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1 Project Summary 
The final report has been produced with financial support from the Skyltfonden, Swedish 

Transport Administration (Trafikverket). The positions, conclusions, and working 

methods in the report reflect the author(s) and do not necessarily align with the 

positions, conclusions, and working methods of the Swedish Transport Administration 

within the subject area of the report. 

Within the project, RISE Proving Ground AstaZero developed a practical method for 

relocating test equipment, securing stable connectivity, and establishing workflows for 

testing autonomous vehicles and advanced driver assistance systems outside traditional 

proving grounds. The prestudy focused on enabling earlier, safer, and more realistic 

verification of safety-critical functions relevant to Swedish road traffic. 

The method makes it possible to test autonomous vehicles and driver assistance systems 

in environments that better reflect future operating conditions. This enables earlier 

identification of faults, deficiencies, and risk-related behaviour in safety-critical systems, 

reducing the risk that insufficiently validated functions reach public roads. In this way, 

the project strengthens verification processes that support safer vehicle functions and 

contribute to Skyltfonden’s objective of reducing fatalities and serious injuries in 

Swedish road traffic. 

The project also identified a need within the agricultural sector for on-site verification of 

autonomous tractors, combine harvesters, and other machinery. As several of these 

vehicles also use public roads, the road safety relevance is clear. The prestudy therefore 

points to follow-up work with potential to extend safe verification methods to additional 

vehicle categories relevant to Swedish road traffic. 

The project received SEK 550,000 in funding from Skyltfonden, which was fully utilized 

to achieve the project objectives. In addition, AstaZero AB co-financed the project in 

order to further deepen certain investigations and tests. 

At the request of AstaZero, and with the approval of the Swedish Transport 

Administration’s Skyltfonden, the report has been written entirely in English. The 

summary is available in both Swedish and English. 
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2 Project Summary in Swedish 
Rapporten är framtagen med ekonomiskt stöd från Trafikverket Skyltfonden. 

Ståndpunkter, slutsatser och arbetsmetoder i rapporten reflekterar författaren och 

överensstämmer inte med nödvändighet med Trafikverkets ståndpunkter, slutsatser och 

arbetsmetoder inom rapportens ämnesområde. 

RISE Proving Ground AstaZero har inom projektet tagit fram en praktisk metod för att 

flytta testutrustning, säkra stabil uppkoppling och etablera arbetssätt för provning av 

självkörande fordon och förarstödssystem utanför traditionella provbanor. Förstudien 

har inriktats på att möjliggöra tidigare, säkrare och mer realistisk verifiering av 

säkerhetskritiska funktioner med relevans för svensk vägtrafik. 

Metoden gör det möjligt att prova system för självkörande fordon och förarstöd i miljöer 

som bättre motsvarar framtida användning. Det möjliggör tidigare identifiering av fel, 

brister och riskbeteenden i säkerhetskritiska system och minskar risken att otillräckligt 

verifierade funktioner introduceras i vägtrafiken. Därmed stärker projektet 

verifieringsprocesser som stödjer säkrare fordonsfunktioner och bidrar till Skyltfondens 

mål om färre dödade och allvarligt skadade i svensk vägtrafik. 

Projektet har även identifierat ett behov inom lantbrukssektorn av verifiering på plats av 

autonoma traktorer, skördetröskor och annan maskinell utrustning. Eftersom flera av 

dessa fordon också används på allmän väg är trafiksäkerhetsrelevansen tydlig. 

Förstudien pekar därför på fortsatt arbete med potential att utveckla säkra 

verifieringsmetoder för fler fordonskategorier med betydelse för svensk vägtrafik. 

Projektet beviljades ett bidrag från Skyltfonden på 550 000 kronor, vilket har använts i 

sin helhet för att nå projektmålen. För överskjutande delar har AstaZero AB 

självfinansierat projektet för att kunna fördjupa vissa utredningar och tester ytterligare. 

På begäran av AstaZero, med godkännande av Skyltfonden, har rapporten i sin helhet 

skrivits på engelska. Sammanfattningen finns på svenska och engelska. 
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3 Achieved Road Safety Benefit 
The project contributes to road safety by enabling earlier, more flexible, and more 

realistic verification of autonomous vehicles and advanced driver assistance systems in 

environments beyond traditional proving grounds. By developing a practical method for 

moving test equipment, ensuring stable connectivity, and establishing workflows for 

testing in alternative locations, the project creates better conditions for evaluating safety-

critical functions before they are introduced into road traffic. 

This makes it possible to identify faults, deficiencies, and risk-related behaviours earlier 

in the development process and under conditions that are closer to intended use. Earlier 

detection improves the quality of verification of safety-critical functions and reduces the 

risk that insufficiently validated systems are exposed to road users or deployed in public 

traffic environments. 

By also analysing relevant laws and regulations for testing in enclosed areas and on 

public roads, the project supports test execution in a legally sound and traffic-safe 

manner. This reduces risk during the testing phase itself and provides a stronger basis 

for safe evaluation of systems with high safety-critical complexity. 

Taken together, the results strengthen the conditions for introducing more reliable and 

better verified safety functions into Swedish road traffic. The project is therefore aligned 

with the ambition of contributing to the Vision Zero agenda by supporting methods that 

can help reduce fatalities and serious injuries through safer development and verification 

of future vehicle systems. 

 

 

4 Background 
The starting point for this project is that future improvements in road safety increasingly 

depend on the ability to verify advanced driver assistance systems and automated driving 

functions under conditions that reflect their intended use. Many development and 

research initiatives in this field are currently limited by insufficient opportunities to 

perform practical and controlled testing outside fixed proving grounds, especially in 

environments that better resemble future operational settings in Swedish road traffic. 

This project was therefore initiated as a pre-study and method development effort to 

establish the foundation for mobile testbeds that can support safer, more flexible, and 

more realistic verification of safety-critical vehicle functions independent of geographical 

constraints. The work addresses an identified need for test methods that can be deployed 

in real-world environments while maintaining control, repeatability, and a high level of 

safety. In this way, the project strengthens the conditions for evaluating functions that 

may later affect road users in public traffic. 
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AstaZero is a non-profit, state-owned subsidiary of Research Institutes of Sweden (RISE) 

and offers a unique test track for autonomous and connected vehicles, known as RISE 

Proving Ground AstaZero. AstaZero has established collaborations for research and 

testing purposes with a wide range of vehicle manufacturers, including Volvo AB and 

Scania. However, testing closer to customers and in real-world situations is increasingly 

requested. 

By investigating and designing test methods that can be implemented safely in enclosed 

and relevant external environments, the project contributes to earlier identification of 

faults, deficiencies, and risk-related behaviours in advanced vehicle systems. This 

improves the basis for robust verification before such systems are introduced into road 

traffic. A mobile testing capability also makes it possible to assess safety-critical 

functions in a broader range of relevant environments, which can improve the quality 

and practical usefulness of the resulting safety evaluations. 

Overall, the project is intended to support the development of methods that can 

contribute to safer introduction of ADAS and automated driving technologies and 

thereby strengthen progress toward reduced fatalities and serious injuries in line with 

Swedish road safety ambitions and Vision Zero. 

 

 

5 Project Purpose 
The main purpose, as described in the project application, was to develop and evaluate 

mobile test solutions for autonomous driving and ADAS technologies that can be 

deployed in different environments, enabling earlier, safer, and more realistic 

verification of safety-critical functions relevant to Swedish road traffic. 

The study was divided into four subcategories addressing key conditions for safe, 

controlled, and repeatable off-site testing of safety-relevant systems. Together, they 

provide the methodological basis for mobile verification beyond traditional proving 

grounds. 

Connectivity – Method for Establishing Controlled 5G Test Environments 

In collaboration with Telia and Ericsson, AstaZero has a method for deploying 

temporary 5G solutions in public environments when testing cannot rely on 

commercial networks. The work in this project focused on setup, validation, and 

operational control to enable reliable and safe testing of connected and automated 

vehicle functions. 

Boundary Definition – Method for Physical and Digital Test Delimitation 

A central part of the study was to define the physical and digital boundaries 

needed for safe off-site testing. Using AstaZero’s geofencing methods, the work 

assessed operational limits, risk mitigation measures, and configuration 

procedures to reduce unintended risk to road users and test personnel. 
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External Test Objects – Evaluation of Framework and Methods 

A method was developed to evaluate how test objects such as bicycle, child, and 

adult pedestrian dummies and their carrier platforms perform in external 

environments. The work assessed site characteristics including asphalt and 

surface characteristics, connectivity issues and risks, surface slopes, impurities, 

and road markings, supporting repeatable and safe testing of scenarios relevant 

to vulnerable road users. 

ATOS and Virtual Objects – Scenario Orchestration Method Development 

Using the open-source software ATOS, a methodology was developed for 

orchestrating complex traffic scenarios in test areas outside conventional proving 

grounds. The framework supports safer verification by allowing high-risk 

elements to remain virtual while still contributing realistic inputs, reducing 

practical risk during testing. 

 

 
6 Implementation 

6.1  Mobile test setup and relocated equipment 

This section describes the practical core of the project: which test equipment was moved 

from AstaZero’s proving ground, how the test setup was established at external locations, 

and how the different components were combined to execute controlled ADAS and 

automated driving test scenarios. In concrete terms, the project was not limited to 

conceptual method development, but included relocation, installation, configuration, 

and operation of key parts of AstaZero’s mobile test ecosystem in new environments. 

The relocated and deployed setup included the ATOS scenario orchestration software, 

GNSS-based positioning equipment, communication components, target carrier 

platforms, test dummies, and support vehicles. In the Swedish test activities, this 

included a Lynk & Co 01 equipped with an OxTS 3000 v3 for high-precision positioning, 

AstaZero’s Flexible Target Carrier (FTC), additional target carrier equipment used for 

later tests, adult and child pedestrian dummies, and a virtual test object used to simulate 

parts of a scenario without requiring all physical actors on site. The setup also relied on 

support vehicles and transport resources needed to move personnel, tools, measurement 

equipment, and operational material to each test location. 

ATOS functioned as the central execution engine by connecting physical and virtual 

objects and controlling their behaviour in the test scenarios. Road layouts were defined 

in ASAM OpenDRIVE, scenario behaviour in ASAM OpenSCENARIO, and 

communication between system components was handled through ISO 22133. This 

made it possible to reproduce coordinated scenarios at locations outside AstaZero, while 
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also evaluating practical requirements such as connectivity, positioning accuracy, 

logistics, environmental robustness, and the effort needed to establish a functioning 

mobile testbed in each case. 

 

For the tests at Ljungbyhed, three main components were used: 

- A Lynk & Co 01 equipped with an OxTS 3000 v3 for obtaining high precision 

positioning. 

- The AstaZero-developed Flexible Target Carrier (FTC), used for carrying test 

objects. See further details later in this report. 

- A virtual test object that can simulate its position and communicate using the ISO 

22133 protocol. This is mainly used when only parts of a full test scenario need to 

be tested without requiring all physical test objects, allowing faster testing of 

subsystems. 

  

6.2 Legal and regulatory analysis 

In Sweden, testing automated vehicles on public roads is allowed only after a permit 

has been granted by the Swedish Transport Agency. The legal basis is the Swedish 

Government Regulation Förordning (2017:309) om försöksverksamhet med 

automatiserade fordon, supplemented by the Swedish Transport Agency’s 

regulations TSFS 2021:4, which specify application requirements and the safety 

evidence that must be provided. 

To obtain a permit, the applicant must show that the trial can be carried out safely, 

that road safety can be maintained, and that the activity will not cause significant 

disturbance or inconvenience to the surroundings. In practice, this requires a 

documented risk analysis and evidence that the automated functions can be operated 

safely in the intended environment. The Swedish Transport Agency may attach 

conditions to the permit and carries out supervision during the trial period, including 

inspections and spot checks. 

The permit is time-limited and may be extended. It may also be reconsidered if there 

are special reasons. For legal entities, the regulation further requires that one or more 

designated responsible persons ensure that the testing is conducted in accordance 

with the permit conditions. 

Swedish practice has evolved from earlier requirements for a physically present 

driver, and driverless testing may now be authorised if this is explicitly covered by the 

permit. At the same time, responsibility remains clearly assigned: under current 

Swedish regulatory practice, the person or organisation operating under the permit 

remains responsible for compliance and safe execution. 

The permit process also requires that the road authority be given an opportunity to 

comment before a decision is made. Depending on the test location and scope, 
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municipalities and other public actors may therefore become involved in the 

assessment of local traffic conditions, infrastructure, and operational suitability. 

The Swedish framework also interacts with broader European and international 

regulation. At EU level, Directive 2010/40/EU on Intelligent Transport Systems 

provides an important policy framework for interoperable and connected road 

transport services, although it does not in itself regulate permit issuance for public-

road trials. Internationally, ongoing regulatory development within UNECE and 

related legal instruments continues to shape the conditions for future deployment of 

automated vehicles. 

Testing automated vehicles on public roads without a permit is not allowed. This is a 

core legal requirement in the Swedish experimental framework and ensures that trials 

are conducted under formal review, defined conditions, and regulatory supervision. 

In summary, testing on public roads in Sweden requires a permit from the Swedish 

Transport Agency under Förordning (2017:309) om försöksverksamhet med 

automatiserade fordon and TSFS 2021:4. The applicant must demonstrate safe 

operation, documented risk management, and compliance with any permit 

conditions. The framework is national in form but develops in parallel with EU and 

UNECE regulatory work on connected and automated mobility. 

 

 

6.3 Mobile Testbed at Ljungbyhed, Sweden - 

Case 1 

As part of the project related to off‑site testing, several potential test locations 

across Sweden have been evaluated. This evaluation was based on previous 

experience from colleagues at RISE and AstaZero AB. Several new test areas, both 

public roads and enclosed sites, were reviewed using publicly available 

information. These investigations were primarily carried out through online 

searches combined with examinations of the size and layout of asphalt surfaces 

using digital map services 

such as Lantmäteriet’s 

maps and Google Maps. 

Based on these studies, and 

considering the relatively 

limited budget for this 

project, we decided to 

concentrate the relocation 

of test equipment to a 

single new site. The chosen 

location is Ljungbyhed 

Airfield and the adjacent Figure 1 - Car-to-Pedestrian Nearside Child Obstructed 
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Racetrack. During early summer 2025, personnel from AstaZero’s R&D office 

conducted three days of testing at Ljungbyhed’s racetrack using three vehicles and 

all equipment required to perform ADAS tests according to the Euro NCAP 

protocol. These three days were followed by an additional two test days with test 

personnel and measurement equipment from AstaZero’s proving ground. This 

work is described in the next chapter, Case 2 Ljungbyhed, which includes friction 

and gradient measurements of the asphalt surface. 

We determined that three vehicles were necessary for the tests: one van for 

transporting equipment, and two additional vehicles required for various Euro 

NCAP scenarios. The van also served as shelter from sun and rain, as well as storage 

for tools and equipment. A partial equipment list is provided below, and a more 

detailed version is available internally at AstaZero upon request to approved 

parties.   

To carry out Euro NCAP tests, 

dummies and target carrier robots 

were required. In this case, a 

standardized adult dummy and a 

child dummy were used. For the first 

test session, AstaZero’s in￼house 

FTC platform was used as the target 

carrier, followed by the more 

durable and precise, though 

significantly more expensive, ABD 

target carrier platform during 

subsequent tests. For those 

unfamiliar with the technology, 

target carrier platforms are used to 

move the dummies along predetermined routes (referred to as trajectories within 

the industry) to simulate pedestrian movement in traffic. 

 

As part of the pre-study, a custom 

OpenDRIVE map was created for the 

Ljungbyhed location based on aerial 

imagery from Lantmäteriet. The purpose 

of the map was to support offline test 

planning and to provide a road-network 

representation that could be used together 

with OpenSCENARIO descriptions. The 

OpenDRIVE map was imported into 

AstaZero’s standard internal planning 

tools, where the scenario content was 

further prepared and converted into 

planned test trajectories and robot 

Figure 2 - Child Dummy on Target Carrier FTC 

Figure 3 - Custom OpenDRIVE Map 
Ljungbyhed 
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instructions. This workflow allowed the test setup to be evaluated and refined 

before execution at the physical location.  

 

A team visited Ljungbyhed ahead of time to inspect the tracks, and their 

assessment was that the pit area of the racetrack is highly suitable for most tests 

due to its good asphalt conditions, minimal slope, and absence of joints, drains, or 

similar obstacles. The pit area measures 295 × 35 meters and functions well for the 

intended tests. 

Lessons learned for the future include the need for a tent or portable cabin to 

provide workspace and service areas in both sun and rain, as no garages are 

available adjacent to the pit, racetrack, or airfield at Ljungbyhed. During our tests, 

temperatures reached 30°C in the shade with full sun throughout the day, causing 

both staff and equipment to overheat. The FTC target carrier experienced 

electronic issues, likely due to excessive asphalt temperatures causing component 

overheating. While no measurements were taken, the asphalt temperature was 

estimated to exceed 50°C, with even higher temperatures inside the target carriers. 

A stable workbench and chairs are also necessary—items we did not bring—as well 

as additional equipment such as soldering tools, spare connectors and cables, and 

a professional toolset. More spare parts for the dummies and target carriers are 

also required, similar to the setup available at AstaZero’s proving ground. 

 

Lessons Learned and Recommendations Based on Testing in 

Ljungbyhed: 

• A workbench, complete toolset, and soldering station with full sets of cables 

and connectors are required. 

• Access to a garage adjacent to the test area, or alternatively a portable cabin 

and tents, is necessary to enable work in all weather conditions. 

• Travel time and costs associated with transporting personnel and 

equipment make this approach inefficient and unsustainable as a long‑term 

solution. 

• Long-distance, multi‑day travel poses challenges for personnel in 

managing family life, childcare, and other private responsibilities. Hiring 

or contracting test engineers closer to the test site is strongly 

recommended. 

• A Motion Pack and Base Station, such as those provided by OxTS and used 

at Ljungbyhed, are essential. Purchasing these systems is recommended if 

off‑site testing becomes a recurring requirement. 

• Test dummies, target carriers, and other critical equipment should 

preferably be purchased in duplicate or rented as needed. 

• Stable 5G connectivity across the entire test area is required, according to 

AstaZero’s Connectivity Team requirements. 
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• The test area must be sufficiently free from buildings and trees to ensure 

safe and accurate GNSS reception. 

• Access to electricity, a lunchroom, and restroom facilities for staff is 

necessary. 

• The asphalt must meet Euro NCAP requirements regarding dimensions, 

slope, and surface quality, with no joints or irregularities. The pit area at 

Ljungbyhed’s racetrack is a good example and meets these requirements. 

 

 

6.4 Mobile Testbed at Ljungbyhed, Sweden - 

Case 2 

Purpose 

Tests were conducted with the LaunchPad 50 at the Ljungbyhed Racetrack to 

examine which types of tests can be carried out and which parts of the track are 

suitable for them. The purpose was to evaluate the racetrack’s potential as a test 

facility. 

 

Limitations 

We only had access to the racetrack during the test session; the airfield was not 

available. We were also limited in time, which meant that testing was carried out 

only in areas A and D (see the image below) and only with the LaunchPad 50. 

 

Execution 

During the test day, a selection of commonly used test cases was carried out in 

accordance with Euro NCAP guidelines. The test cases were chosen to provide a 

broad variation in speeds and space requirements, enabling a versatile assessment 

of the racetrack’s potential. 

The test cases performed were: 

• CBNA (Car-to-Bike Nearside Adult) 

• CBFA (Car-to-Bike Far-side Adult) 

• CBLA (Car-to-Bike Longitudinal Adult) 

• CPLA (Car-to-Pedestrian Longitudinal Adult) 

• CPFA (Car-to-Pedestrian Far-side Adult) 
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• CPNA (Car-to-Pedestrian Nearside Adult) 

• CPNC (Car-to-Pedestrian Nearside Child) 

 

In addition to these, longitudinal tests were also carried out over longer distances 

to gain an understanding of the asphalt’s quality and smoothness over time and 

distance. 

 

Conclusions 

Time Requirements 

The preparations prior to testing took approximately one working day. This 

included installing equipment in the test vehicle, configuring the LaunchPad, as 

well as packing and other preparations. The transport from AstaZero to 

Ljungbyhed required almost an additional full working day. Since we only had 

access to an electric vehicle as a towing car, multiple charging stops were 

necessary along the way due to the high energy consumption when driving with a 

trailer. The actual testing on site took about 6 hours. 

 

Facility 

The racetrack offered good conditions for setting up and managing equipment. 

Several three-phase outlets were available, which facilitated charging of the test 

equipment. The areas for unpacking and preparation were sufficient and easily 

accessible. 

 

Selection of Test Location 

We began by conducting a visual reconnaissance of the track by car to identify the 

most suitable locations for performing the tests. The assessment was based on the 

track’s width, length, and asphalt quality. Following this review, we selected 

locations D3, D4, and A6 as the most suitable for our test cases (see the image 

below for reference). 
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 Figure 4 - Division of the test track Ljungbyhed 

 

Assessment of A6, D3, D4 

A6: 

 

 Figure 5 - Coordinate grid A6 

• Most VRU tests can be performed here. We ran all crossing bicycle, adult, and 

child test scenarios. 

• To fully accommodate all crossing scenarios, the small road toward the 

roundabout to the north also needs to be used. This is not expected to pose any 

problems. 

• If acceleration starts from A3 in the middle, the distance to the intersection at A6 

is approximately 300 m. 

• The asphalt is in good condition. Braking tests showed < -13 m/s2. 

• All tolerances for the LaunchPad are fulfilled. 
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D4: 

 

 Figure 6 - Coordinate grid D4 

• Longitudinal VRU tests can be performed here without difficulty. 

• Crossing bicycle scenarios are too tight. 

• Crossing adult and child scenarios can be accommodated, but the coordinate grid 

must be rotated and the tests run from the opposite direction depending on 

whether nearside or farside is tested. 

• All tolerances are met for the test scenarios that fit in this area. 

• Good asphalt with < -13 m/s2 in braking tests. The asphalt is somewhat uneven 

across the full area, and there is also a joint that narrows the usable width. For 

that reason, the coordinate grid is placed in the bend, where the smoother and 

flatter asphalt is wider. 

 

D3: 

 

 Figure 7 - Coordinate grid D3 

• The same conclusions apply as for D4, but in this area almost no crossing VRU 

tests can be carried out. It is too confined near the bend in the track. 

 
Overall assessment of the D straight 

The entire D section is in good condition up to D8. Beyond that point, the asphalt 
is coarse and contains many joints. LaunchPad driving is not acceptable there, but 
VUT driving is acceptable. 
D2 to D7 can be used successfully for longitudinal LaunchPad and GST tests. One 
aspect to keep in mind is the painted lines crossing the surface at D4 and D7. 
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6.5 Mobile Testbed at Virginia TTI, USA – Case 3 

 

Purpose and scope 

This case study was carried out together with Virginia Tech Transportation Institute 

(VTTI) to evaluate the feasibility of deploying AstaZero’s mobile testbed concept in an 

international environment and in collaboration with an external research partner. The 

purpose was to validate that the core components of the AstaZero ecosystem, including 

the AV Test Operating System (ATOS) and the Flexible Target Carrier (FTC), can be 

transferred, integrated, and operated in a new context with different infrastructure, 

communication conditions, and vehicle platforms. 

A central objective was to assess whether scenario-based testing could be executed with 

maintained control, synchronization, and safety outside AstaZero’s proving ground, in 

another country. This included verification of communication between the vehicle under 

test, target carrier platforms, and orchestration system, as well as ensuring sufficient 

positioning accuracy and timing alignment for safety-critical scenarios. The study also 

aimed to evaluate the practical implications of transporting, installing, and configuring 

a complete mobile test setup in a geographically distant location. 

Execution and setup 

Preparatory work was conducted on-site prior to testing to ensure system readiness. This 

included configuring ATOS on local hardware, integrating the FTC platform with the 

available vehicle platform, and validating communication links across cellular networks, 

local infrastructure, and GNSS-based positioning. Adaptations were required in both 

hardware and software to align with local conditions, particularly related to 

communication interfaces and system integration. 
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Figure 8 - The overall test setup 

Test scenarios were executed in a controlled test environment at VTTI, focusing on 

coordinated interactions between the vehicle and moving targets. The scenarios were 

selected to represent safety-critical use cases, such as vehicle-to-pedestrian interactions 

and intersection situations, and were orchestrated using ATOS to ensure controlled and 

repeatable execution. 

 

Results and observations 

The results show that the AstaZero toolchain could be deployed and operated in an 

international context with relatively limited modifications. Scenario orchestration 

functioned as intended, enabling controlled and repeatable execution of test cases. 

Integration with the external vehicle platform required adaptation, particularly in 

communication interfaces and control integration, but did not require fundamental 

redesign, indicating that the system architecture is flexible and transferable. 

Connectivity and positioning were identified as critical factors. GNSS performance was 

generally stable, but local environmental conditions influenced accuracy and required 

calibration. Cellular connectivity differed from Swedish conditions, highlighting the need 

for adaptable configurations and support for varying network performance. 

Synchronization between distributed components was achievable, but dependent on 

careful system setup and validation. 
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Figure 8 - Planning schematics for the demo day, including media team participation 

During testing, a software issue was identified in ATOS related to the handling of latitude 

and longitude values. The bug was linked to negative coordinate values, which are 

present in the United States but not encountered in Sweden. This issue affected 

positioning interpretation within the system and highlighted a limitation in assumptions 

made during development. The bug was identified, analysed, and resolved during the 

project, improving the robustness of the system for international deployment. 

A key observation from this case was the significant effort required to transport the 

Flexible Target Carrier (FTC) to the United States. The shipping process involved 

substantial planning, administrative handling, and lead time, including packaging, 

customs procedures, and coordination with logistics providers. This introduced delays 

and reduced flexibility in the test campaign. In addition, careful handling was required 

to ensure that sensitive equipment arrived without damage and remained fully 

operational upon arrival. 

Additional adaptations were required to enable operation in the local environment. 

Certain equipment needed to be procured on-site in the United States, for example 

antennas needed as spare parts. These were relatively small investments but necessary 

to ensure proper system performance. Furthermore, a local SIM card was required to 

enable cellular connectivity for the test setup, as the system could not rely on pre-

configured European subscriptions with high latency due to international roaming. This 

highlights the importance of accounting for region-specific communication 

infrastructure and ensuring that connectivity components are adaptable to local network 

conditions when deploying mobile testbeds internationally. 

From an operational perspective, deployment required significant effort in terms of 

logistics, preparation, and on-site troubleshooting. Transporting equipment, configuring 
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systems, and resolving integration issues introduced overhead that must be considered 

in future deployments. The availability of infrastructure, including test areas, power 

supply, and workspace, had a direct impact on efficiency. The presence of personnel with 

deep system knowledge was essential to ensure successful execution. 

Lessons learned 

The study highlights several important lessons. Pre-deployment preparation is critical, 

including early validation of interfaces and access to partner systems. Differences in 

communication protocols, hardware interfaces, and vehicle systems increase 

integration complexity, indicating a need for more standardized and modular solutions. 

Connectivity must be treated as a variable, requiring robust system design capable of 

handling degraded or unstable conditions. The identified coordinate handling issue 

further emphasizes the importance of designing systems that are robust to geographical 

variations and not implicitly tailored to a specific region. In addition, international 

deployment introduces non-technical complexity related to logistics, coordination, and 

local operational conditions. 

 

Figure 10 - The FTC target carrier with an adult dummy mounted, and VTTI’s vehicle positioned at 
an intersection at VTTI’s test facility in the United States 

 

Conclusions 

This case demonstrates that AstaZero’s mobile testbed concept is viable in an 

international and collaborative setting. The ability to deploy the system, execute 

coordinated scenarios, and maintain control over test conditions confirms that the 

approach can support distributed and real-world validation of ADAS and autonomous 

systems. At the same time, the results highlight the need for further development in 

terms of standardization, deployment efficiency, and robustness to varying connectivity 
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conditions. These findings provide a foundation for future international collaborations 

and continued development of scalable mobile testing capabilities. 

 

6.6  Mobile Testbed at the 5G-corridor at 

Riksväg 40 – Case 4 

 

Testing autonomous vehicles and advanced driver assistance systems on public roads 

places stringent demands on the communication infrastructure. Unlike a closed proving 

ground, a public road deployment requires reliable connectivity across a moving vehicle's 

entire route — through changing signal conditions, cell boundaries, and network load 

from ordinary users. 

The primary connectivity requirement in this context is not bandwidth but latency. A test 

vehicle under remote supervision continuously exchanges short status packets — 

heartbeats — with a monitoring system, typically 100 times per second. Each packet 

confirms that the vehicle and the communication link are functioning normally. If the 

network cannot complete the round trip within a defined latency threshold, the safety 

system may interpret the silence as a failure and trigger a controlled emergency response. 

These latency requirements can vary, but the test equipment used in this project requires 

around 20–40 ms latency to operate satisfactorily. Commercial, best-effort 5G provides 

no guarantees here: under high load it can deliver latencies of several hundred 

milliseconds and has no mechanism to distinguish a safety-critical supervision packet 

from ordinary consumer traffic. 

Through the Northstar 5G Innovation Network, AstaZero has access to a pseudo-private 

5G network solution based on MOCN (Multi-Operator Carrier Network) technology. This 

allows Telia and AstaZero to utilise existing Telia 5G base stations while reserving a 

dedicated portion of their radio capacity exclusively for devices on the Northstar 

network. Beyond reserved capacity, Northstar enables access to next-generation 5G 

Standalone features — network slicing and Quality-on-Demand (QoD) — which allow 

safety-critical traffic to be given scheduling priority over lower-priority data, even under 

high network load. Without this prioritisation, high load manifests as elevated latency, 

jitter, or packet loss — each of which can trigger false safety responses or mask genuine 

failures. Northstar also allows AstaZero to establish private LAN subnets in a cellular 

context, removing the need for VPNs that add processing overhead and latency. 

The result is a platform for high-performance, secure 5G access in real-world 

environments where tests cannot depend on commercial infrastructure. The work 

presented here focused on defining processes for setup, validation, and operational 

control of temporary communication networks based on this platform. 
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Three measurement scenarios are presented below, characterising network performance 

under different load conditions and locations. Two were conducted at AstaZero's 

FLXZone test area; the third on Riksväg 40 outside Borås. 

 

Scenario 1: Baseline Performance Under Light Load 

The first scenario establishes a performance baseline under light load, while still meeting 

the requirement for real-time telemetry from a single test vehicle. A 1 Mbit/s stream was 

generated using iperf3 with a single TCP connection on Band N78 (3,800 MHz, TDD) 

while driving a short loop within the FLXZone test area. 

Signal strength (RSRP — the received power from the base station, analogous to signal 

bars) varied between −85 and −100 dBm throughout the route, and signal quality (SINR 

— a measure of how cleanly the signal is received relative to interference and noise) 

remained healthy at 15–25 dB. The coverage map confirms the distribution: yellow-to-

orange readings along the entire route, indicating adequate but moderate coverage 

without large margins. Three cell handovers were recorded during the approximately 

three-minute measurement window, each visible in the RTT trace as brief upward 

excursions. These transitions correspond geographically to the area near the facility 

buildings where coverage from both cells is marginal. 

RTT ranged from 20 to 40 ms with a median of approximately 25 ms, and no 

retransmissions were recorded. The results confirm that the Northstar 5G SA network, 

under light load, sustains latency compatible with real-time vehicle supervision. 
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Figure 11 - RSRP signal strength map for Scenario 1 overlaid on the FLXZone test route 
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Figure 12 - Measured signal metrics, RTT and packet retransmissions for Scenario 1 (FLXZone, 1 
Mbit/s, single TCP connection, Band N78) 

 

Scenario 2: Network Behaviour Under High Saturation 

The second scenario deliberately saturates the network to characterise its failure modes 

and validate the need for traffic prioritisation. Ten simultaneous TCP connections with 

no bandwidth cap were used, targeting the maximum throughput the link could sustain. 

This represents an operational worst case, for example, multiple vehicles simultaneously 

streaming high-resolution sensor data, and was conducted at the same FLXZone location 

to allow direct comparison with Scenario 1. 

Downlink throughput reached 300–700 Mbit/s while uplink remained at 10–60 Mbit/s, 

reflecting the downlink-weighted TDD configuration of the 5G network deployment. 

Despite signal conditions being nearly identical to Scenario 1 (SINR 15–25 dB, RSRP −90 

to −100 dBm), RTT degraded severely to between 200 and 1,600 ms, with retransmission 

counts reaching into the hundreds and over 1,000 at peak. 

This result demonstrates that signal quality alone does not determine latency 

performance when the link is shared. Safety-critical control and supervision channels 

must be assigned a prioritised QoS flow through Northstar's network slicing and Quality-

on-Demand capabilities. Without this separation, high-throughput sensor data will 

directly degrade the latency of supervision channels regardless of signal conditions. 
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Figure 13 - RSRP signal strength map for Scenario 2 overlaid on the FLXZone test route. 
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Figure 14 - Measured signal metrics, RTT and packet retransmissions for Scenario 2 (FLXZone, 
unconstrained bandwidth, ten TCP connections, Band N78). 

 
Scenario 3: Performance on Public Road Infrastructure 

The third scenario moves beyond the managed AstaZero environment to evaluate 

connectivity along a public road section on Riksväg 40 near Landvetter, using 

Northstar 5G infrastructure. This represents a direct analogue to the mobile test bed 

deployment context, where testing occurs on ordinary roads without dedicated on-site 

infrastructure. A 30 Mbit/s capped upload was sustained using iperf3 with a single TCP 

connection on Band N78. 

The measurement route runs approximately 2.5 km east along Boråsleden. Two cell 

handover events were recorded: the first at approximately 08:28:30, transitioning from 

cell 18156209148 to 18156209138, and the second at approximately 08:30:00, 

returning to 18156209148. At both events, RSRP drops sharply to −115 dBm and SINR 

falls to approximately 5 dB, indicative of a coverage gap where neither cell provides 

adequate signal simultaneously. RTT spikes reach 1,400 ms at both transitions, 

accompanied by retransmission bursts of 300–400 packets. The coverage map 

confirms the cause: the handover boundary falls mid-span between the two cell sites, 

with no planned overlap zone. 
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Between handover events, at 30 Mbit/s load, RTT runs between 50 and 200 ms. At the 

much lower heartbeat traffic level, RTT would be substantially reduced; however, the 

coverage gaps at handover boundaries represent a signal-level problem independent of 

load and would cause disruption regardless of how light the traffic is. 

This scenario illustrates why site qualification is a prerequisite for every new mobile 

test bed deployment. The failure pattern observed here, degraded RTT at unmanaged 

handover boundaries, is predictable, detectable in advance, and addressable, but only if 

it is systematically looked for.  

 

Figure 15 - RSRP signal strength map for Scenario 3 along Riksväg 40 between Landvettermotet 
and Björredsmotet 
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Figure 17 - Measured signal metrics, RTT and packet retransmissions for Scenario 3 (Riksväg 40, 
30 Mbit/s capped, single TCP connection, Band N78). 

 

Connectivity Requirements for the Mobile Test Bed 

Four test vehicles exchanging 100-byte heartbeat packets at 100 Hz generate 

approximately 640 kbit/s of combined traffic — well within the capacity of any 5G 

deployment. The constraint is not bandwidth but latency: every packet must complete 

its round trip within a defined time budget across the full test area, including during 

vehicle movement and any concurrent data traffic from instrumentation systems. 

The three scenarios together define what is required to meet this constraint reliably. 

Traffic prioritisation is a prerequisite. Scenario 2 demonstrates that unmanaged 

competing traffic collapses latency irrespective of signal quality. Supervision and 

control channels must be assigned a dedicated, prioritised QoS flow through 

Northstar's network slicing and QoD capabilities, ensuring the scheduler protects 

heartbeat packets from queuing behind high-volume sensor or video streams. The 
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heartbeat protocol itself should use UDP rather than TCP; TCP retransmissions 

introduce latency spikes that are incompatible with a hard low deadline, as both 

Scenarios 2 and 3 illustrate. Loss detection should be handled at the application layer, 

with a link failure declared after a defined number of consecutive missed beats. 

The server processing heartbeats must reside within the local network, close to the 

Northstar user plane. A cloud-hosted endpoint adds 10–30 ms of internet transit 

latency, consuming the bulk of the budget before the packet reaches the application. 

Every new deployment location must be qualified with a measurement campaign before 

operational use. The campaign should map signal strength (RSRP) and quality (SINR) 

against GPS position across the full planned test route, measure baseline RTT at 

representative load with and without QoS activation, and identify all cell handover 

boundaries. Where handovers fall in coverage gaps — as seen on Riksväg 40 — 

remediation is required: operator adjustment of handover parameters, antenna 

configuration, or supplemental infrastructure at the gap location. This qualification 

step is the direct operational lesson from Scenario 3, and should be treated as a 

standard part of the mobile test bed deployment process. 

 

7 Conclusions 

The project has delivered a method that strengthens the possibilities for verifying safety-
relevant ADAS and automated driving functions outside traditional proving grounds. By 
specifying and developing mobile test equipment, stable connectivity, digital boundaries, 
and workflows for on-site testing, the project has created a practical basis for earlier and 
more realistic verification of safety-critical functions with relevance to Swedish road 
traffic. 

The results make it easier to identify safety-critical issues earlier and under conditions 
closer to intended use, which improves the basis for safe deployment of new vehicle 
technologies. The project also addresses legal and regulatory requirements so that testing 
can be carried out responsibly in enclosed areas and, where relevant, on public roads. 
Overall, the work supports the development of methods that can come to practical use 
and contribute to reduced fatalities and serious injuries in line with Swedish road safety 
ambitions and Vision Zero. 

 

8 Knowledge transfer 
The results of this project will be disseminated through internal RISE channels and 

through presentations to relevant external stakeholders. The project results will also be 

presented to the SAFER research and competence centre, which includes close to 50 

partners from the Swedish automotive industry. This creates a channel for transferring 

the project’s methods and lessons learned to actors who develop, evaluate, and 

implement safety-relevant vehicle technologies in Sweden. 
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Virginia Tech, which has more than 370,000 followers, posted about the collaboration 

on its LinkedIn channel: https://www.linkedin.com/posts/virginia-tech_the-virginia-

tech-transportation-institute-activity-7397331304842756096-v1Xi/. 

Methods and selected results have already been discussed with partners in the 

automotive industry and with Trafikverket. The project has demonstrated a need for 

advanced safety testing closer to development environments, while maintaining a clear 

focus on verification methods that can support safer deployment of ADAS and automated 

driving functions in Swedish road traffic. 

This report is also planned to be further developed into a scientific paper for presentation 

at upcoming conferences such as IAVVC 2026 or VECS 2027. In addition to academic 

dissemination, the intention is that the project’s results will provide practical input for 

continued method development, collaboration, and knowledge sharing among test 

actors, industry, and public stakeholders working to improve road safety. 
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