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ABSTRACT

This study attempts to use a wireless fidelity (Wi-Fi) scanner to estimate the origin—
destination (OD) data from passenger transit services. The author used Wi-Fi equipment in the
probe request mode to capture and collect the media access control (MAC) addresses of
passenger devices as the transit service traveled along its route. Hence, the objectives of this
study were to gather travel data based on Wi-Fi use with a relatively inexpensive tool and to
interpret the transit behavior using this data.

This research was conducted on two different transit modes in different case study areas
(a small city in a developed country and a city in a developing country). The small city case
study was conducted in a small bus and the developing country case considered the paratransit
mode. These two modes are totally different, owing to the characteristic areas of study. The first
experiment was in Obuse, Nagano prefecture, Japan and the second was in Makassar, South
Sulawesi province, Indonesia. These are small cities, each of which has its own characteristics.
Obuse is a tourist area with less traffic around the city and there are still many agricultural areas
interspersed with urban areas. In terms of transportation, visitors use small buses for travel.
Regarding the second experiment, Makassar city the fifth-largest city in Indonesia. It has heavy
traffic congestion and mixed land uses.

For the bus transit mode, this thesis presents a new data cleaning procedure to characterize
bus passenger volume and travel trends using a combination of MAC address and global
positioning system (GPS) data. The approach proposed and developed in this study can produce
outputs, such as an OD matrix and passenger volume for a bus route section. A comparison
between passenger volumes obtained from the Wi-Fi data processing procedure and data
obtained using the ground truth procedure indicates that the number of passengers determined

using the Wi-Fi data acquisition and processing procedure is less than the number of passengers
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determined using the ground truth procedure. For the paratransit mode, a cleaning procedure is
developed to clean raw Wi-Fi data from non-passenger data, match ground truth and Wi-Fi data,
and construct an OD or boarding—alighting dataset based on Wi-Fi estimation.

This research also describes road crowdedness and travel speed stability or travel speed
reliability. The road crowdedness is based on the Wi-Fi data or MAC addresses. The main
aspects of this subsection are the MAC address and vehicle speed. The vehicle speed was
calculated from GPS log data. The author showed that the total number of MAC addresses is
related to vehicle speed. That is, if the speed is lower, the total number of MAC addresses will
increase, and vice versa. The level of service is based on a travel speed stability. Travel speed
stability was calculated from the average and standard deviation of the speed. If travel speed
stability index approaches 0, it means that the speed of the road not reliable.

The contribution of this research is very useful for small cities in developed countries or
cities in developing countries. The new procedure can be adjusted for small bus and paratransit
modes. Moreover, this research procedure for determining small bus and paratransit passengers
could help the government to select an economical survey method. The crowdedness and travel
time stability index could be considered as an “image” about the characteristic of the small city.
Stakeholders and decision-makers can determine the optimal policy based on travel speed

stability analysis without traffic volume ground truth data.
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CHAPTER 1
INTRODUCTION

1.1. Background

Currently, the development of transportation in metropolitan cities is very rapid. Owing
to the recent developments of technology for metropolitan cities, the use of technology for
transportation surveys is also advancing.

Data about movements in transit systems in a city or region is becoming increasingly
important. For example, it is important to know the number of passengers boarding or alighting
in order to implement effective strategies for alleviating congestion and improving the quality
of the transportation service.

In this case, the collection of transportation data is very important for investigating the
current transit supply and demand in order to formulate better transit strategies in the future.
The data of interest for this application are commonly called origin—destination (OD) data,
which reflect a person’s movements from one place to another.

However, traditional methods to record travel data rely on manual counts by on-board
observers on each mode. The process of manual counting is very time-intensive, has a high cost,
and has the potential for significant errors. In suburban cities or small cities, OD data retrieval
and collection are still entirely conventional. Conventional transportation surveys still use a
manual surveying method to count the number of vehicles, passenger, pedestrian, or cyclist.

The conventional methods of data collection to estimate OD and passenger volume
include questionnaires, manual counting, and interviews (Tolouei et al., 2017). A manual survey
involves manual counting by an individual within a specified period. Manual surveys require

many surveyors, carry high cost, and are not suitable compared to surveying developments in



the big data era for example questionnaires, interviews, and manual counting. A small city and
adequate funding are reasons to continue carrying out conventional methods in terms of OD
data collection.

Methods for retrieving OD data using technology have been developed. Newly developed
technologies, such as smart cards, have been applied in many urban centers around the world.
However, these technologies still require high cost, a fixed location, and a prominent place for
equipment installation.

Currently, smartcards, phone signals, wireless systems, and image processing techniques
are used in OD surveys. However, technologies used for transportation surveys all have distinct
shortcomings and advantages. Loop detectors are widely used in developed countries to survey
large volumes of vehicles. However, they cannot quantify the number of passengers in a vehicle
and surveying technologies that can quantify the number of passengers in a vehicle are
expensive. Smartcards, sensor systems, image processing techniques, and wireless devices are
useful for surveying vehicles and passengers but like other tools, this equipment must also
operate in a static state. Therefore, a technology is needed that is cheaper, easier, and can operate
for a long time.

However, both conventional and technological methods for collecting transportation data
have biases and errors. Therefore a comparison between these sources of data provides validity
to improve the hypothesis (Wismans et al., 2018).

In most small cities, suburban areas, countryside, or cities of developing countries, very
high technology is not used due to its high cost and the relatively low movement levels.
Therefore, cheap and flexible technology to retrieve trip information data is needed that can
accommodate small or medium cities or suburban areas, as well as countryside areas or cities
of developing countries. In small cities, suburban areas, and cities of developing countries, the

typical transportation modes are small buses (Wu and Deng, 2013) or paratransit (Pojani and



Stead, 2015).

Nowadays, cheap technologies to be used include wireless fidelity (Wi-Fi) and Bluetooth
(Andion et al., 2018). Wi-Fi technology has developed significantly everywhere in developed
and developing countries. Wi-Fi technology it is ubiquitous, whether it is implemented in a
smartphone, tablet, laptop, vehicle, building, or other Wi-Fi-enabled devices (Pattanusorn et al.,
2016). These are useful not only in computer science applications but also for transportation.

Wi-Fi technology has developed significantly and is relatively new for trip information
surveys or transportation research. The development of this technology for data acquisition and
processing is rapid. Wi-Fi is more convenient for the long-term survey periods. Wi-Fi obtains
media access control (MAC) addresses with high and low frequency from Wi-Fi or Bluetooth-
enabled devices. A MAC address is a unique device identifier that consists of numbers and
letters, which is specific to a device with Wi-Fi or Bluetooth capability (Cunche, 2014; Dunlap
et al., 2016; Musa and Eriksson, 2012; Vanhoef et al., 2016).

Wi-Fi is one of the communication technologies that is most widely used today for
smartphones, laptops, tablets, and other devices that are currently in high demand around the
world. Therefore, Wi-Fi can be used as a tool to observe movements. Consequently, Wi-Fi is
one of the most useful options for obtaining travel data. Moreover, for transportation services,
Wi-Fi could be used for analyzing the crowdedness of a location, such as for the prevention of
human stampedes, for traffic redirection, or for remotely reporting the status of a location, with
respect to the street condition or street crowdedness (Araico, 2017).

Based on this background, the objectives of this thesis are to gather travel data based on
Wi-Fi technology with an inexpensive tool and to interpret the transit behavior into OD,
passenger volume, or travel data. Beyond these objectives, the author aims to determine the
crowdedness and travel speed stability of the street for transportation service purposes by using

Wi-Fi technology.



1.2. Research Objective

This thesis attempts to use Wi-Fi technology to obtain OD data from passengers using

transit services. The author used Wi-Fi equipment in probe request mode to capture and collect

the MAC addresses of passenger devices while the transit mode was traveling along its route.

Additionally, location technology such as global positioning system (GPS) was used in this

research, which conformed with the Wi-Fi equipment.

The general objective of this research is to understand and analyze Wi-Fi and GPS data.

More specifically, the objectives of this study are as follows:

1.

2.

To associate or combine Wi-Fi and GPS log data.

To estimate passenger volume, OD matrix, or travel data based on Wi-Fi and GPS log
data, which requires a new cleaning procedure.

To validate the OD estimation by comparing it with ground truth data.

To estimate road crowdedness and travel speed stability from Wi-Fi technology.

1.3. Research Novelty

The novel contribution of this research is a method to interpret Wi-Fi data as passengers.

In more detail, the novel aspects of this study are as follows:

1.

This research proposes a new cleaning method to transform Wi-Fi log data into
estimated passenger levels and an OD matrix.

The experiment tool presented in this thesis used a mobile Wi-Fi scanner instead of a
static scanner, enabling in-vehicle applications.

This research conducted for small bus and paratransit transportation modes, which is
applicable for small cities or cities in developing countries.

The procedures to determine the OD estimation are based on associated Wi-Fi and



GPS log data.

5. This research also verified the road crowdedness and travel speed stability based on

the Wi-Fi analysis and travel speed stability index from GPS log analysis.

1.4. Limitations and Assumptions

There are some limitations and assumptions of this study, as follows:

1.

The results of the field survey obtained a large dataset, which may include significant
erroneous date. The data include passengers and nonpassengers. Nonpassengers may
be in the form of pedestrians, vehicles, or buildings, which were recorded because
they were near the bus and acquired by the Wi-Fi scanner. Such errors and
nonpassengers must be cleared during the passenger verification process in this thesis.
However, even in the data retrieval process, certain passenger data may not be
recorded if the passengers turned off their Wi-Fi devices. Therefore, there are two
possible errors in the proposed methodology: (1) nondetection of passengers without
smartphones and (2) erroneous detection of nonpassengers with smartphones (Fukuda
etal., 2017).

Another limitation is the consideration of the number of Wi-Fi devices held by
passengers. The author assumed that each passenger carries only one Wi-Fi device.
Accordingly, each detected device can be uniquely associated with one onboard
passenger. However, some passengers may carry multiple Wi-Fi devices. This
introduces another source of error when attempting to estimate the number of

passengers.






CHAPTER 2
LITERATURE REVIEW

2.1. MAC Address

In the principle method, multiple sensors are used to record the unique Bluetooth or Wi-
Fi MAC address for each wireless communication device (Dunlap et al., 2016; A. Petre et al.,
2016). A MAC address is a unique device identifier that consists of particular numbers and
letters, which is specific to a device with Wi-Fi capability (Cunche, 2014; Dunlap et al., 2016;
Musa and Eriksson, 2012; Vanhoef et al., 2016). Wi-Fi systems capture MAC address data from
Wi-Fi device users (Abedi et al., 2015; Dunlap et al., 2016; Jackson et al., 2014). The MAC
address is constant for particular time on each device that is Wi-Fi-enabled. In addition, one
MAC address cannot be assigned to two devices (Asija, 2016; Hidayat et al., 2017, 2018;
Sapiezynski et al., 2015; Shiravi et al., 2016).

A Wi-Fi MAC address can be used to identify a mobile device, and it can be used to
determine the location of a mobile device when it is combined with the received signal strength
at multiple locations (Xu et al., 2013). The use of Android is also widely applied to detect
pedestrian movements. Most smartphones, which have Wi-Fi functionality, usually send probe
request mode to connect to a Wi-Fi access point (depending on the device). A probe request
frame includes the MAC address to analyze the pedestrian flow (Fukuzaki et al., 2014). MAC
address data were traced to determine the position of pedestrians with a probabilistic method,
yielding a set of candidate lists of destinations, including the probability of each list of
destinations being the true one (Hamacher et al., 2010).

In another method, a penetration ratio is calculated by combining tracking and counting

data from Wi-Fi signals. This is the ratio between the number of counts and the number of tracks



( J. van den Heuvel et al., 2016). Pedestrian data are estimated with a system to detect
anonymous MAC addresses of devices at short distances at fixed locations (Jackson et al., 2014)
and the performance of a BT-Wi-Fi system to detect anonymous MAC addresses of devices at

short distances at fixed locations is evaluated (Lesani and Moreno, 2016).

2.2. Why Wi-Fi? What about Bluetooth?

There are two cheap technologies that could be used for transportation. Wi-Fi and
Bluetooth are new technologies for transportation. The author prefers using Wi-Fi technology
because of its high range of approximately 100-300 m and the ability to capture two channels
of different frequencies, 2.4 and 5 GHz (Abbott-jard et al., 2013; Kabir and Khan, 2010).
Bluetooth is intended for portable products at short ranges, for use anywhere that at least two
Bluetooth devices are within a 10-m range (Chhabra, 2013; Man, 2002); such devices have
limited data transfer rates (Man, 2002) and limited battery power. Consequently, it offers very
low power consumption and, in some cases, will not measurably affect battery life. On the
contrary, Wi-Fi is designed for a longer-range connection and supports devices with portable
and substantial power supplies (Pothuganti and Chitneni, 2014).

Based on low-power research, Bluetooth networks are attractive for indoor positioning
due to the easy installation, low power consumption, and long cycle of the beacons. Regarding
power consumption, the benefits of Bluetooth are impressive. Regarding accuracy, however,
the advantages are not so obvious. Even with maximal signal strength, the experiments did not
achieve comparable coverage to that of Wi-Fi (Lindemann et al., 2016). In conclusion, the
author prefers to use Wi-Fi rather than Bluetooth. However, the author researched cleaning,
analyzing, and distinguishing data based on several Bluetooth studies. Table 1 shows the
differences between Bluetooth and Wi-Fi based on the standard parameter (Kabir and Khan,

2010).



Table 1. Differences between Bluetooth and Wi-Fi

Standard Bluetooth Wi-Fi
IEEE Specification 802.15.1 802.11a/b/g
Frequency Band 2.4 GHz 2.4 GHz, 5 GHz
Max Data Rate 3 Mbps 54 Mbps
1024 Bytes, 8-27
Packet Length 1024 Bytes
Bytes (BTLE)
Distance Coverage 10 m 100 m
Battery Life Regular charging Hourly charging
Nominal TX Power 0-10 dBm 15-20 dBm
Number of RF Channel 79 14,23
Bandwidth 1 MHz 22 MHz
BPSK, QPSK, COFDM,
Modulation Scheme GFSK
CCK, M-QAM
) ) Dynamic Frequency Selection,
Coexistence Mechanism AFH )
Transmit Power Control
Basic Cell Piconet BSS
Extended Cell Scattered ESS
Max Number of Nodes 8 2007
) ) RC4 stream cipher (WEP),
Encryption EO Stream Cipher i
AES block cipher
Authentication Shared Secret WPA2 (802.11.1)
Data protection 16-bit CRC 32-bit CRC
Protocol Complexity High Medium
Cost Medium High

2.3. Infrastructure Mode and Probe Request Mode

To understand the equipment employed in this research, we present an explanation of the
infrastructure and probe request modes of Wi-Fi. Wi-Fi can operate in infrastructure mode or
probe request mode. For this study, the Wi-Fi equipment or Wi-Fi scanner is operated in probe
request mode.

Wi-Fi technology is based on IEEE 802.11 standards (including 802.11a, 8.02.11b,

802.11g, and 802.11n) (Cisco, 2008; Najafi et al., 2014). The most common mode of operation



for 802.11 is called infrastructure mode, in which mobile devices or wireless access points
communicate with other wireless access points and wired networks (typically Ethernet).

In infrastructure mode, networks communicate with each other through access points.
Most wireless devices, such as smartphones, tablets, routers, and laptops, are configured for
infrastructure mode. A smartphone can be identified by its international mobile equipment
identity (IMEI) number or MAC address. Smartphone Wi-Fi is designed to periodically transmit
probe requests to identify known access points (Matte, 2017; Yaik et al., 2016). Probe requests
are active scans by mobile devices (Sun et al., 2017; Verbree et al., 2013), the content of which
includes the sender's MAC address (Musa and Eriksson, 2012).

A Wi-Fi scanner in probe request mode can be used to collect MAC address data from
devices. With an appropriate Python script installed on the scanner, it can collect probe requests
automatically (Fukuda et al., 2017). Several previous studies have used Wi-Fi scanners for bus
passengers (Dunlap et al., 2016; Hidayat et al., 2018), paratransit passengers (Fukuda et al.,
2017), and used pedestrians (Fukuzaki et al., 2014; Hidayat et al., 2017; A.-C. Petre et al., 2017;
Schauer et al., 2014). A Wi-Fi scanner can load all MAC address data into a log file. This tool
can access MAC addresses without connecting to the internet and is capable of passively
scanning devices to collect data. A Wi-Fi scanner operating in probe request mode can also be

used to obtain MAC addresses from devices that are operating in infrastructure mode.

2.4. Wi-Fi on Bus and Paratransit

To understand Wi-Fi in the context of transportation surveys, Bluetooth and Wi-Fi
technologies are reviewed below. The previous applications of these technologies and their
reported results are reviewed to understand the purpose of Wi-Fi for OD surveys and to build
on these technologies to further advance transportation survey capabilities. The process

captures and reads the MAC address installed on the vehicle and estimates the time taken to
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travel from the starting point to the end point using static Wi-Fi devices placed at several
locations. The data are interpreted as vehicles following previous research that used the
indicators of more mileage and longer travel time. This system has been applied to a large bus
(Dunlap et al., 2016), a small bus in a small city (Hidayat et al., 2018), and pedestrian tracking
(Abedi et al., 2013; Musa and Eriksson, 2012; A.-C. Petre et al., 2017).

Previously, a study related to the on-bus use of Wi-Fi calculated the OD bus passenger
matrix (Dunlap et al., 2016). The study attempted to compare the results of Wi-Fi and Bluetooth
usage and develop a raw data filtering procedure (Wi-Fi and Bluetooth data) into an estimation
of passenger numbers. Similarly, in research on transit data in Obuse, Japan, passenger
estimation is predicted using a speed indicator as well as the MAC address positional filtering
procedure (Hidayat et al., 2018).

Previous research on passenger behavior using on-bus Wi-Fi data revealed that MAC
addresses that do not change location on the same bus could be associated with passengers
(Jiang et al., 2016). Data filtering is essential for identifying passengers and nonpassengers.
This research applies a filtering process to interpret and verify the raw nonpassenger Wi-Fi data
obtained in the experimental process (Fukuda, Kobayashi, Nakanishi and Suga, 2017;
Oransirikul, Nishide, Piumarta and Takada, 2014) to measure bus passenger loads by
monitoring Wi-Fi transmissions from mobile devices, thereby revealing insights into the
patterns of travel as well as pick-ups and drop-offs.

Research using Wi-Fi equipment for paratransit had been done before with the possibility
of using Wi-Fi-based passive passenger monitoring to collect spatial information about
passengers, including boarding and alighting information (Fukuda et al., 2017). The difference
between the study by Fukuda et al. (2017) and the present research is in the data matching
analysis. Fukuda et al. (2017) proposed two methods of matching data, which were based on

time and location gaps (Wi-Fi and ground truth data). On the contrary, the present Wi-Fi
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research considers matching each MAC address (first and last appearance) with the ground truth
data (boarding and alighting) after reducing them by time and location distance thresholds.
Several innovative studies based on travel surveys use Wi-Fi to understand travel behavior or

transportation.

2.5. Learning How to Clean Wi-Fi Data Based on Wi-Fi and Bluetooth Nonpassenger

Experiment

Recently, there has been much research on methods of collecting nonpassenger data.
Research using Wi-Fi and Bluetooth as tools for counting nonmotorized travel users confirms
this (Bohm, Ryeng and Haugen, 2016; Malinovskiy et al., 2012; Nishide and Takada, 2013;
Poucin, Farooq and Patterson, 2016). There are significant benefits and challenges to the use of
Wi-Fi and Bluetooth data for the analysis of spatiotemporal dynamics of human movement,
crowd MAC data collection and monitoring (Abedi, Bhaskar and Chung, 2013), and combining
data from both (Wi-Fi and Bluetooth) sensor types (Wi-Fi and Bluetooth), which yields useful
insights into pedestrian dynamics (van den Heuvel, Ton and Hermansen, 2016). Previous
research has also used Wi-Fi and Bluetooth data of pedestrians inside terminals to detect moving
pedestrians and their behavioral patterns within the terminal, and thus to create an O—D motion
matrix (Shlayan, Kurkcu and Ozbay, 2016).

Similar research on Wi-Fi systems for traffic monitoring focused on pedestrians, vehicles,
and bicycles (Jackson, Lesani and Moreno, 2014). The study placed Wi-Fi scanners on
streetlights to capture MAC address data, identifying and estimating numbers of pedestrians,
bicycles, and vehicles from the speed of each travelling MAC address. Initially, pedestrians
were identified by filtering for MAC addresses that could be captured across a distance of 100 m
(Malinovskiy, Saunier and Wang, 2012). One study detected vehicles using Wi-Fi and Bluetooth

devices installed in a car (Ahmed, El-Darieby, Morgan and Abdulhai, 2008) and another
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detected vehicles with a focus on travel time (Mai, Kusakabe, Suga and Oguchi, 2017).

Wi-Fi with Android applications is also widely used to detect pedestrian movements.
Although it depends on the device, most smartphones usually send probe request frames to
connect to a Wi-Fi access point, which include the MAC address (Fukuzaki, Nishio, Mochizuki
and Murao, 2014). In this study, MAC address data were traced to determine the position of the
pedestrian with a probabilistic method consisting of a set of candidate lists of destinations, with
the probability of each record of targets being the true one (Hamacher, Heller and Ruzika, 2010).

Finally, the research uses Wi-Fi devices paired permanently in strategic locations (Lesani
and Moreno, 2016), and the use of software installed on smartphones; it should be noted that
most pedestrians do not make use of this software (Shlayan et al., 2016).

There are several studies on using Bluetooth and Wi-Fi to detect pedestrians. Bluetooth
is used to measure pedestrian activity with a detection rate of 2%, which is lower than that of
Wi-Fi. Wi-Fi data is noisier, owing to the higher detection rate, but can it also be more
informative (Lesani and Moreno, 2016). Previous research on pedestrian activity demonstrated
that Bluetooth could be used to determine pedestrian flow and density, but is less accurate
compared to ground truth data (Schauer et al., 2014). However, the results were shown to vary
depending on the location and time of the survey. Filtering data to isolate pedestrian activity
uses the calculated speed to discriminate between pedestrians, cyclists, and cars (Abedi et al.,
2015). Another investigation applied a waiting time filter as a Bluetooth data filter to determine

pedestrian flow more accurately (Kurkcu and Ozbay, 2017).

2.6. Wi-Fi, Time, and Speed
In intersection estimation research, there is a relationship between Wi-Fi data and travel
time. Such intersection estimation research seeks to confirm the accuracy of Bluetooth and Wi-

Fi data on urban roads against reliable travel time results (Shiravi et al., 2016). The research
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that detects human movement uses high-frequency Wi-Fi in association with GPS to identify
the position of the MAC address or access points (Sapiezynski et al., 2015).

The use of Wi-Fi and Bluetooth in public terminal transportation has also been applied in
a high and wide frequency band to capture MAC addresses, such that the travel behavior of
pedestrians can be identified and understood in terms of seconds and minutes (Shlayan et al.,
2016). This public terminal transportation research considers high-frequency Wi-Fi data
compared with Bluetooth data. The reliability of travel time detected using Bluetooth has been
investigated to identify the ability of Bluetooth to detect MAC addresses (Araghi et al., 2015).

In such studies, data processing was conducted by dividing the detection zone and
detection time. Another empirical evaluation of Wi-Fi was conducted on road transport. The
method employed was to perform “exit to exit” detection using a data-filtering procedure with
time as the main variable (Abbott-jard et al., 2013). “Exit to exit” detection is intended to
identify the “beginning” and “end” of each MAC address’s identification time. Other travel
research using static equipment has been conducted for bicycle users with time and speed
filtering to confirm the penetration rate of Wi-Fi data (Bohm et al., 2016; Ryeng et al., 2016).
Research on the time travel estimation process is important in confirming the accuracy of Wi-
Fi data (Hidayat et al., 2018).

Bluetooth applications for determining vehicle travel time can be used to detect abnormal
traffic. The index characteristic for travel time used a “min,” “max,” “average,” and “medium”
scale (Namaki Araghi et al., 2015). Other research focuses on OD in urban areas. This approach
uses MAC address data and calculates the travel time and speed of vehicles based on the “start”
and “end” of a recorded MAC address (Khliefat and Shatnawi, 2017). The use of Bluetooth can
also be applied to road surveys, and previous investigations have demonstrated the importance
of the MAC address data cleaning process for the investigation of transport activity on roads

using “entrance” and “exit” specifications (Abbott-jard et al., 2013). This process records the
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position of a MAC address at the beginning (entrance) and end (exit) of a probe by a Bluetooth
scanner tool. This method also uses a timestamp parameter to calculate the travel time of each
vehicle, either in a public terminal space or on the highway (Shlayan et al., 2016).

Bluetooth and Wi-Fi research are strongly associated with time and speed variables for
static and mobile scanners. The filtering process, based on time variables, is vital for
determining whether Bluetooth is useful for a transportation survey (Abedi et al., 2015; Erkan
and Hastemoglu, 2016; Filgueiras et al., 2014; Young, 2012). Time analysis is used to determine
the OD matrix based on travel time (J.Barcelo et al., 2010). Other investigations (Namaki
Araghi et al., 2015; Porter et al., 2013; Pourhassan, 2016) described the calculated travel time
between multiple Bluetooth and Wi-Fi antenna sensors.

Furthermore, Araghi and colleagues used a combination of methods to analyze travel time
(Araghi et al., 2015). A previous investigation conducted by Romancyshyn and colleagues
described the use of Bluetooth to determine travel time; delays in urban areas demonstrated that
weather significantly affects travel time, and that Bluetooth could be used to monitor vehicle
activity accurately (Romancyshyn, 2016). The difference between Bluetooth and Wi-Fi has also
been examined and it was determined that Wi-Fi has a more extensive operating range of 10—
100 m (Ferro and Potorti, 2005). Moreover, Wi-Fi can operate using two frequency bands (2.4

and 5 GHz), whereas Bluetooth can only operate at 2.4 GHz.

2.7. Geographic Information System and Wi-Fi

Geographic information system (GIS) software illustrates spatial data distributions. In the
case of transportation, this is accomplished using the open-source Quantum GIS software.
There are several studies related to the use of GIS for transportation and travel time. The
distribution of spatialized Wi-Fi data can be identified if the data have specific XY coordinates

captured through the Wi-Fi scanner and GPS (Feng and Liu, 2012; Odiyo, 2014). GIS is also
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more efficient for wireless data deployment in the development of trade and services or urban
planning (Aldasouqi and Salameh, 2014). Furthermore, research on travel diary data has been
conducted based on travel time using GIS. In such research, the analyses use “starting” and
“ending” person—trip data in combination with spatiotemporal data (Yu and Shaw, 2004).

An analysis of “day-to-day” variations in travel time using GPS connected to a notebook
PC can capture vehicle movement over multiple days. One study describes the tracking of
vehicle movements using a GPS device based on travel time and travel speed (Ohmori et al.,
2002). Path GIS research uses spatial trajectory analysis on all of the GIS data points obtained
for vehicle movements (Zambrano et al., 2016). More specifically, by examining the logical
path of tourist movements using GPS data from tourism spots, the travel time data for each
tourist (Meng-Lung Lin, Chien-Min Chu and Tsai, 2009) or the fastest and shortest travel times

can be classified using GIS modeling (Abousaeidi et al., 2016; Ilayaraja, 2013).
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CHAPTER 3
METHOD

3.1. Overview of Field Experiment

This research was conducted on two different transit modes, which were in two different
case study areas, which were a small city in a developed country and a large city in a developing
country. For these case study areas, the experiments were conducted in a small bus and in
paratransit mode, respectively.

These two modes are totally different because of the characteristic area of study. The first
experiment was in Obuse, Nagano prefecture, Japan, and the second was in Makassar, South
Sulawesi province, Indonesia.

These areas are a small city and a large city, which have their own characteristics. Obuse
is tourism area with less traffic around the city and there are still many agricultural areas
interspersed with urban areas. For transportation, this city uses small buses to distribute its
visitors. The second experiment was in Makassar, which is one of the major cities in Indonesia,
South Sulawesi province. Makassar city is large city with heavy traffic and mixed land use. For

transportation, the majority of people use a paratransit mode, which is called petepete.

3.2. Small Bus Field Experiment

For the small bus experiment, the study location is the town of Obuse in the Kamitakai
District in the Nagano Prefecture of Japan. Obuse is one of the top tourist destinations in Japan.
It attracts 764,000 visitors every year. Obuse is unique for its chestnut processing industry and

as a historic city with a variety of tourist attractions. The survey was done during the years 2016,

2017, and 2018. In 2016 and 2017, the survey was conducted in one day which are 30 October
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2016 and 22 October 2017. In 2018, it was conducted for two days (13—14 October 2018). In
October 2016, the town had an estimated population of 10,698 and a population density of 560
people per square kilometer. Its total area is 19.12 km?.

Obuse has a circulating shuttle bus called the “Romango.” The Romango is a hop on—
hop off bus, which means that the bus stops at each location for only a few minutes and allows
passengers to travel around the city with as single tour ticket for an entire a day (Figure 1). The
fare for a day-trip ticket is 3 USD, which is equivalent to approximately 300 Japanese yen.
Obuse operates two buses following a circular route every Saturday and Sunday, which connect

to nine bus stops. Visitors can reach several tourist attractions by using this bus.

Figure 1. Obuse Romango bus

The Romango bus is a medium-sized bus with a maximum capacity of 25 passengers.
The bus route has nine stops (Table 2) along its route (Figure 2) and seven route circulations
based on the timetable. The route circulations are referred to as circulation numbers (CNs),
which depend on the bus service time. The Romango bus traverses seven CNss in its circulation

from bus stop one (BS1) to bus stop nine (BS9) and passes nine bus stops: BS1 (Obuse Highway
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Oasis Park), BS2 (Obuse Station), BS3 (Hokusai Museum), BS4 (Obuse Museum), BS5
(Matsumura Town Parking), BS6 (Obuse Hot Springs), BS7 (Floral Garden), BS8 (Jyokoji
Temple), and BS9 (Ganshoin Temple). The circular route is approximately 15 km in length and
the overall route length is 8.8 km. The longest segment is 2.7 km from BS1 to BS2 and the
shortest is 0.3 km from BS4 to BSS5. The buses depart every 30 min from 9:50 AM to 5:50 PM.
The round-trip travel time is 50 min. Bus no. 1 operates from 9:50 AM to 5:10 PM and bus no.
2 operates from 10:20 AM to 5:50 PM.

Table 2. Obuse bus stops

Number of  Bus Stop Name/Famous Destination

Photographs

Bus Stop Near Bus Stop

1 Obuse Highway Oasis Park

2 Obuse Station

3 Hokusai Museum

4 Obuse Museum

5 Matsumura Town Parking

6 Obuse Hot Springs
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Number of  Bus Stop Name/Famous Destination
Photographs
Bus Stop Near Bus Stop
7 Floral Garden
8 Jyokoji Temple
9 Ganshoin Temple
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Figure 2. Bus route

The passenger/tourist demographics in Obuse area are generally in the adult-to-senior age

range. Tourists in Obuse come not only from within Nagano prefecture, but also from other

prefectures and other countries.
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3.3. Small Bus Wi-Fi Scanner Installation

The measured number of boarding or alighting passengers was collected from the Wi-Fi
scanner and compared with the manually counted results. The Wi-Fi scanner, which was
developed by the author’s laboratory professor as a prototype, scans for mobile devices that
emit management packets every five seconds. The Wi-Fi scanner equipment captures MAC
addresses from devices such as smartphones, laptops, tablets, computers, and other Wi-Fi-
enabled devices. A MAC address is a unique code, specific to a Wi-Fi-enabled device, and does
not contain any personal information. The Wi-Fi scanner equipment includes an antenna, a GPS
receiver, and a mobile battery (Figure 3).

This scanner uses a Raspberry Pi minicomputer as a controller. The Raspberry Pi is a
single-board computer running a quad-core CPU at 900 MHz. It is powered by a 30,000 mAh
portable battery, with up to a 12-hour battery life. This system has 1 GB RAM, a USB port,
four-pole stereo output, video port, and an HDMI port output. The Raspberry Pi also includes
a high-frequency BU 353 GPS tracking device and a microSD slot, which is used for loading
the operating system and storing data. This system was built to make a Wi-Fi scanner to operate
in probe request mode to record MAC addresses from devices running in infrastructure mode.

The Wi-Fi scanner was placed in the bus and positioned in proximity to the bus driver
(Figure 4). The scanner has an approximate range of 100-300 m and detects bus passengers’
and surrounding pedestrians’ Wi-Fi devices, as well as Wi-Fi devices located within buildings
and vehicles (Figure 3). Upon concluding the field survey, the Wi-Fi scanner was turned off,
and the MAC addresses were downloaded for further analysis. The MAC addresses are referred

to as raw data that will be used to estimate passenger information.
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Figure 4. Wi-Fi scanners installed on buses No. 1 and No. 2

3.4. Paratransit Field Experiment

This study was conducted in Makassar, one of the major cities in Indonesia. Makassar is
the capital city of South Sulawesi Province in Indonesia. It has a population of approximately
1,500,000 people and an area of approximately 175.77 km? (Figure 6). Makassar has a
paratransit system called petepete (Figure 5).

The petepete fleet in Makassar is comprised of approximately 6,000 units with 18 routes.
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The petepete include medium-sized buses as well as minibuses that can accommodate
approximately 10—12 people per vehicle.

The petepete have a clear route but do not have nodes or fixed stops, because the stops
depend on passenger requirements. The petepete system does not have a timetable. As explained

in the introduction, petepete have paratransit characteristics in general.

Figure 5. Petepete overview

This experimental test was conducted on five routes (Table 3 and Figure 7). The route
codes are B, D, E, G, and H. These routes were chosen according to the route length; number
of petepete; diversity of land use; and primary, secondary, and local level road coverage. The
routes cover areas of mixed land use, such as residential, traditional markets, business,

industrial, and shopping centers. The five routes are the Cendrawasih, Ikip, Antang, Panampu,
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and Daya routes. The length of the routes extended 23.3 km, and the time required for one
circuit was approximately 60—80 min. Data retrieval was carried out on August 23-27, 2018,

from 09:00 to 17:00.

Table 3. Petepete routes, unit, and length of route

Code
T Route Unit  Length of Route (Km)
A Makassar Mall -BTN Minasa Upa 165 12.1
B Pasar Butung - Cendrawasih Trm. Malengkeri 421 12.4
C Makassar Mall - Tallo 220 7.4
D Makassar Mall Terminal. Regional Daya - Perumnas Sudiang 802 233
E Makassar Mall - UNM - Perumnas Panakkukang 379 11.5
F Makassar Mall - Veteran Trm. Malengkeri 286 10.4
G Makassar Mall - Ir. Sutami/Toll - Trm. Regional Daya 348 20.1
H Makassar Mall - Perumnas Antang 329 15.5
I Makassar Mall - STIKI - Borong 299 93
J Makassar Mall - Pa'Baeng?2 - Perumnas Panakkukang 200 10.2
S Makassar Mall - BTP 221 14.8
B1 Trm. Malengkeri - Cendrawasih - Kampus Unhas 146 24
Cl Tallo - Kampus Unhas 36 20.4
El Perumnas Pankkukang - UNM - Kampus Unhas 149 19.5
F1 Trm. Malengkeri - Vetran - Kampus Unhas 53 20.3
R1 Pasar Baru - Ujung Tanah - Kampus Unhas 2 20.1
W BTP - Terminal Daya - SMA Negeri 6 5 9.6

24



Pasar Butung - Cendrawasih Trm.
Malengkeri (Cendrawasih)
Makassar Mall Terminal. Regional
E Perumnas Sudiang (Days
Makassar Mall - UNM - Perumnas

Panakkukang (Ikip)
Makassar Mall - Ir. Sutami/Toll - Trm.
Regional Daya (Panampu)
ssar Mall - Perumnas Antang

(Antang)

Figure 7. Route field experiment
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3.5. Paratransit Field Survey Scenario
3.5.1. First Scenario

This survey scenario used five routes (Figure 8). Each route had four petepete units, and
each vehicle was followed by a surveyor and a Wi-Fi scanner. This survey was conducted on

August 23, 24, 26, and 27 of 2018 from 09:00 until 17:00.

o-'_q D G D

Four units per route
| N
Twenty surveyors per day One surveyor per vehicle

Figure 8. First scenario of paratransit survey

3.5.2. Second Scenario
This survey scenario used only one route (Figure 9). The route had 20 petepete units, and
each vehicle was followed by a surveyor and a Wi-Fi scanner. This survey was conducted on

August 25, 2018 from 09:00 until 17:00.

9
o st Omeroute

=

Twenty surveyors Five-minute start time difference
between consecutive vehicle
departures

Figure 9. Second scenario of paratransit survey time

26



3.6. Wi-Fi Scanner Equipment and Installation for Paratransit Survey

The Wi-Fi scanner equipment used in this study is equivalent to that used in the Obuse
survey, and included an antenna, a GPS receiver, and a mobile battery (Figure 10). The Wi-Fi
scanner was placed in the petepete and positioned in proximity to the driver. The surveyor
guarded the Wi-Fi equipment along with recording ground truth data. After field testing inside
the petepete, the Wi-Fi scanner captured approximately 5,700,000 MAC addresses. This

scanner provided two datasets, i.e., Wi-Fi log data and GPS log data.

Wi-Fi Scanner =

Battery

Antenna

Figure 10. Wi-Fi scanner equipment

3.7. Small Bus and Paratransit Ground Truth Surveys

OD ground truth data was collected to validate the results of the Wi-Fi data analysis. Each
vehicle had one surveyor to capture the ground truth data. The surveyor recorded the boarding
and alighting of passengers from 09:00 to 17:00 for the Obuse Romango buses and from 08:00
to 18:00 for the petepete. The surveyor oversaw recording the passenger conditions and keeping
the Wi-Fi equipment functioning properly and carried a package of survey tools in the petepete

to record data. The form completed by the surveyor included the passenger ID, boarding and

27



alighting time, and the place names of origin and destination. Figure 11 shows photographs of

surveyor recording by manual counting inside a bus (Figure 11 a) and petepete (Figure 11 b).

b) Petepete ground truth survey

Figure 11. Ground truth survey
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CHAPTER 4
SMALL BUS APPLICATION

4.1. Introduction

The main objective of this part is to estimate small bus passengers based on Wi-Fi scanner
survey data from Obuse. This part describes a new data cleaning procedure used to characterize
bus passenger volume and OD data using a combination of MAC address and GPS data. This
research used a Wi-Fi scanner to detect MAC addresses of individual bus passengers.

The Wi-Fi scanner can perform a probe request mode to capture MAC addresses from
mobile devices or other Wi-Fi-enabled modalities without connecting to the internet. The
approach developed in the proposed study can output passenger volumes for different bus route
sections.

Several cleaning rules were applied to filter the log data to include only passengers based
on the nature of the user's behavior: (1) the passenger boards the bus at a bus stop, (2) the
passenger alights at another bus stop, and (3) the passenger can be detected between these two
stops. The time stamps and longitude and latitude of the devices are also recorded by the GPS
antenna and the logger integrated into the Wi-Fi scanner. A bus stop visited by the bus was
identified by matching the recorded longitude and latitude with a map of the bus route.

The comparison results of passenger volumes and OD obtained from the Wi-Fi data and
the ground truth indicates that the number of passengers determined using the Wi-Fi data is less
than that obtained from the ground truth survey. Therefore, the new cleaning procedure is

effective to clean Wi-Fi raw data into passenger data.
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4.2. Processing Data

The processing data was produced in two ways. The first is by simple estimation (Figure
12) and the second is a specific value alternative (Figure 13). The results of the survey include
both Wi-Fi and GPS log data. The Wi-Fi log contains the time and MAC address data, and the
GPS log contains the time and coordinate (position) data. The Wi-Fi and GPS logs obtained
from the Wi-Fi scanner were distinct.

The data processing procedure combines the Wi-Fi and GPS logs, converts the coordinate
system to Universal Transverse Mercator (UTM), calculates the speed, bus stop zone, bus route
circulation, and finally the passenger volume.

Two data processing schemes were applied to the small bus. The first (Figure 12) was
used to determine the estimated passenger volume and OD, which used the 2016-2017 data.

The second (Figure 13) was used to decide the threshold, which used the 2018 data.
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Figure 12. Wi-Fi procedure flowchart

4.2.1. Wi-Fi and GPS Logs
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Figure 13. Wi-Fi procedure flowchart with
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The first step of the data processing procedure combines the Wi-Fi and GPS log data.
Merging these two logs allows the location coordinates of each MAC address captured by the
Wi-Fi scanner to be determined.

The merging technique uses the pandas concat module from the pandas data-analysis

Python library (Pandas, 2019). The time column data in the GPS log were used as an index for
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merging the two datasets. Merged data were displayed on the GPS log, because GPS log data
include time column data reported in units of data per second. The time column on the merged
log provides information regarding the amount of time elapsed between individual MAC
address pings throughout a passenger’s bus trip.

The coordinate system of this data is decimal degree. The data are then converted from
decimal degree coordinates to UTM (meters system), enabling the calculation of distance and
speed for each MAC address. The processing procedure is accomplished using the geopandas
Python module.

After the coordinate data have been converted, the converted data are input into the QGIS
software package. On a QGIS map, the Wi-Fi data points can be observed and are in alignment

with the bus route.

4.2.2. Speed Calculation

In this research, two types of procedures were conducted. The first experiment used a
direct speed estimation process. The direct speed implied the MAC address speed was faster
than the bus speed. The direct speed was calculated based on the location where the MAC
address was initially detected. This process did not consider GPS log data that was acquired
between MAC address pings. Therefore, the MAC address speed estimation was faster
compared to the bus speed (Figure 14).

Furthermore, the direct speed calculated using MAC address pings was higher than the
speed calculated using the ground truth approach (Hidayat et al., 2018). Therefore, it was
necessary to improve the calculation procedure. The improved quantity was called the route
speed (the second experiment). The route speed method calculated the MAC address speed
based on the route recorded in the GPS log. This improved calculation implied that the MAC

speed was the same as the bus speed.
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Figure 14. “Direct speed” and “route speed”

This route speed analysis can fit the speed calculated using the MAC address and GPS
log data to the speed of the bus. Figure 14 shows the new procedure for analyzing Wi-Fi data
based on the bus route, which is referred to as the route speed.

The route speed is the MAC address speed calculated based on the bus route, which is
recorded in the GPS log. The GPS log significantly affects the calculation of the MAC address
speed. Among the MAC address data, there is also time data that is not included with the MAC
address and could be used to analyze the speed. This tracks the MAC address based on the route
as well as the time. On this basis, the author considers the route speed as the best way to
calculate the MAC address speed.

Before calculating the route speed, the date must be transformed. This data transformation
procedure, shown in Figure 15, aims to identify and sort the data between the beginning and

end of the MAC address detection. The analysis includes the time and coordinates from the

33



GPS log data that do not have MAC address information (Not a Number (NaN) data).

This transformation populates the GPS log data between MAC address appearances. The

data transformation was an advanced analytical step for the Wi-Fi data cleaning procedure,

which was accomplished using the pandas iloc dataframe Python module. In Figure 15, ID, X,

Y, and T represent the MAC address, longitude, latitude, and time, respectively.
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NAN
ID1
NAN
ID3
ID4
NAN
ID2
ID4

ID1 40
D2 43
ID3 45
ID4 65

4 80 1<
43 86 2 €4
45 o0 3<-id
43 8 4 i
34 68 5
57 114 6 :
58 116 7 Begin and end of MAC address
65 130 8<:reet.
23 46 9 :
46 92 10
65 130 8-
Transform

New data structure includes all of the IDs and NaN (empty) ID
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8 2 45 90 3 43 8 4 34 68 5

90 3 43 8 4 34 68 5 57114 6 58 116 7 65130 8 23 46 9 46 92 10
86 4 34 68 5 57 114 6 58 116 7

46 9 46 92 10 65 130 8

Figure 15. Example data transformation

The speed of each MAC address is intended for cleaning data based on the average speed

of each MAC address. An analysis of the MAC address speed is essential for equating the MAC

address speed to the bus speed. The equation for calculating the MAC address speed is shown

below.

V. = VXiy1—X)?+(Yip1-Y;)?
; )

where:

(1)

Tiy1-T;i
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1 = Time frame of data acquisition

Vi = Speed at the i-th time frame

Xi = Longitude for the i-th MAC address
Y; = Latitude for the i-th MAC address

Ti = Time for the i-th MAC address

4.2.3. Moved Categorization

This data processing step categorizes each MAC address measurement as “moved” or
“stopped.” The speed threshold for categorizing a MAC address as “moved” is 1 km/h.
Therefore, if a MAC address has moved faster than 1 km/h, then the MAC address is
categorized as “moved,” and if the speed of a MAC address is measured below the 1 km/h
threshold, the MAC address is categorized as “stopped.” The 1 km/h threshold is based on the
average of the MAC address and bus speeds. This research was conducted by trial and error. If
the threshold is set less than 1 km/h, the “moved” categorization is overestimated, and if the
threshold is set greater than 2 km/h, it is underestimated.

This research used a preliminary threshold of > 1 km/h to justify the “moved” and
“stopped” categorization. Thresholds are used to view the change trends of MAC address data.
The threshold is applied as 1 km/h because it considers the bus speed. The 1 km/h threshold is
sufficiently moderate to be used for further analysis because the Obuse Romango bus is a hop
on—hop off bus and the route is quite narrow. These factors make the Obuse Romango bus
slower than a common bus. If the threshold is not set, all the unique MAC addresses are
considered as passengers and nonpassengers (moved and stopped classification). If the
threshold is set as 1 km/h for the moved classification, then speeds in the range 0 < Vi < 1 km/h

are classified as stopped and those satisfying 1 km/h < Vi are classified as moved.
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4.2.4. Bus Stop Zoning, Time Spent at Intersection, and Analysis of MAC Addresses in
the Vicinity of Bus Stops
In the bus stop zoning processing step, data are buffered around each bus stop using QGIS.
The buffering zone radius surrounding a bus stop is approximately 10 m.
Based on the 2018 data, the distance of raw data is mostly near or around the bus stop.
The distance between raw data is 0—50 m. Figure 16 and Figure 17 show the data from 13 and

14 October 2018, in terms of the distance between MAC addresses and bus stops.
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Figure 16. Distance between MAC addresses and bus stops on 13 Oct 2018
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Figure 17. Distance between MAC addresses and bus stops on 14 Oct 2018

The aim here is to determine how far people queue or stand around the bus stop. However,
if the radius is too large, it will include people not only around the bus stop also outside the bus
stop. If it is too small, it will be inappropriate for data around the bus stop.

This zone, surrounding the bus stop, is used for intersection analysis in conjunction with
the time data from the GPS log. This zoning procedure analyzes the time of bus movement
recorded at the bus stop or around the bus stop.

The intersection is used to determine the presence of a MAC address at the bus stop. The
GPS time log data and the intersection around the bus stop are used as the basic data for
classifying the time data of a MAC address that is either at the bus stop or outside of the bus
stop. This processing step is used to determine passenger volume for each MAC address. This

analysis uses Python’s classify function to classify the time within the buffer zone.

4.2.5. Classification Based on Route Circulation

In this final processing step, the data from the previous processing step were re-analyzed
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based on route circulation. The Romango bus has seven route circulations in one day, and MAC
addresses that are detected in a circulation can be interpreted as traveling passengers. MAC
addresses that are not in circulation can be eliminated from this dataset. This processing step

uses Python’s time classified program analysis.

4.3. Passenger Volume
4.3.1. Direct Speed Estimation Result

For the direct speed estimation, the results obtained after data processing generally show
significant differences among the trends in the number of passengers in trip segments BS1-
BS2-BS3, BS3-BS9-BS3, and BS3-BS2-BS1 and CNs. A CN is a circulation number that
indicates the bus service route. The number of passengers for BS1-BS2-BS3 and BS3-BS2-BS1
is high, as these routes connect to the entrance of Obuse and provide mobility
toward Obuse Station (BS2). These data may be overestimated owing to the relatively high
incidence of nonpassenger data being detected from pedestrians or vehicles around the bus.
Congestion and high traffic volume on the road caused the Wi-Fi scanners to detect or capture
nonpassengers. On the contrary, the BS3-BS9-BS3 segment data were found to be relatively
stable in every circulation. According to the data, the change in passenger volume between
circulations was low; this is because the high travel volume in the morning is directed
toward Obuse station. In the second through the fifth circulations, there was a higher level of
passenger travel because many people travel in the time period of 10:00—15:00 and the number
of passengers fell as the afternoon began.
e (CNI-6 (before noon)

The estimated OD data shown in Figure 18 are based on CN1 to CN6 data from the
morning until noon. The pattern of tourist travel is dominated by the museums (BS3, BS4), hot

spring (BS6), garden (BS7), and historical places (BSS8, BS9). Based on the data, the variation
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was high for segments S1-2 to S2-3 and from S3-2 to S2-1, and there was high passenger
activity on BS2 and BS1. Medium variation occurred in segments from S3-4 to S6-9 and from
S9-5 to S4-2, indicating stable movement. There was low variation in S6-9, indicating that the

tourist attraction destinations, such as temples, are long distances away from the station.
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Figure 18. Estimated number of passengers for travel data from CN1-6 (AM)

e (CN7-14 (after noon)

The estimated OD data in Figure 19 for CN7-14 in the afternoon show almost the same
pattern as that in the morning. The relative movement in segments from S3-4 to S4-2 are
consistent with the morning data, showing that bus users start to spread evenly throughout the
bus stops to reach the tourist destinations. However, compared with the morning travel data,
the movement in segments from S1-2 to S3-4 and from S4-2 to S2-1 were higher in the

afternoon owing to the end of the visiting periods.
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Figure 19. Estimated number of passengers for travel data CN7-14 (PM)

4.3.2. Route Speed Estimation Result

The passenger volume is the total number of passengers onboard the bus between two bus
stops. Figure 20 shows passenger volume results, indicating the estimated passenger volume in
each section and each CN. For each CN, the bus circulates around the route from BS1 to BS9
and returns to BS1 but skipping BS8 and BS6.

A section (S) is a section between two bus stops. For example, S1-2 refers to the section
between BS1 and BS2. Figure 20 shows the travel trend for each CN and section.

After the improved calculation (route speed), for the 2016 data, Figure 20 shows a small
number of passengers in CN1, CN4, and CN7 because these represent the bus time service in
the morning, at lunch time, and the end of the bus service time. CN1 is the first bus starting
time and CN 14 is the last time bus operating time, which is around 17:00. This is the time many
tourism spots cease operation and people return home. Accordingly, the volume is lower than
that of other CNs. CN4 is also lower, because it is in afternoon, and people tend not to use the
bus during lunch or when resting after lunch. Therefore, the number of people going to tourism
spots is lower than during other CNs. On the contrary, CN2, CN3, CN5, and CN6 show a
slightly high number of passengers, because they are around 11:00-16:00, when many people

travel to tourism spots by bus, and these CN have a high number of passengers around the
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Obuse city center. CN3 and CN5 show quite similar patterns because of on-peak hours. These
two CNs have more passengers compared to the other CNs, owing to the high volumes of
passenger movement in the morning, between 9:00 and 11:00, compared to afternoon travel.
In terms of the difference between sections, S3-4 and S4-5 show the highest volume
because they are around city center. S9-7 and S2-1 show the lowest volume because they are
outside the city center. With respect to the places, S1-2, S2-3, S3-4, show S4-5 a very high
number of passengers. BS1 is Obuse park (BS1), which is the entrance of Obuse city. BS2 is
Obuse station and BS3—-BS5 are city center of Obuse, which is a very high-density location.
Bus stops BS6-BS9 are very far from the city center and the tourist spots are a temple and hot

spring.

—4—CN]l ——CN2 CN3 CN4 —%=CN5 —0—CN6 =—+—CN7

ESTIMATED PASSENGERS

S1-2 S2-3 S3-4 S4-5 S5-6 S6-7 S7-8 S8-9 S9-7 S7-5 S5-4 S4-3 S3-2 S2-1
BUS SECTION

Figure 20. Passenger volume for sections (2016)

Figure 21 demonstrates that the data showed different travel trends. The highest passenger
volumes were observed in sections S2-3, S3-4, S4-5, S5-6, S6-7, S9-7, S7-5, S5-4, and S4-3,
whereas average passenger volumes were observed in sections S1-2, S6-7, S7-8, S8-9, and M2-
1. Additionally, the route circulations with the highest volume of passengers were CN1, CN4,
and CNS5. Considering the time, CN2, CN4, and CN6 shows the high passenger volume because

these CNs are at 11:00, 13:00, and 16:00, which are the best times to travel from one spot to
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Figure 21. Passenger volume for sections (2017)

4.3.3. Direct Speed Comparison Result

For the first result, the observer count data was then compared with the simultaneously
collected results of the proposed Wi-Fi-based method. The observer data include the number of
passengers boarding and alighting at each bus stop. The manual count data were only available
for CN3, CN5, CN8, CN10, and CN12.

Figure 22 shows the difference between the manually counted (observer) data and Wi-Fi
data in five circulations: CN3, CN5, CN8, CN10, and CN12. In general, the results show
reliable Wi-Fi data compared with the observer data for CN3 in sections S2-3, S5-6 to S7-5,
and S4-3; for CN5 in segments from S3-4 to S4-3; for CN8 in segments from S5-6 to S8-9; for
CN10 in segments S4-5 and S7-8; and for CN12 in sections S3-4, S4-5, and S8-9. A striking
difference between the manually counted and Wi-Fi data, indicating unreliable data, was found

for the other segments listed above.
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Figure 22. Comparison between the Wi-Fi data and observer data

The data were analyzed based on a correlation analysis to determine which Wi-Fi data
were related and which were unrelated in each circulation by comparison with the observer data.
The correlation analysis of the Wi-Fi data compared with the observer data for CN3 yielded an
R-value of 0.390, indicating a low (positive) correlation. The CN5, CN8, CN10, and CN12 data

had R-values of 0.671, 0.639, 0.633, and 0.530, all of which indicate relatively high (positive)

43



correlations. Based on the correlation analysis, the observer data and Wi-Fi data generally have
a correlation line indicating they are related, because there was such a small difference between
the two datasets.

However, if the data are split based on the movement between each bus stop, there is a
small difference between the observer and Wi-Fi data that can be considered reliable. All the
circulation data for BS1 and BS2 were associated with a high traffic volume, as it is the main
route in Obuse; this is because the main activity center is Obuse station (BS2) and the tourist
entrance is at Obuse park (BS1). CN3, CN5, CN8, CN10, and CN12 at BS4, BS5, BS6, and
BS7 is a daytime route that most pedestrians tend to walk in order to see some of the interesting
places along the route. To assess the details of each circulation and each bus stop, the observer
data and Wi-Fi data were analyzed according to the ratio of Wi-Fi over estimated (RWOE) to
the observer data. The values of RWOE greater than 8 indicate unreliable route segments. The
threshold of RWOE > 8 was used based on the author's assumption that if the data difference
was in the range 1-7, it was acceptable. The RWOE analysis was employed to illustrate the
differences between the Wi-Fi data (MAC address) and the traffic counting. According to Table
4, CN3, CN5, and CN8 had more reliable data than C10 and C12. For more details, please refer

to Table 4.

Table 4. Comparison of observer and Wi-Fi data for each trip segments in five circulations

CN3 CNS5 CN8

3 MCD | WD RWOE | MCD | WD RWOE | MCD | WD RWOE
S1-2 21 32 11.0 1 34 33.0 0 23 23.0
S2-3 23 24 1.0 3 36 33.0 7 12 5.0
S3-4 24 12 -12.0 10 11 1.0 6 17 11.0
S4-5 24 14 -10.0 9 9 0.0 6 17 11.0
S5-6 24 26 2.0 9 15 6.0 6 6 0.0
S6-7 18 18 0.0 13 17 4.0 6 12 6.0
S7-8 16 8 -8.0 13 17 4.0 6 1 -5.0
S8-9 6 11 5.0 6 12 6.0 6 1 -5.0
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CN3 CN5 CN8
> MCD | WD RWOE | MCD WD RWOE | MCD | WD RWOE
S9-7 4 5 1.0 22 12 -10.0 3 17 14.0
S7-5 2 6 4.0 14 18 4.0 3 17 14.0
S5-4 2 14 12.0 14 18 4.0 3 17 14.0
S4-3 3 8 5.0 8 13 5.0 3 8 5.0
S3-2 5 24 19.0 3 23 20.0 3 18 15.0
S2-1 1 24 23.0 0 36 36.0 2 32 30.0
CN10 CN12
> MCD | WD RWOE | MCD | WD RWOE
S1-2 0 37 37.0 3 44 41.0
S2-3 1 26 25.0 2 19 17.0
S3-4 1 16 15.0 4 10 6.0
S4-5 2 5 3.0 4 9 5.0
S5-6 2 15 13.0 4 21 17.0
S6-7 2 23 21.0 3 24 21.0
S7-8 2 5 3.0 3 24 21.0
S8-9 1 10 9.0 3 6 3.0
S9-7 4 13 9.0 3 11 8.0
S7-5 1 14 13.0 5 17 12.0
S5-4 1 24 23.0 5 14 9.0
S4-3 1 20 19.0 3 13 10.0
S3-2 1 28 27.0 2 24 22.0
S2-1 0 44 44.0 1 46 45.0
S : Bus section RWOE : Ratio wi-fi over estimated
CN : Circulation number
MCD : Manual count data
WD : Wi-Fi data

4.3.4. Route Speed Comparison between Estimated and Ground Truth
- 2016- and 2017-year data

This section presents the comparison between estimated passenger volume for sections
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and ground truth volume based on the route speed analysis for the 2016 and 2017 data. The
ground truth data refers to the manual counting survey inside the bus. The author tried to count
the passengers manually in CN2 and CN3. In Figure 23, only the total number of passengers in
CN2 and CN3 was appeared to compare the estimated passenger and ground truth data.

Figure 23 demonstrates that the method calculates fewer passengers than the ground truth.
The calculated number of passengers determined using the estimation method closely resembles
the tendency of the ground truth. The speed calculation based on the route speed is effective to
clean the Wi-Fi data, because the speed considers the GPS log data along the bus route.

Section S2-1 is the only section where the number of passengers identified using the
method is greater than the number of passengers from the ground truth. The differences between
the ground truth data and the estimated value show the extent of the underestimation. Sections
S1-2, S2-3, S3-4, S5-6, S6-7, S7-8, and S9-7 have large underestimations (more than 10
passengers). Section S4-5, S8-9, S7-5, S5-4, S4-3, S3-2, and S2-1 have medium gaps (less than
10 passengers). These underestimations occur because for the speed calculation procedure, the
author assumed that not all passengers may have a Wi-Fi-enabled device and not all the

passengers turn on their Wi-Fi device.
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Figure 23. Comparing ground truth and estimated passenger volume for sections (2016)

46



There is still a bias between the Wi-Fi estimated and ground truth data. The trend from
Figure 23 reveals that estimated passenger procedure results are closer to the ground truth data
for the 2016 data. The correlation results show that the estimated passenger procedure and
ground truth have a high correlation, with a factor of 0.78. This research method gives yields
similar passenger counts to the ground truth data, and an accurate estimate could be achieved
after determining a correcting ratio. This is an excellent opportunity for further research to
improve the analysis.

Figure 24 demonstrates that the Wi-Fi procedure calculates fewer passengers than the
ground truth method for the 2017 data. The number of estimated passengers in sections S2-3 to
S4-3 is less than the number of passengers determined using the ground truth procedure. The
number of passengers determined using the Wi-Fi method shows a similar trend to the ground
truth data. The passenger volume determined using the Wi-Fi method is higher than the ground
truth data in sections S1-2, S3-2, and S2-1, whereas the passenger volume determined using the
Wi-Fi method is less than the ground truth in sections S2-3 and S4-3. There is still a bias
between the direct and route speed procedure and the ground truth data. The result must be
underestimated, because not all passengers use Wi-Fi devices or turn on the Wi-Fi. The trend
from Figure 24 reveals that the route speed procedure result tendency is quite similar to the

ground truth data.
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Figure 24. Comparing ground truth and estimated passenger volume for sections (2017)

However, because of the underestimated passenger volume, a magnification ratio is
required to render the estimated passenger volume very close to the ground truth data.
- 2018-year data

The results for 2018 are shown in Figure 25. There are four lines in the figure, which are
the ground truth data (GT) and estimated Wi-Fi for 13—14 October 2018. For 13 October 2018,
the ground truth data and Wi-Fi estimate have a similar tendency passenger flow pattern. The
high passenger volume occurs in S2-3 and S3-2 and the low passenger volume is in S8-9.
Similar to 13 October 2018, the 14 October 2018 data show the same passenger flow pattern.

The passenger volume estimated from Wi-Fi data is quite similar to the ground truth data.
The estimated volume shows the same pattern as the ground truth data. These data can be

transformed using magnification ratio to make the estimated close to the ground truth data.
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4.3.5. Magnification Ratio
A magnification ratio was applied to the estimated passenger volume to make it close to
the ground truth data. In this case, the author used a ratio of 50% for the 2016, 2017 and 2018

data. The results are shown in Figure 26 and Figure 27.
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Figure 26. Comparing ground truth and estimated passenger volume for sections (2016 and

2017) with magnification ratio 50%
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Figure 27. Comparing ground truth, estimate passenger volume for sections (2018) year with

magnification ratio 50%

For the 2016 data, the correlation factor is 0.77 and for the 2017 data, the correlation
factor is 0.37. The correlation is relatively high, and the tendency of the estimated passenger
volume is similar to that of the ground truth data. For the 2018 data, on 13 October 2018, the
correlation is 0.57 and on 14 October 2018, the correlation is 0.86. This means that the
correlation between the ground truth and estimated passenger volume is high, and they show a

similar pattern.

4.4. Origin—Destination
4.4.1. Estimation Result

The OD matrix data (Figure 28) is the result of the previously described data analysis and
processing procedures conducted on raw data. The data cleaning procedure was able to produce
OD matrix data for the field surveys conducted in 2016 and 2017 (Figure 28). In 2016,

significant passenger movements were observed between BS1-BS5, BS1-BS9, BS2-BS§, BS3-
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BS2, BS3-BS4, BS3-6, BS4-BS5, BS7-4, BS7-5, and BS7-6. These bus stops are near tourist
attractions located within Obuse. The increased frequency of visitors or passenger movements
is correlated to tourist attractions in the city center of Obuse. For the field survey conducted in
2017, the OD data is more prominent between BS1-BS2, BS1-BS9, BS4-BS5, BS4-BS6, BSS5-
BS4, and BS7-BS9. The chord diagram also reveals contrasting bus passenger movement

patterns between the two field surveys conducted in 2016 and 2017.

Figure 28. OD matrix results for field surveys conducted in 2016 and 2017

4.4.2. Correlation and Threshold Justification

For each dataset, we apply 21 speed thresholds, which range from greater that 0 km/h to
greater than 2 km/h, in increments of 0.1 km/h. For the bus stop buffer, we apply 50 values
which are 10 m to 500 m in increments of 10 m. We process the data and construct estimated
OD or boarding—alighting matrices for the 13 October and 14 October data. After processing
the data, there are 1050 sets of estimated OD data. These estimated OD data are compared with

the ground truth data and the correlation values are calculated.
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For the 13 October 2018 data (Figure 29), the highest correlation between the estimated
OD and the ground truth OD is approximately 0.7 for the speed >1.9 and 2.0 km/h with a buffer
0f40 m. For the 14 October 2018 data (Figure 30), the highest correlation between the estimated
OD and the ground truth OD is approximately 0.5 for the speed >1 with a buffer of 40 m. Other
speed thresholds and bus stop buffer values yield lower correlations. This indicates that many

nonpassenger (noise) data are still included in the estimated passenger volume.

~#-Speed >0 —4—Speed > 0.1 Speed > 0.2 =%=Speed > 0.3-0—-Speed > 0.4 =+=Speed > 0.5——Speed > 0.6
——Speed > 0.7 —4—Speed > 0.8 8-Speed > 0.9—4—Speed > 1 ——Speed > 1.1 Speed > 1.2 Speed > 1.3
Speed > 1.4——Speed > 1.5 Speed > 1.6——Speed > 1.7-8-Speed > 1.8—4—Speed > 1.9—+Speed > 2

CORRELATION

Figure 29. Correlation value between estimated OD and ground truth OD (13 Oct 2018)
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Figure 30. Correlation value between estimated OD and ground truth OD (14 Oct 2018)
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4.5. Summary

This section summarizes the results from the small bus Wi-Fi application. A new
processing or cleaning procedure was applied to clean the Wi-Fi data. The OD and passenger
volume could be tabulated after the cleaning procedure. For the speed analysis, the direct speed
result is overestimated compared to the route speed result. Naturally, not all the passengers use
Wi-Fi devices or active the Wi-Fi function of their devices, which means that the passenger
volume is underestimated. Therefore, the author applied a magnification ratio (50%) to make
the estimated passenger close to the ground truth data. However, the estimated passenger
volume and ground truth data show a similar trend. The estimated passenger is lower than the
ground truth because of certain factors, such as the Wi-Fi on/off function and crowded locations.

Time, distance, and speed are important parameters to justify the moving MAC address.
Bus stop buffering was applied to justify the nearest MAC address to the bus stop. The specific
thresholds yielding the maximum correlations are as follows: for 13 October 2018, the threshold
speed >1.9 km/h and the bus stop buffer is 40 m; for 14 October 2018, the threshold speed >1.0
km/h and the bus stop buffer is 40 m.

The magnification ratio and threshold are depending on cases. It is not universal value. It
is more data needed to make a decision value. This research can measure passenger trip patterns.
The procedure can be used by transportation planners, officers, and street planners to plan

transit systems.
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CHAPTER 5
PARATRANSIT APPLICATION

5.1. Introduction

The paratransit service has characteristics such as no stopping spot, no timetable, and
irregular patterns, because stopping depends on the driver or passenger demand. This study uses
Wi-Fi scanner equipment to capture MAC addresses of the paratransit passengers in Makassar,
Indonesia.

The objectives of this chapter are 1) to produce a procedure to clean Wi-Fi raw data and
remove nonpassenger data, 2) to match between ground truth data and Wi-Fi data, 3) to apply
cleaning process based on dB (decibel) data, and 4) to construct OD or boarding—alighting data
based on Wi-Fi estimation. Figure 31 and Figure 32 illustrate the matching and dB cleaning

processes, respectively.
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Figure 31. Flowchart processing data for Figure 32. Flowchart for dB cleaning
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5.2. Processing Data
5.2.1. Combining Log Data and dB Cleaning

This first step was to combine two raw datasets, i.e., the GPS and Wi-Fi log data. This
step gave the MAC address log data its location coordinates. The GPS log data contain the
following data structures: time, longitude (X) coordinate, and latitude (Y) coordinate. The Wi-

Fi log data contain the following data structures: time and MAC address. The GPS dataset was
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the primary dataset in this merge, because it captured time and coordinate data once per second
along the petepete route.

Figure 33 presents a visualization of the merge or combination method. It shows one
mobile device MAC address on a petepete moving from (Xi, Y1) at t1 to (Xn, Yn) at t,, and the
MAC address appears several times. However, between each MAC address appearance, the
GPS data are logged every second (Xi, Yi, ti). The index used to combine these two datasets

was the time variable in the GPS log data (Figure 34).

-1 -1 1n-I
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"'{.F r.? f X_f F‘T [ """r' Ir' t; "{;I }n £

GPS log data = petepete route e © @ & @

Scanned MAC address as expected route

MAC address were recorded by Wi-Fi scanner o E }])
= .
Coordinates and time of i X Y.t

Figure 33. Visualization of the combination method
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Merge Key

Time L"“(’;’g“d“ Laﬁ&)“d“ Time MAC
10:56:03  778932.6 9438371 Merge 10:56:03 ced8448xxx
10:56:04  778932.6 9438371 « 10:56:06 723404f5xx
10:56:05 7789215 943830 = — =
10:56:06 7789104 9438360 Wikilog

GPS log ' Rosult
Time MAC Longitude (X) Latitude (Y)
10:56:03 ced8448xxx 778932.6 9438370.58
10:56:04 NaN 778932.6 9438370.58
10:56:05 NaN 778921.5 9438359.56
10:56:06 723404fxxx 778910.4 9438359.6

After combining the Wi-Fi log and GPS log, there are two possibilities: 1) Some Mac
address were occasionally captured by the Wi-Fi scanner at the same time or different time; 2)

another possibility is no MAC address, i.e., not a number (NaN), which is captured by the Wi-

GPSWilFicsv

Figure 34. Merge of the GPS and Wi-Fi logs

Fi scanner at the time.

Figure 35 shows the raw data on a map. These points were based on X and Y coordinates.

QGIS was used to create the map.
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Figure 35. MAC addresses on a map

After combining, the data were cleaned based on the dB column data. This dB-based
cleaning of the raw data is important, because many weak dB data are included in the research
survey data. Figure 36 shows the distribution of dB raw data, which are mostly in the weak
range of Wi-Fi devices. This is approximately —70 to —100 dBm. The weak range of Wi-Fi
devices indicates nonpassenger data or noise data. Based on Table 5, it is better to use devices
with Wi-Fi dB strength greater than —67 dBm. Therefore, the raw data were cleaned by purging

the data with dB below than —70 dBm.
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Figure 36. Distribution of dB raw data
Table 5. dB strength (Metageek, 2018)
Signal . . Required
Annotation Explanation

Strength for
Maximum achievable signal strength. The client

—30dBm Amazing can only be a few feet from the AP to achieve N/A
this. Not typical or desirable in the real world.

o ) o VolIP /Vo
Minimum signal strength for applications that WilFi
1-Fi,
—67dBm Very Good  require very reliable, timely delivery of data .
streaming
packets. .
video

Minimum signal strength for reliable packet .

—70 dBm Okay ] Email, web
delivery.
Minimum signal strength for basic connectivity.

—80 dBm Not Good ) ] N/A
Packet delivery may be unreliable.
Approaching or drowning in the noise floor. Any

—90 dBm Unusable N/A

functionality is highly unlikely.

This helps to adequately calculate the MAC address speed based on the route recorded in

the GPS logs. The two datasets were merged and cleaned by using the Python Jupyter Notebook
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software package. After the merging and cleaning process, the resulting data file was labeled as
GPSWi-Fi.csv.

5.2.2. Adding Coordinate Positions to Ground Truth Data

The second step was to add the longitude (X) and latitude (Y') from the GPS to the ground

truth data based on the time of boarding and alighting. This step enhances the ground truth with
location or coordinates. The OD ground truth data contain the following data structures: time,
annotation (boarding and alighting), and passenger ID.
Passenger ID is an identification code that is given by the surveyor to identify each
passenger anonymously. For example, in “18Device-5G,” “18” is a unique passenger number,
“Device-5” represents Wi-Fi scanner number 5, and “G” is a route code for the pefepete route.

The XY data were merged with the ground truth data using the time column as the

merging index. The results of the merger are shown in Figure 37.

Merge Key
Time Origin Destination Annofation Passenger ID Tme Longitude Latitude
9-53-13 El;lzll‘:::llry St(:;zn Boarding  18Devico-5G 9:53:13 7129097 9435849
N N « 9:54:20 7734107 9436312
9:54:20 Hotel Market Boarding  19Device-5G
— GPS log
OD Ground Truth
' Result
Time Origin Destination  Annotation  PassengerID  Longitude Latitude
9:53:13 Elementary School Gas Station  Boarding 18Device-5G 772909.7 9435849
9:54:20 Hotel Market Boarding 19Device-5G 773410.7 9436312
GTGPS.csv

Figure 37. Combination of ground truth data and GPS log

The Python Jupyter Notebook software package was used for this process of merging the
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two datasets. The resulting data file for this step was labeled as GTGPS.csv. Figure 38 shows

ground truth data on a map, as they include the coordinate data.

9440020000 !

N
+ Ground truth
0 2.5

9430020.000 <

TT0020.000 TROO20.(00)

Figure 38. MAC addresses on a map

5.2.3. Wi-Fi Speed Calculation and “Moved” Categorization

The third step was to calculate the MAC address speed to classify the “moved” category.
Before calculating the speed, the GPSWi-Fi.csv data had to be transformed. This analysis
included time and coordinate data that did not have MAC address data (NaN).

This transformation considered the GPS log data between the appearance of MAC
addresses. The data transformation in Figure 39 aimed to identify and sort the data between the

beginning and end of MAC address detection.
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Longitude

Time MAC x) L atitude (Y)

10:56:03 cedd4d8xnx 17789326 943837058

10:56:04 NaN 7789326 0438370358
10:56:03 NalN 7789215 9438350356

10:36:06 723404fxxx 7789104 04383396

10:56:07 cedd4dBxxx 7789104 04383506 4
10:56:08 NaN 7789216 94383396 %

10:56:09 723404fxxx 7789216 94383396

‘Result
MAC X1 Yl TI X2 Y2 T2 X3 Y3 T3 X4 Y4 T4 X5 Ys TS5

ced8448xxx 779 9438 10:56:03 779 9438 10:56:04 779 9438

10:56:05 779 9438 1056:06 779 9438 10:56:07

723404fxxx 779 9438 10:56:06 779 9438 10:56:07 779 9438

10:56:08 779 9438 10:56:09

Figure 39. Example of data transformation (GPSWi-Fi_transform.csv)

This transformation was useful before calculating the MAC address speed, because the

MAC addresses were sorted by X, Y, and T (between the first and the last appearance of the

MAC address). The visualization of this speed calculation is presented in Figure 40. In Figure

40, ID is a MAC address, “X” is the longitude, “Y” is the latitude, and “T” is the time. Data

transformation was an advanced analytical step for the Wi-Fi data cleaning procedure, which

was accomplished using the pandas iloc dataframe Python module. The transformation dataset

was labeled GPSWi-Fi_transform.csv.

After transforming the dataset, the next procedure was calculating the speed. An analysis

of the MAC address speed was essential for equating the MAC address speed to the petepete

speed (Equation 1). This procedure used GPSWi-Fi_transform.csv data. After speed calculation,

the average of the speed for each MAC address was calculated. The equation used for

calculating the MAC address speed is shown below.

v, = V(Xip1=X)2+ (Y ip1-Y)?

tiv1—ti
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where:

Vi
X
Yi

ti

= Time frame of data acquisition

= Speed of MAC address at the i-th time frame

= Longitude of MAC address at the i-th time frame
= Latitude of MAC address at the i-th time frame

= Time at the i-th time frame

The average of the speed is given by:

= Average of the speed
= Total number of time frame (speed)

= Speed at the i-th time frame

Average of V

X Xty X ¥sl X ¥itp X Yoty XEr Krog Hpia i L
-1 -1 PP

=1 =y =]
) = UV = L)

Scanned MAC address as expected route

MAC address were recorded by Wi-Fi scanner — [I }})
@
Coordinates and time of i X Y1,
Speed V

Mote: V, is not constant

Figure 40. Speed calculation visualization
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The next process was to categorize each MAC address as “moved” or “stopped” based
on the average speed. The threshold for classifying a MAC address as “moved” was an average
speed above 0 km/h. Therefore, if a MAC address had an average speed below 0 km/h, then the
MAC address was categorized as “stopped.” “Stopped” was defined as a nonpassenger or
someone or something with a Wi-Fi device near the petepete when the petepete was operating
along the route. The GPSWi-Fi_transform.csv data was sorted and assigned as “moved” and
“stopped.” MAC addresses in the “stopped” category could be deleted. This step used the
Python Jupyter Notebook software package. The results of this analysis were labeled as Wi-

Fimoved.csv.

5.2.4. Assign “First” and “Last” Appearance of MAC Address

The fourth step was to assign the “first” and “last” appearances of a MAC address. The
Wi-Fimoved.csv data were used in this processing step for attaching and sorting the first and
the last MAC address appearances. For each MAC address, this procedure preserved the first

and the last times the address appeared (Figure 41).

Average
MAC Time Speed X Y
(km/h)
0005985xxx 11:40:19 1.2 773755 9436620
000598530 11:45:01 12 773756 9436621
0005985xxx 11:59:21 12 773757 9436622
0005985xxx 12:02:03 12 773758 9436623
0005985xxx 12:10:19 1.2 773759 9436623
b o
Average
MAC Time Amnnotation Speed X Y
(km/h)
0005985xxx 11:40:19 First 12 773755 9436620

0005985xxx 12:10:19 Last 12 773759 9436623

WiF1 Moved firstlast csv

Figure 41. Assigning “first” and “last” MAC address
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This step used the Python Jupyter Notebook software package. The data file resulting

from this process was labeled as Wi-Fi Moved _firstlast.csv.

5.2.5. Distance between Wi-Fi Data and Ground Truth Data

The fifth step was to calculate the distance between the point of the MAC address and the
boarding or alighting location of the real passenger. Let A stand for a dataset that contains the
position of the MAC address from Wi-Fi Moved firstlast.csv, and B stand for a dataset that
includes the boarding or alighting point of the real passenger from GTGPS.csv. Every
combination of points between A and B was calculated.

This analysis used the QGIS software package. GIS software is useful for analyzing the
spatial relationship between two datasets. For this step, a nearest neighbor analysis was applied
(QGIS, 2019). This analysis uses a tool in QGIS, which is called the distance matrix. The result
provides the distance (in meters) between the MAC address and each passenger ID point (Figure

42),

ID1-Last

ID3 -First
1D1 -First /
. [D1-Alighting
ID1-Boarding @ \
ID3-Last
® @ MAC address point
. . Ground truth point
[D2-First [D2-Last 5 Distance between MAC

address and ground truth

Figure 42. Visualization of the distance matrix
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The results are in Table 6, whereas the visualization is shown in Figure 42. InputlD is the

MAC address, and TargetID is the ground truth data. This analysis considered the distance

between every combination of InputlD and TargetID. The results of this step were as labeled

distance matrix.csv.

Table 6. Distance matrix result (distance matrix.csv)

TargetID
InputID (MAC) Distance (m)
(Ground Truth Data)
0165fdexxx 18Device-5G 1144.27
0165fdexxx 19Device-5G 462.63
0165fdexxx 20Device-5G 1977.47
0165fdexxx 21Device-5G 2577.16

However, distance matrix.csv did not include other information. It therefore needed to

be merged back again. The dataset distance matrix.csv was combined with the Wi-Fi

Moved firstlast.csv and GTGPS.csv datasets. After joining, the results were labeled as Wi-Fi

Moved firstlast distance.csv and GTGPS distance.csv. The Python Jupyter Notebook

software package was used in this step. The results of the merge are shown in Table 7. These

two datasets were merged again with the Wi-FiGT.csv dataset.
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Table 7. Results of assigning “first” and “last” appearance Wi-FiGT.csv

A Annotation Passenger ID Annotation Distance
MAC Passenger ID (m)
0165fdexxx First 17Device-5G Boarding 89.15
0165fdexxx Last 17Device-5G Alighting 59.15
081d7fexxx First 40Device-5G Alighting 200.15
081d7fexxx Last 40Device-5G Boarding 430.15
14db969xxx First 12Device-5G Boarding 300.11
1c0f362xxx Last 71Device-5G Alighting 121.32

5.2.6. Matching Data

The sixth step aimed to match between the two conditions of MAC address annotation
(first and last) and ground truth annotation (boarding and alighting). This analysis matched the
paired MAC addresses and passenger IDs based on the annotation. The dataset used for this

process was Wi-FiGT.csv. To create the matching pairs, the following conditions were used:

If MAC address = first and passenger ID = boarding
return matched as boarding
if MAC address = last and Passenger ID = alighting
return matched as alighting
if MAC address = first and Passenger ID = alighting
return Unmatched
if MAC address = last and Passenger ID = boarding
return Unmatched

else: unpaired

These conditions were applied to eliminate nonmatches between the Wi-Fi and ground
truth data. The system accepted the condition if the MAC annotation First is matched with the
Passenger ID Boarding (ground truth data) annotation, and the MAC annotation Last is matched
with the Passenger ID Alighting annotation as boarding or alighting. If the labels of MAC the
address and passenger ID are not consistent with each other, they will be determined as

unmatched. If there are no pairs (only boarding or alighting remains), it will be determined as
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unpaired. The logical structure of this analysis is illustrated in Figure 43. After the data were

matched, the unmatched and unpaired data were not necessary and could be eliminated.

Annotation
Annotation Distance Match

MAC MAC Passenger ID Passlcl:)nger (m) Annotation
0165fdexxx First 17Device-5G Boarding 89.15 Boarding
0165fdexxx Last 17Device-5G Alighting 59.15 Alighting
081d7fexxx First 40Device-5G Alighting 200.15  Unmatched
081d7fexxx Last 40Device-5G Boarding 430.15 Unmatched
14db969xxx First 12Device-5G Boarding 30011 Unpaired
1c0f362xxx Last T1Device-5G Alighting 121.32 Unpaired

Eliminate

MAC Annotation Passenger ID ;‘;’:::’m: Di ce Match
MAC & m"ge (m)  Annotation
1c0f362xxx first 17Device-5G Boarding 89.15 Boarding
1c0f362xxx Last 17Device-5G Alighting 59.15 Alghtng

WiFiGT matching csv

Figure 43. Matching data process

Jupyter Notebook was used for this analysis. The result of this matching was labeled as

Wi-FiGT matching.csv.

5.2.7. Reduction by Time and Distance Difference

The seventh step aimed to eliminate or reduce the matched dataset by the time and
distance threshold. This step was the final process and used Wi-FiGT matching.csv as input
data. There were still many matched data, of MAC addresses and passenger IDs, which did not
represent real passengers. Because the previous step did not consider the time and location but
only the annotation of the MAC address and passenger ID, this step is essential to classify the

MAC addresses matching with the ground truth data by distance and time.
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The time difference is the difference (in minutes) between the MAC address data points
and ground truth data points. Figure 44 (a) (top) shows the histogram of the time difference
before this step. The distance difference is the difference (in meters) between the MAC address
data points and ground truth data points. Figure 44 (b) (top) shows the histogram of the distance
difference before this step. There are many matched but nonpassenger MAC addresses.

In order to reduce the number of MAC addresses, or to delete the matched but
nonpassenger MAC addresses, the thresholds for both the time difference and distance
difference should be selected appropriately.

The threshold for the time difference is the longest time difference between a MAC
address and passenger ID. This means that the MAC address was recorded at the time of the
threshold before or after the passenger was boarding or alighting. If the time difference is longer,
a MAC address which is long before and after the time of boarding or alighting will be included,
which will cause overestimation by several passengers. However, if the time difference is
shorter, some MAC addresses that belong to real passengers will be excluded, which will cause
underestimation by several passengers.

The threshold for distance difference is the farthest distance between the MAC address
and passenger ID. This means that the MAC address was recorded at the threshold distance
from the location where the passenger was boarding or alighting. If the distance difference is
longer, a MAC address which is farther away from the position of boarding or alighting will be
included it will cause overestimation by a few passengers. However, if the distance difference
is shorter, some MAC addresses that belong to real passengers will be excluded, which will
cause underestimation in the number of passengers. After applying these thresholds
appropriately and simultaneously, unrealistic matched MAC addresses and passengers IDs are
removed.

The threshold for the time difference is set to <60 min, which is taken from the travel
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time required for the petepete to complete one trip from end to end. The threshold for distance
is set to <400 m, which was reported as the farthest distance the Wi-Fi equipment can reach to
capture the MAC address of a device. Previous research reported that MAC address and ground
truth data for boarding and alighting considered a Wi-Fi sensor range of 500 m (Fukuda et al.,

2017). Figure 44 shows the frequency before and applying the thresholds. This step used Jupyter

Notebook.
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Figure 44. Histogram of time and distance difference before and after cutting off by
thresholds

5.2.8. Buffer Route Zone
For dB cleaning, we construct a zone around the petepete. This buffer zoning is used to

identify the MAC address and ground truth data, which facilitates obtaining the OD table. A
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buffer zone of 100 m around the petepete route was applied. This divides into the route into 62

zones, as shown in Figure 45.
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Figure 45. Zoning around the route

5.3. Estimation Result
5.3.1. Matching Process Result

This research acquired approximately 700,000 unique MAC addresses, and the ground
truth data included 2925 passengers for the five survey days. After processing, 1211 MAC
addresses were found to match with the ground truth data. Therefore, 99.82% of the Wi-Fi data
was cleaned, or only 0.18% data was left to identify the passengers. The ratio of the ground
truth data to the cleaned data was 1:2. Therefore, only 1211 of the 2925 passengers, or 41.4%
of the observations from the onboard survey produced a match between the cleaned MAC

address and the ground truth data. Figure 46 shows intersection (matched data) between the raw
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data and the ground truth data.

700000 of MAC addresses

¥

2925 of real passengers

(raw data)

(ground truth)

1211 of MAC addresses matched

Figure 46. Data intersection

In the device results, Figure 47 shows matched data between Wi-Fi matched results and
the ground truth in 20 devices that were used. There is a difference between these datasets. The
Wi-Fi results are lower than the ground truth data. Some devices after cleaning show similar
relative patterns with the ground truth. Only devices 15 and 23 show very high differences in

the number of passengers, which are 145 and 164 passengers, respectively.
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Figure 47. Wi-Fi matched results and ground truth data based on each device
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There is still a bias between the Wi-Fi matched results and the ground truth data. The
trend from Figure 47 reveals that the route speed procedure result is related to the ground truth
data. A correlation analysis reveals that the Wi-Fi result ground truth and route speed procedure
have a high correlation, with a factor of approximately 0.70. This means that the Wi-Fi results
are correlated to the ground truth data.

This study was applied on five routes, which are Antang, Cendrawasih, Daya, Ikip, and
Panampu. In terms of the differences among survey days (Figure 48), August 27, 2018 shows
a high number of passengers because it was in the beginning of the week (Monday). August
25-26, 2018 showed lower results than August 23 and 27, 2018, because it was at the end of
the week. Many passengers used paratransit on weekdays, such as students and workers.
However, at the end of the week, many petepetes were dominated by the nonstudent users.
These graphs show a similar tendency between the Wi-Fi matched results and the ground truth

data.
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Figure 48. Wi-Fi matched results and ground truth data based on the date of the survey

In terms of the survey route difference (Figure 49), Cendrawasih route shows the highest
number of passengers, because this route has a dynamic pattern of land use such as residential,

shopping centers, education facility, offices, health facilities, and bus station. The lowest
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number of the passengers was observed for Panampu route from the Wi-Fi estimation and Ikip
route from the ground truth data. Based on these route conditions, the Wi-Fi matched results

and ground truth data show a similar pattern.
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Figure 49. Wi-Fi matched results and ground truth data based on the route

Figure 50 shows the difference between before and after processing. The map on the left
side is before the cleaning of the raw ground truth data and Wi-Fi data, and there are still many
Wi-Fi data points on the map, with approximately 700,000 addresses. On the right side, there
are 1211 Wi-Fi data matched with ground truth data after cleaning. It means 605 MAC
addresses that is matching with the ground truth. After the cleaning process, the MAC addresses
show the same pattern as ground truth data, and some MAC address points match with ground
truth points. Figure 51 presents the Wi-Fi matched results, which show the first and last
appearances of MAC addresses, and ground truth data, which indicate boarding and alighting.
This OD shows the trip information of paratransit passengers, which can be used for demand

estimation or other modeling for future paratransit work.
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Figure 51. Origin—destination map of MAC addresses after cleaning and matching process

5.3.2. dB Cleaning

The first step is a matching process, which is necessary to use the ground truth data. What
if there is no ground truth data, and only Wi-Fi data? This section aims to analyze the Wi-Fi
data without considering the ground truth data. Ground truth is only used to compare the data.

This result is based on the dB cleaning data. The dB data represents the Wi-Fi signal strength.
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We consider that MAC addresses with dB data > =70 dBm have sufficient signal strength to
use in the data processing. After the cleaning procedure, we obtained the OD matrix data for
each date and each route. We compared to the ground truth data and calculated the correlation
between the estimated OD and ground truth.

Table 8 and Figure 52 show the correlation between the date and route. A high correlation
was obtained on all days for Antang (0.85) and on 27 August 2018 for Antang (0.79).
Cendrawasih and Daya route have a high correlation on 23 to 27 August 2018. The results in
this table show the accuracy between all devices on all dates and routes.

Table 8. Correlation value based on route and date

Date Route
Antang Cendrawasih Ikip Daya | Panampu
23-Aug-18 0.74 0.07 0.48 0.68 0.37
24-Aug-18 0.62 0.15 0.50 0.74 0.39
26-Aug-18 0.30 0.36 0.15 0.66 0.66
27-Aug-18 0.79 0.74 0.43 0.75 0.25
All 0.85 0.75 0.58 0.71 0.64

25-Aug-18 0.69
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0.90

0.80 —
0.70 — /

0.60 \'\

0.50 C

0.40 \ /

0.30

0.10
0.00

CORRELATION

<
o
S

23-AUG-18 24-AUG-18 26-AUG-18 27-AUG-18 ALL
DATE

Figure 52. Correlation value based on route and date

71



For each device accuracy (Table 9), we analyze each device and calculate the correlation
based on the date, route, and devices. A high correlation was obtained for the Antang,
Cendrawasih, Daya, and Panampu routes. We obtained low results for some devices, because
the vehicles travelled off the route for a specific time. For example, for devices 14, 16, 39, and
40, the vehicles were rented and for another device, many motorcycles and bicycles were

travelling on the routes.

Table 9. Correlation for each device

Device by route
Date Antang Cendrawasih Daya Ikip Panampu
24- 21- *05-
5 5
16 03 31 | 37 6 14 | 19 | 32 8 1 38 | 39 2 30 | 3 40 27 11 | 23
No No
23-Aug-18 0.010.81{0.53043/0.16{0.03(0.15/0.64|0.1610.79]|0.21 |-0.04 data 0.260.18 |-0.02 data 0.18]0.19
N N Ni N
24-Aug-18  |0.10[0.63 | 0.47 | 0.52|0.22| " |0.13 |-0.02| 0.01 [0.81] C |-0.03| *° |0.45]037 [-0.01] .*C [0.010.14
Data data data data
N N
26-Aug-18 0.0210.00|0.42 0 0.521-0.03|0.290.12 | 0.18 | 0.64 [ 0.02 | 0.43 [ 0.08 | 0.26 [-0.02| 0.11 © 0.05]0.73
Data data
27-Aug-18 0.231042(0.61 |0.56[0.66(0.39(0.60|0.05/0.760.76|0.26 |-0.04| 0.45|0.48 |-0.03| 0.250.15(0.11 [ 0.33
Date Cendrawasih
Ni
25-Aug-18 0.15]0.22 da?a 0.61 | 0.62 | 0.28 |-0.03|-0.03| 0.47 | 0.26 [ 0.58 | 0.07 | 0.33 | 0.25 dl;?a -0.03/0.62|0.11|0.65

5.4. Summary

This section summarizes the results from the paratransit Wi-Fi application. For the
matching processing section, this method could identify the MAC addresses that belong to real
passengers. Based on the results, a matching rate of 41.4% was achieved between the MAC
addresses and ground truth data. The correlation value is 0.70.

For the dB cleaning section, dB data could be used to clean the MAC address data without
matching with the ground truth data. Small results were obtained for some devices because of

the vehicle travelling out of the route, such as device 14,16, 39, and 40 because the vehicle was
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rented and for another device, many motorcycles and bicycles were travelling on the routes.
The correlation value from dB cleaning is high if we analyze by date and route. However, if we

analyze by devices, many parameters must still be used to improve the accuracy.
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CHAPTER 6
ROAD CROWDEDNESS AND TRAVEL SPEED STABILITY

6.1. Small Bus Application

Transportation service considerations for traffic flow always include road crowdedness,
with speed as an important parameter. The author used Wi-Fi equipment to collect MAC address
data and calculate the crowdedness of the road based on the MAC addresses and speed of the
small bus and paratransit mode. In this part, the crowdedness is determined by comparing the
speed of the vehicle and the total MAC addresses in a certain time. The time interval between
one point (XY) and another point is one minute. In every one-minute interval, the speed and
the total MAC addresses were analyzed.

Figure 53 shows several datasets that were needed for this analysis, which are the link of
the route, GPS log, and Wi-Fi log. The GPS log is used to determine the bus speed with time
interval every 30 seconds during the bus service time.

The correlation analysis was used to justify the relationship among all the data. The GPS
log is analyzed to estimate the average and standard deviation of the speed. The travel speed
stability or travel speed reliability, represented by the level of the vehicle speed on the road, can
be estimated by using the average speed divided by the standard deviation for each link of the
road along the route. This is called the travel speed stability index and represents the speed

reliable level of the road.
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Figure 53. Road crowdedness and travel speed stability index for small bus

There are two hypotheses. The first is that if the speed decreases, the total number of

MAC addresses increases and vice versa.

The small bus system in Obuse had two buses on 13—14 October 2018, which were bus

no. 1 and no. 2. In Figure 54 to Figure 57, the results show that the speed line and number of

device line are contradicting each other similar statement with the hypotheses.
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Figure 55. Bus no. 1 on 14 October 2018
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Figure 56. Bus no. 2 on 13 October 2018
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Figure 57. Bus no. 2 on 14 October 2018

In Figure 58, there are some crowded places along the bus route, such as BS1-BS2, BS5-

BS6, BS2-BS1, and BS8-BS9. These crowded places were justified by using speed data.
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Figure 58. Speed change along the small bus route

From the correlation analysis, the correlation values are high. For bus no. 1 on 13-14
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October 2018, the values are —0.629 and —0.531 (Figure 59). For bus no. 2 on 13—14 October

2018, the values are —0.387 and —0.411 (Figure 60). These values are negative, which means

that the speed decreases and the total number of MAC addresses increases, or vice versa.

10 r=-0629 p<.001

Speed
Speed

Figure 59. Correlation values for bus no. 1 on 13—14 October 2018

w0, r=-0.387,p<.001 o 1041 p<.001

Speed
Speed

Figure 60. Correlation values for bus no. 1 on 13—14 October 2018

After analyzing the travel speed stability, it can be determined as the speed level of the
road. Figure 61 shows that some places have low travel speed stability values close to 0. This
means that these links of the road are not reliable for travel speed. The travel speed stability
means about travel speed reliable or not. If the link of the road has sometime fast speed or slow

speed, it shows about the speed situation of the road. if the speed index approaches 0, it means
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the travel speed is not reliable or not stable. Based on speed index, we implemented two levels
to justify the travel speed stability level based on the value of speed index, which were high
reliable, reliable, average, and not reliable.

Transportation officers can determine a plan from this information, such as by changing

the timetable for particular times or special events.

Travel speed stability

= High reliable/More stable (speed index=6.1-8)
=== Reliable/stable (speed index=4.1-6)
= Average reliable/stable (speed index=2.1-4)
m=s ot reliable/not stable (speed index=0-2)

Figure 61. Travel speed stability level for Obuse case study

6.2. Paratransit Application

This section aims to 1) identify the relation between vehicle speed and MAC address data
to understand road crowdedness, and 2) justify the travel speed stability of the road route based

on the travel speed stability index.

Figure 62 shows several data that were needed for the analysis in this section, which are

the link of the route, GPS log, Wi-Fi log, total lane of road, road type, direction, traffic signal,

86



and land use condition. The link of the route is each link on the road for all the route. The GPS
log is used to determine the petepete speed with time interval of every 30 seconds during the
petepete service time. The Wi-Fi log represents total number of MAC addresses that are counted
by our equipment every 30 seconds. The total lane refers to the number of lanes for each link
of the road. The road type, direction, traffic signal, and land use are dummy data. For road type,
it is defined into three road types, which are primary road, collector road, and local road.
Direction is defined into two categories, which are one and two directions. Traffic signal is
defined into two categories, which are with and without signal. Land use is defined into eight
types, which are shops, residential, offices, religion building, education facility, health facility,
bus terminal, and harbor. All the data were found from the survey and secondary data from the
government.

A correlation analysis was used to justify the relationships among all the data. The GPS
log was analyzed to estimate the average and standard deviation of the speed. The travel speed
stability, in terms of the road, can be estimated by using average of the speed divided by the

standard deviation for each link of the road along the route.

Link of the road along the route
I

Data & ¥ ¥
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Figure 62. Road crowdedness and travel speed stability level procedure for paratransit
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In this research, a link is justified from node to node of the road for all roads inside the
route. Each link contains all the data and it was calculated as the speed index. Figure 63 shows
an example of the link and it contains many MAC address data, GPS log, building (land use),
and road data around the blue link. The analysis to combine all the data used QGIS spatial

analysis. The RI estimation used Python software.

N Buildings
[ Makassar Land

Figure 63. Justify the link

Figure 64 shows the total MAC addresses (number of Wi-Fi devices) and average of the
speed for each link. According to this figure, the total number of MAC addresses is related to
the average speed. This means that if the vehicle becomes slower, the total number of MAC
addresses will increase and if the vehicle becomes faster, the total number of MAC addresses

will increase.
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Figure 64. Total MAC addresses and speed relation

A correlation analysis shows that the speed and the total number of MAC addresses for
all scanner are related. The correlation factor is approximately —0.60. This means that there is
a correlation between these two parameters. The hypothesis “if the vehicle becomes slower,
then the total number of MAC addresses will increase and if the vehicle becomes faster, then
the total number of MAC addresses will decrease” is accepted. In Figure 65, it proves the

hypotheses.
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Figure 65. Correlation value between total MAC addresses and speed
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The correlation between speed and signal is shown in Figure 66. The correlation factor
with signal is negative and that without signal is positive. Based on the figure, if the road has a

signal, the speed decreases and if the road does not have a signal, the speed increases.
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Figure 66. Correlation value between signal and speed

The correlation value between speed and total lane is shown in Figure 67. The total lane

parameter affects the speed. If the total lane is higher, then the speed is faster, which means the

traffic capacity of the road is higher.
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Figure 67. Correlation value between total lane and speed

Figure 68 shows the correlation between speed and road type. Overall, there are many

differences between road type and devices. The highest correlation is on device 16 on a primer
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Figure 68. Correlation value between road type and speed

As with the signal data, the type of direction affects the speed. One direction or one way
increases the speed. Otherwise, if there are two directions, it makes the vehicle slower, as shown

in Figure 69.
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Figure 69. Correlation value between direction and speed

Figure 70 shows the correlation between speed and land use. The land use affects the
speed, such as harbor, bus terminal, religion building, offices, shops, and facility. Overall, these
land uses make the speed slower rather than faster. The highest correlation (—0.25) was on

device 16 with a bus terminal.
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Figure 70. Correlation value between land use and speed

After analyzing the travel speed stability index, it can be determined as the reliability
level of the road. Figure 71 shows that some places have low speed index close to 0. it means
the travel speed is not reliable or not stable. According to the author’s experience and the 2018
survey, these places (marked in black) are very crowded places such as Karebosi park, terminal,
harbor, shops, and some offices. These crowded places made the travel speed that became not
reliable. Based on speed index, we implemented two levels to justify the travel speed stability
level based on the value of speed index, which were high reliable, reliable, average, and not

reliable.
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Figure 71. Travel speed stability as the speed reliability for Makassar case study

6.3. Summary

For the road crowdedness, the relation between vehicle speed and MAC address data is
to justify the road as crowded or not. The correlation value is negative, which means that the
total number of MAC addresses increases as the speed decreases. The travel speed stability
index is the average speed divided by the standard deviation for each link or segment of the
road. Based on the index, there are many segments of the road with reliability levels.

Transportation officers could determine a plan from this information, such as changing the
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timetable for particular time or special event.

As with Obuse, based on the travel speed stability index, there many roads with high
travel speed stability levels. According to the author’s experience and the 2018 survey, the
places (marked in black) are very crowded places, such as Karebosi park, terminal, harbor,
shops, and some offices. Based on the speed index, the author implemented four levels to justify

the travel speed stability level based on the value of the speed index.
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CHAPTER 7
CONCLUSION

The author developed a survey method, cleaning method, and analysis method to estimate
the passenger volume and OD matrix based on data collected with a Wi-Fi scanner. The analysis
and interpretation of the Wi-Fi data yielded information regarding passenger volume as well as
information regarding passengers’ travel between destinations. The investigation concerns the
application of a new method for collecting and processing data to determine the OD matrix and
passenger volumes for small bus route sections and OD for paratransit petepete.

The results of the investigation for the small bus can be summarized as follows: a new
processing procedure was developed to transform data into OD and passenger volumes for each
section, which determines passenger OD information and the number of passengers boarding
and alighting a bus at a specific bus stop. The results of the comparison between data obtained
using the Wi-Fi procedure and observed data indicate similar travel patterns, and the number of
passengers determined using the Wi-Fi procedure is generally less than the number of
passengers determined using the ground truth method.

For the speed calculation, this research applied the route speed method for cleaning Wi-
Fi data rather than the direct speed. The route speed method interpolates from GPS time-
stamped data, so that it uses not only MAC address stamp data but also the GPS log, which is
based on the actual vehicle route. With the route speed method, the MAC address speed was
found to be the same as the actual vehicle speed. The number of estimated passengers or OD
found by the route speed method was lower than that from the ground truth data. This result
reflects the undercounting caused by the presence of passengers without Wi-Fi devices.

This research produced findings for petepete, which included a new OD measurement
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procedure by matching Wi-Fi data and ground truth data. A procedure was proposed to clean
Wi-Fi raw data into passenger OD data. This cleaning process successfully reduced noise in
Wi-Fi data, because the Wi-Fi scanner detected the MAC addresses associated not only with
petepete passengers but also nonpassengers, such as pedestrians, cars, or motorcycles, as well
as of devices located in buildings along the streets.

This study provided a new method called the matching process for paratransit. The
matching process is an essential part of making precise estimations, which matched between
the Wi-Fi cleaned data and ground truth data. Based on the cleaning procedure, only 0.18% are
identified as the passengers from the Wi-Fi raw data. The matching process produced 41.4%
similarity between the Wi-Fi data and ground truth data, i.e., the Wi-Fi data successfully
identified 41.4% of passengers from the ground truth data.

Two thresholds were used to clean Wi-Fi data, which are the time and distance thresholds.
The threshold section is the last part of the cleaning procedure. Distance and time thresholds
can be used to exclude unrelated noise data. The threshold process produced cleaned data,
which are more similar to real conditions based on the time and distance between the Wi-Fi
cleaned data and ground truth. The distance between the Wi-Fi cleaned data and ground truth
data is not a significant problem, because there are few matched data which have longer distance
difference and shorter time difference. However, the time difference between the Wi-Fi cleaned
data and ground truth data is a substantial problem, because the time difference must not be too
long. Some matched data contain shorter distance difference and longer time difference. This
is because the petepete go through the same streets at different times of the day.

This research also analyzed crowdedness and level of service of the road based on Wi-Fi
equipment. According to the results, there are correlations between vehicle speed and the total
number of MAC addresses, and MAC data can be used to understand the road crowdedness.

The negative correlation means that if the vehicle speed decreases then the total number of
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MAC addresses increases.

A Wi-Fi scanner is used in this research to determine passenger information. Beyond that,
the Wi-Fi scanner can analyze street conditions or travel speed stability levels. This includes
information about travel time, travel speed, and standard deviation/variance. Analyzing these
aspects, the street condition that link in good service or bad service. The travel speed stability
levels can be determined based on travel speed stability index, which are from the standard
deviation and average of the speed of each link of the road. Based on the travel speed stability
level information, transport planners, stakeholders, government, or street planners can improve

the street conditions to improve the travel time and travel speed.
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