionalities are added, as aresult of ameeting in the Smart Surroundings workgroup:
o Makeprinting easier.
e Exchanging persond information between two people.

Thesefour functiondities contain the core of the first draft.

32 Second draft

The second draft isthe result of adiscussion about the feasibility of designing the syssem all at once. This
discussion concluded that the project should be split into two stages. The three main reasons for splitting the
project into two phases are;

e Thesystem to be designed needs to have an operable prototype for the SV G Open 2005, a conference and
exhibition from the 15" until the 18" of August 2005. To have the whole system running before this date is an
impossible task.

o  Splitting the project into two phases means splitting into more bite-size piecesto develop.

At the conference the system can be put to the test and the obtained feedback can be used for developing the
final system.

Thefirgt phaseis the static approach of the system, where the smart signs does not have any communication &t all
with its environment. This system will be regarded with the name “ Static system” throughout the report. This static
system has the following functiondities:

e  Showing genera room informetion

o  Guiding persons, without knowing where they are (showing the guide information on al the smart signs).

o Make printing easier, by guiding to aprinter after a print request is made.

The second phaseisthat of the full system (“Dynamic system”), as described in the first draft. Thisincludes
communi cation with, devices which represent, persons.
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33 Scenarioderiptions

Thefirst draft is very general and can result in many different systems. That iswhy scenario descriptions, in
combination with Use Case Diagrams, are used. They give amore concrete description about the purpose the
systemwill be used for. They aso mark out the to be devel oped system. The scenario descriptions are a et of
small stories, which informally describe the system to be developed. First the static and dynamic scenarios are
cited. Theregfter the revision, which leads to the semi-dynamic system, and the final system are discussed. This
final system will be described using scenario descriptions and Use Case Diagrams.

331 Saticsysem scenariodecriptions

Guiding Chris

Chris comesto visit his own flexible office and checks in at the reception. Chris has never been at that building
before and therefore does not know the way to hisroom. He asksthe way to hisown office at the reception. The
receptionist types the request into the computer system and tells Christhat he hasto follow the signs. Chrisseesa
smdll flat sgnin the direction the receptionist has pointed. On the sign an arrow pointsto adirection. After
following multiple signs, he ends up at the room where he hasto be.

After working for awhile he suddenly remembers that he hasto ask his colleague Bill something. Because they are
in aflexible office, Chris does not know where Bill isworking today. Thus he grabs his PDA and requests
guidanceto Bill’ sroom. Again he seesthat a path is shown on the signs on the walls. He followsthe signsto Bill’s
room and asks him the question.

Printing for Pete

Pete is at aconference and sits behind a computer. He sees an interesting paper and wants to print the document.
After pushing the print button, a message appears on the screen indicating that the signs on the wall will indicate
his path to the nearest printer. Pete spots asmall flat sign close to him. It shows an arrow and information about his
print. He looks further ahead and sees other signs, dl pointing in asingle direction. He decidesto follow the
directions and aready hears aprinter printing documents close from where heis. When he reaches the printer, heis
pleasantly surprised, his paper has already been printed.

Knocking on the door

Bamisat aconference and wantsto attend alecture, but isalittle bit late. On top of that he cannot find his
program. He thinksthe lectureisin room1. While walking to room1 he comes past room2. A small flat ignon
room?2 indicates information about what is going on in room2. While quickly reading the information on that sign
he sees, to his surprise, that the lecture he wantsto attend is a room?2 and not at room1. Bamisrelieved that he
finally found the lecture he wanted to attend and enters the room where the lecture istaking place.

332 Dynamicsysem scenario descriptions

Guiding Chris

Chris comesto visit his own flexible office and checksin at the reception. Chris has never been at that building
before and therefore does not know the way to his room. He asks the way to his own office at the reception. The
receptionist gives asmall sign to Chris and tells him that the sign he just received will guide him. Chriswaks
further into the building and notices asing on the wall, which shows an arrow. He follows the direction of the
arrow. When he comes close to another sign on awall, again an arrow appears. After following al the directions,
he ends up at the room where hisflexible officeis.

Printing for Pam

Pam arrives at a conference. While checking in, to receive program information and such, shereceivesasmall
sign. The guy at the desk explains him that she can use this device to be guided in finding hisway and for printing.
Pam does not know the building where the conference is being held, o she takes the sign. She wonders whet the
sign for him could do regarding printing. After attending some lectures, she decidesto ook on the Internet to get
interesting information about alecture that she just had at one of the public computers. When finding an interesting
paper, she decidesto print it. She soon sees on his sign that she has a print job pending. Pam aso sees directiona
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information on the signs on the walls. She decidesto follow the directions and finally arrives at the printer where
his print job(s) are already printed.

K nocking on thedoor

Bamisat aconference. He has nothing to do and does not know the exact program of the following hours. That's
why he decidesto just walk up to aroom and see what is happening there. When he arrives at room1 he seesa
small flat sign on the door, which indicates some globa information and additionally shows more detailed
information for Bam, that his colleague is going to have a speech there. Then another person walks up to the door
and the personal information on the small flat sign disgppears. When he looks to his own sign, he seesthe persona
information he just saw on the sign on the door. Finally Bam decides to enter the room and attend the lecture.

Socialisng

At a conference Bam and Bob both got asign at the beginning of the conference. They had to give their
information (persond details, interests, etc) to the person, which gave them the smdl flat sign. While Bam walksto
the coffee machine, where Bob also stands, his sign gives information about Bob (contact points of interests for

example). While viewing this, he sees some interesting information and decides to begin a conversation with Bob,
while both having some coffee.

333 Scenariorevison

The scenarios of the static and dynamic system were discussed on the 20" of April 2005 at a Smart Surroundings
(Work Package 5) meeting. The results of that meeting again changed the design of the Smart Signs system. It was
concluded that the dynamic system did not need any change. However, the static system needed change. The static
systemwas first intended to have an intermediate system and to get user feedback. The usage of the gtatic system
for generating feedback turned out to beinsufficient, it hastoo less functionality. The biggest shortcomings of the
static system, regarding fetching user feedback on guiding a person:

o All thesgnsdisplay guide information for a person, this makes guiding multiple persons a atime difficult. It
getstoo confusing and too much of an effort to extract guide information from asign, especially from such
smdl sgns.

e Only avery limited amount of users can be guided, when overview needsto be kept.

e Thesdgns, which are going to be used as the hardware platform (see chapter 5), will be completely static in this
system. These nodes are not designed for this static kind of application.

e Thereisno kind of locdisation whatsoever.

Because of the lack of functionality of the static system, regarding the purpose to get feedback, the decision was
made to develop and use a“ semi-dynamic system”, instead of the completely static system. This semi-dynamic
system has the same characteristics as the static system. The only difference between the static and the semi-
dynamic system is that the semi-dynamic system includes a so-cdled “tag”, which represents a user. Now the
system can approximate the location of auser. This resultsinto signs only showing guide information, when a user
isin the proximity of that sign. Now more users can be guided at the same time, without loosing overview. An
extraadvantage of using a“tag” isthat the system is now able to show persona room information and enables
personalised printing (as described in the dynamic system). The semi-dynamic system is discussed in more detail
bel ow, using scenario descriptions and Use Case Diagrams.
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334  Semi Dynamic sysem scenario descriptions

Knocking on the door

Johnisat aconference. He has nothing to do and does not know the exact program for the following hours. That's
why he decidesto just walk up to aroom and see what is going on there. When he arrives at room1 he seesa small
flat sign on the door, which indicates some globa information and additiondly shows more detailed information
for John, he sees that his colleague is holding a speech there. This makes him decide to enter the room and attend

thelecture.
Show global room info
Show personal roominfo
user
Figure 1 : Use Case Diagram; showing information
Guiding Chris

Chris comesto visit his own flexible office and checks in at the reception. Chris has never been at that building
before and therefore does not know the way to his room. He asksthe way to his own office at the reception. The
receptionist gives asmall token to Chris and tells him that the token will help guide him. Chriswalks further into
the building and notices asign on the wall, which shows an arrow. He follows the arrow. When he comes close to
another sign on awall, again an arrow appears. After following all the directions, he ends up at the room where his
flexible officeis.

L ]
H_— Place guide request
reception
° Show guideinfo Commence

quiding

Givelocation

Figure 2 : Use Case Diagram; Guiding
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Printing for Pam

Pam arrives at a conference. While checking in, to receive program information and such, she receives akey chain.
The guy at the desk explains him that she can use this device to be guided in finding hisway and for printing. Pam
does not know the building where the conference is being held, so she takes the sign. She wonders what the sign
for him could do regarding printing. After attending some lectures, she decidesto look on the Internet to get
interesting information about alecture that she just had at one of the public computers. When finding an interesting
paper, she decidesto print it. Sheisinformed that the signs on the wall will help him find the printer. Pam seesthe
directional information on the signs on thewalls. She decidesto follow the directions and finally arrives at the
printer where his print job has aready been printed.

user

Figure 3: Use Case Diagram; Printing

10
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4 Requirements

The next step of the design processisto further elaborate that what isinformally written down at the scenario
descriptions and what has been discussed during meetings. The requirements do just that, they are alist of things
the system should do. The requirements are grouped into sections, to rel ate the requirements to the different
scenario descriptions. The requirements of the static and dynamic system can both be found in appendix C and
gppendix D. These requirements are from before the scenario revision mentioned before, to give agood
perspective of where the semi-dynamic system stands. The requirements of the semi-dynamic system are given
below. These requirements serve as abasis for the rest of the design and implementation process.

41 Guiding

1. Thenetwork of signshasto provide thefacility to place requests for guidance at alaptop/handheld device.

1.1. Thenetwork of signs hasto provide away to communicate with externd devices.

1.2. Thenetwork of signs hasto be able to compute a requested destination to directions on nodes.

There needs to be away to distinguish a sign, which represents aroom.

There needs to be away to distinguish atag, which represents a person.

The network of signs hasto be able to show personalised directional information.

4.1. The network of signs hasto be able to approximeately determine the position of atag, which auser carries

4.2. The network of signs hasto be able to show persond directiond information on signsin the proximity of
aperson.

AW

42 Printing

1. Thereneedto be away to distinguish atag, which represents a person.
2. Thereneed to be away to distinguish asign, which represents a printer.
3. After giving the command to print, the network of signs hasto show persona print information.
3.1. Thenetwork of signs hasto be able to approximately determine the position of atag, which auser carries
3.2. Thenetwork of signs hasto be able to show persona print information on signsin the proximity of a
person.
3.3. The network of signs hasto be able to manage prints of users, to make printing location specific.
3.4. Thenetwork of signs hasto be ableto track the requests for prints users make.
4. Thenetwork of Sgnshasto be ableto activate print jobs to a specified printer, according to alocation.

43 Showinginformation

1. Signs, which represent rooms (Situated on for example the door of that room), have to be able to show genera
information about that room.
1.1. All sgnsneedto be ableto display information.
1.2. There need to be away to distinguish asign, which represents aroom.
1.3. Thenetwork of signs hasto be ableto distribute |ocation specific information to specific signs.

2. Thedgnsin the proximity of aperson need to show personal room information, when that personiscloseto
the mentioned room.

11
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5 Technical overview

Before one can take decisions about the architecture of the system, one first has to know the platform on which the
Smart Signs architecture needsto be situated.

51 Hardwareplatform

The hardware, which the Smart Signs system uses, consists out of two main components. The first componentisa
persond computer. Thisisacommonly used piece of hardware on where the calculation intensive jobs are done.
The important characteristicsfor the used personal computers are the following: (see chapter 7 for the explanation
of the components)

e Central server: 400 MHz processor, with 128 MB memory.

o Gateway: 3GHz processor, with 512 MB memory.

511 SmartSgns

= 2cm. j Ll—l 2cm. i
Figure 4 (fltr): initial smart sign, latest smart sign, tag and disp]ay node

Apart from the personal computers, a network of multiple “smart signs’ aso provides part of the hardware
platform. This part of the hardware platform needsto be able to:

e Lastlong

e  Connect wirdesdy

e  Show information

e Processdata

The provided network of smart signs satisfies the above mentioned points, because they are designed to be as
energy efficient aspossible. The signs are also wirelesdy connected, can show information and process data. The
only thing that needs to be taken into account is that the smart sSigns are resource lean (to spare energy). Thistakes
itstoll on the performance of the smart signs. Memory, energy and processing power are scarcein this
environment. While designing and implementing this has to be taken into account. The smart signs are dso chosen,
because there was a need for such a platform and the University of Twente, which participatesin the Smart
Surroundings project, has this technology.

To give an ideaabout the characteristics of the different components; the processors runs at 8 MHz and have 2KB
RAM and 60K B+256B flash memory (see [MSP4] for theinitial smart sign and the display node and see [M SP6]
for the latest smart sign and the tag). Every component, except the tag, also has an extra (egprom) memory of 256
KB. Theradio of theinitial smart sign runsat 868 MHz [RFM] and the radio of the latest smart sign and the tag
operate at 433,868 and 915 MHz [NOR]. The speed of the radios can go up to 115.2 KBPS. Theinitid smart sgn
and the display node also have the ability to connect to aLCD display [EMIC].

Through these, above mentioned, characteristics and the comparison with the personal computer, one can see that
the smart signs are very resource lean. The tag has even less resources to its disposal.

12
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512 Communication

The Table below shows the communi cation speeds, between different hardware components. Please note that the
communication speed from one node to another is ver dow, because the speed is dready dower than the rest of the
communication and asmart sign only has one dot per second. Please note that the sensing of atag does not affect
the communi cation between two smart signs and is not involved in this type of communication.

Communication type Speed

Between computer and smart sign 19200 baud (19200 hits per second)

Between two computers 500 kilo bits per second

Between two smart signs 32 (dots per second ) * 128 (data size) = 4096 byte/s
Number of messages per smart sign per second 1 message per second (1 dot per sign, each second)

52 Softwareplatform

The Smart Sign system is build on top of existing software. This software platform consists of an Operating
System (with some additiona software, regarding the gateway), which is different for every component, namely:
o Central server: Linux

o  Gateway: Windows 2000, with additional software MinGW, MSY S[MGW)] and mspgcc [MGC].

e Smart Sgns AmbientRT [ART].

The first two operating systems are commonly known. The last one (AmbientRT) is not known so well. This
operating system is devel oped by the University of Twente and is custom made for the smart signs hardware
platform.

The additional software used with Windows 2000 is needed for development of the Smart Sings system. MinGW
and MSY S are used to create an environment where one can use GCC (Gnu C Compiler) to compile programs.
Mspgcc isacompiler for the Texas Instruments M SP430 family (processor of asmart sign). Using this software
one can compile aprogram tailored for asmart sign (see hardware platform) and load (flash) it into the memory of
asmart sign.

13
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6 Dedgn decisons

The requirements state what the system has to be able to do. This does not tell anything about what the design
should look like. Here the design choices, which will lead to the final architecture, are discussed. The basis of this
process of choices are the requirements and the scenario descriptions. Therefore, the same structure as the scenario
descriptionswill be used. First the overdl design choices are discussed and thereafter the design choices per
scenario (group of requirements) are debated. All the design choices explain the following things:

e Explanation of the choiceto be made

e Lidting Advantages and disadvantages of each available choice.

e  Weighing the characteristics and describing the selected choice.

Before discussing the decision process, first the hardware components, which are required, are named. This quickly
summarises the context in which the decisions have to be made. Also an example situation is given, which isused
to quantify the proportions of different options.

6.11 Hardwarecomponents

Regarding the requirements several hardware components are certainly needed in this system:

e Smart sgns, which are certainly needed to display information to users.

e Persona computer(s), which are surely needed for handling guide requests and handle print requests.
These two components can a so be used for other purposes, but can potentialy be fulfilled by both hardware
components. For more information about the hardware platform, please see chapter 5.

6.12 Examplestuation

Here aredlistic example Situation is described in ashort table. This exampleisredigtic, because dl the
characteristics arered life characterigtics, which can be applied to any real smart signs network. The important
facts are stated, which alows outlining the quantities of the different options, described later on. The calculations
are done concerning the worst case scenario, where asign is4 hops away from the nearest gateway sign. A
maximum of four hopsisredlistic, because thisis aso the maximum hopsin the network used for the SVG
conference (please see Figure 18 for more information). Figure 6 graphically describes the worst case scenario,
where the rightmost signis used for caculations.

=
Figure5: Example Stuation
Overall characteristic Quantity
Number of smart signs 50
Number of userswith persond information 50 people
Maximum number of hops of asign away fromagateway | 4 hops
Maximum message Size 32 bytes

10 bytes = 6 bytes header (type, tag id, route)
(stetic); 4 bytesinfo (1 byte direction, 1 separation
Guide message size (communication) byte (datic), 2 bytesextrainfo (“up” for example,
can become more) (dynamic).

(<=1 gmart sign communi cation message)

20 bytes > 6 bytes header (static); 14 bytesinfo (for
(node, print) Information message size (communication) example: “thisisatest”) (dynamic)
(<= 1 smart sign communication message)

14
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Storage char acteristics Quantity
7 bytes > 3 bytes header (user id, age, info length)

Node and Print Information size (dtetic); 4 bytes reference to info on flash memory
(static) (with usage of flash memory)

Guide information size (minimal) 3 bytes > 3 bytes header (user id, age, direction/
destination) (static)

Smart Sign main memory 200 bytes

Timing characteristics Quantity

Timing smart Sign<-—>computer communication (guide) (10 bytes* 8) / 19200 = 4 milliseconds

Timing computer communication (guide) (10 bytes*8) / 500000 = 0.16 milliseconds

Timing smart Ssign communication (guide) 1 second (1 message per second)

Timing smart sign€-->computer communication (info) (20 bytes*8) / 19200 = 8 milliseconds

Timing computer communication (info) (20 bytes*8) / 500000 = 0.32 milliseconds

Timing smart sign communication (info) 1 second (1 message per second)

Table 1. Relevant information example situation

A small note concerning Table 1 isthat one can see that, athough the smart signs network speed is 4096 byte/s,
only 1 message per second can be send from one sign to another. Thisis because the communication is divided in
dots, where different signs can send something. A sign only has one dot per round (second) and that, for example,
means that in anetwork of four hops, a message takes 4 seconds to come across. Another note is that personal
information is personalised information about the environment of a smart sign that only appliesto asingle user. For
example asign can display amessage “busy until 37, for one user and the message “available now” for another
user. Finaly the storage of guide information can be done the minima way

Other facts, like the time to processinformation (on asmart sign and computer) areignored in this example, to
keep the calculations and the overal picture smple. A sign with the maximum amount of hops away from any
gateway is chosen as areference smart sign, to usein the caculations.

6.1.3 Displaying Information

A design choice that concerns al the three scenarios, ishow to actually display the information on the sign. The
information can be (personaised) object (for example aroom) information, guide information and print
information. The available platform on which the data needs to be shownisasmall LCD display. The
(persondised) object information and the print information are mainly textua information. Guide information can
be represented in various forms. The challengeisto put as much information on the screen, without loosing
overview.

The characterigtics of the LCD display are abig factor to take into account. The screenisvery smdl, hasalow
resolution and isalso not lit. Thisresultsin the fact that the overview easily getslost. The baance hasto be found
between the number of users being served with information and the overview. Too many users with information
will takeitstoll on the overview. For example, it can become very difficult to distinguish which datais for whom.
The best overview, on the other hand, results into showing only general information or information for one user.
For example, showing one big arrow for directions. Thisis not the behaviour that is sought after. Thiswill betoo
limited for areas with multiple users.

The best balance is found by segmenting the screen into anumber of segments, which keepsthe overview for as
many users as possible. In these segments one type of information for one person can be shown. These segments
aredynamicdly alocated. For example, when one person is near asign, then multiple segments will be for that
user, which can show guide, object and print information (when available). When there are multiple users near the
sign, then asegment isfor one person, which shows the most important information. The most important
information to be shown is the guidance information. Thisis because when a user does not get the directiona
information, then the person does not know where to go and getslost. The other information is aso good
information to know, but not critical. It is chosen to do the guiding by arrows. The reason behind thisisthat a
picture is more intuitive than atextual description. It also gives more overview and is easier to see from adistance.

15
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There can d o be different types of arrows for different users; to make it even easier to spot the arrow meant for
one particular user.

For this display, the number of segmentswas chosen to be three. This means that a maximum of three users can be
served with either object, print or guide information. Hereunder the chosen set of signsisshown. Thisisthe set
used at the SV G conference (see chapter 9).

Sign Abbreviation direction
4 u Up
} UR Upright
—_ L Right
S' DR Down right
‘ D Down
Ve DL Down left
— L Left
N uL Up left
U Stairsup
'—|_’ SD Stairsdown
E Error : thispath should not be avaidble
oL Océlogo: initial screen
@ UL UT logo : initid screen

6.14 Central versusDidributed

The biggest design choice to be taken iswhether the whole system has to be designed in a central or adistributed
way.

Thischoiceis about what the respongbilities of every component should be, which involves the question where the
data should be stored and where the processing should be done. Both the central and distributed approach hasiits
advantages and disadvantages. These are deliberated below.

Central approach

advantages disadvantages

Datais easy to manage (datain centra place). A lot of overhead communication between central
server and the smart signs and smart Signs.

Complex tasks are easily done on heavy-duty central | Simpletasks are done relatively dow, because of the
sarver. communication overhead.

The sgns can stay smple. Everything relies on the central server

Slow responsetime.

Privacy, users are tracked.

Table 2 : Advantages and disadvantages of a central environment
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Applied on the Smart Signs system, it meansthat dl the information is stored on a personal computer. This
generates alot of communication messages, which are very codtly in energy terms. In this context the energy is
very scarce, so without having some kind of cache, thiswould mean that the energy drainsvery quickly. All these
messages are a so very time consuming; this definitely affects the response time of the system. With the central
approach the response time will be too dow, because every time the desired information needs to be fetched from a
central persona computer. Also when asign in the network fails, then it could be possible that whole parts of the
system can not be reached anymore.

Distributed approach

advantages disadvantages
No dependenceon asinglelink inachain. The smart sign has to perform complex tasks
Only tag to node communication Data management, over multiple instances, is
complex
Privacy issue can be avoided. The smart sign need large storage capacity and
relaively complex processor.
Fast responsetime.

Table 3 : Advantages and disadvantages of a distributed environment

Applied to the Smart Signs system, a distributed solution means storing al the data regarding a node on the node
itsdf. Thisinvolves storing routing information, to al other smart signs, and al object data (general and personal)
onthesign itsdf. Storing extrainformation on thetag is aso required. In this Situation only communication
between asmart Sign and atag is necessary.

A positive side isthat the smart signs do not waste that much energy, because communication soaks up most of the
energy. However, this approach would require alot of storage capacity from the node. The smart signs, on which
the product will be running, have limited memory and process power. Thereisonly 2 Kilobits of interna memory
and 2 Megahits of flash memory. The flash memory isnot the biggest bottleneck (athough it is very dow), but the
interna memory isvery small and hasto have an OS (AmbientRT) init. Also al data, which is stored, has at |east
apointer in theinterna memory, which will take at least 1 byte of the memory. Thisall makes storing al the node
specific information on the node itsalf impossible. Node specific information can be room informetion, but also
personalised room information, guide information for every user in the system (which isintended to be alot) and a
physical structure of (apart of) the system (for guiding purposes) needs to be stored. Regarding the processing of
information a distributed solution is aso not desirable. Processing everything locally means doing complex tasks
on the smart sgnsitself. The smart signs are aresource lean environment and not designed to perform (alot of)
complex processing.

Another upside of this distributed approach isthat there is no privacy issue. However, the tag isin this context too
recourse lean to store data on. Hereit only acts as abeacon. Therefore afully distributed option isnot feasible.

Chosn

The selected choice isto do the data management and processing in acombined central and distributed manner. In
thisway most advantages of both sides are used. This solution involves storing generd information and as much
persondised information as possible in the memory lean signs. To begin with, al information is stored in a central
server. The sgns have, in addition to the generd information, alocal cache of persondised information, whichis
filled with the most recent information. Whenever asmart sign senses a new person and the sign does not have
information for that person, relevant data from the central server is send to and stored on the sign. Also avariety of
flooding is used to send as much, of dynamic (personalised) information for storage, in advanceto thesign as
possible. Thiswill, for example, improve the response time. But il the heart of the system remains the centra
server, which takes care of the entire complex process and memory intensive work. This combined solution does
not need a complex agorithm for data management and the signs have, to some extent, as much information as
possible stored locally.

A disadvantage of this approach isthat the system depends on the central server, but still less than the completely
central approach, where no information at al is stored in the signs. This disadvantage does not weigh up to the
disadvantage of having to come up with avery complex data management algorithm and to have alot of
communication overhead, which isimpossible in aresource lean environment such asthe smart signs. Another
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disadvantage is the till present privacy issue. However, if circumvented wisely, one can neutrdise this
disadvantage. This can be donein many ways; one can for example | et the user decide, until what privacy level the
information is stored. One can aso put a button on the tag, whereon the user can switch the tracking off.

6.15 Guiding

While being guided, some guide information should be shown to the user. The question is how should thisbe
stored and managed? Which solution is best suited for the given environment? Hereunder the three available
options are weighted.

Full gore

Thefirst option isthe “full store€” approach, where al guide datais available on every sign. Physicd location
information is stored in each and every sign (minimal 1 byte per direction for every location), so that in every case
the sign knows what the corresponding direction is. It furthermore stores the guide information (3 byte per guide,
containing the user id and destination) in the memory. Then when a person comes by, who want to go to acertain
place, the sign chooses the right direction to show. Theinformation is given to every sign (broadcast), when a
guidanceis placed. Thisoption aso requires aninitial setup of the network, namely sending the appropriate routing
table to every smart sign. Thisinvolves sending two messages per smart sign (50 bytes divided by the maximum

message Size).
Applied to the example situation, the following characteristics are calculated:

Initia setup= 50 signsx 2 messages = 100 messages

Storage space (only routing information) = 50 signs x 1byte = 50bytes

Storage space (all users guided) = 50 signsx 1byte+ 50users* (3bytes) = 200bytes
Smart Sign communication messages = 1x 4hops = 4messages

Reaction time (after broadcast) = 0sec. (no communication)

No sore

The second option isthe “no store”’ approach. Here the information is send from aserver to asign on demand. First
arequest for guidance is made at the central server, through a connected computer. Then a path is generated and
being stored, to be used later. When a person passes by, the sign asks the server for information. The centra server
thereafter sends appropriate direction information to the sign in question, which shows the direction to the person.
When aperson is not sensed anymore, the sign discards the information.

Applied to the example situation, the following characteristics are calcul ated:

Storage space = 3display componentsx 7 bytes = 21bytes
Smart Sign communication messages = 2 x 4hops = 8messages
Reaction time= 8messagesx 1sec. + 2x (4ms.+0.16 ms.) ~ 8sec.

Predictivegore

Thelast optionisthe “predictive store” approach. Here the event of making arequest for guidance, as described in
the second option, is used. When arequest for guidance is made, the centrd server “floods’ the signs, which are on
the route from the source to the destination, with sign specific direction information. After receiving the direction
information, the sign store the information on alocal repository. When a person passes by, the sign checksthe
interna repository and showsthe directional information. The information will be stored until or atimeout is
reached or the end of a path is reached. This option tries to use the smart signsto the fullest and can dynamically
use more or less memory of the sign. Therefore the storage space for this option is the maximum available space.

Applied to the example situation, the following characteristics are calculated:

Storage space = 200bytes = 200 + 3bytes = 66 guideitems (max)
Smart Sign communication messages (while flooding) = 1x 4hops = 4messages

18



@8 O]
A/\E}

-
= )

Reaction time (off-track) = 8messagesx 1sec.+ 2x (4ms.+ 0.16ms.) ~ 8sec.
Reaction time (after flooding) = 0sec. (no communication)

Summarisng quantities

Aspect Full store No store Predictive store

Storage spacein bytes 200 (max) 21 200 (dynamic)

Number of communication messages | 4 on beforehand | 8 4, whileflooding; 0, after flooding
Reaction time in seconds 0 8 8, off-track; 0, after flooding

Table 4 : ummary calculated example situation

Chosen

The selected choiceisthe “predictive store” approach, because it isbest suited for the prescribed purpose. The
other options are not desirable.

The“full store” is not the best-suited solution for this purpose. Although the reaction timeisfast (in the example 0
seconds), the memory is constantly occupied with routing information. This leaves less space available for
guidance information and for other functionalities, like showing information. Furthermore, the whole network
stores the guide information for a particular user. In astorage scarce environment the superfluous information,
which completely off-track smart signs store, is not desirable. This approach aso does not react well to changesin
the physical digtribution and orientation of smart signs. All the signs need to be updated individualy, before the
changed physical representation can be used. Findly this option needs aninitial round of message sending, for
distributing the route information to every smart sign. The other options do not need this round.

The“no store” approach is doable, but not the best suited solution, because every time the guidance data needsto
be fetched. This generates alot of communicetion traffic back and forward between the signs and the centrd
server. Thefigures stated in table 4 show that there are 8 messages needed to fetch information for one smart sign.
Even for asmall guidance the number of messages over the network will be alot. Most power is consumed by the
smart signs, while sending amessage. With the big amount of messages, the power consumption will aso bealot.
This power drain isnot desirable, because this resource is scarce. Also alot of messageswill be superfluous,
because they contain exactly the same information. All these messages are also not good for the reaction time, 8
secondsin the example, which istoo dow.

The“predictive store’ however generates alot less traffic; only the flooding is expensive (max. of 4 messages per
smart sign). Although the traffic is more spread in the “no store” approach, the “no store”’ uses the communication
channel al thetime and generates alot of double and overhead communication. The flooding floods the network
once and then isfinished. When theflooding is done a a strategic time (before the user is actualy guided), then it
certainly is an advantage. Theflooding also has the advantage, that it has afast response time, when flooded, and
dtill does not permanently occupy alot of memory. One can see thisback in the example situation. When the
flooding is done, the reaction timeis 0 seconds and dynamicaly uses the maximum amount of storage. The only
problem with the “ predictive store” is that when a person goes off the prescribed track, the directiona information
isnot available. In that case the “no store” approach (with storage of recent received directions) isthe only option
to chose. Then the reaction timeis 8 seconds. However, this combination saves space compared to the “full store”,
which storesthe direction on every smart sign.

Summarising the “predictive store”, as default approach in combination with the“no store”’ approach, isthe best
option for this purpose.

6.16 Printing

Printing shares some points with guiding. Thisis because, when a print request is made, the user has to be guided
to adesignated printer. Also the print request needs to be processed before / when the user arrives at the printer.
The guiding part of the printing isthe same as the guide case. The only thing that is different isthe printing
mechanism itsalf. There are several design options for this print mechanism.

19




@8 O]
A/\E}

-
= )

Direct printing

A document can be directly printed when a print command is given. This option has some mgjor disadvantages.
Thefirst disadvantage isthat when aprint command is given, the printed document hasto be retrieved from one
particular printer. Another disadvantageis that the documents are printed directly, this can result into document
chaos when multiple documents are printed in ashort time. The only advantage of the system, over the exigting
way of printing, isthat it automatically selects the nearest printer to the user.

Zoneprinting

The second option isto print the document, when the person is close to a printer. Here some kind of zone around
the printer is defined. When a person enters this zone, the document starts printing. This has the advantage that the
trigger mechanism, of printing adocument, islinked to the position of a user. Now adocument can be printed on
any printer at any time. The disadvantage of this mechanism is that, when a person enters the zone, the document
will be printed and the user hasto fetch his prints at that particular printer. If the user decidesto go to somewhere
else, the mechanism fails. This disadvantage can be softened by intelligently defining the zone around a printer.

Behavioural printing

Thefind option looksalot like the second option, but now printing is not initiated by entering a zone, but by
recognising the behaviour of the user and attaching actions to certain kinds of behaviour. This behaviour
recognition can be done in many ways and can have various degrees of intelligence. This mechanism can be done
in such anintdligent way, that the printing is commenced, when a user also intends to get the print outs of a
document. A simple exampleis caculating the direction a user is heading and undertaking actions accordingly.
The disadvantage of this mechanismisthat it can get very complex and that it needs precise information.

Chosen

The final option, which links the behaviour of auser to actions, looks the best option. But this option isnot the
best-suited option yet, because the location information is not precise enough to use it as aconsistent platform.
Also the implementation can become very complex and isonly alayer on top of the location information. This
option is not feasible in the given time frame and platform. The static approach, on the other hand, istoo static and
does not use the present platform to its full extend. Therefore the second option is selected. The second option uses
the location information and is able to show intelligent behaviour, without being too complex.

6.1.7 ShowingInformation

Information needs to be displayed on signs, which represent rooms or other environmenta object. But dso
persondised information about these objects should be shown. The problems arein what way theinformation is
stored and how information is shown to auser. How the information is shown is dready discussed. Herethe
different solutions for storing information are discussed.

Full Sore

Thefirst option stores al the information (both general and personal information) on the sign itself. The advantage
isthat everything is handled locally and thus has afast reaction time. The disadvantages are that alot of memory is
needed especialy when alot of users are using the system (even when information is stored on the EEPROM).
Also the management of the dataiis hard to do. Each node has to be accessed and changed to update information.

Applied to the example situation the following quantities are for the “full store” option:

Reaction time = 0sec. (no communication)
Needed storage = 50user sx 10bytes = 500bytes
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Nogore

The second option looks alot like the “no store’ option of the guidance case. Now al information is stored like the
“no store” option of the guidance case. Now all information is stored on one central place and information is send
to the node, whenever needed. The advantages and disadvantages are already discussed in the guidance case.

Applied to the example situation the following quantities are for the “no store” option.

Reactiontime = 2x ((4hopsx1sec.) + 8ms.+ 0.32ms.) ~ 8sec.
Needed storage 3displaycomponentsx 10bytes = 30bytes

Partial sore

Thethird option isto use“ partia store”. Here the static datais stored permanently on the sign and the dynamic
datais stored on acentral place and can be send on request. This dynamic information is stored for a period of time
(cache) on the sign. The static dataiis the general information and the dynamic the personal data. The advantages
are that the dynamic datais managed centrally and can handle the scarce memory, by throwing away datawhen it
isold or when the memory isfull. The disadvantage isthat the reaction timeis dower than the “full store”’ for the
dynamic data. However, the datais cached for later use.

Applied to the example situation the following quantities are for the “partia store’ option.

Reaction time (information not available) = “no store” ~ 8sec.
Reaction time (information available) = “full store” = 0sec.
Needed storage = maximum available memory = 200bytes = 200/10 = 20items

Predictivestore

Thefind optionisthat of a“predictive store”. Here the dynamic information is send to a sign, when the intention
of auser isto passhy that sign. When thisintention is sensed in an early stage, then the response time will belike
the“full store”, but the information can be managed centrdly. Still the disadvantage of dl the communication
messages between signs stays. Another disadvantage of this approach isthat a prediction algorithm needsto be
developed. This can become complex and needs asolid locdisation platform.

Applied to the example situation the quantities are the same, except for the reaction time. A message takes 8

seconds to be shown. When the intention of auser is predicted well, it finds it out more than 8 seconds before
arrival. This makes the reaction time O seconds.

Summarisng quantities

Aspect Full No store | Partial store Predictivestore
store

Needed storage in bytes 500 30 200 200

Reactiontimeinseconds | 0 8 8, when not available; O, when available | 0

Table5 : Summary calculated example Situation
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Chosen

The“full store” approach is not feasible, because storing al room information, including the personalised
information, requires too much of memory (especialy when having alot of users), which does not comply with the
memory lean smart signs. One can see thisin the example situation. 1t uses 500 bytes only for this section of the
system, while the memory isonly 200 bytes. This can become abig problem in big offices. In the example
stuation only 50 users are included, eventualy more users are going to use the system. One can see that the
amount of used storage space (500 bytes) aready exceeds the memory capacity (200 bytes). Also updating the
very dynamic personal information is tough.

The“no store’ approach istoo lean. Every time somebody passes by, al the data needs to be fetched. This
generates alot of traffic on the communication channel (example: 8 messages per sign, per fetch). This
communication soaks up the energy from the smart signs. Although the persona information is quite variable,
there will be too much superfluous and double information send to the smart signs. Also the reaction timeistoo
dow, it takes around 8 seconds, in the example, to show information. That istoo long.

The “partia store” however isagood meet in the middle (between “no store” and “full store”) approach. Here the
genera information is stored and aso the latest persona information. The storage of the persona informationis

a 50 so variable and can become that many, that it can not be fully stored on asign. Now the maximum storegeis
maximally used, without exceeding the maximum capacity (in the example 200 bytes). The cacheisthe only
reasonable solution to try to store some of the personal information regarding that sign. The disadvantage of having
adow response time, when the information is not available in the cache, can be neutrdised by flooding al the
smart signsin the network with rdlevant information. If thisflooding is done at strategic times, the persona
information will be available in the cache of every smart sign and thus have afast responsetime.

Using “predictive store” is also agood option. In the example it scored idedly: reaction time 0 seconds and
dynamicdly using the maximum amount of storage (200 bytes). However, this option istoo much overkill in this
context. The dgorithm can become very complex and the location platform is not accurate enough. This option can
maybe be chosen in the future, when a more solid location platform is available and when the partia store does not
satisfy the needs.

Summarising, the“ partial store” isthe best-suited option for this context.
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7 Architecture
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After deciding on the important design decisions. One has avague view of what the system should look like. Here
the mapping of the design decisions to the architecture will be discussed. First the system will be described on a
high level. Thereafter the level will descend to alower level, where the architecture will be described in more

detail.

7.1 [Initial architecture

The design choices result into a combined central and distributed approach. Here all information is stored centrally
and a cacheis stored on the smart signs. There also needs to be away to approximate the location of a user, to be
ableto guide auser and to use“zone printing”. Finally auser hasto be able to place arequest for guidance, or to
print documents.

__ﬁ| IE!| i ‘

Figure6: S‘x:hematlc archltecture

711 Highleve architecture

To be able to have this combined central and distributed
approach, thereisaneed for acentra server, which can process
difficult tasks and stores dl the information. Thereisaso need
for communication between the central server and the smart
signs network. Having agateway doesthis. The gateway has
two sides. smart sign side and computer side. Also atag needs
to be present in the architecture, to get an approximation of the
user location. Findly, to be able to have user interaction, a
request computer needs to be included in the architecture. The
design choices furthermore describe the usage of adisplay and
printer. Thisbringsforward the high level architecture of the
Smart Signs system, which is described below. Figure 6 aready
shows the schemati ¢ representation of the high level
architecture.

Smart sgn communication

Smart Sign Gateway sign
(13) [P ) R —
Tag Monitor Node to comp communication
Commu- control z 5
nication i G ateway l J
|l (e computer [[ gateway Central server
®) monitor L ©) to server (1)
(13) O
(—
Comp to printer request to server
Printer ' __. | Request
(€} ﬁi computer E
*)

Figure 7 : Highlevel architecture
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The numbers between the brackets are the quantities (* = variable), used in the SV G conference (see chapter 9), to
give an idea about the proportions between the components.

Hereunder the highest level entities with their communication channels are briefly deliberated.

Central server: Thiscomponent isthe heart of the Smart Signs system. It contains the topology of the Smart
Signs network, dl the node information and al the print information. Thisinformation can be send on demand
to asmart sign, through the gateway computer. Also directions are generated, while processing aguide
request. This guide request comes from arequest compuiter.

Gateway computer: Computer side of the gateway, which exchanges data between the central server and the
smart signs network. It passes node, print and guide information from the central server to the gateway node,
where the information is further processed. Also the event of anewly sensed tag is passed on from the gateway
node to the central server. The gateway computer can furthermore be linked to a printer to be ableto print on
demand of the central server.

Gateway Sgn: Smart Sign side of the gateway, which passes messages from the Smart Signs network to the
computer side of the gateway. It aso contains the functionalities of a Smart Sign.

Smart Sgn: A component of the Smart Signs network, which for instance locally manages cached
information. The Smart Signs are able to pass messages to each other.

Tag: The component, which auser carries around, sending out a unique identifier, which asmart sign can
intercept.

Monitor: Where the information is actually shown to a user, controlled by a Smart Sign.

Printer: A printer, who prints documents, initiated by the gateway compuiter.

Request computer: A computer on which auser places arequest for guidance or aprint job.

More detailed architectural information about the internal usage of the system will be given after the deliberation of
the flow of communication.

712 Highlevd communication flow

To describe the flow of communication between the high level components described above, avariant on the
sequence diagram is used. This gives agood descriptive and graphical definition of the high level communication.
The sequence diagrams enclosed in appendix G give more detailed information.
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g_@ 1. When aguide request is made, the smart signs, which are on

the path from a source to a destination, are flooded with
directiond information. The server getsarequest froma
request computer. The central server sends directional
information to the smart signs, on the path to the destination,
using the gateways.
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2. When auser passes asmart sign on the path, then the
information is aready present at the node and thus directly
shown.
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3. Thecase of the user going off path resultsinto the smart signs,

which senses the user, sending status information. The central
server checksthis statusinformation and sends missing
information to that particular smart sign. Inthiscaseaso
directiona information is send to that sign, which the sign will
show immediately, when the received information is applicable
toauser.

PRINTING

When auser prints something on arequest computer a
connection is made to the centrd server, where the documents
are physicaly stored. Also aguide request is made
automaticaly and the user is guided to the nearest printer.

A print command is given, when auser isin aparticular zone
around a printer and the user has pending prints. A smart sign
first sensesthe user. This smart sign sends status information
about the newly sensed user. Then the central server checks
whether anything needsto be printed for that user. When the
user has prints, then aprint command is given to the printer,
which the user is close to.

When the user arrives a the printer, the documents are already
printed and ready to be taken.

25



oce

o

o

i

LS.

i

eeirg
LY et

i

SHOWING INFORMATION

g -

m 0

o
—=

713 Lowleved DataFlow Diagram

Persondised (object) information is shown, when thereis
information available at the cache of that particular smart sign,
or when the centra server hasinformation for the user. In this
case the smart sign does not have cache information for a user
and senses atag. Statusinformation about that tag (user) is send
to the central server (status about the print, node and guide
information). The central server also checks for personal object
information, which it hasin this case. The centrd server then
sends the found information to that particular sign.

In the case there is cache information, or when after alittle
whilethe user standsin front of the sign, theinformationis
availableright away. Now only communicetion from the tag to
the smart sign is needed.

Node to node communication handling

Node to node communication handling

A J A S
Node Print Direction
Information information information
M ™ M
A a A
A 4 A 4 \ 4 \ 4 \ 4 \ 4 Pass Pass
Node info Print Direction print info node info
management management management
A s \ 4
Sensed
Tags
» Pass Pass new
a direction info tag event
Information A 4 7'y
to screen Tag
representation management
) Smart et ; Gateway
Monitor control : ' Computer communication handling -
Tag sensing Sign sign*
\
: *) The sync node contai ns the same functionality as anormal node,
(Icd) monitor Tag plusthe shown functionality in this bl ock
Figure 8: The smart signs network
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Figure9: The computer Sde

To be ableto understand the detailed architecture, one has to descent one level in the architecture. Appendix E
shows the detailed description of the entities and their relations concerning Figure 8 and Figure 9. Here ashort
description of the to be performed functions of the high leve entities are described, which serve as abasisfor the
low leve architecture:

1. Smart€gn
11
12
13.
14.

Sensing of Tags and keeping track of tagsin the proximity of the smart sign.
Storing a cache of (personal) node (object), print and direction information.

Show information on a connected display.
Send an event that anew tag has been sensed, through a gateway sign, to the centra server, whereitis

checked whether information should be send to the smart sign.

2. Gateway sign
2.1. Perform the same functiondlities asasmart sign.

2.2. Passnode (object), print and directional information from a connected gateway computer to the smart
signs network.

2.3. Passthe event that a new tag has been sensed by one of the smart signsto a gateway computer.

3. Gateway computer
3.1. Passnode (object), print and directional information from a central server to agateway sign, wherethe

information can be send to aparticular smart sign.

3.2. Give print commandsto a connected printer.

4. Central server
4.1. Storeadl information (node and print informetion).

4.2. Produce directional information.
4.3. Handle guide requests and print commands from a user.
4.4. Manageto be printed documents.
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7.2 Final architecture
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Theinitial architecture turned out to be a good basis for the implementation. However, some adjustments are made,
to make the design more feasible for the actud implementation. Here the changes are described, which lead to the
final architecture. The Data Flow Diagram of thefina architecture can be seen at Figure 10 and appendix F.

721 Monitor extenson

In thefinal architecture the monitor is not a passive component anymore.

The reason behind thisisthat for thefina implementation (Figure 4, the

latest smart sign), used for the SV G conference demonstretion, the smart

sign does not have adisplay connection. It only hasa seria and wireless

connection to communicate with other components. The only way to have a

display for thissmart sgnisaseria connection to another node ( the display

node), that receives information from the smart sign. Thisinformationis

then shown on the LCD display of the display node. The display node

includesthe following functiondities:

e Receving (serid) information packages

e Digedting information packages

e  Storing directiond arrows

e  Show node, print and guide information in the right way on the correct
place.

In Figure 10 this change can schematicaly be seen, marked with the colour

green. The picture on the left shows the red set-up.

LCD display

LED connection

DISPLAY NODE %,

Serial connectios
between display node
and smart sign

Smart Sign

Figure 11 : bare Smart Sgn

722 Pathtracking

Intheinitial design there was no tracking of which users are currently guided to where. Thisfacility isneeded in
the centra server, to cover the off-path scenario of the guide case. When anewly sensed tag message arrives at the
central server, then it should be possible to check whether the user needs directional information (when the status
message indicates no present guide information) and what directiond information the user needs. Infigure 10 this
changeismarked in blue.

723 Printe srve

With the SV G conference in mind and the time pressure, storing al prints on the central server turned out to be not
feasible. Also the aready present solution for managing prints was good enough for abasis. This already present
solution needs the windows operating system, whereas linux is used at the central server. These factsresult inthe
migration of print management to one of the gateways. Now al the prints are stored at agateway and a separate
connection to the central server is present, for theinitiation of printing. The changes are marked in yellow at Figure
10.

724 Other small changes

Apart from the above-described changes, some small changes were made. These changes mostly involve shifting
functionality from one process to another, within acomponent. All the small changes are marked with the colour
red in the Data Flow Diagram of thefina architecture, seen at Figure 10. Hereunder the small changes are shortly
described:

e Passinginformation (gateway): Putting together the processes, which pass node, print and direction
information is more smple and efficient. This is because here the system only has to pass the information on
and does not need to know what kind of datait is.

e Passnginformation (sync node): seefirst point.

Status gathering (smart sign): Gathering the status of whether the information is present or not needs a process for

itsdf. Thisis because the status information comes from different processes and can only be send when all

information isthere. The other components only manage one kind of information and can therefore not have the
overview.
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73 Examplenawork

Here one can see the network set-up of the SV G conference, as an example to show how a Smart Signs system can

look like. For the physical representation of the network, please see Figure 18.
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Figure 12: SVG network structure

e Thepairsconnected to the arrows represent: [weight (approximate length), arrow the sign should show (see Figure XX X)]

e Number 13 isnot present in the network, because there were not enough smart signs. Therefore one had to be removed.

e  Going up and down the stairs have bigger weights. Thisisto make surethat a person hasto switch floors only once, while
guided. Otherwise one hasto climb the sairsdl thetime.

e The connection between agateway sign and another sign dways has the weight 1000. Thisis becausein this set-up the
gateway signsare not included for guidance or displaying information, just to act as a gateway. So one does not want to be

guided to there.
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8 Implementation

This chapter discusses per component (of the fina architecture) how it globally was implemented and what was
used for implementation. Also is discussed which obstacles occurred while implementing and how these were
solved. Theimplementation processis only described globaly. For details, please read the documentation of the
code, found at appendix | (enclosed CD). Theimplementation is mainly described using the low-level architecture,
mentioned in chapter 7, section “Final architecture”.

81 Centra srver

811 Actual implementation

- ! Theimplementation of the central server is donein the environment of Linux,

' because of the familiarity with Linux in combination with databases, web sitesand
sockets. The central server could be implemented as a part of agateway. However
the decision was made to keep the components on different platforms, to be ableto
manage the central server apart from the gateways. It dso gives aclear separation
of the different functiondlities of the system. Hereunder the actual implementation
of thefunctionditiesis discussed.

Figure 13: Central Server

Storeall information

For storing the node and print information aMySQL database is used. The MySQL databaseis used, because
MySQL hasasimpleinterface and can be managed through aweb site. This has the advantage of having agood
overview and being able to manage (delete, add, modify) information easily. Thisoption is aso agood basisfor
further development, because the information is now externaly stored and can thus easily migrate to other storage
platforms. For more details about the database structure and what is stored, please see appendix H.

Producedirectional information

The production of directional information can only be done, when the central server has awareness about the
physical distribution of the network of smart signs. Only then the central server can give sensible guide
information. The central server needs to be aware of the following things, regarding guiding persons:

The (relative) location of asmart sign.

The directions to go from one sign to another.

Whether asign is connected to a gateway and/or a printer.

The distances between the smart signs.

The shortest path between two signs.

To get the awareness of dl these points aweighted directed graph is used, with the storage of extranode (gateway,
printer) and edge (direction) information. To get the shortest path from one sign to another, Dijkstra’ salgorithmiis
used [DIJK]. It calculates the shortest path, using the weights of the edges between the signs.

Also amechanism for checking whether auser is being guided is needed, to check for available guide information
for aparticular user. Thisis done by storing the guide information in adatabase, where the central server can check
whether the user is being guided and whereto. For more information, please see gppendix H.
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Handle guiderequestsand print commandsfrom a user

Handling guide requests and print commands are both donein a different way. Handling guide requestsis done
using sockets, where users can connect to. The choice to use socketsis made, because sockets are universally used
in network environments and enable many different types of interfaces, which are build on top of the socket
mechanism. One of theseisaweb interface. Thiskind of interfaces are commonly used and therefore asolid
choiceto use.

Handling the print commands are done through a different channel. Here the normal path of printing isused. Only
now a printer is selected, which internally forwards the documentsto the printer server and storesit on the
gateway, to beinitiated a alater time. For more detailed information, please see Figure 10 and appendix H. This
part of the implementation deviates alittle bit from the final architecture. There the central server doesthe
communication and here the gateway arranges the handling of print commands.

Manageto beprinted documents

Although the documents are not physically stored on the central server (see chapter 7), alist of job identifiers,
linked to numbers of actua printsjobs stored on agateway, is stored along with other user information. With this
mechanism the central server can keep track of the to be printed documents. The centra server can furthermore
initiate the printing by sending a command with alist of print jobs, which are then actualy printed using the
gateway computer.

812 Obgadesand difficulties

This component was not the hardest to develop. Thisis because of the familiarity with the programming
environment. The only real implementation obstacle was finding away to create awareness of the centrd server
about the physicd distribution of the network of smart signs. How thiswas tackled is described above.

82 Gateway computer

821 Actual implementation

The gateway computer isimplemented in Windows, using C, because the gateway program has
to run in the background of an end-user computer, where people for example can print or place
guide requests. Thiskind of machinesis generally equipped with Windows. The programming
language C is used, because of the ability to easily redlise low level communication, likethe
communication through a seria port. The communiceation between the gateway and the gateway
signisdonethough aserid port [SCW]. Hereunder agloba explanation of the functionalities,
given by the design, is given. For more detailed implementation information, please see
gppendix | (enclosed CD).

Figure 14 : Gateway computer

Passinformation from acentral server to agateway Sgn

Passing is done by forwarding al messages to the connected gateway sign. The type of the message is checked on
reception from the central server (socket), whether the message containsinformation data. When thisisthe casethe
whole messageis send to the seria port, where agateway sign is connected.

Giveprint commandsto a connected printer

The actua printing of adocument is done in co-operation with the central server. The centra server givesthe
gateway aset of job identifiers, which have to be printed. The gateway computer then sends the resembling stored
filesto adesignated printer. The files are stored on the gateway computer, because a print command given by a
user to a“fake’ printer are handled by the gateway computer. A stub printer is used, which sends the documents,
which are given by the user through the print command, to afile. Thesefiles can be printed later, as described
above.
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822 Obgadesand difficulties

The gateway was dso not a big problem to implement, although the experience with programming in Windows
was not that much asin Linux. There were some obstacled/difficulties while implementing. The biggest obstacle
was getting the seria communication right. The communication is bi-directiona and thus aread and write can be
done smultaneous. It was quite a hasde to get this done in Windows. Another obstacle was getting the information
passing right from the central server to the sync node and vice versa. Thisis done parallel and thus needs threads.
Getting thisto work together with the serial communication was a bit of puzzling, because of the lack of
documentation.

————

83 Smart 9gn, gateway sgn and display node

Figure15: smart Sgn (inside) Figure 16 : gateway Sgn Figure 17 : Tag(keychain)

831 Actua implementation

The Smart signs, sync and display nodes are implemented using the given platform (see chapter 5). The platform
requiresto program in avariant of C and using the AmbientRT operating system. Theimplementationisdonein
modules, just like the centra server, to keep alink to the design and to keep overview. How the functionalities,
described in chapter 7, areimplemented is described below. For more detailed information about the
implementation, please read the documentation of the code, enclosed in appendix | (CD).

Sengng of tagsand keeping track of tagsin the proximity of thesmart sgn

Inthe final implementation the sensing of tagsisincluded in the transport protocol (mac protocol) of the operating
system. In earlier versions thiswas done on tap of the transport protocol (Imac protocol [LMAC]). Thisisincluded
in the transport protocol, because thefinal version of the tag does not have the resources to use the full transport
protocol and thus has a different protocol. This protocol needed to be embedded in the transport protocol.

Keeping track of sensed tags is done by storing the tag information in adynamic linked list. Thelinked listisa
feature of the operating system. The tag information includes the identifier and its age. The age of thetag is
incremented each second and is used to keep track of how long ago the last time the tag was sensed by the smart
sign. If the age becomesto big, then the tag (and thus the user) isno longer in the proximity of the smart sign.

Storing a cacheof (personal) information

For storage of information adynamic linked list is used, provided by the operating system (as described above).
Thelinked lists are used, because they are easy to manage and the framework for dynamicaly storing information
isaready present.

Show information on a connected display

The information, which is stored in dynamic linked ligts, is displayed though a display node. The smart sign first
assembles all the relevant information. Thisis done by mapping the sensed tags to the present information. All
relevant information, which can be displayed, is stored in a screen components linked list. Theniit is decided which
information should be displayed, some information has a higher priority. Thisinformation, aong with positiona
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information, is then send to the connected display node. Here the display node unpacks the information an
displaysthe information on the screen.

Send a new tag sensad event, through a gateway sign, tothe central server

A smart Sgn sends a status message of anewly sensed tag, because then the central server can look for information
meant for that smart sign. When atag is newly sensed (there was no present tag information in the linked list of
tags), asigna is send to collect statusinformation about the existence of information for that tag. Then the
information is send to the nearest gateway sign.

Passinfor mation from a connected gateway computer to thesmart sgnsnetwork

Forwarding information is only done by the gateway sign. The implementation is done by checking theincoming
message for itstype and destination. If the destination is not the gateway sign itself, then it isforwarded to another
smart sign, for further routing. The routing is done by an array of smart sign identifiers, maximum hops big. This
array isfilled by the central server, which knows how to route the message to the destination. In thisarray smart
signs can see whether the informetion isfor the smart sign, or whether it should be forwarded and to which smart
sign.

Passnew tag event to a gateway computer

Thisfunctionality isaso only for the gateway sign. Thisisimplemented in quite a straightforward manner. The
gateway sign receives a“newly sensed tag” status message (described above) and directly writesit to the serid
port, where agateway computer is connected.

832 Obgadesand difficulties

These components turned out to be the most difficult components to implement. There were severd difficulties,
which had to be overcome.

Unknown platform

The platform was completely unknown. In combination with the fact that the operating system differsalot from
the most commonly used operating systems, it was quite an obstacle to overcome. The environment first had to be
investigated. Thefirst acquaintance was done at the University of Twente (see gppendix A and B for the planning).
Thereafter most of the environment was known, but still while implementing the components, there were some
vague problems, that needed help from the creator of the operating system. Most obstacles were because some
things were unclear. Also the structure of the operating system needed some time to get used to. Some mechanisms
were very different. For example defining the different tasks (for more details, please see[ART]).

Har dwareboundaries

The hardware boundaries really had to be taken into account. The memory, for example, became abig obstacle at a
certain point of time. The memory became full real fast. When data was moved from the main memory to the flash
memory, some pressure drained from the main memory, but still some information still needsto be stored in the
memory, like pointers to the position where the information is stored. This resultsin the fact that not alot of
information can be stored. Also the processor has limited capacity, which trand ates in keeping the application as
smpleaspossible

Software

While implementing asubset of C and alimited amount of OS functions could be used. This sometimes resulted
into finding a different implementation than usual. The used functions also look somewhat like their counterparts,
used in commonly used operating systems, but then quite different. Thiswas confusing in the beginning.
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Debugging

Debugging the implementation was quite difficult. First of al, acomplete program needed to be compiled and
flashed into the device, before the application could even be tested. While running the application there are severd
waysto get feedback from the system. The feedback can be done using LED’ s, the serial communication port or
the LCD display. The easiest way for debugging/feedback isthe seria port. But when the serid port is already used
for other communication, then the serid port can not be used for debugging. The LCD screen isnot that good for
debugging, because only alimited amount of information can be shown and displaying information isnot donein a
trivial way. Thelast resort isusing the LED’s. Thisis only when the LCD is not present and the serid port is
aready taken. This scenario occurred a couple of times. The LED’ slet you test only asmal piece and can only
givefail/passinformation.

Har dwar e changes

Some obstacles were related to changes enforced from outside. The hardware changesinvolved rewriting some
functions to control hardware components on the smart signs. These changes had to be made, because the
hardware that was used in the first instance (Figure 4, initial smart sign) turned out to be different than the
hardware which was used for the prototype (Figure 4, latest smart sign) (at the conference). This change was done
quite quickly, but another change in hardware had more impact on the system. One changein hardware resulted in
aradica changein the system; even the design needed to be changed (see chapter 7, Final architecture). This
change concerned the lack of aLCD display connection on the signs used for the prototype (at the conference).
Because of the lack of this functionality the system needed to be cut into adisplay node and asmart sign. Thisis
also described in chapter 7 (Final architecture).

Softwar e changes

Also the software platform (AmbientRT) had some changes that affected the implementation. Thiswas mainly
about the protocol for wireless communication between the smart signs. In the beginning of the project there was
no protocol. After awhile the LMAC protocol was used for communication. This resulted in changesfor the smart
signsand the LMAC tag. Just before the deadline of the prototype another changein protocol was made. Thisaso
resulted into changes. These changes were bigger, because the changes were done at alater stage of the
implementation process. Also some software bugs resulted in extrawork.
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This chapter discussestesting and demonstrating the Smart Signs system at the SV G conference at the University
of Twente. It first describes the environment, where the demo was held. Thereafter the performed tasks and the
godsfor multiple parties are discussed. Findly it is discussed what should happen and what actually happened.

91 Planned

For tackling the challenge to get the demonstration online a planning was made (see appendix B). Asseenin the
planning, one week was planned to get everything done for the demonstration at the first day of the conference.
Hereunder the goals and tasks of the week of preparation are stated. Thereafter the environment, where the Smart
Signs system had to be demonstrated, is briefly discussed.

911 Godls

The demongtration at the UT was entered with the following goalsin mind:
e  Show awaorking prototype of the Smart Signs system.
o  Get user feedback of the usage of the prototype.

912 Taks

While preparing the demonstration, the following tasks were assigned:

o Port the Smart Signs system, from the platform used for developing, to the platform used for the demonstration
at the SV G conference.
Test the ported system in the set-up of the demonstration.

o Arrangetheinfrastructure on which the Smart Signs system can run at the University of Twente (except the
printer).

o Defineacut inthe housing for the LCD connection.

9.1.3 Environment

The environment in which the Smart Signs had to be demonstrated, wasthe building “Waaijer” at the University of
Twente. In this building, the smart signs had to direct people to one registration desk, three conference roomsand
one elevator. Also one Océ printer was used to enable printing for the users of the system. In Figure 18 one can see
the environment, where the system had to be demonstrated.

92 Actua

While the planned course of actions was straight forward, the actual execution of the plan turned out to be very
different from that. Hereunder isfirst described how the porting and the set-up of the infrastructure were done.
Theresfter it is discussed what problems occurred during these two activities. Findly it is discussed what went
wrong while preparing the demonstration.

921 Porting

The main activity for the preparation was porting the Smart Signs system from one platform to another. This
turned out to be alot more work than anticipated before. On beforehand it was told that it was going to take one or
two days. Although only two days (maximum) was required, afull week was planned mainly for porting. Thiswas
done to keep abuffer for unforeseen problems. This buffer turned out to be well needed and even not sufficient.
The actua porting did not need to take alot of time, but other problems popped up, which needed attention for
getting the code to run on the platform used a the demonstration.
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922 Infragtructure

Setting up the infrastructure involved two activities: setting up the smart signsin the environment and setting up
the persona computers (gateway and central server). Setting up the smart signswas done by first selecting strategic
positions for the smart signs. This involved communication with the co-organisers of the conference, to pinpoint
the to be used facilities. The positions were tested for their range, by waking through the empty “Waaijer” and
holding the signs and watch their status. Thefinal distribution of the signsis shown below. Setting up the gateways
and central server mainly involved ingtaling the new gateways and getting the gateways and central server to work
at thelocal network. For a more detailed picture of the infrastructure, please see Figure 12.
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Figure 18: Distribution of Smart Sgnsat SVG conference

923 Problems

One of the problemsthat occurred was that some last minute changes were made in the platform. There were two
big changes. Thefirst one was newly needed protocol, which was finished only two days before the demonstration.
This protocol was not thoroughly tested and still needed some adjustment. The change of protocol affected my
code for the smart signsjust aday before the demonstration. The second last minute change was a change of the
communication between the smart sign and the display node. Although it was decided before, that the
communication had to be done with acknowledgements, it became clear that it would not be possible to do the
communication with acknowledgements. This resulted into quite some extrawork and brought forward new
problems regarding timing.

There were also unforeseen problems. These problems were regarding the depletion of the smart sign’smain
memory. This problem needed alot of attention, because otherwise the smart sign would not work. Because of this
problem, arewrite had to be made, which uses the flash memory more. While solving this problem, some other
problemslinked to the flash memory occurred, which aso needed attention. Also other unforeseen problems
occurred while setting up the infrastructure. Thisturned out to be more work, than anticipated.

37



@8 O]
A/\E}

-
= )

924 What went wrong

The demonstration turned out to be afailure. The Smart Signs system was not working when it was supposed to
work. After moving the demongtration to alater day at the conference, the demondtration till failed. Thereason
behind thisis elaborated below.

During porting and arranging the infrastructure the problems stated above occurred. These problemsleed to the
failure of the planning. All the time was consumed with porting the code and solving the problems. Thisleft no
time for testing the actual Smart Signs system. On the day of the demonstration the system was not tested at dll in
this configuration.

Another factor, for failing, was the used platform. Test results, from tests performed afterwards, indicate that the

Smart Signs code works properly (gpart from some minor bugs) and that the underlying software and hardware

platform showed some wesk point, which could have lead to the improper working of a smart sign. Some of these

week points are:

e Communication channels (serid and LCD): the channel between the smart sign and the display node and the
display node and the LCD display sometimes stopped working.

o LCD:thedisplay sometimesdid not display anything at al, while the display node indicated that it should
display something. It aso sometimes stopped displaying al of a sudden.

o Radiorange: thetested radio range proved to be not evenly distributed. With the same distance and different
orientation, reading differed.

e Overdl inconsistent behaviour: sometimes the smart sign did not receive anything over theradio, did not show
anything or just stopped working. This occurred at random times and sometimes aresat helped and sometimes
it did not help. There could be multiple causes, like battery depletion or no good initiaisation of the system.

These week points would surface more, when the main factor for failure would not be present. The main factor for
thefailure of the demo wasthe lack of the appropriate amount of smart signsfor thisarea. Thisresulted into a
sparsely populated network, where signs did not have enough range to communicate properly with each other.
Although the range was tested before, it turned out to beinsufficient. The most likely causes of this difference are
mentioned below.

e Theorientation of the smart Signswas not taken into account, while congtructing the smart signsfor the
demondtration.

e Theorientation was not tested before and could have led to smart signs being out of range.
The range tests done on beforehand al so did not include the housing. This could dso jam the smart sign signd
and cause signd loss.

e Findly, the positioning was not completely the same as the test set-up, which aso could have affected the
signal coverage.

Summarising, the demonstration went wrong, due to unforeseen behaviour, that could not be tested, because of
time pressure created by the problems stated above.
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10 Discusison

Itisaready stated in chapter 9 that the demonstration did not turn out to be a success. One. However, there are
notes to thisfailure and other, not so visble at first sight, results are positive.

10.1 SVG conferencedemondration

The demongtration goals, determined on beforehand, were not met afterwards. However, apersona demo for a
mentor did work to some extent. It showed that the parts that operate on persona computers did work. The only
weak link in the chain turned out to be the smart signs network. While reading the previous chapter one can seedll
the problems, but the positive sideisthat it amost worked and that next time ademo is given, the system can and
will be tested more thoroughly in advance and will work almost for sure.

10.2 Other reaults

Apart from the demongtration at the conference other results were made. Especialy on the persond areathe results
are positive. While testing the system during the implementation, the system component proofed to be working.
The system aso proved to be working concerning asmall network of test smart signs (initid smart Signs, see
chapter 5). This showsthat the system really works and that it has potentia to work in bigger environments.

Thereisaso alot learned from the process of devel oping for embedded devices. This learning process ranges from
taking into account the limitations of the device while designing, to actudly implementing the system. While
working on this subject also more insights were gained concerning working under time pressure and working a a
company. This project also shows that, although it is good to have tight schedules, one hasto stay redlistic about a
project schedule. If ascheduleistoo tight, it islikely to have abad influence on the project, even if the peoplein
the project work their hardest.

Finally the chance to apply gained knowledge also was a success. The knowledge about embedded devices helped
in the process of making decisions aswell asin the implementation process. Also the programming knowledge for
personal computers was put to practice. Other knowledge that was put to practice was the process of going from a
vague high level description, to alow-level implementation.
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11 Conclusons and Recommendations

11.1 Condusgons

The concept of ambient intelligence is materialisng and is going to materiaise even more in the near future. Smart
Signs are part of thisvision. The concept of the Smart Signsis very viable to be materidised in full scaleinthe
near future. In the present the materialisation in the form of a prototype proved to be a success. The designed
system proved to be working on existing hardware, athough there till are some hurdles, which haveto be
overtaken.

The designed and implemented Smart Signs system isa good basis for future, resource lean, environments, but is
not yet capable enough to act asa solid platform to test the concept with users. Due to time congtraints, the system
could not be engineered and will need some testing to become a solid platform. However, this engineering will not
be along process, because the Smart Signs system is close to being finished.

11.1.1 Thebes suited realisation

The research question was the following: What is the best-suited redlisation of the Smart Signs system, given the
provided platform? The answer to this research question is described in this report, but can be summarised to the
following: the best-suited realisation of the Smart Signs system isa combined centra and distributed approach.
The aspiration isto do as much as possible in a distributed way. However, given the provided platform and to
improve the manageshility, it was necessary to put central aspectsin the system. To summarise, thefollowing
choices were made concerning the different functiondities of the Smart Signs system:
e Guiding: Predictive store, where a guide path is flooded with guide information to have afast responsetime
and to keep the stored data dynamic and within the bounds of aresource lean environment.
e Printing: Zone printing, where avirtual zoneis drawn around the printer. When auser entersthis zonethe
documents, chosen to be printed at an earlier time, are printed before the user reachesthe printer.
e Showing information: Partia store, whereinformation all information is stored on a central server and acache
of that information is stored a a Smart Signs for aperiod of time. This cacheisfilled when auser arrivesat a
sign, or through strategic flooding.

1112 Objectives

Apart from the research question, other objectives were aso stated and grouped in personal, Océ and Smart
Surroundings objectives. All the personal objectives were met. A lot islearned while designing and implementing
the Smart Signs system, concerning embedded devices, working in acompany and applying gained knowledge.
The objectives, which Océ and the Smart Surroundings group had envisioned, were not completely met. Although
knowledgeis gained, through this project, about Smart Signs, the demo was not made (see the practice chapter).
Thiswas due to the hardware platform and the tight schedule. In the near future, this goa can ill bemet in
another demonstration.
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11.2 Recommendations

The main recommendation isto further test and engineer the developed Smart Signs system, until it becomesa
solid platform. This step should not take long, because the system isamost ready as a prototype. When thisis
done, user evaluation tests can be done. There are aso some points, which can be improved concerning the Smart
Signs system. Some of these concern technica aspects and user interfacing aspects:

1121 Technical

Some technical recommendations can be made concerning the Smart Signs system. To begin with, it is
recommended using more capable devicesin the future. These devices are currently limited in storage and
processing power. When the system is going to be used in bigger environments, more performance is needed. This
however should not be overdone, resulting in big and energy devouring devices. The devices aso haveto be able
to blend into the environment. The technica improvements should therefore be within the boundaries of energy
consumption. An example improvement could be to reduce the latency between two smart signs. It isdesirableto
have this fagter, because right now thisis the bottleneck of the overall communication network. Another
improvement could be to enlarge storage, which enables the possibility to do morein adistributed way.

Other technica recommendations concern the possibilities of the Smart Signs system itsdlf. In the future one can
add amore precise positioning platform. This requires an improvement in the platform aswell asin the Smart
Signs system. If amore precise position is known, the system can react more reliably on user behavior. Thisleads
to the recommendation to use behavior recognition. Thiswill improve the reaction time and will make the behavior
of the Smart Signs system more intelligent.

11.22 Use Interface

The communication to the user can aso be improved. The recommendations for this area begin with redistic and
easy added functionalities and ends with more futuristic recommendations. First guiding is described, then the tag
isdiscussed and finally the smart signs.

Currently arequest for guidance can be done by connecting to a socket. To begin with, agood web site should be
made to improve the user interface. Placing aguide request can be made even more simple, by |etting the Smart
Signs system initiate the guidance process, by detecting a new user or a certain kind of behavior that can be linked
to the need of aguidance.

Concerning atag also some recommendation can be made. Now the tag is a passive element with no interface.
This could be changed in the future. A button can be added to turn the tag on and off, or put it in adifferent mode,
where the user istracked or not. This should soften the privacy downsides of being tracked by the system. Thetag
can aso be equipped with a screen and more interaction and feedback functions. In thisway more interaction with
thetag is possible, enabling al kinds of possibilities. For example, the tag can then be an interface for requests for
guidance and more detailed and personal information. The question is however whether this extension is going to
be an improvement. | believe that the environment (and not the tag) should contain as much functionality as
possible. In that way the user does not need to adapt to the environment, but vise versa. People aso do not want to
keep big deviceswith them al thetime.

Finally there are some recommendations for the smart signsitself, concerning the user interface. To begin with, the
screen should be bigger and clearer. Then the users do not have to put so much effort into reading directions and
information. More futuristic applications of the smart signs user interface could be using the smart signsasan
interface for requesting data and guidance. The interface could also be extended to other than visua information
provision. An example of thisisthe usage of an audio queue for guidance, like in car navigation.
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Glossary
Definitions
Ubiquitous office
Ambient Intelligence
Smart Sign system
Static system

Semi-dynamic system

Dynamic system

Smart Sign

Display node

Tag

An office, where computation isintegrated into the environment. This resultsinto having
aintelligent office, which responds to users.

A vision of the future where people are surrounded by €lectronic environments, sensitive
and responsive to people.

The prototype under development as awhole. Thisincludes the Smart Signs network,
gateway computer and the centra server.

The prototype (as awhol€e), which does not respond to users. Here no sense of location is
present and can only provide genera information.

The prototype (as awhole), which responds to user locations. It can, for example, show
personalised information. However, this prototype only offers one way information
communication from the environment to the user.

The prototype (as awhol€), which acts amost the same as the semi-dynamic system.
Here an added functionality is that the communication with the environment is both ways.
Als0 person to person communication is availablein this system.

A wireless embedded device, which is used as anodein awireless network. This device
is used in the developed system to give the user information and to determine the location
of auser.

The same device asa Smart Sign, but used only to provide users with information.

A wireless embedded device, which isaminimd version of a Smart Sign. Thisdevice can

only act as abeacon by broadcasting asigna to dl Smart Signsin the proximity. This
deviceiscarried by auser and is used to identify and locate auser.
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The appendix is enclosed after thisreport and contains the following subjects:

Initial planning

Actud execution
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