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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 systems in 

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

functional-safety standard ISO 26262 will be taken into account during the design phase. 

As part of the ACCURATE project, WP2 has the objective of gathering user requirements and using them to 

define the operational design domain, functional requirements and performance requirements of the OBU.  

Additionally, validation and verification requirements for certification will be defined. 

Deliverable D2.1 shall define the OBU’s operational design domain, functional requirements and 

performance requirements, supported by corresponding explanations and justifications. This information 

will guide the system design (WP3) as well as the development and integration (WP4) of the precise 

positioning system.  
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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 of driving automation [1] is the main objective of ACCURATE. In order to develop such a system, 

the corresponding user needs have to be precisely known and shall be used to define the system 

requirements. This document contains the requirements of the overall positioning system developed in the 

ACCURATE project, the so-called OBU. Specifically, it defines the operational design domain, functional 

requirements and performance requirements, and provides necessary explanations and justifications.  

Throughout this document, the OBU is mostly treated as a black box such that no implementation details 

are considered. These will be defined during the system design (WP3) as well as development and 

integration (WP4) phases of the project, whose work will be based on the results in this document. 

 

1.2 Intended Audience 

The dissemination level of D2.1 is public. Consequently, this deliverable is supposed to communicate the 

system requirements that will guide the development of the ACCURATE OBU by forming a basis for the 

work of other WPs, especially WP3 and WP4. 

 

1.3 Approach 

The content of this document is partially based on the references listed in Chapter 7. Additionally, we have 

created and carried out a survey to determine user requirements and expectations regarding the 

positioning system of a highly automated vehicle. The associated questionnaire has been implemented with 

Google Forms and embedded into the project’s web page. A request to participate in the survey was sent 

to the advisory board members via email, posted on the social media channels of the project and distributed 

via several mailing lists. The results of the survey have inspired some of the system requirements defined 

in this document and can be found in Section 8.1. 

In the following chapters, we formulate the requirements according to RFC 2119 [2]. Particularly, the word 

“shall” characterizes a mandatory requirement, while the word “may” indicates that a requirement is 

optional.  
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2 Terminology 

The following definitions inspired by the literature [3, 4] are used within this document and throughout the 

project. 

Accuracy: the degree of conformance between the estimated or measured position and/or velocity of a 

platform at a given time and its true position and/or velocity. In order to characterize the accuracy on the 

estimated quantity the system shall also define a confidence level.  

Reliability: a measure of how often a system performs correctly, considering all sources of failure.  

Integrity: an aspect of reliability focused on correctness of the output. It is the measure of trust that can be 

placed in the solution provided by the positioning system. 

Integrity risk: the probability that the system outputs a misleading position, i.e. position error > protection 

level. 

Protection level: an estimate of the maximum error in the associated position output. The position output 

is misleading if the true error is greater than the protection level.  Protection level is a common quality  

metric for high integrity positioning systems. Protection levels may be provided for individual position 

vector elements (e.g. latitude) or combinations (e.g. horizontal).  

Alert limit: the maximum position error that the automated driving application can tolerate and still deliver 

its function. If the protection level is greater than the alert limit, the error cannot be guaranteed to be 

within the tolerable level and thus the position solution should not be used by the automated driving 

application. 

Availability: the percentage of time that the protection level is output and is less than the alert limit. If the 

protection level is greater than the alert limit, the position output may still be safe (not misleading), but it 

is unusable because the error may be more than the system can tolerate.  

Continuity: the ability of a system to maintain operation without interruption. 

Continuity risk: the probability that a positioning system becomes unavailable during operation. E.g. in 

automated driving, a loss of continuity could be if the system disengages and requires the driver to take 

manual control. It is a special case of availability relevant to safety concerns. If the positioning system never 

produces a valid position and the automated driving system cannot engage, it is unavailable but there is no 

risk to safety. 

Estimated position error (EPE): a measurement of horizontal position error (in meter) based upon a variety 

of factors and measurements that the positioning system can determine.  
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3 Definition of Operational Design Domain 

In this chapter, we first have a general look at the term ODD and its various aspects, then present the ODD 

template of the ACCURATE project and finally introduce the considered operational environments.  

 

3.1 Introduction to ODD Definition 

SAE J3016 defines the Operational Design Domain (ODD) as “operating conditions under which a given 

driving automation system or feature thereof is specifically designed to function, including, but not limited 

to, environmental, geographical, and time-of-day restrictions, and/or the requisite presence or absence of 

certain traffic or roadway characteristics” [1]. Thus, the ODD specifies the circumstances under which an 

automated driving system (ADS) can safely perform the dynamic driving task. At the same time, it also 

captures the limits of operation of the described system or feature. While up to SAE level 4 of driving 

automation the ODD of the ADS and hence its functionality is limited, SAE level 5 requires an “unlimited 

ODD” implying the same mobility as the one of an average human driver. 

The ODD is a characteristic of an ADS that needs to be defined by the manufacturer as one of the first steps 

during development. A clear and exhaustive definition of its ODD is crucial for the safe operation of the 

system. PAS 1883:2020 [5], which is the only currently available standard dealing with the specification of 

the ODD for an ADS, applies to SAE levels 3 and 4, and provides requirements for the minimum hierarchical 

taxonomy for specifying an ODD. According to this document, the ODD shall be classified into the following 

high-level attributes/categories: 

 Scenery: shall consist of the non-moving elements of the operating environment 

(suggested subcategories: Drivable area, Special structures, Fixed road structures) 

 Environmental conditions: shall consist of weather and atmospheric conditions 

(suggested subcategories: Weather, Particulates, Illumination, Connectivity) 

 Dynamic elements: shall consist of the moving elements of the operating environment 

(suggested subcategories: Traffic, Subject vehicle) 

SAE levels 3 and 4 require the ADS to monitor the ODD and respond to ODD violations by requesting manual 

control from a fallback-ready user (level 3) or by automatically performing a fallback maneuver to achieve 

a “minimal risk condition” or “safe state” (level 4). The ODD monitoring can be achieved with information 

provided by sensors or a digital map. 

Table 1 shows two high-level requirements for the definition and monitoring of the ODD, which we have 

identified. 
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Table 1: High-level requirements for ODD definition and monitoring. 

ID Description 

REQ_ODD_01 All defined ODD categories shall be specified for each driving 

automation system or feature thereof. 

REQ_ODD_02 While an ADS is activated, the corresponding ODD with all its 

conditions shall be continuously verified. 

 

In general, the ODD is useful for the following tasks: 

 Design Process: Defining the ODD helps to identify what scenarios the ADS must be designed to 

handle. System-wide and functional requirements can then be defined alongside the ODD. 

 Testing and Verification: The ODD can be sampled to generate test cases with varying levels of 

detail for unit testing or integration testing via simulation. 

 Online Monitoring: The ODD can be instantiated as a runtime object to be measured and validated 

during operation. This is also known as functional boundary monitoring.  

 

3.2 ACCURATE ODD Template 

The high precision positioning OBU developed in the ACCURATE project is not itself a driving automation 

system but intended to enable a variety of ADS. Each of the systems making use of the OBU will have its 

own specific ODD. As an objective of the project, the OBU’s ODD shall have as few limitations as possible in 

order to cover many ODDs that are more specific. This allows for an extension of the ODD of driving 

automation systems beyond the present limiting factors and for a widespread application of the OBU. Due 

to its generality and its intended use as basis for more specific ODDs of concrete ADS enabled by the OBU,  

we refer to the OBU’s ODD as the ODD template. 

The OBU does not have to monitor its ODD since the ADS, which uses the OBU, will cover this by monitoring 

its own ODD, which is a specified and hence more limited version of the ODD template. Instead, the OBU 

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

Below, a first version of the ODD template is given, which will be refined and validated on each development 

and test cycle of the project to capture the limitations of the actual OBU. It is based on the three high-level 

categories mentioned in the previous section. These are broken down into several layers of subcategories 

such that the parameters on the lowest level are detailed enough to be assigned specific values. The 

different factors included in the ODD template are inspired by the literature [5-9].  



  D2.1 

 

This  

10 

Structure of the ODD template: 

 Scenery 
o Drivable area 

 Drivable area type (implying speed limit and topology, e.g. intersections) 
 Motorway 

 Highway 
 Interurban road 

 Urban road 
 Parking area 

 Drivable area geometry 

 Horizontal plane (curvature) 
o Straight lines 
o Curves 

 Transverse plane 
o Divided/Undivided 
o Width 
o Banking 

 Longitudinal plane (slope/incline) 
o Positive gradient 
o Negative gradient 
o Level plane 

 Drivable area specification 
 Lanes 

o Dimensions 
o Marking 
o Type 

 Normal 
 Bike 
 Emergency 

o Number 
 Direction of travel 

 Control and navigation devices 
 Traffic signs (steady, variable) 

o Information 
o Regulatory 
o Warning sign 

 Traffic lights 
 Drivable area edge 

 Line markers 
 Shoulder 

o Paved/gravel 
o Grass 

 Solid barriers 
o Grating 
o Guard rails/crash barriers 
o Curb 
o Guide posts 
o Cone 

 Berms/Ditches 
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 None 
 Drivable area surface 

 Surface type 
o Uniform (e.g. asphalt) 
o Nonuniform (e.g. sand, grit) 

 Surface features 
o Cracks 
o Potholes 
o Roughness 

 Road surface condition 
o Mirage 
o Wet road 
o Icy road 
o Surface contamination 

 Temporary modification of the other factors (e.g. due to construction site) 
 Temporary obstacles 

 Expected 
o Parked vehicles 

 Unexpected 
o Lost cargo 
o Landslides, floods 
o Downed power lines 
o Trash, leaves, debris 

o Special structures (causing exceptional situations) 
 Bridges 
 Tunnels 
 Roundabouts 
 Pedestrian crossings 
 Bus/Tram stops 
 Traffic islands 
 Toll plaza 

o Fixed road structures 
 Buildings (incl. density, height) 
 Walls/Fences 
 Pavements/Sidewalks 
 Street furniture 

 Street lamps 

 Trash cans 
 Benches 

 Post boxes 
 Billboards 

 Vegetation 

 Trees 
 Bushes 

 Hedges 
 Railways 

 Environmental conditions 
o Weather 

 Wind 
 Precipitation 
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 Rainfall 
 Snowfall 

 Temperature 
 Air temperature 

 Surface temperature 
 Lightning & thunder 

o Particulates 
 Smoke & pollution 
 Sand & dust 
 Fog 
 Spray 

o Illumination 
 Time of day 

 Day 
o Elevation of the sun (above horizon) 
o Position of the sun 

 Dawn/Dusk 
 Night/Low ambient lighting 

 Cloudiness 

 Clear 
 Partly cloudy 

 Completely cloudy 
 Artificial illumination (characterized by brightness, position, angle) 

 Headlights 
 Lanterns 

 Billboards 
 Lighting effects 

 Reflections 

 Glare 
 Shadows 

o Connectivity 
 Communication (incl. modes, bandwidth, latency, stability, availability, reliability) 

 V2V 
o IEEE 802.11p (DSRC) 
o 3GPP C-V2X Rel. 14/15 
o 3GPP C-V2X Rel. 16 

 V2N 
o Cellular (e.g. 4G, 5G) 
o IEEE 802.11-based Wi-Fi 
o Edge computing 
o OEM backend (e.g. for cybersecurity) 

 V2I 
 Other V2X 

 Satellite positioning 

 Galileo 
o Number and type of available frequencies 

 GLONASS 
o Number and type of available frequencies 

 GPS 
o Number and type of available frequencies 
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 Corrections 
o Available 
o Not available 

 Digital information (incl. level of detail, availability, freshness) 
 Digital maps & updates 

o Information on traffic rules and laws available 
o Information on lane configuration available 

 Identification of temporary deviation from baseline data (e.g. construction 
zones, traffic jams) 

o Disturbance 
 Electromagnetic interference 
 Clutter 
 Vibration 
 Other sensor noise 

 Dynamic elements (incl. interactions, behaviours, maneuvers) 
o Traffic 

 Density 
 Volume/Flow 
 Agent type/Road users 

 Vehicles 
o Cars 
o Trucks 
o Buses 
o Special purpose vehicles 

 Vulnerable road users 
o Pedestrians 
o Cyclists 
o Motor-cyclists 
o Wheelchair users 
o Animals 

 Presence of special vehicles (e.g. police, ambulances) 
o Subject vehicle 

 Behaviour 

 Limitations (e.g. speed, maneuvers) 
 State 

 Loading limitations 

 No trailer attached 
 Minimum tire inflation level 

 Sensor performance 
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3.3 Considered Operational Environments 

Within the ACCURATE project, we consider two kinds of so-called operational environments (OE): urban OE 

and highway OE. These are derived from the ODD template by specifying certain factors (e.g. road 

infrastructure, road geometry, typical speed, other traffic participants) and thus introducing additional 

limitations. Nevertheless, the operational environments are more general than the ODDs of concrete ADS 

enabled by the OBU and supposed to cover several of them. 

As a start, the operational environments are characterized by the features in Table 2. 

 

Table 2: Features of the operational environments. 

Operational Environment Characteristics Typical driving situations and 

use cases 

Urban OE Crossroads 

Traffic lights 

Pedestrian crossings 

High curvature and incline 

Medium speed 

Close-by urban buildings 

Pedestrians and cyclists 

Crossroad handling 

Pedestrian/cyclist handling 

Driving through urban canyon 

Highway OE Guardrails 

Emergency lane 

Noise barriers 

Low curvature and incline 

High speed 

No pedestrians or cyclists 

Lane keeping 

Overtaking 

Merging situation 

Driving through tunnel 
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4 Definition of Functional Requirements 

The ACCURATE OBU is a positioning system that benefits from fusing different types of sensor data. It 

receives and processes various input channels and provides positioning information to its clients. Figure 1 

below shows a high-level view of the ACCURATE OBU including its input and output. We use the same 

grouping into TCU and perception inputs as well as outputs to structure the functional requirements in the 

remainder of this chapter. While most of this document treats the OBU as a black box, we also introduce 

requirements specifying some important OBU-internal characteristics and security aspects. 

 

 

Figure 1: Main interfaces of the ACCURATE OBU. 

Some of the functional requirements given in the following sections are inspired by the literature [3, 4] 

and/or confirmed by the results of our survey on user requirements, which can be found in Section 8.1. 

New UN regulations on cyber security [10] and software updates [11] in the automotive sector are 

motivating the inclusion of security requirements. 
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4.1 TCU Input Requirements 

Table 3: TCU input requirements of the ACCURATE OBU. 

ID Description 

REQ_FUNC_TCUIN_01 The OBU shall be able to receive and process Galileo signals 

in at least two different frequency bands. 

REQ_FUNC_TCUIN_02 The OBU shall be able to receive and process GPS signals in 

at least two different frequency bands. 

REQ_FUNC_TCUIN_03 The OBU shall be able to derive pseudo-range observables 

from the GNSS signals. 

REQ_FUNC_TCUIN_04 The OBU shall be able to derive carrier phase observables 

from the GNSS signals. 

REQ_FUNC_TCUIN_05 The OBU shall be able to derive Doppler frequency/range 

rate observables from the GNSS signals. 

REQ_FUNC_TCUIN_06 The OBU shall be able to receive and process GNSS PPP 

correction data for the supported satellite constellations. 

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.) 

REQ_FUNC_TCUIN_08 The OBU may be able to receive and process angular 

measurements from a steering angle sensor. 

REQ_FUNC_TCUIN_09 The OBU shall be able to receive and process information to 

update the HD map dynamically. 

 

4.2 Perception Input Requirements 

Table 4: Perception input requirements of the ACCURATE OBU. 

ID Description 

REQ_FUNC_PERCIN_01 The OBU shall be able to receive and process point cloud 

data from at least one laser scanner. 

REQ_FUNC_PERCIN_02 The OBU shall be able to receive and process images from 

at least one camera. 

REQ_FUNC_PERCIN_03 The OBU may be able to receive and process radar data. 
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4.3 Internal Requirements 

Table 5: Internal requirements of the ACCURATE OBU. 

ID Description 

REQ_FUNC_INT_01 The OBU shall integrate a 6DOF inertial sensor. 

REQ_FUNC_INT_02 The OBU shall be able to process linear acceleration and angular 

rate measurements from the 6DOF inertial sensor. 

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

 

4.4 Output Requirements 

Table 6: Output requirements of the ACCURATE OBU. 

ID Description 

REQ_FUNC_OUT_01 The OBU shall provide the vehicle position. 

REQ_FUNC_OUT_02 The OBU shall provide the vehicle velocity. 

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

REQ_FUNC_OUT_04 The OBU shall provide the vehicle heading. 

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

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

REQ_FUNC_OUT_07 The OBU may provide the UTC time. 

REQ_FUNC_OUT_08 The OBU shall provide the position integrity including 

horizontal and vertical protection levels. 

REQ_FUNC_OUT_09 The OBU shall provide the estimated position error. 

REQ_FUNC_OUT_10 The OBU shall support the ADS in monitoring its ODD by 

providing necessary information. 

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.) 
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4.5 Security Requirements 

Table 7: Security requirements of the ACCURATE OBU. 

ID Description 

REQ_FUNC_SEC_01 The OBU shall implement security mechanisms to ensure data 

and firmware integrity. 

REQ_FUNC_SEC_02 The OBU shall implement authentication mechanisms to 

prevent unauthorized firmware update and OBU configuration.  

REQ_FUNC_SEC_03 The OBU shall be able to detect attempts to compromise 

external systems used for positioning (e.g. GNSS). 

REQ_FUNC_SEC_04 The OBU shall implement available GNSS security mechanisms 

(e.g. Galileo OS-NMA). 

  



  D2.1 

 

This  

19 

5 Definition of Performance Requirements 

In this chapter, we first introduce a model for lane-level accuracy for the automated driving use case and 

afterwards specify the detailed performance requirements of the ACCURATE OBU considering the different 

operational environments (OE) from Section 3.3. 

 

5.1 Lane-Level Accuracy 

The ACCURATE project targets SAE level 4 and higher automated driving. In this context, the vehicle shall 

be able to determine its position within the street lane reliably. This capability is rather independent of a 

particular automated driving implementation or maneuver. A more detailed evaluation, e.g. of a single 

maneuver and its safe execution, will have to be done by the use case implementation such that the OBU 

shall provide the required input information but cannot do the full assessment.  

In the following, we describe a model of how to derive the positioning accuracy required from the 

ACCURATE OBU in order to achieve lane-level accuracy at the vehicle level. The parameters used for 

modelling the vehicle environment are visualized in Figure 2: 

 𝑤𝑙𝑎𝑛𝑒 – Lane width (varies by OE) 

 𝑤𝑣𝑒ℎ𝑖𝑐𝑙𝑒 – Vehicle width 

 𝜀𝑚𝑎𝑝  – Error of the HD map 

 𝜀𝑙𝑎𝑡𝑒𝑟𝑎𝑙  – Error of the lateral position provided by the OBU (compared to the ground truth) 

 

Figure 2: Visualization of the parameters describing lane-level accuracy for different OEs. 
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We differentiate between the lateral and longitudinal error. The lateral positioning accuracy is assumed to 

be more important because the distance from the vehicle’s outer shape to the edge of the street lane is 

usually much smaller than the distance between two vehicles following each other. Therefore, the following 

modelling focuses on the lateral error, and for the sake of simplicity the results will later also be used to 

specify the maximum longitudinal error. 

We further assume that 𝜀𝑚𝑎𝑝  not only covers inaccuracies in the map itself (caused by HD map data 

recording as well as further processing and annotation steps) but also inaccuracies caused by the 

environment, e.g. road curves. 

Combining above parameters, we can define the following condition for the lateral position error to achieve 

lane-level accuracy: 

                              𝜀𝑙𝑎𝑡𝑒𝑟𝑎𝑙 ≤
𝑤𝑙𝑎𝑛𝑒 − 𝑤𝑣𝑒ℎ𝑖𝑐𝑙𝑒

2
− 𝜀𝑚𝑎𝑝 = 𝜀𝑙𝑎𝑡𝑒𝑟𝑎𝑙 ,𝑚𝑎𝑥                     (1) 

Taking into account the typical lane and vehicle geometry, we can determine the results for the maximum 

acceptable lateral position error 𝜀𝑙𝑎𝑡𝑒𝑟𝑎𝑙 ,𝑚𝑎𝑥  for different OEs shown in Table 8. 

 

Table 8: Values of the parameters describing lane-level accuracy for different OEs. 

Parameter Highway OE Urban OE 

𝑤𝑙𝑎𝑛𝑒 3.5 m 2.75 m 

𝑤𝑣𝑒ℎ𝑖𝑐𝑙𝑒 2 m 2 m 

𝜀𝑚𝑎𝑝
1 0.1 m 0.1 m 

𝜺𝒍𝒂𝒕𝒆𝒓𝒂𝒍,𝒎𝒂𝒙  0.65 m 0.275 m 

 

Oftentimes, parking is considered as another important scenario. For our analysis, we regard the step of 

navigating to a particular parking spot (e.g. in a valet parking scenario) as being covered by the Urban OE. 

Maneuvering into the parking spot is considered to be out-of-scope of the ACCURATE OBU because it will 

usually solely depend on relative positioning using ultrasonic sensors. 

                                                             

1 Available HD maps achieve accuracies of approximately 3  cm in areas with good GPS reception such that we consider 10 cm to be 

a good assumption here (https://news.atlatec.de/how-accurate-are-hd-maps-for-autonomous-driving-and-adas-simulation/). 

https://news.atlatec.de/how-accurate-are-hd-maps-for-autonomous-driving-and-adas-simulation/
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The probability that the OBU’s lateral position error 𝜀𝑙𝑎𝑡𝑒𝑟𝑎𝑙  is too high will never be zero. Therefore, we 

move to a statistical modelling defining a certain probability with which we fail to meet the lane-level 

accuracy condition (1): 

𝑝𝑓𝑎𝑖𝑙𝑢𝑟𝑒 = 𝑃𝑟[𝜀𝑙𝑎𝑡𝑒𝑟𝑎𝑙 > 𝜀𝑙𝑎𝑡𝑒𝑟𝑎𝑙 ,𝑚𝑎𝑥] 

Depending on the use case requirements, a different level of remaining error probability will be acceptable.  

For the use case at hand of SAE level 4 or higher automated driving, we refer to the acceptable error 

probability as 𝑝𝐿4,𝑚𝑎𝑥  and set it to the value suggested by [12] and inspired by ASIL D: 

                              𝑝𝑓𝑎𝑖𝑙𝑢𝑟𝑒 ≤ 𝑝𝐿4,𝑚𝑎𝑥 = 10−8                    (2) 

We assume 𝜀𝑙𝑎𝑡𝑒𝑟𝑎𝑙  to be Gaussian distributed with average 𝜇 = 0 and standard deviation 𝜎. Thus, in order 

to fulfill condition (2), 𝜀𝑙𝑎𝑡𝑒𝑟𝑎𝑙 ,𝑚𝑎𝑥  has to amount to at least 5.73 𝜎. 

In the literature [12-14], the positioning accuracy is typically given with a confidence level of 95% 

corresponding to 1.96 𝜎 of a normal distribution. We follow the same practice here and conclude that the  

maximum lateral position error with a confidence level of 95% is 0.65 𝑚 ∗ (1.96/5.73) = 0.22 𝑚 for the 

highway OE and 0.275 𝑚 ∗ (1.96/5.73) = 0.09 𝑚 for the urban OE, respectively. 

The input parameters to above calculation depend on the environment the vehicle is in. We investigated 

two examples but particularly 𝑤𝑙𝑎𝑛𝑒 will vary from street to street. Thus, we conclude that the ACCURATE 

OBU shall support the ADS by providing positioning information enabling the ADS to track these 

environmental parameters and to decide if lane-level accuracy is currently achieved. 

 

5.2 Performance Requirements in Detail 

Almost all positioning KPIs defined in Chapter 2 are use case specific, which is also true for the alert limit.  

Thus, each use case implementation needs to determine on its own if the protection level provided by the 

ACCURATE OBU is too large. 

In the following, we define positioning performance requirements based on the above modelling, pre-

existing know-how of some consortium partners, and the available literature [12-14]. However, we want to 

point out that these may not be applicable to arbitrary automated driving solutions as already elaborated 

upon in the ODD discussion above. Additionally, we want to emphasize that the performance requirements 

have to be met after successful fusion of all sensor data, not alone by a single sensor system such as GNSS. 
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Table 9: Performance requirements of the ACCURATE OBU. 

ID Description 

    POSITION 

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. 

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. 

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. 

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. 

REQ_PERF_05 The OBU shall provide the vehicle position with a maximum vertical error 

of 43 cm at 95% confidence level. [12] 

REQ_PERF_06 The OBU shall provide the vehicle position with a maximum integrity risk of 

10^(-7)/h. [13, 14] 

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. [12-14] 

    VELOCITY/HEADING 

REQ_PERF_08 The OBU shall provide the vehicle velocity with a maximum error of 0.1 m/s 

at 95% confidence level. 

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. 

[12] 

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. [12] 

    TIME 

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

confidence level. 
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6 Conclusions 

This document defines the operational design domain, functional requirements and performance 

requirements of the ACCURATE OBU, which will be the basis for the system design (WP3) as well as the 

development and integration (WP4). The content will be refined in the second iteration of the project 

according to the needs arising from the architecture and implementation considerations.  

In addition to the definitions included in this document, the results of the survey on user requirements,  

which can be found in Section 8.1, will also be interesting for other deliverables of the project.  
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8 Annex 

8.1 Results of the Survey on User Requirements 

8.1.1 Background Information 

 

Missing answers on page 2/2: 

 Expertise and Technical public centre supporting Public authority 

 Service Provider 

 

 

Missing answers: 

 3: Aviation (manned or unmanned) 

 10: Inland mobility for people and goods  
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Missing and incomplete answers: 

 1: Absolute positioning (providing coordinates in a global reference system) 

 2: Relative positioning (within the immediate environment) 

 

 

 

8.1.2 SAE Levels and Functional Safety 
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8.1.3 Positioning System Requirements for Highly Automated Urban Road Driving 

 

 

Beginning of the statements: “The automated vehicle shall be able to ...”  
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The statements are: ”The positioning system shall …” 

1. ... provide an up-to-date position with a rate of at least 10 Hz. 

2. ... provide additional information about the state of the vehicle (e.g. velocity, acceleration, heading, angular speed).  

3. ... have access to low-level raw data of vehicle sensor components (e.g. IMU, wheel speed, steering angle). 

4. ... benefit from an HD map of its operational area.  

5. ... be able to detect, evaluate and cope with GNSS uncertainties (e.g. multipath propagation, interference).  

6. ... be able to cope with intentional attacks (e.g. jamming, spoofing).  
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Answers: 

1. GNSS shadowing (e.g. by urban buildings, tunnels) 

2. Global availability of GNSS correction data  

3. Cellular network coverage (local access to GNSS correction data) 

4. Illumination (time of day) 

5. Precipitation (e.g. fog, rain, snow) 

6. Environmental conditions (e.g. temperature, vibrations) 

7. Dynamic environment (e.g. moving objects, construction works) 

8. Availability of HD maps 

9. Quality of HD maps 

10. None of the above 

11. Navigation spoofing 

12. PNT data integrity under attacks  

13. reliable integrity information for maintaining a low PL to enable high availability & continuity 

14. GNSS spoofing attacks put receiver at risk 

15. It seems that c-ITS Road side station based on 802.11p and 5.9GHz is missed to provide GNSS information and other kind 

of information to improve the location 

16. PNT resiliency 

17. GNSS Vulnerability to interferences, jamming and spoofing 
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8.1.4 Positioning System Requirements for Highly Automated Highway Driving 

 

 

Beginning of the statements: “The automated vehicle shall be able to ...”  

 

The statements are: ”The positioning system shall …” 

1. ... provide an up-to-date position with a rate of at least 10 Hz. 

2. ... provide additional information about the state of the vehicle (e.g. velocity, acceleration, heading, angular speed).  

3. ... have access to low-level raw data of vehicle sensor components (e.g. IMU, wheel speed, steering angle). 

4. ... benefit from an HD map of its operational area.  

5. ... be able to detect, evaluate and cope with GNSS uncertainties (e.g. multipath propagation, interference).  
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6. ... be able to cope with intentional attacks (e.g. jamming, spoofing). 
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Answers: 

1. GNSS shadowing (e.g. by urban buildings, tunnels) 

2. Global availability of GNSS correction data  

3. Cellular network coverage (local access to GNSS correction data) 

4. Illumination (time of day) 

5. Precipitation (e.g. fog, rain, snow) 

6. Environmental conditions (e.g. temperature, vibrations) 

7. Dynamic environment (e.g. moving objects, construction works) 

8. Availability of HD maps 

9. Quality of HD maps 

10. None of the above 

11. GNSS integrity 

12. GNSS spoofing attacks put receiver at risk 

13. Tunnels could be equipped with C-ITS road side station to provide enhanced positions data 

14. Interreferences from nearby transmitters 

15. Fake GNSS signals 

16. Ongoing integrity despite interferences or jamming and spoofing 

17. Compromised PNT information 
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8.1.5 Positioning System Requirements for Highly Automated Driving in Parking Areas 

 

 

Beginning of the statements: “The automated vehicle shall be able to ...”  

 

The statements are: ”The positioning system shall …”  

1. ... provide an up-to-date position with a rate of at least 10 Hz. 

2. ... provide additional information about the state of the vehicle (e.g. velocity, acceleration, heading, angular speed).  

3. ... have access to low-level raw data of vehicle sensor components (e.g. IMU, wheel speed, steering angle).  

4. ... benefit from a map of its operational area. 

5. ... be able to detect, evaluate and cope with GNSS uncertainties (e.g. multipath propagation, interference).  
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6. ... be able to cope with intentional attacks (e.g. jamming, spoofing).  
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Answers: 

1. GNSS shadowing (e.g. by urban buildings, tunnels) 

2. Global availability of GNSS correction data  

3. Cellular network coverage (local access to GNSS correction data) 

4. Illumination (time of day) 

5. Precipitation (e.g. fog, rain, snow) 

6. Environmental conditions (e.g. temperature, vibrations) 

7. Dynamic environment (e.g. moving objects, construction works) 

8. Availability of HD maps 

9. Quality of HD maps 

10. None of the above 

 

 

8.1.6 Final Questions 
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