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Abstract—In recent years the interest in autonomous vehicles has incrementally 
increased. After the DARPA Challenges new fields of application as agricultural, con-
struction, mining, and also nautical are continuously opening up. In this paper a huge 
test is presented, the first of this kind in the history of vehicular robotics. A trip from 
Italy to China with four electric autonomous vehicles will be described focusing on 
all aspects of the challenge, from the managing issues to the most technical ones. 
A vehicle-following application (or virtual towing ) is the system under test for a three 
consecutive months and 13,000 km long unique experience.

latter being VisLab’s latest 
prototype now integrating 
all the systems developed 
by VisLab so far.

Thoroughly tested both 
on and off-campus in Parma 
and other cities, BRAiVE 
performance has been sat-
isfactory but in very well 
structured scenarios and 
predictable environmental  

conditions. Further tests in the same conditions would have 
brought limited advantages since the main factor to be tested 
is the system’s ability to cope with a plethora of different  
scenarios. The next test would then have to be extensive, 
heterogeneous, and involve driving in real traffic condi-
tions. This idea led to VIAC, the “VisLab Intercontinental 
Autonomous Challenge,” a 13,000 km long automotive driv-
ing test, a unique scientific and human experience and so far 
the most ambitious and complex endeavor of VisLab’s his-
tory (see complete route in Fig. 1). The main target of this 
extensive test is twofold; to test already developed systems in 
order to improve them and to collect a large amount of data 
for in-lab processing.

Section 2 of this paper briefly describes the organizational 
issues of the trip and some of the most pertinent events. 
Section 3 illustrates the requirements and peculiarities of 
VIAC vision-based intelligent vehicles. Section 4 outlines the 
experiment preliminary conclusions, while Section 5 ends 
the paper outlining our perspectives in the evolution of intel-
ligent vehicles.

II. Challenge Accounts
Non-polluting transportation systems are increasingly 
employed technologies (e.g., Citymobil [20] and Dustbot 
[21], the Venturi challenges [22] and the zero-race [23]); 
for VIAC four Piaggio Porter electric power vehicles were 
selected: the extra burden of frequent stops for traction bat-
tery recharging (2 h and about 100 km autonomy for each 
run, 8 h full recharging) was compensated by the ease of the 
x-by-wire development added to the vehicles.

The project involved for over a year about 30 people 
among researchers, post-doc, Ph.D. candidates, Master 
and Bachelor students. Different teams were created to 
cope with the many aspects of the project that had to be 
managed (i.e., sensing, planning, vehicle control, hard-
ware setup, communication, tests and demos plan-
ning) but, regardless the specific team affiliation, every  
individual working at the project was also assigned to logistic 
duties before and during the trip. The vehicle’s limited range 
posed additional logistic problems even during the develop-
ment and test phases: each test had to be carefully planned 
since after about 100 km the vehicle had to be recharged for 
8 h allowing a maximum of two runs per day per vehicle.

The whole VIAC convoy was made of eleven vehicles: four 
autonomous electric power vans, two trucks for spare parts 
storage and mechanic shop, a car transporter carrying an 
electric power generator for the autonomous vans traction 
batteries recharge, four RV’s for team accommodation [see 
Fig. 4(i)]. People were organized in overlapping shifts to 
pass over information and duties.

A vehicle-follower approach (virtual towing ) had been 
chosen to deal with the lack of maps for a large percent-
age of the route and to face the very different conditions of 

FiG 1 The route covered by VIAC: more than 13,000 km covered 
travelling from Italy to China.
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batteries charging, then the vehicles were swapped and the 
last run started. Late in the evening the convoy stopped and 
the whole night were used to allow the charge equalization 
for all vehicles batteries (over 10 h).

Swapping the vehicles has been a quite complex opera-
tion as involving all the autonomous vans and the car 
transporter it required large spaces to be safely performed 
(Fig. 3). For this reason the vehicles had to be swapped 
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FiG 5 (a) Elevation map showing the most significant altitudes reached during VIAC and (b) temperatures recorded by the GPS-INS unit on the 
vehicles rooftops.
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either in rest areas along highways or in any other clearing 
along state roads as soon as available, even if the batteries 
were not completely discharged.

These requirements made the swapping operation one 
of the most critical issues during the trip as they limited 
the automated runs length even in favorable road and 
weather conditions. But the biggest problem of all has been 
the weak traction batteries performance that, maybe due 
to intense use, allowed as maximum distance covered in a 
day about 250 km (see Fig. 7) instead of the nominal value 
of 400 km (see Fig. 2).

During the trip the vehicles, equipped with the same 
sensor suite and identical control software, have been tested 
in all possible configurations (swapping couples and differ-
ent couple’s leader with follower) to collect a complete set 
of data. This task was accomplished by the leading vehicle 
recording the data coming from all its sensors (more details 
about data recording are illustrated in Section III-A). The 
data collected covers a number of different scenarios, from 
busy urban roads in many great Eastern Europe cities like 
Belgrade, Budapest, Kiev, and Moscow to highways in the 
Siberian tundra, from the winding rural trails across the 
great Tien Shan Mountains to Shanghai’s downtown traffic.

Fig. 5 gives an idea about the variety of scenarios 
encountered by the convoy during the trip in terms of ele-
vation and climate conditions. The heat found in Eastern 
Europe and near Moscow due to an extraordinarily hot 
summer caused to the vision systems some hardware over-
heating problems whereas the cold temperatures across 
the Ural Mountains heavily pulled down the traction bat-
teries duration as did climbing the mountain pass between 
Kazakhstan and the Xinjiang Uyghur Autonomous Region 
of Western China where the steep slope brought down the 
length of each run. A part from a few rural roads and the 
big stretch from Kazakhstan to China where huge road-
works were being carried out, the most challenging sce-
narios have been urban areas (see Fig. 6). Weakness of 
the GPS signal, frequent slowing downs followed by sud-
den accelerations and different driving habits of the local 
drivers made the autonomous driving task very difficult 
to be safely achieved so that in particular situations even 

the follower needed to be driven manually. For example, in 
case of traffic jams where continuous breaking and accel-
erations occurred, the brake actuator often overheated 
becoming unreliable. In addition, in some eastern cities, 
like Moscow, the lanes were severely occluded by other 
drivers putting the autonomous vehicles in dangerous situ-
ations when they were not observable.

Fig. 7 shows how many kilometers were driven per 
day by every van. Due to some documentation issues for 
the autonomous vehicles at the beginning of the trip and 
along the route (e.g., border and traffic police controls), 
some days no autonomous runs could be driven in order to 
get to Shanghai’s Expo on the 28th October, as scheduled. 
The overall distance autonomously covered by the vans has 
been computed in about 8.300 km [24].

III. Autonomous Electric Vehicles
The design and sensors selection for autonomous vehicles 
are generally driven by the knowledge on scenarios to be 
faced. Nevertheless, in the VIAC case, no expectations 
on scenarios and assumptions on other vehicles behav-
iors could be made. Therefore, the sensing technology 
installed on the vehicles stemmed directly from the find-
ings and experience gained using BRAiVE [18], [19], the 
main differences being the need of cross-country driving 
skills and the sensors integration in the cars chassis.

For VIAC, every device had to be kept handy for main-
tenance operations, therefore all sensors and PC’s were 
placed in reachable positions. Making all the hardware 
equipment well visible (see Fig. 8) showed clearly the pro-
totype nature of the vehicles, a very useful feature when 
the vans were presented to the press, authorities and pub-
lic, who could easily understand at a glance that they were 
looking at a scientific experiment. To be able to use any 
vehicle in any autonomous driving configuration possible 
(i.e., leader, follower, standalone) and to readily swap it 
with another one in case of failure, the 4 electric van set-
ups were identical, with the same hardware equipment 
and sensors placement. On the other way this choice meant 
putting additional equipment time (each vehicle must sup-
port all possible usage patterns).

(a) (b) (c)

FiG 6 Critical situations: (a) driving along a gravel road in Russia, (b) on the route from Kazakhstan to China, unpaved because of roadworks, and  
(c) entering Shanghai on Nanpu Bridge with a car cutting across from the right between the two autonomous vehicles.
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F. Other Devices
Completing the electric autonomous vehicles on-board set 
of sensors are other few devices.

1) Solar panels:  Each vehicle mounts a single solar 
panel on its rooftop [see Fig. 13(a)]. Weighing 20,5 kg on a 
1640 # 992 # 50 mm surface, the panel is made of 60 high-
efficiency 156 mm mono-crystalline silicon solar cells and 
produces a maximum power of 240 Watt which charges the 
whole vision system battery of 100 A/h in about 5 hours 
at maximum power (the vision system battery absorbs  
100 A/h supplied by a 20 A/h charge regulator).

2) Satellite equipment:  VIAC communication equip-
ment included a land-vehicular rack-mountable terminal 
with a tracking antenna [see Fig. 13(b)] which provided 
high-speed data and voice communication via satellite 
through BGAN (Broadband Global Area Network). Once 
the tracking antenna has been positioned on the roof-
top, the transceiver terminal inside the vehicle acts as a 
router to which any communicating device as a phone, 
computer or network switch may be plugged-in, letting 
the users be online.

While on the trip, at every vehicles swap the satellite 
equipment had to be shifted from one leading vehicle to 
the other and was used to send back to the laboratory in 
Parma the GPS data points necessary to trace live the route 
completed by the convoy, plus for other personal activities 
as connecting to the Internet and calling home.

During the whole VIAC expedition, also coordinate 
points were sent back to servers in Parma. The total sat-
ellite bandwidth usage was more than 13 GB (about 152 
MB per day) and 482 minutes of voice traffic for both pri-
vate and work calls. Sending back to VisLab laboratory 
in Parma the information collected during the trip live 
has been performed via an interprocess communication 
based on a network socket created by a server in listening 
mode for client connections. For each vehicle travelling 
on the expedition a client process was created to handle 
the data transmission: GPS and inertial sensor measure-
ments were both sent to the server through the satellite 

equipment operating as a router. Each client transmitted 
through the satellite a data packet containing the sender’s 
address, the vehicle information and the server’s desti-
nation address; the satellite transferred the packet to the 
server encapsulating the data according to the network 
protocol specified by the client. According to the client’s 
requirements, data may be transmitted by using either 
UDP or TCP protocols thus both a datagram and a stream 
socket have been implemented by the server. To guaran-
tee secure data transmission the communication channel 
has been protected against denial of service attacks: the 
server filtered all incoming transmissions checking the 
data sender and the address specified in the packet. Sent 
data were updated every 3 m and close GPS points were 
discarded so to avoid an excessive number of points man-
agement workload. With such a solution, data traffic was 
limited to 1 KB every 10 m for a total of 7039 GPS points 
collected during the whole trip. All transmitted data were 
saved in a local database back to Parma and used to create 
an XML file containing each vehicle last position coordi-
nates in terms of latitude, longitude and altitude values, 
its speed, the external environment temperature and the 
segments connecting the GPS points with their respec-
tive date. To view in real time the vehicles information, 
a live-tracking map made using Google Maps APIs was 
included in VIAC website Tracking section. Being the GPS 
points updated with low frequency, the route on the map, 
if zoomed in, does not appear as a smooth line but instead 
as the connection of many small segments. Besides, to 
avoid access overloading problems on the website during 
the trip progress, the XML file was updated periodically 
at the time—every 10 m—and then “frozen” once the trip 
had ended.

3) CO2 sensors: In cooperation with IBM for the 
Green- haviour Project [26], a couple of CO2 sensors and 
a smart-phone were placed respectively on the rooftop  
[see Fig. 13(c)] and inside the cabin of one of the vehicles 
(leader or follower indifferently) travelling during the trip. 
The carbon dioxide emissions data acquired by the sensors 

(a) (b) (c)

FiG 13 The complete set of additional devices on one of the vehicle’s rooftop: (a) close-up of the solar panel, (b) satellite antenna and GPS-INS unit,  
(c) CO2 sensors in their transparent placement box and the E-stop aerial grey box.
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were buffered on the smartphone memory and, as soon as 
a GSM network was available, sent via GPRS to IBM data-
bases set in Europe. The information acquired were used 
to trace out a map of the CO2 amounts along the trip.

IV. Preliminary Conclusions
Approximately 20 TB of data acquired in a large variety of 
scenarios have been collected during the expedition and are 
currently being uncompressed, synchronized and analyzed. 
At work ended, this enormous data set will be available for 
sharing with VisLab partners and academic institutions as 
research and benchmark material.

A huge database of this kind is of utter importance to 
develop and test vision algorithms. Getting and equip-
ping a vehicle with a sensor suite to acquire synchronized 
data from all its sensors is not a trivial task, economically 
demanding and very time-consuming. To have access to 
such a varied database of synchronized data coming from 
different sensors is of enormous advantage for the whole 
research community and should move closer the day when 
the autonomous vehicle will get from the stage of prototype 
to that of a car for everyday use.

In order to thoroughly evaluate VIAC vision algo-
rithms outcome on the acquired data, once a good 
amount of them will have been uncompressed and ready 
to use, VisLab secured 20,000 processing hours on the 
largest Italian supercomputer. Results of this experi-
ment are still, at the time of this article, just qualita-
tive. On highways or well structured and maintained 
roads where other road users behavior usually involves 
a reduced number of possible maneuvers, the vehicles 
were able to drive autonomously for the whole length of 
each run and at good speed (between 40 and 50 km/h, 
the expected speed for an electric vehicle driving with 
fully charged batteries).

In urban environments though, where road users 
behavior may be very unpredictable, where the GPS signal 
is often lost due to electromagnetic noise and where heavy 
traffic conditions are very likely to be found, the vehicles 
could drive autonomously for shorter time periods and  
at lower speeds, making the actuation process harder on 
the commands.

Around 13,000 km were travelled from Italy to China; 
due to bureaucratic and technical problems some days no 
autonomous runs could be driven to fulfill the timeline 
for arriving to the Expo. Anyway, the follower were able to 
cover around 8.300 km in autonomous mode. According to 
system logs it was necessary to switch off the autonomous 
driving in different situations up to about 20 km during the 
whole trip.

V. Perspectives
This unique test, certainly a great challenge for VisLab, 
also marked a milestone in vehicular robotics. The data 

collected throughout the trip will serve both to improve 
current perception systems and build new ones after further 
study and testing, essential to validate them for successful 
everyday use. Indeed the first market opportunities for such 
technologies will not be into an automotive environment 
in which many players are acting together independently. 
Applications like autonomous tractors or driverless vehicles 
in construction areas might be good candidates to start 
exploiting these innovations.

However, one of the most important lessons learned 
during this special event is that when driving in real traffic 
conditions, the autonomous vehicle not only has to follow 
some predefined rules, but also needs to understand when 
it is necessary to break them. In very congested urban areas  
during the trip there have been situations where observ-
ing the traffic rules would have put the autonomous 
vehicle in danger, being one of the few to follow them. 
For example right turning maneuvers with vehicles 
unlawfully overtaking on the right: a collision would 
have been very likely to occur; crossroads priority grant-
ing to vehicles coming on the right when other vehicles 
expected priority agreements of the sort “first come, 
first go”: this could have led the autonomous vehicle (and 
those behind it) to a very long wait, potentially a dead-
lock; speed limits compliance with other vehicles driving 
at higher speeds than those allowed: overtaking maneu-
vers in such cases could have induced fast overcoming  
vehicles in the overtaking lane to brake abruptly.

So the next topics that urge to be investigated are the 
analysis of other road participants behaviors, the traffic flow 
pattern matching with the known rules, and the vehicle’s 
behavior adaptation to a local ‘interpretation’ of such rules. 
Some very challenging tasks indeed, since they stem from 
the analysis of human behavior. But -after all- what should a 
robot do, if not helping humans in routine tasks and danger-
ous situations?
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