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ABSTRACT

ROVER is a prototype suite of software applications intdnidbe support

interaction and collaboration between mobile agentscaaddinate-driven
information servers. In traditional WWW servers, resedrare provided to
users based on a namespace that is purely topologicais,ttatality plays

no role. In ROVER, the namespace can be dependent uporiggdon, SO

servers can tailor presentation of material based efotfality. ROVER is a
first step towards experimentation with protocols and cooridman such a
dynamic environment. It is intended to allow us to explore amabdstrate

the desirability of coordinate-driven servers, and toveseas a basis for
studying the tools needed to prepare servers to be responssuech an

environment.

We gratefully acknowledge the on-going support of InstifateAdvanced
Computer Studies.This project is supported by Office ofdNd&esearch
under contract N000149910503. The first implementation of ROVER
performed with the help of students iMSC 435: Introduction to Software

Engineering in the spring semester of 2000.



1. Introduction

This Requirement Specification Document, hereaftarred to as the RSD,
encompasses the requirements of a software applicaited ROVER. This RSD is
intended to define the essential functionality of ROVEIR both the developers building
it and the expected users (who are members of an ONfReduproject at the University
of Maryland who are studying interconnection of softwadds in mobile environments.)

ROVER allows visitors, new students, drivers, map-ma&edsothers to communicate
with local web servers in order find what informatioattmight be available in a given
locality. Users will be able to enrich those serweits their own information. Users will
also be able to specify types of information for whiaényt should receive notification in
the event of change.

ROVER will be used to support activities that require locaespecific information. An
example of this is a tourist looking for points of i&r Previously, a tourist who seeks
some point of interest must examine his own map, detenviieee he is and then make a
decision on how to navigate. With ROVER, the user bgllable to inquire about not

only his current whereabouts, but also about what irddion is available to describe
these whereabouts, including directions on how to gesttahget destination.



2. General Description of ROVER

The chief objective of this system is to allow the sgerfind out information about the
area that they are in. The entire system can beagndivided into three subsystems:
mobile, server and connection (client to server htlie client).

The mobile subsystem itself consists of four majonpgonents. The first is its browser.
It is a software application programmed for Windows opagagystem. The mobile unit
will be using a freeware called ICE Browser from ICE€&dmpany to display the
information that they receive. The other three maegomponents of the mobile unit are a
GPS, digital compass, and laser range finder. These ¢breponents are designed for
the acquisition of location data. The absolute positibthe current object (mobile
computer) will be determined based on the information gadheom these three
sources. Moreover, the location of a remote objectbe targeted as well. This involves
the user pointing the mobile computer towards an objetttan the GPS, digital
compass, and laser range finder will determine the codedimd that object. To
determine a location relative to the mobile unit, the sii#PS coordinates, orientation,
and distance to the object are required. An algorithmbeilised to determine the
location of the object in latitude/longitude format.

The server subsystem consists of an upgraded HTTP netnwdbidkasabase. The
upgraded network will work as follows: There will be numbEservers, and each server
will cover a local area. All servers run the samen$etiles except for the master server
and master-backup, which run several extra rules to maih&inetwork like

determining which local server will handle a particulaer. The database component
can be further divided into three components: data pravidervices, and consumers.
These components will be used to retrieve informatioatied on a data stores. Data
providers are components that represent diverse sourdasao$uch as SQL databases,
indexed-sequential files, spreadsheets, document storesadrides: Providers expose
data uniformly using a common abstraction called the rowServices are components
that extend the functionality of data providers by impletingrextended interfaces
where not natively supported by the data store. Fanpbe a cursor engine is a service
component that can consume data from a sequentiakfds@nly data source to produce
scrollable data. A relational query engine is an exampa service over OLE DB data
that produces rowsets satisfying a Boolean predicatesudmars are components that
consume OLE DB data. Examples of consumers includeléiggh data access models
such as ADO; business applications written in languages/isual Basic, C++, or Java,
and development tools themselves.
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Figure 1: Database components

The connection subsystem consists of two major compo(@niasks): notification and
messaging. They are both software programs for difféasks. The notification
component can be further divided into two smaller compsnene resides on the server,
and the other one resides on the mobile unit. Theicaiidn program installed on the
server listens for connection requests from the malniies and sends back a connection
successful message when the mobile user is connectasl derver. It will send out pings
that tell the mobile units when new information isitalze to be downloaded. The
notification program installed on the user-side will béed@go send information to the
server and interpret responses that are sent backtieserver. Generally speaking, the
notification component detects and maintains a cororebitween the server and mobile




units. The messaging component is a layer that residdseanobile unit. It sends text
messages to other mobile units via the connection betsereers and mobile units.

The major components of the Rover system are:
* Browser

« GPS

» Digital Compass

» Laser Range Finder

* Upgraded HTTP Network
» Data Providers (Database)
» Services (Database)

» Consumers (Database)

* Notification Program

* Messaging Program
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The targeting task in Figure 2 consists of a GPS, alasge finder, and a digital
compass component. These three components detecttbélmirrent GPS coordinate of
the mobile unit or the targeted coordinate of a remotectbjThe data containing GPS
values is then sent to the mobile unit where browse&eg®n. Sometimes users would
like to manually enter a URL instead of using the lagege finder. In this case, a URL
is inputted to the mobile unit. The mobile unit then sentteeURL or GPS value to the
server where database components reside on (see E)guaeupgraded HTTP network.
The URL/GPS code is now considered as query that wakbéto the database in order
to retrieve corresponding data in HTML format. The HTdata then will be sent to the
server, and eventually to the mobile unit where theliregs browser component will
interpret the data and display the result to the uSghner tasks of the Rover system
include the notification and messaging. The notificatiorctions like “ping” between
mobile units and servers. It gets the GPS coordinate viahraghe mobile units

(mobile unit gets the GPS value from the targeting tastt)passes it to the server
network so that the servers know the current locatdise mobile units. Based on the
GPS values passed to the servers, the servers vdlidsga back the mobile units in
regards to if any refresh of the information is necegsséfach server is only responsible
for a local area, hence if switching server, the infaimmaon the mobile units should be
refreshed.) The messaging task functions like “instassage”. It delivers text-based



messages from one mobile unit to another mobile unit prayidoth units are on the
same local network area.

Principle Interfaces

Mobile Unit — Server
The browser resides on the mobile unit requests infoom&tm the server,
and the server answers the request.

GPS, Laser Range Finder, Digital Compass — Browser

GPS, laser range finder, and digital compass are uggdvae GPS
coordinate location to the browser. The browser prowitesbility to launch
these devices.

Server — Database

Server passes the query (URL/GPS code) to the datah&ga.is the data
object that will facilitate data exchange betweenséteer and the OLE DB.
OLE DB is the interface that will access data fréw various data stores.
ODBC is the interface between various relationallozgas and OLE DB
(ODBC is part of the OLE DB specification). Restltlee query is then
passed back to the server.

Mobile Unit — Notification Program

The part of the notification program that resideshenrhobile unit keeps
getting the current GPS location of the mobile unitroteo to send the GPS
code to the server. Also the notification programikesethe data sent back
from the server to determine if there is a need teséfthe content shown on
browser.

Server — Notification Program

The part of the notification program that resideshengerver keeps receiving
data (GPS coordinate) sent from the mobile unit. The daaa format of 4
bytes of IP address that will be a mobile unit ID plul®ating points for
longitudinal and latitudinal position. After server analyzhe GPS value, the
notification program residing on the server side vehd data back to the
mobile unit. The data being sent back is in a formdt lmftes of IP address
that will be the server ID plus 1 byte of server cdde tan be something
meaning “no change” or “refresh”.

Mobile Unit — Messaging Program

The mobile unit sends text-based data to the messagigtpprdhat resides
on the mobile unit. The messaging program also interfaitbshe browser
component on the mobile unit so that the browser &golay the text-based
messages.



» Server — Messaging Program
The server receives the text-based messages fromalniée unit and sends it
to another mobile unit as long as both units are on the &zcal network
area.

» Notification Program — Messaging Program
The messaging program interfaces with the notificgtimgyram in order to
detect which local server the messages should be skottdhe mobile unit
based on the current location of the mobile unit.

General Constraints

The GPS and wireless reception impacts the abilithe@ftobile unit to receive
information that is truly location sensitive. And tim@st accurate result from a
civilian GPS device is within 8 feet (based on our teBhje laser range finder (at
this stage, Yardage Pro 500 is used) has a maximum judging disfess@@ ft.
The size and weight of the input and output devices sladsiddbe limited. Since
it's a portable device, the weight should be as lighgassible and the
components should be as small as possible. Users gaseenh small portion of
the information, however, if the output device is spaild if the input device
(keyboard) is too small, users will have hard time to tyidereover, a small hard
drive and memory might not be enough for information gi@ra



3. Specific Requirements

3.1 Functional Requirements

REQUIREMENT #1: PROVIDING CLIENT-SERVER IDS

Introduction

The master server will contain a list of all usensthe network. The master server will
also contain a list of servers and their coveragesaida& master server must be able to
provide client-server IDs to the notification on thehit® unit.

Inputs
The notification program sends the logon request

Processing
The master server will respond to the notification \ilith address of the server local to
the user

Outputs
The local server IDs will be sent to the notificatlayper.

REQUIREMENT #2: CLIENT SERVERS

Introduction

All web page links will be CGI Post format. All web pageé#i contain a hidden variable,
or variables, which will always be of the same nante dlient Server will handle
queries from browser and notification

Inputs

The inputs are query-packets from Mobile browser: 4 byt afldress is mobile unit
ID, 2 floating point for longitude and latitude positiondagquery-packets from
notification tool.

Processing
The client server will separate types of queries and gaaries to the database (for more
details, see Database requirements)

Outputs
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The server will send response packet to mobile unit: 4 byt address is server ID, 1
byte is the server code.

REQUIREMENT #3: CONNECTING EVENT

Introduction

The Notification will pass the local server ID to tBewser-Server function (for more
details, see the Master Server requirement). The lerowil establish the connection
with the server (for more details, see Browser-Semguirement). The notification must
be able to notify the user if the mobile unit has estladtisa successful connection to the
server.

Processing

The notification program will call the Internet protbtw initialize and get the local
server ID. Browser will then establish a connectioth server based on the server ID
received from Notification. If Notification cannot @it any local server, it should
continue to send connection requests or begin “probing/pihgimg it can. When the
connection between mobile unit and server is establidhadication will notify mobile
unit.

Outputs
Notification on the server will send acknowledge to mobiié.

Constraints
The constraints of this function are limited to thdigds of the modem: wave-LAN card
and protocol’s reliability.

REQUIREMENT #4: DISCONNECTING EVENTS

Introduction

If the user leaves the current server’s service argagster server (see Server
component) will calculate the new server’s ID (basecaurrent location) that the user
should be directed to. If the user leaves the rangk sd¢raers (no server to forward to),
the server will disconnect the user if they leaveaiesa.

Inputs
The inputs are packets that include information aboutribigile users current location

Processing

A master server searches and matches the nearexst Isased on the user’s global
coordinates provided by the notification program (seefidation component). If there is
no server in the area, the server will disconneziusger.
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REQUIREMENT #5: OBTAINING GPS COORDINATES

Introduction

The targeting function must be able to obtain the globatdinates of the users position.
This information must be obtained from the GPS deviceishacorporated in the mobile
unit.

Inputs

The GPS device, upon query for the user’s present posiithmeturn the coordinates of
the mobile unit’s location. The longitude and latitudd bl returned to the targeting
software. (At the time of this writing, it has yetlie determined whether the device will
directly feed the information to the software througteral port or if the information
will have to be placed in the device manually).

Processing

The information obtained from the GPS device will htvee read in to the targeting
software as a string object. No further processing efdata will be necessary at this
stage

Outputs
The function returns the ROVER mobile unit’s global abioates.

Constraints
The constraints of this function are limited to thditds of the GPS device. The device
has a margin of error of about 8 feet.

REQUIREMENT #6: BROWSER INTERFACE

Introduction

The mobile unit must be able to provide a browser interfdeeby the user may
navigate and view HTML documents from a remote servetal® the system requires
additional information to be coupled with the URL daiat ik provided to the server
additional interfaces are necessary for managingiteeaictions with other components
of the system. These interfaces are the notificgitocess interface, the server interface,
the messaging interface, and the targeting interface.

Inputs

Inputs to the browser include HTML documents, GPS coorelnat the target, alert
signals from the notification process, and user’s inptherform of selecting buttons or
keying in URL address from the user interface, or by satptiypertext from the
document display window.

Processing

HTML documents that are received by the browser areadisglin the document display
window (monitor). User inputs result in a URL addreG®S coordinates are coupled
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with user selected URLS to form a URL/GPS code whicthen transmitted to the
server. Alert signals trigger the browser to perfomaatomated refresh. These
processes are described in more detail in the requiterfaerthe interfaces listed in
Requirement 2 to 6.

Outputs
Outputs to the browser include formatted HTML docummeligplayed to a screen within
a document view window and the URL/GPS code that is trisieshto the server.

Constraints

The browser initializes other processes within the RR8stem, including the
notification, messaging and targeting processes. Theraoris of browser function are
limited to the abilities of the mobile hardware: PC/104M&IRAM and Intel 200MHz
processor

REQUIREMENT #7: BROWSER-SERVER INTERFACE

Introduction

The Browser-Server interface is responsible for tontng the URL/GPS code from a
user-selected URL and either local or targeted GPS cotedinBhe Browser-Server
Interface defines the interaction between the browapgplication and the remote server.
Two types of information are being handled in this integfaThe browser supplies URL
and GPS coordinate information to the server and thersprovides HTML documents
to the browser.

Inputs
The Browser-Server interface uses a number of inplR§ €ordinates, a URL, and a
HTML document

Processing

The browser obtains current GPS coordinates by meahs @&rowser-Targeting
Interface. The Browser-User Interface provides a UBbth the GPS coordinates and
the URL are used to form the URL/GPS code. The URL/GR® is then transmitted to
the server. Once that data has been cross-referém¢€l ML information, the remote
server transmits an HTML document back to the browser

Outputs
The Browser-Server Interface outputs a URL/GPS codthé server, and provides an
HTML document.

Constraints

The constraints of Browser-Server are limited toabidities of the Wave LAN card (See
Reference for more information about WaveLAN card) aiservers cover areas.

13



REQUIREMENT #8: BROWSER-NOTIFICATION INTERFACE

Introduction

The Browser-Notification must be able to interactwitte notification in the Browser
(mobile unit). The browser-notification interface defirtbe interaction between the
browser application and the notification process. Sipadly this interface involves the
alerts transmitted from the notification process whlitowser when the user has moved
to GPS coordinates that map to new information in thebdaga

Inputs
The only input is the signal sent from the notificatianction to the browser application.

Processing

When the notification program on the server side detesrthat new information is
available from the server, it sends a signal to thiication on the mobile unit. Then the
notification program on the mobile unit will alert thetwser. When the browser receives
a signal from the notification process it refrestaasl re-requests the same URL with a
new GPS coordinate via the Browser-Server interface

Outputs
The Browser-Notification Interface initiates a procasd so does not provide outputs for
other interfaces or system components

Constraints
The browser should be initialized before the notifmagprocess can signal it. The
browser should save old information before refreshingiéw information

REQUIREMENT #9: BROWSER-TARGETING INTERFACE

Introduction

The Browser-Targeting function must be able to intenaih the Targeting device. The
Browser-Targeting Interface defines the interactiomvben the browser application and
the targeting processes. The Browser-Targeting Ineerisferences those processes that
access the GPS device in the mobile unit as well dagberange finder to ultimately
provide coordinate that is either local to the user or tadge

Inputs

The Browser-Targeting Interface receives a flag indigavhether the GPS coordinates
to be obtained are either local coordinates or targetertinates from the Targeting
device.

Outputs

The Browser-Targeting Interface provides a GPS coordindieh is either local or
targeted.
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Constraints

The constraints are the accuracy of GPS receiveoljedt location calculation. These
constraints are described in more detail in the reqeinésrfor the targeting listed in
Requirement 17-20

REQUIREMENT #10: BROWSER-MESSAGING INTERFACE

Introduction

The Browser-Messaging Interface provides a means by wiechlessaging process can
be launched using the same framework as the browserm&hksaging process and the
browser process are not functionally linked

Inputs
The only input to the Browser-Messaging Interface igailization

Processing
The browser launches a separate messaging application.

Output
There is no output to the Browser-Messaging Interface

Performance
Performance of browser does not affect the messagieidaoé because they are two
independent applications.

REQUIREMENT #11: BROWSER-USER INTERFACE

Introduction

The Browser-User Interface defines the interactidwéen the browser application and
the User. This interface includes options that the lae available, such as navigation
options, and options for accessing targeted GPS infaymati messaging applications.

Inputs

Inputs include all inputs provided by the user. This includesteelenavigation options
such as home, forward, back, or refresh. Inputs atdode selected hypertext. The
Browser-User Interface also takes an HTML documeminasput from other
components in the browser

Processing
The Browser-User Interface performs navigation commasdsllows:
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home: Prompts the browser to request a default URL withdhellGPS coordinates
through the Browser-Server Interface.

back: Goes back to the previous page that the browser hdediod his command does
not result in server access because pages savedoadkéutton are cached.

forward: When using back to navigate, the browser allows thetageturn to the page
that the browser had loaded after the one that hevgng. Similar to back, the forward
button accesses cached pages.

refresh: Prompts the browser to reload the same URL thaitriently loaded. This will
cause the browser to send the current URL to the BreSeever interface to acquire a
new HTML document to be displayed.

HTML pages are received via the Browser-Server Interfache Browser-User Interface
formats these for the document display window to be predéa the user.

Outputs

The outputs for the Browser-User Interface are thealiinterface that is displayed to a
screen. Outputs also include the URLSs that resutt iieer selected actions to be used
by the Browser-Server Interface

Constraints
User input that is assumed to be a standard keyboardvolacks of touch screen
technology for the system.

REQUIREMENT #12: RECEIVING INPUT STRINGS

Introduction
The GIS Database Interface must be able to recesvipiut string from the server, to
process it accordingly, and to generate desired resoitsdrvariety of data stores.

Inputs

An input string provided by the server will contain locatemordinates and possibly,
information pertaining to the surrounding areas of thosedawates. An example of a
qguery will be a request of, among others, information sschiame of the building or the
nearest way to a specific location, etc.
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<Coordinates <Text> <Textp <Text> <Text>

Location Query-ltem1 Query-ltem2 Qukeyn 3 ..... Query-ltem n-1

Processing
The input string will be broken into smaller piecestsat proper queries will be
generated

Output
The outputs are broken-up strings that contain datahichvgueries will be generated for
database accessing

Constraints
The input string forwarded by the server does not arriveectly due to network errors
or receiving process’s problems

REQUIREMENT #13: ACCESSING DATA FROM DATABASE

Introduction

The GIS Interface must be able to make a connectiardtabase regardless of its
platform and to submit queries in order to retrieve/postinéion, and to have results or
appropriate messages sent back to server.

Inputs

The input here is a bi-product of query processing. At thistpibie queries that are
generated from the broken-up input strings are passed elatiomal or non-relational
databases.

Processing

The GIS database interface must be able to determiaekitd of database it needs to
access, either the local DBMS (Microsoft Accesshan-local DBMS. At this point, one
of the followings will occur.

a) Accessing Relational Databases

The ODBC application calls ODBC functions to submit SSphtements and retrieves
results. The driver manager loads drivers on behahapplication. The driver
processes ODBC function calls, submits SQL requesisiecific data source, and
returns results. This is needed since each DBMS tipicas its own call-level
programming interface through which it communicates whliaations.

b) Accessing Non-Relational Databases

The OLE DB provides a set of interfaces for data acogsr the enterprise’s network.
These interfaces take care of data-consumers and s@faizevider functions. An ADO

17



object then provides the data exposed by the OLE DB tmtiidace application.
Although we will be using Visual Basic, the ADO objeclasguage-neutral.

For example, SQL Server provides an interface called_DBary while Oracle Server
provides the Oracle call interface. Therefore, any apgpdin that wishes to access more
than one DBMS must be able to translate request arsfdratata into each interface it
needs to access.

Outputs
The result generated by one of the two DBMS will bevrded to server.

Constraints
The constraints of this requirement are the failureotmmunicate with a DBMS and the
inability to generate a result from the user query.

REQUIREMENT#14: ENRICHING THE DATA STORE

Introduction

A user from time to time will encounter an area sita that local or non-local DBMS
does not have information about. In the event of thpkning, the GIS Database
Interface must have the capability to allow the setwéransmit data pertaining to that
new location and have it incorporated to the locaM3or non-local DBMS, for future
user encounters.

Inputs
The original parsed input string with an appropriate flagcatés that the query is
processed as a posting of data to the local DBMDS oiatath DBMS.

Processing

The primary objective is trying to map the new data ¢éoldlcal DBMS. If the data
pertains more closely to the data stored in a non-RBMS, then the appropriate
insertion constraints on the non-local DBMS arefietiand the data can be posted.

Outputs
The output will consist of a confirmation messagentbidate if the attempt to post the
new data is successful or not.

Constraints

The primary constraint of requirement is that non-I@BMS does not permit to post

data onto their DBMS. To alleviate this realistic comst, it will be necessary that alll
attempts should be performed on the local DBMS, whemaipsions are more likely to
exist.

18



REQUIREMENT #15: QUERY SUCCESS/FAILURE MESSAGE

Introduction

The GIS Database Interface must be able to producessage that confirms a successful
or unsuccessful update on a DBMS or indicates that it s a particular query on
certain areas or sites is generated due to absenceadfaa both local and non-local
DBMSs.

Inputs
The input string will have been parsed and being processed.

Processing

The GIS Database interface must exhaustively attéongpénerate a query result or to
insert data into a DBMS pertaining to a new site. Aft@ng to access the DBMS a
number of times (this number is pre-determined by themsystbe error message will be
generated.

Outputs

There are two types of error messages: one pertaining faitlire to get a result for a
given query of type get-info, and one pertaining to the sdecktailed attempt to update
a DBMS with new information.

REQUIREMENT #16: RETURNING QUERY’'S RESULT FROM
DATABASE

Introduction

The GIS Database Interface must be able to generateithand send it back to the user,
via the server, in a formatted way. A pre-formatted HTjpdlge captures the results
based on the user queries and is sent back to the useh&vitequested data

Processing/Outputs
Form structures embedded in HTML code will be filled wita query result and will be
sent to the server, so that it can be forwarded talitet.

Constraints
The query may generate a large number of pages

REQUIREMENT #17: OBTAINING THE MOBILE UNIT’'S
BEARING

Introduction
The targeting module must be able to correctly calculatargtes to remote object. To
do this, it needs the mobile unit’s bearings. The reasordetermining a user’s bearings
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are as follows. The device must know the proper hemisghevhich the mobile unit is
located.

Inputs

The targeting software will obtain the mobile unit’sabegs from a digital compass. The
compass will give the targeting software function timeation in which the unit is facing,
as a string. (EX: N, NE, SW, etc).

Processing
The information obtained from the digital compass halle to be read in as a string.

Outputs

This function returnshe ROVER mobile unit’s directional heading. The oufputn this
function will be used by other functions of the targetimgdule and the output will be
sent to the Mobile unit when a query for the user’s osis made.

Constraints
The constraints of this function are limited to thdiabs of the digital compass. The
device’s margin of error is yet to be determined.

REQUIREMENT #18: OBTAINING THE DISTANCE FROM THE
LASER RANGE FINDER

Introduction

The targeting module must be able to correctly calcuteteegmote object’s coordinates
in Longitude and Latitude. To do this, it needs the digtai@ remote object. Based on
the mobile unit’s bearings, obtained from the digi@amnpass, the distance to the remote
object is either added or subtracted from the mobile unitsdioates to obtain the
coordinates of the remote object.

Inputs

The targeting software will obtain the mobile unit’'stdnce to a remote object from a
laser range finder. The range finder will give our targesmitware function the distance
to an object in feet. This information will be reacithe software as a string.

Processing
The information obtained from the laser range finddirhvaive to be read in as a string.

Outputs

This function returnghe distance of the distant object (in feet). Theoutrom this
function will be used by other functions of the targetimgdule and the output will be
sent to the Mobile unit when a query about an object d¢ema

Constraints
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The constraints of this function are limited to thdiaés of the laser range finder. The
device’s margin of error is yet to be determined.

REQUIREMENT #19: CALCULATING COORDINATES OF
TARGETED OBJECT

Introduction
The targeting unit must be able to obtain the coordinatdseadbject being targeted.
This will be achieved with the aid of the distance fiomality for the module.

Inputs

Apart from the querying information from the unit, thisdtian requires input from other
targeting module functions. The information needed r&exeng current GPS
coordinates, correct heading to determine the relatitadatand longitude, and distance
from the range finder.

Processing

The value retrieved from the laser range finder will Heutated onto the coordinates
received from the GPS device. To add or subtract fror®#® coordinates is dependent
upon the heading reading. Once the correct rule (add oast)bgr applied, the
coordinates of the targeted object will be given.

Output
This function returnghe coordinates of the object targeted by the Laser RanderF
The output will be sent to the Mobile unit when a queryain object’s position is made.

Constraints
The constraints of this function are limited to thdiaés of the GPS, Digital Compass,
and Laser Range Finder devices. The GPS device has a miaegiar@f about 8 feet.

REQUIREMENT #20: UPLOADING FAVORITE AND BUDDY
LISTS FROM NOTIFICATION

Introduction
The notification program must be able to upload data femorite and buddy functions
to the server.

Inputs
Notification gets Favorite and Buddy lists from Browaad Messaging

Processing

Favorite and Buddy lists are uploaded to Notification @nsdrver. Server will store and
inform other server components to allocate space taranodate the new mobile user.
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Constraints
The constraints of this program are limited to the @dsliof server’'s and mobile unit’s
storage.

REQUIREMENT #21: NOTIFYING USER OUT OF COVERED
AREA

Introduction

When the mobile user is close to the edge of the seavéa Notification on Server must
be able to send out: “About to leave current serea amotification to the mobile user.
If the user leaves the range of all servers (no séovierward to), the program on the
server will send out an “About to disconnect from totalarage area” notification.

Inputs
Notification on Server will obtain user’s global cooralies from Notification on Browser

Processing

Once the connection between the mobile units and thersergstablished, Notification
on the mobile unit will, at a constant rate, ping theeseit is currently connected to
make sure it is still connected to the server. Notiftwatn the mobile unit will send out
pings that include information about the mobile user’sesuriocation. If the mobile user
nears the edge, an appropriate message will be sent.

Outputs
Notification on the mobile unit will generate an approjgriaiessage to alert the mobile
user. This message will be forward to browser.

Constraints
The constraints of this program @he accuracy of GPS receiver and object location
calculation

REQUIREMENT #22: NOTIFYING FAVORITE EVENT

Introduction

This function will allow mobile users to select thewdrite items that they would like to
receive notifications of if the server has informatabout them. Notification must be
able to notify the user when there is a match in theeg's information and the user
“favorite” information.

Inputs
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The user interface in Browser will send to the nadtien program a “favorite” list. The
list includes information about a “hot spot” in the abeanformation on a restaurant that
the user is fond of.

Processing

The favorite list is uploaded to Server and is procesHeg server’s notification program
will cross reference “favorites” to information loedtin the server’s database and send
out notification.

Outputs
Appropriated messages will be sent to Browser

REQUIREMENT #23: NOTIFYING BUDDY EVENT

Introduction
The Buddy Notification function will allow users to entheir friends’ information. This
function must be able to alert the user when a “budslgurrently in or out of the area.

Inputs
Users enter the names of friends, family memberspkgagues into mobile units.

Processing

This information is then uploaded to the server’s natifen program. All “buddies” are
placed into a database and cross-referenced with daahlytthe server notification
program.

Outputs

The notification program of the server will send ownia@propriate message to inform
user that a “buddy” is currently in or out of his area

REQUIREMENT #24: MANAGING AND UPDATING WEB PAGES

Introduction
The notification program must be able to manage and updalbep@ges to Browser.

Inputs

Sever will send a header packet with the type of infolonahat it is sending (hard or
soft refresh).

Processing

The pages are sent directly to the browser, whichhailidle the information
appropriately.

Outputs
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The pages are sent to Browser

REQUIREMENT #25: SENDING MESSAGE

Introduction
The messaging program must be able to package the text masdaggnd it to the
notification layer with IP address of the recipient

Inputs
The user generates the contents of the text mess#uye user browser interface and
clicks on the send message button to transmit theages

Processing/Outpus
The message is packaged and sent to the notificatientiaye transmitted to the
recipient

Constraints

The constraint of this function is packet size, whicthésmax length of the message.
REQUIREMENT #26: REPORTING UNDELIVERED MESSAGE
Introduction

The notification program must be able to report thierato Browser if a message
cannot be delivered.

Processing/Outputs

The messaging translates the signal and sends an apfgopessage “message was not
sent...” to the user.

REQUIREMENT #27: RECEIVING MESSAGE

Introduction
The messaging program must be able to unpack the text mesghgend it to the user.

Inputs
The inputs are messages for user from the notificatiogram

Processing/Outputs
The messages are displayed on the user interface

Constraints

The constraint of this function is packet size, whicthéesmaximum length of the
message.
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3.2 External I nterface Requirements

3.2.1 User Interface Requirements

The browser that resides on the mobile unit is dedidée@ ICE Browser, a free program
developed by ICEsoft Company. For demonstration purposeo8dittrinternet Explorer
5 is used in this document because the ICE Browser igehatvailable.

3.2.1.1. Login Screen

The login screen allows the users to enter persosaluad. The idea behind
this screen is to prevent illegal usage.
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Figure 3: Login Screen

* Enter Password Field
The Enter Password Field allows the users to enteopalpassword in order to
preventing illegal usage.

* Enter Button
The Enter Button takes the user to the Main Menu (figdre
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Reset Button
The Reset Button deletes the password string enterecebptusnce.

3.2.1.2. Main Menu Screen

The main menu screen has two frames. The top frampgsscurrent
information including date, time, and current locationaordinate format. This
frame will be updated periodically to reflect the most aurneformation. The
exact time period is not determined at current stage.bdttem frame is the
main menu allowing users to input.

E Mirm' Preeqjie T - Micid 5 o8 Essnradl Ewxpl o N - |§! _-E_J
| Eio Ect Mww Fovores Tools Help | & |
[FEiare O e T s e
3 LR T L 4 p.
Cbach B Aofresh  Homa - “Beanch Foworles  Hestory (AL Prind Sive| Ercoding
[ gk | |
Blareh 20, 2000 W32 AM {131,236
URL: | [Entor | Resot |
Where fum 17
Fel s i |
Edit Porsanal Soting |
81 0enn | =24 Locel intrarat
Figure 4: Main Menu Screen
 URL Field

This field allows users to enter the URL they are logker. After clicking Enter
Button, the result page will show (figure 5). The R&dton simply deletes the
whole string users enter in the URL Field.

Where Am | ? Button

This button will take users to the result page (figure 6)ehsers will find
his/her current location in both coordinate and addressatst:

26



* Messaging Button
This button will take users to the messaging screen (figuwehere users can
read the current local events and can send message#er friends who are on
the same local network.

» Edit Personal Setting
This button will take users to the personal setting sofigure 8) where users
can select his/her interests.

3.2.1.3. URL Search Result Screen
This screen has two frames, top frame displays theminformation while
bottom frame displays the search result where theygsientered on the main
menu (figure 4).
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Figure 5: URL Search Result Screen

* URL Search Result Field
This field displays the search result that the queeniered from the main menu
URL field (figure 4). For example, string “burgerking.commentered from the
main menu, then the URL Search Result Field hereretilirn the address of the
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nearest Burger King store. Notice that the searchtiwmavill only be performed
in our own database, not World Wide Web.

* Main Menu Button
This button brings the users back to the main menu s¢figare 4).

3.2.1.4. Where Am I? Result Screen
This screen again has two frames, top frame stjllays the most current

information while bottom frame displays the seas$uit on the current location
of the Rover mobile unit.
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Figure 6: Where Am | Result Screen

» Search Result Field
This field displays the current location of the mokiiet in both coordinate and
address format. The coordinate in this field will besame as the coordinate on
the top frame. The address displayed is the nearssibwaddress of the current
position. For example, assume a user is standing imttidle of a street, then
the address displayed in this field will be the addresseohearest building.
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* Main Menu Button
This button brings the users back to the main menu s¢figare 4).

3.2.1.5. Messaging Screen
This screen has three frames. The top frame dpllays the current information.
The lower-left frame displays the events of the eniriocal network area. The
lower-right frame displays a list of user’s friendeonare currently on the same
local network area as the user.
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Figure 7: Messaging Screen

* Local Events Frame
The local events frame displays the events thathrtdie interests of the user on
the local network area. The user’s interests arelefieed at the personal setting
screen (figure 8).

* Main Menu Button
This button brings users back to the main menu screendf#ur
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* My Friends Frame
This frame displays a list of people who match theewmpre-defined by the user
and are at the same local network area as the useserAcan select a person
from this list to send messages.

» Connect Button
The connect button will make connection between thésuserbile unit and the
other person’s mobile unit. Messages can be sent toodaahafter connection is
established. The users will be transferred to the ChatB¢figure 10).

3.2.1.6. Personal Setting Screen

This screen allows the users to select their intesesi modify personal friends
list. The settings here will be used as a mask tahtaie search result passed
back from the database.
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Figure8: Personal Setting Screen
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Choose Your Favorite Categories Field

There are many categories in this field for the useredose. For example, if a
user selects sports, then all the sports related ewenis be displayed on the
messaging screen (figure 7) in the future.

Add Friends List Field

This field allows the users to enter a list of peopt®m the users want them to
be shown on the messaging screen (figure 7) when thesse¢he same local
network area as the users.

The format of friends list has not been determindtliatstage. For
demonstration purpose, people’s name is used. The forthaevustified for
the final product.

Save and Exit Button
Save the settings and exit to the main menu screen (dgure

Cancel and Exit Button
Do not save the settings and exit to the main menurscree
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3.2.1.7. Targeting Result Screen

The Targeting Result Screen is very similar to thé_\#earch Result Screen
(figure 5). The Targeting Result Screen is shows thgltseif the users use the

Laser Range Finder to find information of a particulatdimyg (location).

Y M Praegie T - Miiznns o Issnrenl Expl odi =lEl=]
| Edo. Eda yww Frwores Tools Help Kl
e . % . @ A A Qg o 3 B & # %
[ imaek, " Siop  Povesh Home  Sesch Fovordes Hsoey  Mal Pl Sie Encodng
% (@] re fpvcangnimy i iwobstmiget_resut him =

Mlarch 20, 2000 - 22 AN {154,230
Building MHame: ALV Millias =l
Dezcription: Copputer and Enginescing Building
Spacial Event: IBM Seminal in roon 1101 today at S5:00pn

Hicrosoft Publie Mesting in reos 1101 at G:30ps on Tuesday

Figure 9: Targeting Result Screen

» Targeting Result Field

This field displays information of a particular locatiolt will display the location
name, a general description of the location, and spexgadts of the location, if

any.

At this point, the exact type of information is not finad. Name, description,
and events are used for the prototype. A decision omftweration type will be

determined for the final product.

* Main Menu Button
This button takes the users back to the main menu s(rgere 4).
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3.2.1.8. Chat Screen

This screen again has two frames. Top frame dispkeeysame information as
the previous screens. The bottom frame functions‘elsad room”. Users can
type and read data via this screen, and the data wilabsférred between the
user’s mobile unit and the other person’s mobile unit asdsrgpth units are on
the same local network. When the end sends messageusels, a pop
notification screen will appear.
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Figure 10: Chat Screen
* My Friend Field
This field displays the data the other end types.

* Myself Field
This field is where users can input data.

* Send Button

This button sends the string in the Myself Field todtieer end after being
clicked.
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* Main Menu Button
This button brings users back to the main menu (figure 4).

3.2.2 Hardware Requirements
* Mini VGA display for the mobile unit (if it this hardwarcan not be

obtained a desktop VGA monitor will be used instead)

» Ports (Unsure if port will be serial or parallel)

» For full implementation of this product, multiple servare
recommended. However, the prototyping stage can be impledheith
one server.

* Mobile computer with PC/104 motherboard

» GPS device, laser range finder, and digital compass

* WavlLan card for wireless communication between the lmafiit and the
LAN

* Input device (mouse and keyboard - for prototype)

» All hardware devices should be small and portable as possible

3.2.3 Software Requirements
* Apache Web Server
* Microsoft Windows 95/98/NT Operating system
* Microsoft Visual Basic
« JDK1.2
* GNU project C++ Compiler
* Vypress messaging software
* Microsoft Universal Data Access

 |CE Browser

» CGl scripting
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3.3 Miscellaneous Requirements

3.3.1 Maintenance Requirements
* The mobile unit ID and server ID must be sent in egertymunication over the
WavelLan card. Each message should be checked to make susecttirect
based on the connection established or message shadiktbeded.
» Periodic updates for the browser to add appropriate features
* The application must allow updates in an event thatfaatures are
added to ROVER. These integrated updates will allow foingest both
the new feature and the ability of the whole unit to waldng with the
new feature.
* The GPS and Laser Range-finder and Digital Compass toitddsbe
easily connected or disconnected so that repairs andeemats can be

easily made.

3.3.2 Security Requirements
* The lines of communication should remain secure bedaese are no
user interfaces at either end node.
* Auser must enter ID and password to access a mobileAimitobile unit

will automatically shut down if the idle time exce&fsminutes.

3.3.3 Cost Requirements

The hardware has been obtained free of charge froimugacolleagues of
Professor Purtilo. The messaging software (Vypresspeaowser (from ICEsoft
Company) can also be obtain free of charge. All atbéware that is needed to
build ROVER will be implemented with a cost of timedaffort spent by the
developers.
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4. Testing / Demonstration

4.1 Scavenger
4.1.1 Scavenger Overview

The Scavenger application is a multi-player game tktaines the idea of the
traditional scavenger hunt. In a scavenger hunt, dagkips given a clue to
decipher that leads him to the location of anothae.cIThis clue, once deciphered,
leads to yet another location and clue, and the precegsues until the end of the
chain of clues is reached. In some variations, thgeplia required to gather some
item at each location along the way, but in all cagesfirst player to successfully
reach the end of the chain of clues is the winner.

The Scavenger application allows this idea to be extead@executed more
easily. Each player is given a mobile unit, equipped aibhowser built to interface
with the class technology. At the start locatiorh& hunt, the mobile unit uses the
technology to report the players’ locations to a seals&y equipped with the class
technology, and the server returns browsable cottiahis the equivalent of a clue.
This content could be some text, photograph, or othermediia information that
provides a hint to the location of the next clue.

The problem is to develop a useful test to verify thetionality of the class
technology. The Scavenger application will need toldest the individual
components and the unit as a whole. In addition, thecapiph should require only
basic functionality of the class technology, but ateude optional tests for
advanced functions should they be implemented in thegnoauct.

4.1.2 Description of the Scavenger Application

Application Functionality

Once the players head off in search of the locatiea/kinted at, the game
begins. When a player approaches the location hintieg thie current clue, his
mobile unit sends information about his location to aeseand a new clue is
displayed on his mobile unit, featuring browsable cortteatt hints at the
location of the next clue. This chain of search-arsda@ier continues in the
same fashion as a traditional scavenger hunt until gdayer receives the final
clue, reaches the final location, and wins the game.

A traditional scavenger hunt typically has some perssponsible for
setting up the game: he invents the clues, hides thera ptaper locations, and
starts the players off by giving them the first clude Bnalogous role in
regards to the Scavenger application is the administraios person authors
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the browsable multimedia clues, associates eachawdbation, and configures
the server to display these clues when the playech tea associated locations.

Product Perspective

The application tests the basic functionality of ¢teess technology by
verifying communication between the database, servemafule unit, but also
includes features that take full advantage of additianaitfonal components.
Players can use the messaging component of the atis®iegy to
communicate remotely via the mobile units. The notifaratools of the class
technology indicate to players when other players caitien their vicinity.
The targeting component of the class technology alldageps to remotely
target a location and verify whether it is a locatioat should be explored to
find the next clue.

Product Interfaces

The application is meant as a demonstration of trss ¢chnology and
relies upon that technology for a great deal of its tyig functionality. The
application will not be tied to a particular platfoomoperating system, except
insofar as the class technology has need of a parteoNégilonment.

Because of the integral nature of the class techna@the application,
the requirements for the class technology should bsidered requirements of
the application as well, except where superceded bycgx@guirements given
in this document.

User Characteristics

There are two classes of user, indicated above, éoaplication that is
explicitly defined here.

* Player: The role of the player is to participate in a scgezn
hunt using the application. The player interacts with
application via the software on the mobile units. &hkact
nature of this software is described elsewhere, buides a
browser that can report the player’s location to eeseand
display location-specific content using the class teldgy, as
well as support further functions of the class technosgh
as messaging, active notification, and remote targeting.

* Administrator : The role of the administrator is to initialize the
application with data and put it into a state ready to sti@por
game of scavenger hunt among the players. The adratois
interacts with the application indirectly by preparimgient
that will be viewed by the players during a game and preparing
this content for distribution by the server(s) by addirtg the
database of content that the server(s) draw upon during
operation. The administrator need not have an actiee ro
during the game.
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General Constraints

The general requirement of the application is thatntalestrates the
function of each part of the class technology. Tioeeg the application is
constrained only by the ability of the class technolmgfgnction. The
following outline indicates what parts of the applicatdemonstrate the
function of each component of the class technology lamaé¢cessity of each
component for the application. It is listed by companen

Servers The operation of the application is fundamentally
dependent on the function of servers that use the clas
technology to transmit content based upon the locatidine
client. The ability of players to receive appropriateeslwhen
they near important locations during the game demonstirates
proper function of the servers. The demonstratiohief t
component is inseparably linked with the mobile unit and
database components. The application requires this ce@npo
in order to function.

Mobile Units: The ability of players to interact with servers by
using mobile units to report their location and to browse
content transmitted by the servers demonstrates the proper
function of the mobile units. The application requitgs
component in order to function.

GIS Database Interface The ability of the administrator to
prepare content for the game and store it so thatythma
retrieved by servers and of players to see the prepanteinto
retrieved by the servers from the database demonstrate the
proper function of this component. The application nexgui
this component in order to function.

Notification Tools: The ability of players to be notified,
without requiring active input, when other players are iir the
vicinity and when they approach the location of a clue
demonstrates the proper function of the notification tools
component. This component is not required for the apitat
to function. If this component does not work, the abaoit
players to know other players in their vicinity can bmoged,
and the notification of players when they approack clu
locations can be made to require an active input.
Messaging Tools The ability of players to transmit free-text
messages to each other demonstrates the proper function of
messaging tools. This component is not required by the
application. If this component is not functional, free-text
messaging feature can be removed from the application.
Targeting: The ability of players to remotely indicate a
location and receive from the servers an indicaticthe merit
of its exploration demonstrates the proper functiothisf
component. This component is not required by the apmitati
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If this component is not functional, the ability oapérs to
remotely target a location can be removed from thécgbion.

4.1.3 Scavenger Application Requirements

Gameplay Requirements

The following requirements describe the function ofapplication while
being used by a player during the course of a game of scavanger

Clue Display

The application displays to each player the playaisent clue. The
current clue is defined as the most recent clue receivétkljpplayer that has not
been solved. Clues are solved by going to the hinted dmcatid receiving the
next clue. Because clues are received in a lineawofaséach player has exactly
one current clue at any given time.

Clues are browsable content prepared by the administnadioare displayed
by the application in the manner implied by the use dftdran, meaning that
they may, but are not required to, contain textual orimatlia data, hyperlinks
to other documents, multiple pages of information, or additiplayer
interaction. The exact manner of presentation ofia i left to the discretion of
the developer and may depend on the implementatiore ghibile unit
component of the class technology.

Clue Discovery

The application detects when a player has solved agltraveling to the
hinted location and gives that player the next clue. Ddipg on the
functionality of the notification tools component bétclass technology, this
process occurs either passively or actively. If théioation tools are
functional, the clue is revealed to the player wherehehes the key location,
requiring no input. In the other place, the player alytigeeries the server via
input to the mobile unit about whether he has reached thie&ation, and the
server responds by revealing the new clue, if appropriate.

The application only reveals clues in the correctinerder determined
by the administrator. If a player is searching for chre¢ and reaches the
location of clue five, the application will not reveduie five or indicate that a
clue is present. Similarly, if a player is searchingcioe three and goes back
to the location of clue two, the application will metlisplay clue two to the
player.

Game Completion
When a player wins the game by completing the huatagplication
indicates to all players that the game has been @tetpand displays
post-game browsable content prepared by the administriber exact
manner of indication and display is left to the disoreof the developer.
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Depending on the subdivision of functionality, this regoient may be
dependent upon the notification tools or messaging t@oigonent of the class
technology. This requirement may be modified or cediit a necessary
component is not functional.

Player Proximity

The application indicates to each player all othergaawithin close
proximity to him. “Close proximity” is defined to be withincartain straight-
line range determined by the administrator before the garhe exact manner
of indication (audio/visual, textual/graphical, etc.)a# to the discretion of the
developer.

This requirement is dependent upon the notification tamigponent of
the class technology and may be modified or omitteddapon the
functionality of that component.

Free-Text Messaging

The application allows players to send textual messageach other

during a game and displays to each player the messagesehess. The

method of message entry and manner of message dispddtytesthe
discretion of the developer.

This requirement, and certain of its parameters, suarhah players a
given player may message at a given time, is dependenthpdmction of the
messaging tools component of the class technology. Tqugeenent may be
modified or omitted based upon that component’s funclityna

Remote Targeting
The application allows players to query the value ofeexpy remote
locations and responds to those queries by indicating whisihee mote
location is “hot” or “cold”, that is, whether it idoser to the next clue or
farther than the player’s current location. At tlgcretion of the
administrator, this feature may be turned off for a gamhe exact
manner of indication is left to the discretion of theeloper.
This requirement is dependent upon the targeting componéme ofass
technology. This requirement may be modified or aedithased upon the
functionality of that component.

Administrative Requirements

The following requirements describe the function ofapplication when
being used by the administrator to prepare a scavenger hyofayor

Clue Creation
The administrator is able to create clues of browsadigent and enter
them into the content database from which the sewdriater draw to relay
the clues to players during a game. The exact structuhe drowsable content
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and its entry into the database are dependent upon thea@iisase interface
component of the class technology.

Location Association
The administrator is able to (and must) associate et clue a location.
A player reaching this location results in the clue beavgaled to the
player by the application, provided that the clue is pittie@hunt in
which the player is participating and the clue is the appropriate clue
for the player.

Clue Order
The administrator is able to assign each clue tcaat fene scavenger hunt
and for each hunt, of which the clue is a part, is stb(@nd must) assign
to the clue it's position in the order of clues in thathu

Game Parameters
The administrator is able to prepare non-clue data amededrameters
for games and hunts. Such data and parameters includssbutimited
to: post-game content displayed when a player hasawgame, the
definition of “close proximity” for purposes of playergximity
notification, and enabling/disabling the remote targetingufeaor a
game.

4.2 Campus Tour

The Campus Tour model for which testing will evaluate @giteed to provide location-
based information about various Campus features. Theaseuery information from
the server. The Campus Tour model is designed to takatadesof all of the
functionalities that ROVER provides. The major difiece between this demonstration
and the others is that the data will be compiled frotuaa campus information.

Most major colleges and universities offer prospective siisdée option to tour their
campuses and thoroughly investigate what the school h&feto ®he Campus Tour
Demonstration caters the ROVER unit to conduct such towgimely and efficient
manner. It does this by providing location-based informatlmout campus such as
points of interest, emergency personnel, and the majtatitgs. It offers more

flexibility, not restricting the students to a group, arldvaihg the students to tour at their
own pace.
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The user could have input a query into the Rover mobileamdithave the result
displayed on the output device. All the informatiort tha& user needs will be instantly
accessible.

The ROVER unit also comes with an instant messagingcgefer communication
between ROVER users and a built-in distance measursigrayand the user has
everything they need to learn all about campus easily anébc@bly.

Before ROVER can be tested as a completed productceagbionent must be tested
separately. Prototype testing should proceed in the follpwrder: Module, Integration,
Functional, Performance, Acceptance, Installatiod, Regression. Then, once all
components are in working order, ROVER can be testaduag. Using the UMCP
campus as the touring site, the testing team wilcs@lortion of campus and sample
data about that part of campus. Members of the gettam will assess ROVER's
abilities by walking around within the specified area

The ROVER unit must ensure that all components botpe@ddently and collectively
behave as outlined in the Requirements Specificatiombent. The major focus of the
testing, however, will be to ensure that the semetification, and the mobile units work
in harmony since they are the crux of the system. uhitemust be able to query
location-based information from the server and theesenust be able to dynamically
send new information to the unit.

Data will be input into the Database for the Server toygaed update. During testing,
the input will be dynamically entered as the user walksrad a specific piece of
campus. This input will include the changed GPS coordinatas mstant message.

All information is output to the Browser component.sfirgg must ensure that the
information displayed by the browser is accurate acogriti the current location. Or, if
an instant message is being sent or the laser findeugejrthe Browser component
should display it in a readable format.
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