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Summary: A prototype map-based mobile application is désctithat allows a user to plan spatio-
temporal activities that consist of a sequencectibas. This application utilises an open sourck we
based client-server architecture that can perfqratia-temporal analyses to ensure the plannedigctiv

adheres to the spatio-temporal constraints of ldnengr. The user is able to build these activibigs
making use of an interactive visual representatibith allows the zooming of the map extents based o
the potential path area of the user.
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1. Introduction

Activities of mobile individuals are constrained iy amount of spatial and temporal resourcesablail

to them (Miller, 2004). These constraints influetioeir decisions about where and when an actidty c
take place and therefore also which activities @wssible. Developing systems that can enhance our
awareness of these constraints can improve theibilitg by decreasing the number of cognitive
operations necessary when making a decision (Caradéreichenbacher, 2011). This is especially true
of mobile information seekers who often have tcetalecisions that are based on the spatio-temporal
constraints of their situation and the potentiatessibility that these constraints allow. Resedrak
already recognised this need and demonstrated pady (Raubal et al., 2004) and formally (Raubal
and Panov, 2008) how these systems would work gfirdlie application of time geographical concepts.
At the same time, recent research has also begretognise that assessing the relevance of gedgraph
information has to be improved for mobile infornoatiseeking (Raper, 2007). To make these improved
assessment methods usable, visual representatfonslesance must also be developed that allow
individuals to apply these improved relevance assests to their everyday activities. This paper
describes an implementation of a mobile mappingesyshat aims to support the information seeking of
users planning spatio-temporal activities via mdppaation and novel interactive tools based on time
geographical concepts.

2. Background

There has been recent interest in the conceptdahsi®n of situational relevance in mobile contexts
This interest has been stimulated by the simplaraaif existing relevance models that are not gupdp

to deal with the ever changing spatio-temporal exstof a mobile information seeker (Reichenbaeher

al., 2009). This new type of relevance has beemddrGeographic Relevance and can be defined as a
measure of the relatedness between an entity agepiesentation and the actual context of using the
representation (Raper, 2007, Reichenbacher andableata, 2011). User studies have shown that spatio-
temporal accessibility plays an important role hie tissessment of Geographic Relevance (De Sabbata,
2010). This importance relates to the context obiteoinformation seekers, who often employ the



information to support the planning of spatio-temgbactivities. Such spatio-temporal activities &éav
frequently been examined using the analytical frmork of Time Geography (Hagerstrand, 1970).
Research in this field seeks to understand and heodstraints that space and time place on ouitybol
carry out these interactions in the external wotldcations of actors are conceptualised in Time
Geography as being made up of a coordinate triplg, &, where x and y represent planimetric spatial
dimensions and t time. Analysis of such data carnige measures of the observed spatial area abhessi
to an actor which can be used to further infer Whictivities are available to them (Kwan, 2000).
Accessibility can be analysed through the calonfatf space-time prisms representing the limitsaior
possible movements in space and time for a giveae thudget of an actor. One method to assess the
potential future accessibility of an actor is tkeaemporal slices of these prisms and project timon2D
space, these slices are known as potential padls &evan and Hong, 1998).

Currently research has addressed the informati@dsef individuals or groups of users for a single
spatio-temporal activity which involves travellitg a location and carrying out an activity withinirme
budget (Espeter and Raubal, 2009). However, momgtex spatio-temporal activities exist that consis
of numerous sequential actions and goals that mugir within a time constraint (Seifert et al., ZR0
Examples of these activities could be a day's siging trip or a bar crawl. This form of activity i
analogous to what time geographers refer to aseesfime project. Raubal et al. (2004) set outearh

of how these space-time projects could be builh iocation-based services with the addition of user
preferences and affordances. The following sectiwssribe a prototypical system that allows a neobil
information seeker to become involved in the coratf these space-time projects.

3. Framework and Spatio-Temporal Analyses

Figure 1 illustrates the web-based architecture doprototypical space-time planning application
developed using open source tools. Geographicislaiezcessed from PostGIS via GeoServer and fed into
a Java based analysis module employing the GeoTibodsy for basic data access and manipulation
(Turton, 2008). A spatio-temporal accessibility lkito (http://code.google.com/p/spatiotemporal-
accessibility-toolkit/) based on the GeoTools aedt&nte libraries (Olaya, 2008) was developed by th
author and is responsible for calculating accedgsidly dynamically computing shortest routes and
potential path areas on street network datasets.
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Figure 1. RESTful Framework for Mobile Activity Planning



The task of the analysis module is to adapt thentlside map display by filtering the geographic
information objects (GIO) that are no longer acit#sswithin the current time budget and resizeriap

to fit the extents of the accessible area. Thignisterative process; first the user selects ambsts a
GIO using the client side map interface. A requieshen sent to the server and the time it wouke ta
travel and perform the activity at this GIO is sabted from the time budget. Accessibility is thren
calculated and a server response removes the sslleeGIOs from the client side map. This prodgsss
repeated until no more GIOs are accessible. Thagp&ined below ifrigure 2

Choice 1 - Location A
Area accessible within 60 minutes

Chaoice 2 - Location B
Area accessible within 30 minutes

0 minutes - Activity Ends

1)

travel time to A = 10 minutes
activity time at A = 20 minutes
new time budget = 30 minutes

travel time to B = 10 minutes
activity time at B = 20 minutes
new time budget =0 minutes

Figure2. Schematic diagram showing the creation of a kemce-time project

The analyses that provide this functionality caridsenalised in the following way. Travel time beteve
two locationsa andb is calculated using Equation 1:

qab
travel(a,b) = — D)

Whered?® is the total network distance when travelling fromrent locatiora to destinatiorb andv is
velocity of travel. The total activity time of tralling to a location and then carrying out the\attiis
then calculated with Equation 2:

actT(a,b,s) = travel(a, b) + *duration (2)

Wheres is total duration spent performing the activityl@tationb. As the locations for the activity are
chosen the current time is calculated at whichatttevity would finish at the location last chosdihis is
shown in Equation 3 below:

B=1{b, ..b,} (3)

S={s1 ... Sp} (4)



current(B,S) = start® + actT(start™,by,s; ) + X, actT (bi_4, b, s;) 5)

Where Equations 3 and 4 are the ordered sets igftpddcations and their associated duratiossart®
is the planned start time of the activiggart® is the planned start location ands the number of
locations so far included within the space-timejgob After these calculations Locatidnis only
accessible if the following constraints hold in Btjan 4:

current(B, S) + actT(a, b,s) < start® + pduration AND k°¢ < actT(a,b,s) < k¢ (6)

A well understood characteristic of space timevégtiis the degree of fixity of spatial and tempora
constraints (Kwan, 2000). As some information sexkeay be fixed on where to end the activity,
accessibility can also be calculated with a fixed-destination (Equation 7).

current(B,S) + actT(a, b, s) + travel(b, c) < start® + pduration AND b°t < actT(a, b,s) < b° (7)

Wherec is the fixed-end destinatiopduration is the planned duration for the space-time projettis
the opening time of locatidmandb®t is the closing time of locatidm

4. Building the Space-Time Proj ect

The client side features an HTML5 webpage thatwaldasic map interactions, such as scrolling,
zooming, and selecting geographic information dsjen an SVG image. Building a space-time project
entails the following interactions: First the ugauist set the parameters defining the space-timeqtrm

a query form (Figure 3).

achvity Bar Crawi [~

Type Jz|

Start Place Hauptbaly|~|

Start Time 2000 |-

End Destination na destina~|

Duration | have 3 H ||
| | Submit Ougry__u

Figure 3. Query Form to plan a bar crawl for 3 Hours starfirom the Main Station at 20:00



The decision on the activity type is followed bytesing start and end locations. This choice isiffliexso
the information seeker is free to choose whereatitwity starts and ends. The user must also peosid
start time and desired duration for the activity.

After having submitted the query a resulting malpsws the GIOs accessible within the specified time
budget. As each choice reflects a movement in spgheespatio-temporal distances are important for a
user to perceive. Therefore the potential path fmea time increment can be overlaid on the mapan
zoom control allows the user to zoom in and outttef map by increasing or decreasing the time
increment by one minute (Figure 4).

Figure4. Potential path area zoom extents of a user walking0, 6 and 3 minutes at 5kmh

This link between map scale and potential path eredles the focus to rest on those GIOs of irteres
that meet the desired amount of travel time as aglhvoiding the need to zoom and pan manually.
Additionally, this may have cognitive benefits ag tuser’'s ability to estimate spatio-temporal disés

will be enhanced. Once a GIO is selected, inforoma#ibout that GIO is displayed. Currently, the eyst
gives the user the relevance rank of the objedttzed according to (De Sabbata and Reichenbacher
2010)), price, review rating and a link to the webg$or that GIO. When the user decides to inclade
GIO within the space-time project the activity analvel time are subtracted from the time budgetand
new filtered overview map is returne@figure 5. This process carries on until no more GIOs are
accessible within the time budget.



Figureb. Interaction process - 1) overview map with useatmn and end destination (blue pin) 2) using
the space-time zoom to find and select a GIO wighthminute walk 3) the time budget is recalcudate
GIOs removed that are no longer accessible anchéeautomatically rescales to the accessible extent

5. Summary & Outlook

This paper introduced an open source architechateatids the planning of spatio-temporal activitigse
implementation allows the user to build up a spawve- project that adheres to the spatio-temporal
constraints of the planner. Current real world rfehpplications do not properly support the inaasbf
spatio-temporal factors possibly hindering the sieai making of mobile information seekers. Systems
which are able to adapt to spatio-temporal conggaf an information seeker should better support
only the cognition of the user but also enhanceinkeractions required to seek relevant information
Future work will include extending the frameworksiopport users currently engaged in an activityg wh
need to build these space-time projects on theTis requires a different approach as simplified
methods of interaction and more egocentric reptatiens will be necessary to support the cognitibn
an actor as opposed to a planner.
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