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Purpose

: napping techniques which don’t require
Eoﬂection

e At é@'é/’entry & shaft locations — GPS does not work
INndoors

e Traditional surveying techniques — total stations & prisms

» Local Positioning Systems (LPS)
» Location Based Services (LBS)
» Real-Time Location Systems (RTLS)

» lllustrate possibilities of utilizing LPS in Pollyanna
No. 8 room-and-pillar mine in LeFlore County,

Oklahoma. Focus on LPS alternatives — RFID, WIi-Fi,
Bluetooth



Local Positioning Systems

e Use centralized server application to track variety

f clients:

e Personal digital assistants
e Laptops

» Handsets

e Tags

. EX|st|ng applications
e People/asset management tracking
e Healthcare and mobile patient monitoring
e Security
e Emergencies
e Location based network access/security
e Games
e Retail
e Analysis of shopping behavior
e Shopping
e Advertisement
e Marketing & Tour Guides
e Mining




Mine Layout
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. Temperatu re — approxnmately constant at

near 79°F
e Humidity
e \Water Intrusion — wet floor conditions

e Air Flow — velocity less than 33 miles per
hour

e Vibration — by coal removing equipment

e Electrical Cable (high-voltage) — non
factor. Signhal-to-Noise Ratio (SNR) not
significant



Slte Condltlons continued
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Si1teConditions - continued

e Conveyors and Heavy Machinery —

"; non factor (SNR & RF interference)
= « Dust — significant factor — .

e Chemicals

e Traffic — maximum of 22 persons
transported via mantrlp/golf Carts
moving at 20 mph = =

Worst-Case
Design Scenario
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Local Positioning Systems (LPS)
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e RFID;"Wi-Fi, or Bluetooth
e Most are Network Baseérl network

calc positi 1
» NermindgPased i nsors are,

Integrated into the mobile device.&
device calculates its own position to
notify others about location through
the network

e Most built upon WLAN 802.11 or Wi-
FI iInfrastructure
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MIT Cricket Ekahau AeroScout BlipNet
Deployment Building Building/local | Building/local | Building
Range area area
Position Mobile Device | Server Server Server
Calculation (Ekahau (AeroScout (BlipServer
Positioning Positioning Positioning
Engine) Server/Engine) | Engine)
Position TOF Location TOF Inquiries and
Method Lateration & fingerprinting | Triangulation pagings
proximity using signal (TDOA for
(with one strength absolute
beacon) location; RSSI
for symbolic
location
RF Signal RF (418-MHz) | 802.11 802.11 Bluetooth
Used + ultrasound
Transmitter Beacon Existing Wi-Fi | Active RFID Mobile device
nodes tags or Wi-Fi
devices
Receiver Listener Ekahau Client | Aeroscout BlipNode
Location (Bluetooth AP)
Receiver
(TDOA),
AeroScout
Exciter
(choke-point);
standard Wi-Fi
AP (RSSI)
Accuracy 1-3m (3.3- 1-3m (3.3- 1-5m (3.3- 10cm-10m
10ft) 10ft) 16ft) (4in-33ft)




Typical RFID System

e System employs active microwave
tag which is powered with internal
battery to assist back-end system &
server for calculating its position
relative to known antenna location

Tag Reader antenna Reader

Host computer

Deployment
environment



RFID Frequencies

Electric Radio Infrared Visible Ultraviolet X-rays Gamma-

Cosmic
waves | wWaves |

| light | | rays rays

Radio spectrum
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RFID Tag Components

Integrated circuit

Interconnect

Antenna

Substrate




RFID Tag Types

e Passive
» No transmitter
» Rely on inductive coupling for high RF
» Rely on radioactive coupling for low RF
» Range — up to 20 feet - \

e Semi-passive
» No transmitter
» Reflect signals from interrogator

» On-board battery >
» Range — about 100 ft s -
e Active — Used for real-time location services (RLT%’jlllb
» On-board power source
» Can communicate with other active tags h\_’

> Have read and write functions

» Range — up to 750 feet \




Differential Time of Arrival RLTS
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Wi-Fi System

e Institute of Electrical and Electronics Engineers
(IEEE) 802.11 standard for wireless local area
networks (WLAN)

e 802.11a - 5 GHz spectrum with a bandwidth of
54 Mbps

e 802.11b - 2.4 GHz spectrum with a bandwidth
of 11 Mbps

e 802.119 - 2.4 GHz spectrum with a bandwidth
of 54 Mbps

e 2.4 GHz ISM (industrial, scientific, and medical)
band enacted by USFCC (United States Federal
Communications Commission)




Reduction of Signal Strength and Rated
Speed with Distance

802.11b wireless
access point Compu
802.11b network

adapters

. e >
Greater than 5.5Mbps

(up to 60ft indoors)




Bluetooth

e Short-range radio standard (up to 100
meters)

e Hopping through 1600 frequency
channels
» 800 transmit channels
» 800 receive channels

» Bluetooth devices keep statistic
and bad channels to prevent furt
Interference

e Functional even In very noisy
environments

e Limited in accuracy due to short range"

ood
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 Long-life RFID tags (up to5 ye

e Uses WLA.\I’NS to locate Iaptop’ gAs and
other clients

e TDOA for large indoor environments
e RSSI for tight indoor environments

e EXxciters

e Tags may be programmed remotely
e AeroScout Engine




AeroScout Architecture

‘AeroScout Location
:Receivers

AeroScout Tags : AeroScout

: Exciter

AeroScout
MobileView

Standard Wi-Fi-
gl -

Location
Recaiver

3rd Party
Location-based

- AeroScout applications

-Engine



Ekahau & Location Fingerprinting

e Software-based Wi-Fi location platform

 Ekahau Positioning Engine

e Re gnmended for sites with
obstructions and multipath

e Radio mapping

e Location fingerprinting allows locating
device with only one AP

e Requires a detailed site survey before
the system setup & recalibration



Location Fingerprinting




Site Survey

ite Survey

e Collect sufficient
iINformation to locate,
install, and configure O

Associated Access Point AP340-3836bL7
R F a ra m ete rS Of t h e Access Point IP Address 192.168.100.1
i Channel (Frequency) 6 (2437 MHz)

Percent Complete
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-4 Performed by Walking Lostto Source 8
the proposed coverage |- - g .

area
e Sighal-to-noise ratio
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Signal to Noise Ratio 52 dB

Signal Strength Noise Level




Ekahau Architecture

Ekahau Positioning Engine Components

Standard 802.11a/b/g
Wi-Fi infrastructure

» W

Ekahau Wi-Fi LocationTags-'

Wi-Fi enabled Laptops,
PDAs and other supported
devices

)

Map Wi-Fi network
coverage with Ekahau
Location Survey

\J

" Ekahau Positioning

Engine locates Ekahau
tags and other Wi-Fi
enabled devices in

- real-time

\J

 Deploy, manage, view

location, and monitor
tags and system
performance via Ekahau
Positioninig Engine

- Web User Interface

"HTTP - XML |

API
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Mapping and Data Management

e Handheld units — Personal digital
assistants (PDAS)

e Spatial GIS servers provide data about
static or mobile objects and users & upon
request are set to return their location

 Indoor spatial information database
might be created from digital maps such
as CAD drawings

e RDBMS or XML databases are used to
store location data
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Example of Mapping Application
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Recommendations

» Mine Site Technologies
» Underground communications
» Open pit communications

» Technology already used in United States,
Australia, Canada, China, Peru, Sweden, Chile and
Tanzania

» Extreme Endeavors
» Underground miner tracking system

\- Questionnaire responses

e Based on current site conditions at
Pollyanna No. 8 underground mine




Mine Site Technologies

. ImPacf%Vweless

Access Points AN

e Issue Wi-Fi REID V| |
oyees \u

.. ﬁ)ftwm rocess

and display miners’
locations

e Accuracy depends
on AP spacing — 2 to P
4 feet with an Exciter MRESS

5/6/2008 Incorporating Geospatial A
Technoloaiece into SMC R A



Mine Site Technologies
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. Tracking system (by Extreme Endeavors)
coupled with a communication system (by
Comtech Mobile)

e Reverse RFID (RRFID) tag and inertial
sensor technology

e Real-time display on handheld device
screen

e ExXtreme Endeavors contracted by NIOSH
to-develop RRFID
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Conclusions
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e Wi-FI WLAN system as preferred solution

e Total cost by Mine Site Technologies = $60,000 to
$100,000

e $2,700 to $4,550 per user
RRFID offers practical solution
Tag Cost — $65 to $100
Positioning software cost = Varies. $6,000 for EPE




Conclusions - continued
» @
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e Benefits

e L earning about LPS technology as a
geospatial technology
s |ncreasing mapping accuracy & improving
positioning methods in the underground
¥ mine environments

e Improving mine communications, mine
safety and emergency accident
responsiveness
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Recommended References

Cisco SYSTEMS

802.11 Wireless Network
Site Surveying and
Installation

The definitive guide to performing wireless network
site surveys, selecting the right wireless equipment,
and installing 802.11 wireless LANs

CISCORrESE.COMm Bruce Alexander
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