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Background 
Research shows that human errors, including driver distraction or cognitive overload, lead to 
incorrect assessments of environmental awareness and are a major factor in road crashes. It is 
reasonable to expect that the vehicles of the future will be able to warn drivers of risky situations 
and hazards before they become visible or provide drivers with the right information about gap 
times and distances between vehicles. In fact, in-vehicle systems based on Augmented Reality 
(AR) technology have already been demonstrated to help drivers avoid potentially dangerous 
situations by providing them in advance with additional virtual information that could 
significantly improve road safety and operation. As a result, the driver would have more time 
and space to perceive, assess, and react to unexpected events and make safer decisions. It is 
especially important in complex environments and risky driving conditions with several 
interferences among different road users. Specific warnings about these hazards could improve 
the driver’s reactions and warning effectiveness, thus improving road safety, by directing the 
driver’s attention to critical events or supporting them during difficult and critical maneuvers. 
 
Aim 
This research is aimed at investigating the potential of new and advanced in-vehicle AR 
warning systems integrated with connected vehicles technology to improve road safety and 
encourage safer drivers’ behaviour and decisions by supplementing them with additional virtual 
information. Specifically, three different hazardous events have been studied, also involving 
vulnerable road users, and dedicated AR warning systems have been accordingly designed and 
tested for each one of the three events: 1) pedestrian crossing, 2) cyclist overtaking, and 3) 
unexpected braking of leading vehicles. 
 
Method 
To achieve this objective, three different driving simulator studies were carried out. Forty-six 
participants took part in three different experiments and drove along three scenarios four times 
each (three times with different AR warnings and one time in a baseline condition, without an 
AR warning), for a total of twelve simulation tests. Specifically, the effectiveness of AR 
warnings when approaching pedestrian crossings was investigated by comparing driving 
performances and surrogate safety measures with those recorded in the baseline driving 
condition where no AR warnings were activated. Moreover, the potential of AR technology for 
connected vehicles and road users in improving the interactions between drivers and cyclists 
was tested during an overtaking maneuver; the AR warnings were designed with the overall 
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aim of providing the driver with additional virtual visual information for improving the driver’s 
risk perception and assessment of safe distances from cyclists. Finally, the third driving 
simulator study was carried out to test the effectiveness of the proposed AR system and assess 
the ability of drivers to avoid rear-end collisions, with and without the AR warnings, in a car-
following condition along an urban road scenario. 
 

 
Roma TRE driving simulator and AR applications in three case studies 

 
Results 
Significant positive effects of AR warnings on driving performance and road safety were 
observed in each of the three studies. Indeed, when the AR warnings were activated in the 
approaching stage of a pedestrian crossing, drivers started to decelerate well before, with a 
lower deceleration rate and improved surrogate safety measures. Accordingly, the AR warnings 
were found to be quite effective in helping drivers perform safer cyclist overtaking; in fact, with 
the AR warnings, it was found that the driver adopted longer distances from the cyclist and 
entered the oncoming lane less frequently, thus lowering the risk of collision with the cyclist as 
well as a head-on collision with oncoming vehicles. Finally, the AR warnings were found to be 
effective in preventing rear-end collisions caused by the sudden deceleration of the leading 
vehicle during a car-following situation; the application of the AR cues resulted in lower driver 
speed, deceleration, and reaction times, along with improved surrogate safety measures. 
 
Conclusions 
The overall results highlight the potential benefits that AR warnings and connected vehicles 
technologies could bring to general road safety conditions, especially in risky situations 
involving vulnerable road users, such as pedestrians and cyclists, and dangerous maneuvers. 
The results should be taken into consideration when developing driver warning systems, as they 
could help the automotive industry design more efficient in-vehicle crash prevention systems 
based on information given in advance to the drivers about critical driving conditions and 
potential hazards. 


