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Executive Summary 

The aim of ACCURATE is to develop a close-to-production high precision positioning on-board unit (OBU), 

which is based on tight heterogenous sensor fusion and can be integrated on automated driving platforms 

for any vehicle to reach SAE levels 4 and 5 of driving automation. The OBU will make use of the accuracy 

and integrity of the EGNSS components and services in a multifrequency approach, especially taking 

advantage of E5a and E5b. Additionally, a hybrid implementation of differential GNSS will be used as well 

as fusion with an IMU and perception sensors to enhance the capabilities of the positioning system in 

adverse conditions. In a safety-critical approach, certification in accordance with the automotive industry 

functional-safety standard ISO 26262 will be considered during the design phase. 

As part of the ACCURATE project, WP5 has the objective to provide the guidelines for testing considering 

the defined functional and performance requirements (D2.1) of the OBU. Additionally, the tests will be 

carried out and evaluated. 
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1 Introduction 

1.1 Purpose of Document 

The development of a high precision positioning system that enables highly automated driving at SAE levels 

4 and 5 [1] is the main objective of the ACCURATE project. Following the development of such a system, 

the functional and performance requirements shall be subjected to a verification and validation process. 

Further, these aspects shall be considered when developing a standard for highly automated driving 

vehicles in WP6, in the scope of certification. 

Task 5.1 has three main objectives. The definition of validation and verification procedures by  

§ defining appropriate tests, considering the performance and security requirements under the 

scenery, physical environmental conditions and dynamic elements as provided in D2.1 [2],  

§ defining and identifying the list of resources required to develop such verification and validation 

activities as well as assigning responsibilities, in conjunction with the activities in tasks 3.1 and 4.3, 

§ developing an evaluation methodology based on stress test, acceptance criteria, etc. 

The previous activities will be used to develop prototypical methodologies and criteria for the validation 

and verification activities that will be used to define a project base standard for certification, and eventually, 

to support later standardisation activities. 

1.2 Intended Audience 

The dissemination level of D5.1 is public. Consequently, this deliverable is supposed to communicate the 

validation and verification procedures that will be used to test the ACCURATE OBU and support other 

project WPs, especially WP6. 

 

1.3 Approach 

The content of this document is designed to address testing activities in the context of the ACCURATE 

project. In section 2 the general plan of this process is described. Sections 3, 4 and 5 correspond to the 

description of the V-Model, the identification of possible types of tests for the requirements as defined in 

D2.1, followed by the description of the testing frameworks. An example of a test procedure is provided in 

section 6, followed by the link to D6.3 in section 7. The conclusions are presented in section 8. 

 

 



 

2 General Plan  

The work associated to task 5.1 will have to consider the method to perform the verification and validation 

activities, i.e., testing based on simulation in the loop or hardware in the loop or real-world testing, as well 

as to provide validation processes to ensure the proper and correct function of the testing methods and 

tools. 

The objective of the first part of the project is to have the prototype main components of the OBU tested 

separately (component tests) at least in laboratory. During the second part, all the components will be 

refined and integrated in the prototype. This prototype will be tested both in laboratory and in field tests 

(unit test). Once validated and verified, a trial test campaign (demonstration) will be conducted in a real 

scenario with an L4/L5 capable automated driving vehicle platform.  

The proposed testing approach follows the approach and methodology of the project development plan, 

more specifically points 4, 5 and 6 shown in Figure 1 – General approach and methodology of the ACCURATE 

project: 

1. requirements definition (WP2), 

2. system design (WP3), 

3. development and integration (WP4), 

4. functional verification (WP5), 

5. performance verification (WP5), and 

6. demonstration (WP5/WP6/WP7)  
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Figure 1 – General approach and methodology of the ACCURATE project 

The high-level plan of validation and verification is also provided in section 6.1 of D3.1 and will encompass 

three phases. In the first phase, the test activities will rely on a purely virtual framework. In the second 

phase, the test activities for the software-based components will be replaced by hardware components and 

connected to a physical HiL framework providing simulated or real data to the OBU. The third and last phase 

corresponds to the demonstration test activities in which the OBU will be tested in some reduced real-

world environment but representative of the use cases, i.e., urban and highway driving. 

As WP5 is designed for testing activities, the present deliverable will focus on testing verification plan (e.g., 

functional and performance verification) and validation (demonstration) aspects. This has to be linked to 

the requirements defined in D2.1. 

 

3 V-Model as Basis for Development and Testing 

3.1 The General V-Model Approach 

In the past decade there is a trend in the automotive industry towards the model-based testing, validation 

and certification following the V-Model approach used more specifically in software development.  

The V-Model is a process model originated in the domain of software development that has established 

itself as well for the development of complex safe-critical systems in the avionics and automotive domain. 

The V-Model summarizes the main steps to be taken in conjunction with the corresponding deliverables 
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within computerized system validation framework, or project life cycle development. The V-Model 

approach is depicted in Figure 2. 

  

 

Figure 2 – V-Model (from Pegasus project) 

The emergence of new standards towards the certification of the functional safety has impacted the V-

Model approach, specially to accommodate two of the most important standards in the automotive sector, 

namely ISO 26262 and SOTIF. 

The ISO 26262 standard published in 2011 is designed for the specific risk picture of the automotive industry 

and road vehicles. It ensures the design and construction of functionally safe vehicles and efficient safety 

management through the supply chain. For software-intensive systems, the generic meta-standard IEC 

61508 introduces the fundamentals of functional safety for Electrical/Electronic/Programmable Electronic 

(E/E/PE) Safety-related Systems, i.e., hazards caused by malfunctioning E/E/PE systems. Several different 

domains have their own adaptations of IEC 61508. ISO 26262 is the automotive derivative of IEC 61508, 

organized into 10 parts, constituting a comprehensive safety standard covering all aspects of automotive 

development, production, and maintenance of safety-related systems.  

V&V are core activities in safety-critical development and thus discussed in detail in ISO 26262, especially 

in Part 4: Product development at the system level and Part 6: Product development at the software level. 

The automotive safety lifecycle (ASL) is one key component of ISO 26262, defining fundamental concepts 

such as safety manager, safety plan, and confirmation measures including safety review and audit. 
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Figure 3 – V-Model with the ISO 26262 extension (from Pegasus project) 

The Hazard and Risk Analysis determines the Automotive Safety Integrity Level (ASIL) according to ISO 

26262. ISO 26262 only serves as basis if we want to cover the “Safety of the Intended Functionality” (SOTIF). 

SOTIF (ISO/PAS 21448) was developed to address the new safety challenges that autonomous (and semi-

autonomous) vehicle software developers are facing. 

ISO 21448 applies to functionality that requires proper situational awareness to be safe. The standard is 

concerned with guaranteeing safety of the intended functionality in the absence of a fault. This is in contrast 

to traditional functional safety, which is concerned with mitigating risk due to system failure. 

SOTIF provides guidance on design, verification, and validation measures such as: 

• Design measure example: requirement for sensor performance 

• Verification measure example: test cases with high coverage of scenarios 

• Validation measure example: simulations 

ISO 26262 covers functional safety in the event of system failures. It does not cover safety hazards that 

result without system failure.  

ISO 26262 still applies to existing, established systems — such as dynamic stability control (DSC) systems or 

airbags. For these systems, safety is ensured by mitigating the risk of system failure. 

ISO 21448 applies to systems such as emergency intervention systems and advanced driver assistance 

systems. These systems could have safety hazards — without system failure. 



  D5.1 

 

This  

13 

 

3.2 V-Model applied to ACCURATE 

As stated in the DoA, the ACCURATE OBU will be a high precision positioning platform that can be integrated 
in systems required by any car, truck or bus OEM, based on tight heterogenous sensor fusion that will be 
easily integrable on Automated Driving platforms for any vehicle. Therefore, the generated outcome of the 
ACCURATE OBU needs to be consumed by the Advanced Driver Assistance Systems (ADAS) and/or 
Automated Driving (AD) system and subsystems to enable the driving functions. 

Therefore, matching this objective with the V-Model development and testing methodology we can match 
the activities as depicted in Figure 4. 

 

 

Figure 4 – ACCURATE project matching V-Model development and validation methodology 

As stated in D3.1, the ACCURATE OBU is divided into 2 main subsystems, Telematics Control Unit and 

Localization Unit. These 2 elements will be developed separately once the interfaces are agreed. 

The first set of testing and validation activities will be oriented to validate each component and ensure that 

both subsystems are meeting the ACCURATE main requirements. This set of activities will be carried out in 

the first development cycle proposed in the ACCURATE methodology.  

In a second step the testing and validation of the full ACCURATE OBU will be carried out. This activity will 

be addressed in the second development cycle of the ACCURATE project. 

Finally, in order to demonstrate the validity of the ACCURATE OBU to be integrated in diverse AD functions 

and vehicles, the upper part of the V-Model will be showcased in the selected use cases: 1) Valeo’s Drive4U 

platform and 2) Vicomtech’s test vehicle. 

The testing and validation will combine both simulation and real driving frameworks. 
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This will be highlighted in sections 4 and 5 where the suitable testing types of the components will be 

identified as well as linked to the corresponding requirements , and finally the general testing frameworks 

will be presented.



 

4 ACCURATE Requirements 

The objective of developing verification and validation methodologies is to verify and to validate the desired 

performance and security of the OBU by considering the aspects of the system design, system components 

(hardware and software), development and implementation, the physical world and the use cases. 

4.1 Defined ACCURATE Requirements 

In the D2.1 document, a list of requirements for the OBU was defined. In the following, the requirements 

for which verification and validation testing procedures should be defined will be identified.  

The functional requirements can and will be tested, e.g., using component or unit tests during the 

implementation and integration phases. This is covered by Task 5.2 of WP5. 

The focus will be on the overall end performance of the ACCURATE OBU and less on the specific components 

composing the OBU. 

Several D2.1 requirements are provided here for easiness of consultation. 
 
4.1.1 Functional TCU and perception input requirements 

These shall be addressed during Task 5.2. 

Table 1: TCU and perception input requirements of the ACCURATE OBU. 

TCU Input Description Testing 

REQ_FUNC_TCUIN_01 The OBU shall be able to receive and process Galileo signals 
in at least two different frequency bands. 

Unit Testing 

REQ_FUNC_TCUIN_02 The OBU shall be able to receive and process GPS signals in 
at least two different frequency bands. 

Unit Testing 

REQ_FUNC_TCUIN_03 The OBU shall be able to derive pseudo-range observables 
from the GNSS signals. 

Unit Testing 

REQ_FUNC_TCUIN_04 The OBU shall be able to derive carrier phase observables 
from the GNSS signals. 

Unit Testing 

REQ_FUNC_TCUIN_05 The OBU shall be able to derive Doppler frequency/range 
rate observables from the GNSS signals. 

Unit Testing 

REQ_FUNC_TCUIN_06 The OBU shall be able to receive and process GNSS PPP 
correction data for the supported satellite constellations. 

Unit Testing 

REQ_FUNC_TCUIN_07 The OBU may be able to receive and process odometry 
measurements from a wheel tick sensor. (Note: Single 
wheel or multiple wheel ticks may be supported.) 

Unit Testing 

REQ_FUNC_TCUIN_08 The OBU may be able to receive and process angular 
measurements from a steering angle sensor. 

Unit Testing 

REQ_FUNC_TCUIN_09 The OBU shall be able to receive and process information 
to update the HD map dynamically. 

Unit Testing 

Perception inputs 
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REQ_FUNC_PERCIN_01 The OBU shall be able to receive, and process point cloud 
data from at least one laser scanner. 

 Unit Testing 

REQ_FUNC_PERCIN_02 The OBU shall be able to receive and process images from 
at least one camera. 

 Unit Testing 

REQ_FUNC_PERCIN_03 The OBU may be able to receive and process radar data.  Unit Testing 

-/- 
 

 

4.1.2 OBU internal requirements 

These shall be addressed during Task 5.2. 

Table 2: OBU internal requirements. 

Internal requirements of the ACCURATE OBU                                                                           Testing 

REQ_FUNC_INT_01 The OBU shall integrate a 6DOF inertial sensor.  Unit Testing 

REQ_FUNC_INT_02 The OBU shall be able to process linear acceleration and 
angular rate measurements from the 6DOF inertial sensor. 

 Unit Testing 

REQ_FUNC_INT_03 The OBU shall use an HD map to improve localization.  Unit Testing 

-/- 
 

4.1.3 OBU output requirements 

These shall be addressed during Task 5.2. 

Table 3: OBU output requirements. 

Output requirements of the ACCURATE OBU                                                                            Testing 

REQ_FUNC_OUT_01 The OBU shall provide the vehicle position.  Unit Testing 

REQ_FUNC_OUT_02 The OBU shall provide the vehicle velocity.  Unit Testing 

REQ_FUNC_OUT_03 The OBU may provide the linear acceleration of the vehicle.  Unit Testing 

REQ_FUNC_OUT_04 The OBU shall provide the vehicle heading.  Unit Testing 

REQ_FUNC_OUT_05 The OBU shall provide the angular speed of the vehicle.  Unit Testing 

REQ_FUNC_OUT_06 The OBU may provide the angular acceleration of the 
vehicle. 

 Unit Testing 

REQ_FUNC_OUT_07 The OBU may provide the UTC time.  Unit Testing 

REQ_FUNC_OUT_08 The OBU shall provide the position integrity including 
horizontal and vertical protection levels. 

 Unit Testing 

REQ_FUNC_OUT_09 The OBU shall provide the estimated position error.  Unit Testing 

REQ_FUNC_OUT_10 The OBU shall support the ADS in monitoring its ODD by 
providing necessary information. 

 Unit Testing 

REQ_FUNC_OUT_11 The OBU shall provide its outputs at an output rate of at 
least 33.3 Hz. (Note: The ideal output rate is 100 Hz.) 

 Unit Testing 
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-/- 
 

4.1.4 OBU security requirements 

These shall be addresses during Task 5.2. 

Table 4: OBU security requirements. 

Security requirements of the ACCURATE OBU Testing 

REQ_FUNC_SEC_01 The OBU shall implement security mechanisms to ensure 
data and firmware integrity. 

Unit Testing 

REQ_FUNC_SEC_02 The OBU shall implement authentication mechanisms to 
prevent unauthorized firmware update and OBU 
configuration. 

Unit Testing 

REQ_FUNC_SEC_03 The OBU shall be able to detect attempts to compromise 
external systems used for positioning (e.g., GNSS). 

XiL Testing 

REQ_FUNC_SEC_04 The OBU shall implement available GNSS security 
mechanisms (e.g., Galileo OS-NMA). 

XiL Testing 

-/- 
 
4.1.5 OBU performance requirements 

The OBU performance requirements of Table 5 are requirements that shall be verified by developing the 

different test activities supported by the simulation based, record-replay and real-world based frameworks 

to be discussed in the next sections of the document. 

  
Table 5: OBU performance requirements. 

Performance requirements of the ACCURATE OBU                                                               Testing 

REQ_PERF_01 The OBU shall provide the vehicle position with a maximum 
lateral error of 22 cm at 95% confidence level when 
operating in the highway OE. 

XiL Testing 

REQ_PERF_02 The OBU shall provide the vehicle position with a maximum 
longitudinal error of 22 cm at 95% confidence level when 
operating in the highway OE. 

XiL Testing 

REQ_PERF_03 The OBU shall provide the vehicle position with a maximum 
lateral error of 9 cm at 95% confidence level when 
operating in the urban OE. 

XiL Testing 

REQ_PERF_04 The OBU shall provide the vehicle position with a maximum 
longitudinal error of 9 cm at 95% confidence level when 
operating in the urban OE. 

XiL Testing 

REQ_PERF_05 The OBU shall provide the vehicle position with a maximum 
vertical error of 43 cm at 95% confidence level. 

XiL Testing 

REQ_PERF_06 The OBU shall provide the vehicle position with a maximum 
integrity risk of 10^(-7)/h.  

XiL Testing 

REQ_PERF_07 The OBU shall provide the vehicle position with an 
availability of at least 99.9% considering an alert limit of 
70 cm. 

XiL Testing 
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REQ_PERF_08 The OBU shall provide the vehicle velocity with a maximum 
error of 0.1 m/s at 95% confidence level. 

XiL Testing 

REQ_PERF_09 The OBU shall provide the vehicle heading with a maximum 
error of 0.51 degrees at 95% confidence level when 
operating in the highway OE. 

XiL Testing 

REQ_PERF_10 The OBU shall provide the vehicle heading with a maximum 
error of 0.17 degrees at 95% confidence level when 
operating in the urban OE. 

XiL Testing 

REQ_PERF_11 The OBU shall provide the UTC time with a maximum error 
of 50 ns at 95% confidence level. 

XiL Testing 

-/- 
 

The performance and security requirements shall be verified by performing sample measurements in real-

world conditions, i.e., highway and urban as defined in D2.1.   
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5 Testing Architecture Principles 

Testing activities, which are used for official purposes like certification, need to be performed by a qualified 

and accredited laboratory. These activities can be performed under laboratory or real-world (field tests) 

conditions. Tests in laboratories have the potential to be developed in well-defined, well-controlled and 

fully repeatable conditions. In the laboratory case, the test engineer has the capability to control many 

parameters and conditions of the experiment, at least to some good degree depending on the quality of 

the used test equipment and model. 

Real-world testing brings the system under the physical real-world conditions and therefore subject to all 

possible physical effects and constraints. In this case, the test engineer does not have much control over 

many parameters and conditions under which the test is conducted, but the received test results resemble 

far more the real values of the later usage. 

In the context of the ACCURATE project, four instances of tests were described in the proposal. They can 

be assigned to the laboratory or real-world testing principles, i.e., 

§ Laboratory based testing 

- Testing with simulators (HiL/SiL, or more generically XiL tools) 

§ Real-world based or field testing 

- Testing using record and replay method (can be replayed in the HiL/SiL tool chains, thus also 

partially laboratory testing) 

- Testing on a test track in a controlled environment (if possible) 

- Testing on public roads (trial tests and demonstration) 

The project tasks 3.5 and 3.6 define and describe the SiL and HiL principles and frameworks. 

In general, for testing there will be several aspects to consider: 

- which test framework to use, 

- which test case shall be tested considering the test framework, 

- which equipment and tools are available for the chosen test framework and scenario, and 

- the elaboration of test procedures and analysis. 

 

5.1 Analysis of Existing Testing and Validation Framework 

In the last years there have been multiple actions and activities for reaching a consensus towards the testing 

and validation methodologies for complex AD systems (SAE L3-L4). One of the most important results is the 
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testing and validation methodology proposed by the HEADSTART project 

(https://cordis.europa.eu/project/id/824309/es). 

The HEADSTART project’s main objectives are: 

1) to identify existing methodologies and procedures, 

2) harmonise testing and validation approaches and  develop validation and certification methods 

for CAD functions. 

Although the proposed methodology’s main target id the upper part of the V-Model, within the 

ACCURATE project we have selected the proposed methodology and framework as a basis and 

adapt it to our requirements. The following figure shows the HEADSTART proposed methodology. 

  

 

Figure 5 – HEADSTART Methodology 

The ACCURATE project will only concentrate on the positioning KET (key enabling technologies: 

Communication & GNSS) and will include not only the driving function as the element under test, but the 

individual modules will also be tested following the methodology. The following figure shows the adapted 

testing methodology. 
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Figure 6 – HEADSTART Methodology adapted to ACCURATE 

5.2 Testing Roadmap 

5.2.1 First cycle testing 

As mentioned in previous sections, the first cycle testing will be focused on the validation of the two 

components of the ACCURATE OBU. 

5.2.1.1 Telematic Control Unit testing 

The approach that will be taken to test the TCU is depicted in Figure 7. 
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Figure 7 – Telematic Control Unit testing 

  

5.2.1.2 Localization Unit testing 

The approach that will be taken to test the Localization Unit in the first project cycle is depicted in Figure 8.  

 

 

Figure 8 – Localization unit testing 
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5.2.2 Second cycle testing 

The approach to be taken in the second cycle of testing is depicted in Figure 9.  

 

Figure 9 – ACCURATE second cycle of testing 

 

5.3 Simulation-Based Testing Framework 

The simulation-based testing framework is a process developed typically in a testing laboratory in which 

testing hardware or software are used. This allows then to test other hardware (HW) and/or software (SW) 

components by subjecting them to stimuli to test their behaviour and performance. 

The simulation-based approach has the advantages of developing a testing activity in well-defined and 

controlled conditions like the environment, scenario, and the use of critical conditions. This allows 

repeatability and traceability of the test. This approach can be used for test cases where a high number of 

tests is required to probe small statistical numbers, which would be the case for the integrity probabilities. 

Simulation Domain – Digital Twin

Recordings

Localisation
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An example of simulation-based testing is hardware-in-the-loop (HiL) by using a GNSS signal simulation and 

some GNSS receiver. The HiL simulation testing adds more realism by executing parts of the system on real 

hardware which will work in a real environment. The software-in-the-loop (SiL) simulation testing is another 

important and viable approach. 

For verification or validation activities based on simulations, the simulation systems (XiL) must also be 

validated to confirm that their functions are a sufficiently accurate representation of the real world. 

5.3.1 Simulation-based testing framework description 

In the proposed ACCURATE simulation-based test framework, the different sensors and scenarios will be 

simulated. 

This requires synthetic and validated sensor data, i.e., validated synthetic optical camera data, LiDAR data, 

GNSS data and others, to be available for the Autonomous Driving (AD) simulator. The AD simulator’s 

function is to provide a variety of virtual traffic conditions (static objects, e.g., buildings, and dynamic 

objects, e.g., pedestrians, vehicles) and, ideally, realistic environments in which the GNSS signals propagate 

and interact with to some degree. This process should provide a reasonable representation of the physics 

taking place in the real world. 

This testing framework allows to simulate the conditions which would be difficult to create in a real 

environment and perform variation of the parameters to explore the large phase space and, as a 

consequence, to obtain statistical information for instance. 

The foreseen simulation-based testing framework is depicted in Figure 10. In the simulation framework, 

two simultaneous instances of the same simulation scenario are shown. The first identifies the ground truth 

run and the second identifies the run subjected to noise and faults, representing a close to reality case. 
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Figure 10 – Simulation-based testing framework 

In this context, the ground truth trajectory can be implemented by considering errors or noise of one to 

two orders of magnitude smaller than the noisy and faulty scenario run. 

The verification and validation process employing the simulation-based framework will be composed of the 

following aspects: 

§ Test case specification 

§ Testing responsibilities, tools, and equipment validation 

§ Testing procedure and execution 

§ Test analysis  

5.3.2 Test case specification 

The simulation-based framework (HiL, SiL, XiL) has the capability to perform a large set of simulations to 

access the defined requirements. This aspect is quite important as it can be used to access performance 

statistics of the OBU in a large set of scenarios which would include the variation of many parameters of 

the simulation and has the possibility to inject faults into the system.  

For the ACCURATE project due to the limited amount of time, the scenarios and the variation of the 

parameter space will have to be limited. Therefore, the most important scenarios, situations and 

parameters will be identified based on their representativeness, completeness and relevance based on the 

experience of the test engineers in the consortium. 

For each defined test case, the elements that affect it must be identified, and both the inputs required to 

execute the test case and the expected outputs and resources required to run the test case must be 

specified.  

§ The relevant scenarios to be tested in simulation need to be determined 

§ identify the parameter space and the associated granularity 

§ identify the most relevant faults to be injected into the simulation-based framework  

§ types of apparatus and measuring instruments are required to conduct the test 

§ testing environment concerns and considerations 

§ sampling procedures (how samples are to be obtained and prepared) and sample size 

Note: For comparison analysis it would be highly advisable to implement some simulation-based test scenarios which 

could be mapped easily into real-world cases. This process requires that two environments (one for the highway case 

and one for an urban scenario) are identifiable with properties and characteristics easy to model and implemented in 

a SiL tool chain. 
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5.4 Record and Replay Based Testing Framework 

This test framework is based on replay techniques, in the laboratory, of real data sets recorded during field 

test campaigns. This type of tests can be seen as being a mixture between simulation tests and field tests, 

i.e., the recorded data can be employed in the simulation-based testing framework. 

5.4.1 Record and replay based testing framework description 

In this framework, the sensor data and/or environment (for example RF) are recorded by all available 

equipment and sensors. As described and proposed in the EN 16803-2/-3 standard, the recording and the 

reference should be analysed by a laboratory so that it can be verified that both fulfil defined requirements. 

Afterwards the recorded signals can be replayed in the laboratory to test hardware and/or software under 

consideration of the defined reference system. 

The foreseen ACCURATE record and replay based testing framework is depicted in Figure 11. 

 

Figure 11 – Record and replay based testing framework 

An important aspect to consider is the definition and implementation of the record system required to 

generate the ground truth trajectory, under the assumption that no security attack occurred during the test 

campaign. As in the case of the simulation-based testing framework, this system also must perform better 

than the system under test. 

5.4.2 Test case specification 

In a similar way as for the simulation-based framework, representative test cases will be identified. Due to 

the real-world nature only a reduced number of test cases can be performed. The recording of data will be 

limited to the available sensor data, their quality, and it only will cover a limited space of all possible values 

of the different parameters. For instance, only a subset of the vehicle velocities will be possible to test or 
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only a subset of the environmental weather conditions, etc. The test specification shall include both the 

inputs required to execute the test case and the expected outputs as well as the resources required to run 

the test cases. As above 

§ The relevant scenarios to be recorded need to be determined 

§ identify the parameter space and the associated granularity (if possible) 

§ identify which types of apparatus and measuring instruments are required to conduct the recording 

§ testing environment concerns and considerations 

§ sampling procedures (how samples are to be obtained and prepared) and sample size 

5.4.3 Test procedure definition and execution 

For the case that recorded data will be used, for testing in replay modus, the data needs to be gathered in 

different situations starting by collecting data on the two main road types (e.g., highway, urban associated 

structures, and topography), by considering the dynamical elements (e.g., traffic, vehicle behaviour), 

connectivity and others. For this case, the steps to be taken to correctly execute data collection will be 

described in a procedure. It shall be attempted to collect data for all relevant sensors. This data could also 

be used for the validation of the different tools, i.e., to test their functionality, inputs, outputs etc. 

5.5 Real-World Based Testing Framework 

In the ACCURATE context, the real-world based framework will solely address testing on public roads or 

test areas, more specifically for trial tests or for the end demonstration purposes. 

5.5.1 Real world testing framework description 

Real-world based testing, or field testing, requires test campaigns to be performed for just a few scenarios 

in the real-world environments. This will require the use of specific test vehicles in which the system under 

test (SUT) is embedded as well as the reference trajectory measurement system (RTMS), with a 

performance and accuracy one order of magnitude better or more than the SUT. The latter is employed to 

define or establish the true reference system associated to the so-called ground truth. Contrary to the 

laboratory tests, real-world tests lack the controllability and repeatability features. The two systems, i.e., 

the reference system and the testing system, can then be compared and thus the performance assessment 

of the SUT conducted. 

5.5.2 Test case specification 

In this testing framework, the test case specification will identify real test tracks which are the most 

representative of the test scenario identified previously and performed in the context of the simulation-

based framework. This allows to conduct a performance analysis on this small sample relative to the cases 
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performed in the simulation-based test framework. The test specification shall include both the inputs 

required to execute the test case and the expected outputs, and resources required to run the test cases 

must be specified. 

§  Similarly, as above identify relevant test tracks matching as close as possible the scenarios used in 

the simulation-based framework  

§ identify which types of equipment and measuring instruments are required to conduct the real-

world testing  

§ testing environment concerns and considerations 

§ sampling procedures (how samples are to be obtained and prepared) and sample size 

5.6 Test Responsibilities Assignment, Tools, and Equipment Validation 

For the simulation-based framework it would be appropriate to ensure that the tools are adequate, and it 

may be necessary to first validate the simulation tool chain independently before using it in large scale 

simulations. An example could be the use of two different simulation tools, e.g., CARLA and PreScan AD 

simulators, to run one test case. If similar results are obtained, there would be the evidence that the 

simulation tools behave correctly, as they are implemented differently. Another way is based on the 

knowledge and experience of the consortium team members.  

The responsibilities assignment is mapped directly to the stakeholders of the different modules (processes, 

SW and/or HW) being part of the tool chain. For each module, a map showing the responsibility will be 

generated. 

5.7 Test Procedure Definition and Execution 

In the simulation-based framework, for each generated test case, the steps to be taken to correctly execute 

the defined test case must be specified and the execution shall be done according to the defined test 

procedure. For the simulation-based approach a series of test procedures will be provided. The current 

document version will include an example to be presented in section 6. 

In this framework, several physical layers, as developed in the context of the Pegasus project, can be used. 

They are now part of the ASAM OpenX standards. As described in more detail in D3.1 [3], the OpenX 

standards are exchangeable formats for simulations, describing different parts of a simulated scenario. Each 

standard can be used as a standalone or in combination with other standards. To provide some examples, 

the ASAM OpenDRIVE® brings into the simulation the static element(s) of the road network, the ASAM 

OpenSCENARIO® introduces the dynamic element(s) of a given scenario, the ASAM OpenCRG® describes 

and provides the information about the static road surface(s), for instance. In D2.1 the ODD partially based 
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on the Pegasus layers was provided. The following ¡Error! No se encuentra el origen de la referencia. shows 

the physical layers as conceived in the Pegasus project, with the addition of several elements not considered 

in the Pegasus project, but of great relevance for actual research projects such as the ACCURATE project. 

These are identified in dark blue in the table. 

Table 6: Pegasus layers can serve to identify and define the physical environmental conditions, 
constraints, and testing methods. 

Physical layers  Input Data    

𝐋𝟔	-	Digital Information  

 

- State of traffic lights and switchable traffic signs 
- V2X messages 
- Cellular network coverage 
- GNSS Correction data 

𝐋𝟓	-	Environmental Conditions 

 

- Illumination 
- Troposphere 

§ Precipitation 
§ Road weather (dry, wet, icy etc.) 

- Wind 
- Ionosphere 

𝐋𝟒	- Dynamic Objects (OpenSCENARIO®) 

 

- Vehicles (moving and non-moving) 
- Pedestrians (moving and non-moving) 
- Trailers 
- Animals 
- Trees falling over (at the current point in time) 
- Miscellaneous objects, e.g., balls, coke cans etc. 

𝐋𝟑	- Temporary Modifications of L1 and L2 (OpenDRIVE®) 

 

- Roadwork signs 
- Temporary markings 
- Covered markings 
- Fallen trees laying on the street 

𝐋𝟐	- Roadside Structures (OpenDRIVE®) 

 

- Buildings 
- Vegetation 
- Guardrails 
- Streetlamps 
- Advertising boards and pillars 
- Multipath, diffraction and shadowing effects 

𝐋𝟏	- Road Network and Traffic Guidance Objects (OpenCRG®) 
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7The replay of recorded data shall address the main ODD template cases as already mentioned above.  

For the real-world testing, the steps to execute the test have to be clearly identified. This includes 

equipment identification, test architecture definition, personnel planning, etc. For the real-world based 

test, procedures for the urban and highway scenarios will be provided. An example of the test procedure is 

shown in section 6. 

5.8 Test Analysis 

For the simulation-based framework, the record and replay as well as for the real-world tests, the following 

analyses shall be included. 

- measurement uncertainty analysis of the method (software/hardware modules, equipment, etc.) 

- performance result analysis 

- compliance to the requirements 

- test report(s) 

In the case that recorded data is used in the process, it is important to guarantee that the used data is 

analysed in terms of its uncertainty, both for the OBU and the ground truth reference system. 

 

 

  

 

- Roads including shoulders, sidewalks, 
- parking spaces etc. 
- Road markings 
- Traffic signs and traffic lights 
- Multipath 
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6 Test Procedures 

For the first version of D5.1 only an example of how the conformity test procedure (CTP) could look like will 

be given. The example concerns the availability KPI linked to REQ_PERF_07 as defined in D2.1. The CTP 

identifies the KPI, requirement, context, metrics, and references. The CTP contains the test description, 

which includes the test framework employed, the tools used, the ODD elements to be explored. A high-

level description of the different steps for performing the test can also be given. An important aspect to 

include in the CPT is the identification of the inputs, outputs, and the test pass/fail criteria.  

This type of CPT definition and structure is more relevant if the simulation-based testing framework is used 

as a larger set of measurements can be obtained. An example of a CTP is provided below. 

Conformity Test Procedures (CTP) 
Number Description: 
CTP 00007 Availability of positioning solution 

KPI Availability (A) 

REQ_PERF_07 The OBU shall provide the vehicle position with an availability of at least 99.9% 
considering an alert limit of 70 cm. 

Test 
Objective  

To verify that the system is available 99.9% in the time interval [𝑇!"#$" , 𝑇%&'] with an 
	𝐴𝐿	 = 	70	𝑐𝑚. 

Test Context  Availability is an indication of the ability of the system to provide a PVT service within 
a specified performance and coverage area.  
- The availability of the OBU system is the percentage of time that the system 

provides a position, a position error and protection levels with the 𝑃𝐿 ≤ 	𝐴𝐿.  

Metrics § A	 = 	∑ {"#!"(%)		(		)#(*+,-)	.	/012}
/#$%4/&'()'

/#$%
/&'()'  

Reference(s) § ETSI 103 246-1 

Test description 
Testing 
Framework 
Mode 

§ SiL (TBD) 
§ HiL (TBD) 
§ Real world (N. A.) 

Toolchain  § RTMaps w\ SiL  
Elements of 
the ODD 
 
  

Road type: 
- Highway,  
- Urban,  

Environmental conditions: 
- Temperature: [-35 °C, +35 °C]  
- Relative humidity: [ 20%, 75%] 
- For simulation: standard atmospheric (simulation model) 
- Connectivity [GNSS, GNSS corrections, HD Maps] 

Dynamic Elements 
- Sensor performance 



  D5.1 

 

This  

32 

- Speed [0, 120] km/h 
- Manoeuvres 

Test Procedure 
1 TBD 
2 TBD 
3 TBD 
4 TBD 
5 TBD 
6 TBD 
7 TBD 
8 TBD 

Required 
Inputs 

- OBU position 
- OBU time 
- [𝑇!"#$" , 𝑇%&'] 
- Number of visible satellites 
- OBU position error (PE) 
- OBU protection level (PL) 
- Alert Limit (AL) 
OR JUST 
- [𝑇!"#$" , 𝑇%&'] 
- OBU protection level 
- Alert Limit (AL) 

Required 
Output  

Availability (%) 

Test Analysis Availability results will be presented in tables including percentage of valid position 
with respect to the total test time. 

Pass Condition 
Test criteria 
 

ü The OBU system shall meet a (asymptotical) mean intrinsic availability (A) ≥ 99.9%. 
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7 Aspects of Certification 

Testing laboratories acting in the domain of certification need to be accredited by a National Accreditation 

Body in the scope of ISO/IEC 17025 for performing the defined tests and audits. For the certification, the 

certification body needs to be accredited by a National Accreditation Body in the scope of ISO/IEC 17065. 

The issue of certificates is based on the existence of relevant directives, of appropriate standards, or other 

criteria valid on the date of issue of the certificate. The certification process, based on 17065, is divided into 

two important parts, the certification review, and the certification decision. 

Testing activities in the scope of a so-called prototypical certification because no mature product exists, will 

be discussed in detail in WP6, more specifically in Task 6.3 of the project. We want to highlight the fact that 

the tests, the testing architectures, the testing requirements, test metrics and processes defined here can 

be used to support the development of a potential standard for L4/L5 certification of automated vehicles 

which could be provided to standardisation organisations for further homologation in the European 

context. 
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8 Conclusions 

This document provides the guidelines to be followed regarding the test activities for the functional and 

performance requirements of the ACCURATE OBU as defined in D2.1. 

In principle the test activities follow the V-Model methodology, in which the components of the OBU are 

first tested and then the complete OBU. This process is linked to the identified requirements as defined in 

D2.1. The general testing frameworks that can be used are described in the document and a test procedure 

example is provided. The test procedures defined in the next version of the document will be used as input 

for a standard to be used in certification activities. 

The content of this document will be refined in the second iteration of the project according to the chosen 

test frameworks.   
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