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ABSTRACT: the development and implementation of low-cost and

high-efficiency detection system based on AVI technology for link travel

time estimation are presentd in this paper. It includes the hardware

implementation of the system utilizing RFID(Radio Frequency

IDentification) technology and a field test where approximately 500

probe-equipped vehicles are deployed to evaluate performance of the

system.Thesystemhardwareconsistsoftwotypesofroad-sidebeacons
and in-vehicle units. The first type of beacons broadcasts an inherent

identification number referring to its location to the probe-equipped

vehicles. And the other type of beacons collects the identification numbers

and passage times from in-vehicle units. The in-vehicle units record the

identification numbers with passage time from the first type of the

beacons. The probe data via RF from the probe vehicles are obtained for

a five-minute perid and accumulated in the traffic information center

through the beacons.

1. INTRODUCTION

Advanced vehicle detection systems utilizing AVI technologies such as

RFID(Radio Frequency IDdentification), Image Processing GPS(Global

positioning system) on the traffic networks is useful for a variety of

traffic engineering applications from traffic flow managements to

transportation planning. Traditional detection methods have relied on

mechanical or electrical devices on the top of, or embedded in the

pavements. These systems are relatively expensive to install and hard to
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maintain, and are limit€d in their capabilities, especially for Wide Area

Detections Systems(WADS).

Among those AVI technologies, RFID-based Wide Area Detection

Systems(WADS) have receivd considerable attention since the

RFID-based systems can be implemented at the lowest-cost compared

with other AVI technologies. Table 1 illustrates a comparison of the

proposed RFID systems and GPS systems for infrastnrch:re built and

maintenance cost.

table 1 A corrparison of GPS and the proposed RFID system (unit : $ )

< Assqtlm >

. f of no& in tc (f rpde/I(m) : 50,m I]e vdi:la (l%) : lP'45J
. ID Bcamn : $625 ID B€8m incellatim cd : $90tr3 tr-vcbicb mit : $60
. IDs @llcctd bea@ : $ &83 its in*aUstin mt : $8833,

I of IDs @Uector tar.r : 1096 ol lD-bans
. witds micaio fe: 0fqrt/tndra x 6,4&ed(a/hmth = Sl44;

wirod micitim fe = $83'3

For high efficiency of the proposd system, it uses two different types of

beacons niounted on an overpass or an utiliff pole or traffic slgnal lights

to communicate with the probe-equipped vehicles passing on the roads.

the first type of beacons called a ID beacon broadcasts an inherent

identification number referring to its location to the probe-equipped

vehicles, and the identification numhrs are recorded in-vehicle units with

passage time. And the other type of beacons called a IDs collector beacon

collects the identification numbers and passage times from the in-vehicle

units. The probe data via RF from the probe vehicles is obtained for a
five-minute period and accumulated in the traffic information center

through the IDs collector beacons. These data are converted into average

probe travel times for each interval. Figure 1 shows the system

configuration.
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figue 1 Proposed system configuration

The paper is organized as follows: the following section contains

;;J-fi;;" ot u"=i. operations of the- systems in details. The next two

;tt"". ;" a"rot a-to- iuiA*ur" implementation and experimental

validation of the systel. 
-1.tre 

tast section summarizes the results and

draws conclusions about the system'

2. DETECf,ION I,I]DEL

These systems are composed of four major components: ID beacons'

In-vehicle units, IDs collector beacons, Analyzer. The ID beacons installed

in the intersections of a traffic network transmit signals to In-vehicle

units, i.e. broadcasts a location ID number to the probe vehicles' And

then In-vehicle units only receives and accumulat€s location ID numbers

fromthelDbeaconswiththepassagetimeswhenaequippedvehicle
drivesthroughabout40-S0metersofthelDbeacons.ThelDscollector
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beacons are designated to catch signals short periods of time from

In-vehicle units, i.e. collects information on driving history from the probe

vehicles, when equipped vehicles drive through the IDs collector beacons

mounted on the roadside in 1 to 2km interval. The IDs collector beacons

are also connected to a Traffic information Center. The probe data via

RF from the probe vehicles are obtained for a five-minute period and

accumulated in the traffic information center through the IDs collector

beacons.

2.1 Systen Conponents

This section describes the schematic diagrams of maior components of

the systems and their characteristics.

2.1.1 ID beacon

ID beacons broadcast their own location IDs in order to locate vehicles'

positions. It includes(specifications included)

r wireless antenna and transmitter
o22 llhz operating frequency(S channel, 0-10mW)

o 4-bit micro computer to store an ID and to control transmitter,

o Data bit rate of 4800bps

o rechargeable back-up battery

o Operating temperaturei -20-70C

Its schematic diagram is shown in Figure 2.
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SoId
FC adaPter

figure 2 schematic diagram for ID beacon

ThereadingareamustbeconsideredwhenthelDbeaconsareinstalled,
especially in the signalized intersections since a link travel time is

calculatedbyconnectingthesetworeadingareas.Thepositionofthe
reading area is recommended in the back of each links insead of the

stoplineofeachlinkssinceitislessaffectedbythetrafficlights.

2.t.2In-vehicle units

In-vehicleunitsreceivelDsfromthelDbeaconsandaccumulatethem
with the passage times in their internal memory'

It includes(specifications included)

o wireless antenna and modem for two-way communication

o Z24lMhz operating frequency(5 channel' 10mW)

o 8-bit microcomputer to control wireless modem

o Data bit rate of 4800bPs

o a memory for a driving history

oelectric clock

o Operating temPerature: -20-70C

Its schematic diagram is shown in Figure 3'
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2.1.3 IDs collector beacons

As the proh-equipped vehicle approaches the IDs collector beacon, the

beacon generates a signal and the internal antenna module broadcasts the

signal into reading area. The reading area is tuned such that only one

tag aL a time is read. The beacon can collect real time data on driving

histories with passage times and stores the data in an internal storage

buffer and transmits information to traffic information center.

It includes(specifications included)

o wireless antenna and modem for two-way communication

o wired modem for two-way communication with traffic info. center

o Data bit rate of 24O0bps(wired modem)

o 16-bit microcomputer to control wireless and wired modem

o a memory for a driving history
o rechargeable back-up battery

o Operating temperature: -20-70C
lts schematic diagram is shown in Figure 4.

figure 3 schematic diagram for in-vehicle unit
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figure 4

Figure 5 shows

components

schematic diagram for IDs collector beacon

the prototype products for the proposd RFID system

c. ID unit

figure 5 Major components of the system

b. In-vehicle unit
a IDs collector beacon
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3. EXPERIMENTAL VALIDATION

A preliminary field test for the system components have been conducted

in the small traffic networks shown in Figure 6. In figure 6, seven ID

beacons in the three intersections are mounted on the utility poles, and

two IDs collector beacons are installed 700m apart to collect real time

information on driving histories. The in-vehicle units are mounted in the

upper central inside windshield. Fifty probe-equipped vehicles are

deployed for 20 days to evaluate the performance of the proposed system

components.

O Readins area

(D 
lD Beacons ffi

A lD collector beacon I
figure 6 Geometry for preliminary field test
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3.1 Criteria for perfornance evaluation and experinental results

Several quantitative measures have been examined to determine the

accuracy of the systems when the probe vehicles' speed varies between 5

- 120(kph) in different traffic conditions. Table 2 summarizes the results

of the preliminary field tests.

Table 2 ExPerimental results

Tests Vehicle speed(kph) Accuracy

1 vehicle travels

alone

5

30

60

tn
tN%

3 vehicles travel in
parallel

5

30

60

rN%

3 vehicles travel

bumper to bumPer

5

30

50

tN%

harsh weather(rainY

day)

5

30

60

90

tN%

Distance between

tac and beacon
up to 50m
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3.2 Probe data collection and evaluation

A major field test has been conducted in Seoul City area shown in
Figure 7. During the summer of 1998 approximately 12000 vehicles

included taxi, passenger vehicles and commercial vehicles were driven

seven days a week over a week period(June 1- June 7). During this time

almost 3,000,000 km were driven to produce over 6,000,000 link reports

within Kangnam-ku and Kangbuk-ku area.

The probe reports include raw traffic data for each link: a location ID
and its passage time. Once the data from probes were assembled into

usable formats, the algorithms are run. Then average probe travel times

for each interval are developed. The number of the probe reports are

utilized to compute the average travel times for a given link that

five-minute interval. A study route shown in Figure 7(darker line) was

selected Ermong several study routes to provide mean travel-time which

would be used for dynamic route guidance. This shrdy route consists of

seven links, and total the length of the route is 3.7km. Mean probe

travel-time for a north-south(south-north) bound of the study route

during a 24 hours in a week are shown in Figure 8(Frgure 9.) Figure

lO(Fieure 11) shows mean probe speeds for a north-south(south-north)

bound of the study route during a week for some specific time periods.

".,{Jt 
}

,:1
t;.:

Figure 7 Proposed wide detection area
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FigurellMeanprobe-vehiclespeedsforaN-Sboundoftheshrdyroute

Figure12Meanprobe-vehiclespeedsforaS-Nboundofthestudyroute
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4. Conclusions and Remarl<s

This paper described lower-cost and high-efficiency systems based on

RFID technologies for link travel time estimations, and presented some

results that demonstrated efficiency of the proposed systems. The results

offer the following benefits
o Ability to decode data from the system's signal is virtually lW%oc

o The sarne location referencing system using ID beacons without
suffering from positioning errors.

o The most economical solution for Wide Area Detection system
o Robustness even where dirl vibration and harsh weather conditions

would degrade the other systems.

o Quick installation and requires no routine maintenance
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