Collecting activity-travel diary data by means of aGPS enabled personal digital

assistant

T. Bellemans, B. Kochan and G. Wets

Transportation Research Institute (IMOB), FacultyApplied Economics, Hasselt

University
Wetenschapspark 1 bus 13, B-3590 Diepenbeek, Belgiu

{Tom.Bellemans; Bruno.Kochan; Geert.Wets}@UHasbelt.

Bijdrage aan het Colloguium VervoersplanologisckB8mwerk 2005,

24 en 25 november 2005, Antwerpen



Table of contents

5.1.

5.2.

5.3.

7.

INTFOAUCTION ..ot e e e e p. 1
Activity-travel diaries ..........coooiiiiiii e P2

Advantages and disadvantages of a data colteticd based on a GPS
enabled personal digital assistant ..............ccccco i p.3

General functional description of a mobile GiRSl#ed data collection

APPICALION L.e et e p. 4

Implementation of a mobile activity-travel diatgita collection tool
01010137 01 p.7

Hardware platform requirements ............cccee i ii i vewne. P 7

Requirements imposed by the survey on theigetravel diary data
COIIECHION OO ...t e p.7

Detailed description of the activity-travehdi data collection prototype ... p. 8

Further improvements to the activity-travel glidata collection tool
(0101 T p. 15

(O] o Tod 1] (0] o T PP p. 15

ACKNOWIEAgEMENLS ...ttt et e e e e e ien e e eeeen P 16

REfEIENCES ... e e P16



Samenvatting

Verzameling van activiteiten- en verplaatsingsgegevens met behulp van een met GPS
uitger uste zakcomputer.

In deze paper wordt de ontwikkeling van een soféwaepassing voor de verzameling
van activiteiten- en verplaatsingsgegevens in denwan dagboekjes uiteengezet. De
software wordt ontwikkeld voor gebruik op een m&Sauitgeruste zakcomputer.

De opbouw van deze paper is als volgt: eerst weedtverantwoording voor de keuze
voor het verzamelen van activiteiten- en verplagsjegevens onder de vorm van
dagboekjes gegeven. Vervolgens worden de voor-eenadelen van het gebruik van
een met GPS uitgeruste zakcomputer toegelicht.

De functionele beschrijving van de software toepassvordt op basis van de
functionele modules waaruit de toepassing bestietngezet. Vervolgens wordt elk
van de reeds in een prototype van de software deingmteerde modules in detail
beschreven. Tenslotte worden een aantal in de megtkte implementeren modules
vermeld.

Summary

Collecting activity-travel diary data by means of a GPS enabled personal digital
assistant.

This paper presents the development of an actiratyel diary data collection tool that
runs on a GPS enabled personal digital assist@A)P

The outline of this paper is as follows: first, tthecision to collect the data as activity-
travel diaries is justified. Next, the advantaged the disadvantages of a GPS enabled
PDA are presented.

A functional description of a general GPS enharaVity-travel diary data collection
tool is presented based on the composing functimalules. Next, each module that is
implemented in the activity-travel diary data cotlen tool prototype is described in
detail. To conclude, some modules that need tomberporated in the prototype in the
future are listed.



1. Introduction

The demand for transport services is expecteddw gonsiderably as incomes rise, the trend
toward urbanization continues and as the procegkbélization moves forward with
expected increases in world trade and personaltravorder to meet this rising demand and
because governments cannot afford to allow trangmstraints to have a negative impact on
the future competitiveness of their products, adersible future long-term investments are
indispensable. In order to better guide and subatarthe decisions of transportation
planners, the use of traffic and transportation @®tas been advocated by governments and
by research communities.

Since 1950, due to the rapid increase in car ovaieesnd car use in the US and in Western
Europe; several models of transport mode, routeceland destination were used by
transportation planners. These models were nagesspredict travel demand in the long
run and to support investment decisions in new mgedstructure which originated from this
increased level of car use. In those days, traesl assumed to be the result of four
subsequent decisions which were modelled separ&téllgin transportation literature these
models are also referred to as four-step modelsevexently, especially in the eighties and
early nineties, several researchers claimed thatlweited insight was offered into the
relationship between travel and non-travel aspadtse widely used four-step models.
Indeed, travel has an isolated existence in thextels and the question why people
undertake trips is completely neglected. This iemghactivity-based transportation models
came into play. The major idea behind activity-lbasedels is that travel demand is derived
from the activities that individuals and househaidsd or wish to perform. The main
difference however between traditional (i.e. fotepg transportation forecasting
methodologies and activity-based transportationetsos that the latter attempts to predict
interdependencies between several facets of acpuifiles. These facets are often identified
aswhich activities are conducteahere, when and for howlong, with whom, and with which
transport modes.

Obviously, data is needed for all these facetgdeoto be used in an activity-based
transportation model. This paper focuses on a Inehdl-G1S-based logging system which

will be put into use in order to collect data ftirthese facets. The paper contributes to the

line of research which has explored the use of ederpassisted geographical information



systems for geocoding the location of activitieghsas Chase [4], Chase-GIS [8] and
REACT [9].

The aim of this paper is to present the functiateacription of an enhanced activity-travel
diary data collection tool designed for a GPS esdliphobile platform. Although the
functional description of the mobile applicatiorc@mplete, it needs to be stated that the
application itself is still a prototype.

The remainder of this paper is organized as foll@®estion 2 gives a justification for the
decision to collect the data as activity-traverigis. In section 3, the advantages and
disadvantages of a hand-held computer-assisteccdii¢ation tool are discussed. In section
4, the functional description of the data colleatiool is given further consideration while
section 5 presents a detailed description of théuies that are implemented in the
application prototype. Finally, the paper concluded defines some topics for future
research.

2. Activity-travel diaries

As outlined in the previous section, activity-baseshsportation models have set the standard
for modelling travel demand. It seems common pcaatiowadays to collect activity diary
data to estimate activity-based transportation risoddnis section will discuss the potential
advantages of diaries as opposed to traditionatopaires, as well as other specific
operational decisions regarding the format of theedvity diaries.

The questionnaire, asking people for their avelsdeviour during a certain time period, has
long been the dominant form of data collectiorramgportation research. It has been argued,
however, that there is significant accumulated enod that travel surveys under-report
mainly off-peak, non-home based trips of short lorg[3]. In [10], it was argued that a diary
outperforms a travel survey in this respect. Thanss to be consistent with the findings of
other authors [2], who have reported that the diasylted in a 13 to 16 percent higher level
of trip-making than the travel survey. The avaiallerature therefore seems to suggest that
the diary is likely to outperform the questionnairéerms of the validity of the data collected.
Diaries mainly differentiate by means of the typéenéormation which is collected. The
leading question in a trip diary is obviously refhto the trips (out-of-home activities) that
are made, while the activity diary mainly focusesadl the activities (in-home and out-of-

home activities) the respondent says to be engag&ince an activity diary provides a richer



source of information that allows additional andrendetailed kinds of analyses and since a
fully operational transportation model should b&edb take the interrelationship between in-
home and out-of-home activities into account, @ngued that despite the fact that only out-
of-home activities generate traffic, in-home a¢tdg can provide useful information and
should be collected as well. In order to emphatiaeboth activities and trips are considered
in the collected diaries, the term activity-traderies will be used throughout the remainder
of this paper.

However, collecting data by means of activity diaris more demanding for respondents.
Therefore, one should be aware of three potertdiaices of bias: 1) respondents who are very
busy and make a lot of travel activities cannob@ffthe time to fill in the diary; 2)
respondents with a relatively low level of out-afrhe activities may decide not to participate
because they feel their case is not relevant;spardents may not always understand the
need for collecting in-home activities as well andy drop out. All three concerns may
potentially result in flawed diaries with non-resge biases.

It is difficult to evaluate what the influence adrd-held computer-assisted information
systems is on these concerns. Some researcherargang that data collection is facilitated,
while others state that it is experienced as aitiaddl burden. However, it remains
indisputable that electronic data collection yigltfermation of higher quality. This was
evidenced in [11] and in [6].

3. Advantages and disadvantages of a data colleatitool based on a GPS enabled
personal digital assistant

In the past, desktop computer-assisted data calfetdols were used for filling out
scheduling surveys which provided activity-travigrg data. However, these systems are not
able to trace the actual activity-travel execuiioreal time due to their limited portability. In
order to solve this problem, a Personal Digitaligtesit (PDA) equipped with GPS
technology can be used to enhance the data colheictol’s mobility [7].

The portability of a PDA data collection tool enabin-situation data input while preserving
the ability to perform consistency checks on thia g@ovided by the respondent.

The potential advantages of equipping a PersomtdDiAssistant with GPS technology to
supplement activity-travel data are numerous: 18mising a desktop computer-assisted data

collection tool, the respondents have to rementieekact locations of their start and end



positions, whereas with a PDA with GPS, trip orjgiestination, and route data are
automatically collected without burdening the reggent for the data; 2) as the respondent
may forget to report an activity trip, another atkeae exists in recovery of unreported trips,
as all routes are recorded; 3) accurate trip ataftend times are automatically determined, as
well as trip lengths; 4) the GPS data can be usedrify self-reported data; 5) both the data
entry cost and the cost of pre- and post-procesbmgata, constitute a significant share of
the total data collection cost [12]. Fortunatelgtfbcan be reduced to a minimum with
computer-assisted forms of data collection.

One of the most important shortcomings of GPS teldyy is the fact that the system is not
always reliable throughout the entire trip-recogdperiod. E.g., civilian GPS receivers

exhibit position errors resulting from selectiveadability and other accumulated errors such
as the “multipath” problem [1]. Hence, the GPS daads to be verified before it can be used
for further research. Another disadvantage assatiatth the use of a hand-held device is
that the duration of data collection is subjedit® storage capacity of the device used.
Moreover, as the device makes use of a battelnasito be recharged regularly, which is an
extra burden.

The drawbacks of a GPS enabled PDA for collectotiyity-travel diary data are outweighed
by the ability of this technology to provide enhada@activity-travel diary data as discussed
above. In the next section a general functionatriigtson of a data collection application

designed for a GPS enabled portable platform isnet

4. General functional description of a mobile GPSreabled data collection

application

This section presents a general functional desonitf a data collection application designed
for a GPS enabled portable platform.

The application consists of two Graphical User fiisiges (GUI's) (the Household Survey
GUI and the Activity Based Survey GUI), a GPS laggedata structure (Activity Diary &
Household Database and GPS Database), a datayqoahtrol module (Data Integrity
Checks), a Trip Identification module, a GIS modwad a Communication module (Figure

1). In the remainder of this section each of thmsédules will be presented in more detalil.

! Geographic Information System (GIS)



The GPS logger will be used to trace the physreald paths and travel time. The logger
collects data continuously and therefore it needsperate in the background in order to
allow for in-situation data input. This automateafure has two main advantages. In the first
place, it will facilitate data capturing because #urvey respondent does not have to
remember to activate/deactivate the logging apidinaSecondly, although the survey
respondent may forget to register a new activitg, EPS logger will capture the user’s
position during the travel period. By applying ip identification algorithm to these GPS
logs, trips that were forgotten by the survey resj@mts can be detected.

cul sul GPS Logger
Household Survey Activity Based Survey| 99
A A
\ 4
GIS Module
Data Integrity P . e
Check: < Trip Identification

Communication

/ Module \
Y

GPS Dat

Activity Diary
&

Household Data

Figure 1. Schematic representation of the functionamodules composing the activity-travel diary data
collection tool. The arrows denote the flow of infomation between the modules.

Whenever active, the GPS logger captures the Hatatiginates from the GPS chip in the
form of “NMEA sentences”and stores these strings in the GPS Database enddMIEA
defines an electrical interface and a data protfmratommunication between
instrumentation. The GPS chip typically sends aigraf NMEA sentences at intervals
determined by the unit's update rate. A typicalatpdate for a civil general purpose GPS
unit is once per second. The NMEA sentences comtéanmation such as e.g. location
information (longitude and latitude) and time.

The Household Survey GUI inquires for personal dgraphic and activity/travel-related

information. This information is collected at theginning of the survey period and it is

2 NMEA is the acronym for the National Marine Electics Association (http://www.nmea.org)



stored in the Activity Diary & Household Databasedule. In case some necessary
information has not been input, the respondenth&d the opportunity to add the missing
parts afterwards.

During the survey period, the respondent will belose contact with the Activity Based
Survey GUI, which is the most important interfathis GUI captures the dynamic activity
scheduling processes over the survey period amigigered only when the survey respondent
is going to perform an activity or when the Dateegrity Checks module explicitly asks the
respondent to adjust inconsistencies (e.g. cityasatmat do not exist) in the Activity Diary &
Household database.

Once the survey period has come to an end, themiafion contained in the hand-held
devices must be downloaded to a data server usshnG@ommunication module. If the mobile
platform possesses data communication facilities @SM, WiFi), these can be used to
automatically make scheduled backups of the data.

As mentioned above, the NMEA sentences storedaGiRS Database module, can also be
used for Trip Identification. Once the performeg ts identified it can be used to verify
whether the information about activities, repoigdhe respondent, is consistent with the
actually recorded trip. In case there are incoeswses, the respondent will be prompted for
further clarification.

Computer-assisted data collection tools have thrargtdge of data quality control. Indeed, a
computer system can easily check for anomaliepammipt the respondent for additional
information. Errors such as activities where thegilb@ng hour of an activity is later than the
ending hour, activity locations that do not seeraxst and many others can be easily
checked by the Data Integrity Checks module.

The spatial dimension or the “where”-facet is thestrdifficult to collect in traditional paper-
and-pencil diaries. People often do not precisetall the exact location or the street name
where a particular activity was carried out. Fas tleason, traditional diaries are often
restricted by limitations about the detail of infation which is collected. Obviously,
computer-assisted data collection tools can madgraficant contribution here. Therefore, on
the PDA, a GIS module is implemented which enatiiesuser to either pinpoint a location

on a map or to manually enter a location.



In the next section the implementation of an enbdractivity-travel diary data collection tool

prototype based on some of the functional modulesgmted in this section is described.

5. Implementation of a mobile activity-travel diary data collection tool prototype
This section describes the implementation of arsiggechoices for a prototype of a mobile
activity-travel diary data collection tool that wasveloped at the Transportation Research
Institute (IMOB) at Hasselt University. The toollle deployed in a large scale activity-
travel survey to be conducted in Flanders, Belgiumng the period 2005-2006. As the
development of the tool is still ongoing, not &k tmodules described in Figure 1 are
developed yet. However, due to the modular apprpaesented in Figure 1, the prototype
can be deployed in trial runs in parallel with thplementation of additional modules. This

allows for an efficient feedback loop between desimplementation and testing.

5.1. Hardware platform requirements

In order to be able to support all the functiomeditdescribed in Figure 1, the hardware
platform needs to provide GPS functionality (GP$der module) as well as communication
facilities (Communication module). These communaatacilities can range from basic
SMS functionality to GPRS or even WiFi functiongaliMoreover, the hardware platform
needs to have sufficient data storage availablé\{fcDiary & Household Database module
and GPS Database module).

The mobile activity-travel data collection tooldsing developed for the Pocket PC platform.
The most notable advantages of the Pocket PC piatice the readily available hardware
matching the above requirements and the fact tiealPbcket PC platform is currently one of
the most prevalent standards for mobile computitence, the Pocket PC platform ensures
maximal flexibility in hardware choice and minimssthe risk of future compatibility

problems as mobile computing technology advances.

5.2. Requirements imposed by the survey on the agitiy-travel diary data collection
tool
Besides collecting the GPS location data, the igtivavel diary data collection tool

prototype also needs to facilitate the collectibadiivity diaries as described in Section 2.



The use of the electronic activity-travel diaryalabllection tool allows for more complicated
surveys such as the collection of data on the é&eoldrom planned activities to executed
activities within a diary. These data are colle@sdollows: first, a respondent inputs the
activities he plans to do in the future as planaedities in the tool. If the respondent
changes his mind and alters his/her planning, thieaages are also input in the tool. After a
change to an activity attribute is made, the tatisavhy the change was made. If a planned
activity is executed, the respondent changes #tassof the planned activity to ‘executed’,
reviews the activity attributes and updates thebattes if necessary. Whenever updates are
made to an activity attribute, the tool asks trepomdent why these changes were made. This
way, information is collected regarding the decgisamd scheduling processes that result in an

evolution from an intention to execute some adésito an executed activity diary.

The mobile activity-travel diary data collectiorotgrototype facilitates the extensive data
collection compared to the traditional pencil-aragp@r approach. Besides the collection of

activity-travel diary data, the prototype also lafggailed location information.

5.3. Detailed description of the activity-travel dary data collection prototype
Currently, the prototype includes the following rates: Activity Based Survey GUI, GPS
Logger, Data Integrity Checks (basic functionalayd the Activity Diary & Household
Database and the GPS Database (Figure 1). Thisrseiscusses the functionality and the
implementation of these modules in the prototym to

If the activity-travel data collection tool is sted, the main GUI is shown. The main GUI is

presented in Figure 2.

As can be observed in Figure 2, there is no buitomided to control the GPS logger.
However, if the tool is operational, the GPS loggeautomatically operational in the
background. Whenever a respondent is making ath@plocation information can be
collected by simply switching on the PDA and byrtatg the activity-travel diary data

collection application. In order to prevent thedbscreen from being accidentally activated



while the PDA is stowed during a trip, the ‘Vergdeten® button provides a screen lock
functionality. Whenever the screen lock is actidatée touch screen is switched off to
conserve energy (battery stamina) while the GP§dobgontinues registering NMEA
sentences. A blinking led provides the responddtfit wisual feedback that the GPS logger is
still active. The screen can be reactivated by kanaously pressing a button combination on
the PDA.

The ‘Afsluiten’ button shuts down the tool complgtee. the GPS logger is deactivated and

the PDA is switched off. This status is used toseswe energy during long activities such as

e.g. working.
L] - - ’b
vniversiter
hasselt
Agenda Planning
Yergrendelen Afsluiten
% INSTITUUT
- VOOR

o MOBILITEIT
i B

Figure 2: Main GUI shown after start-up of the application. The main GUI contains buttons to control tke
input of the activity diaries (buttons ‘Agenda’ and ‘Planning’) as well as buttons to lock the screeduring
GPS logging and to close the application.

The GUI's and the functionality behind the ‘Agendad the ‘Planning’ buttons on the main

GUI (Figure 2) are now be discussed in more detail.

The ‘Planning’ button in the main GUI starts tharpling GUI. The planning GUI
implements part of the Activity Based Survey GUIdule shown in Figure 1. In the planning
GUI, the respondent is provided with an overviewhaf planned activities. The planned
activities are grouped by day and are listed irstiree order they were entered. An example
of the planning GUI is shown in Figure 3. A newrpiad activity can be added to the
planning by clicking the white button ‘Klik hier oplanning toe te voegen’ (click here to add

% The activity-travel diary data collection tool wéssigned to be deployed on a large scale in FlapnBetgium.
Hence the GUI language is Dutch as can be obsémtbé screenshots.
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a planned activity) at the bottom of the GUI. Iblsvious that one can only plan activities in
the future. Hence, the planning GUI is only avdgdior the future surveyed days and the

planning GUI can exclusively contain planned atitéi.

The ‘Agenda’ button in the main GUI starts the atge@®UI which contains the activity
diaries. The agenda GUI is also a part of the implatation of the Activity Based Survey
GUI module shown in Figure 1. The agenda GUI tatsesame from the fact that its layout
resembles an agenda as can be seen in Figure heilge of each depicted activity is scaled
according to the activity duration and the actiyasition in the GUI is determined by the

start hour of the activity.

‘.ﬂ;«"' Planning € Wx 22:52 9

- Di 02/08,2005 »

wan 13:00 kot 17:00 Werken

wan 17:00 kot 18:00 Winkelen

van 19:00 tok 20000 Eten

Klik. hier om planning toe ke voegen

<[]

»

Figure 3: The planning GUI, which allows to input the planned activities for a day. The planned activieés
for a day are shown in the order they were enteredl'he respondent can browse through the surveyed
days using the black arrows on top of the GUI.

The agenda GUI is used for browsing the executgditaes in the past as well as the planned
and the executed activities of the current day.ddethe agenda GUI can contain both
planned and executed activities. In order to fetdi the distinction between planned and
executed activities, planned activities are degiatered and are wider than executed
activities, which are depicted in blue. In the atpe®UI a new activity is added by clicking
the area where the activity needs to be added.

The planning and the agenda GUI graphically défece they need to achieve different
requirements. The agenda GUI needs to facilitaertput of executed activities. The agenda
GUI component provides visual feedback about tinsind duration of the activities in order
to avoid mistakes. E.g., it is easy to locate ‘gapbetween consecutive executed activities in

a diary using the agenda GUI.
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The planning GUI on the other hand needs to fatdithe input of the activities the
respondent plans or intends to execute. It is arguéhe literature that a list of activities is
more preferable than an agenda-like interfacedtlecting planned activities [12]. This due
to the fact that an agenda-like interface introduzéias on the planned activities that are
input due to the visual feedback of the interface.

l.f».f’j" Agenda oF ofx 14:40 e
- Do 04/08/2005 >
8
Verplaatsing

& I=|
Winkelen —

10

‘Werken

11 i
-
(8

Figure 4: The agenda GUI allows the respondent to lowvse the activities in the past as well as the
activities for today and for the past. Executed adtities are depicted in blue and are wider than planed
activities, which are depicted in red.

Whenever a new activity is added to either thamilag GUI or the agenda GUI, a number of
attributes characterizing this activity need tqbevided. Which attributes need to be stored
for each activity in the Activity Diary & Househotthtabase is determined by the survey
conducted. The Activity Diary & Household databasasists of a data file in the eXtensible

Markup Language (XML) format for easy access aaxifflility [5].

Based on the activity attributes to be stored endatabase, a GUI was designed to allow the
user to input the required information. Since ttre@en of a PDA is rather small, the GUI
needed to be split in two parts as shown in Figutérst, the GUI on the left hand side is
shown. By pressing the ‘Ga verder’ (next) buttdve, GUI on the right hand side is shown.
Going back from the second to the first GUI is agkd by using the ‘Annuleren’ (cancel)
button. The GUI's in Figure 5 are not only usednjaut attributes of new activities but they
are also used if the attributes of an existingvégtneed to be changed (e.g. rescheduling) or

completed.
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The most important activity attributes the activitgtvel diary data collection tool prototype

stores are (Figure 5):

Activity status: executed (‘Uitgevoerd’) or planng@epland’). Depending on the
status, the activity is shown in blue (plannedjeat (executed). If a respondent
executed an activity, the status of that activityhie tool is updated from planned
to executed using the radio buttons.

Activity type (‘Activiteit’)

Date (‘Datum’): The date the activity is plannedénexecuted.

Start hour of the activity (‘Van’)

End hour of the activity (‘Tot’)

Location (‘Locatie’): The city or municipality wherthe activity takes place.
Mode of transportation (‘Welk vervoersmiddel gektwi?’)

Travel time (‘Reistijd’): The travel time spent ngithis mode of transportation.
Travel party (‘Met wie’): An indication of the ppte travelling with the
respondent.

3 | activiteit & 4x 16:50 €9 #3|verplaatsing o e 1541

Waar vindt de activiteit plaats 2

() Uttgevoerd () Gepland

actvitet Locate Depenbesk d
Vi 0505, 2005 welk Met wie ?
. b - )
Daturn: ;grb\rrﬂieﬁralgdel [ partrier
Ma Di wio oo [ ]wr e - [ ] kindteren)
7a i [] gezinsld
reistid ? ] familie
van: [14 o |00 = |rvin Lur min [ geen familie
20 -
ot o

verplaatsingl | verplaatsing2 | verplaatsing3

| Ga verder | |Verwiideren| |nnnuleren| Y S
yerplaatsing |:| |:|

| Opslaan | |Annuleren|

Figure 5: GUI's used to input or update the attributes of an activity. Switching between both GUI's cabe

done using the ‘Ga verder’ (next) and the ‘Annuler@’ (cancel) buttons.

Since the journey to an activity location often sigts of several trips with different modes of

transportation and/or different travel parties, @il allows the respondent to use the tabbed

panes (‘Verplaatsing X’) to input a journey as gqusance of up to three trips. For each trip the
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respondent needs to provide a mode of transpamnaitravel time and a travel party (Figure
5, right).

The choice options for the activity type, the d#te, location and the mode of transportation

are customisable through a configuration file faproved flexibility.

By pressing the ‘Opslaan’ (save) button in the ®@bthe right hand side of Figure 5, the
attributes are saved to the Activity Diary & Houskhdatabase. However, before the data is
saved to the database, the Data Integrity Checklul@gFigure 1) is activated followed by a

check to verify which activity attributes have ched.

If the data integrity checks succeed and theraetieity attributes that have changed, an
inquiry about the reason for the change is disglg¥#ggure 6). The choice options for the
reason of the attribute change are attribute Speaiid are configured using a configuration
file. If the respondent confirms the reason fordhtvity attribute, the activity attributes and

the reason for the change of the attribute aredseovehe database.

o x 1342 (D

Waarom is het EIND UUR
gerwiizigd 7

Ongeval [ Pech

Weer

Slechite inschatting van tijd
Woertuio defect [ problermen
Llitlopen wan worige activiteit
Cnverwacht belangrifker activiteit

Ok

Figure 6: GUI inquiring why the activity attribute * einduur’ (end hour) was altered by the respondent.

If the data integrity checks fail, the respondeteives an error message such as illustrated in
Figure 7 and the activity attributes GUI is redssmd. The respondent needs to solve the data

conflict before the data can be saved to the da&gaba
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The GUTI’s illustrated in Figures 2 through 7 are grototype implementation of the Activity
Based Survey GUI module in Figure 1. The Data Intyeéhecks module from Figure 1
combines the data stored in the Activity Diary &udehold database with the data that the

user inputs in the GUI's to ensure data consistamcldata quality.

In the prototype tool, there currently are fourdgmf consistency checks implemented:

» Acheckin real-time to ensure that the data tspardent inputs is consistent. E.g. the
start of the activity needs to take place befoeedihd of the activity.

* Acheck in real-time to ensure that the data thee urgouts is not conflicting with data
present in the ‘Activity Diary & Household’ datad® E.g. two activities can not
simultaneously be executed at two different loceio

* A check that runs once daily to verify whether éhare still planned activities in the
past. If so, the respondent is asked to confirmdlagtivities as executed or to
reschedule the activities such that they are pldnméhe future.

* A check that runs once daily to verify whether ¢hare ‘gaps’ between consecutive
executed activities in the past. If so, the respon@ asked to update the activity

diary such that consecutive activities join togeactly.

e x 13:41

® Agenda

AT Beginuur en einduur
rmogen niet gelijk ziin aan
Dat| elkaar

Wan; |4 v||Jur |DS v||'nir1
Tat: 4 'llJur o5 'lrnin
|Ga verder | | Delete | | Cancel |

Figure 7: An example of a typical error message trigered by the data consistency module.

This section described the implementation anduhetfonality of the modules from Figure 1
that are currently operational in the activity-ghdiary data collection tool prototype.
Although the prototype is operational, the nextisedists some modules from Figure 1 that

still need to be implemented or that can be enlthnce
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6. Further improvements to the activity-travel diary data collection tool prototype
Modules that need to be implemented in the futoredd extra functionality to the activity-
travel diary data collection tool prototype incluttee Household Survey GUI, the GIS
module, the Trip ldentification module, the Comnuation module and a more advanced

version of the Data Integrity Check module.

These modules are currently unimplemented eithegilse their functionality is less
important to the current research project or bezausre research is needed before they can
be implemented.

Currently some enhancements of the Data Integtiggok module are being investigated. A
next step will be the implementation of the Trigmdification module. The output of the Trip
Identification module can be used as input of thfeaeced Data Integrity module as shown in

Figure 1.

7. Conclusions

Due to the evolution towards more detailed actib@yged transportation models, the need for
reliable and more detailed activity-travel diaryadgrows. These more demanding data
specifications require a more advanced approadati collection than the traditional pencil-
and-paper survey techniques.

This paper presented a functional description dad@ivity-travel diary data collection
software tool to be deployed on a personal digisaistant. The software tool is able to use
the GPS capabilities of the personal digital assisio enhance the collected activity-travel
diary data with detailed location and time datae Shftware tool has a modular structure and
the functionality of each of the modules was pre=gn

The modules from the functional description thatravalready implemented in a prototype
tool were presented in detail. In conclusion sonoglutes from the functional description that

will be included in the prototype in the future wdisted.



16

Acknowledgements

The research presented in this paper was condastpdrt of the project “An activity-based
approach for surveying and modeling travel behavitunded by the Institute for the
promotion of Innovation by Science and Technolaog¥landers (IWT-Flanders).

References

[1] M.S. Braasch. Multipath effects. In B. W. Padon and J. J. Spilker, Jr., editors,
Global Positioning Systems: Theory and Applications, Vol. I,. American Institute of
Aeronautics and Astronautics, Ch. 14, pp. 547-568.

[2] M. Clarke, M. Dix and P. Jones. Error and um&ietty in travel surveys.
Transportation 10, 105-126, 1981.

[3] M. Dijst. Gewijzigde opzet van dagboekonderzseakcesvol. OSPA, Delft University
of Technology, Delft, The Netherlands, 1993.

[4] S.T. Doherty, and E.J. Miller. A Computerizedd$ehold Activity Scheduling
Survey.Transportation 27, 75-97, 2000.

[5] F. Yergeau, editor, Extensible Markup Langu@g®IL) 1.0 (Third Edition),W3C
Recommendation, http://www.w3.org/TR/REC-xm|/ February 2004.

[6] N. Kalfs and W.E. Saris. New data collectionthmals travel surveys. In D.F. Ettema
and H.J.P Timmermans, editoAgtivity based approachesto Travel Analysis, pages 243-62.
Pergamon Press, Oxford, 1997.

[7] B. Kochan, D. Janssens, T. Bellemans and G.sWeollecting activity-travel diary
data by means of a hand-held computer-assistedcdiggtion tool.Proceedings of the 10th
EWGT Meeting/16th Mini EURO Conference, Poznan, Polen, September 13-16, 2005.

[8] M. Kreitz, and S.T. Doherty. Spatial BehavioEata: Collection and Use in Activity
Scheduling ModelsTransportation Research Record 1804, 126-133, 2002.

[9] M. Lee, and M.G. McNally. Experiments with a @puterized Selfadministrative
Activity Survey.Transportation Research Record 1748, 125-131, 2001.

[10] P.R. Stopher. Use of an activity-based diargdllect household travel data.
Transportation 19, 159-176, 1992.



17

[11] N. Verweij, N. Kalfs, W.E. Saris, and M. dgr. Tijdsbestedingsonderzoek middels
tele-interviewing en de mogelijkheden voor segmiatiassacommunicatie 4, 253-369,

1987.

[12] J. Zhou. Real-time Tracking of Activity Schéithg/Schedule Execution Within

Unified Data Collection FrameworRroceedings of the 83th Annual Meeting of the
Transportation Research Board, July 2004.



