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The identification of road modality and occupancy patterns by Wi-Fi 

monitoring sensors as a way to support the “Smart Cities” concept. 

Application at the city centre of Dordrecht
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Motivation

 Today, half of the world population and the 80%
of European citizens live in cities

 The total population expected to double by 2050
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Smart Cities
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Pre & Post Processing tool

Urban Planning & Development

Evaluation of changes
What do we need? How can we get it?
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Problem Statement

 Occupancy Patterns

 Road Modality
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Problem Statement

 Occupancy Patterns

• Time consuming

• No real-time ability

• Many employees

• Difficult for big areas

• Difficult for 24/7

• Counting but not tracking

 Road Modality
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Internet of Things (IoT)
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Solution(?): Technology
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Overview of available Techniques
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Overview of available Techniques
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Overview of available Techniques

 High Cost
 Counting
 Not Tracking
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Solution(?): Technology (Wi-Fi monitoring)
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Why this method?
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Why this method?

 More free Wi-Fi networks, more smartphones More reliable outcomes

 No need for extra system placement (extra cost)

 Ability to count but also to “follow” (use of MAC address)

 Ability to have real-time data and thus real-time system

 No need for data access request (like GPS providers)
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• Increase of citizens and vehicles number

• Need for better monitoring and taking advance of space (Smart Cities)

• Need for information/meta-data: Road modality, occupancy patterns

• Old-fashioned ways of collection

• Rapid improve of technology

Summary
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Research Question-Challenge

What kind of road modality and occupancy patterns can be recognized by Wi-Fi 

monitoring sensors in a city area in order to support 

the “Smart City” concept?
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 What is the influence of the Wi-Fi monitoring setup?

 What are the performance parameters of Wi-Fi monitoring and how we can measure them?

 What kind of movement patterns can be recognized by the Wi-Fi monitoring system?

 What is the road modality in the researched area of Dordrecht during different times of day and month?

 What kind of road modality can be recognized by the Wi-Fi monitoring system?

 What is occupancy pattern in the researched area of Dordrecht during different times of day and month?

 Which occupancy patterns can be recognized by the Wi-Fi monitoring system?

 Is it possible to identify the effect of the weather to the road modality?

Sub-questions
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Applied Area
Municipality of Dordrecht
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Why there?
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Why there?

Rebuild the area - Smart Planning

Pre & Post- Processing Tool
Evaluation of Planning
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Observation network

?
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Observation network
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 Less sensors

 Separate study of each street

 Location of scanned device

 Fewer sensors in case of 
most crowded streets study
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Observation network
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Zero-level test
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Zero-level test
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Zero-level test
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Overview
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Data collection
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Dordrecht Cameras & RMC Data
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Dordrecht Cameras & RMC Data
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Questionnaire & Weather
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-Hashing of MAC addresses

Fake
MAC addresses

One-way
Hash function

Original
MAC addresses

Data preparation & analysis
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One-way hash function
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Correction of record time
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Correction of record time
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-Devices which were scanned by only one sensor

Filtering
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-Devices which were continuously scanned for a 

period longer than twelve hours

1st Record

2nd Record 

<=30 min
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13:00 scanned by sensor1

17:00 scanned by sensor2

22:00 scanned by sensor3

17:30 scanned by  sensor4

-Records whose time difference is longer than two hours
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-Records with negative signal strength indicator (RSSI)

IEEE 802.11

Signal strength of the wireless network:[-100,-10] dBm

RSSI: [0,255] arbitrary units

Cisco systems: [0,100]

Atheros: [0,127] 
128= invalid value
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Computation of road modality
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-Computation of average time at each sensor
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-Computation of time difference between sensors
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210m

400m

280m

410m

415m220m

370m

205m

395m

125m

185m

-Computation of movement speed
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-Computation of movement speed
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-Combination of movement speed & street-uses 

criteria for the characterization of devices

Pedestrians: <7 km/h

Bicycles:      <20 km/h

Vehicles: >20km/h
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Computation of movement patterns

 Patterns between 2 sensors

 Patterns between 3 sensors

 Patterns between 4 sensors
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Patterns between 3 sensors
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Patterns between 4 sensors
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Visualization of cumulative movement flows for Thursday 22/09/2017 between 17:00 – 18:00
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Computation of occupancy patterns
-Occupancy patterns in the research area
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-Occupancy patterns in the surrounding area
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Buses
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Influence of the weather
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Thursday
22/09/2016

Thursday
13/10/2016
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Influence of Wi-Fi monitoring setup

NP-complete problem
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Validation
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% of people with enabled Wi-Fi devices

Total number of counted “pedestrians” devices

Expected number of “pedestrians” devices

VS

Validation
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• Total number of pedestrians: N

• Number of asked pedestrians: n

• % of asked pedestrians who had enabled the Wi-Fi functionality:

Simple random sampling with Bernoulli trial (Yes /No)

If a population proportion is equal to p, 
then the sampling proportion     follows the binomial distribution, 

and the confidence interval in confidence level 1-α is:

xp̂

xp̂

Validation
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Example: 

• In a period of 1 hour 500 went from S1 to S2. We asked n= 80 and from them a percentage of                

=0.40  had enabled the Wi-Fi functionality.

• For confidence level 1-α=0.95 the confidence interval for the proportion is:

• Thus, the confidence interval limits for the total number of pedestrians are equal to:

80

60.040.0
645.140.0

80

60.040.0
645.140.0





 p

49.031.0  p

xp̂

Validation

(500 * 0.31 , 500 * 0.49)

(155 , 245)
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Total number of counted “car” devices

Total number of vehicles

 Number of users in each vehicle

 % of users who have enabled the

Wi-Fi functionality

 System counted accuracy

Validation
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Conclusions

What kind of road modality and occupancy patterns can be recognized by Wi-Fi monitoring sensors in a city area 

in order to support  the “Smart City” concept?

Road modality Occupancy patterns

Research area Surrounding area

Per streetIn total

 Congestions

 Recessions

 Trends throughout the day

 Differences between the different days

Each user category Cumulative movements
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What is the influence of the Wi-Fi monitoring setup?

 Kind of antenna

 Time synchronization

 Distances between sensors

 Number of sensors & location of sensors

360o

Exact selection of research area

Filtering procedure

180o

s1-s1-s1…-s1-s2-s1-s2-s1-s2-s2-s2…-s2 

s1-s1-s1…-s1-s2- s2-s2-s2…-s2 
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What are the performance parameters of Wi-Fi monitoring and how we can measure them?
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Recommendations

 The identification of the optimal Wi-Fi network configuration

 Overlapping cases

 Larger areas, different environments (traffic jam)

 Fluctuated speed criteria (time, total number of scanned devices)

 Total number of records of each user category by each sensor

 Longer timeslots instead of hourly sets

 External data sources for validation 

 Simultaneous comparison of system results with real data

 Average number of people per vehicle

 Average number of devices per user

 The identification of a higher number of user categories

 Repeatability in regard of the use of means of transport

 Computation of average speed for each user category

 Comparison of average speed with occupancy level

 Capacity level – Computation of Level Of Service (LOS)
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Thank you for your attention


