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Technological convergence has had a huge impadewrlopment of automo-
tive industry. Two main concepts related to moldehnology and the Internet of
Things (loT) in this industry are car connectivétyd Internet of Cars (1oC). The ar-
ticle aims to present these two concepts with sppechphasis on the characteristics
of people mobility in future cities.
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1. Introduction

The global economy, which is currently charactetibg development of mo-
bile and Internet technologies, is in large pamnposed of the services sector.
A new paradigm appeared: information and commuiticatechnologies enable
achievement of the economic and / or social oljestiby use of cooperation
methods (including sharing). ICT contribute to #oeeleration of economic recov-
ery and the creation of "sustainable digital futyrg.

This paper aims to achieve cognitive objective,altis to present the impact
of technological developments in automotive indugéspecially the concepts of
car connectivity and Internet of Cars) on the depeient of new people mobility
behaviour in cities. The author hypothesizes thahriological convergence, pre-
sent in currently-sold cars and cars of the fusligaificantly contributes and will



contribute to development of new patterns of mobih cities. The main research
method used in the study is analysis of secondauycss, including literature and
branch studies made by experts in automotive imglust

The article is organized as follows. The first parhcerns technological con-
vergence phenomenon and its presence in everygayflglobal society. The next
one presents the main trends affecting the devedaprof mobility of people in
cities. The following chapter mentions the conceytsonnected car and Internet
of Cars as concepts representing technologicalergence. The end of the article
includes conclusions and further research guideline

2. Technological convergence

Megatrends are global phenomena that have beetogagin the economy
in 30-50 years and affect the strategies developwieglobal corporations. They
relate primarily to social issues that significgrdetermine changes in the structure
and volume of demand. Among the most frequentlherilesd long-term trends in
the global economy may be mentioned: digitizatiocréasing role of the Internet
in shaping the business and social environment)naohility (changes in the mo-
bility of people and changes in the patterns of enship). More and more practi-
tioners and researchers investigate the phenomahniolustry 4.0, which is char-
acterized by, among others, more efficient useesburces and more flexible pro-
duction of goods and services [5]. Disruptive teshgies that will change the
world in relation to the ubiquitous integration andnvergence are e-mobility,
autonomous vehicles and solar energy technologies.

Convergence is defined as the interoperability e# rlements of reality, in
particular interpenetration of telecommunicationultimedia and information
technology [21]. It is also a phenomenon of becgrsimilar to each other by
different technologies and equipment, which wergioally performing a totally
distinct roles, and now fulfill similar functiong.echnological dimension of con-
vergence is mainly based on digital communicat@mrently carried out by vari-
ous media. Technological convergence also has dlih@nsions - allows to re-
ceive the same message or the same medium on vatémices, desktop or mo-
bile, at a time convenient for the customer (ergdemand videos). Therefore, not
only the differences between different media awgrlrig, but also between devices
enabling receiving data transfer. Convergence ofianeneans that recipient of
information can receive the same message many tiomsany different media
platforms and devices, which is called omnichanraisfer and results in creation
of hyperspace also called hyper-reality. In the iognyears, the convergence in the
economy will result in [14]:
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e growth of market domination of the Internet, whishl become leading me-
dium and a base for other media (mediatizatiomefibternet),

e increasing share of online communities in creatibsuccessful businesses,

e increasing number of channels through which theleeonf transfer reaches
the recipient.

3. Trends in mobility in future cities

3.1. Future smart cities

According to data from the UN, population livingdities in 2050 is expected
to reach 6.3 billion [24] - it will be almost twigaore than in 2011. The number of
mega cities is currently more than thirty and ammis to growGrowing cities in
the coming four decades will absorb not only theltworld population growth,
but also part of the existing rural population. &e is one of the most urbanized
continents in the world. Over 74% of the EU citigdine in urban areas, a propor-
tion which is expected to grow to 80% by 2030 [6].

Smart cities are innovative areas supported byadigolutions. They are sus-
tainable, digital or connected cities [11] proviglihigh quality of life through use
of intelligent transport systems (ITSs), green dingjs and industrial control sys-
tems (ICSs). Key elements of these cities are médion sharing systems[9] and
use of new generation vehicles to improve mobitityhabitants and guests with
use of Internet of Things (loT) concept[15]. Smadbility means intelligent and
safe transport with use of smart solutions ansdmected with other “smart” cate-
gories — smart economy, smart environment, smastrgance, smart living, smart
society, smart city etc.

The most important challenge for future city wik Ionobility development
according to sustainable development principless Wil include: energy-efficient
and low-cost transportation systems, environmeaatdlly solutions (bicycles
roads, pedestrian areas), dense network of suburbasport, many intermodal
transportation hubs. Mobility infrastructure shodid planned in long-term with
taking into account future structure of urban socige.g. aging society, fast-
growing suburban areas etc.). In some regionsp @®% of those working in the
city, is living outside the city [24]. The rest tifem also sometimes have to come
to the city - they must bring their children to sols and commute to the city to
use services like health, social or cultural sexwidPointless is therefore planning
urban mobility, without considering the mobility tmens of people living in
suburban areas.

The main problem of cities is traffic congestioniethwill be reduced or
eliminated in future smart cities. To solve thesebfems cities use parké&ride
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systems, pay zones or entrance prohibition inagtytres and many others, but the
most important motivator should be good public $gortation system. Public
transport should be more competitive to private transport by providing
available transport services, also between ciiggod solution can be high-speed
train transport).

Today cities become network cities. They are grgwast, so locating a large
number of people and businesses in a relativelyllsanaa creates significant
management problems. Logistics of the city deteesithe further process of
opening up cities to diffusion of innovation or @iwning of cities in the network.
In urban logistics all the activities should bedaaknto account that make up the
living cycle of the city in an economic, social anwdtural dimension.

A concept of Sustainable Urban Mobility Plans (SWYBppeared including
transportation plans (SUTPs) for the future urbasbifity. It takes into account
current trends in mobility such as blurring contréetween individual and
collective transport, needs for new mobility sauas, such as dynamic carsharing
and ridesharing, collective taxis, peer-to-peemdpart, hitchhiking, shared
vehicles etc. [16]. That is why public and privatansport should be redefined.
Repositioning of urban transport systems will begilde only with use of ICT
systems, for example social media, mobility platfsy Shared Mobility Centers
offered in Business-to-Consumer (B2C), BusinesBusiness (B2B), Business-to-
Administration (B2A) and Consumer-to-Consumer (C2annels.

3.2. Automotive market changes related to mobility

There will be three main areas of change in theraative industry: shifting
markets and revenue pools, changes in mobilityvdiehand coopetition (coopera-
tion mixed with competition) [23]. Mobility relatedonditions concern sharing
economy, differences between urban and rural ntgbilising autonomous and
electric cars. City habitants will be more willing buy electric, autonomous car
and rent it when not using a car, for example irrkwloours, during nights and
weekends. Sharing solutions will be popular modeenership in cities, in con-
trast to rural areas, where traditional model ohewhip will dominate. Generally
10% cars sold in 2030 will be shared vehicles an8d50 — 30% (mostly in big
cities) [23]. New services (MaaS — Mobility as ansee) will appear, as well as
new mobility-driven business models. Automotive getitors will not only com-
pete, but also cooperate in some areas like rdsaart development or transporta-
tion and sales of products.

One of the areas of automotive development isrttrteduction of autonomous
vehicles, which is forecasted to 2017, although trmanufacturers declare the
introduction of such cars to mass-market a fews/éter (“intelligent drive" con-
cept) [22]. This includes semi-autonomous carsabsge the fully-autonomous cars
will be made available on the market in about 2&rgeTheir launching will trigger
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the biggest changes in the mobility of inhabitasftéarge cities, in which autono-

mous cars will dominate on roads in 35 years [§5t&ns based on autonomous

vehicles have already been introduced on a smalése.g. in Singapore, Rotter-
dam, London.

Consequences that will arise from the spread obrewmous vehicles for
urban mobility are:

« redistribution of routes, signs, lights, etc. passe to the same signals on the
road will become uniform, the level of predictatyilof traffic participants be-
havior and also in adapting to the conditions anrttad will increase,

» decrease in demand for professional drivers inlaber market - especially
chauffeurs and taxi drivers, to a lesser extertaunriers and suppliers,

e reducing the visibility of social differences amthgroving the situation of
people who cannot afford to have a car - poorepleewill be able to use
good and new cars without buying them.

The aforementioned MaaS exists mainly thanks tdiamwns and Internet ser-
vices offering car sharing and route optimizatiosing different modes of
transport. KPMG predicts that in the countriestef Triad (USA, Japan, Western
Europe) 25% of the inhabitants of large cities @22 will use every day solutions
for the optimization of routes within the city bging car rentals and the use of
other means of transport [13]. Due to appearanceeof services, new business
models will be created, absorbed by OEM, IT entsgs; new market players and
individual car owners. To the current business rnwoddl join the Mobility Ser-
vice Provider and Basic Mobility Provider, offeriagwide range of mobility ser-
vices and accompanying services, e.g. insurancéijlenapplications, catering
services, entertainment, etc. [23].

3.3. Mobility changes in cities

In the age of ubiquitous networking and the IntewfeThings mobility will
be one of the main elements of human life, whiah loa seen also today, especial-
ly in large cities. First of all, a working modefl urban residents will become more
mobile. The growing demand for mobility and thefeliénces between specific
world regions in this respect (and between typetocdlity) were observed and
predicted already by Schafer and Victor in 200q.[I®future cities differentiation
of means of transport will be increasing (walkioggling, air and others).

In this paper only one of the urban mobility moaess analyzed -terrestrial
mobility and its relationship with the second dirsiem - virtual mobility, accord-
ing to Kellerman's approach to mobility (see Table

Dimensions that will affect the people’s choicedl we the time and place.
Mobile applications will enable ordering a car tgecific time from a particular
user registered in the network - it can be an iddi®, a company or public
transport service provider. People will be ablednt their car while not using it.
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The car will become an additional source of incoir@so thanks to the trunk,
which will become mobile parcel locker. A similarstem has already been intro-
duced in Ulm (Germany) and Shanghai (China) (cat8gbaimler) [13].

An interesting solution in urban transport is Flde&Shared Use Mobility
Centre concept proposed by Ambrosino et al. [4préisents intermodal transport
systems as offering complementary services (B2@ce=s, B2B services, real-time
updates with use of mobile devices and applicatibiS services). The model is
based mainly on virtual enterprises, service neétwarser groups and IT
solutions [2].

Table 1.Chosen characteristics of terrestrial and virtnability

Feature Terrestrial mobility Virtual mobility
Ownership infrastructure — mostly governmentalinfrastructure — mostly private
vehicles — mostly private vehicles — mostly private
Terminals railway and bus stations, parkingCs, laptops, mobile devices
spaces (smartphones, smartwatches, tablets)
Channels roads, rails cables, wireless technolo@ksetooth,
Wi-fi etc.
Vehicles yes (different kinds) no

Availability | private — always, public — accordingalways
to timetables

Impact on| very high and intensive hardly noticeable

environment

Choice between public and private, betwedpetween voice and written forms, be-
transport modes tween possible devices

Problems low availability (e.g. changing modepossible shortages or poor quality |of
in public transport) internet connections
traffic congestion make safety lower e.g. when using mo-
high cost of private transport bile devices while driving

Source [12]

The main categories defining mobility in futureiest will be: “shared”,
“autonomous” and “electric[18]. So future mobility should be characterized as
mobility based on shared electric autonomous vesiolwned by different market
actors (public or private). Mobility will be als@menected with new generation of
clients called “millennials” or “Y generation” presting different approach to con-
sumerism, using IT solutions, social media and aship models as previous gen-
erations. Some of mentioned market actors will tersa-called free-floating elec-
tric carsharing-fleets (an example is car2go)[8]ede solutions will be especially
popular (based on private ownership) among eldeglyple (above 50 years old)
[20]. It is expected that the percentage of urbapupation, who will use mobility
solutions will reach in 2030 16-25% in the cas¢hef Triad and Russia, and 6-15%
in the case of China, India and Brazil [13].
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4. Internet of Cars (Internet of Vehicles) and Conected Car

Now world is always connected. The use of smartphdyy society gave rise
to new needs for the purchase of mobile applicatemabling the use of infotain-
ment in vehicles, originally from practical reasdhecking the operability of
routes, traffic jams, accidents, calculating routesvel time, etc.). With time, they
transformed to the needs of the entertainmentaasemgers spend a lot of time in
cars while commuting or at work (in case of profasal drivers or sales represent-
atives). At the same time, almost all car manufactubegan to install the equip-
ment and applications linked with those on smamglsoand tablets (dominating
supplier in the early stage of development was éppHowever, over time, too
many device-to-vehicle platforms were created amndas necessary to reduce the
complexity in this area. Integration platforms faobile applications were intro-
duced linked to vehicles (eg. MySPIN offered by @gscapable of handling appli-
cations for Android and Apple's and integrated vi@bogle Play and Apple App
Store). Finally ready-made applications for autoilesbbegan to be introduced,
such as Apple's iOS in the Car.

Now these solutions are being developed. The gfagkectronic components
in a car in 2030 should increase to 50%. Car is s@sv as ultimate, final mobile
device because of its telematics (telecommunicateomd informatics). Bl Intelli-
gence Report shows that connected car market vgiggoannually by 45% (2010-
2015), 10 times more than the whole automotiveoseBly 2020 75% of new sold
cars will be connectd@3]. The barriers of selling such cars now arghtprice in
comparison to not connected cars, still infant medbgy (although high level of
development pace), low level of customer awareness.

Smart vehicles of the future will be able to comioate not only with navi-
gation and broadcast satellites but also with paggemobile devices, infrastruc-
ture elements and other smart vehicles, making thesrucial component of loT
and smart cities.

A connected car is a vehicle in which the usen@rand/or passengers) can
access, download, consume, send and share informthtiough vehicular commu-
nications systems, such as vehicle-to-vehicle (V2V@hicle-to-infrastructure
(V2lI), vehicle-to-broadband cloud (V2B, with monity data center), vehicle-to-
human (V2H; with road users, pedestrians, bicychshicle-to-sensor (V2S, with
the sensors embedded in the environment).

New-generation vehicles are smart vehicles thaessmt technological con-
vergence (the convergence of communications, imiretsire, computers and au-
tonomy, resulting in new capabilities: sensing, igation, sociability, context-
awareness and communication). Based on that cqoremaptt vehicles are charac-
terized by 5 features: self-driving, safety drivirspcial driving, electric vehicles
and mobile applications.
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There are two approaches to connected car hard{28&ie:

* built-in — when hardware connectivity is installeda vehicle (more expen-
sive; user have to pay monthly fee for car producestly it is 10-40 USD),

e brought-in — when car user plugs his/her device WSB port in the car (less
expensive — car user can use his/her library apticagions installed on mo-
bile device).

A car can be also connected to smart home and is$esctivities while user is in
the car. Still this area is in its infancy staget, there are first solutions for connect-
ing homes and vehicles, both with “built-in” and-dght-in” devices [10].
Although the infancy of car connectivity solutioribere are many existing
mobility platforms providing possibilities for exghe for infrastructure search,
infrastructure roaming, users communication, trarispion service providers
comparison etc. Most of the systems installed s elows control applications
using voice technologies, also listening to maacebook posts and dictating
messages (for example Sync AppLink system).
Information systems installed in cars (In-vehiaolmation Systems, IVIS)
are divided into three categories (see Table 2):
e navigation systems,
« traffic and travel information systems,
« vehicle-to-vehicle and vehicle-to-infrastructuremrounication systems.

There are also other kinds of systems - AdvancegebrAssistance Systems,
which help the driver to travel safely (see Tabkn@ Table 4).

Table 2. Characteristics of IVIS systems

Kind of IVIS ) ) Possible
Functions Benefits :
system barriers
navigation sys- showing location low costs overloading of
tems showing of possible routes, their length (visyatlynamic routing functions
and voice) turn-by-turn navigation| overloading of
optionally showing traffic on the route (real-timeautomatic updates steps to reach a
traffic conditions) goal to plan a
possible voice control routing

possible remote controlplanning during the tfip
(mostly) or before

traffic and travel assist travellers in planning transport (privatequick information driver distraction

information public or mixed) about wanted object ocerloading of

systems pre-trip planning or on-route planning various object are information about
information about actual and future route charpcstored in the database - points in a city
teristics (local, national, international) complex information

information about prices, fares, incidents, foreabout a location/ city
cast, traffic, routes
additional information: weather, hotels, restgu-
rants, tourist points, other points

vehicle-to-vehicle | V2V: relevant  information| infancy of these
and vehicle-to- information about travel conditions, eg. fogs, icyabout routes is availal solutions
infrastructure roads, collisions, ble for the driver

communication V2l safety on the road i

systems weather conditions, traffic jams, risky road parts higher
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In the last few years a concept of the Social mgeiof Things (SloT) ap-
peared [3]. It is defined as a network of intelhgebjects that have social interac-
tions modeled on human networks. The Social Inteohé/ehicles (SloV) is an
example of a SloT where the objects are smart lehignostly cars). The social
connections can be made between vehicles, drivetsother users and between
these two groups [1].

Table 3. Characteristics of ADAS — lateral and longitudinahtrol

Area Solution/function Description Used tools, techiques
Lateral Lane keeping and correcting the track in case of devip-connection to other systems like
Control warning tion V2|
warning messages for the driver
Blind spot monitoring | information about overtakinmghicle | based on sensors installed in many
or other objects like pedestrians car sides
integrated with electronic rear vie!
mirror
Lane change and control while changing lanes to avojdsensors in rear mirrors, one radar
merge collision| collisions sensor — acoustic or visual infof-
avoidance mation in case of danger
Longitudinal | Intelligent Speed| control car speed static sensors measuring speed
control Adaptation (ISA) external speed recommendatipon(located on infrastructure elements

(based on V2I) or automated contr
system based on traffic information

pllike traffic lights)

control based on GPS

control based on regional cent
transmitting data to vehicles i
sightings

Adaptive Cruise

Control (ACC)

controlling safety distance on the roa
no reaction for stationary objects

d automatic braking systems
visual output with distance param
ters

ACC+ Curve Man-
agement

ACC enhanced by reducing the spef
during approaching a curve

le@lectronic devices connected
electronic maps (ADAS maps)

o

Curve warning

warning if the driver is approachi
the curve too fast

ndoased on maps, weather conditio
etc. — visual and acustic warning

ns

Collision warning and| warning messages and/or automgtisensors measuring the distance and
avoiding systems braking intervention speed of analyzed objects — lasgrs
V2V communication about parametefsand microwave radars
front-end sensors
rear-end transponders
Intersection collision| information about potential interse¢-cameras in the front of the car ahle
avoidance tion collision to see other cars being 20-40 |m
away
short range V2V communication
system

Stop&Go

keeping distance at speeds <70 km
good for urban habitants (used in n
free flowing traffic)

emergency braking

traffic lights controlling

can be semi-autonomous or fully

h sensors in the front of vehicle
tV2I applications

Obstacle detection

warning about collision of died
object (e.g. pedestrians) and predict]

onboard sensors
edhfrastructure-based sensors

vehicle path

identification tags held by objects
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Table 4.Characteristics of ADAS — other solutions

Area

Solution/function

Description

Used tools, techiques

Reversing aids/Parking aids

used at low speeds
short-range obstacle detectid
and tracking

cameras
nvisual system
acoustic system

Vision enhancement

driving support systems
difficult  conditions (while
reduced visibility of the road)

inltraviolet light headlamps

near infra-red illuminator

far infrared sensor (making thermal maps)
visual pictures presented to the driver

Driver Driver standard| monitoring of driver’s physiolog4 different tools, including sensors
monitoring | monitoring ical status, eg. eye movements,
heart rate
warnings about impairments
connected with eg. stress, alcohol
abuse, inattention
Driver  vigilance | detection, diagnostics and degi-different tools, including sensors
monitoring sion making or warning
fusing data from several source
Pre-crash | standard detecting unavoidable accidergensors, air bags, seat belts, other additi
systems and activation of onboard vehicle systems

restraint system

nal

smart restraints

imposing and distributing {
energy during a crash
pre-crash detection
maximum protection of passe

heccelerometers, proximity radar sensors, in
space monitoring tools: weight sensors, vid
detectors, prioritizing techniques, video ss§
-sors

ner
eo
n-

gers

Nitti et al. [17] describe a vehicular social netlvas social interactions
among cars, which communicate autonomously to foolservices and exchange
information about traffic. Given that vehicles ewygear are more autonomous and
these applications supporting social interactiansrag drivers and passengers are
being developed, SloV is possible network for tbwufe. It will generate some
new capabilities, opportunities, challenges, ttegaarriers. It is obvious that SloV
will create new mobility possibilities, changesmmobility behaviors, patterns etc.
mostly in cities, which will absorb new solutiongry quickly. Nevertheless,
despite the fact that this concept is very youonges products for SloV are availa-
ble on the market, for example RoadSpeak, NaviTwestavan Track.

5. Conclusions

Technological convergence is ubiquitous and itgsmgannot be reversed, as
well as technological innovation, in which autorwetindustry has always been a
leader. Undoubtedly, these changes will create ogvortunities for car users, and
the needs in this field are largest in the citighere congestion, lack of parking
spaces and crowd can be observed. Therefore, oéiEs new solutions for mobili-
ty, in order to deal with the problem of growingnmieer of residents, suburbs and
rearrangement from the hierarchical to the netwookiel.
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Concepts of Internet of Cars and car connectivitytitbute significantly to
solve these problems, supported by the new modsthafed, autonomous and en-
vironment-friendly electric vehicle. Communicatibetween cars and their users
will solve partially the problems of congestionwever, the responsibility of the
authorities will remain a competitive public trangpsystem in which implementa-
tion of both these concepts would be definitely dfmmal. In addition, achieve-
ments of the automotive industry should be useplinlic transport system to im-
plement also shared cars, as possible new mearensport, which could be used
in accordance with the new car sharing, hitchhilangd ridesharing models.

The material collected in the article is the staytpoint for empirical research
on development of new patterns of urban mobiligwrusiness models, as well as
development of methods and tools used in urbangtrehsport.
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