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Abstract—Testing of autonomous vehicles involves enormous
challenges for the automotive industry. The number of real-world
driving scenarios is extremely large, and choosing effective test
scenarios is essential, as well as combining simulated and real
world testing. We present an industrial workbench of tools and
workflows to generate efficient and effective test scenarios for
active safety and autonomous driving functions. The workbench
is based on existing engineering tools, and helps smoothly
integrate simulated testing, with real vehicle parameters and
software. We aim to validate the workbench with real cases and
further refine the input model parameters and distributions.

I. INTRODUCTION

Testing of unsupervised autonomous driving (AD) features
is a grand challenge for the automotive industry, since the
variation of scenarios to test is extremely large and it might
therefore be difficult to get sufficient scenario coverage within
available testing budget when relying on live testing only [1].
To utilize available resources, virtual testing and simulations is
a primary industry concern, according to a recent survey [2].
However, simulation only is of limited assistance for auto
makers; they must smoothly bridge the virtual software model-
in-the-loop to the final testing with the real vehicle-in-the-loop.
Industrial workbenches have been presented [3], [4] but since
they are not fully open nor standardized, there is a need for
further development of autonomous driving test benches.

We therefore designed a workbench for efficient test scenario
identification for autonomous driving software, integrated with
the industrial development process and products.

We have set up an industry–academia collaboration project
between Volvo Cars and Swedish universities to design a
workbench consisting of three interconnected tools, as shown
in Figure 1 (left): a Requirement and Verification Management
Tool for embedded systems; SPAS, a proprietary simulation
platform for Active Safety (AS); and modeFrontier, a multi-
disciplinary design optimization platform. Further, we define
a workflow, see Figure 1 (right), first generating an initial test
database from the system specifications and standards, second
optimizing the model to identify the most critical scenarios.

II. RELATED WORK

A number of simulation platforms are available for au-
tonomous driving, either open source or commercial. Despite
that many of them are similar from a functional perspective,
one may differ from the others regarding the simulation

engine, scripting language used, or the capability to support
specific sensor types, operating systems, and the X-in-the-loop
integration [5]. CARLA, an open-source simulator, enables 3D
visualized urban environments for autonomous driving, where
the road, weather, vehicle dynamics, pedestrians, and sensor
suites can be modeled [6]. Airsim, another open source sim-
ulator, that simulates both vehicles and drones, enables both
software-in-the-loop and hardware-in-the-loop for physically
and visually realistic simulations [7].

To make the tools more integrated, main automotive man-
ufacturers are developing their own products for validation,
verification, testing and simulation [5]. For example, Opel
developed their toolchain for simulation-based identification of
critical scenarios [3]. Analogously, Volvo Cars developed their
SPAS platform, to serve the development and testing of dif-
ferent AS/AD systems. The primary advantages of proprietary
toolchains are, that they maintain full control of the design
and implementation of them, and can flexibly adapt as well as
to deploy a new iteration for any specific feature integration.
Further, it enables tight integration of their product software
in their simulation environments. However, as development of
tools and test rigs are costly, cross-company initiatives exist,
for example presented by Solmaz and Holzinger [4].

III. TOOLS AND WORKFLOW

A. Requirement and Verification Management Tool

The Requirement and Verification Management Tool is a
development platform for embedded systems with a strong
foundation in the automotive industry. The tool is used for
specifying and maintaining the requirements, architecture de-
signs, test solutions and other type of system specifications for
vehicle features, as well as the test results that measure the
coverage and fulfilment of the requirements.

B. SPAS Platform

SPAS is a simulation platform for integration and testing,
based on MATLAB/Simulink and developed by Volvo Cars.
The platform is used as the model-in-the-loop testing platform
for early verification of Active Safety (AS) and Autonomous
Driving (AD) functions at Volvo Cars.

There are two main parts in the SPAS environment, namely
the SPAS basic model and the AS/AD software. The SPAS
basic model includes models of the environment, driver,
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Fig. 1. Overview the test scenario identification workbench, consisting of interconnected tools (left) which are used in the workflow (right)

powertrain, transmission, driveline, chassis, brakes, steering,
electrical system, and vehicle system control modules. The
AS/AD software is the implementation of the driving function,
which will eventually be deployed in production vehicles.

C. modeFrontier

modeFrontier is a tool for process automation and optimiza-
tion in the engineering design process. It offers a graphical
approach to build an optimization model with a variety of
built-in applications and external programs for MATLAB, Java
and Python etc. modeFrontier also provides visualization and
statistical analysis tools to visualize the optimization process
and interpret the optimization results.

D. Scenario Identification Workflow

The test scenario identification workflow has two main
phases, Generate initial test database, and Find critical sce-
narios with optimization. An overview of the workflow is
presented in Figure 1 (right).

The first task in the workflow is an initial system specifica-
tion analysis in the Requirement and Verification Management
Tool, where the system requirements, design and test artefacts
are created and maintained. Next, relevant parameters and
objective functions for SPAS are selected based on systematic
research of the system specifications and industrial standards,
like ISO-16787 [8]. Parameters are quantifiable properties of
the driving scenarios and are crucial for the performance of
the system functionalities. Objective functions are the measure-
ments that can be tracked or computed during the autonomous
drive maneuver, to indicate the performance of the system
functionalities in regards to efficiency, accuracy and safety
etc. Last in the first phase, an initial test suite is generated
in modeFrontier, based on the selected parameters.

In the second phase of the workflow (lower right part of
Figure 1), the modeFrontier optimization model is created
to automate the rest of the process including, the SPAS
simulation of the initial test scenarios, recording the simulation
results, and optimizing the objective functions using search
algorithms in modeFrontier. The solutions evolve through op-
timization of the objective functions by analyzing the existing
results and exploring the parameter space. The last task in the
workbench is to identify critical scenarios from optimization
results where a criticality threshold is defined for the objective

functions. Thus, any scenarios that are beyond the threshold
are considered critical.

In contrast to other scenario-based test benches for au-
tonomous vehicles [1], [3], our workbench is generic, which
means the driving function, simulation platform, parameters
and objective functions are exchangeable. Thus, the work-
bench can, in principle, be used for critical scenario iden-
tification for any driving functions, and is not subject to a
particular technique or simulator that is intended. In addition,
our workbench automates the critical scenario identification
process, which does not require expert involvement to develop,
or deploy the workbench as well as to extract scenarios, and
thus outperforms the others in simplicity and efficiency. Our
further work includes validating the workbench with real cases
and refining the input model parameters and distributions.
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[2] A. Knauss, J. Schröder, C. Berger, and H. Eriksson, “Paving the roadway
for safety of automated vehicles: An empirical study on testing chal-
lenges,” in IEEE Intelligent Vehicles Symposium (IV). IEEE, 2017, pp.
1873–1880.

[3] S. Hallerbach, Y. Xia, U. Eberle, and F. Koester, “Simulation-based iden-
tification of critical scenarios for cooperative and automated vehicles,”
SAE International Journal of Connected and Automated Vehicles, vol. 1,
no. 2018-01-1066, pp. 93–106, 2018.

[4] S. Solmaz and F. Holzinger, “A novel testbench for development, calibra-
tion and functional testing of ADAS/AD functions,” in IEEE Int. Conf.
on Connected Vehicles and Expo (ICCVE). IEEE, 2019, pp. 1–8.

[5] F. Rosique, P. J. Navarro, C. Fernández, and A. Padilla, “A systematic
review of perception system and simulators for autonomous vehicles
research,” Sensors, vol. 19, no. 3, p. 648, 2019.

[6] A. Dosovitskiy, G. Ros, F. Codevilla, A. Lopez, and V. Koltun, “CARLA:
An open urban driving simulator,” in Conference on robot learning.
PMLR, 2017, pp. 1–16.

[7] S. Shah, D. Dey, C. Lovett, and A. Kapoor, “Airsim: High-fidelity visual
and physical simulation for autonomous vehicles,” in Field and service
robotics. Springer, 2018, pp. 621–635.

[8] ISO 16787. Intelligent transport systems – Assisted parking system
(APS) – Performance requirements and test procedures, International
Organization for Standardization, Geneva, Switzerland, Dec. 2017.


