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Abstract—In this paper, we discuss our implementation of
a web-basednavigation systemfor the campus of Texas A&M
University. This application representshe campusasa roadmap;
a set of vertices and weighted edges.We designeda multilay er
roadmap for our application that supports multiple methods of
traversing eachedge;in the campusernvironment, thesemethods
representdiffer ent modesof transportation (e.g walking, driving,
riding bus). The resulting paths our navigator provides can
be composedof segmentsof different transportation types; for
instance, a long path across campus might include walking to
a bus stop, riding the bus, then walking from the bus to the
destination. An important benet of our implementation is its
simplicity. When dealing with a campusas large as TexasA&M,
it is important that students, faculty, staff, and visitors be able
to easily enter queries with little/no prior knowledge of the
campus,and then clearly understand how to follow the resulting
path to their destination. Also, an intuiti ve interface provides an
adminstrator to easily expand/maintain the campus roadmap.
Our efforts produced a navigation application that will aid the
tens of thousands of people in nding their way around the
campus of TexasA&M University.

|. INTRODUCTION

Every year approximately 50,000 studentsattend Texas
A&M. A substantialpercentageof thesestudentsare new-
comersto the campusand need a clear and intuitive way
to nd directionsto locationssuchas buildings, classesand
eating establishmentsEven experiencedstudentsoften need
directionsto seldom-visitecbuildings. Ideally, thesedirections
should be provided to studentsaccordingto a chosentrans-
portationmethod.For example,the path of a studentdriving
acrosscampuswill differ greatly from the path of a student
walking acrosscampus.Our CampusNavigator application
provides a simple, userfriendly interfaceto nd directions
aroundcampusfor a variety of transportatiortypes.

Issues.There alreadyexist several commercialnavigation
applications(e.g. GoogleMaps, YahooMaps, Mapquest)that
provide users with directions from one place to another
However, theseapplicationsmustsearchalongexisting roads;
they are not ableto provide routesthat are as preciseas an
on-campuspath would require. For example, a user of our
application may chooseto select”walking”, "driving”, and
"bussing” as viable transportationoptions; the shortestpath
might then have the userwalk to their car, drive to a certain
parking lot, then take a bus to the destination.Our Campus
Navigator applicationenablesusersto obtain routesthat are
much more detailedand precisethan an existing commercial
applicationcan provide.

Our implementationof a navigator application calls for
much greater compleity than the simplest version of this
type of applicationwould. At its core, a simple navigation
applicationwould not bedif cult to create.The campuswvould

berepresentedsa Graphstructure with on-campudocations
(buildings, parking lots, etc.) storedas verticesof the graph,
and transitionsbetweenthe locations(roads,sidewvalks, etc.)
stored as edgesbetweenthe vertices. A simple Dijkstra's
searchwould then be usedto calculate the shortestpath.
However, the wide variety of queriesandpathsour application
must handle requiresus to develop a much more complec
application.

Our Contribution. Our extensionof a simple navigator
applicationfacilitatestwo main areasof researchFirst, we
explore the compleity of handlingshortest-pattyuerieswith
multiple ways of traversing an edge.For example, an edge
traversedby walking shouldhave a differentweight thanthe
sameedge traversedin a car The correct weight must be
chosenwvhencalculatingthe shortespath.Also, stoplightsand
traf c may alter the weight of an edge.

In addition to this, we explore the challengeof designing
an ef cient andintuitive interfacefor both usersand adminis-
trators. Our userfriendly interfaceis robust enoughfor both
inexperiencedand experiencedstudentsandallows for simple
and complex queriesbuilt on top of the Google Maps API.
The administrators interface providesan intuitive and simple
way to manipulateedgesandlocations.Thesedesigngoalsare
detailedfurther throughoutthe paper

Il. RELATED WORK
A. Roadmap

Two previous directionsof work have provided inspiration
for several of the innovative featuresof our application.In [1]
(Customizing...)a techniqueis presentedo iteratively re ne
roadmapsat runtime to remove edgesthat don't meetquery-
speci ¢ criteria. Work in [2] developsthe idea of allowing
edge weights to be de ned by previous edgescrossed.We
apply this ideain our Route Orderingconceptin sectionlV.

B. Goagle Maps Applications

The large numberof existing applicationsusingthe Google
Maps API for direction/locationdisplay purposesshows that
the API is well-suitedfor suchtasks.Herearetwo applications
that utilize the API in a similar way to our application:

Google Maps Route Planner. This application provides
functionality for generatingcustomdriving routes basedon
userinput. The useris provideda map,andthe ability to select
"landmarks” for the trip. The programthen computesa path
betweeneachof the landmarks,and displaysthe combined
pathsto the user The generatedoutesprovide distanceand
time datafor eachsub-pathalongthe nished route.

Cell PhoneReceptionand Tower Search. This application
overlays cell phonereceptiondata on top of Google Maps



satellite imagery and displays locations of nearby cellular
towers. Here, the applicationretrieves the location of towers
from a databaseof thousandsof latitude/longitudepoints,
similar to how our applicationretrivesthe locationsof campus
landmarksfrom our databaseo display

I1l. PRELIMINARIES

In this section,we will de ne termsand notationsthat we
usein the paper

A. Graph

General Description. A graphdatastructureis composed
of a setof verticesV, and a setof edgesE that link pairs of
verticesin the graph.In a weightedgraph,a valueis assigned
to eachedge(theweight), representinghe costassociatedvith
moving from one vertex to another

Driving Roadmap. One of the most commonusesfor a
graphis aroadmaprepresentatior-or example,a roadmapof
the stateof Texascould be modeledwith a graph;eachvertex
would represent city (e.g. Austin, College Station, Dallas),
eachedgewould representa highway connectingthe cities,
and each edges weight would be the distancebetweenthe
two cities.Suchinstance®f graphsaredesignatedroadmaps”
becauseof their primary use: nding pathsfrom oneplaceto
another

Dijkstra' s Algorithm. Our applications main purposeis
to nd shortestpathsbetweengiven start and goal vertices.
For this, we useDijkstra's algorithm,which usesnonneative
edgeweightsto solve for shortestpathsin directedgraphs.

Encoded Data. Additional information can be encoded
within thegraphto let us ne-tune our shortest-patigqueriesin
our application,eachedgeweight is given information about
thecurrentpathrequestsothatdifferentpathscanbe provided
basedon the modeof transportatiorthe userchooses.

IV. DESIGN AND IMPLEMENTATION

In this section, we describethe implementationof the
CampusNavigator, speci cally how our methodof implemen-
tation solves the issueswe were facedwithin this problem.
First, an overview of the communicatiorbetweerthe separate
modulesof the applicationis discussedalongwith theinternal
structureof our application.Then,we detailthe stepsinvolved
in the constructionof our roadmapgraph, and shov how
our application handlesthe problemsthat arise due to the
complity of querieswe musthandle.

A. Communication

Thelogic within the CampusNavigator applicationdepends
heavily onthe ow of communicatiorbetweenthreeseparate
units: the Web sener, the databaseand the Query sener.
The mostvisible portion from the users point of view is the
ApacheWeb sener, with logic written in php. Whenthe user
submitsa request(query)to be solved, the php coderunning
on the web sener parseghe requestandinsertsit into a table
in the databaseUpon insertion, the php polls the database
periodically looking for requestsWhen a requestis found,
the Querysener parsest into a Queryobjectwhich contains
information de ning the request(e.g. startand end locations,
transportatioroptions).The Querysener solvestheindividual

Query by running a Dijkstra's searchon the roadmap.This
resultis then insertedbackinto the databasewherethe php
nds it, andreturnsit to the user

B. Database

The databasestoresa graph representatiorof campusas
tablesof vertice and edges,with mappingsthat match each
edge with a transportationtype (e.g. walk, drive, bus) and
eachvertex with a location type (e.g. building, department,
bus stop, parking lot). Multiple mappingscan exist for a
given vertex or edge.For example, an edge representinga
streetmight map to both "walk” and "drive” transportation
types,andavertex representinghe ComputerSciencebuilding
on campuswould map to both "building” and "department”.
Uponinitialization, the Querysener downloadsa copy of the
databasénto memoryto speedup the roadmapconstruction.

C. RoadmapConstruction

The RoadmapGraph representatiorof campusis much
more complex than a traditional roadmapapplication, such
as Yahoo! Maps. A campus-basetbadmapapplicationmust
provide multiple modesof transportation(e.g. walk, drive,
bus) while a traditional roadmapgenerally provides support
for driving routesonly. For example,a result path from one
sideof campugo anothemightincludewalking to a bus stop,
riding the bus, exiting the bus, thenwalking to the destination.
Or, the pathmight includewalking to a parkinglot, driving to
anotherparking lot, then walking the rest of the way. These
possibleresultsshav that our roadmapmust be constructed
in a differentway thanin a traditional roadmapapplication.
Below, we list thetechniqueshatallow our roadmapo handle
thesecomplex paths.

1) Layering: In a roadmapwith only one transportation
type, roadmapconstructionis simple: all of the verticesand
edgesin the databasetranslatedirectly to the vertices and
edgesin the graph.In contrast,our applicationhas multiple
ways of traversinga singleedge.If a"walking” mappingand
a "driving” mappingboth exist for an edgein our database,
then thesetwo traversal methodsshould be re ected in the
roadmap.n addition,our result pathsmustbe able to switch
betweertransportatiotypes,but only at certainpositions(e.g.
parkinglots, bus stops).

To solwe this, we constructthe roadmapin layers, where
eachlayer containsedgestraversedby one speci ¢ mode of
transportation.
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To build eachlayer, we simply iterate through the edge
mappingsn the databaseandadd every edgewe seethathas
that layer's mappingassociatedvith it.
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Fig. 2.

Next, transitionedgesareaddedwhereresultpathscancross
betweerlayers.For example theresultpathcancrossbetween
"foot” and "car” layersat Parking Lot transition edges,and
between’foot” and”bus” layersat Bus Stoptransitionedges.
This type of roadmapdesignwill constrainthe resultpathsto
only changetransportatiortypesat designatedocations.

2) BussingComplications: Furtherwork needsto be done
to bestintegrateindividual busroutesinto the roadmapJustas
the resultpathshouldnot jump betweentransportatiormodes
arnywhereexceptat designatedareas,it also shouldnot jump
betweenbus routes.In addition, we needto ensurethat the
result pathsalways follow bus routesin the correctdirection.

Sub-layering. We futher subdvide the Bus layer into sub-
layers,whereeachrepresents bus route.

Bus RouW

Fig. 3.

Transitionedgesare addedbetweenthe Foot layer and the
new sub-layer but only at the Bus Stopsthat stop along this
route. Now, a Bus Stop will likely have multiple transition
edgesassociatedvith it: onefor eachroute that stopsthere.

Route Ordering. In routesthat include multiple closed
loops, the shortest-pattsearchwill sometimesvantto expand
along a bus route backwards, insteadof following it in the
correct direction. To prevent this, we associateeach edge

along a bus route with an "order” value, and ensurethat
the shortestpath searchmust follow bus route edgeshaving
sequential'order” values.This requiresa slight modi cation
of Dijkstra's algorithm; we give each edge weight in the
roadmapknowledgeof the previous edgetraversedto perform
the sequentiabrder check.

3) Edge Consolidation: A single-layerroadmapis gen-
erally composedof high-degree vertices, producing a very
interconnectedyraph. However, we obsened that separating
our graph into multiple layers resultsin several unneeded
edges.

AN
\
\
B Q’W\
-~
—~—~—~
~
"erajedge-_, :“
8
?% ‘
Y ¢ ! ﬁ
g |
&, - ¥
o
8
% |
e |
%,
%
(2
R |
Gox ‘SIE \ My detes G206 TeleMlas - T=rine o1 11

Fig. 4. Several sequentiakedgescanbe replacedby a virtual edge

In the above gure, we seethat several of thesesequential
edgesn the roadmapcanbe replacedwith avirtual edge To
do this, we identify every sequencef two-degreeverticesin
thegraphwherenoneof theverticeshave a mapping(building,
bus stop, etc.) associatedvith it. We thenreplacetheseedges
in the roadmapwith a single edgehaving a weight equalto
the combinedweight of the existing edges.After the result
pathis found, ary virtual edgesare replacedback with their
previously existing edgego "smoothout” the displayedresult.

In our campugoadmapthe numberof verticesandedgesn
the graphwere eachreducedby approximately30% after per
forming this operation.This graphreductionallows Dijkstra's
algorithm, with running time O((E + V)logV), to execute
signi cantly faster

V. INTERFACE

In this section we describethe developmentof the userand
administratointerface.lt is crucialthatbothof theseinterfaces
areintuitive andsimple.Using the GoogleMapsAPI allowed
for visual clarity. First we will discussthe needfor the user
interfaceto allow optionsfor both inexperiencedand experi-
encedstudents.Then we will explain display dif culties we
encounterecéndovercamewith the administratorcapabilities.
Lastly, we will discussthe details involved in allowing the
adding,removing, editing, and viewing of edgesand vertices
from the administratorside.

A. User

The userinterfaceis intuitive and simple for both inexperi-
encedandexperiencedstudentslt is alsoadaptableaccording
to their transportatioroptions. The challengingissuehereis



nding the easiestway for the userto understandhe results
with regardsto the surroundingenvironment. The user rst
must choosea starting location. If they already know the
type of location they are starting from, then they chooseit
accordingly Thetypesof locationsavailableincludebuildings,
departmentgparkinglots, andbus stops.Thena dropdawvn list
of all A&M locationsthatareof thislocationtypeis displayed.
For example,if 'building' is thetype of locationfor which the
useris searchingthen an alphabeticallist of every building
on the A&M campusis producedAllowing the usermultiple
waysto chooseheir startandenddestinatiorlocations creates
a more userfriendly interface.

Fig. 5. The map click option allows the userto choosel of 5 locations
closestto the point on which the userclicked.

If the useris inexperiencedand uncertainof their starting
location, they can choose'mapclick’ as an alternatve way
of selectinga start location (see Fig. 5). This allows the
userto doubleclick on the map and select one of the ve
closestlocationsfrom which they clicked. In orderto provide
a cleardisplay we usethe GoogleMaps markersaslocations
and associaten differentcolor for eachtype of location. For
example, all of the departmentocationsare purple markers.
In addition to this, when the user clicks on a marker, the
informationaboutthatlocationis displayedn aninfo window.
In the sameway they selecttheir endingdestination.Finally
they checkthe methodsof transportationshat are availableto
them at the time (Walking, Driving, Bussing). The usercan
thenselectthe' nd path' buttonto queryfor the shortespath
or they have the option of clearing the display and starting
over.

B. Administator Capabilities

1) DisplayDif culties: Duetothesizeof theA&M campus
it is crucial for the administratorto easily manipulatethe
currentlocationsand transportatiorpaths. Therefore all ver-
ticesand edgesshouldbe easily displayedand allow adding,
editing,andremaoving. However our CampusNavigator began
to run slower aswe enteredmore campusdata.Accessingthe

databasend displayingtheseverticesand edgesgenerateda
Javascriptoverloadthat causedthe applicationto run inef -
ciently. Our CampusNavigator provides a balancebetween
minimizing what is storedin memory (to run faster)while
maximizing what the adminstratorsees.Insteadof loading
all verticesand edgesautomatically we provide an intuitive
interface which allows the admin to select what types of
vertices and edgesto be displayed. This allows clarity in
viewing the campus,as well asloading the pagefaster The
administratordoesstill have the option of clearingthe display
entirely or displaying all verticesand edges.In addition to
only loading and displaying the types of verticesand edges
which the administratorselects,we also only load thosethat
arewithin the boundsof the viewing screen.

2) Edce Properties: To helpfacilitatea simpleandintuitive
interfacefor the administratomwve allow a viewing propertyfor
both markers and edges Whenthe admin clicks on a marker
the information about that location is displayedin an info
window, similar to that of the users display In additionto this
the admin can double-clickon an edgeand an info window
of the edges propertiescanalso be viewed.

3) Editing/Remweing/Adding: It is importantfor the admin-
istrator to easily managethe systemfor adding, editing, and
removing markers and edgeson the map. Our application
allows the admin to visit different pagesaccordingto the
purposeof their task. To facilitate easyinput andmodi cation
we have both add and edit/remwe pagesfor markers, and
similarly for edges.The display propertiesmentionedabovse
are appliedto eachof thesepages.To add eithera marker or
an edge,the admin simply double-clickson the mapwhereit
is locatedand entersthe information appropriately

An admin can easily double-clickon an edgeand view an
info window associatedwith that edge (see gure below).
This allows the admin to easily edit the propertiesof that
edge.Thereis also the option of simply removing the edge.
However, becausehe edgemay be associatedvith multiple
transporatiortypes,the edgeis only completelyremovedfrom
the databaséf thereis no othertransportatiortype associated
with it.

Fig. 6. An info window allows the editingandremoving of the currentedge.
If no edgetype is associatedvith the currentedge,it is completelyremoved
from the system.

We provide anotherway to efciently display markers.
The CampusNavigator only shaws intermediatemarkers at



the lowest zoom level. This improves the functionality of
our application becausethe intermediatemarkers are only
necessaryo bedisplayedwhenthe adminwantsto addedges.

Fig. 7. The intermediatemarlers are displayedonly whenthe mapsis on
its highestzoom. This allows the adminto easily add edges.

V1. NAVIGATOR RESULTS

The CampusNavigator allows both simple and complec
gueriesusingmultiple transportationtypesandprovidesdirec-
tionsfor the shortespathbetweentwo locations.Our method-
ology useshoth edgeweightsandthe capabilityfor composite
transportationBoth of thesehelp provide a practicalapproach
for inexperiencedand experiencedstudentsnding their way
aroundcampus.

A. Edge Weights

Eachedgeis associatedvith a weight which allows for the
compleity of handling shortest-pathsearchesvith multiple
ways of traversingan edge.Weightsare dependenupon the
time it takesto traversethe edge.For instancea driving path
will have a smallerweight thana walking path (SeeFig. 8).

B. CompositeTransportation

The CampusNavigator allows for the changingof trans-
portationtypeswhile in route,accordingto the users prefer
ences.Thereis a weight associatedwith transitionsbetween
two edgeswith different types of transportationsThe time
spentat a bus stopwaiting for the busto arrive needgo factor
into the weight of selectingthat edgeover anothey suchas
walking (SeeFig. 9).

VIlI. CONCLUSIONS

Future work on this project will focus in three main di-
rections: new navigation features,time-speci ¢ queries,and
interface improvements.Work in the areaof navigation im-
provementswill include both the integration of on-campus
building layoutsandpathsto off-campudocations(e.g.eating
establishmentshotels). Theseimprovementswill help tarmget
a wider audience.The secondarea of researchwill allow
the adjustmentof edge weights basedon the time-perioda
userselects.For example,available parking locationschange

during large on-campusevents, such as football gamesand
graduationAlso, additionalparkinglots areaccessibléo most
parkingpermitson nightsandweelends Work in this areawill
provide more preciseresultswhen querying for the shortest
path,and give the usermore control over their query Lastly,
interface improvements,such as a customset of imagesfor
the campuswill provide greaterclarity for the result path.
The Campus Navigator provides on-campusdirectional
gueriesthat are more specializedthan thosein commercial
applications,such as Google Maps and Yahoo! Maps. The
applicationprovidesan intuitive interfacethat allows the user
to perform both simple and complex querieson the Texas
A&M campusgoveringavariety of methodsof transportation.
In addition,the designof the administratotinterfacefacilitates
simple, yet detailed,manipulationof edgesandlocations.
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Fig. 8. An edgetraversedby walking hasa different weight thanthe same
edgetraversedin a car



Fig. 9. In this case taking a bus andthenwalking producesa moreef cient
paththanwalking the entire way.



