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LBS Apps from 10s to 10s of Thousands
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Percentage of Location Apps by Category
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WIiFI1 Pos Moved to the Core
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Challenges for TOA systems

m  The first path is not detectable by measurement system - Undetected
Direct Path (UDP) [Pah98]

m  Measurement bandwidth is not wide enough to distinguish the first few
paths from each other [Ala03]
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[Pah98] K. Pahlavan, P. Krishnamurthy and J. Beneat, “Wideband Radio Propagation Modeling for Indoor Geolocation Applications”, IEEE Communications
Magazine, April 1998.

[Ala03] B. Alavi and K. Pahlavan, “Bandwidth Effect on Distance Error Modeling for Indoor Geolocation,” 14th Annual IEEE International Symposium on
Personal Indoor and Mobile Radio Communications (PIMRC’03), Beijing, China, September 7-10, 2003.
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RSS is the most popular metrics for WiFi localization
Average power can be easily measured without any specific
knowledge of the transmitted pulse shape

Effects of multipath fading Is eliminated when we use average
power for localization but shadow fading will remain as the main

source of error.
The CRLB for performance shows large errors which are

proportional to the distance [1]
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o, . standard deviation of zero mean gaussian random variable
representing log-normal shadowing

n, : path loss factor

d : distance between two nodes

[1] Y. Qi and H. Kobayashi, On relation among time delay and signal strength based geolocation methods, in Proc.
IEEE Global Telecommunications Conf. (GLOBECOMO03), San Francisco, CA, Dec. 2003, vol. 7, pp. 40794083.
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How does RTLS work?
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Two steps: (1) Sight survey to create a reference data base

(2) use the data base to locate a users



RTLS for Asset Tracking

Customer corporate is responsible for the site survey and it has access to exact
location of the APs the product and the algorithm is developed by a company

Source: Supply Insight website




Inertial Systems in Robotics
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Database Collection
— Find more efficient geo-tagging technigues

Algorithms

— Improve accuracy by fusion of Wi-FI and
Inertial systems

Business
— Expand the market to increase revenue







Wi-Fi localization first appeared in the literature in 2000

— P. Bahl and V. Padmanabhan, “RADAR: an in-building RF-based user
location and tracking system,” IEEE INFOCOM, Israel, March 2000.

— X. Liand K. Pahlavan, M. Latva-aho, and M. Ylianttila, "Indoor Geolocation using
OFDM Signals in HIPERLAN/2 Wireless LANs," In proc. IEEE PIMRC, vol.2, pp. 1449-

1453, London, Sep. 2000.

GPS is not designed for indoor Wi-Fi localization
complements it by

Support of robust indoor coverage

Reduction in time to fix

Reduction in power consumption

Resistance to interference

GPS complements WiFi localization In
— Qutdoor coverage
— Universal coordinate reference frame




WPS Application Scenarlo

Latitude Longitude
a9:50 42.4556 -71.3333

42.4557 -71.3331
24:1f 42.4553 -71.3335
ao:f0  42.4555 -71.3337

A service provider is in charge of surveying and algorithm development
and that company does not know the exact location of APs

Source: Skyhook Wireless



A . Hybrid(GPS/CellularWicFi)
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Smart Devices




Wi-FI Location Data Base

Bay Area Manhattan Seattle

m Skyhook data base has over 200 million APs on top cities around the world

m Client software calculates location using reference database and Skyhook
algorithms

Source: Skyhook Wireless
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Probability of Error

Boston Metro Residential

CDF of pasitioning eror for metropoalitan residential area

1

0.9-

0.8-

o
@

o
a

o
@

— WPS
— GPS

100




Probability of error

San Francisco Downtown

CDF of WPS and GPS error

Emor in meter

e 5 " pean e, M
Cammiont @ 20 Mer s L a0bior B susgberd, A ngrle efeeves.






Riversi
Pa

Central
Park

23 january 2009

Ly, -
Mo

YT
B Lh"ﬁsl‘,-

495




Boston, MA

-
Wa |-=-|r. it F'.dl'-.

5
i

PONIERED B S
eﬁo, H,\[L’u atit -

%‘quu
Mon Mar 29 2010 18: UU ﬂﬂ EDT

Manhattan, NY

LIpErd mr e er H

W £

"
L e
=

POVERED B *
":.._10 JQEL

Mon Mar 29 2010 1E I]I] I'.II] EDT

San Jose, CA

T

G

ﬁ'l'!'.ﬂ:l BT G ?-,,'
O F%lf.i’;r “Sildrans Map Of g-“a i

i b aEUm

Mon Mar 29 2010 15: I'.II'.I I'.IIJ PDT




Real-time population density based on location requests

Sample data from 1pm the day of the Boston Marathon and one
week prior shows the day-to-day difference in pop. density
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Skyhook Predictive Demographics

* [race aggregate groups of people that leave a neighborhood at
night (home) and determine daytime location (work, school)

* Never seen before data creates new options for targeting
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Database Collection
— Cost efficient wardriving
— Data mining in organic data

Algorithms

— Handling GPS errors and AP
displacements

Business

— New applications in social networking and
human mobility pattern




RSS Localization for the BAN

Capsule endoscopy

for diagnosing ofher
belt,and i ater downloaded fo 2 computer that the doctor can study.

of the small intestine that standard scopes can't reach
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Solving the challenge of robust, reliable positioning in GNSS signal-challenged
environments has long represented a kind of Holy Grail for product designers,
systems integrators, and service providers. One promising approach is

to combine GNSS with terrestrial systems exploiting existing wireless
infrastructures. This article describes how one company has succeeded using
GPS and wireless local area networks — better known as Wi-Fi —and, as a result,
seen its technology incorporated into a wide range of mobile “connected”
platforms, including smart devices such as Apple's iPhone and iPod.
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