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Abstract. The authors proposed a methodology of bus location service
by crowdsource. In the conventional bus location service, a GPS receiver
or the like for positioning the bus vehicle and a communication line for
transmitting the position information are necessary for each bus and it
causes expensive cost, whereas in this methodology, the BLE beacon and
the application of the service installed in users’ smartphone transmits the
beacon signal and the position information of the smartphone using the
communication line of users’ smartphone so as to reduce the cost of bus
operators.

In order to grasp the position of each bus at any time on the server,
one of the following is required: (1) At least one service user always
exists for each bus, and (2) It is possible to estimate the position with
high accuracy where there is no service user in a section.

If contributing to the realization of smart city by grasping the situa-
tion in the town by crowdsourcing, it is extremely important to clarify
the precision with respect to density that may be given as a relation
between the number of users who participate in the program for grasp-
ing this situation and the size of the town.

In this paper, the authors examine and show the relationship between
the density of data collection and the accuracy of interpolation for the
section where data is missing, using the position information actually
obtained using the proposed application.
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1 Introduction

We have researched and proposed crowdsourcing which can collect and share
the location information of mobile phones cheaply in a public place like a bus.
Citizen participation is an indispensable factor in the realization of smart city,
but crowdsourcing, which enables this technically, is an important issue. In order
to grasp the situation of the city by crowdsourcing, the density of data collection
is necessary. For example, if you want to grasp the traffic volume of a certain
area at any time, you need to collect the traffic conditions of various places in
the area by crowdsourcing, but for some partial areas only once in several days
It is not always said that it is insufficient to grasp traffic conditions of partial
areas. The required density depends on the quality of the service, but if you
know the amount of traffic per hour for the entire area, for example when it is
defined in the service, it is simply at least one question per hour. It is necessary
to provide information.

Here, as an approach to realize a service with a lower density, it is conceivable
to accurately interpolate or estimate a portion where data is missing. In the
case of the traffic volume on the road, since the constraints such as the network
topology can be used, the density in a planar sense is not necessary, and the
state of the unknown section may be estimated from the information of the
surrounding road sections to be connected. Therefore, to maintain the service
quality, it neccessary to obtain the balance between the estimation accuracy and
what degree of density of collected data can be obtained.

In this paper, we will examine the estimation accuracy of the density of the
user and its surrounding “data collector” and the bus position by simulation
based on actually acquired data by taking the location information service of
the bus by crowdsourcing as an example.

2 Background

2.1 Crowdsourcing for Civil Problems

The term “crowdsourcing” was described by Howe in 2006 [6] and defined that
crowdsourcing is the act of taking a task traditionally performed by a designated
agent and outsourcing it by making an open call to an undefined but large
group of people [7]. This can take the form of peer-production, but is also often
undertaken by sole individuals [5].

The concept of smart cities can be viewed as a recognition of the growing
importance of digital technologies for a competitive position and a sustainable
future [10]. Although the smart city-agenda, which grants ICTs with the task to
achieve strategic urban development goals such as improving the life quality of
its citizens and creating sustainable growth, has gained a lot of momentum in
recent years.

Tools such as smartphones offer the opportunity to facilitate co-creation
between citizens and authority. Such tools have the potential to organize and
stimulate communication between citizens and authority, and allow citizens to
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participate in the public domain [4,12]. One example is FixMyStreet1 that
enables citizens to report broken streetlights and potholes [9]. It is important
that these approaches will not succeed automatically and social standards like
trust, openness, and consideration of mutual interests have to be guaranteed to
make citizen engaging in the public domain challenging.

Waze2 is another crowdsourcing service to collect data of traffic. Even though
Waze provides users to traffic information collected from users and route naviga-
tion function, it seems not enough to motivate users to get involved in, because
recommended routes are not as adequate as car navigation appliances, especially
in Japan where such appliances are well-developed.

2.2 Bus Location Services

Route bus system is a fundamental transit service. However, due to a progress
of motorization, the number of bus passengers has been gradually decreasing
especially in suburban areas. As a result, the decline in passengers has led to
a decline in unprofitable routes and it is in a vicious circle that accelerates the
decline of passengers. To attract more choice passengers to route buses, the
transit service must not only have a high level of service in terms of frequency
and travel time but also must be reliable [13]. Although such efforts often come
at a substantial cost, one inexpensive way to improve unreliability from the user
perspective is providing real-time transit information.

A bus location service, or realtime bus tracking service, provides up-to-date
bus location and estimated times of arrival at bus stops. Most existing bus loca-
tion systems (e.g., [8,11]) use onboard location sensors, such as GPS receivers,
to perceive the current location and then send it to a server. In these systems,
it is necessary to prepare a communication line, such as cellular phone network,
and GPS receiver in advance.

Another model is a bus detector installed on the environment side along
the route detects the ID of the nearby bus and sends it to the server. Typically,
these detectors are installed at the bus stop and detect the passing bus. Detectors
installed at the bus stop need a communication line for transmitting data to the
server.

Both models have high initial cost of equipment and operational cost of
communication, and there is a problem in introducing services.

3 Target Service: Ride Around-the-Corner

Here we describe the target service of crowdsourced bus location service “Ride
around-the-corner. (Ride ATC)” in blief [2]. The key idea of the service model is
that collecting bus locations is not by bus operators but by onboard passengers.
To collect them, a smartphone application of bus tracker is provided to public.

1 https://www.fixmystreet.com/.
2 https://www.waze.com/.

https://www.fixmystreet.com/
https://www.waze.com/
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Fig. 1. Comparison of methods

Figure 1 shows the proposed method, compared with existing ones. Typical
existing methods are equipped with onboard location sensors, such as a GPS
receivers, and transmitters. Every perceived latest location will be sent to the
server frequently through a wireless communication line, such as cellular phone.
That is, bus operators must prepare such devices and a communication line for
each bus vehicle.

On the other hand, in this model, bus operators only install Bluetooth bea-
cons on each bus vehicle. Instead of installing a location sensor on the bus,
the proposed method uses a passenger’s smartphone and our application. An
onboard beacon broadcasts its own identification number nearby. In the case of
Bluetooth, its range is usually several tens of meters. When the application on
passenger’s smartphone detects specific Bluetooth information including UUID
and vehicle identification number, it perceives its location and transmit it with
the vehicle information to the server.

The application shows current locations of buses in operation on bus transit
services, while it detects nearby buses around users and transmits bus IDs with
time and location of detection to the service platform. That is, locations of buses
are collected by users.
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3.1 Onboard Beacon

For enabling mobile applications detect IDs of buses, Bluetooth beacons are
deployed on buses. In our preliminary experiment, we set one beacon for each
bus vehicle, because the range of Bluetooth signal is usually several tens of meters
and that can cover the whole vehicle.

Each beacon broadcasts the common service UUID and its own identification
number. For IDs, we use the same major number for bus vehicles and an unique
minor number. Ids of buses and relations to the fleet are stored in a database
in the server. In addition to IDs of buses, some static information, such as bus
routes and timetables, are given to the server database. The system can identify
which bus on which route the beacon is on by the correspondence table of major
and minor number, vehicle and route in the database.

3.2 Mobile Applications

We are preparing two as a mobile application related to this Ride ATC. One,
of course, is the Ride ATC application itself. It is an application that can check
the bus position used by the user wishing to know the bus position. The other is
“Drive around-the-corner. (DriveATC)” application which is a related service.

These two applications differ in target users, but both have the function of
notifying the bus position information when detecting the bus beacon signal.
Therefore, the location information of the bus will be collected from various
mobiles who act in the streets. The idea of around-the-corner, crowdsourcing
service is to promote understanding of the situation of the city as a whole by
sharing necessary information mutually between services in this manner.

Ride ATC Application. The Ride ATC application provides users with cur-
rent locations of buses in operation. It indicates the position of the buses on the
map. The user can check it and estimate arrival time of their possible target bus
on map beforehand so that it is possible to minimize the waiting time at the bus
stop without missing it.

While the user is using the application in both the foreground and the back-
ground, the Ride ATC application scans a specific range of Bluetooth IDs. Once
it detects an ID nearby, the application obtains location from onboard sensors.
The location data with bus IDs and time are collected and pooled in the local
data store and then transmitted to the service platform.

On the platform, current positions are updated and estimated by using
collected bus IDs with spatiotemporal information and static information in
database.

Drive ATC Application. The authors have developed and provides a driving
recorder service called “Drive around-the-corner.” since February 2015 [1,3].
Drive ATC has the function of collecting behavior logs and posts of events and
delivering information around current position.
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Before driving, users mount their own smartphone and connect a cable for
power supply if neccessary (Fig. 2), and then start recording in the application
(Fig. 3).

Drive ATC users naturally use this application as a drive recorder, but when
the application simultaneously detects a beacon signal of the neighboring ATC
service, such as onboard beacons on the bus, it has the function of sending it to
the server together with the position information like the Ride ATC application.

Fig. 2. Mounting smartphones on car.

Fig. 3. “Drive: around-the-corner.” application. Traffic information, events posted from
users, events extracted from sensor data, and footprints are shown in map of main
screen.

3.3 Grasping Bus Location and Estimating Arrival Time

If at least one passenger who enables the Ride ATC is onboard, the service grasps
the current location of the bus. Therefore, at least one user of the Ride ATC gets
on a bus, this service gets effective. Conversely, it is not possible to acquire the
location information of the bus where there is no user onboard. In other words,
the more users want to know the location of the bus, the more practical this
service will be.

The signal of the beacon on the bus can be received not only within the bus
but also in the vicinity of the outside of the bus (Fig. 4). For example, in the
case where the bus passes by the side of the user walking on the sidewalk, the
user can provide the location information of the bus to the service.
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Fig. 4. Detecting onboard beacons from outside the bus

Table 1. Collected data of Ride ATC

Detector Number of records

By onboard passengers 12,346

From outside of the bus 1,920

4 Density and Accuracy

4.1 Accuracy

The accuracy of position information is discussed from two viewpoints.
On the other hand, regarding the density of data, it is considered that posi-

tioning and communication are carried out generally once per minute in the
conventional method of installing a GPS receiver on the bus. In the method of
installing the detector at the bus stop, since the position of the bus is detected
only when the bus approaches the bus stop, its density is smaller and it is impos-
sible to grasp the behavior between bus stops. In the proposed method, the user
can continuously measure and transmit the position information while detect-
ing the beacon, and in the current implementation of the Ride ATC, these are
performed every second.

4.2 Acquired Data

We conducted experiments on data acquisition in cooperation with the Hokkaido
Chuo Bus in March 2018. We prepared passengers who are eight users of the
application, and acquired data over specific routes over two days. We set up a
beacon on 38 buses used for six routes and set up a beacon at 150 bus stops
on that route. Table 1 shows number of data collected at the experiments. This
table shows the number of beacons detected by passengers over two days of use.

When getting on the bus where the beacon was installed, the beacon is
detected without problems and sent to the server. Although detailed verifica-
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tion was not completed, beacon detection was able to be performed in the range
of roughly 50 m.

What the authors want to pay attention to here is that it can detect the
bus beacon even from outside the bus. Here, 1920 out of all 14,266 detections
was other than the bus that passengers themselves take. These include the case
of detecting a beacon of another bus passed by both while getting on another
bus and while on the roadside. This indicates that this service can detect the
location of the bus even if it is not necessarily on the target bus. The authors
suppose that users of Drive ATC can also detect the bus beacon and provide
information.

4.3 Settings

Service Quality. As a service quality, here we define an interval to update the
bus location is 15 s as a baseline. One reason is that the traditional bus location
services in the urban bus route where the bus stops are short and then the
information is too coarse at intervals longer than 1 min. And also in the major
bus location service operated in Japan, such as Business Navitime Bus Location
Service, which collects the location information by installing the device onboard,
the update frequency is about 15 s.

Evaluation Index. In the method of crowdsourcing targeted here, since it
depends on whether or not the user is on the bus, this paper regards each section
(between bus stops) as a unit. In normal operation, in addition to business related
factors, such as existence of passengers who get on or off at the bus stop, it is
impossible to move in the scheduled travel time due to external factors such as
traffic signals, road congestion and obstacles on the road. Here, the influence on
these estimation accuracy for each section s at ith run is defined as an error rate
as follows.

rsi =
(observed travel time)i
(expected travel time)i

(1)

This error rate indicates how deviated per 1 min travel time.

Data Blank. As a result of the experiment, it seems that location is detected
almost every second inside the range of beacon signal, although the beacon
detection timing depends on the OS of the smartphone. Therefore, if at least
one user is aboard, this Ride ATC notifies the location of the bus which changes
moment every second, and it can be said that it realizes real time positioning
superior to the baseline service notified every 15 s. Figure 5 shows an example
of collected data. The red triangle marker indicates the position and movement
direction. The size of the marker depends on the speed. Naturally, the moving
speed is changing every moment.



On the Relationship Between Accuracy of Bus Position 109

Fig. 5. An example of collected data on map

Target Route. In this paper, the authors focus on the bus route passing
through the area around Sapporo terminal station where traffic congestion occurs
burstingly in Sapporo city and the travel time of the bus is greatly affected
because the necessity of bus location service is low in the case of routes whose
schedule is not much disturbed.

Using the actual movement record of this route gathered using Ride ATC,
the error rate was calculated from the running condition of each route section.

We selected a bus route of Hokkaido Chuo Bus between Sapporo terminal
station and Asabu bus terminal. The route consists of twelve bus stops and
the total journey is about 4.3 km. Usually it takes 18 min. However, if there is
snowfall in the winter season, it may take twice this time in severe cases.
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Fig. 6. Error rate

Table 2. Relationship between error rate and data blank rate

Blank rate (%) RMS of error rate

5.0 0.487

10.0 0.443

12.5 0.635

20.0 1.237

25.0 1.641

50.0 3.269

4.4 Results

The root mean square of the error rate calculated from the actual data acquired
in this route was 0.866. Among the actually acquired data, there was a delay
of three minutes for the scheduled route of 18 min. Also, there was one that
took four minutes in the section where the travel time was one minute on the
timetable.

Figure 6 and Table 2 show a result of the relationship between error rate and
data blank rate. The data blank section is randomly extracted at a given ratio,
the value of root mean square of the error rate is calculated, and the average
value of five tests is shown.

As a result, if the blank rate is less than this, it can not be said that it can be
used as a service, but it can be said that it can maintain a certain level of service
even for intermittent data collection on an congested route. It is suggestive that
the blank rate at the same level as actual RMS, 0.866, was just below 20%.
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5 Conclusion

In this paper, the authors examine and show the relationship between the density
of data collection and the accuracy of interpolation for the section where data
is missing, using the position information actually obtained using the proposed
application.

The authors have been doing preliminary experiments. Under the coopera-
tion of Sapporo city and the Hokkaido Chuo Bus, we are proceeding with the
operation verification using the developed Ride ATC application. We will pro-
ceed with verification of methodology and social implementation by carrying out
larger-scale demonstration.
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