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A city needs to be smart”?

“The goal of building a smart city is to improve quality of life by using urban
informatics and technology to improve the efficiency of services and meet
residents’' needs.” — Wikipedia
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Motivation of Human Sensing

Which building has the most
number of people? How the workers move
between the buildings?

How many customers visit
a shopping mall everyday and which
shops get more customers than the
others in the mall?
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Motivation of Human Sensing

Which building has the most
number of people? How the workers move
between the buildings?

How many customers visit
a shopping mall everyday and which
shops get more customers than the
others in the mall?

Understand pedestrian flows
and human mobility

Improve resource allocation of
public facilities and space usage

Social psychology studies
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Senseflow System

A lightweight WSN for large-scale people tlow tracking and density
monitoring [1].
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[1] Li, K., Yuen, C., & Kanhere, S., "SenseFlow: an experimental study of people tracking”, Proceedings of the
6th ACM Workshop on Real World Wireless Sensor Networks (REALWSN), 2015, ACM.
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Senseflow System

A lightweight WSN for large-scale people tlow tracking and density
monitoring [1].

. =gy Cable connection
e - = Wireless connection Data Server
probe request

1 dataset

[1] Li, K., Yuen, C., & Kanhere, S., "SenseFlow: an experimental study of people tracking”, Proceedings of the
6th ACM Workshop on Real World Wireless Sensor Networks (REALWSN), 2015, ACM.




The Sensor Node

e The GN is a Raspberry Pl connecting with Wi-Pi (white colour) and OURLINK
(black colour) wireless interfaces.

¢ Both of them work in 2.4GHz and provide a simultaneous probe request
collection and dataset transmission.

Raspberry PI:
microprocessor

OURLINK Wi-Fi adapter:
data transmission

Wi-Pi USB Dongle:
mobile phone scanning




SensefFlow Framework

e The SenseFlow framework consists of two major components, the sensing
module and processing module.
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e The SenseFlow framework consists of two major components, the sensing
module and processing module.

* The sensing module running on the GN collects probe requests from
smartphones and generates a dataset packet to upload to the server.
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SensefFlow Framework

e The SenseFlow framework consists of two major components, the sensing

module and processing module.

* The sensing module running on the GN collects probe requests from
smartphones and generates a dataset packet to upload to the server.

Smartphone One

Probe request = Probe request Probe request
: 000

( .................................. \ ..... A :

MAC address = tstart = tupdate

. ‘u.:ruser

Probe request  Probe request Probe request 000
.. | Smartphone One

1

( .................................. \\/ ..... .................

MAC address = tstart = tupdate """

Probe request = Probe request Probe request ° . .

1

O NS ,

MAC address tstart tupdate

' MAC address tstart tupdate
MAC address tstart tupdate
p MAC address tstart tupdate

@ Database at the server
|

Dataset packet

A

Smartphone Two

MAC address tstart tupdate
MAC address tstart tupdate




SensefFlow Framework

e The SenseFlow framework consists of two major components, the sensing
module and processing module.

* The processing module amalgamates dataset packets to monitor people flow
density and track their movement.
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SensefFlow Framework

e The SenseFlow framework consists of two major components, the sensing
module and processing module.

* The processing module amalgamates dataset packets to monitor people flow
density and track their movement.

e The trajectory of individual user is denoted as

Xz‘(tl, tn) — (Il}'tl ] il?t:_,, ...Zl?tn),

® The trajectories of I users can be given by

X = {X1, Xo, ..., X1}

e The set of locations that people flow travels during tstart and tend

A pa— ALCS(X)jtstart Sjtend)



Probe Request Interval Measurement

e Three typical smartphone models:

. 55| Samsun _ _ e
iPhone 6 & g | Nokia Lumia 520 g4
e Galaxy Nexus [#= o:"




Probe Request Interval Measurement

e Three typical smartphone models:

Samsung

IPhone 6 Galaxy Nexus

e Four statuses for each smartphone:




Probe Request Interval Measurement

e Three typical smartphone models:

Samsung
Galaxy Nexus

Table 1: Average probe request interval of smartphones in
different Wi-Fi and screen status.

Devices Wi-Fi non-registered | Wi-Fi registered
screen screen screen screen
on off on off
i0S 70.6s 109.8s <.1200.8s 1204.4s >
Android 0.8s Is 2.11s 2.15s
Windows | 10.9s 13.9s <1 1200.8s 1204.4s
—
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Human Walking Behaviour Effect
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System Scalability

* Two GNs (GN A and C) are placed along the walking path in a shopping mall.
The experiment starts from 11 A.M. 28 Oct to 5 P.M. 29 Oct, 2014 (30 hours in
total).
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System Scalability
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System Scalability
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e The connection time of most of the phones is less than 20 minutes. A few
smartphones connect to the GNs for more than 20 minutes.



Spatial-Temporal Data Analysis

Conduct big data analysis with SenseFlow system and a RWSN to
study residential behaviour and space utilisation [2].

[2] Lau, B., Chaturvedi, T., Ng, B., Li, K., Hasala, M., & Yuen, C., "Spatial and temporal analysis of urban space
utilization with renewable wireless sensor network”, Proceedings of the 3rd IEEE/ACM International Conference
on Big Data Computing, Applications and Technologies (BDCAT), 2016, ACM.




Spatial-Temporal Data Analysis

Conduct big data analysis with SenseFlow system and a RWSN to
study residential behaviour and space utilisation [2].

__________________________________________________________________________________________________________________________________________

Environmental Monitoring

Urban Residential Relay Point of Interest 1 (Outdoor) —Ryo—
Sensor Node
Area () .
Node01 Node02 Node03 > (X) People Counting
Playground Sensor Node
e o
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((((g»)) é Gateway

- R Sheltered
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Point of Interest 4 (Lift Lobby)
] GN GN

[2] Lau, B., Chaturvedi, T., Ng, B., Li, K., Hasala, M., & Yuen, C., "Spatial and temporal analysis of urban space
utilization with renewable wireless sensor network”, Proceedings of the 3rd IEEE/ACM International Conference

on Big Data Computing, Applications and Technologies (BDCAT), 2016, ACM.




Nodes’ Deployment (76 Days)
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Residential area, Jurong East, Singapore
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Sensor Nodes

Environmental Monitoring
Sensor Node
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(1) Barometer, Temperature, Light intensity,
Rain, Ultra-Violet (UV), Humidity, Motion,
and Noise intensity.

(2) Probe requests from mobile devices.




Data Processing Model
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Definition of Urban Space Utilisation

Monitoring place: Playground Monitoring object: Residents
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Definition of Urban Space Utilisation

Monitoring place: Playground ‘ Monitoring object: Residents

e Urban Space Utilisation (Motion + Noise)

n: = max(norm(M;), norm(AN¢))

normalisation of normalisation of
motion dataset noise dataset

e Normalise Noise and Motion (based on 85.0% of data distribution)

X

norm Value’

1)

norm(.X ) = min(
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Weather Classification
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Weather Classification
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Conclusions & Discussion

e SenseFlow, a lightweight human sensing system for smart cities.

e Exploring big data for understanding urban space utilisation, and residents
mobility.

e Sensing coverage and density of SenseFlow.

e Real-time scheduling in heterogeneous and hierarchical sensor network, RWSN
with Senseflow.

e Random MAC in new iOS.

e Smartphone activities effect.
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