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Report on Follow-up Work on Wi-Fi RFID
Tags in Citywide Wireless Networks

Lars Kulseng,Trondheim, August 2007

Introduction

In the spring of 2007, Henrik Moen completed his thesis work ofi-Véinabled RFID
tags in a municipal settinld]. The thesisought to find out if WiFi enabled RFID tags
can be utilizedin services provided bygitywide wireless networks such &gireless
Trondheim. This documentoutlines the follow-up work conducted by Lars Kulseng
during the summer of 2007.

Background
This ction will explain some of the relevant technologies that apply to this project.

Back-end system

Wireless Trondheim is a company that seeks to provide citywidéiVgervices in
Trondheim, Norway. Théackend infrastructure follows the Cisco Unified Wless
Network (CUWN) architecture. The topology of the network is illustrated in Figure 1.
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As can be seen in Figure 2jreless device$l) communicate witlaccess points (2) that

are scattered throughout the downtown area. The access points are connected to wireless
controllers (3), who feed information to the Cisco Wireless Location Appliance (4). Here,
localization datas computedand stored. The localization data from (4) can be extracted
using Simple Object Access Protocol (SOAP) and Extended Markup Language (XML).

At Wireless Trondheim, two components use the Cisco Wireless Location Appliance, the
WirelessControl System (WCS)and GeoPog5). The WCS is used to monitor several
aspects of the wireless network, including status of access points, and location of devices.
GeoPos is a service that utilizes the SOAP/XML interface of the Cisco Wireless Location
Appliance toprovide position data in a more dynamiay than can be attained through

the WCS.
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RFID

In Figure 2 above, the device atvd¢ 1 of the network model is Radio Frequency
Identification (RFID) device.These devicexome in several flavors, as outlined in
section 2.3 of He n The IRFIDMdewcasOo(er RRIDhtags)iused maper .
Moends exper i meltags, sine ithey ae allel tee @b mnWmicate with a
Wi-Fi network using the IEEE 802.11 standsar@nd protocolsThe WiFi RFID tags
send tkir information to the Cisco Discovery Platform (CDP) multicast address,
01:0c:cc:00:00:00s0 allCiscoaccess points that are listening on channels 1, 6, oail
pick up the dataThe brand of RFID tags that were tested by Moen is Aeroscout, and

A

Radiom r 6 s t iacduded w the fellowup work.

Approach

In his thesis paper, Henrik Moeonducteda series of experiments to establish whether
certain services were feasible goals for Wireless Trondheliany of the services that
can be provided thougtheap and simple WRi enabled RFID tags are location based
services (LBS). Among these was a +gale localizationservice where tags could be
placed on items to help locate them within the city.

Pertinent to Trondheim is the localization of city bi@g;l since Trondheim offers self
serviced bicycle rentals in the downtown arda determinethe accuracy of the
localization system for bicycles, Moen carried dests where a specific route was
traveled by bicycle. Stops would be made along the pathotade a time reference for
later analysis.
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Figure 3. Route of the bicycle test, as well as 1 minute stop points.
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In the followup work, these tests were repeateder modified conditions. The baekd

Cisco system was upgradsitice Moen authored hikesis. The controllers were actually
downgraded from a customized version 4.0.225.5, to a general release 4.@21%/df.

the variables for positioning of RFID tags
controller The RFD Data Timeout paramet sets the amount of time that must pass

without detection of a tag before that tag is removed frominternal tables of the
controller.SinceCisco recommends that this parameteould besd to between 8 and 10

times thevalueof the beaconing rat®], which is here 10 seconds, RFID Data Timeout

Is set from 1200 to 100.

Since part of the purpose of the follayp was to compare two RFID tag vendors
(Aeroscout and Radionor), tipewer level of the Aeroscout tags was lowered to 13 dBm.
This is still na a perfect match, given that the Radionor tags are set at 10 dBm. However,
as Moen concluded in his thesis paper, the power levels of the tags had little impact on
the variation of his results.

Another attribute that was varied during testing was thetigon of frames coming from
the tag. Moends results bases Thelgpothesis on 1 r
that results would improve if the amount of repetitions increased would be t€&ted.
number of repetitions would be increased toftergperforming a test with the original
value of 1. For the 3 repetition test, the tags were set to repeat with 512 ms intervals.

A third element of the followup was to benchmark the Aeroscout tags against the
Radionor tags in their static positioniagcuracy. This was carried out by sampling the
positioning output of the tags against GPS data for a given position. All the data was then
transferred into a highly detailed map of Trondheim, using a program called
ArcGIS/ArcMap. Here, the error distancasvmeasured, and recorded.

Results
This section includes results frautme follow-up work.

Bicycle Tracking

The outcome of the bicycle tracking experiments was perhaps the most dramatic of the
results. The figures below show that a significant improvemas obtained by altering

the software of the controller. Figurdsand5 show the original traces witdnd without
location smoothing enable&or the followup tests, location smoothing was turned off.
Figure6 shows new results with 1 frame repetitiamd Figure7 shows the new results

with 3 frame repetitions.
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Figure 4. Original result usindocation smoothing
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Figure 5. Original results with location smoothing turned off.
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Figure 6. New results with 1 frame repetition.
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Figure 7. New results with 3 frame repetitions.

Figure 8. Results from Radionor tag.
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