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Introduction 
This paper presents some of the results and 
conclusions of the Drivertive team (Driver-less 
cooperative vehicle) in the Grand Cooperative Driving 
Challenge 2016 (GCDC)[1], an innovative and 
competitive demonstration funded by the European 
Commission, the i-Game research project of the FP7 
Program. The competition takes place on the A270 
highway between Helmond and Eindhoven, in the 
Netherlands. The highway was closed off in order to 
test three different traffic scenarios. The three 
scenarios measured the ability of the self-driving cars 
for merging two rows of vehicles up to one; for driving 
optimally at an intersection; and for automatically give 
way to an emergency vehicle. 
 

 

Fig. 1: GCDC 2016 vehicles before the start of a heat. 

 
The i-GAME project main goal was speeding up real-
life implementation and interoperability of wireless 
communication based automated driving. In other 
words, to prove a basis for cooperative automated 
driving in an international context. So the focus of the 
competition was set on the cooperation among the 
vehicles. As we see during the competition it was not 
sufficient to ensure a good capability of vehicle-to-
vehicle and vehicle-to-infrastructure communication, it 
was needed to adapt the algorithms to make them
robust against communication losses. In this paper we 
will relate our experience and the main problems 
faced. Our capability to adapt our software to the real 
conditions granted us the Best Team with Full 
Automation award. 

Drivertive Vehicle 
This section summarizes the architecture of the 
Drivertive autonomous vehicle. It’s not intended to fully 
describe all the subsystems but to give the reader a 
global view of how the vehicle works. 
 

 

Fig. 2: Drivertive Autonomous Vehicle. 

 

Localization and control 

The global position of the vehicle is obtained using a 
RTK GPS. The position is combined with the speed, 
acceleration and yaw rate that the CANbus of the 
vehicle provides using an Extended Kalman filter. 
 
The lateral control subsystem uses the position and 
the stored maps to minimize the displacement and 
alignment errors regard a given lane. A simple fuzzy 
controller is used. It determines the position of the 
steering wheel given the difference between the 
vehicle’s heading and the planned trajectory’s 
heading, and the distance between the center of the 
front bumper of the vehicle and the center of the lane. 
 
Meanwhile, the longitudinal control subsystem uses a 
safety distance and a headway time that depends on 
the speed of the vehicle to determine the distance that 
the vehicle should keep with the preceding vehicle. On 
the intersection scenario, the vehicle to be followed is 
a projection of the vehicle that is going to cross the 
intersection before us. 
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Communications and perception 

The GCDC organization required as compulsory a 
communication architecture based on ITS-G5 V2V 
standard for V2X communications [2], and IEEE 
802.11p for the physical layer [3]. 
 
The messages used during the competition are clearly 
differentiated into three sets: 

 Cooperative Awareness Messages (CAM). 
These messages are used to share the 
position, speed and acceleration of the 
vehicle. 

 Decentralized Environmental Notification 
Messages (Denm). These messages are used 
to warn of problems in the infrastructure or any 
type of asynchronous message concerning an 
emergency. 

 Cooperative iGame Lane Change Messages 
(iCLCM). These messages complement the 
previous and allow carrying out the 
interactions of GCDC scenarios. 

 
It should be said that the organization requested that 
messages were broadcasted at 25Hz, more than twice 
the frequency required by the standard (10Hz).  
 
The vehicle uses radar to detect objects up to 200m in 
the front. It includes a post processing that is able to 
detect and maintaining up to 40 segmented objects. 
Due to the robustness of its detections we chose to
perform a data association between communications 
and the detected objects. When one object detected 
by the radar happens to be in the position indicated by 
a vehicle through the communications, an association 
is made between the object and the vehicle, and in the 
case of loss of communications the vehicle may still be 
located. 

GCDC scenarios 
There were a total of three scenarios at the GCDC 
competition: 
 

 

Fig. 3: Merging scenario, courtesy of the GCDC 
organization. 

Merging Scenario: In this scenario the appearance of a 
construction zone on a highway is simulated. Two 

platoons of vehicles must cooperate and merge, so 
only one platoon will be able to cross the construction 
zone. 
 

 

Fig. 4: Intersection scenario, courtesy of the GCDC 
organization. 

Intersection scenario: The competing vehicles have to 
give way to the vehicle of the organization and solve 
the intersections loosing the less time possible. 
 

 

Fig. 5: Emergency vehicle scenario, courtesy of the GCDC 
organization. 

Emergency vehicle scenario: A fire truck approaches 
at high speed toward two platoons of vehicles. The 
vehicles of both platoons have to move to the side of 
the road and allow the emergency vehicle to pass in 
the middle without having to reduce their speed. 
 
The detailed description of the scenarios, and the 
algorithms needed to perform them are out of the 
scope of this extended abstract. Nevertheless a brief 
description is important to understand the results and 
conclusions. 

Results and discussion 
In this section the performance of the vehicle’s 
subsystems during the competition is discussed. Some 
of them worked surprisingly well while others were a 
big disappointment. 
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Localization 

The following figure shows, in red, the position 
obtained by the GNSS receiver and, in blue, the 
position obtained after the filtering performed with the 
EKF. 
 

Fig. 6: Positions Filtered using the EKF. 

A clear improvement can be seen. The large roof of 
the toll in the left image, and the bridge in the right 
image are good examples of situations where the 
GNSS receiver loses most of the satellites and its 
position becomes erratic. By merging data obtained by 
the odometry with the GNSS, a high-precision position 
more robust to the loss of satellites is obtained. 
 

Control 

The longitudinal and lateral controls are uncoupled. 
Each one has its own controller. In the following figure, 
the difference between the desired distance with the 
preceding vehicle and current distance is shown. The 
controller has a mean error of 6 cm and a standard 
deviation of 0.27 cm.  
 

 
Fig. 7: Performance of the longitudinal controller. 

The controller reacts surprisingly quickly to the 
changes of speed of the preceding vehicle. And inside 
the vehicle it feels like the two vehicles are physically 
connected. It still has some problems when the speed 
is really low (10km/h) and when the preceding vehicle 
uses an acceleration that the vehicle can’t match. 

Communications 

The communications system worked much worse than 
expected. It was surprisingly to be able to talk with 
other vehicles using a Walkie-talkie to tell them that 
their messages didn’t arrive. A possible explanation 

could be high number of users trying to access the 
channel. There were 2 types of messages (Denm and 
iCLCM) that were sent at 2.5 times the frequency 
required by the standard. Let’s say that each vehicle 
consumes 5 times more resources.  
 
Anyway, the distances where the messages were 
received, in one of the heats, are shown in the 
following figure: 

 

Fig. 8: Distances where the messages were received. 

Depending of the participant the messages were lost 
when the vehicle was further than 100 meter, like ids 
170 and 3, or they arrived up to 400 meters, like id 
100. It has to be noted the holes in the figure, some of 
the messages of id 130 were not received even being 
closer than 40 meters. 

 

Fig. 9: Probability of receiving a message with a delay bigger 
than x-axis milliseconds. 

 
The figure shows the probability of receiving a 
message with a delay greater than a certain time. This 
figure clearly displays the quality of the 
communications system implementation of each 
participant. The lower the probability of receiving a 
message with a big delay, the better the 
communication is.  
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Perception 

The initial idea when we were setting up the vehicle for 
the competition was to rely on the communications for 
obtaining the information of the surrounding vehicles. 
And the radar was a safety measure to ensure that the 
vehicle doesn’t hit anyone if the communications 
system goes down. But once it becomes clear that the 
communications were unreliable, the radar becomes 
crucial.  
 
In the intersection scenario we still had to trust the 
communications, as the radar does not see the vehicle 
that must be followed until it crosses the intersection. 
The upside of the intersection scenario is that the 
distances were small and there were few vehicles 
involved. 
 
In the other two scenarios, specially the merging, the 
distances between vehicles were bigger and a lot of 
vehicles were involved (14, counting the roadside 
unit). That makes the communications even less 
reliable. To solve this problem a data association 
between communications and the detected objects 
were made. At the beginning of each heat, when the 
vehicles were very close, the objects detected by the 
radar that were near the positions get by the 
communications were associated [4].  
 

 

Fig. 10: Radar object detection. 

With the vehicle position and the map all the objects 
outside the road are filtered. 
 

Conclusions 
The Drivertive team obtained the best technical score, 
9.4 over 10, which evaluates the accuracy of the 
performance during the heats. Total score obtained 
was 8.3, only a tenth of the absolute winner, Halmstad 
University who obtained a 8.4. And, as the Drivertive 
team competed with lateral and longitudinal automated 
control, it won the Best Team with Full Automation 
award. 

 

Fig. 11: Drivertive Team, Best Team with Full Automation. 

There were also some curious facts about the              
competition. Quoting Jeroen Ploeg, one of the 
organizers, “what this experience has made clear 
about autonomous cooperative vehicles is that at least 
4 persons must be onboard the vehicle to make it drive 
by itself, and 2 of them need to have a PhD”. 
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