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Abstract

Autonomous vehicles represent a significant step forward in traffic safety and efficiency. Al-
though it will be quite some time before all vehicles on public roads are autonomous, it is 
certainly advisable to consider the changes that will need to be introduced to traffic and 
traffic infrastructure. Autonomous vehicles will significantly increase the efficiency and use 
of public transportation and car-sharing, which will ultimately mean fewer cars on the roads 
and less need for parking in urban areas, or their conversion into a type of waiting area. Also, 
fewer vehicles, whose software has a drastically faster reaction time and much better control 
of the vehicle, will also mean less traffic jams, greater intersection flow, less need to channel 
traffic in traffic lanes and will remove traffic lights almost entirely out of use. This paper will 
look at the form of transport infrastructure and its variants in the case of mixed traffic with 
autonomous vehicles and drivers, as well as the situation with fully autonomous traffic with-
out people behind the wheel.
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1	 Introduction

Today’s transport infrastructure has been developed for hundreds of years in order to adapt 
to vehicles and the transport of people and goods. With the growth of the economy and so-
ciety, the need for greater infrastructure is also growing. With the advent of smart vehicles 
and the development of computer science and its aspects such as artificial intelligence, in-
frastructure must also take on new and modern features in order not to lag behind. However, 
the parameters used today in the design of transport infrastructure are oriented to the phys-
ical and mental abilities of drivers [1]. With the already mentioned arrival of smart vehicles, 
the human factor in traffic will be gradually eliminated, and the project parameters will take 
on new values. This paper will present the current state of road transport infrastructure in 
which the human factor is dominant, and will also present a variant of road infrastructure 
in which the human factor does not play a role in driving vehicles (personal and public). 
Proposed guidelines will be given for the transition period in which traffic will be mixed and 
where the role of decision-making in traffic will be played in one part by drivers, and in the 
other part by autonomous systems, i.e. artificial intelligence. In this paper, the focus will be 
only on the road part of the transport infrastructure.
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2	 Overview of the elements of the existing transport infrastructure 

Although urban and out-of-town transport infrastructure consists of equal elements, it is no-
ticeable that the urban part of the infrastructure, both transport and others, is significantly 
more complex. Traffic in urban areas includes many more modalities and it is necessary to 
take into account pedestrians, people with disabilities, cyclists, cars, trucks, public trans-
port vehicles, tram tracks and the like. It can be said that the urban infrastructure is less 
subject to strict compliance with the rules, and focuses more on engineering solutions that 
sufficiently meet the rules and satisfy all traffic participants.

2.1	 Urban transport infrastructure

Given multimodality, urban infrastructure consists of many different elements that affect its 
use and utilization of available space. In addition to roads in urban areas, parking spaces 
(private, public, as well as garages) play a major role in planning and utilization of space. 
Existing parking spaces are becoming insufficient for the growth of the number of personal 
vehicles, and there is a need to increase them [2]. The current dimensions of parking spaces 
for their comfortable use by drivers are becoming undersized due to the dimension growth of 
vehicles [3] (Fig. 1), and the current regulations have not been updated with regard to the size 
of the personal vehicle [4]. Therefore, there is a need to increase the existing parking spaces 
or to find new locations for them.

Figure 1	 Display of the growth of the dimensions of the same car model over the years in relation to the 
standard width of the parking space [5]

Intersections in urban areas come in a variety of shapes and sizes and mainly consist of 
multiple traffic lanes. Such intersections are also guided by significant vertical and traf-
fic lights. It follows from all this that intersections take up a lot of space and that with 
the growth in the number of personal vehicles, they will potentially require even more 
space. As most urban areas are extremely limited by free space, the solution for such sit-
uations is to remove the surrounding buildings in order to free up space for a larger clas-
sical intersection or for a roundabout. Otherwise, over time, there will be increasing 
traffic jams at intersections that are not designed for such a large number of vehicles. 
Signalization (horizontal and vertical) is an important factor in traffic management, but it is 
still there mostly because of people, because of the reduction of the possibility of human 
error and release from liability in the event of a traffic accident [6]. 
Another element of urban infrastructure and traffic is public transport. It includes vehicles of 
different dimensions as well as infrastructure elements such as bus and tram stations that 
are incorporated into the city network. Although these are additional elements of the urban 
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environment that are not so much in the out-of-town road network, they are there to reduce 
traffic congestion and the number of other vehicles on the roads and make the transport 
of people and goods more accessible and cheaper. Pedestrians and cyclists are also part 
of the traffic in urban areas and enter the traffic network with pedestrian paths and bicycle 
paths and lanes. All these elements need to be kept in mind, both when designing urban 
infrastructure and even more so when participating in traffic in the urban environment. The 
goal of the designer is to make all elements of the infrastructure as simple, intuitive and 
understandable as possible, because the people who will use it are prone to mistakes, care-
lessness, fatigue and similar other characteristics.

2.2	 Out-of-town infrastructure

The out-of-town road network consists of motorways and state roads at a higher level and 
county and local roads at a lower level. At both levels, the existing road network needs to in-
crease capacity due to the increasing number of people [7] traveling by car or intercity, which 
is reflected in the widening of the cross-section of the road or the use of existing pavements 
for additional lanes, which means lower traffic speeds. Highways and state roads require 
a high level of maintenance and equipment. Although they are designed for higher design 
speeds, their main characteristics derive from the way people use vehicles and from all the 
aforementioned characteristics of human drivers. Given the higher speeds of movement, it is 
necessary to ensure larger fields of view on out-of-town roads, both horizontally and vertical-
ly. Also, due to the human characteristic of fatigue and deconcentration, certain sections of 
roads are designed with curves although they could be designed as a straight line [1]. Thus, 
although out-of-town transport infrastructure is simpler than urban and is not so limited by 
space and a multitude of transport modalities, most of the design parameters still derive 
from the anthropocentric design system.

3	 Infrastructure for fully autonomous traffic

When we talk about fully autonomous vehicles and fully autonomous traffic, locally or glob-
ally, we are talking about the end of an anthropocentric design system in which all elements 
of infrastructure are subordinate to human. In such traffic where human does not make de-
cisions as a driver and artificial intelligence manages everything, it means that the infra-
structure for this traffic no longer has to be understandable to human, does not have to be 
intuitive and adapted to the human mind to understand it faster and easier. The transport 
infrastructure should be adapted so that the software and hardware can interpret it as easily 
as possible. This implies completely new project parameters and significant simplification of 
the infrastructure and, ultimately, its reduction.

3.1	 Urban transport infrastructure

After real estate, in many cases, a personal car is the biggest investment for many people. 
But despite this, people use cars on average 4 % of the time [8]. During this time, the car 
loses value and requires additional investment in the form of maintenance and repairs. The 
market already understands this fact, which has resulted in the establishment of companies 
with new forms of taxi services. Fleets of such taxi companies are growing, and companies 
are investing in the development of autonomous vehicles to make their fleet cheaper, safer 
and more cost-effective. With enough such companies having ever-growing fleets of autono-
mous vehicles on the roads, car sharing will replace owning a personal car and in the future 
all cars as well as other vehicles will be autonomous. When the time comes that all vehicles 
in traffic are autonomous, traffic should become much more efficient, faster, simpler and 
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cheaper. In that case, the transport infrastructure should be adapted to this and therefore 
take on a completely new look. Parking spaces will be almost completely eliminated from cit-
ies as vehicles will be constantly in operation [9]. Intersections will have a minimum number 
of lanes and traffic management in this way will no longer be necessary. Vertical signaling will 
be largely unnecessary, while horizontal signaling will always have to be ideal.
Thus, the transport infrastructure will experience downsizing. It will require enhanced main-
tenance to avoid errors in communication between the infrastructure and the vehicle. It will 
be necessary to introduce some new elements just for better communication between the 
vehicle and the infrastructure, which will mean the removal of traffic lights and traffic signs 
from use. But as vehicles will not only communicate with the infrastructure, but also with 
each other, traffic rules will change and the right of way at intersections will be almost unnec-
essary because every vehicle will know the trajectory and speed of all surrounding vehicles 
at all times.
When creating future regulations, guidelines, etc., special attention will need to be paid to 
the points of conflict between autonomous traffic and other participants (pedestrians, cy-
clists). Participants in traffic outside autonomous vehicles are the most endangered partic-
ipants in traffic and it is necessary to find the best possible solution how to include them 
in traffic next to autonomous vehicles and ensure their mobility, which they still have to-
day, while being protected. Artificial intelligence-driven vehicles will be able to anticipate 
and control conflict situations [10], but pedestrians and the like will have to go through a 
phase of getting used to and learning how to behave in such traffic. Because of them, traffic 
signals, although unnecessary for autonomous vehicles themselves, will be a necessity for 
other road users.

3.2	Out-of-town infrastructure

Although urban infrastructure will experience significant donwsizing, this may not neces-
sarily be the case with the out-of-town road network. The design elements will not change 
significantly as the vehicles will still be subject to the same laws of physics as today. Radius, 
widenings, slopes and other elements will remain unchanged. What will change are the need 
for visibility fields as well as the need for sufficient stopping visibility given that when brak-
ing, the drivers reaction time will no longer be a variable. And with V2V (Vehicle to vehicle) 
communication [11], in case they have to, all vehicles can decelerate at the same time with 
equal intensity in the convoy. Traffic lanes and road widths will be able to be reduced, as 
will sidewalks, but as in the case of urban infrastructure, horizontal signage will need to be 
impeccably maintained and executed.

4	 Transition period

As long as people in traffic participate as drivers, the infrastructure will have to be tailored to 
them as well, no matter how few human drivers there are. But with smart and gradual deci-
sions, it will be possible to adapt the infrastructure to both human drivers and autonomous 
vehicles, just as it will be possible to motivate people to stop being drivers. If the elements 
of infrastructure described above are considered and placed in the context of mixed traffic, 
with an understanding of how autonomous vehicles function and can function, the evolution 
of these elements can be predicted.
With the growth of autonomous vehicles, personal vehicle ownership will be declining and 
car sharing on the rise. This means that people will have less need for parking spaces where 
they will leave their cars. Lower demand for parking spaces will result in less and less supply 
and in conversion of excess space. In mixed traffic, this will mean that the number of parking 
spaces needed by human drivers will be retained in urban areas, and if it is assumed that au-
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tonomous vehicles (taxis) will be in operation almost constantly and will rarely have to park 
for long periods, for them there will be no need for parking spaces but certain stations where 
it will be possible to stay for a shorter time or slow traffic lanes where empty vehicles will be 
able to circle slowly in the convoy until they are called for use. In larger cities where parking 
is problematic and where parking buildings have been built, this will also mean relieving 
traffic and repurposing garage space [9]. Of course, during the night or certain days of the 
year when movements are declining, autonomous vehicles will also have to be parked some-
where. For such situations, certain areas outside cities can be converted into storage areas 
for autonomous vehicles. Although this means that the total amount of parking spaces has 
not decreased significantly and they have only moved from the city center to the outskirts, 
the occupied area for stationary vehicles will still be smaller if we take into account that au-
tonomous vehicles do not need parking lots of the same dimensions as cars that are human 
operated. With time and less and less use of personal vehicles, parking spaces will disap-
pear from urban areas [9] and this area will be available for use by pedestrians, cyclists, etc.
If we look at intersections in mixed traffic and the same case of the growth of car-sharing and 
the decline in car ownership, it is possible to suggest steps to adjust the intersection. In the 
very beginnings of mixed traffic, in a multi-lane intersection, certain lanes can be adapted to 
be used exclusively by autonomous vehicles as is the case with special lanes for buses and 
fire trucks in some cities (Fig. 2). With the gradual increase in the number of autonomous ve-
hicles, the number of dedicated lanes may also increase in order to increase the flow of inter-
sections. In addition to lane adjustment, intersections need to be equipped with additional 
horizontal and vertical signaling and other equipment for I2V (Infrastructure to vehicle) and 
V2I (Vehicle to infrastructure) communication [11]. Some autonomous vehicles are already 
used today on some of the busiest roads in the world [13] (Fig. 3).

Figure 2	 Example of a lane reserved for buses (taxis and cyclists), which can be used for autonomous vehicle 
traffic [12]

Figure 3	 Example of an autonomous vehicle from Waymo LLC without a driver driving on an American road [14]
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In the out-of-town part of the road network, the same approach can be used as for intersec-
tions. On motorways and other multi-lane roads, one lane can only be used for autonomous 
vehicles. As the number of these vehicles increase, the number of dedicated lanes may in-
crease, but their characteristics may also change. One autonomous lane will be able to be 
used only for trucks and the other for smaller passenger vehicles. In another variant, one 
lane can be used for slow driving and the other for fast driving. In the case of multiple lanes, 
multiple variants are possible. What will differentiate these autonomous lanes from normal 
lanes is the ratio of comfort to vehicle volume. Autonomous vehicles will be able to ride in 
a convoy, very close to each other, like a train wagon. In the case of the human behind the 
wheel in such a situation, mistakes are almost inevitable and can be fatal. But in the case 
of autonomous interconnected vehicles in their own lane, errors are reduced to an absolute 
minimum. The gradual growth in the use of car sharing will gradually change the transport 
infrastructure, not only for drivers and vehicles, but also for pedestrians and cyclists and for 
other forms of personal mobility that do not include road traffic. The removal of parking spac-
es will mean larger pedestrian and bicycle corridors, and will even open up places to build 
tram tracks in city centers. Ways in which infrastructure can be gradually adapted to mixed 
traffic and autonomous traffic, include increased maintenance of roads and road equipment, 
introduction of new infrastructure elements and elimination of some existing elements, as 
well as redistribution and redesign of certain elements.

5	 Conclusion

Although autonomous vehicles are already relevant today, it will be many more years before 
they fully assume a human role in traffic. This mostly depends on the change of business 
models of existing large car manufacturers and on the acceptance and testing of such ve-
hicles by the market. This gives infrastructure designers a certain advantage because the 
future is predictable and it is possible to prepare well for major changes in traffic. However, 
the problem of the construction sector and infrastructure is very low agility and poor ability 
to progress and adapt quickly, as well as the fact that investments in infrastructure are large 
and demanding. While on the other hand there are car manufacturers that are much more ag-
ile in adapting to new market demands and the IT sector which is extremely agile and chang-
ing on an almost daily basis. Therefore, it is clear that autonomous vehicles will get on the 
roads long before the infrastructure is ready for it. In order to avoid late adjustments to such 
traffic and, if possible, to speed up the arrival of such traffic on public roads, it is in every-
one’s best interest for infrastructure designers to work closely together with the automotive 
industry and the IT sector. Given that autonomous vehicles are already used today on some 
of the busiest roads in the world, it is evident that significant infrastructural adjustments are 
not currently necessary for autonomous vehicles operating in traffic. But in the case of coop-
eration of the mentioned sectors, the infrastructure could experience rapid and economically 
viable changes that would significantly facilitate the work of the IT and automotive sectors 
to develop autonomous vehicles and put them on the market faster. Those sectors should 
be the ones to instruct infrastructure designers on how to design the infrastructure so that 
vehicles can use it in the best and safest way.
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