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Building a Transportation Information System
Using Only GPS and Basic SMS Infrastructure

Ruth E. Anderson, Anthony Poon, Caitlin Lustig, WeayBrunette, Gaetano Borriello, Beth E. Kolko

Abstract—This work consists of two main components:
(a) alongitudinal ethnographic study in Kyrgyzstan that
demonstrates the importance of transportation resources in #
developing world and how to plan for an appropriate ICT
solution, and (b)the results of a proof-of-concept system
engineered to create a bottom-up, transportation information
infrastructure using only GPS and SMS. Transportation is a
very important shared resource; enabling efficient and effeove
use of such resources aids overall development goals.

The system, *bus, involved the development of a hardware
device (a *box) containing a GSM modem and a GPS unit, that
can be installed on a vehicle and used to track its locationThe
*box communicates via SMS with a server connected to a basic
GSM phone. The server runs route a prediction algorithm and
users can send SMS messages to the server to find whenus b
will arrive at their location.

The paper discusses the system and early testing, as weltlzes
development implications for a range of urban and rural
environments where transportation is scarce or inefficientand
where a central authority or institution is not in a position to
provide robust information resources for users. We describedw
the solution is also situated within technology usage patterns
common to the developing world.

Index Terms—ICTD, transportation, information services,
mobile phones, GPS, SMS, Kyrgyzstan, developing world

|. INTRODUCTION

TRANSPORTATION of goods and people is key to economigunded transportation authorities.

Kyrgyzstan, a developing region with poor infrastture and
limited resources; consequently, the findings iis fraper are
extensible to other selected developing region$ \Wnited

resources, fragile road infrastructure, resourgestained
central government authority, and ad-hoc transfiorta
resources for both inter- and intra-city transport.

Il. TRANSPORTATION AND THEKYRGYZ CONTEXT

A. Background on the Transportation Challenge

Transportation has long been recognized as having a
impact on economic development. Factors such \sdslef
investment in transportation have been shown toehav
positive impact on economic growth [1] [2]. In the
developing world, the availability of safe and ablie
transportation can have even broader implicatioNst only
does access to transport improve access to masdls
mobility of workers, but it is also critical to thémely and
affordable delivery of services such as health eddcation,
can serve to empower vulnerable groups by incrgattiair
independence, and is key for maintaining social
networks [3]-[5].

Along with providing access to transportation, st also
important to provide potential users with infornoatiabout its
availability. In the developed world, users catenfaccess
information about most bus and train scheduleslyeash
printed schedules or web pages maintained by dintra
In some casssys can

and human development. This paper discusses tieéw real time updates on the current location arpected

development of the *bus system (pronounced “Stdjbus
transportation information system that uses GPSYIG&hd
SMS technologies. The *bus system was developed
response to transportation challenges experienced
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arrival time of their bus or train via web, phoe,SMS/text
message [6]-[8]. However, when a community lacke th
ifrastructure to provide such information resosrqeotential
Users can find themselves unable to take advantfge
whatever (limited) transportation resources arélalvie.

B. Methods

The background provided in the rest of this papdrdsed
on several years of research in Central Asia byGbatral
Asia Information and Communication Technologies (CR
project at the University of Washington. Our resbahas
included multiple periods of ethnographic reseanciuding a
design ethnography, interview studies, and a londigl
survey in four countries of Central Asia.

Ethnography has been conducted since 2000 andlesla
team of US and Central Asia researchers. Fieldsnated
photography are both used to document findingsveSur
results are based on a nationwide survey of 10§foredents
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in each of four countries (Kazakhstan, Kyrgyzstiajjkistan,
Uzbekistan) of age 15 and older, administered 062@007,
and 2008.
information for age, gender, ethnicity, and geobrajocation

to be places where the marshrutkas stop. There ffitial
schedule, so riders are not always sure how loey thill

The survey sample was based on cen$e to wait. Sometimes buses are full and will stop, and

then riders have another unknown stretch of timewsit.

as released by each country’s government. The wurvRoutes can shift slightly, and because stops aten of

includes multiple urban and rural sampling locagioand it
was administered in Russian and other
languages. In addition to the general sampling reehea
three-stage process was used to select respondents:

demarcated by landmarks rather than actual roytingsrs

regional/locaometimes have to guess what route a bus willtaget from

listed landmark A to listed landmark B. Overallgthystem
can work well if one is traveling a familiar routeat does not

« probability proportional to sample size of Primaryget too crowded, but if one travels at peak tinoesff hours,

sampling units (PSUs);
« consecutive random sampling of households in deten
PSU; and

« selection of a household respondent using a Kisid Gr

method.

The survey is a general social survey that asksriassof
guestions about technology usage, as well as irstom
gathering habits and patterns of trust and contideBecause
Internet usage rates in the region tend to be tbe,survey
was not designed to target Internet users speltyfichut,
rather, gauge general trends among the overalllptqio.

C. Inter-city and Intra-city Transportation within Kyrgyzstan

Kyrgyzstan is a small, mountainous country in Canisia.
Its population is about 5.5 million and concentilate the
capital of Bishkek in the north and in the heawlyricultural
Ferghana Valley in the south. The country has datybubble,
with the median age of 24.2 years (for comparigbe, US
median age is 36.7). The population is defined &%
literate; ethnically the population is largely Kym(64.9%),
followed by Uzbek (13.8%) and Russian (12.5%).

Since independence from the Soviet Union in 199

Kyrgyzstan has struggled economically. Unemploymisnt
high and about 40% of the population lives beloe ploverty

line [9].
Personal vehicle ownership rates are low, and t
population depends heaviy on shared and publ

transportation for inter-city and intra-city tramsfation. Cities
have taxis and an independently operated bus sylstemn
as the marshrutka systemlarshrutnoye taksi is a Russian
phrase for ‘routed taxicab’; the marshrutka sysiema shared
taxi transportation system that runs on largely-gictted
routes but without standard schedules; the standasdis a
mini-van that seats about 15 and with standinggragss can
fit 25 or more. Fares are 8 som (about US$0.199rbeBpm
and 10 som (about US$0.24) after 8pm for centtglrautes.
The drivers are often independent contractors g®syd to
employees of a municipal or national transportatiathority.
Bus routes are part of local knowledge, and legr@simew
route is challenging even for a city resident. Nenal routes
are marked by placards placed in the front winddhié the
bus, with the rough routing listed as major stoplpndmarks.
As buses whiz by, people try to glimpse the liststbps
written on the placard to see if the bus is goingtheir
direction. Quickly identifying an appropriate manstka is a
challenging step when a new route is being attetnpibere
is a lack of official bus stops, and people standreas known

or wants to get somewhere new, the system carukedting
to navigate because there is no clear pathway tieegdhe
information relevant to a rider.

Marshrutkas operate on inter-city as well as iwitg-
routes. In Kyrgyzstan the inter-city system is tigkly
transparent, if not especially efficient. In order travel
between towns, one goes to the bus depot wherehmégkas
are lined up. In Bishkek, the bus depot is large arell
signed, with destinations labeled on placards angver the
bay where the minibuses are parked. In smalleesithe
depots can be parking lots on the edge of town.

At the Bishkek depot, drivers stand in front ofithguses
with microphones, calling out their destinationttb@ crowd.
There is no departure time listed, and drivers wit leave
until the bus is full. If your destination is a pdar one, you
may not have long to wait. But if you are headed wmaller
town on a not particularly well-traveled route, yoould face
a significant wait before the bus leaves. It issth&inds of
inefficiencies that make the system ripe for tedbgy
assisted solutions that could disseminate infolonatd users

and prospective users of the transportation infnasire.
i

"l“-: W& o

i r ! i .
Figure 1 A bus depot in Bishkek with marshrutkas and car taxis.

In addition to the bus depots, there are also rimdoemal
ways of traveling between cities. In neighboringbblistan,
for example, if you want to travel and not take theses
(which can be overcrowded and perilous on the nmont
roads), you can travel to an acknowledged sitetherncase of
the capital Tashkent, this is a subway stop futthiesthe
direction in which you want to travel. Or, in Tagkan, a
mountainous country with limited public transpoidat
resources, you similarly go to an established pkaog look
for a driver headed in your direction; at timesstnérips can
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last for days. There, drivers with cars congreglaeking for
passengers to fill up their cars; some driverspaoéessionals,
some are there to help defray the costs of geltorge (often
after delivering agricultural produce or visitingatives).

The characteristic these countries have in commaod, that
they share with many developing countries, is thlaared
transportation often happens outside the realmradtimnal or
metropolitan transit authority. This means theraascentral
body coordinating or allocating resources to engffieiency
or at least moderate attempts to meet the neecizgins. Our
research considered how, under such circumstanmes,
might aggregate and disseminate information
transportation options to make it more efficienetiective for
both riders and drivers. Another way of stating pineblem is
how might one build an information infrastructuoe & shared
public resource when a public government (or
centralized authority) is not positioned to do bk — either
because of resources, will, or because the resdtgel is
decentralized and largely part of the informal sect

D.Personal Technology Use in the Region

The rate of personal ICT usage in Kyrgyzstan isilaino
many developing regions; that is, computer andrgieusage
remains relatively low and has seen slow growttr ¢ive past
3 years, while mobile phone use is growing at aarable

abou!

other

As Figure 3illustrates, approximately one third of mobile
phone users report using SMS; interestingly, thisiber held
rather steady between 2007 and 2008, unlike overabile
adoption numbers. This rate of SMS usage is latgar those
using their phones to find information, and thecpatage of
people using their phones to connect to the Intetaereased,
but is so low as to be irrelevant (4% in 2007, 1%2008).
There are information numbers one can call in Kgsgign to
get information about local businesses, so it issjiie for
mobile phone users to seek information via voice.
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Figure 3 Activities people engage in with mobile phones

The issue of Internet use is especially key topheicular
solution this team has created. Survey findingth@region

rate. AsFigure 2shows, the mobile usage rate in Kyrgyzstalustrate that not only is mobile usage nearlyeftimes that of

has grown from 21% to 71% from 2006 to 2008. Durtimajt

same time, Internet usage has grown almost imptiobep
Even in neighboring Kazakhstan, with a rapidly depimg

economy rich with oil and gas money, Internet sshdlding

flat, with only 19% of the population reported ageknet users
in 2007 and 2008. And even though computer usebed

from 29% to 43% in Kazakhstan over the same tiraené,

Internet usage showed no increase.

The rapid increase in mobile usage is not unique
Kyrgyzstan, and adoption of mobiles in and of itgel not
enough to establish that a mobile solution is thst mavenue
for a transportation solution. However, in additim mobile
usage, what we also see in Kyrgyzstan is that peag their
phones for personal calls more than business dalyy, are
using SMS in measurable amounts (about one-thirdsefs
use SMS; se€igure 3), and they areot using the Internet as
their primary mode of ICT access.
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Figure 2 Personal Technology Use in Kyrgyzstan.

Internet usage (see Figure 2), but even when pedple
identify themselves as Internet users, their madalsage is
very different from that of the developed worldhi§ point is
crucial, and it feeds directly into the *bus systédaveloped as
part of this study.

In a city like Seattle, for example, extensive mfiation
about public transportation is available on thesinét, and
people access this information either through aprder or a
fyobile phone. Information about bus routes, timesfares,
re-routings, etc. is available on a comprehensivé aser-
friendly site. However, this model of informatioeldery is
predicated on the reality that most users of theesy have
regular access to Internet resources. The perceofdgternet
users in the US is estimated at 85%, and over dfalhose
users are connected on a regular basis [10]. Iyygtan,
however, even among Internet users, the majorgigrteusing
the Internet once a week or less (Ségure 4. Meanwhile,
mobile users use their phones on a much more frédpasis,
with 89% reporting using them at least once a day.

What this means is that developing and deliverimghaust
information delivery system that relies on peoplavihg
Internet access in order to take advantage ofrfeemation
resource is a fundamental mismatch between a tésgynand
user habits and abilities. Recognizing what agguadhstitutes
an “Internet user” then, in many parts of the depilg world,
helps to better envision an appropriate technodgiolution:
delivery of information via mobile phone-based SMS.

In addition, it is worth noting that mobile phonsage rates
are significant among rural as well as urban pdmpnia. As
Figure 5below illustrates, mobile usage is not only ananrb
phenomenon. In many ICT and development situatithese
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is a gap between rural and urban users. In thiggrave have
taken care to include the usage behavior of botlarurand
rural populations in order to develop a solutioattiwill be
appropriate for the broadest swath of users.
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Mobile Use - N | InternetUse - | Computer Use
=712 N =149 -N =280
B Everyfew weeks or less 2% 16% 20%
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Atleast once a day 89% 26% 41%

Figure 4 Frequency of technology use in Kyrgyzstan, 2008
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Figure 5 Urban and rural use of technology in Kyrgyzstan, 2008
** = p<.001 based on Chi-square test

E. Design Ethnography Findings Regarding Transportation
Challenges

transportation worked was in stark contrast to fudblic
information resources available in many developedntry
communities, and because transportation was clearly
fundamentally shared resource in these settings.

As we continued to analyze the findings from thsigie
ethnography, we found the following: (a) pricinguss for
marshrutkas were not a concern, however the faitdirthe
marshrutka system often meant people had to tade wdich
were seen at prohibitively expensive, (b) safetgl aacurity
were issues, especially for women, and this related
uncertain routings, riding at night, uncertain \ivejt times,
and buses that would be full and unable to take new
passengers, (c)learning new routes was seen agirggu
(d) there was some confusion over how much infoionat
about routes was available either through mapsbney and
(e) inter-city travel, especially, often created level of
schedule uncertainty.

Among these issues, the ones that stood out asiparty
addressable were making the shared ride systemeffarient
so that riders would not be forced to default te thore
expensive taxi system, and increasing informatiearaness
to give users the mechanism by which they couldeizse
their personal safety but still make use of thereatharide
system. Although the *bus system currently focuseséntra-
city travel, the development impact is perhaps ewsre
significant  for inter-city use where long-distance
transportation resources are even more scarce.

Research into transportation information systemstha
developed world turned up municipal ride shareesystsuch

During the summer of 2006, the CAICT team conductegs 511 Rideshare in California’s Bay Area whicloa# riders

design ethnography work in Kyrgyzstan to betterarathnd
people’s habits of technology use within their peed
communities, as well as the pain points of everytife;
which might best indicate potential solutions thexerage
those preexisting technology usage patterns.

Four groups participated in the design ethnograpiw
multi-generational family groups, and two groupsyofung
people (18-25). Interviews were conducted in dranrarea,
and a smaller, regional town. At each site one lfaamd one
group of young people were interviewed. Intervievasered
issues related to technology use including Inteamet mobile
phones, challenges of everyday life, and sociavoes. In
particular, interviews and questionnaires focusedpatterns
of reciprocity of goods and information exchangéhini the
groups, as well as whether any technologies weesl ue
facilitate such exchanges.

Findings from the design ethnography indicated meobi

phones were extremely important to participants, that both
voice and SMS played a daily role in people’s live the 12
participants in the study, only one did not own abite
phone.

Transportation emerged as one of the significanblem
spaces for our users. Although for most peoplgeneral
sense of lacking information resources outsideaatfilfy and
friend networks was prevalent, the transportatgsué was of
particular interest because it generated animatscussion
among our users.

and drivers to find one another; robust informatiesources
available via the Internet include bus locatioromfation, and
mobile-phone based systems (e.g., in Scandinaiaf t
provide up-to-the-minute schedule information sopde can
time their arrival at their bus, tram, or traingsto

I1l. DESIGNING ANAPPROPRIATETECHNOLOGICAL SOLUTION

We designed a system with the goal of improvingeasdo
transit information for potential bus riders at @&nimum of
cost to users and without requiring the assistarfiGe central
authority.  For our solution, we chose three enggti
technologies appropriate for Bishkek (and for mwththe
developing world as well) and augmented them with hew
components we developed. We describe these emgihee
components later in Section V. The existing tetbgies we
used were SMS, GPS, and GSM, all described below.

A. Short Message Service (SMS)

SMS, also known as text messaging, is a protocol to
exchange short messages between mobile phonessy§lam
uses SMS as its primary communication mechanisme W
chose SMS for several reasons. As discussed ino8etD,
mobile phone ownership and text messaging is comimon
Bishkek. Text messages are perceived as relaticlebap,
costing anywhere from US$0.01 to $0.06 to send ssag®e,
and for many plans it is free to receive messag&ell

This was the case because the wayerage in Bishkek is also excellent, and the tgupverall
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has good coverage. Good urban and rural cell egeeis
becoming the case in much of the developing world.

Additionally, in the ICTD community, SMS-based didns
have proven robust, flexible, and valuable to rpldti
communities [11]-[13]. Work such as Frontline SM8da
Warana Unwired demonstrate that information dedéidevia
SMS can have a tangible, positive impact on indiald’
lives [14] [15].

Although the mobile web is a compelling solutiormsp for
some, our research in Kyrgyzstan and elsewheragtirnthe
value of solving for cheaper devices and more Vigght
technology solutions that dovetail with technologgtterns

and provides the querying service to riders. Thaseboth
described in more detail later in Section V. Thalgof the
*bus system is to track buses’ GPS coordinates@piovide
users an SMS messaging system that will tell thémanaa bus
should be arriving at their location.

The *box is a low-cost vehicle tracking solutiomthitilizes
GPS satellites to locate *box-equipped vehicleg thox
hardware includes a GPS device and a GSM modem
integrated into a single package that just requaréscal SIM
card. The GSM modem allows the *box to send SMS
messages with the GPS data to the server, takivengape of
the widespread GSM cellular phone networks.

already in place. Text messages, as opposed taeerrich On the back end, the central server continualljectd the

mechanisms for distributing information, such advpages,

GPS location data from all *boxes and stores @ idatabase.

can be supported by cheap and ubiquitous phonddie server consists of a laptop computer connetbec

additionally, because of the way the mobile phartegrates
into how people already get information in theiilyléives, it
is a better solution space than Internet-basediress [16].

B. Global Positioning System (GPS)

GPS satellites transmit microwave signals to GRBivers
that use data from the signal to determine thetimeaf the
receiver. Our system relies on information prodidy GPS
satellites to determine the current location of dsus
participating in the system. GPS was chosen ovkero
methods of location determination, such as
triangulation [17], for its high level of accuraeywithin 8-10
meters, and its appropriateness for outdoor ugzgécularly
in rural areas or urban areas with few tall buidgirand mostly
wide streets. Although GPS units continue to desmein
price, they currently are only included as parhigih end cell
phones. Thus, our system attempts to minimizentimber of
GPS units required by allowing bus riders to leger&PS
units in buses to “tag” locations they are intexdsh querying
about in the future (seé.B.3)). In this way, we are leveraging
an expensive piece of technology that is rare éncthmmunity
(GPS enabled phones are not a significant pamefiarket
in most parts of the world) in order to make itpatailities
serve the needs of a larger group. In the *busesysinultiple

mobile phone capable of sending SMS messages atd th
serves a gateway to the SMS services. The sepes dot
need to be connected to the Internet, and thecgeddes not
require cooperation with mobile providers. Pot@ntbus
riders can use their cell phones to send SMS quédoehe
*box server and receive transit information in @%ge.
Initially, the system will just support riders' qgies for transit
arrival times, but it has been designed to be yaspanded to
handle more complex activities such as route plapror
registration for notification of bus location upést

V.ENGINEEREDCOMPONENTS

Each bus driver participating in the *bus transation
network will need to have a *box device installedtaced on
their bus with them at all times to allow riders receive
updates on their expected arrival times. At least server,
connected to a cell phone, also needs to be ruratialj times
to receive location update messages from *boxed@adcept
and respond to queries from users. That servebedacated
anywhere in the country with cell coverage.

A.*box

1) *box Driver Interface
The *box was designed to require minimal interactigth

individuals can make use of the capabiliies of GPge pus driver. In order to use the *box, the erignly needs

technology despite individuals not owning their ogl@vice.
C. Global Systemfor Mobile (GSM)

GSM communications is the most popular mobile phone

network standard. Most mobile phones, includingsth
commonly used in Kyrgyzstan, are on GSM networks.
2005, the GSM family of technologies had more tHah
billion subscribers, more than the total numberlm&rnet
users world-wide [18].

IV. PROPOSEDSOLUTION

The overall architecture of the *bus project, shdvetow in
Figure 6 incorporates the three existing
mentioned above with two new components.
engineered components are: a GPS vehicle tracking*tox
pronounced “Starbox”) and a back-end server thgteagtes
the location of the *boxes, runs a route predictidgorithm,

to turn it on (using a button located on the sidey then enter
a route number using a keypad as shown below ior&ig.

The selected route number is displayed on a sn@D land

stored locally on the *box to be appended to eadatlon

update message sent to the server. A versioneotligplay

and button labels is under development in Russiah Gan

easily be adapted for other languages.

technologies
These
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Figure 6 Overview of the *bus System

Figure 7 Prototype of the *box. Note the golden pigtail
connectors on the top of the box to allow easy attachment of GSM
and GPS antennas.

2) *box Internals

In addition to being able to accept route numbées av
keypad and display the provided route number todtfiner,
internally the *box must also be able to determiadocation
(via GPS satellites) and send a time-stamped SM$hédo
server. For our prototype device, we chose thé Gd1862-
GPS module. We chose to implement the *bus systém
this very compact module because it provides a tmst
solution with the additional convenience of combiGPS
and GSM capabilities on one chip (Jagure §. Because no
additional work is necessary to interface the GR& @SM

The notion of a route number is a good fit for th&omponents, developing on this chip is relativéhge. The

marshrutka system in Bishkek where buses haveosges
(although no set timings along those routes), bugid by
numbers displayed in bus windows. Changing roigtetone
easily by typing in the new route number. We dedido
require drivers to specify their route via the kagpnterface
rather than forcing the server to do the more diffi job of
attempting to determine it automatically based tmn path of
the bus, although this is also a future possibility

One could imagine a simpler device including a harded

route number, although we chose the keypad and LCD

interface for our prototype to allow for ease o$titeg on
different routes. The *box was designed to opesilyedo
allow for upgrades of the internal components arahging of
batteries, or inspection of device internals taalfears of
riders or drivers. Drivers can turn the *box ofhien not in
service and safeguard the privacy of off-duty mossets.
Since we would expect deployment models to buildrirer
accountability, we do not consider theft to be gomeoncern.

We built three prototype devices at a cost of abhéB$200
each, although we believe mass production wouldgbthe
cost per box closer to US$50. In the future, aS@PRabled
cell phones become less expensive, the functigraflia *box
could potentially be replaced by an applicationning on a
driver's own cell phone.

Currently, the holder of the *box, in this case thever or
private company that owns the marshrutka, wouldebthe
cost of the text messages sent out from the sys<temgroup
has considered cost, and the barrier it presentdaption.
Increased efficiencies may or may not be significamough
for an individual driver to adopt the system, thdre are other
entities that might sponsor such a system for ygeskiding a
newly formed transit authority, mobile companiesickhare
counting on increased SMS traffic from users, oe th
employing marshrutka company deciding to adopsistem.

Telit module communicates with the keypad via gaher
purpose 10 to obtain the driver's currently selécteute
number and stores the number in memory. An ATMegal6
micro-controller is used to coordinate the commation
between the Telit chip, keypad and the LCD. The ued
continuously obtains its GPS location informatisani GPS
satellites without any action by the driver andomp this
information along with its currently selected rowmember to
the server via an SMS message.

B. *bus Server

The primary purpose of the server is to accept SMS
messages coming from *boxes and bus riders, amiloess
them accordingly. System requirements are intaatip
minimal: a laptop or desktop computer running \eaJartual
machine and a MySQL database, connected to a phone
capable of receiving SMS messages. Lower system
requirements allow the server to run using olded &&ss
expensive hardware (such a system may cost aro@%200
to $300). To minimize SMS latency, it is recommedhat
the phone connected to the server be on the sdinmeetgork
as the *boxes, although this is not required. $bever does
not need to be connected to the Internet, fadiigatits
deployment in areas with low Internet connectivityOur
prototype server was implemented using MySMS [,
application framework built on top of SMSLib [20MySMS
provides a transport layer, allows SQL queriesifioations,
remote code execution and rapid application deveéoy to
be executed over SMS.
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Figure 8 *box Internals.

The server is responsible for handling the follayvigpes of
requests which arrive via SMS messages.

1) Location Update Messages from * boxes
Messages sent from the *boxes to the server hage
following format:
I LOC, <GPS- obt ai ned-t i me>, <GPS- obt ai ned-
| ocati on>, <bus-i d>, <r out e- #>
The bus-i d field is the unique identifier assigned to eac
individual bus that is equipped with a *box. Weuklbexpect
that bus drivers would display this bus id (in aigdi to their
route number) in a way that it is accessible tensd Riders
will need the bus-id in order to associate a hama lbcation
(described later iB)).
The server records this information in a databaseu$e in
responding to user queries.

2) Arrival Time Queriesfrom Users
Information gathered about the current locatiorba$es in

the system could be used to answer a variety afiegie The
server continuously receives and replies to SMSigsidrom
users. Potential bus riders simply text to a sp&tius server
telephone number, and the server responds by seadiSMS
back to the user's phone number. The most basimple is
to ask the server to predict the arrival time of thext bus
travelling on a given route number at a given larat

NEXT <route-#> TO <l ocati on>

The server replies to the user with a SMS predictin

Next <route-#> arrives to <l ocation>

at about <estimated-arrival-tinme>.
These examples demonstrate the types of queriesuport
in English, but the exact format and language @ohanged.
The system has been designed so that it can aggepés and
push out information in alternate character sefts this case,
in Cyrillic to support both the Russian and Kyrdgmguages.
While some issues related to a multi-lingual sgcipbse
significant challenges (for example, when a usedse& query
in a mixture of two languages), the system can bdified to
support linguistic variation.

3) Geo-coding Requests
We expect that there will be some locations fretgkrby

many users that will have well-known names. Thear
potentially be associated with GPS coordinateiénserver’'s
database by the server operator. However, the Syatem
was designed to work in scenarios where little orgeo-
coded street information exists. The solutionhis problem
is that we allow the clients to geo-code a locatimm the fly,
by using the GPS equipment already installed orflihses.

When a user wants to be able to refer to theirecuirr
location in future *bus queries, they can assocateame of
their choosing with the GPS coordinates of theiatmn; they
do this by becoming a secondary user of the GPth®bus.
The user can instruct the server to associatelatraay name
to their current location by waiting until a bugiaes at that
location and immediately sending the following Smgssage
to the server:

STORE <bus-id> AS <ny-| ocati on>

bus-i d is the *bus id of the bus that has arrived atuber’s
location. In this case, then, a user’s locaticat $the knows

nly by street name is now given GPS coordinatask to
%e GPS receiver on the bus. The server takesub's BPS
coordinates at the time that the message was sat
associates it with the location name specified thy tiser.
hSuch geo-coded locations can be retrieved in thedibased
on the location name and the user's phone number.
Associating location names with phone numbers misve
naming conflicts between users, although other reelseare
also possible whereby location names can be shdtkdther
users, thus organically growing a set of tags flaces of
common interest. User tags could also be usecette maps
in regions where few maps exist. This is espaciatportant
in Kyrgyzstan where the street names changed after
independence from the Soviet Union and a combinaifamld
and new names are used. The *bus system coulddxz to
map streets in a way that is comprehensible toesldents
regardless of which naming system they use.

VI. PROTOTYPEDEPLOYMENTRESULTS

We have implemented prototype versions of the *box
hardware and the server software. In this sectiengdescribe
some preliminary data collected on the technicalopmance
of the system.

We deployed a *box on several buses in the Unitsersi
District area of Seattle. The *box sent SMS messdg the
server containing its GPS coordinates at an inteofaone
message every 30 seconds. Based on this dataether s
composed a model of each of the routes. We weeeested
in examining the accuracy of our basic route prtémhc
algorithm as well as the amount of time requiredusers to
receive a response to their queries.

Although we have not yet field tested the system in
Kyrgyzstan, we have been careful to base the eegide
solution on technology that will work in resourcenstrained
environments. Specifically, fieldwork over the y®ahas
demonstrated to the research team that cell cosearad SMS
latency in Bishkek is consistent with that expecih in
Seattle. Additionally, the relatively open archtteal space of
Bishkek means that GPS readings will be easierht@aiio.
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Traffic patterns in the two cities are, of courd#éferent, but
the route prediction algorithm deployed (see nextisn) can
be modified based on local traffic conditions.

A. Route Prediction Accuracy
1) Route Model

Much research has been done on route predictiaritdms
for public transit and vehicles in general (e.dl]]2 For our
prototype, we implemented a simple algorithm basedhe
concept of building a model by merging togethertipld runs
of the route. While one could imagine an impleratioh that
requires the server to be pre-seeded with detadésl of GPS
coordinates for each route, our method providesathentage
of low setup costs for the *bus server, as no gexition is
required to enter routes into its database. Forthee,

prediction models can be made more accurate by interg

additional runs of the route, and more models farying
traffic patterns can easily be created. More silated
algorithms can be used in future versions, suobnas which
automatically account for varying traffic flow aage tolerant
of changing routes.

We use our route prediction model to provide resperto
user queries about when the next bus travelling aertain
route is due to arrive at a particular locationo make this
prediction, the server takes recent coordinates fourrent
runs of the route and the location entered by tber and
attempts to find these points in the model. Theetbetween
the corresponding locations in the model providegstimate
of the amount of time until the bus arrives at th&er's
location.

The accuracy of these estimated arrival times dipem
two things: first, the fidelity of the model to thmath of the
route and secondly, the timing similarity betweée toute
model and the buses whose status is being quefieel model
fidelity is largely determined by the number of jusiin the
model. A point consists of a set of GPS coordmated the
GPS satellite-provided time of day that the datantpwas
measured. Accuracy of data points should be guaitel (GPS
accuracy is within 8-10 meters). Thus, data pooaiected
for earlier runs on a given route should provideaaourate
picture of where those buses were at the time geali

Number of data points collected per route is deirgeoh by
the frequency that *boxes are configured to sermhtlon
update messages to the server. More frequenidocapdate
messages incur more cost and put more load oretivers so
it is desirable to keep this frequency low, yetth&nough to
give accurate arrival estimates.

Figure 9 below shows a plot of *box location datawing
the level of accuracy provided by different updatessage
frequencies. As the figure shows, in general, sgndpdate
messages more frequently is more likely to createdel that
follows the actual path of the route. Particuladyound
curves and turns, less frequent updates can maseeih as
though the bus has cut a corner.

(a)PIot of the acquired GPS data for the Wholeeou
(approxmately 3 mlles) (Google Earth)

GPS data

(b) Detailed view of the plot of acquw
(Google Earth)
Figure 9 Accuracy and resolution of GPS data collected at
different message send intervals: red — 10 seconds yellow — 20
seconds, blue — 30 seconds, purple -40 seconds, green — 60
seconds.

One option is to first produce one run with fineamularity,
for example, a location update every 10 secondkis Tan
also be done manually to specify the exact patthefroute.
The method we employ takes points from multiplesrohthe
route and combines them to produce a model wittatgre
resolution than a single run. Thus, more runs efsduime route
contribute to overall accuracy of the prediction.

In order to provide accurate estimates of arriviales, a
route model must also reflect the timing charastes of
buses whose status is currently being queried. ekibent to
which this is true depends on multiple factors. @®rbus
system such as the one in Seattle, where theresedrstops,
and drivers are expected to arrive at stops atngtimes,
variance can be caused by factors such as weather o
unusually high traffic. In Bishkek, although manskas
follow set routes, there is no schedule of any.sdtus, we
would expect that there might be a wider variamcérings
for buses in Bishkek. Collecting timing data franore bus
runs and using an algorithm that incorporates tifnday and
day of week would help to improve accuracy in tase.

2) Prediction Accuracy Results

We deployed *boxes on portions of two Metro bustesun
Seattle and collected data for four runs on eadhexfe routes
for a total of eight runs. The distance traveles\# miles on
one route and 2.8 miles on the second. Each rosisted of
an average of 11 minutes of collected data. Wthikerunning
time is shorter than the length of routes we waoargect to
use the system with, it allowed us to collect erfodgta to
test and provide a proof of concept.

To examine the accuracy of our preliminary routedjtion
algorithm, we did the following. For each routes ehose one
to three of the four runs to create a model. Theairing runs,
which did not become part of the model, were tbai® a bus
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in motion and we ran our algorithm to generate iotemhs
about those runs. These predictions were madivioto six
simulated user locations per route, and when the \bas
anywhere from one to nine minutes away from thaiutated
user. We provided the algorithm with the modetjnae to
treat as the current time of the system, calculabgd
subtracting the expected prediction value from #wotual
arrival time, and a set of location updates prmtthis time,
accounting for location message delays (see VI. B)e
compared the prediction generated to the actudhgirdata
gathered for that run for a total of 547 measurameherror.
The error in a prediction is the absolute value tlo¢
difference between the actual time it took for a buarrive at
the destination and the time predicted by the mod€&he
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mean error from our predictions was approximatelfigure 10 Mean error in the predicted arrival time, plotted by the

94.9 seconds, with a standard deviation of 83.Dredz  As
seen in Figure 10, the amount of error in the mtémh
increases with the amount of time the bus actuallpway
from the user. The error can be understood asopion of
the actual time to arrival of the bus, with the m@aoportion
equal to approximately 37.9% with a standard dewiabf
32.2%. For example, if the bus will actually aerihat a
destination in 10 minutes, we can expect the ptiediof this
arrival time to be, on average about 3 minuteset®isds off.
In addition to the accuracy of our model, the antairiime
required for SMS messages to travel through thevorét
both those giving location updates and those froseru
interaction, also affects the accuracy and use$sing bus
arrival time predictions. We examine these facbhaiow.

B. Message Latency

1) *box to Server Latency

The accuracy of a particular prediction dependdath the
accuracy of the route model and on receiving anteand
thus accurate, location update from the bus whtsissis
currently being queried. Ideally, the server wouldve
instantaneous information about the exact locataina
moving bus at the point it receives a user quenuathat bus.
In practice, the server must base its predictiontlom last
location update message received from that busth Bee
configured *box frequency of sending updates ang dalay
in that message getting from the *box to the seaféects
accuracy of information about the current bus liocat

Latency of SMS messages can be affected by a yaofet
factors, such as cell phone network congestionnasig
coverage for the *box or the server, or the neecfessages
to cross networks. We recommend that the *box ted
server be on the same cell phone network, as tleeg im our
implementation, to minimize this delay.

actual time to arrival (both axes in seconds).

We examined 381 messages sent from the *box tegheer
to measure this latency. The average latency, unedgrom
the time it was sent by the *box to the time it waseived by
the server, is 19.96 seconds, with a range of MDteeconds
(standard deviation of 10.3 seconds). We consikisr an
acceptable latency for our particular applicatioAlthough
these measurements were taken in Seattle, fieldaoek the
years has demonstrated to the research team thabeerage
and SMS latency in Bishkek is consistent with that
experienced in Seattle.

2) User Query Latency

Queries return information to users in the form af
estimated time (e.g. 5:30pm) that a bus is expectedrive at
their location. The usefulness of this informatidepends
upon both its accuracy and how quickly it is readrto the
user.

Factors affecting query processing latency inclusierver
load, cell phone network load, and system limitadion rate
of SMS message sends.
message latency in the previous section, we worddigt the
roundtrip time for the user to receive a responsieir query
to be the latency of two SMS messages (assuming sjpent
at the server is negligible), or approximately Z4rands.
Considering that the typical usage scenario wouwdtlrn
predictions on buses several minutes away, we denshis
latency to be acceptable.

VII. CONCLUSIONS ANDFUTURE WORK

The *bus system is a direct response to an artedla
problem in the developing world, and it takes irdlose
consideration technology usage patterns and tecbpol
infrastructure  available in such resource-conségin
environments.

The system recognizes that information is valuadohel that
the lack of information inhibits certain kinds ofogvth and
efficiencies. However, there are not always cerdrahorities
or institutions with the resources or motivation gapply
information infrastructure for citizens, and theusbsystem
provides a mechanism by which decentralized opesaiba

Based on our measurements of
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transportation system can create information ressurfor
themselves. It is also a system that uses mohilentdogy in
a way that does not require the direct participatid the
mobile provider, thus cutting out one potential riear to
adoption. Finally, *bus enables community use dfiregle
GPS system to allow for user-generated geo-codinth®
environment.

Next steps for *bus include testing in Kyrgyzstanearly
2009. Our goal is to test both intra-city transation in
Bishkek, and inter-city transportation elsewherethpps in
another country. Although the *bus system has Haagely
built out with the concept of urban transport inndhi the
development impact for rural areas is conceivablene
greater. In areas where distances are long, rémied, and
vehicles intermittent, a system such as *bus cdudde
dramatic implications.

Future work on *bus includes examining possibiit®uch
as incorporating some way to indicate the capasfityuses or
allowing communication between drivers and
particularly for longer inter-city routes. A rieh set of
gueries may be developed that allows users to sbbsto a
notification system, so that they only need to send SMS
message to the server in order to receive sevesalabrival
time messages. Another potential expansion isltavalisers
to share tagged location data. Further investigainto
making the system more scalable by using multipenes per
server for high density areas and by running sttests is
needed. Lastly, because the current system igl@as&SMS
usage which generally requires a certain literaeell, further
work could explore the possibility of voice interés.
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