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Abstract 

SARTRE is a European Commission Co-Funded FP7 project that seeks to develop and 

integrate solutions that allow vehicles to drive in platoons to reduce fuel consumption, 

increase safety, improve road congestion and increase driver convenience.  The platoon will 

operate on conventional motorways, in a mixed environment with other non-platoon traffic, 

and will not require changes to the road infrastructure.  The paper presents an overview of the 

control systems developed for the five vehicle demonstrator system, and presents some results 

from the system operating under a range of conditions. 
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Introduction and background 

SARTRE [1] is a European Commission Co-Funded FP7 project that seeks to develop and 

integrate solutions that allow vehicles to drive in platoons to reduce fuel consumption, 

increase safety, improve road congestion and increase driver convenience.  The platoon 

vehicles will operate on conventional motorways in a mixed environment with other non-

platoon traffic, and therefore there will be some inevitable interactions between platoon 

vehicles and other non-platoon vehicles. 

 

SARTRE is a three year programme with 7 partners and ends in autumn 2012.  A 

demonstration system has been developed as part of the project which includes 5 vehicles of 

mixed types (trucks, cars).  This paper provides an overview of the platoon vehicle control 

systems and presents results from the demonstrator vehicles. 

 

System overview 

The platoon consists of a LV (Lead Vehicle), driven manually as normal by the driver, and one 

or more FVs (Following Vehicles), which have automated control of both their speed and their 
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steering.  The drivers of those vehicles would be able to carry out other activities such as 

reading a book or using a smartphone. 

 

All of the vehicles are fitted with a CarPC for the HMI (Human-Machine Interface), a V2V 

(Vehicle to Vehicle) communications node to exchange data with the other vehicles [2], and 

several ECUs (Electronic Control Units) to control the platoon or the vehicle.  The FVs are 

also fitted with sensors and actuators to allow for automated control of the vehicles.  The 

systems used in the project demonstrator are either production systems or close-to-production 

systems. 

 

The sensors measure the longitudinal and lateral position of the preceding vehicle and include 

radars, fixed (i.e. non-scanning) lidars, and cameras.  The “actuators” for longitudinal and 

lateral vehicle motion build upon the vehicle’s existing adaptive cruise control system and 

electric power-assisted steering system respectively.  In all cases, the driver is able to easily 

override the automated actuation systems. 

 

The demonstration system is made up of 5 vehicles.  Not only do we have a mixture of trucks 

and passenger cars, but the cars are of different types (sedan, estate / station wagon, SUV) and 

have different engines and transmissions.  Our control systems have been made to be robust to 

such variations with the minimum amount of changes. 

 

Longitudinal control 

The longitudinal control controls the vehicle’s gap to the preceding vehicle using both on-

vehicle sensors and shared V2V data.  If all the vehicles in the platoon were to rely solely on 

their own sensors, there would be the potential to have string stability issues where small 

variations in the gaps near the front of the platoon gradually get magnified at the rear of the 

platoon.  Shared vehicle data is one of the methods used to minimise these undesirable effects. 

 

Speed and gap changes 

Depending on the traffic, the LV may have to change its cruising speed, and the longitudinal 

control should be able to maintain the inter-vehicle gap sizes at all times.  Also, at certain 

times, the system may wish to change the gap sizes of all the vehicles.  Both of these 

manoeuvres are shown in Figure 1.  During the first half of the plot, the driver in the LV 

increases speed from 60 kph to 85 kph over 15-20 seconds.  During this time, it can be seen 

that there is minimal variation in the gaps for the following vehicles since their accelerations 

and speeds are being coordinated with the LV and the other FVs using V2V data.  At time = 

10 s, a short pause in the speed increase can be seen which is due to a gear change in the LV. 
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Figure 1 - Speed Change followed by Gap Change 

At 30 s, the gap size for all of the vehicles is increased from 7 m to 12 m.  Note that since all 

of the vehicles are increasing their gap sizes at the same time, the vehicles at the rear of the 

platoon will decelerate at a higher rate than those at the front. 

 

Smoothness 

When the platoon is cruising at a stable speed, it is important to have stable gap sizes and 

stable speeds for each individual vehicle.  Not only is this good for driver comfort and the 

driver’s confidence in the system, but it is also essential to achieve the best fuel consumption.  

In order to evaluate driver comfort, in addition to considering subjective evaluations from the 

drivers and passengers in each vehicle, the vehicle’s longitudinal acceleration was monitored.  

A summary of the statistical analysis of gap size and longitudinal acceleration for a typical 

test is shown in Table 1.   

 

Vehicle σ of gap size 

(m) 

σ of longitudinal 

acceleration (m/s
2
) 

Lead truck (cruise control) n/a 0.018 

Following truck 0.22 0.037 

Following car 1 0.17 0.052 

Following car 2 0.16 0.041 

Following car 3 0.16 0.060 

 

Table 1 - Standard Deviation of Gap Size and Longitudinal Acceleration 

These levels of variation are low enough that subjectively, they cannot be felt, and can only be 

seen under very close observation when the gap sizes is set to a very low value.  The amount 

of variation could be reduced further but this could potentially result in more energetic control 
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action which could result in poorer fuel consumption.  A suitable balance between smoothness 

/ stability and fuel consumption must be found. 

 

Harsh braking 

There are situations where the LV might have to brake harshly and, of course, the FVs will 

have to do the same.  Figure 2 shows such a manoeuvre.  The LV brakes harshly from about 

80 km/h and it can be seen that the accelerations of all of the FVs follow the LV closely with 

delays which are much shorter than could be achieved by a human driver. 

 

Figure 2 - Harsh Braking of the Lead Vehicle 

 

Lateral control 

Using a combination of the FV’s own sensors and shared V2V data, the vehicle’s control 

system determines its target trajectory and then controls the steering system to follow that 

trajectory. 

 

Figure 3 shows a plot of the lateral control while travelling on a straight road.  The units on 

the y-axis in the upper plot represent the curvature of the path that the vehicle is travelling on.  

It is proportional to steering wheel angle but has been converted to curvature in order to 

commonise the plots for different types of vehicle and their different steering ratios, especially 

when comparing trucks with cars.  The lower plot shows the lateral control error. 

 

It is interesting to compare the performance of the automated control with that of a normal 

driver (i.e. manual control).  The amount of steering correction made by the automated control 

system is comparable or better than those made by the driver.  Although variations can still be 

seen on the plot, in the vehicle it feels smooth and stable and these variations are not felt. 
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Figure 4 shows a similar set of results but on a curved road.  Once again, the automated 

control makes variations in steering wheel angle which are similar to the normal driver, and in 

the vehicle this feels smooth and stable. 

 

 
Figure 3 - Straight Road Steering Performance - Car 

 

Figure 4 - Curved Road Steering Performance - Car 

 

A summary of the statistical analysis of lateral error for a typical test is shown in Table 2.  The 

differences between vehicles are due mainly to differences in the individual vehicle’s steering 

systems. 
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Vehicle σ of lateral error 

(m) 

Lead truck n/a 

Following truck 0.08 

Following car 1 0.14 

Following car 2 0.22 

Following car 3 0.2 

Table 2 - Standard Deviation of Lateral Error 

 

Use Case manoeuvres 

A range of platooning Use Cases have been identified [3] to cover all of the manoeuvres that a 

platoon will have to go through including joining and leaving vehicles, driving in stop/start 

traffic jams, going through toll booths, etc. 

 

Join from Rear 

The most common way for a vehicle to join a platoon is for it to drive up behind the platoon 

and then follow a “join from rear” sequence.  The joining sequence is basically split into two 

parts.  In the first part, the driver switches to semi-automated mode where the system controls 

the speed but the driver controls the steering.  This is basically similar to driving with cruise 

control.  In the second part, the system takes over steering control, then reduces the gap 

further to the normal platooning gap. 

 

 

Figure 5 - Join from Rear Sequence 

This is shown in Figure 5 where the LV initially accelerates up to a stable speed with the FV 

driving manually behind it.  At t = 18 s, the system takes over the speed control, asks the 

driver to take their feet off the pedals, and accelerates to reduce the gap to a transition point of 
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20 m, and holds that gap.  The system then asks the driver to release the steering wheel and, 

when that is done, further reduces the gap to the normal cruising gap. 

 

Although the figure shows the joining sequence starting at a gap size of 30 m, during most of 

our testing, drivers tended to start the joining sequence at a shorter distance.  The system is 

able to adapt to this, even if the joining sequence is started at a distance less than the 

transition point (20 m in the figure shown). 

 

Manual Overrides 

When the demonstration vehicles are being driven in automated mode, the driver is at all 

times able to override the steering, the accelerator and the brakes.  What happens at the end of 

the override depends on the exact circumstances but as a general rule, the system will return 

to platooning as normal.  The override itself is treated as an unusual event and therefore the 

platoon system will increase the appropriate safety margins for the relevant platoon vehicles. 

 

 

Figure 6 - Manual Braking Override of a Platoon Vehicle 

Figure 6 shows a platoon of 5 vehicles: one LV and four FVs.  The driver in the last vehicle, 

FV4, carries out a steering override at about 440 s (note that the steering signal is not shown 

on the plot).  As the system isn’t sure why the driver is overriding the steering, it will increase 

the safety margin for that vehicle by increasing its gap smoothly to the preceding vehicle from 

7 m to about 17 m.  At the end of the steering override, the system returns smoothly to the 

normal gap size. 

 

Non-platoon vehicle 

The platoon will share the road space with other non-platoon vehicles so there is a possibility 

that a non-platoon vehicle could enter in the middle of the platoon.  Such a situation would be 

rare and would be discouraged, for example by having short inter-vehicle gaps, but they could 
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still occur.  The demonstration system has been designed to handle some of these situations 

and an example is shown in Figure 7.  In the upper part of the plot, the speeds of two platoon 

vehicles are shown.  At t = 96 s, a non-platoon vehicle changes lane to enter the gap between 

the two platoon vehicles.  It can be seen that the vehicle gap measured by the rearmost 

platoon vehicle, the host vehicle, drops suddenly from 20 m to 12 m.  The host vehicle 

decelerates to increase the gap to the intruding vehicle in order to provide a larger safety 

margin, then maintains that gap.  It can be seen by the host vehicle’s speed that the intruding 

vehicle is not driving at a constant speed, and that the host vehicle is matching that speed in 

order to maintain the gap size. 

 

At t = 131 s, the intruding vehicle changes lane to leave the platoon and the measured gap size 

jumps from 20 m to 38 m.  The system then smoothly closes up the gap and continues as 

normal. 

 

Figure 7 - Non-Platoon vehicle entering the platoon 

In most real-world cases, it is expected that the non-platoon vehicle will not spend a long time 

within the platoon since it will typically want to go to another lane. 

 

Conclusions 

A demonstration system has been developed as part of the SARTRE project which uses 

production or close-to-production technologies allied with advanced control software which 

combines data from sensors and from other vehicles to achieve a coordinated control of all of 

the vehicles within the platoon.  The system has been designed to handle a number of real-

world scenarios, although further work would be required for a production-ready system.  The 

majority of the testing has been carried out on test tracks, but some testing on a public 
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motorway in Spain was carried out in May 2012. 
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