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Motivation for Indoor Locating with WLAN

Sophisticated location systems might not always be 
il blavailable

because they are too expensive especially for developing countries
b th t il bl if d dbecause they are not available if needed.

Instead, why not use WLAN
it i h d i t ll h il blit is cheap and virtually everywhere available.

In addition, WLAN can transmit various data, such as
h t d d t l fi t dspeech to command and control first responders,

video streams from first responders, and
physiological status monitoringphysiological status monitoring
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Locating Tracking with Wireless LAN

State of the Art: 
U i R i d Si l St th I di tiUsing Received Signal Strength Indications 
(RSSI)

Alternative:Alternative: 
Time of arrival (TOA) using the two-way time of 
flight of WLAN packages between sender and 
receiver [McCrady2000]receiver [McCrady2000]

Advantage: 
TOA measurements scale linearly with open-TOA measurements scale linearly with open-
air propagation distances

Challenge: 
Can we use cheap, off-the-shelf hardware? 
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Accurate Measurement with Four-way TOA

Sender

Receiver

( )( )SIFSRTSCTSDATA0S3S4
1

tof t3tttttt −−−−−=

Every IEEE 802.11 card supports RTS/CTS.
TOA measurement conforming to IEEE 802.11 protocol 
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Indirect and Cooperative TOA

Assume a third node monitors the transmission
Then it also can calculate the time of flight:

( )1
RTSCTStofSIFStof.sm2Mtof.sm0M

ttt2ttt
ttt2t2tttt

−−−−=⇔
−−−−−=−
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Overcoming Quantization 1/2

WLAN clocks have low 
l tiresolution.

Time is „quantized“.
For example, WLAN cards 
provide a clock resolution of 
1 t th d i d i1µs to the device drivers. 
Example of typical two-way 
TOA measurement with WLANTOA measurement with WLAN 
cards (right)
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Overcoming Quantisation 2/2 

Problem Solution

WLAN cards’ max. resolution 
= 1 µs (1µs 300m)

Remote and local delay vary 
discretereal continuous

time-of-flight cannot be 
measured directly

discrete
distributionas 
measured

distributionas 
assumed

remote node

d

local node

d dlocal 
323µs

dremote
323µs

due to

324µs322µs 323µs 325µs

due to
Thermal Gaussian noise ?
Multi path?
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Beat Frequencies 1/4
Two-way TOA delay measurements are not random 

no Gaussian noise!
Block pattern results in an alternating autocorrelation function 
(frequency 3.5 Hz)
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Beat Frequencies 2/4
60m remote clock 

@ remote node
local clock 
@ monitor

0.00µs 0.00µs Phase Offset

@

0.20µs
propagation        0.20 µs
wait to receive       0.80 µs  
remote delay       322.00 µs

1.00µs

propagation           0.20 µs

323.00µs

322.00µs  remote delay

323.20µs
324.00µs arrival recorded

323.20µs

A tiAssumptions :
MAC protocol works in discrete time steps (1µs) 
Local and remote clocks have same speed and phase offset
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Beat Frequencies 3/4
60m

local clock 
@ monitor

remote clock 
@ remote node

0.00µs -0.20µs Phase Offset

@

0.00µs
propagation           0.20 µs
remote delay      322.00 µs
propagation           0.20 µs 322.00µs  remote delay

322.00µs
322.20µs322.40µs

323.00µs arrival recorded

A tiAssumptions :
MAC protocol works in discrete time steps (1µs) 
Local and remote clocks have same speed but different phase offset
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Beat Frequencies 4/4

-0 80µs-1 00µs -0 20µs 0 00µs
[       [                ]        ]        phase offset

324µs 323µs 324µs

Mean remote delay over all phase offsets is 323.40=322+1+2*0.20

Crystal oscillators have Frequency tolerances

-0.80µs-1.00µs -0.20µs 0.00µs

Crystal oscillators have Frequency tolerances  
Relative clock drift between the two wireless LAN card clocks

Assumption
no clock drift during a round trip time period
but phase offset changes for the next RTT observation

Phase offset changes slo l o er time and repeatsPhase offset changes slowly over time and repeats

Phase change results in a frequency that equals the beat frequency.
Relative clock drift:Beat Frequency:

beat

MACclocking

f 3.5Hz 3.5ppm
f 1MHz

= =
beat local remotef | f f |= −

q y
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Implementation named “Goodtry”

„Goodtry“ implements 
th b ti dthe above mentioned 
algorithms.
U ff th h lfUses off-the-shelf 
WLAN cards
O il blOpen-source available 
under BSD license
www ambisense orgwww.ambisense.org

But does it works?But, does it works?
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Experimental Setup 1/2

What is the accuracy? WLAN antennas

Mobile service robot 
(RWI B21)

2 WLAN PCI cards +2 WLAN PCI cards + 
antennas 
(for pings and TOA 
measurements)
240° laser scanner 
(reference positioning)

Laser scanner
accurate (reference positioning) reference 

positioning
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Experimental Setup 2/2

Laboratory with 
landmarks of knownlandmarks of known 
positions

6 WLAN access 
points
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Summary

The IEEE 802.11 MAC protocol is inherently time 
synchronous why not use this feature for TOAsynchronous, why not use this feature for TOA 
measurement?
Interoperability is given.Interoperability is given.
An interface for TOA and RSSI tracking
has been included into IEEE draft 802.11v (2006)
Multiple research groups have verified these results.
This method is still in research 
Its application for indoor locating seems promising!

Dr. Christian Hoene (University of Tübingen, Germany) 18



Thank you for your interest!

Acknowledgments
This work was funded by the Landesstiftung Baden-Württemberg in the scope of 
the BW-FIT project AmbiSense.

References
[McCrady2000] D. McCrady, L. Doyle, H. Forstrom, T. Dempsey, and M.[McCrady2000] D. McCrady, L. Doyle, H. Forstrom, T. Dempsey, and M. 
Martorana, "Mobile ranging using low-accuracy clocks," IEEE Transactions on 
Microwave Theory and Techniques, vol. 48, pp. 951, 2000.

[Hoene2008] Christian Hoene and Jörg Willmann Four way TOA and software[Hoene2008] Christian Hoene and Jörg Willmann. Four-way TOA and software-
based trilateration of IEEE 802.11 devices. In IEEE PIMRC, Cannes, September 
2008. 

[Günther2005] A. Günther and Christian Hoene. Measuring round trip times to 
determine the distance between WLAN nodes. In Networking 2005, Waterloo, 
Canada, May 2005. 

Dr. Christian Hoene (University of Tübingen, Germany) 19


