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Emerging types of mobility services and vehicle 

technologies, employed ICTs and implication 

for transport planning and policy 

1. Introduction 

Along with technological developments in information and communication technologies, new 

mobility services such as online ticketing and car-sharing as well as new vehicular 

technologies such as connected cars and self-driving cars have been and will be emerging. 

However, a holistic perspective, which is essential for strategic and long-term policy-making, 

has been seldom available, and from such wider perspective, it is not always fully understood 

what kind of mobility services and technologies are or will be available, and which service or 

technology depends on what types of information and communication technologies. It is 

important to understand this because it forms a basis for long-term transport planning and 

policy-making at local, regional and national levels. In order to fill this gap, we carried out an 

extensive review of emerging mobility services and vehicular technologies as summarized in 

the table below. 

Category Service / Vehicle Explanation Diffusion 

started in... 

Vehicle 

sharing 

Station-based car-

sharing 

Short-term round-trip rentals with permanent dedicated 

parking spots, with fully computerized self-service 

reservation, pick-up and return, automated payment 

system, and membership requirements. 

Early 1990s 

Free-floating car-sharing Variation of station-based one, with fleet scattered 

throughout its service area. Reservation only possible 

at last minutes. 

C.a. 2010 

Peer-to-peer car-sharing Online marketplaces to rent privately-owned vehicles 

for short-term, often with payment transaction and 

insurance embedded in it. 

2000s 

Communal and 

fractional car-sharing 

Small-scale non-profit initiatives to offer time-division 

share of a few cars, with supporting platform with 

digital log book, payment system, etc. 

2010s 

Station-based bike-

sharing 

Short-term one-way bike rental within cities with 

electronic docking stations. 

C.a. 2000 

Dockless bike-sharing App-based one-way “free-floating” bike rental within 

cities. 

C.a. 2014 

Scooter/Motorcycle 

sharing 

Free-floating one-way rental of scooters and/or 

motorcycles. 

C.a. 2012 

Sharing of 

rides 

Car-pooling (ride-

sharing): 

Slugging (casual car-pooling) popular in 1970s; online 

marketplace to match a driver-traveler and 

passengers; later made more spontaneously on 

smartphone apps. 

C.a. 2000 

Ride-sourcing (ride-

hailing): 

Smartphone apps to match a driver (not traveler) and 

passengers, often offering payment platform 

embedded in it. 

C.a. 2010 

Digital 

services 

Journey planner for 

railway/public transport 

Off-line (in 1980s) and later online search engine for 

railway or public transport connection. Later also 

possible on online digital maps. 

1996 

Onboard satellite car 

navigation 

GPS-based self-positioning of automobiles, and route 

search on digital maps. Later available also on online 

digital maps. 

Early 1990s 
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Multimodal journey 

planner 

Online digital map with journey planner for public 

transport (PT) and route search for walking, cycling 

and cars combined and embedded on it. 

2010s 

Taxi apps Smartphone apps to find and reserve taxis. 2010s 

Integrated public 

transport tariff 

Through-ticketing with single public transport tariff for a 

trip with multiple operators; subscription type of tariff 

(e.g. monthly pass). 

1960s 

Digital ticketing Ticket issuance online for “pick-up” or self-printing; 

later issuance as tickets displayed on smartphones. 

C.a. 2000 

NFC Cards Contactless card to be read at ticket barriers to collect 

PT fare. 

1997 

MaaS – mobility-as-a-

service 

Integrator of above-mentioned various sharing and 

digital services with a single online account on an app. 

C.a. 2014 

Vehicle 

technologies 

Connected cars Automobiles equipped with wireless Internet 

connections. 

C.a. 2020? 

Autonomous cars Self-driving cars making use of information from 

various on-board sensors, geo-location systems, and 

digital maps. 

2023-2025 

for Level 4? 

2030 or later 

for Level 5? 

Connected and 

Autonomous cars 

Cars with wireless connectivity (“connected”) and self-

driving features (“autonomous”). 

2023-2025? 

 

2. Dependency and timeline analysis 

Many of these new mobility services and vehicular technologies are enabled by diffusions of 

several key information and communication technologies (ICTs). The latest epoch-making 

device is smartphones, which features a touchscreen as its primary user interface, apps 

(easy-to-handle software running on it), mobile Internet connection, and geo-location. First of 

this kind appeared in 2007.  

Smartphones are essentially synthetic devices integrating various key ICTs that have diffused 

since the 1990s. Mobile Internet connections were made available in the late 1990s. Mobile 

application making use of the Internet is largely based on World Wide Web (WWW) and e-mail 

services, which were initially developed for desktop computers and wired Internet connections. 

Desktop PCs and the Internet diffused in the middle of the 1990s. Personal computer itself 

first appeared in the 1970s, and gradually diffused for office and home use since the 1980s. 

The geo-location feature is nowadays supported by various GNSS (global navigation satellite 

systems) and location database of mobile phone masts. The American Global Positioning 

System (GPS) is the first one becoming available for civil use in 1993. 

Several services made available with these ICTs, especially online digital mapping and online 

payment systems, play also important roles for the above-mentioned mobility services. Digital 

mapping was made available on personal computers in the 1990s, and made available online 

in early 2000s, making it possible to provide actual maps for end users with continuous update 

carried out on the server side.  

Another important service is online (e-commerce) payment systems coupled by diffusion of 

credit cards. Internet banking and various online payment service provider (e.g. PayPal, Alipay, 

etc.) are available as electronic payment system for consumers. Both of these started to be 

available since the late 1990s and early 2000s.  
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Many of the new and emerging types of mobility services depend on these key ICTs 

mentioned above, namely personal computers, GPS, The Internet and WWW, cellular network 

enabling mobile phone with data service (SMS), online digital mapping, online payments, NFC 

cards, broadband cellular network with Internet-enabled mobile phone, and smartphone to a 

large extent. For several mobility services, some ICTs are not prerequisites while they can be 

deployed or they are stimulators for wider diffusion.  

Based on the reviews above, dependencies of new and emerging mobility services and 

vehicular technologies on the key ICTs are summarized in the table below. Here, some of the 

mobility services mentioned above (e.g. Non-profit, fractional and community-based car-

sharing and scooter sharing) are excluded because they are still in niche markets compared to 

the others. 

Table 1: Dependencies of new and emerging mobility services on various ICTs 

Key ICTs 
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Car-sharing, fixed station  ✓ +  + +   + 

Car-sharing, free-floating  ✓ +  ✓ ✓   ✓ 

P2P car-sharing   ✓  ✓ +    

Bike-sharing, fixed station  ✓    ✓    

Bike-sharing, free-floating  ✓  ✓ ✓ ✓  + ✓ 

Ride-sharing marketplace   ✓   +    

Ride-sourcing   ✓  ✓ ✓   ✓ 

Tariff integration of PT          

Offline journey planner ✓         

Online journey planner   ✓  +   + + 

On-board car-navigation  ✓ +  +     

Online ticketing (pick-up, self-print)   ✓ +  ✓    

Ticketing on mobile app      ✓ +  ✓ 

MaaS  ✓   ✓ ✓ + ✓ ✓ 

Connected cars     +  + ✓ ✓ 

Level 4 &5 self-driving vehicles  ✓   ✓   ✓ + 

✓: Indispensable prerequisite; +: value-adding feature (nice-to-have). 

Based on these, technological dependencies is summarized in a form of timeline. Besides the 

dependency of mobility services on ICTs, dependency of mobility services on previously 

available services are also analyzed: for example, online journey planners depend much on 

offline journey planners, which was available earlier, and ride-sharing marketplaces depends 

on an idea of slugging (casual carpooling). MaaS as an aggregator depends largely on 

various existing services, such as integrated public transport tariff and annual passes and 

various vehicle-sharing and ride-sharing services. These types of relations are 

diagrammatically shown in the figure below. 
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Fig. 1: Timeline analysis of various emerging mobility services, vehicular technologies and ICTs. 
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The main findings are that various ICTs deployed for the new mobility services were made 

available already in the 1990s, while employment for mobility services have taken between 

approximately 10 and 20 years until nowadays. When autonomous vehicles with higher level 

of driving automation are available, various vehicle and ride sharing services, mobile journey 

planners and ticketing, and integrating platform like MaaS are posited to serve as a basis for 

integrated platform to make it possible to use in a shared manner.  

Among many key technologies, GPS (or satellite-based geo-location systems) and online 

digital mapping serve themselves as indispensable prerequisite for many of emerging mobility 

services and vehicle technologies. This is understandable as, to enable mobility services, as 

well as new vehicular technologies, precise identification of location will enable real-time 

dynamic information provision, while making use of users’ geo-location will enable suggestion 

of best-matching travel options.  

At large, until now employment of new ICTs has been taking place mostly separately for public 

transport and automobiles. This has been changing in the recent years, since journey 

planners is becoming multimodal, and as seen above MaaS is conceptualized as an 

aggregator of various services. Considering that connected and autonomous vehicles are 

posited to be used more in shared forms, it is reasonable to estimate that this integration trend 

will probably continue in the future. From such an integration perspective, future connected 

and autonomous vehicles will paradoxically depend on non-automobile services to a large 

extent that are becoming available nowadays. 

 

3. Implications for strategic and long-term transport  

planning 

From a perspective of strategic and long-term transport planning, several remarks and 

implications are pointed out. First, the emerging types of services becoming available today 

are still based on traditional modes, and thus they have not called for much change in ways of 

strategic planning that has been in practice since the post-war time. The connected and 

autonomous vehicles will in long term change this as the today’s concept of private vehicles 

and public transport will be integrated along with the technological development of it. In other 

words, multimodal and integrated strategic planning will gain more importance in the future: 

sectoral planning for road infrastructure and public transport will not much be effective, as 

these two are posited to be used in more integrated manner.  

Second, although there are many uncertainties about to what extent the change will be, users’ 

mobility behavior will probably shift to another ways of using vehicle from today’s driven by the 

envisaged technological developments: on one hand, public transport and shared forms of 

mobility will probably become more available and easier to use for a wider range of 

population, while use of automobiles are becoming also easier along with driving automation. 

As for the latter, however, it needs to be pointed out that various uncertainties are still 

observed such as technological possibility, ownership forms, end-user cost and market 

penetration, while what will be unchanged is that there will be strong needs to reduce negative 

effects of automobiles such as accident, noise and emissions as well as energy consumption 

as much as possible and to improve living quality. 
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Furthermore, it has to be pointed out that much of road infrastructure built during the rapid 

motorization in the 1960s and 1970s will come to the end of its lifetime in parallel with the 

technological developments of autonomous vehicles. In this circumstances, decision-making 

will be called for whether to renew the asset, to extend the lifespan, or to retrench it.   

With these taken into consideration, infrastructures that was envisaged as necessary in the 

past, and the services provided nowadays will need to be reassessed continuously and 

carefully, reflecting availabilities of new mobility services and vehicular technologies. 

Systematic optimization and decision-support methodologies need to be more researched to 

adapt the infrastructure and the traditional and new mobility services. 

Optimization will also be needed in the domain of parking regulations, as the total vehicle 

stocks can be reduced if shared use of self-driving vehicles will diffuse more: further research 

will be needed for this to guide such parking optimization. It has to be noted that this has to be 

coupled with measures to prevent zero-passenger self-driving automobiles roaming around 

the city to return to parking spots in the outskirts of the city, which induces extra vehicular 

traffic. 


