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Context
Modern systems such as CPS are composed of many interacting and interconnected components while inheriting all the complexities of modern large-scale distributed systems. Additionally,
their close connection to the physical world means that they are exposed to high uncertainty
during their operation. Namely, modern CPSs need to be able to operate efficiently and reliably
within a continually changing, uncertain, and unanticipated environment (execution context).
Furthermore, they often cooperate and collaborate with other CPSs to provide a shared functionality. A common approach to deal with run-time changes and uncertainties is to make the
CPSs self-adaptive.
In the community of (self-)adaptive systems there is no broadly accepted reference system,
although there exist a few exemplars varying from quite generic such as artifacts, to rather
specific model problems. The exemplars have been derived and focus on different domains,
primarily software systems [1, 2, 3, 4], cloud systems [5], databases [6], and IoT [7, 8]. With
an exception of exemplars for UAVs [9, 10], previously there has not been proposed any other
exemplar from the domain of CPSs, concretely from the domain of multi-agent autonomous
mobile robots.
This thesis focuses on a previously created reference problem on Self-Adaptive CyberPhysical Systems (SACPS) from the robotics domain, and the previous implementation of
the model problem in two ROS-based in-house built simulators: 1) realistic simulation with
Gazebo, and 2) custom simulation in which are omitted the uncertainties from the AMCL and
the move-base modules.
The reference problem is comprised of several cleaning robots operating in the same
context, e.g. a room. Each robot is able to autonomously move to a destination while avoiding
1) static obstacles and 2) dynamic obstacles (e.g., other robots, humans) along its way. New
dirt tasks continuously appear in the room, with unknown spatial and temporal patterns, and
the robots need to discover them in a distributed manner.

Goal
The different simulators generate setups differently. Concretely, different file formats are used
as input: 1) regarding the maps of the rooms; and 2) regarding the task (dirt) generation
and distribution in the room. Furthermore, evaluating behavior of any system, especially selfadaptive systems that include processes like analyzing, planning and learning is complex in
different ways. Namely, the evaluation metrics are usually application specific and use-case
dependent, and very rarely they are formed based on consensus of the respective scientific
community, if such consensus exist. For our newly created reference problem—described
above—we have not established a consensus regarding the evaluation metrics yet.
The main goal of this master thesis is building an evaluation framework and standardization
of metrics for the evaluation of the self-adaptive cyber-physical systems on the previously given
example of a multi-robot system. We structured the contribution of the master thesis in two
phases:
Phase 1: (Automated) Setup generation for both simulators
In this phase we are interested in standardizing the setup generation so it can be used
by both simulators interchangeably. Additionally, we are interested in examining which room
layouts make sense, including the positioning and amount of tasks and hot-spots.
Phase 2: Evaluation metrics and standardization for the evaluation
In this phase we are interested in setting up evaluation metrics for the reference problem.
It is of a crucial importance to notice that time is not universal in different simulators, and the
time-dependent performance measures need to take that into consideration.

Working Plan
1. Phase 1: Setup generation for both simulators
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(a) Investigate in the previous built systems what map/environment input formats are
supported by both of the simulators
(b) “Standardize” meaningful room/map layouts
(c) Investigate how the task generation/spawning is being handled by both of the
simulators: frequency-wise and spatial-wise.
(d) “Standardize” patterns/frequencies of dirt spawning
(e) Investigate which outputs already exist in both simulators and could be taken for
possible performance metrics
(f) (optional, if the setup generation is automated) Investigate different room/space/map
generation from game theory
(g) (optional, if the setup generation is automated) Procedural content generation
2. Phase 2: Evaluation metrics and standardization for the evaluation
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(a) Collect all the evaluation metrics from previous theses
(b) Research on related work on standardizing metrics
i. In self-adaptive systems domain
ii. In robotics domain
iii. Other relevant literature
(c) Finalizing the evaluation metrics for our use case, based on the two steps above
3. Normalization of the metrics considering the map layout, positioning and amount of tasks
and hot-spots, frequency of spawning tasks amount of robots
4. Realizing the evaluation framework, and accordingly altering the existing simulated
systems, based on the results from Phase 1 and Phase 2
5. Data collection and test automation

• Source code of the implementation
• Technical report with comprehensive documentation of the implementation, i.e. design
decision, architecture description, API description and usage instructions. Usually as
part of the GitLab documentation
• Final thesis report written in conformance with TUM guidelines

Pre-requisite
• Good Python and C/C++ skills
• Ideally, previous knowledge and experience with ROS
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