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Abstrace: The dasign of a high-teck wirdlens vehicle tracking
and management system it presended by the cuthors. The
aystem is designed for the traruporiation industry. In
particular, the authors discuss the application of the systam
for the management of a fleet of school buses. Other possibie
applicatiors of the underlying technology are also discamed

Introduction
Wireless telecommuonications truly is the wee of

the futurs. This technology is available 1o us todsy, There
has been an increasing number of articles reparting on
praducts aimed for this oarket This trend not anly
afficcts the next generation of persanal digital assistants, or
PDAs, but computer chip design a5 well, While mos

 there aeems to be a growing interest in the vic
of radio networls. Radio packets ssern to provide faster,
maore vergatile, more accurste, and more
coverage than Cellular Digital Packet Data technology.

Working as consuhants for Signel Oriented

Location and Information Systems (SOLIS), Inc. of Myrtle
Beach, South Carolina, the authors developed & prototype
wircless communications gystern for vehide tracking,
Constralned by 1 lisnited budget and e tight schedule, the
succeafully implemented prototype is capable of
tranymitting messages and vehide locations fram a mobile
unit for real-tdme communication und digitat map displey
at a central {dispatching) office.

The Transportation Industry

This prototype system was orlginally designed to ba
weed by a dispatching office where real-time {icteractive)
monitocing of vehicle positions is required. It nses the U3,
Department of Defense's Global Posltioning System (GPS)
which is a constellation of satellites that orbit the earth
twice a day, tanmmittiog precise timing informaciea,
These transmixsinns can be collected by any GPS receiver
ut #io charge and at sny hour. Purthermore, GPS
technology provides not ouly vehicle positions i several
formets: geodetic (Jatitude-longitude), Universal
Transverse Meroator {northing-easting), X¥Z Cartesian

Earth Centerad Earth Fixed, etc. These devices alac
provide additional deta such as altitnde, hesding, speed,
and more. All this is wrailable to the dispatching office,
enhancing overall managensent of a fleet of vehicles,

Last November 1994, Carclyn Pesce wrote an articls
in USA Today highlighting » smart bus system
impletneritad by Guidestar ot Minnesata. The §6.580
pmject invohved installing GPS vaceivers on 8} of the city’s
1,000 busex. The camplate syatemn also indudas o few
Kasks (information booths) where commuters can
determine the eqtimated time of arrival of their buses. ‘The
protoiype system developed by the suhors vses the same
technology designed from off-the-shelf components.
Consequently, based on the wuthors' experlence, a fimilar
srstem could be developed at a fraction of the cost paid by
the city of Minnesota,

Monitoring public transpartation systems (buses,
taxis, vehicles for rent, eic.} is just one of the possible
applications of such tracking systems, There ate trucking
companizs, bath here in the United States and in Europe,
that utilize similar systens. For example, Rockwell Colling
Avionics and Communications Division in Cedar Rapida,
Lowa, provides such a systern called GEO-NET 2000. It is
United Scates. Most, if not all, of these systems utilize
cellulir communication mther than redio packet
transmission which st this fime effectively reaches
9 percent of the population of the United States.

A Look st School s Safety

Every public schoot dixirict across the United States
in confronted with the problem of effectively managing a
fleet of schood buses. Horry County, South Carolina,
which maintaios a Geet of 287 school busey, is no
cxception. Consequently, a vehicl: iracking system used
munage the school bses, would be beneficlul to system
adminisirators in many ways,

In 1993, Richard Green end Thursiao Hatcher
wrote an article in Cherleston’s The Posr and Courier
emphuasizing the need for a system thet automatically
notifies the appropriate authorities of any changes to s
schoal bus driver’s Public Safety Department recorda.
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The problem, they said, was that despite the fact that
school districts check drivers records betwesn pne to four
times a year, they do oot always learn shont viclstions
until Inng after they happen. Because of this, there i a2
possibility that one of the achool bas drivers on the roads
today onty recently received a violation.

In a resent wkphone interview with Tobn Dozier,
Director of Safety ang Information for the state
Depatiment of Education's Division of Support Services -
Transportation, the statistics deacribing school bus mfety
in Horry County for the 1993-1934 schoal year {the totl
namber of buses includes both ronte and spare buses) was
discussed. These fgures are given in Table 1.

TARIEZ ]
Breskdowm of School But Accidents
that Qcanrred in Horry Couaty,South Caroline
in the School Yesr 19931904

TABLE 1
5chool Bus Safety in Horry County
and the State of South Carnlina,
in the 1993-1994 School Year
School Rus Safety  Horry County Starte of South
. Caroline -
‘Total number 67 5,965
afbuses
Total numbsr 22 (i rd
of accidents
Bua driver's ' 11 k)
fanlt
Other driver's 10 295
fault
Bath driver's - 1 s
fanlt -

Duorier informed the aothors that Greenville
County had the mast namber of achool bos accidentx af all
Sonth Carollna counties. He alve pointed ot that the
22 recoried accidents for the School Year 1093-1994 in
Harry County could frther be claslfiad ua partlined in
Table 2.

The data from the Division of Support Services slsa
indicates that the most common schoel bus accidents are:
L. Improper backing
2, Imptoper tarning
3. Failure 1o yiell to right- of- way
4. Too fast fay road conditens
5. Improper possing
&. Impraper use of left on center lane
7. Bus versus bus

Daxier clarified the last category of accidents 21
those that invabee bwo school buses, These kincds of
accldents genemally accar in the parking lot.

The datn from the Division of Support Services also
indicates that the most common schoo] bus sccidests are

Natabus 21
Crther velticle:

Bos 1

22 bas

accidenty

in 15
Horry Sex .
Coancy 7

Female

Male

Regular 18
Substitute

Green and Hutcher's artide in Charlestan's The
Post and Courier alw indicated that some schoal busey
wiound the sinte have been equipped with video camerus to
monitar student hehavior. They indicated that this has,
soniewhat, made the drivers aware that they could be
under sccutiny as well,

Dozier indicated that the Brequency of bus
accidents where the bus driver was ot Eult, relative to the
number of miles driven, & doss to the frequency of
accidents for the avermge driver oo the oad. The nations]
average for cases where the bug driver wes ut fanlt, is one
accident every 192,210 mileg. The Sonth Caroline figures
for the 1993-1994 School Year Is oot accident every
100,330 mitles. One solution to this problen wonld bea
real-time manageoient syitenm.

Managing » Flect of School Boses

How could such w system as that developed for
SOLIS, be integrated into a typical school bus management
scenriof The overall esmp could be configured s
depicted 1n Figore 1. _

(1) Buses aquipped with GP'S receivers can collect
date from GPS mtellites regurding their current location,
speed, hewding, pte. This information is transmitted every
second and so the most recent date is always oreilable

(2) Parthermore, buses aiso equipped with
witeleds radio packet modems will bave the capubility to
transmit GPS dao andfor mesiages theongh the ARDIS
{joint venture of Motorok and [BM) radio network.
ARDS & currently the largest racdio network in the United
Stetes,

(3) GPS dats and memages tanamitted through
the ARDIS network cun be reczived by destination sites,
also equipped with wizeless radio packet modems, Any
pertinent povitional information can be displeyed on e
digitized map Jor precise location of vehicles in a Heet.
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Furibermore, two-way wirdess communication
can be gchieved between any remote vehicle and the

This systermn also can be configured so that
stucdenta can be notified if their bus is approaching. To do
this, radio packet modemns in the buses will be
programmed 1o broadeast their current poxibonal
informarion at regular intervals. Registerad suhacribers,
using radio packet modems and a computer terminal at
homne, can then receive these transmissions and display the
information on the computer screen. 'With this
arrangernent, sbadents can safely wait indoors for the
arrival of their school bus. This way, students are not only
tiken off from the side of the rosd,they do not have to be
out in case of inclement weather,

Omne of the interesting features the authors had on
the prototype system they developed is the capability to
switch between real-ime monitoring of vehicles or silent
tracking. In the first mode, a vehicle's position is displayed
on a digitized map as a blip at regular intervals, This
interval is initially set by the monitoring office and cn be
modified remetely simply by sending an appropriate
message to the bus: all this without interfering with the bus
driver's functions.

In tracking mode, the digital mep does not need
to be displayed. All GPS information transmitted viz
ARDIS is simply recorded into a log file. Thiz file can be
“replayed” as required to show the route taken by a
particular bus. Logged GPS dats includes the time each
data value was received. This, combined with the
corresponding positional information, provides precise
Ibcation at variows time intervels of the day. The accuracy
of this information depends, of course, on the frequency of
tranemitting poditional data from the boses. Since GPS
information xlso includes the vehicle’s speed, the log file
may 2l be used to systematically check for any speeding

Discussing further details on the prototype and its
implementation is beyvond the scope of this paper. Readers
who are interested in pursning these technicatities may
refer to the anthars' poblication Listed io the References.

Discussion

School bus accidents oconr from 4 variety of
reasons. Whatewer the accident, implementing such 2
vehicle tracking and communication spstem provides
instantaneous commumication for use in case of an
emergeocy. Drivers will be able to report any accidents
along with a precise Jocadon of where it occumred. A
digital map can further pin point the location of the
accident so that immediate assistance conld be notified
and sent. This tracking system also facilitates remuote, real
time monitering of bus drivers sa that ane can abseyve
driving habits. Hopefully, with such a system, bus drivers
can be warned abont any observed behaviar thereby
avoiding bus accidents.

[t is possible to integrate the system with that

used for the Public Safety Department's meornds. Drivers’
names {or their licanse numbers) can be matchad in 3
databuase with the nmumbers for the radio packet modems
om the buses they drive. Alternately, the driver
information can be matched with the radio packet sodem
numbers of their supervisors. Any change in their Public
Safety Department records, whose system would aiso
require the use of radio packet modems, will result in a
message antomatically sent to the cormesponding number.
This measage will update the respective supervisor of any
recent changes in n driver’s public sfety records.

A similar approach can be done with truck driver
information so that their supervicors glsn become swars af
any violations.

Other Possible Applicstions

Communication is en assential slement of any
community’s infrastructure. In the business community it
can be the factor that promotes growth or sccentuates
decline. Technological advances in communication
revolutionized the way the United States conducts basiness
at home and abroad. More snd more people are nsing
facsimile machines, pagers. ctc. Despite all this, there is
still a need for greater and better commupications
capabilities ta nyset the needs of husinesses in today’s
“information era.” For examyle, the same wircless
technolngy can be ured to get the latest stock market
figures. Internet connection would alzo provide electronic
mail and access to workl-wide databages,

Figure 1

Conclosions

The benefits of a wireless bus management system
include, but are not limited ta
» real -Hme tracking of all school buses conpected 1o the
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systern and the routes gach bus is using
« real-time tracking of ench school bus and their trwvel
speed; and
» instantaneous data/message tranamission and
commumicalion.

The authors feel that implementing sach a system
would facilitate monitoring of a fleet of school buses and,
consequently, improve school bus safety. &
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From the Editor

This is the fourth annual isaue of the Coasinl Business Review ag published by Coastal Caroling Univerdty’s
E. Craig Wall 5¢. School of Business Administration and Computer Scietce. We have made svery effort in the hope that this
fnie will be as well received as the previous isanes bave been.

Thin year we have provided an outlet for mesningful and Interesting ressarch with a varied range of articles f£om anthors
Jocated it South Carolina wd the Sontheast,

'We have articles of ioterest to a broad range of Sonth Carolins and Grand Strand buosinesses. Our Jewd article may be of
particular interest to entrepreneurs ne it discosses 3 vehicle satellite tracking spstem deweloped by two professors at the
E. Craig Wall 5r. School of Business Administration and Computer Science and u Jocal entrepreneur using rendily available
software.

‘We would like to mvite readers of this journal to submit 4 peper for possible inclusion in the 1996 edition.
I thank former aditer Jack M. Kendrew, IT fior his invaluahle assistancs in hedping guide e throngh this 1995 edition.

1995 Editorial Review Board

Robert B. Burney — Finance
James F. Bsaon — Accounting

Robert D, Nale — Management
Dennis A Rauch — Marketing

T

The dendline for sabmissions for the 1996 edition is December 15, 1995,
. The maximum length of papers submitted should be 20 doulle-spaced pages.

Please submit material to:
Constal Buslness Review
E. Craig Wall 5r. School of Businest Adwinistration and Computer Scietce
Coastal Caroline University
P.O. Box 1954
Convmy, South Caroline 29325

{03} 349-2643
FAX = (A08) 545-2455









