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Smart roads (cf. Fig. 1) represent a novel perspective of mobility. According to AIPCR's 

proposal, they can be classified into five levels: Humanway, Assistedway, Automatedway, Full 

Automatedway and Autonomousway. Soon, smart roads will present support capabilities to 

host Connected and Autonomous Vehicles (CAVs) and vehicles with semi-automated driving 

systems. In smart roads, vehicles will exchange information with each other and with road 

facilities (V2I technology). Therefore, the transport system could become safer than the 

traditional one. Furthermore, on existing smart roads, users are provided with real-time services 

by onboard vehicle devices and smartphones (“Day 1” services). In smart roads, sensors and 

IOT (Internet of Things) systems permit structures (pavement, bridges, viaducts, tunnels) to be 

supervised in real-time by modifying the procedure of ordinary and extraordinary maintenance; 

more precisely, by taking a proactive rather than reactive approach which is mostly the case 

nowadays. The benefits involving digitalized infrastructures are remarkable: lane capacity 

increase due to the reduction in the driver’s perception and reaction times, reduction in the 

frequency of flow-breakdown phenomena (flow instability) and safety improvement resulting 

from the potential reduction of accident numbers.  

 

 
Fig. 1: A smart road cross-section 

 

In light of these brief considerations, the design process of urban roads, highways, road 

intersections and interchanges might radically change in the near future in function of road 

smart levels. Therefore, it is crucial to examine whether existing motorways, already in service, 

can be adapted to the new AV and CAV technologies and smart systems. This research proposes 

new design and review criteria for horizontal and vertical alignment evaluation of smart road 

infrastructures based on the potential performances of automated vehicles known to date. In 

addition, a traffic model for taking into consideration the effect of mixed traffic flows 

(Autonomous Driving and Traditional Vehicles (TV)) is illustrated. These criteria have been 

used for analyzing two existing Italian motorways belonging to the Trans- European Road 

network (TERN), namely the A22 and A19 motorways.  
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Three scenarios have been speculated: 

- Market penetration level 1 (MPL1), only manually driven vehicles; 

- Market penetration level 2 (MPL2), mixed traffic flow comprising both manually 

driven vehicles and CAVs; 

- Market penetration level 3 (MPL3): only CAVs. 

This study demonstrates that although the analyzed road infrastructures were designed and built 

in the 20th century, their horizontal and vertical alignments satisfy the proposed criteria - except 

for the minimum length of some straights - and therefore seem well compatible with emerging 

technologies of self-driving vehicles. Moreover, AVs and CAVs will require shorter Stopping 

Sight Distances (SSD) than those required by TVs (Fig. 2). Then, thanks to emerging 

technologies some speed limits in several motorway segments could be removed with 

remarkable advances in terms of Travel Time (TT) reduction and Levels of Service (LOS) 

improvement.  

 

 
Fig. 2: Stopping sight distance profile for TVs and CAVs (A22 motorway) - SSD(m): stopping sight distance of 

TVs;SSD(ac): stopping sight distance of CAVs; SSD(aa): stopping sight distance of AVs 

 

At the same time, in the case of Market penetration level 3, it is pointed out a significant increase 

in lanes and carriageways capacity of up to 250% for the A22 motorway and up to 205% for 

the A19 motorway with respect to the current values obtained by analyzing only the effect of 

human-guided vehicles (Fig. 3).  

 

 
Fig. 3 Potential increase  in lane capacity ( = lane capacity for a stream made up of only CAVs/ lane capacity for a stream 

made up of only TVs) in function of the penetration rates η of CAVs - A19 motorway 

 

It is worth underlining that the closed-form models applied in this research denote only one of 

the first methods for evaluating emerging smart road infrastructures' functional and safety 

performances. Additional studies seem necessary to explore more precisely how smart 

infrastructures must be classified and designed.  
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