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Abstract—Testing autonomous robots in warehouse logistics
is vital for safety especially when they interact with humans.
This paper introduces a testing approach that uses formal envi-
ronmental models, i.e., ontologies, to generate comprehensive
test suites. We discuss an ontology for warehouse logistics and
some challenges.
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1. INTRODUCTION

The Fourth Industrial Revolution, also known as Industry 4.0,
requires highly autonomous and flexible robots that can safely
interact with humans and other robots, such as automated
guided vehicles (AGVs) used in warehouses and manufactur-
ing facilities. Ensuring the safety of these AGVs involves ad-
hering to standards like ISO 3691-41, which specify necessary
precautions such as system detection, speed regulation, and
effective braking mechanisms. Consequently, rigorous testing
is crucial before deployment, specifically to identify critical
interactions between robots and their environments. It is worth
noting that for automated driving functions and autonomous
driving, there has been considerable work focusing on system
testing, where critical scenarios are of particular importance.
For example, Li et al. [1] showed an approach that utilizes
formal ontologies for test case generation. It is worth noting
that the algorithms for compiling ontologies to input models
have been improved recently [2]. The objective of this paper is
to demonstrate, through a realistic case study, the effectiveness
of ontology-based testing in exposing potential faults or unsafe
behaviors. The paper details requirements, and ontology mod-
eling, and discusses the challenges and solutions associated
with this approach.

2. USE CASE

The study presents ontology-based testing for robotics through
a warehouse navigation scenario, where a mobile robot moves
between interconnected positions, encountering various fixed
and moving obstacles. The robot must dynamically distinguish
between temporary and permanent obstacles, recalculating
routes or raising errors when necessary. Testing requires
diverse scenarios, though a simplified single-pathway assump-
tion is initially adopted.
Figure 1 depicts a case where a robot is positioned at state A
and has to move to state C. Both possible paths have obstacles,

1See https://www.controleng.com/ensuring-agv-safety-with-standards-com
pliance, last accessed April 14th, 2025.
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Figure 1. A robot in position A that needs to move to position
C, facing a person and a parcel as obstacles.

but the one with the particle on it is permanently blocked, and
the other is by a moving person, where mitigation on the side
of the robot under test is possible. For our use case, we know
that we have to deal with the robot under test, the obstacles, the
pathways, and their conditions, like the degree of light (e.g.,
dark) or slippery (e.g., because of cleaning the pathway). First,
we introduce a concept RobotExecEnvironment that forms the
top concept of the ontology. This concept is considered to
handle all the information required to come up with a scenario.
In each RobotExecEnvironment, we have the robot under test
and obstacles. Therefore, we introduce corresponding concepts
RobotUT and Obstacle. For each scenario, we have exactly one
instance of RobotUT and 0 to k Obstacle. When restricting
ourselves to simple pathway structures like the one given
in Figure 1, we set k to 4. Both concepts RobotUT and
Obstacle need to be placed on a pathway. Therefore, we further
introduce a concept Edge that represents a pathway. We can
place obstacles and the robot under test in a certain position
of the pathway, e.g., from the beginning to the end, and then
from left to right. Hence, we introduce attributes where and
orientation to store this information. Let us go back to the
concept Edge; this concept has one attribute edge for holding
information on all existing edges. To represent the environ-
mental conditions of pathways, we come up with a concept
EnvParameter having two parameters light and slippery for
storing information of the current light and slippery condition.
This concept is in relation to Edge. However, for each Edge,
we have exactly one set of parameters. The last part of the
ontology is for storing different obstacles. We distinguish
obstacles that are not mobile from mobile ones. Therefore,
we introduce concepts FixedObstacle and MovingObstacle,
respectively. FixedObstacles can be smaller or bigger, which
is handled using an attribute type. MovingObstacles can be
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RobotExecEnvironment

RobotUT
where: {begin,mid, end}
orientation: {left,mid, right}

has
1..1

Obstacle
where: {begin,mid, end}
orientation: {left,mid, right}

has
0..4

FixedObstacle
type : {small, big}

MovingObstacle

type : {person, robot}
behavior: {LR,FB}

EnvParameter
light : {dark,medium, normal}
slippery: {yes, no}

Edge

edge : {e1, . . . , en}

is located at
1..1

is placed on

1..1

has property 1..1

Figure 2. A simple ontology of an execution environment where a robot under test is assumed to find a way to a pre-defined
end state, considering a graph-like path structure.

persons or other robots, either moving from one side of the
pathway to the other (e.g., left to right) or from the beginning
of the pathway to the end (e.g., forward and then to the
back, etc). This information is stored in attributes type and
behavior. In Figure 2, we depict this ontology using the
UML class diagram notation.
Despite the ontology’s effectiveness, certain structural con-
straints arise. The developed ontology is inherently non-tree-
structured. Hence, we need to develop a tree-structured variant
before applying ontology-based testing. This is solved simply
by duplicating key concepts like Edge and EnvParameter
together with their relationship, and attaching the original with
the RobotUT and Obstacle respectively. With these changes,
we can use the algorithms provided (e.g., in [2]) to generate
test cases. We compiled the tree-structured model into a com-
binatorial testing input model comprising 37 parameters with
a domain size of 2. . . 4, and 10 constraints. Using ACTS [3]
we were able to generate 49 test cases of strength 2 in
0.612 seconds. Hence, the presented approach is capable of
developing test suites for robotics considering concepts and
their relationships.

3. CONCLUSION

This paper explores ontology-based testing for robotic systems
by outlining a structured approach that includes tools for
ontology compilation and fault detection. A practical robotics
use case demonstrates feasibility, highlighting the need for

comprehensive ontologies similar to those in autonomous
driving2. Future work involves enhancing the ontology tool
and releasing it as an open-source platform.
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