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Abstract

Typical travel conditions on roads and highwaystsreoming very strenuous, unsafe, and unpleasdnt an
this problem is compounded by road constructionsidents, and accidents. Travel time has become
synonymous with wasted time and resources. Furthernthe ever increasing travel time on the roads i
a source of stress and emotional and health prablem

Acknowledging the importance of reducing travel ginthe USA government has established the
nationwide 511 system to inform travelers aboutiroanditions and travel time estimate between two
locations. Cities, counties and states have aisd to reduce travel time by installing a variefyehicle
location and identification sensors on main roadwayhe computations of this data are transmitted to
drivers for travel time information. Unfortunatelihese traditional methods are very expensivey Onl
principal roads have this kind of equipment becaesanomically is close to impossible to install and
maintain sensors for entire cities.

In the past several years, research on travel ¢istienation using cellular phones has made posiible
implementation as an inexpensive solution to compl& the existing traffic information in some citie
around the world. In this article, the authors wilésent the technical details of how these metlogds

are being used in general for travel time estinmgtiand the general architecture of the cell phone
companies to process the call and the positiomifagrnation.
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1. Introduction

At first glance it appears that calculating tratiele on roads travel should be easy using cellpifame
signals. After all, cell phone carriers are peradly probing the cell phones, obtaining the user
identification as well as the cell phone locatidinis probing is done because the area servicedhdy t
network is divided into many sectors, each of tisarviced by a base station. In order to communicate
with the cell phone, the network must know in whaglea the cell phone is. Moreover, as a cell phone
moves from one sector to another, the call mudtameled over to the appropriate base station, asnsho
in Figure 1. Therefore, the network must always identify arathk the cell phones to perform the hands
over, when necessary. Then, with so many cell phandraveling vehicles, traffic conditions for all



roads would be expected. To understand the reastwysit is not that simple it is necessary to
comprehend the cell phone network architecturethadcellular phone methodology to calculate roads
travel time.
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Figure 1: Cel Phone Handover
1.1 Cellular Phone ar chitecture

The network consists of many base stations thaticeemearby cell phones. The base stations are
controlled by the Base Station Controller, whichtiinned is controlled by the Switching Center. The

Switching Center routes the call between cell psarebetween a cell phone and a fixed telephone. Th

Switching Center also store the identification itds and location of the cell phones for billingrposes,

as shown irFigure 2. A couple of methods to calculate locations aggaired in the next section.
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Figure 2: Basic Cdllular Network Architecture



1.2 Cell Phone L ocation Calculation M ethods

1.1.1 Timeof Arrival (TOA)

After the cell phone transmits its signal strerigtlel, the network reads this level and also meathe
received strength level at nearby base stationenThe attenuation of the signal is calculating by
subtracting the received level at each base stadidhe transmitted level. Since the attenuatiopededs

on the distance, the distance of a cell phone ¢h base station can be calculated. Finally, thiepbeline
position is calculated using the triangulation noethvith computed distances at three nearby statams
shown inFigure 3. Unfortunately, the attenuation is also dependerthefreflections, diffractions and
multipaths occurrences. The typical accuracy of timethod is method about 50-200 m (Openwave
Developer Network, 2002).

Figure3: TOA Location Method

1.1.2 Angleof Arrival (AOA)

In this method special arrays the antennas aralliedtat the base stations to calculate the dordtie
signal is coming from. Then, two stations are eiotagcalculate the location of the cell phone, lasam
in Figure 4. This method has an accuracy of about 50-300mr{@aee Developer Network, 2002).

Cell phone

Figure4: AOA Location Method

1.1.3 Assisted-GPS

This method uses the GPS satellite system to edéche position of the cell phone, assisted by the
network, which has a GPS receiver with a known timsiand clear line of sight to the satellites
(Motorola, Inc., 2001). The assistance takes thepbex location calculation off the phone. The
methodology is shown iRigure5. Its accuracy is 5-30m (Openwave Developer Netw20k_2).
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Figure5: Assisted-GPS L ocation M ethodol ogy

2. Methodology

A typical traffic provider network architectureseown inFigure 6.
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Figure 6: Typical Traffic Information Provider Network



The cell phone providers’ network is tapped foradat files (Smith et al, 2005), containing idemtfiion

of the users and the position of their phones. Anoration is the first step of the process to prbthe
privacy of the users (Smith et al, 2005). Then @ @b the vehicle positions is obtained, as shown in
Figure 7. These calculations are done in the carrier presmgith equipment that belong to the traffic
service provider.
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Figure 7: Cel Phone Position Tracking
Then the data is send to the traffic service prawvidr more processing.

The positions are then correlated to a map to asshge position to a segment of a road. The ditfyonf
assigning a location to a road depends of the sotivat provides the location (Cayford R, 2003). A
location given by an assisted-GPS method may hageeuracy of 15 m., 50m for a 911 call, and 200m
for a TOA-AOA radiolocation method. Therefore, degimg method used to obtain the mobile position,
there may many possible road segments where thdamehlly is. For example ifrigure 8 the black
triangle indicates the position given by the céibpe network, which is not necessarily the actedll c
phone position. If the position was obtained byigtssl-GPS the cell phone is ifi*35t. or 11" Av. If it
was obtained by the network and it is a 911 cadl in 10" Av, 11" Av, or 2" St. But if the position is not

a 9113é:all and the network used the TOA-AOA mettwodbtained it, the cell phone could be in any road
but 13" Av.
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Figure 8: Cdll Phone Position Range



Furthermore, even if their position were accuraedyablished and associated to a road, there may be
many possible routes between two consecutive pasigadings for a mobile, as shownFigure 9. In

order not to use much bandwidth, the network catmasismit location reading continuously, so if d ce
phone is moving at 45 mph it would travel 600 maeetn two readings 30 seconds apart.

Figure 9: Possible Routes Between Two L ocation Readings

In order to estimate the traffic conditions on thads, road traffic providers using the cell phamethod
use complex algorithms, statistical methods (Feldetaal, 2003), driver behavior models (Cayford R
and T. Johnson, 2003) and data from many cell phone

3. Finding and Conclusions

Travel time calculation using cellular phones hasadation with travel time obtained by other ttéaatial
method, such as loop sensors. A typical graphicafmad segment of 200 meters as a unit is shown i
Figure 10.

The figure shows that both data are similar in tlighaffic conditions, less than one second (15%)
difference. At heavy traffic conditions, the diféeice is up to seven seconds (60%). The travel dinae
segment with many units segments is calculatingudiging up the travel time of their units segments.
Because a unit segment with heavy traffic will @bly incur in larger differences than unit segments
with light traffic, the travel time difference beden the data from cellular phones and sensor ladps
depend on the ratio of number of unit cells undgrtltraffic and the ones with heavy traffic.

Some traffic information providers evaluate thejstem by measuring only the absolute difference
average of their data versus another traditionatesy such as sensor loops, and they may claim an
absolute average of 3-5 mph difference for segmeéftier computing the speed for the segment, the
above graphic shows an absolute average differeh6emph in speed. However, it provides individual
results up to 15 mph difference.

Traffic information obtained from anonymous cellulghones has been making inroads in the traffic
information market by offering a system implemeiotatof months instead of years and 1/10 the cost of
traditional methods. Some cities around the woadehalready implemented this method. However, the



validation of this method in the USA may be estli®#d after analyzing the real-time data in projects
already in progress in some American cities.
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Figure 10: Comparison of Travel Time Calculation Using Cdlular Phones and L oop Sensors

References

Cayford R (2003), “Method and system for electraitic determining dynamic traffic
information”, U.S. Patent 6,560,532.

Cayford R and T. Johnson (2003) “Operational Pataraaffection the use of Anonymoues Cell Phones
Tracking for Generating Traffic Information”, Trggmrtation Research Board (TRB) Annual Meting.
Feldman et al (2003), “Method and System for Maugland Processing Vehicular Traffic Data and

Information and Applying thereof”, U.S. Patent N6&/,781.

Motorola, Inc. (2001), “Overview of 2G LCS Techngies and Standards”, 3GPP TSG SA2 LCS
Workshop, London.
http://www.3gpp.org/ftp/workshop/Archive/0101LCS/B3PDF/LCS-010019.pdApril 2006

Openwave Developer Network (2002), “Overview of atben Technologies”, pp5.
http://developer.openwave.com/omdtdocs/locatiordistisdk/pdf/Intro_to Location_Technologies.p
df, April 2006

Smith et al (2005), “System and Method for Prowvdifraffic Information Using Operational Data of a
Wireless Network,” U.S. Patent No. 6,842,620.

Authorization and Disclaimer

Authors authorize LACCEI to publish the papersha tonference proceedings. Neither LACCEI nor the
editors are responsible either for the contenbottfe implications of what is expressed in thegoap






