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EXECUTIVE SUMMARY 

The goal of the Test Plans is to accompany the development of the artificial driver Agent by providing the 
necessary data needed to support its evolution, and, at the same time, assess the improvements in the 
performances along its evolution. This is a critical task, in order to obtain an artificial driver Agent that is 
grounded on the way the real vehicles, roads, and traffic behave in the real world, even if the training is mainly 
done in simulation environment. In a similar way, the performances of the system have to be measured and 
improved in a direction that is useful for real-life situations, through the definition of appropriate evaluation 
metrics. For this purpose, different kinds of tests with different goals are performed along the progress of 
Dreams4Cars project in different test environments.  

This document describes to the public the various types of planned tests, evaluation metrics and procedures 
adopted to accomplish these goals.  
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1 Introduction and objectives 
This is the public version of deliverable D5.1 (Test plans, method and metrics), with the aim to disseminate the 
methods that have been arranged for the experimental activity and the evaluation of the driving agent abilities 
(the term “agent” means the software that implements the car sensorimotor behaviours). 

In order to correctly frame the experiments, the objectives of the Dreams4Cars Research and Innovation 
Action are briefly recalled. Dreams4Cars aims at developing a learning mechanism, via self-instantiated offline 
simulations, broadly inspired by human dreams. The focus is both on the active discovery of potentially 
dangerous situations and on self-training/optimization of the sensorimotor behaviours of the driving agent (at 
all levels from motor control to tactical and short-term strategical behaviours).  

The goal is to deal with rare dangerous events. That is, to discover potential threats before they actually 
happen and prepare appropriate action strategies in advance. Indeed, the main issue with autonomous driving 
is that very high levels of reliability (of the order of one fatal accident in billions of miles) have to be achieved. 
The current methods for developing automated driving rely on the human design of the software and on 
various forms of subsequent validation and testing. Discovery of the rare conditions that cause fatal accidents 
is a slow and expensive process and fixing the software and re-testing it is also very slow and expensive.  

Hence Dreams4Cars aims at producing a new tool that allows (at least partially) to automatize and accelerate 
the discovery and optimization of agent abilities1. The experiment organization below is thus finalized to the 
development and validation of this technology.  

There are two other public deliverables that respectively explain the agent in itself (how it is made to be able 
to learn), which is deliverable D2.3, and the dreaming principles and how the dreaming technology is 
implemented (future deliverable D3.3).  

1.1 Types of experiments 

1.1.1 Inception of dreams 

The general system architecture for dreamlike learning requires the alternation of “wake” phases –when the 
agent collects information about salient situations that are worth to be studied offline– and “dream” phases 
when the agent learns to drive in fictitiously created situations (public deliverable D1.3, Figure 1).  

There are two types of dreams: a) the so called “embodied” simulations which predict the consequences of 
own motor commands with fine-grained resolution, and which may be exploited for learning and optimize 
vehicle control and tactical manoeuvring; b) the so called “episodic” simulations which creates fictitious events 
and may be used to optimize higher levels of behaviours. As an example: imagining how to act on the steering 
wheel and pedals to negotiate a particular set of curves or avoid one obstacle is an embodied simulation; 
imagining that another car might not give way (without having seen that yet) and how to behave for managing 
the risk is an episodic simulation.  

Consequently, there are two types of experiments a) “wake” phase activities which are used to collect data for 
the instantiation of internal forward and inverse models to be used as building blocks for embodied 
simulations and b) “wake” phase activities which are used to collect information for the inception of episodes.  

In the latter case, publicly available datasets may also be used. The “wake”-“dream” cycles in Dreams4Cars do 
not aim to replace the source of such exploitable data (that may be used indeed in conjunction with 
Dreams4Cars technology for the development of automated driving functions), but to investigate the progress 
that may be achieved when “dreams” and “wake” states alternate, hence tracking the agent evolution.  

                                                             

1 So, Dreams4Cars is not a project that fully develops autonomous vehicles (for which the budget should have been much 
much larger) but to provide an effective tool for optimization of automated vehicles behaviours. 
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The tests for inception of dreams are described in section 2. 

1.1.2 Quality assurance 

Quality assurance is provided by an auxiliary simulation environment (D1.3, Figure 1) where a copy of the 
currently optimized agent is tested against a library of test cases; the performance of the agent is assessed 
with several types of metrics (possibly including the Euro NCAP metrics); the progress in agent abilities is 
monitored. 

The tests for quality assessment are described in section 3. 

1.2 Evaluation metrics 
Evaluation metrics are defined according to a hierarchy of priorities in section 4. The hierarchical organization 
means that criteria related to the lower levels may be scarified to meet criteria of higher priority. To give one 
enlightening example, in the case a collision can be avoided by, say, breaking a traffic rule (say travel in 
between two lanes) the rule can be broken. 
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2 Inception of dreams 
The experiments form a sequence of progressively more complex scenarios that will be presented to the agent 
(the goal being to show that the agent can pick elements from the experienced situations to create imaginary 
situation and learn from dreams). 

2.1 Vehicle Dynamics Tests for Learning Forward/Inverse models 
The first kind of tests described here is related to the learning of the vehicle dynamics, both forward and 
inverse models to be used as building blocks for episodic simulations. Hence, these tests have the goal to log 
data about how the vehicle moves in response to a sequence of commands.  

The tests are mainly performed on the real vehicles but can also be executed on simulated vehicles in 
simulation environment; in particular a Hardware in the Loop (HIL) test environment (see final 
recommendation) may be required to test the agent safely and economically before carrying out the final tests 
on the real vehicle. Learning forward/inverse models of the real and the emulated vehicle may serve to 
validate the HIL environment itself on one hand, and to allow testing higher levels behaviours in the HIL 
environment despite mismatches of vehicle dynamics on the other hand. 

For these tests, both driving commands and vehicle motion parameters have to be logged. The general rule is 
that the input and the output of the aimed forward models have to be recorded. 

Typical driving commands to be logged may be (depending on the actual vehicle at hand) the gear, brake pedal 
position and/or brake deceleration request, gas pedal position and/or engine torque request, steering angle 
and/or steering angle request, steering torque/request.  

Typical parameters related to the resulting vehicle motion may be: vehicle speed, vehicle lateral and 
longitudinal acceleration, vehicle yaw-rate, speeds of the four wheels, vehicle lateral speed, vehicle position 
etc.. If cameras and/or similar sensor are used for vehicle dynamics state estimation and one wishes to create 
a forward model that includes anticipation of those sensors, the sensors must be logged too. 

A short textual description of different test categories that are planned is given here as an example. 

2.1.1 Longitudinal Vehicle Dynamics  

The goal of these tests is to model longitudinal vehicle dynamics. That is, identifying the response of the 
vehicle to a given input in terms of pedals positions or brake deceleration and engine torque requests. These 
tests can be performed on a sufficiently long straight part of a test track. 

2.1.1.1 Throttle Step Input 

The vehicle’s response to step throttle input of various amplitudes is measured in terms of acceleration and 
velocity. The step signal is generated by the computer, while a human driver controls the steering wheel in 
order to keep the car on a straight path. If possible, steady state velocity should be reached.  

2.1.1.2 Brake Step Input 

The vehicle’s response to step brake input of various amplitudes is measured in terms of velocity, 
deceleration, and braking time. The step signal is generated by the computer, while a human driver controls 
the steering wheel in order to keep the car on a straight path.  

2.1.2 Lateral Vehicle Dynamics 

The goal of these tests is to model the lateral vehicle dynamics. That is, identifying the response of the vehicle 
to a given input in terms of requested steering wheel positions or steering angles and yaw rate. These tests 
can be performed on a flat surface with constant speeds per test. 
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2.1.2.1 Step Input 

This test applies step inputs to the steering wheel position. The test is performed according to ISO 7401 
standard “Road vehicles - Lateral transient response test methods - Open-loop test methods”. 

2.1.2.2 Frequency Sweeps Input 

This test applies frequency sweeps to the steering wheel. The test is performed according to ISO 7401 
standard “Road vehicles - Lateral transient response test methods - Open-loop test methods”. The actual test 
procedure may be adapted according to the limitations of available test sites and test vehicle. 

2.1.3 Combined Lateral and Longitudinal Vehicle Dynamics Scenarios 

For the purpose of evaluating the combination of the effects of lateral and longitudinal vehicle dynamics, a 
specific test route will be defined that requires to drive at different speeds and different curvature radii. Data 
logging will create a dataset to train the vehicle model both for longitudinal and lateral dynamics at the same 
time. Neural Network forward and inverse models may be trained this way.  

The vehicle can be either driven manually and (if a suitable safe track is available) or autonomously. In one or 
the other case the signals that may be available and the kind of forward/inverse models might change. 

2.2 Data Collection for Episodic Simulations 
A sequence of progressively more complex scenarios will be presented to the agent (the goal being to show 
that the agent can pick elements from the experienced situations to create imaginary situation and learn from 
dreams).  

In these tests, the logged data is at least the full set of input and output signals of the driving agent. The 
internal states of the agent may also be logged. In some cases, additional sensors data (for example raw scans 
of a lidar) may be usefully collected, as they may be used to create episodes even though the same exact signal 
are not used by the agent. 

2.2.1 Human Driven Vehicle on Real Roads 

Part of the experiments may be, in principle, conducted in real roads with the test vehicle driven by a human 
driver (instead of the agent). In this case, the main goal is to collect data for modelling other road users or 
environmental events for episodic simulations. Naturalistic driving data might be useful (but typically lack 
detailed sensor data). Some public datasets may be exploited as well, among which:  

- Deepdrive: http://bdd-data.berkeley.edu/ 
- nuTonomy: https://www.nuscenes.org/ 
- Baidu: https://ai.baidu.com/broad 
- Oxford: https://ori.ox.ac.uk/the-oxford-robotcar-dataset/ 
- Udacity: https://github.com/udacity/self-driving-car 
- Linkoping: http://www.cvl.isy.liu.se/en/research/datasets/amuse/  

An example of scenarios may be the following.  

2.2.1.1 Intersecting Vehicle 

Test vehicle will be driven on a straight road. The main goal is to test the cautious adaptation of speed in 
intersections. An opponent vehicle should approach the intersection and the host vehicle should open a 
temporal gap. At dream state, after being exposed to a variable deceleration/acceleration of the of the 
opponent vehicle, dreams should discover that the opponent vehicles might not give way at all and finely 
tuned cautious approaches should emerge. Test may be repeated after agent evolution. 

2.2.2 Automatic Vehicle Control Scenarios 

Other tests will be conducted to verify the control scheme in real conditions, starting from simple scenarios. 
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2.2.2.1 Speed Adaptation 

Test vehicle will be driven on a straight track. The main goal is to test the learned forward model and low-level 
control.  

2.2.2.2 Car Following 

Test vehicle will be driven on a straight track. The main goal is to test the car following behaviour in response 
to different behaviours of the leading vehicle. A particular case may be approaching a stationary object. At 
dream state, after being exposed to a variable deceleration/acceleration of the of the leading vehicle, dreams 
should discover that unexpected higher-than-usual deceleration of the leading vehicle are possible and finely 
tuned safe distance criteria should emerge. Test may be repeated after agent evolution. 

2.2.2.3 Pedestrian Approaching 

The vehicle will be driven on a straight road. The main goal is to test the adaptation of speed in pedestrian 
crossing. A pedestrian should approach the intersection and the host vehicle should open a temporal gap. 
Dreams should find that a pedestrian might cross the road unexpectedly. Test will be repeated after agent 
evolution. Due to safety requirements the pedestrians will only approach the crossing but not actually cross 
the road in front of the vehicle (inspection of the internal states of the agent will nonetheless reveal whether 
the agent was prepared for action). 

2.2.2.4 Lane Following 

Test vehicle is driven on a curvy road (a test track). The main goal is to test the learned forward model and 
low-level lateral control. In a second step the vehicle will face a curvier road than the training set to spark 
dreaming about narrower curves. Test will be repeated after Agent evolution. 

2.2.2.5 Overtaking a Slow Vehicle 

Test vehicle will be driven on the straight part of the test track. The main goal is to test the lane change and 
overtake abilities. In a second phase the opponent vehicle will move in an unexpected way to spark dreaming 
about possible incorrect behaviours of the other vehicles. This test requires to be carried out with respect to 
the safety requirements. Possible unexpected actions of the opponent car could be that it accelerates before 
the overtaking is completed. Test will be repeated after agent evolution. 

2.2.2.6 Lane Change with Two Standing Vehicles 

The goal of this test is to force a lane change in a safe and reproducible scenario. This can be achieved putting 
two stationary vehicles in two lanes so that the host-vehicle necessarily has to perform another lane change 
after the first stationary vehicle has been passed. 

2.2.2.7 Complex Scenario 

Tests that combine elements of previous tests in a novel unseen situation may be conceived first via episodic 
simulations and then realized physically. The purpose is to demonstrate the ability of scaling to more complex 
situation.  
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3 Quality Assurance Tests 
Quality assurance tests are repeated along project life in order to assess the performances of the autonomous 
system in the SIL (software in the loop) test environment. Each time a new release of the driving agent is 
available, it is verified along a set of simulated scenarios. From these tests, evaluation of the performances of 
the autonomous systems is derived according to the metrics defined in section 4. 

The scenarios identified for these tests correspond to highway and urban situations. Also, EuroNCAP tests are 
considered in order to verify performances. 

3.1 Highway Scenario 
The first scenario that is tested is a highway scenario. For that reason, a highway test route has been defined 
in a mountain part of the highway between Torino and Savona in Italy (A6-E717). Test route has been defined 
between Millesimo and Altare (about 15 km), and highway environment has been reconstructed with two 
lanes, emergency lane, and speed limits, as can be seen in the picture. 

 

 

Figure 1: Highway Scenario 

 

Moreover, the highway is populated with other vehicles, generated with random statistics using the IPG 
CarMaker traffic generator. It should be noted that the random traffic generator adopted is used to define the 
starting position and target speed of the other vehicles in the traffic, but it will be the same across different 
test runs, so that the system encounters the same situation at each run.  

3.2 Urban Scenario 
In a similar way, a test route will also be defined in a mixed scenario including the city around CRF location in 
Orbassano, close to Turin. 

3.3 Euro NCAP Scenarios 
Euro NCAP will also be used to test the score (number of Euro NCAP stars) that the car with the autonomous 
agent would achieve. Euro NCAP tests (Test Protocols) and rating rules (Assessment Protocols) are available on 
the Euro NCAP website (www.euroncap.com). 

A summary of the applicable Euro NCAP tests is reported below. Some of these will be implemented in the SIL 
test environment in order to verify the behaviour of the autonomous system in safety critical situations. 
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3.3.1 Safety Assist 

The tests indicated here are derived from Safety Assist Euro NCAP protocol, considering the AEB (Autonomous 
Emergency Braking) C2C (Car-to-Car) system, dealing with rear crash situations. Following scenarios are 
considered: 

• Car-to-Car Rear Stationary (CCRs) from 10 to 80 km/h; 
• Car-to-Car Rear Moving (CCRm) from 30 to 80 km/h; 
• Car-to-Car Rear Braking (CCRb) at 50 km/h. 

These scenarios differentiate for the behaviour of the front car, while the performances of the following ego-
vehicle with autonomous braking system are assessed. In the Car-to-Car Rear Stationary scenario the ego-
vehicle is approaching a stationary vehicle, in the Rear Moving scenario the ego-vehicle is approaching a 
slower vehicle, while in the Rear Braking scenario the ego-vehicle is following the front vehicle at the same 
constant speed when the front vehicle decelerates. 

The Speed Assist System, defined in Euro NCAP as part of the Safety Assist System, is not considered here 
because it is related only to the ability for the system to follow speed limits, that is already considered in the 
Highway and Urban Scenarios and measured by the Traffic Rules Metrics (section 4). 

Also, the LSS (Lane Support System) is not considered here, because it measures the reaction of the system 
when the driver is leaving the lane, that is not the case. The capability for the system to stay in the lane will be 
verified in Highway and Urban Scenarios and measured by the Lane Change metrics (section 4) 

3.3.2 Pedestrian Protection 

The tests related to Pedestrian Protection as part of Euro NCAP are also considered for AEB VRU (Vulnerable 
Road User) system, considering the following scenarios: 

• CBNA (Car-to-Bicyclist Nearside Adult); 
• CBLA (Car-to-Bicyclist Longitudinal Adult) at 50% overlap; 
• CPNA (Car-to-Pedestrian Nearside Adult) at 25 and 75% overlap by day and night; 
• CPCN (Car-to-Pedestrian Child Near side); 
• CPFA (Car-to-Pedestrian Farside Adult); 
• CPLA (Car-to-Pedestrian Longitudinal Adult) at 50% overlap by day and night. 

In these scenarios, the host-vehicle must react with autonomous braking when entering into a dangerous 
situation for a pedestrian or a cyclist. In the scenarios indicated as “Longitudinal” the pedestrian or the cyclist 
are proceeding along the road, the ego-vehicle approaching from behind must brake in order to avoid the 
impact. In the other scenarios the pedestrian or the cyclist are crossing the road, and again the ego-vehicle has 
to brake to avoid the impact. 

3.4 Simulation Fidelity Tests 
Some scenarios are designed explicitly to verify the level of coherence between the behaviour of the 
simulation and the real vehicle. These scenarios should be easy to reproduce and measure in the test track 
with very low risk level. For this reason, simple scenarios are considered here. 

These scenarios will be reproduced both in simulation (SIL and HIL environments) and in real demonstrator 
vehicle; data logged in the different test environments are used to assess the fidelity of the simulation. 

The scenarios to be tested for Simulation Fidelity are part of the scenarios already described in Section 3.2 for 
testing of vehicle control. 

In particular, the following test scenarios will be used to assess the fidelity level of the simulation: 

• Speed Adaptation [S2.2.1] 
• Car Following [S2.2.2] 
• Lane Following [S2.2.4] 
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• Overtaking a Slow Vehicle [S2.2.5] 
• Lane Change with Two Standing Vehicles [S2.2.6]. 
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4 Evaluation Metrics 
Driving is a complex task; the driver has to consider and optimise at the same time different aspects, in order 
to guarantee safety and comfort, follow traffic rules, and optimise travel time and fuel efficiency. However, 
these aspects have different priorities, and so a good driver is also able to sacrifice one objective for a more 
important one: as an example, comfort can be sacrificed in a safety critical situation. 

Consequently, in order to measure the performances of the artificial driver agent, different metrics with 
priority order are defined. In fact, the performances of the driver agent are optimised with respect to these 
metrics. 

Evaluation and optimization criteria have a hierarchical organization: first of all, safety has to be assured; after 
that, traffic rules have to be followed. Than a balance should be find between comfort and efficiency. 

4.1 Safety Metrics 

4.1.1 No Impact 

The first safety metric is the absence of collisions along the test run. 

4.1.2 Impact Relative Speed 

In an impact occurs, then the impact relative speed is detected. In fact, it is possible that during the training 
some impacts occurs, or that some situations are generated where the impact cannot be avoided but only 
mitigated. 

4.1.3 Safety Margin for Obstacles 

A safety area is defined around the vehicle. In normal situations, this area should always be free of obstacles. 
The duration of time when an obstacle enters into this area is counted. 

4.1.4 Safety Margin for Road Borders 

The vehicle should always respect a minimum distance between the wheel and the road border. The duration 
time when this distance is not followed is counted. 

4.2 Traffic Rules 
Besides safety, the system should also follow traffic rules when possible. 

4.2.1 Speed Limits 

The number of times when the system runs faster than speed limit is counted. 

4.2.2 Lane Change 

Lane change should not be performed when not allowed. The number of forbidden lane changes is counted. 
Moreover, when the lane change is not indicated, the wheel should not go further than 30 cm out of the 
external border of the lane. The 30 cm parameter is derived from Euro NCAP criteria for testing of the LSS. 

4.3 Comfort Metrics 

4.3.1 Deceleration Levels 

Usually drivers use acceleration levels that are inside an area that can be defined in terms of lateral and 
longitudinal acceleration changing with speed. In fact, at lower speeds drivers accept higher accelerations. This 
indicator gives mean values for absolute values measuring the exit of longitudinal and lateral acceleration 
outside the area usually covered by drivers. 
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4.3.2 Mean Absolute Value of Longitudinal Jerk 

These parameters are used to measure the smoothness of manoeuvres. It corresponds to the mean of the 
absolute value of the longitudinal jerk. 

4.4 Efficiency Metrics 

4.4.1 Mean Speed 

The first measure to evaluate efficiency is travel time, that is measured as mean speed along the test route. 

4.4.2 Fuel Consumption 

The second efficiency measured is overall fuel consumption along the test route, so that driving behaviours 
with lower consumption are estimated. 

4.5 Simulation Fidelity Metrics 
Besides evaluation of performances of the autonomous driving system, as described in terms of Safety, Traffic 
Rules, Comfort and Efficiency, other metrics refer to the fidelity of the simulation among different test 
environments. These metrics are used to evaluate the gap between the simulation and the real system. 

4.5.1 Speed profile difference 

To evaluate the level of confidence between the simulation environments (SIL and HIL) and the real one, root 
mean squares of differences in the values of vehicle speed along travel distance will be measured. This means 
that the same scenario is addressed in the different simulation environments, and the vehicle speed is 
measured. After the tests are conducted, the root mean square (RMS) difference between vehicle speed at the 
same distances along the path in the different simulation environments is computed. 

However, it should be noted that sensors noise will not be present in the simulation environments, while it will 
be present in the real test vehicle. This means that the simulation fidelity can be evaluated only at a level that 
is coarser than the noise level. 

4.5.2 Lateral position difference 

While the speed profile difference can be used to verify the fidelity level of the longitudinal behaviour of the 
vehicle in real versus simulation environments, the lateral behaviour can be measured by the difference of the 
lateral position of the vehicle along travel distance. This means that the lateral positions of the vehicle are 
stored both in simulation and in real tests, and then the RMS difference between the lateral distance profiles is 
evaluated. 
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5 Other recommendations 

5.1 HIL and SIL test environments 
A recommended practice is to setting up a software in the loop (SIL) and Hardware in the Loop (HIL) test 
environments where the same agent can be plugged in and tested before testing on the real vehicle. This is 
safe, economical and may help debugging in a more effective way. On the other hand, whatever care is taken 
to make the HIL/SIL environment as close as possible to reality, they will at some point depart from the real 
world. Forward/inverse models may be trained on both the real and emulated vehicles and allow to measure 
the residual difference between the environments. Furthermore, when testing the higher levels behaviours of 
the agent, the forward/inverse models that match the environment should be used.  

5.2 Safety and Ethics 
Safety procedures and ethical approval should be set before detailed definition of the test campaign. They 
depend on the vehicle type, test route, and kind of experiments.  

 


