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Abstract— In this paper, we discuss our implementation of
a web-basednavigation system for the campus of Texas A&M
University. This application representsthe 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 campusenvir onment, thesemethods
representdiffer ent modesof transportation (e.g. walking, dri ving,
riding bus). The resulting paths our navigator provides can
be composedof segmentsof differ ent transportation types; for
instance, a long path across campus might include walking to
a bus stop, riding the bus, then walking fr om the bus to the
destination. An important bene�t 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.

I . INTRODUCTION

Every year approximately 50,000 studentsattend Texas
A&M. A substantialpercentageof thesestudentsare new-
comers to the campusand need a clear and intuitive way
to �nd directionsto locationssuchas buildings, classes,and
eating establishments.Even experiencedstudentsoften need
directionsto seldom-visitedbuildings.Ideally, thesedirections
shouldbe 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, user-friendly interface to �nd directions
aroundcampusfor a variety of transportationtypes.

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 able to 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 detailedandprecisethanan existing commercial
applicationcanprovide.

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

berepresentedasa Graphstructure,with on-campuslocations
(buildings, parking lots, etc.) storedas verticesof the graph,
and transitionsbetweenthe locations(roads,sidewalks, etc.)
stored as edgesbetweenthe vertices. A simple Dijkstra's
searchwould then be used to calculate the shortestpath.
However, thewide varietyof queriesandpathsour application
must handle requiresus to develop a much more complex
application.

Our Contrib ution. Our extension of a simple navigator
application facilitates two main areasof research.First, we
explore the complexity of handlingshortest-pathquerieswith
multiple ways of traversing an edge.For example, an edge
traversedby walking shouldhave a differentweight than the
sameedge traversedin a car. The correct weight must be
chosenwhencalculatingtheshortestpath.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 usersandadminis-
trators.Our user-friendly interfaceis robust enoughfor both
inexperiencedandexperiencedstudentsandallows for simple
and complex queriesbuilt on top of the Google Maps API.
The administrator's interfaceprovidesan intuitive andsimple
way to manipulateedgesandlocations.Thesedesigngoalsare
detailedfurther throughoutthe paper.

I I . RELATED WORK

A. Roadmap

Two previous directionsof work have provided inspiration
for severalof the innovative featuresof our application.In [1]
(Customizing...),a techniqueis presentedto iteratively re�ne
roadmapsat runtime to remove edgesthat don't meetquery-
speci�c criteria. Work in [2] develops the idea of allowing
edgeweights to be de�ned by previous edgescrossed.We
apply this idea in our RouteOrderingconceptin sectionIV.

B. Google MapsApplications

The largenumberof existing applicationsusingtheGoogle
Maps API for direction/locationdisplay purposesshows that
theAPI 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 routesbasedon
userinput.Theuseris provideda map,andtheability to select
”landmarks” for the trip. The programthen computesa path
betweeneachof the landmarks,and displays the combined
pathsto the user. The generatedroutesprovide 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 databaseto display.

I I I . PRELIMINARIES

In this section,we will de�ne termsandnotationsthat we
usein the paper.

A. Graph

General Description. A graphdatastructureis composed
of a set of verticesV, anda setof edgesE that link pairs of
verticesin thegraph.In a weightedgraph,a valueis assigned
to eachedge(theweight),representingthecostassociatedwith
moving from onevertex to another.

Dri ving Roadmap. One of the most commonusesfor a
graphis a roadmaprepresentation.For example,a roadmapof
thestateof Texascouldbemodeledwith a graph;eachvertex
would representa city (e.g. Austin, College Station,Dallas),
eachedgewould representa highway connectingthe cities,
and eachedge's weight would be the distancebetweenthe
two cities.Suchinstancesof graphsaredesignated”roadmaps”
becauseof their primary use:�nding pathsfrom oneplaceto
another.

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

Encoded Data. Additional information can be encoded
within thegraphto let us�ne-tune ourshortest-pathqueries.In
our application,eachedgeweight is given information about
thecurrentpathrequest,sothatdifferentpathscanbeprovided
basedon the modeof transportationthe userchooses.

IV. DESIGN AND IMPLEMENTATION

In this section, we describe the implementationof the
CampusNavigator, speci�cally how our methodof implemen-
tation solves the issueswe were facedwithin this problem.
First, anoverview of thecommunicationbetweentheseparate
modulesof theapplicationis discussed,alongwith theinternal
structureof our application.Then,we detail thestepsinvolved
in the constructionof our roadmapgraph, and show how
our application handlesthe problemsthat arise due to the
complexity of querieswe musthandle.

A. Communication

Thelogic within theCampusNavigatorapplicationdepends
heavily on the �o w of communicationbetweenthreeseparate
units: the Web server, the database,and the Query server.
The mostvisible portion from the user's point of view is the
ApacheWeb server, with logic written in php.Whenthe user
submitsa request(query) to be solved, the php coderunning
on theweb server parsesthe requestandinsertsit into a table
in the database.Upon insertion, the php polls the database
periodically, looking for requests.When a requestis found,
the Queryserver parsesit into a Queryobjectwhich contains
informationde�ning the request(e.g.start andend locations,
transportationoptions).TheQueryserver solvestheindividual

Query by running a Dijkstra's searchon the roadmap.This
result is then insertedback into the database,wherethe php
�nds it, andreturnsit to the user.

B. Database

The databasestoresa graph representationof 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 representingtheComputerSciencebuilding
on campuswould map to both ”building” and ”department”.
Upon initialization, theQueryserver downloadsa copy of the
databaseinto memoryto speedup the roadmapconstruction.

C. RoadmapConstruction

The RoadmapGraph representationof campusis much
more complex than a traditional roadmapapplication,such
as Yahoo! Maps. A campus-basedroadmapapplicationmust
provide multiple modesof transportation(e.g. walk, drive,
bus) while a traditional roadmapgenerallyprovides support
for driving routesonly. For example,a result path from one
sideof campusto anothermight includewalking to a busstop,
riding thebus,exiting thebus,thenwalking to thedestination.
Or, thepathmight includewalking to a parkinglot, driving to
anotherparking lot, then walking the rest of the way. These
possibleresultsshow that our roadmapmust be constructed
in a different way than in a traditional roadmapapplication.
Below, we list thetechniquesthatallow our roadmapto 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 applicationhasmultiple
waysof 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.In addition,our resultpathsmustbe able to switch
betweentransportationtypes,but only at certainpositions(e.g.
parking lots, bus stops).

To solve this, we constructthe roadmapin layers,where
eachlayer containsedgestraversedby one speci�c modeof
transportation.

Fig. 1.



To build each layer, we simply iterate through the edge
mappingsin thedatabase,andaddevery edgewe seethathas
that layer's mappingassociatedwith it.

e

Fig. 2.

Next, transitionedgesareaddedwhereresultpathscancross
betweenlayers.For example,theresultpathcancrossbetween
”foot” and ”car” layersat Parking Lot transitionedges,and
between”foot” and”bus” layersat Bus Stoptransitionedges.
This type of roadmapdesignwill constrainthe resultpathsto
only changetransportationtypesat designatedlocations.

2) BussingComplications:Furtherwork needsto be done
to bestintegrateindividualbusroutesinto theroadmap.Justas
the resultpathshouldnot jump betweentransportationmodes
anywhereexceptat designatedareas,it also shouldnot jump
betweenbus routes.In addition, we needto ensurethat the
resultpathsalways follow bus routesin the correctdirection.

Sub-layering. We futher subdivide the Bus layer into sub-
layers,whereeachrepresentsa bus route.

Fig. 3.

Transitionedgesareaddedbetweenthe 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
edgesassociatedwith it: one for eachroute that stopsthere.

Route Ordering. In routes that include multiple closed
loops,theshortest-pathsearchwill sometimeswant to 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 thepreviousedgetraversed,to perform
the sequentialordercheck.

3) Edge Consolidation: A single-layer roadmapis gen-
erally composedof high-degree vertices, producing a very
interconnectedgraph.However, we observed that separating
our graph into multiple layers results in several unneeded
edges.

Fig. 4. Several sequentialedgescanbe replacedby a virtual edge.

In the above �gure, we seethat several of thesesequential
edgesin the roadmapcanbe replacedwith a virtual edge. To
do this, we identify every sequenceof two-degreeverticesin
thegraphwherenoneof theverticeshaveamapping(building,
bus stop,etc.)associatedwith it. We thenreplacetheseedges
in the roadmapwith a single edgehaving a weight equal to
the combinedweight of the existing edges.After the result
path is found, any virtual edgesare replacedback with their
previously existing edgesto ”smoothout” thedisplayedresult.

In our campusroadmap,thenumberof verticesandedgesin
thegraphwereeachreducedby approximately30% afterper-
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 describethedevelopmentof theuserand
administratorinterface.It is crucialthatbothof theseinterfaces
areintuitive andsimple.Using theGoogleMapsAPI 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
encounteredandovercamewith theadministratorcapabilities.
Lastly, we will discussthe details involved in allowing the
adding,removing, editing, andviewing of edgesandvertices
from the administratorside.

A. User

The userinterfaceis intuitive andsimplefor both inexperi-
encedandexperiencedstudents.It is alsoadaptableaccording
to their transportationoptions.The challengingissuehere is



�nding the easiestway for the userto understandthe 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,
departments,parkinglots,andbusstops.Thena dropdown list
of all A&M locationsthatareof this locationtypeis displayed.
For example,if 'building' is thetypeof locationfor which the
user is searching,then an alphabeticallist of every building
on the A&M campusis produced.Allowing the usermultiple
waysto choosetheirstartandenddestinationlocations,creates
a moreuser-friendly interface.

Fig. 5. The map click option allows the user to choose1 of 5 locations
closestto the point on which the userclicked.

If the user is inexperiencedand uncertainof their starting
location, they can choose'mapclick' as an alternative way
of selecting a start location (see Fig. 5). This allows the
user to doubleclick on the map and select one of the � ve
closestlocationsfrom which they clicked. In orderto provide
a cleardisplay, we usethe GoogleMapsmarkersaslocations
and associatea different color for eachtype of location.For
example,all of the departmentlocationsare purple markers.
In addition to this, when the user clicks on a marker, the
informationaboutthatlocationis displayedin aninfo window.
In the sameway they selecttheir endingdestination.Finally
they checkthemethodsof transportationsthatareavailableto
them at the time (Walking, Driving, Bussing).The usercan
thenselectthe '�nd path' buttonto queryfor theshortestpath
or they have the option of clearing the display and starting
over.

B. Administrator Capabilities

1) DisplayDif�culties: Dueto thesizeof theA&M campus
it is crucial for the administratorto easily manipulatethe
currentlocationsand transportationpaths.Therefore,all ver-
ticesandedgesshouldbe easily displayedandallow adding,
editing,andremoving. However our CampusNavigatorbegan
to run slower aswe enteredmorecampusdata.Accessingthe

databaseand displayingtheseverticesandedgesgenerateda
Javascriptoverloadthat causedthe applicationto run inef�-
ciently. Our CampusNavigator provides a balancebetween
minimizing what is stored in 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 as loading the pagefaster. The
administratordoesstill have theoptionof clearingthedisplay
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) Edge Properties:To helpfacilitatea simpleandintuitive
interfacefor theadministratorwe allow a viewing propertyfor
both markersandedges.Whenthe adminclicks on a marker
the information about that location is displayedin an info
window, similar to thatof theuser's display. In additionto this
the admin can double-clickon an edgeand an info window
of the edge's propertiescanalsobe viewed.

3) Editing/Removing/Adding: It is importantfor theadmin-
istrator to easily managethe systemfor adding,editing, and
removing markers and edgeson the map. Our application
allows the admin to visit different pagesaccording to the
purposeof their task.To facilitateeasyinput andmodi�cation
we have both add and edit/remove pagesfor markers, and
similarly for edges.The display propertiesmentionedabove
areappliedto eachof thesepages.To addeithera marker or
an edge,the adminsimply double-clickson the mapwhereit
is locatedandentersthe informationappropriately.

An admin caneasily double-clickon an edgeandview 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, becausethe edgemay be associatedwith multiple
transporationtypes,theedgeis only completelyremovedfrom
thedatabaseif thereis no othertransportationtype associated
with it.

Fig. 6. An info window allows theeditingandremoving of thecurrentedge.
If no edgetype is associatedwith the currentedge,it is completelyremoved
from the system.

We provide another way to ef�ciently display markers.
The CampusNavigator only shows intermediatemarkers at



the lowest zoom level. This improves the functionality of
our application becausethe intermediatemarkers are only
necessaryto bedisplayedwhentheadminwantsto addedges.

Fig. 7. The intermediatemarkers are displayedonly when the mapsis on
its highestzoom.This allows the admin to easilyaddedges.

VI. NAVIGATOR RESULTS

The CampusNavigator allows both simple and complex
queriesusingmultiple transportationtypesandprovidesdirec-
tionsfor theshortestpathbetweentwo locations.Our method-
ology usesbothedgeweightsandthecapabilityfor composite
transportation.Both of thesehelpprovide a practicalapproach
for inexperiencedand experiencedstudents�nding their way
aroundcampus.

A. Edge Weights

Eachedgeis associatedwith a weight which allows for the
complexity of handling shortest-pathsearcheswith multiple
ways of traversingan edge.Weightsare dependentupon the
time it takesto traversethe edge.For instance,a 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 user's prefer-
ences.There is a weight associatedwith transitionsbetween
two edgeswith different types of transportations.The time
spentat a busstopwaiting for thebus to arrive needsto factor
into the weight of selectingthat edgeover another, such as
walking (SeeFig. 9).

VI I . CONCLUSIONS

Future work on this project will focus in three main di-
rections:new navigation features,time-speci�c queries,and
interface improvements.Work in the areaof navigation im-
provementswill include both the integration of on-campus
building layoutsandpathsto off-campuslocations(e.g.eating
establishments,hotels).Theseimprovementswill help target
a wider audience.The secondarea of researchwill allow
the adjustmentof edgeweights basedon the time-perioda
userselects.For example,availableparking locationschange

during large on-campusevents, such as football gamesand
graduation.Also, additionalparkinglots areaccessibleto most
parkingpermitsonnightsandweekends.Work in thisareawill
provide more preciseresultswhen querying for the shortest
path,andgive the usermore control over their query. Lastly,
interface improvements,such as a customset of imagesfor
the campus,will provide greaterclarity for the resultpath.

The Campus Navigator provides on-campusdirectional
queriesthat are more specializedthan those in 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 campus,coveringa varietyof methodsof transportation.
In addition,thedesignof theadministratorinterfacefacilitates
simple,yet detailed,manipulationof edgesand locations.
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Fig. 8. An edgetraversedby walking hasa different weight than the same
edgetraversedin a car.



Fig. 9. In this case,takinga busandthenwalking producesa moreef�cient
path thanwalking the entireway.


