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Full Virtual ADAS Testing. Application to the Typical Emergency Braking EuroNCAP Scenario

The requirements in terms of sensing accuracy and the evolution of road safety legislation directly impact the development of perception sensors. In this paper, we present how a combination of 3D electromagnetic physics simulation, realtime scenario, sensor processing simulation and dynamic connection to ADAS software can be implemented to fulfil advanced sensor simulation. The challenges to lift for testing the development of new optical and electromagnetic sensors and processing software to support early detection of hazards and collision avoidance is addressed. The study illustrated in the following can be applied to any type of ADAS function and autonomous vehicles development. The Car-To-Car-Rear-Braking (CCRB) Euro-NCAP testing scenario is shown and the simulation results are discussed.

1.

Introduction

The testing and validation of Advanced Driver Assistance Systems (ADAS), autonomous and connected vehicles require driving along millions of kilometres in various environments and weather conditions. Indeed, to manufacture an autonomous vehicle, three conditions must be validated. The vehicle must know and perceive its environment using several sensors. The vehicle must analyse and interpret the received data. The vehicle must make decisions about driving. These three conditions must run in real time. However, each of these three conditions requires great efforts of studies, developments and tests. Regarding the perception of the environment, passive and active sensors using different technologies are embedded in the vehicle. These sensors monitor 360° around the vehicle and continuously capture high definition data from the environment. The analysis and interpretation of the data collected by all the sensors (camera, RADAR, LIDAR, ultrasonic) are carried out by advanced algorithms.
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However, the amount of information to be processed is proportional to the total number of sensors being used. As a result, more and more complex digital architectures and software for sensor data processing and fusion are developed or under development. Finally, once the data are processed and analysed, the vehicle must take decisions. For example to maintain a constant speed, acceleration, braking, overtaking, lanes or road changing, warning triggering, etc., in order to avoid collision and guarantee maximum passenger safety.

Nevertheless, testing all autonomous vehicles and ADAS is a very difficult task. Indeed, most of the experimental tests often require a lot of time and exorbitant equipment. Thus, the validation of the numerous scenarios on the runway is not an option. In addition, even if these tests are performed, the results are subject to variations. These variations can be caused by various factors such as

• Weather condition which cannot be controlled;

• Vehicle dynamics and adherence of the tires on the ground depending on its nature (bitumen, pavement, soil, sand, ...); • Different environment: highway, urban, desert, ...;

• Objects reflectivity that strongly depends on the geometry and the material composition; • Color and coatings of objects;

• The operating frequency range of the LIDAR or RADAR sensors; • Confidence in data processing algorithms and the robustness of embedded computers.

Ensuring that a vehicle has passed all the correct safety and operating tests in all environments and conditions is therefore unachievable. Therefore, it would be interesting to use virtual environments to make at each level of automated driving the standard validation tests while considering the complexity of the different situations that may occur on a daily basis. This article aims to focus on the validation of intelligent vehicles and ADAS tests through virtual simulation.

We are going to begin by sharing our view on how virtual testing can benefit from advanced perception simulation. Then we will present how a physics-based model of sensors can bring additional accuracy in a test process.

2.

We are going towards a world of safer connected mobility

Actual state of the Autonomous Vehicle

When talking about Autonomous Vehicles (AV), people used to think that the vehicle is capable to move without any action of the driver. In fact, according to the Society of Automotive Engineers (SAE) classification, five levels exist for automated vehicles, partial and full autonomous vehicles. These classification helps to describe correctly the manufacturers and technology announcements of Full Virtual ADAS Testing. Application to the Typical Emergency Braking EuroNCAP Scenario the autonomous vehicle. Several significant technological advances in AV have been developed and multiple projects are started that aim to test even level 5 (full autonomous) system. Such vehicles are known to use many and expensive sensors with highly advanced capabilities. But in terms of series production, the status is much more Level 2 systems oriented, with Level 3 only emerges.

Traffic jam assist is a typical example of the function embedded on level 3 vehicles. Even for such systems, a significant number of sensors is required: cameras, radars, ultrasonic, and even a laser scanner. The use of different technologies increases the robustness and allows to capture different nature of information that is complementary.

New Challenges

In the context of Intelligent Vehicles (IV) and Automated Driving Assistance Systems (ADAS), the perception of the vehicle environment is essential. The perception system includes a set of sensors, raw data processing and data fusion algorithms. The final purpose is that IV can correctly analyse any situation and make the correct decision. Like human drivers, the IV system relies on its own representation of its surroundings: the road network, the infrastructure, other road users, etc. This local map is built by processing and fusing the data coming from the multiple individual sensors. The overlap of the sensors, but also the technology and physics (propagation effects) from the sensors. However, if the information fusion, at meaning of data mixing, tends to reduce these imperfections, there is a step beforehand which consists of deciding which data should be merged. As an example, in the case of heavy traffic, it is necessary to know which objects have been followed and with which new data they will be merged in order to make the tracking and to estimate the number of different targets. The overall complexity of the perception chain is one of the causes of these challenges. If we look at the different levels of granularity of the perception chain, we see the components, the sensors, various processing layers, up to the user functions or driver interaction. In a typical perception chain, there are multiple departments or different companies involved, in a relationship where all information cannot always be shared. So as a result, the integration tasks can lead to several issues, that can result in failure cases that are not always predicted. Furthermore, If the sensing does not deliver expected results, it is very possible that this propagates up to making a wrong decision, which can result in an inevitable accident, or even worse, in an accident being caused by the system itself. The question that will arise: how to qualify properly the perception performance? Simulation tests usually play a role in these but it is also important to understand how these tests must be representative to achieve the qualification goal. Often realistic open road tests can contain unexpected events but difficult to control the content. Private test tracks can reproduce given conditions that are not too complex or dangerous and with much instrumentation. Simulation tests allow for high complexity, with the capability to know in a perfect manner the simulated situation whether rare cases hard to find or dangerous situations are considered. When it comes to the systems affected by sensing performance, two areas should be distinguished: sensor processing software and analysis / decision software.

Sensing performance evaluation up to AD system evaluation

The sensor processing validation puts a high focus on the quality of the sensing model: how well we represent the sensor but also its own environment, and the propagation. For the analysis decision, which is about estimating the final performance delivered to the user: reduce gap of performance between simulations and real tests. Intercept issues early on, integration issues. One of the motivations to simulate multiple subsystems together.

4.

Application of NCAP AEB with a RADAR system Understand how a complete Automatic Emergency Braking (AEB) test scenario involving radar could be studied by simulation including AEB logic itself. The Car-To-Car-Rear-Braking (CCRB) Euro-NCAP test is a collision situation scenario, in which the vehicle (VUT) travels forwards towards a target vehicle (GVT) that is travelling at constant speed and then decelerates, and the front of the vehicle strikes the rear of the target vehicle. The initial distance between the vehicles will be either 12m or 40m and the deceleration of the GVT either 2 m/s² or 6 m/s², which leads to 4 different tests for this scenario. In each case, the initial speed of the VUT and the GVT will be 50km/h (+/-2m/s). Figure 1 shows the virtual experimental setup for the CCRB Euro-NCAP test. The scene used for the scenario is a straight road strip with a length and width compatible with Euro-NCAP requirements. Both the VUT and the GVT will travel along the centre line of the strip. Emergency Braking EuroNCAP Scenario The selected sensor for triggering the AEB system is a RADAR. This sensor usually performs the detection of targets, and measures some characteristics of those targets, such as the distance, speed, angular position angular speed. We simulate AEB function using Pro-SiVIC which is a virtual prototyping platform, allowing to carry out physically realistic 3D simulations of environments and sensors, like those used in ADAS Systems, including infrastructures, road users, vehicle dynamics and multi-technology perception sensors, in a completely virtual environment. The implemented RADAR model covers all the RADAR parameters which can be mentioned in real RADAR data sheet like signal modulation, sweeping mechanism, carrier frequency. In this test we chose to simulate the performance of a 77 GHz RADAR used in the automotive field. Also, we show only the case where the separation distance between the GVT and VUT vehicles is 40 m. The CCRB Euro-NCAP test scenario is performed with two deceleration values. In the first test of this scenario, the GVT vehicle slows down with an acceleration of 2 m/s². In the second test the GVT vehicle slows down with an acceleration of 6 m/s². Figure 2 shows the soft-target car described by Euro-NCAP. The front view of the target car is represented in the right figure where we can see that the target is composed in the most by a soft reflective material and two sections of reflecting tape. The two-material part will reflect RADAR energy as follow:

•Two sections of reflecting tape with a total area of 0.41 m2 (~50dBsm at 77GHz).

•Soft reflective material with edge length 55mm (4 dBsm at 77GHz).
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Note that these values are given for a flat target and will be change with the target curvature. RCS values are calculated using a solver available within the CEM One software package (Method of Moments) which is used for its simplicity to configure and efficient computation time at high frequency for such application. The 2016 car target (rear of vehicle) is chosen in terms of RADAR characteristics computation and was then imported into Pro-SiVIC using the existing RCS importer functionality.
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The RADAR antenna diagram is calculated considering 4 cm of plastic bumper.

The RADAR is mounted in the centre of the VUT and the is perfectly oriented in order to detect the GVT. d, the returned energy towards the RADAR in decibels. Several remarks can be deduced from these figures:

Simulation results

Figures 4a, 4b

In Figures a andc, the distance decreases from 4 seconds, this time corresponds to the GVT vehicle start braking.

When the GVT begins to brake, the reflectivity value decreases from -80 dB down to -120 dB. This is observed in Figures b andd. This sudden change in energy is caused by changing the incident angle of the RADAR sensor. Indeed, the RADAR device is sensitive to the movement of the vehicle. Braking causes the vehicle a pitch movement. As a result, the directivity of the RADAR changes, the incident angle of the electromagnetic RADAR wave can point to high or low reflectivity zone. The returned energy to the detector increases continuously as the distance between the GVT and VUT vehicles decreases, as shown in Figures 4b and4d. However, an energy gap of about 40 dB appears between 6 and 6.5 seconds. During this time, RADAR points to the more reflective portion of the GVT vehicle (see red tape in Figure 2). Application of a strong breaking force induces large tilt movement of the VUT vehicle and impacts the RADAR raw data. At a short separation distance between the VUT and GVT vehicles, and in the event where the RADAR can detect a law reflectivity zone below the braking threshold, the VUT vehicle will accelerates again, which can immediately cause an accident. This kind of phenomenon can be understood controlled and reproduced by numerical simulation. Note that this numerical study can be extended to other ADAS function simulations and intelligent vehicles. Full Virtual ADAS Testing. Application to the Typical Emergency Braking EuroNCAP Scenario

Conclusion

We have presented the issues and the challenges to lift for the realization and the improvement of ADAS driving assistance systems, semi or fully autonomous vehicles. It has been shown that the 3D physical, real-time sensors simulation makes the possibility to test, understand and reproduce real scenarios in different conditions with a control of the parameters that can affect the data collected by sensors. These numerical studies serve to supplement the experimental data. The illustrated study showed how the simulation approach for ADAS -which relies on an ideal detection simulation but on the reproduction of the sensor detection chain -can provide results consistent with both theoretical and experimental predictions. The AEB case study with a RADAR system is only an illustration of the sensor sensitivity and the variation of the sensor output data with respect to the experimental conditions. Such a study can be applied to all other sensors (LIDAR, Camera, Ultrasonic, ...) and other ADAS functions (ACC, Line keeping, Park assist, ...) and development of intelligent and autonomous vehicles. This helps to test the steps of classifying / data-fusion stages, but also the reliability of object detection thanks to the performance of the sensor system and the specific characteristics of the targets. Validate the tracking and filtering strategies used to extract better performance and software processing of sensor outputs.

7.

Figure 1 :

 1 Figure 1: Virtual experimental setup for the AEB test using Pro-SIVIC

Figure 2 :

 2 Figure 2: Illustration of target model for Euro-NCAP tests. The image and target description are from [17]. The red tapes represent the position of the reflective parts. The target Radar Cross Section (RCS) is represented in Fig 3.

Figure 3 :

 3 Figure 3: 2016 EURO-NACP Target RCS computation. The result is obtained using Method Of Moments in CEM-One

  Figures 4a, 4bshow the simulation results with a deceleration of 2 m/s² and Figures4c, 4dwith a deceleration of 6 m/s². In Figuresa and c, we measure the distance between the two vehicles GVT and VUT in time and in Figuresb and d, the returned energy towards the RADAR in decibels. Several remarks can be deduced from these figures:

Figure 4 :

 4 Figure 4: Simulation results. a: distance to target vs time with deceleration = 2 m/s². b: detected target amplitude in dB with deceleration = 2 m/s². c: distance to target vs time with deceleration = 6 m/s². d: detected target amplitude in dB with deceleration = 6 m/s².

Application to the Typical Emergency Braking EuroNCAP Scenario angle

  . With the development of new technologies, NCAP and NHTSA are also testing ADAS technologies and Intelligent Vehicles. From standard engineering processes, there are several levels of testing of systems and subsystems, that can be performed to qualify the related performances. Among the tests performed on new vehicles by those organisms we can find: Emergency Breaking Assistance (AEB), ACC Adaptive Cruise Control, Emergency Line Keeping, Park Assist, etc. NCAP's findings on these tests show that despite the advancement of ADAS technologies, the autonomous vehicle is not yet available as of today. In addition, the general secretary of Euro-NCAP said that cars, even those with advanced driver assistance systems, need a vigilant, attentive driver behind the wheel at all times'.

Several organizations like NCAP or NHTSA are working on car's safety tests. The most popular tests performed by these organizations are focusing on passenger safety where the vehicle crashes with a different speed or a different Full Virtual ADAS Testing.