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Abstract. The ETC 2.0 probe data acquired from ITS Spot units installed on ar-

terial roads in Japan can be used to create a smart road infrastructure. This re-

search group participated in a field operation test of NILIM in the MLIT, Japan, 

in which Tobu Group companies installed ETC 2.0 compatible on-board units 

for road-vehicle communication on all of the buses operating on one of its air-

port shuttle bus routes in the Tokyo metropolitan area. The results were used to 

determine whether there are situations in which the data provided to participants 

as “specific ETC 2.0 probe data” can be applied to bus vehicle operational 

management tasks. Based on an analysis of bus probe data obtained on the route 

in question, as well as interviews with the bus companies for that route and in-

terviews with the operational managers of bus companies that had not yet intro-

duced highway bus location systems, from a consideration of both the perfor-

mance that would be achieved by the system and the required costs, the condi-

tions that would permit “specific ETC 2.0 probe data” to be applied were de-

termined to be present — for example, when companies upgrade the former 

type of bus location systems that they have already introduced, when companies 

that have not yet introduced bus location systems are studying possible revi-

sions to highway bus operation schedules, when issuing delay certificates for 

ordinary route buses and so on. 
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1 Introduction 

Improving airport access transportation services for active seniors and foreign visitors 

to Japan is an important issue for promoting Japan as a tourism-oriented country. 

Airport shuttle buses in particular are expected to see greater use from this point on 

due to their ability to ease the burden of transport for tourists who travel with a great 
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deal of luggage, and because it is easy to ensure that they avoid entanglement with the 

routes traveled by members of the general public in their daily lives. However, one 

problem associated with shuttle buses is the difficulty of ensuring punctuality of oper-

ation due to the lack of dedicated routes of the kind that exist on railways or Bus Rap-

id Transit (BRT) systems. 

Due to the frequent occurrence of accidents caused by human error, Japan has intro-

duced a Transportation Safety Management System to enhance the safety manage-

ment organization at transportation companies. In addition, new model large trucks 

and buses must be equipped with Advanced Driver Assistance Systems (ADAS) such 

as collision damage reduction braking, vehicle stability control and lane departure 

warning systems, and these have been promoted in conjunction with purchase cost 

subsidy and tax benefit programs. Moreover, as the damage will be serous and the 

effect on society will be significant in the event of an accident, more and more such 

vehicles each year are being required to have digital tachographs and event data re-

corders (EDR). In recent years, expectations have increased for automated bus mobili-

ty as a way of dealing with the problem of not enough large vehicle drivers, and prov-

ing tests for self-driving buses are underway in various locations. 

Meanwhile, due to the lack of incentives for system operation and upgrading, there 

has been insufficient progress in the widespread adoption of bus location systems 

(BLS) that determine location information for buses in real time [1]. In Japan, it has 

been reported that the number of bus users has bottomed out [2], so there is a need to 

improve the convenience of buses that employ BLS. A BLS use policy that balances 

bus operational management and improved user services is needed to enable it to 

become a sustainable intelligent transport system (ITS). 

Along with the construction of ITS infrastructure, examples of the use of vehicle 

probe data in the road transportation sector for road administration tasks and opera-

tional management tasks have been reported [3] [4]. In Japan, ITS Spot units 

with/without information provision function have been installed at some 3600 loca-

tions nationwide, primarily on expressways and major national roads, and ITS Spot 

service has been provided since July 2011. Examples of the use of the ETC 2.0 probe 

data uploaded via ITS Spot units to analyze road traffic conditions have also been 

reported [5] [6]. 

Against this backdrop, Tobu Bus East Co., Ltd. and Tobu Business Solution Co., Ltd. 

participated in the ”Phase II field operation test for logistics vehicle management 

using ETC 2.0 probe data (public invitation announced September 2016) of the Na-

tional Institute for Land and Infrastructure Management (NILIM) in the Ministry of 

Land, Infrastructure, Transport and Tourism (MLIT), Japan [7]. Together with the 

core members of the public transport subcommittee in Kashiwa ITS promotion socie-

ty (with which the two companies are also affiliated), the companies analyzed probe 

data (Chapter 2) and conducted interviews with bus companies (Chapter 3) to consid-

er bus vehicle operational management tasks in which ETC 2.0 probe data could be 

used (Chapter 4). 
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2 Acquisition and analysis of specific ETC 2.0 probe data from 

highway buses 

2.1 Issues for use in BLS operational management 

Bus location systems (BLS) that determine the location of buses in real time have 

been introduced for the primary purpose of operational management. Despite the fact 

that location detection and communications technologies have evolved in various 

ways, many bus companies continue to see the need to reduce operational and system 

upgrade costs as a major issue. This is because BLS introduction does not necessarily 

lead to an increase in the number of users or improved passenger convenience, and 

the fact that the operational management features of existing BLS have been limited. 

However, the aforementioned ITS Spot units have been deployed nationwide, and an 

older Electronic Toll Collection (ETC) system has been adopted as the access man-

agement system for the dedicated gates of the new Shinjuku Bus Terminal, the largest 

in Japan (which opened in April 2016). This means that it is now possible to study the 

use of a highway bus BLS that presupposes the construction of infrastructure and the 

installation of vehicle on-board units, and that is designed to reduce costs in various 

aspects of introduction, operation and upgrading. The system must also accommodate 

the dissemination of the new ETC system (ETC 2.0) and further increase bus rid-

ership. 

The Tobu Group provides transport service in the north Kanto area where Japan’s 

capital of Tokyo is located. In accordance with the Transportation Safety Manage-

ment System and so on, all vehicles are equipped with event data recorders (EDR) 

and an “Ecodrive” Management System (EMS) that are used for  training in driving 

safety, and a packet communication BLS has been provided on all regular route buses 

and highway buses with the exception of some community buses. However, the older 

BLS on Tobu Bus East highway buses was introduced more than 10 years ago, and 

the frequency of location data acquisition is lower than the new model BLS that is 

inexpensive and offers advanced features. 

2.2 Overview of ETC 2.0 highway bus BLS 

Participation in the aforementioned field operation test made it possible for the bus 

companies to automatically acquire specific probe data, consisting of data for regis-

tered vehicles passing the ITS Spot units, behavior record data and driving travel 

record data. Tobu Bus East and Tobu Business Solution equipped all of their airport 

shuttle buses running between JR Kashiwa station in Chiba Prefecture and Tokyo 

International Airport (standard travel time 90 minutes, 22 round-trip buses per day) 

with ETC 2.0 on-board units (model DIU-A011 manufactured by Denso Corpora-

tion). "Specific ETC 2.0 probe data" identified using the ID of the ETC 2.0 on-board 

unit that was reported by the bus company when the company applied to participate in 

the field operation test, were acquired for all vehicles starting in February 2017. 
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All vehicles on this route had previously been equipped with hands-free telephone 

units, enabling a means of constant communication between operational managers 

and drivers. As the buses were equipped with older BLS, location data that were up-

dated every 10 minutes could be checked on the monitor when the present location of 

the vehicle needed to be checked in response to a user inquiry or the like. After the 

bus returned to the bus depot, appropriate operational management including listing-

up of near-miss incidents was performed. In preparation for situations in which some-

thing needed to be checked, the data recorded on 6 - 7 cameras mounted together with 

the EDR were acquired offline. 

For the purposes of this study, specific probe data for each minute were acquired (in 

the form of zip files) and unarchived, using a system configuration that was designed 

to be simple and easy to use (see Fig. 1). In addition, two types of viewer were creat-

ed for operational managers to display data in real time on a PC screen: a simple 

viewer (see Fig. 2) that only displayed the data for the points most recently passed on 

Google Maps, and a standard viewer (see Fig. 3) that could store and search all data 

including behavior record data and travel record data. 

  

Fig. 1. System configuration for acquiring specific ETC 2.0 bus probe data. 

 

Fig. 2. Sample viewer screen (simple viewer) 

Ministry of Land, Infrastructure, Transport and Tourism 

National Institute for Land and Infrastructure Management 

Data server Research Group server 

■ Simple viewer 

 Only displays 

current location 
■ Standard viewer 

 Displays current 

location 

 Historical search 

(including behavior 

data) 

Tobu Bus East Co., Ltd. 

Kashiwa Station / Kashiwanoha Campus Station — Tokyo International Airport route 

Roadside antenna 
(each minute) 

Data acquisition  

minute) 
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Fig. 3. Sample viewer screen (standard viewer) 

Table 1. Table captions should be placed above the tables. 

(Excerpt of data for Tokyo International 

Airport-bound bus route for April 16, 2017) 

15:41 

15:42 

15:45 

15:46 

15:49 

15:49 

15:51 

15:54 

15:54 

2.3 Acquired specific ETC 2.0 highway bus probe data 

 
Fig. 4. Example of behavior record data 
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Fig. 5. Example of pseudo “near-miss” locations 

 

The simple viewer is free-use software that depicts the location in Google Maps. It is 

designed to reduce the operational load on the operational manager’s PC. The stand-

ard viewer has a search feature for travel record data and can display “near-miss” 

history data. This viewer provides features thought to be useful for operational man-

agement in a browser-based location system. In sectors with ITS Spot units located at 

short intervals, both viewers were capable of determining location in sufficiently 

shorter time intervals than a conventional BLS (see Table 1). However, as data were 

obtained in quasi-real time that involved data communication in ITS Spot intervals 

and processing time delays (of approximately four minutes), it would be difficult to 

recommend this system for use in providing information to users by means of elec-

tronic bulletin boards or Internet or mobile phone websites. 
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Fig. 4 shows an example of “near-miss” data acquired as behavior record data. Com-

bining the data with data for when the vehicle passed the ITS Spot and behavior rec-

ord data makes it possible to generate a daily report. However, what are thought to be 

“pseudo near-miss” incidents are also detected occasionally. These are thought to be 

produced by the difference in air pressure at tunnel entrances and exits (see Fig. 5). 

3 Interviews with bus operational managers 

Interviews were conducted with bus operational managers at Tobu Bus East Co., Ltd. 

(Company E), which operates the highway bus route, and two other Tobu Group bus 

companies (Company K and Company B), regarding the acquired data and the data 

viewers that have been created. 

3.1 Assessment by highway bus operational managers 

An interview study was conducted for the person in charge of operational manage-

ment at Tobu Bus East regarding impressions of the highway bus specific ETC 2.0 

probe data that had been acquired and the two types of viewer, as compared to the 

conventional BLS. The interviewee pointed out the following. 

 

Data acquisition system If we use the ETC2.0 on-board units that are already in-

stalled in the highway bus vehicles, we can acquire data in the same manner as with 

the existing BLS without the need to install special equipment, and that’s attractive. 

Behavior record data First we would need to ensure that the reliability of the infor-

mation is on the same level as the already installed EMS. 

Simple viewer Compared to the older BLS, less information can be displayed. But 

even now we’re not storing BLS data and using it to revise the operation schedule. So 

if communication and information use costs during operation are extremely low, the 

value of adopting the system even on an individual vehicle basis would be acceptable. 

Standard viewer As in the case of the simple viewer, if the issue of the required costs 

could be resolved, we could consider the system as one that could replace the older 

BLS. But since we can’t find out the driving travel record in ordinary road sectors 

where there are no ITS Spot units, we’re limited to using it as reference information. 

3.2 Assessment by bus operational managers that have not yet introduced a 

BLS 

In a regional area where privately owned vehicle usage is higher, an interview survey 

was conducted for two bus companies that have not yet introduced a high-speed BLS. 

One of the bus companies (Company K) that has a highway bus route connecting the 

regional city with Narita International Airport had begun the first airport shuttle bus 

service in the prefecture. The company had also registered as a monitor for the “field 

operation test for logistics vehicle management using ETC 2.0 probe data” conducted 

by the Ministry of Land, Infrastructure, Transport and Tourism (MLIT), Japan [8] and 



8 

was also cooperating in providing probe data. However, the bus company itself was 

not using location information for operational management. The other bus company 

(Company B) which offered ordinary fixed bus route service for residents had been an 

early adopter of a taxi radio type BLS. In addition to having service sectors on major 

national roads, the company receives many inquiries from users regarding the status 

of operation as a result of its buses getting caught in the morning and evening rush 

hours. The interviews with each of the operational managers obtained the following 

results. 

Data acquisition system I think the fact that we can share driving results data in the 

common ETC 2.0 format with other bus companies on routes that we operate jointly 

is advantageous, because it helps to reduce equipment investment. (K) 

Behavior record data I think the fact that we can acquire “near-miss” data complete 

with location data, which we can’t output on the existing EMS, is an advantage. (K) 

The features duplicate the ones on the EDR that we already have installed, so we 

don’t need it. (B) 

Simple viewer The fact that bus location data can be obtained without troubling the 

driver during operation is attractive, so if the operating costs are low we’d like to 

adopt it. (K, B) But there are long driving intervals on ordinary roads where there are 

no ITS Spot units installed, so we’d have to carefully consider the fact that the data 

would only be updated to the latest information each time the vehicle passed a loca-

tion where an ITS Spot was installed. (K) 

Standard viewer We don’t need driving record data on a daily basis, so we’re not 

determining real-time bus location information since that involves high operating 

costs. However, along with upgrading the driving safety management organization, 

this would be useful in determining driving time for each time period when we review 

our operation schedule, for example to establish rest stop locations. (K) We get re-

quests to check or issue delay result data from the departments that are in charge of 

attendance management at user workplaces and so on, but sometimes we receive these 

requests up to a month after the fact. If we had the travel record data, we could par-

tially automate the process of issuing delay certificates and it would be more efficient. 

(B) 

4 Discussion 

4.1 Acquired specific ETC 2.0 highway bus probe data 

Modern BLS can obtain detailed location data due to low communication charges and 

dramatic improvements in the accuracy of GPS and so on. The newest BLS that the 

Tobu Group is introducing on its ordinary fixed route buses is able to update data 

every 100 meters or at one minute intervals, as well as every time the front and rear 

doors are opened and closed. The BLS also has a feature that issues an alert to the 

operational manager in real time in the event of an emergency, and a feature that tabu-

lates and analyzes the accumulated travel record data (see Table 2). 
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Table 2. Sample output data from newest BLS installed by Tobu Group (average data 

for the time at which the bus passed the bus stop, by day of the week) 

 
 

Table 3. Performance comparison for each type of BLS 

 Cost of 

introduc-

tion 

Real-time perfor-

mance 

Operation 

cost 

Operating difficulty and durability 

Dedicated equip-

ment communication 

type (on-board unit 

coupled type / conven-

tional type) 

× 〇 × △ 
On-board unit data rewrite 

IP wireless stand-

alone unit (ordinary 

fixed route bus / new-

est type) 

〇 ◎ 〇 ◎ 

Server data rewrite 

Smartphone type 

(mass-market type) 

◎ ◎ 〇 × 

ETC2.0 probe use 

type 

◎ 〇 

Expressways in 

urban areas 

◎ 〇 

Data conversion interface cre-

ated separately 

△ 
Expressways in 

regional areas • 

ordinary roads 

 

This BLS uses an IP wireless radio device that is not compatible with other standard 

bus on-board units (artificial speech guidance systems, electronic schedule etc.). The 

device works together with schedule information stored on the data server. This ena-

bles it to be introduced more cheaply than similar BLS. In contrast, in the case of a 

popular type of BLS that uses smartphones as on-board units, the cost of introduction 
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would be even more inexpensive, but issues would include the time and trouble in-

volved in recharging and making various settings on the part of drivers and adminis-

trators, damage to power supply sections due to the vibrations in the bus, and heat 

resistance and other equipment durability matters (see Table 3). 

4.2 Proposed uses for each type of BLS by bus companies for operational 

management tasks 

Use for operational management of highway buses that provide airport access 

Expressways with a high installation density of ITS Spot units constitute a driving 

area that allows acquisition of ETC 2.0 probe data offering high resolution in both 

temporal and spatial terms. If the precondition of low upgrade and operation costs can 

be anticipated, it is possible that a high-speed BLS system that uses specific ETC 2.0 

probe data can be adopted even if an older BLS has already been introduced. Moreo-

ver, if behavior record data cleansing can be conducted on the data supply source 

server side, it would even be realistic to adopt it together with the EDR during a fu-

ture system upgrade. 

Viewer for operational managers The operational manager with the older BLS as-

sessed even the simple viewer as being acceptable. This may be due to the fact that 

the company in question only manages one airport shuttle bus route, so the existing 

BLS that only displayed limited information was also adequate. If the company oper-

ated routes jointly with other companies or handled multiple bus routes, or otherwise 

needed to conduct advanced operational management, based on the accumulated trav-

el record data, it would need a feature for calculating the difference between the time 

the bus passed by and the expected time of passing by for each bus in order to analyze 

history data. A type of viewer that matches the number of buses in operation and can 

flexibly accommodate changes in scale is needed. 

Use for operational management of fixed route buses on ordinary roads In gen-

eral, real-time driving location data constitute information that is used to respond to 

user inquiries or make decisions about changes in vehicle operation in the event of a 

major delay or traffic disturbance. In this way, the information can be expected to 

increase user convenience and improve the reliability of bus service. 

However, operational schedules for fixed route buses are set as the standard time that 

a bus would need to actually travel along the route under ordinary weather conditions, 

so even if operational result data during adverse weather conditions or when caught in 

a traffic jam are acquired offline, the data cannot be used in a schedule revision con-

text. 

However, if the bus departure time intervals for feeder routes could be optimized, the 

BLS could be used to study operation plans to prevent situations in which multiple 

buses are operated at short intervals on main bus routes, and to enable transfers at hub 

bus stops that involve short wait times. 
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4.3 Other uses 

Viewer for operational managers As highway buses do not need to determine loca-

tion information as frequently as ordinary fixed route buses, BLS have not been wide-

ly adopted on these buses. Conversely, because of the advantage of being able to pay 

reduced tolls, almost all bus vehicles are equipped with old-type ETC units. If new-

type ETC 2.0 on-board units and roadside units were introduced on all of the buses on 

routes operated jointly by multiple bus companies, and at terminals that serve multiple 

bus company routes, this would provide an ETC 2.0 use option in which standardized 

probe data could be shared laterally across companies and used for the operational 

management of hub bus terminals. The closer the bus terminal is to expressway inter-

changes and ITS Spot units, the more reliable the data would be, and the more advan-

tageous introduction would be. Consequently,  while ensuring coordination with the 

use of open data in public transport and the “modal connect” trend, ETC 2.0 dissemi-

nation measures such as the provision of a discount system for companies that intro-

duce equipment and additional placement of ITS Spot units at offices and major bus 

stops on bus routes should be carried out. 

5 Conclusion 

Achievable options for bus operational management using “specific ETC 2.0 probe 

data” were studied by means of data viewer prototypes and surveys to determine the 

inclination of operational managers. From the standpoint of costs needed and achiev-

able performance, programs to promote equipment introduction by companies and 

additional placement of ITS Spot units near expressway interchanges and bus stops 

can be expected to encourage system adoption at places that intend to upgrade their 

older bus location systems. The possibility of use in bus terminal operational man-

agement and so on was also indicated. 

The authors would like to express their appreciation to the National Institute for Land 

and Infrastructure Management (NILIM) and the Highway Industry Development 

Organization (HIDO) for assistance during participation in the field operation test, 

and to the bus companies of the Tobu Group for assistance during the interviews. 
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