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background
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introduction to ble



Bluetooth Low Energy

Latest Bluetooth 4.0 standard

iOS 7.0+

Android 4.3+



what is an iBeacon?
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TxPower

Transmission power

Power level of the beacon measured at 1 metre



RSSI

Received Signal Strength Indication

Measured power of a signal



case study

Slide number eleven



macy’s









expected





reality
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line maps for indoor















city gallery









requirement analysis
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stepwise refinement



1



Step 1

Download venue information from database



2



Step 2

Scan for beacons nearby



3



Step 3

Identify closest exhibit



4



Step 4

Present exhibit details from web



extra requirements



Server side

Easy deployment of beacons

Easy update of exhibit details

Simple user identification



Client side

Support for different languages

Audio / video playback

Floor plan



technical considerations
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beacon deployment schemes



traditional: one beacon, one exhibit



Deployment schemes

Traditional: one beacon, one exhibit

Exhibit identified by scanned beacon ID only



Beacon

Beacon



a step further:use compass too



Deployment schemes

A step further: distinguish user heading with compass

Exhibit identified by beacon ID and direction



Beacon





Beacon





easy modification: fixed grid of beacons



Deployment schemes

Support easy modification: fixed grid of beacons

Deploy beacons to cover the entire indoor area

Exhibit identified by beacon and exhibit locations



BeaconBeacon Beacon Beacon

Beacon Beacon Beacon Beacon



best in practice: combine all



Deployment schemes

Best in practice: combine all deployment methods



BeaconBeacon Beacon Beacon

Beacon Beacon Beacon Beacon





Beacon

Beacon

Beacon

Beacon

Beacon

Beacon
Beacon

Beacon



experiment / calibration



How far should beacons be apart?

Minimize deployment cost

Maintain quality of distance estimation



The experiment / calibration

A beacon affixed to a wall

A phone measuring RSSI at various distances

Beacon calibrated using the phone at 1m (TxPower)

100 continuous samples; first and last 20 discarded



Wall

Beacon

1 metre

signals

signals

signals

signals





Implications

Reliable range: 0 ~ 2 meters

Beacon deployment distance: 2m





mobile application
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radar





beacon details



Scenario 1

3 beacons = 3 exhibits



Features

Language selection in menu

Simple floor plan

Multimedia

User rating

Sharing



Scenario 2

3 beacons = 5 exhibits

Distinguish wall area with distance

Distinguish heading with compass



web
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database



cms



http://appsrv.cse.cuhk.edu.hk/~phng2/fyp/



dashboard





add





edit





remove





preview







api



json



JSON

Cross-platform

Supported by many languages

Objective-c, Swift, Java, Python, Perl, Ruby...



JSON

{"status":"OK","data":{"latitude":"22.4179243","longitude":"114.2073102"}}



JSON

{"status":"OK","data":{"latitude":"22.4179243","longitude":"114.2073102"}}

status: OK

data:

latitude: 22.4179243

longitude: 114.2073102



documentation



http://appsrv.cse.cuhk.edu.hk/~phng2/fyp/api/docs/





API Documentation

Description

Parameters

Examples

Requests

Results (successful + failed)





dev center



http://appsrv.cse.cuhk.edu.hk/~phng2/fyp/dev/



Dev Center

General

Bugs

Suggestions





limitations
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background scans, battery drain







not on ceiling, nor floor



ceiling



Ceiling



Ceiling

Ceiling reflects beacon signals

⇒ Beacon signals are amplified



floor



Floor



Floor



Floor



Floor

Floor absorbs beacon signals

⇒ Beacon signals are weaken



not too close, nor too far



too close



Too close

Interferences



too far



Too far

Affected by noises



different scanning devices





security
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Next
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preview



I   B   E   A   C   O   N

multi-user cms

Term 2

CMS

User User User User User User



I   B   E   A   C   O   N

deployment tools

Term 2

Beacon

signals

signals
signals

signals
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user navigation history

Term 2

History



I   B   E   A   C   O   N

customized recommendations

Term 2
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