A Look at the Evolving Classroom:
Wireless Data Communication and Mobile Satellite Communication

Benjoe A Juliano, PhD.
Anxizerni Profeyser of Campreser Science
Coastel Cavoltna Untversity, P. O. Box 1954, Comway, SC 29326, U S A
Tel (803) 349-2i44 » Fax (B0} 349-2435 a Jullanoi@ onstaledh

Stephen J. Sheel, P D.
Assoviate Professor and Chair of Computer Science
Coastal Carafina Univeraity, P. €. Bax 1954, Comway, 8C 20526, I S A
Tel (B03) 3492081 e Fax (803) 349-2455 « SteveS@Coastal edu

In this paper, the muthors describe potentinl apphications of wireless data cammni-
ior1s ancd amobii} " i hrod med 4t ; i educati
The motivation behind this work is that the technology now exists for providing today's
students with not oaty better sccess to sducational facilities, but alzo nstantsmecus con-

and productivity as well us tive educational opporhamities for tomormow's citizens.

1. Imtroduction

The technology now edists for providing today”s studaents snd anplayecs with not only better accasx to aduca-
vances in wircless commmmications systems - of which cordless phonea, pagers, and cathiler telephones sz some of
the most fenilisr exarmples - snd itx integration with mobile satellite commmmicstinns hrve made this possible.

A. Wireleas Data Communication

There in an ermergmg shift from a world where talephone subacribers ace constrained to comemuirmcate sver
fixed telephone Limes (o & world where the tetherless snd mobile comomamestions covironment has become a reality
{Pabluven & Levesqus, 1954} Today's amaller wnd mare powerfiil personal digital westumts (PDAs) are coming
it with the capahility to srpport wircless data transmission with modams implemented on o Parsonal
Memory Card Hnternational Associution, & PCMCIA, card (Moeller & Sisgal, 1994; Moeller, 1995h). Deapits the
progress within the past several years, there continnes to be » growing demand for better, clearer, and cheaper wire-

Wireless data petweorks fall in two forms; mobile date retwork and wirsleas local sres networks (WLANS.
The chief characieristios of three of the five or so currently available mobile dets networks that provide packet data
gervices are surmmarized in Table 1.

ARDIS, formed by I5M spd Motorola, ia & two-way radin servioe first implemented in 1983, The acrvice s
autabie for fwo-way trarefers of data files of size less than 10Kb (256 byte timsmission packets), wod mmnch of its
e is in sapport of conpuner-aided dispatching, such 24 7y uaed by ficld service parscome], often while they are on
custnmers” premise. ARDIS supports poctable conmmonications from inside buildings as well as on the: streed
These sre achicved by overlapping coverage arces, combimed with designed povwer levels and sror—correction cod-
mg it the traosmission format  Transmissicn rate is ut 9.6K bips, to be upgraded to 19.2K bps by the end of 19935,
Curmem coverage ia over 90% of the ULS. population.
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RAM Mobile Datn Netosork uses Ericsson MOBITEX, duta techmalogy. BAM iz o naticrwide, inteecoanacted,
trunked radio natwork devslopad by Ericason and Soredish Telecomm. ‘While the MOBTTEX system was designed
to carry both woice and data sarvices, the 1.5, and Canadisn netwiorks are waed to provida data ssrvice only. The
transmission rate i3 8K bps and the service ia suitsble for file transfers op to 20 Kb (512 byte transmission packets).
Both MOBITEX md ARDIS vse packet-switcdring tackminmes to allomr nmitiple ussrs to socess the sgme chenned st
the zame time. Also, both prowvide in-baikling and mobile commmications coverage.

Takle 1. Thisf charecteristics of three mobile datw sexvices
(adapisd from Pahlsvan & Levesqoe, 1994).

Symtern: ARDIS MOBITEX CDPD
Channel Bit Rase
e, 192 8 19.2
Upte Upto 2410
Packet 1 engh 256 byees 512 bys 928 bits
Open Architectire No Yes Yes
Carrier Private Private Public
. Major Mctro, Major Metro. 30 Major Cities
Servics Coversge AreasinU.S. Areasin US. nUS
i H I -
Type of Caverage & Mobile & Mobils Mickile

* Antamatic geritching to analog celhilar, if wvailable and required.

The Cellular Digital Packet Dists, or CDPD, symem is being designed to provide packet data services in an
overlay to the existing snalog celular slephone network.  CDPD i bemg developed by IBM 1o collaborstion with
nine cellolar carriers: McCaw, GTE, Contel Cédluler, AmeriTach, Bell Atlantic, NYNEX, Pacific Telesis, Scuth-
western Bell, and US West,  CDPD's compatibality with the exdsting cellolar kclephone system aflows it to be in-
stalled m any snnlog ecilujar systam in North Americs, thus provading data services: that sme oot dependent pon
suppent of & digital celllar standerd in the service wres. Transmission rate isvup o 19.2K bpa. mended spplica-
tions for CDPD acrvice inclnde: edectyome mudl, delivery tracking, imveniory control, credit card verification, seco-
rity reporting, vehicle theft racovery, traffic and weather advisory seyvioss, snd o potentially wide ranpe of infoatne-
tiom retrieval services. As of thia writing, COPD provides mobile comnmnicafinns coversge: m-binilding is nat
pusrantsad, bat systems neally sovitch sutomatically o analog celhiler in these cases.

On the other hand, WL ANz nae either Licensed celluiar, imlicensad sprasd-spectrum, or diffused end direct-
beam infrared tachmologies. The techaology used at o site depends on the requined data trangmission rate, transomis-
sicn range, mobility, snd other fastors, Spresd-spectrum systems provide fie largest coverage andt are sitable for
spplications where penetration through building walls nd floors in desired. Tranvmission range is betoresn 100 to
800 fieut. The evolving next peneration of WLANE is designed to be incarporsied into Laptop, nolebook, mud pen-
pad computers, where sigmificant reductions in size i power consempion are needed {Sentanaria & Lopez-
Heynmudez, 1994).

B. Mobhile Satellite Commeunication
Satellite commumications for mobilks applications has only recently flourished (W, Miller, Pritchard & Pick-

koltz, 1994). There are 8 manber of globel sateljite systems for mobile commumications. One of them s the Global
Positioning System, or GPS. GPS is a constellation of satellites thet ocbit the earth twice a dey, ranamitting precise
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timipg infeamation. The primary purpose of this system, which diffrs from the commumications purposs of otber

satellite systeqps, is for mobiie location or position identification. There are 21 active xod tree spare satellites, cach

10,500 milca sbowe the eath. Transmisons may be collacted by ary GPS receiver at no charge ot any howr. Re-

ceivers transionn these signals ineo latitnde-longinude-altitade information, o sy other farmat that nts the user's
licati

GFS reveivers listen to 34 smellites af ¢ time. Each asellite transmits two signals: 2 C/A-tnde signal for
workiwide civilis wse, and 3 P-code signal for 1.5, militery use only. CfA-code i= g spread.-spectrum signal broad-
cast at 1575.42 MHZ, Ithmmwmmddmmm.mﬂiummmmmm
time interierence. GPS receivers use thess captived signals to determins the position of the recsiver based on the
campsed distance: fromn the sakellites. Position and velocily indoomation are quits acourste st C/A-code srors of
lesy than 25 meters for the former and 5 meters/second for the Leter

Commercial snd potential applications of GP'S contimas o grow et & rapid pace, o addition © comrmmica-
spruced up for ol and gas rigs, utility installations, trecking for law-enforcement sgencics, when and regionsl plan-
ning, date collectiom, workiwide scarch and rescuc, accorate swvey and mapping, as well as harricane identification
and relief. This intercs ia prigily due fo the location acouracy on the earth surface, and the decrenzing costx of
GPS recsivers (Wu, Miller, Pritchard & Pickioltz, 1954),

C. Information Systeynn im Education

Edacational institntiorn rely bexvily on campus-wide infwmnation systems. These systems tend 10 be clanifisd
ss either academic or administrative, and in most cases, both. Some exsyplen of these systems inchade payroll
There ere slso sducationa] matitotions thet disserninsts information throvgh stadent-rm radio or $levision stations,
electronio bulletin board syatz=ma (or HBSa), and even remote host dial-up aceeyy.

Ii i« this information explosion, coupled with advances in coummmications techmology, that spewned a growing
interest in divtance learmizng. Using two-way, imeractive audio-video equipment, classes can be beld remotely, pos-
gihly even via saellite. Tlis ix bighly supported by the incressing availubility and affordability aof fillly inesprated
two-way data, voioc and video services on the same communications channe]. The same teckmology is being nsad
m the medical field. In this scenario, doctors at remote locations from each other can share andfor demonstrate new

Another important issa: is the growing demand & have acoess to the Internet. In some states, this # now being
provided at the middle achool Jevel. Students are being exposed to electronic scarchey and the World Wide Web at
a stcadily growing carlier stage in their academic life. Similarly, graduste stadents, rescerchers, and facalty also
damand mch access to facilitats their research and sven conduct collaborative work remotefy. The wse of such ex-
tended information aysiens are beswring comacnplace in the carmicalum & Internet resotses contioes to Improve
and become more sccesaible {0 everyone. :

Deapitc afl this availahle technology, there is still an apparent need t0 mprove existing information systems m
aduation. Az masting tedmolopy matures and new discoverics surface, we will coutiooe to witness changes in the
cvolving classroom, :

IL. Communicwxtisnr Tocheslogy and Information Systemy in Educatien

Within the [ast few years, educators and employers heve been excited about the potential of Comprer-Based
Edueating wmd Training or CBET (Remhardt, 1995). Thres new technologica, quickly roskimg thewr way imto our
clasxrooms, are making this possible: natoorking, mmbavadio. and mobility. Metworking consists of local s pet-
works (LANE), wide-area networks (WANs), and on-line servicas. On-line servioss glse molude acoeas to the
Iotemet and searching through the World-Wids Web. Multtmedin combines analog and diges] vides, 20 andfor
3D snimation, sudio, hyperlinks, and others. Tn instihstions wheyw this is evailsble, mobility involves on-line com-
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In addirion to the argarization sod ayout of commeoting cables, existing wired LANs afien require exima space
for wirmg. Simoc WLAN technology allowa data transmisaion: through walls imd floors, there would be no pesd 1o
semp cable comnections end waste affice/classoom space to sccommodate netwocked computing cquipment. Wire-
Jess optical netwrorks could also be ueed if compmunications privecy within the office ares is detired  Infrercd zig-
nals have limited range and do not penetrabe walls, This transmiesion cdmology is more popularly used for bow-
spoad rxnote-cootrol and short distence wircless connections between the Leybaard or mouse md the terminal. It is
alao used for in-office data tranefer batwean FDAS aod host computers. Clesly, WLAN sechnology fecilitates tran-
:limnmu:h. Such networks that are saxy to set-ip and digmentls, finrdy Seable and cdendible, and benee sm-

1o mamtan.

PC Waek magazine™s section on Mobile Compmtmg i wp-to-deté on the intest in winelass compmmcations.
These inchade significan: advances and their affacts, say, to the office (Decarln, 1995) md business (Moellar,
19953) sxrviromynents. Cmw of the most mieresting moves is that towerds the "virmal workplace™ AT&T Gicbal
Information Schrions enpvisions thiz s o integration of notebooks {moleding mobile PCS and paripheenls, LAN
wod PCMCIA cards), communications products, network services, application softwars, mnd support services (De-
carlo, 1995). American Airlines is using wireless tecimology for cusiomer service that provide: res]-time datsbase
access {Moeller, 1995a). Soom 30 be available s “smart phanes™ (Miveller, 1 99/5¢), phones with FDA-like foe-
tures {e.g. LCD ecrean and nots-taking coapability) thet combiie veics, orgenizer, md other capabilitien. Netorork-
ing compenies wre £lao recognizing an increasing demantd for wireless service and are conetamtly ryimg to improve
the service snd support they provide (Moeller & Sisgal, 1994; Moeller 1995%; Moeller 1995¢; Moeller 1995d:
Moeller 1995).

A The “Virtual Classroam™

The American Council on Educstion hax released the results of iy Canpus Trends 1995 surverr (Roberge,
1995). The wy four trends me for the next five years were reportesd a5 follows:

Table 2. Percentage of inatitutions reparting these changes ag “very Lkely”
(adapted from Roberge, 1995).

More courses through distance Jearning £7%
Class assigmments submitted dectromically 36%
Registration by telephone/compuier 35%

Thia cleerly ndicates 8 growing swareness of techoological advances and their potential for improved, new waws of
leaming and teaching. Tt also supports the incorpocation of networking capability, mulh:mﬂum and mobility
with exising irformation systems in education.

Simaler wehmological changes in the corporate affice should be expected in the clasmoom as well. The class-
room ia evolving imto & “virtual classoom®™. ' We have witnessed stwlents maoving from the iraditional peper note-
book, to the laptop or chectronic aotebock. Soon, we will ace “smart™ subnotehooks with wircless data comemmi~
caticn capabilities i the classroom. These will be amilar to the “smat” phooes by Nolds and IBM (Mocller,
1995¢), in that they will also feature:

- Note-taking capabilities - Intermet access
- Relodex - Fmdng

The: same piece of equipment could be ned for taking down potes, for sobving problems and assignments, for ac-
crssmp m-canpus iformation systems (be it scanching for library materials or registering for a clxss in the coming
semagter), fior sending e-mail to matructors (poasibly for toing I aesigoments), and for meny cther functions.
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B Lessons Learned frown Desiguing a Vehidle Trasling System

Working a5 consultants for Signal Oriented Location and Information Systems (SOLIS), Inc. of Myrtle Besch,
South Carolit, the sxbors devaloped 3 prosiype winelsss commwmacations systern for vehicle tracking (Tuliann &
Sheel, 19958). Constrained by a limited badget and 2 tight schedhile, the sucrassfully implamented prototype is ca-
pable of ransmitiing meszages ant vehicle locations from a mobile wmit for resl-time commamication and digital
map display at & central dispetciing office.

The syatem usag Motarcla RPM 405i radio packst modems to send ind receive messages on the ARDIS net-
wark and Magellan ATV.10 OP3 receivers for mobile vehicle locatica.  Perhaps one of the most interesting charac-
teristics of this systern iy that it was developed from off-the-shelf components. The system is coat-cffective, and »ll
flexible enough i deliver high-quality service {Juliano & Shesi, 19952 Tuliano & Sheel 1995¢). Itis the experi-
ence the mithors had in developng thixs system that prompied them: to look st poasibie applications in aducation,
based on the issues presswmied i the previcis paragraphs. Fignre 1 below ilhistrates the different components of the
SOLIS system s s they relase w0 ope arother,

Figrare 1 S0LIS sysiem disgram (from Julisno & Sheel, 19958}

Omne ivpportant iten o note, thouagh, ia that some compenies providing grods or servioss m the wirsless o
are charging ridiculousty high prices. This will most likely change an competition becomes tougher. On the mean-
time, the guthors neatize that ofi-the-shelf components coald be used o develop such systems. For example, 4 3vs-
termn similar ko the prototype system developed by the anthors was prrchased by the city of Minnescta from a com-
pany called Guidestar (Pesce, 1994). The system tracks 80 of their 1000 qty buges  There are also o ftw kioaks
city paid $5.5M for the whols system. In comparison, the prototype developed by the suthors bas soniler fseties at
& fraction of the cost!

Althongh the tracking ability using mobile satellite commummicutions does not reatly fit in the classroom scen-
arjo, satellite commamication will xrease the range ot witich two-way wineless commumication can be achieved.
Integrating this with the “virtual classroom™ will provide better commumication between teachers and stidents,
This i coe of priary goals of NASA's Advanced Commmanrations Technology Satellite, or ACTS, program
(NASA, 19954},
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