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Abstract  Autonomous robot is a complex cyber physical system that operates in open environments
and has autonomous behaviors. Software that plays an important and core role in such a system
provides various critical functions of computations, controls and decisions, in order to drive the
robotic systems to operate in a safe, flexible and efficient way. To develop software for autonomous
robot is essentially challenged by a number of development complexities resulting from the system
itself, operating environments and circumstance constraints. Software engineering for autonomous
robot, an emerging interdisciplinary field, aims to offer method, technique and platform supports
for the development, running and maintenance of autonomous robot software. It has gained
increasing attentions from both academic and industry, and has made great progresses in recent
years. The rapid development and increasing demands of autonomous robot software require us to
have an in-depth analysis and understanding of the complexities of autonomous robot software and
the resulting challenges to develop such complex systems, and a global view of current researches
and progresses of software engineering for autonomous robot. Currently there are some surveys
on specific topics of software engineering for autonomous robot or the integration of AI and
robotics. However, there still lacks of survey literatures to present global and comprehensive
views on the software engineering for autonomous robot. The aim of this paper is to present a
systematic survey on the researches and practices of software engineering for autonomous robot.

We design three research questions to guide the whole survey research, collect more than 300
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publications from several academic literature resources such as Google Scholar, ACM Digital
library, IEEE Explore, EI Compendex and ISI Web of Science. Based on the defined criteria, we
carefully select and ultimately filter more than 80 research papers as references that cover multiple
disciplines such as robotics, artificial intelligence, software engineering, etc. Our contributions
are threefold. The first is the in-depth analysis of the characteristics and the development
complexities of autonomous robot software from external viewpoint of environment, internal
viewpoint of system, and real-world viewpoint of circumstance. The second is the systematic
reviews on the research progresses of software engineering for autonomous robot from five research
branches, including software architecture, construction technology, model-driven development,
quality assurance method, and supporting software platform. The research problems, main
progresses and typical works of each branch are examined. The third is the detailed discussions
about the potential limitations of existing researches and the opportunities of future researches,

including foundational theory, domain and requirement engineering, development methodology,
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technology standardization, and software quality verification and validation.
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Background

We are in the era of “software defining everything”, and
software plays an increasingly important role to connect
physical systems, information systems and social systems.
Such trends speed up recently in many domains like robotics,
aerospace, aviation, military, etc., in which software as
core element of cyber-physical and social-technical systems
becomes an indispensible tool.

The past decades we have witnessed huge progresses in
robotics researches and practices®. As the continuous
decrease of robotic” production costs and the rapid development
of enabling computing technologies (e. g. , artificial intelligence,
cloud computing, etc. ), robotic applications are increasingly
demanding with significant changes from traditional domains
(e. g. » manufacture factory), to emerging domains (e. g. ,
public and domestic services, rescue, aerospace, etc.), in
which robots are built to operate in open environments and
perform autonomous behaviors to accomplish assigned tasks
without human’s intervention. We call such kind of robots as
autonomous robot (AR). Generally, humanoid robot, cogni-
tive robot, mobile and service robots are kind of autonomous
robots. Currently autonomous robot has become a promising
and hot research area in the field of robotics™.

Robotics is a software-intensive cyber-physical system.
Software for such system provides critical functions like
controls, computations and decisions. Autonomous robot has
become an important research branch of robotics and gains
great attentions from academic and industry communities. To
develop software for autonomous robot is a great challenge
for practitioners due to various expertise (e.g., robotic

programming, motion control, computer vision, etc.) to be

required and special software requirements (e.g., path
planning, SLAM, obstacle analysis) to be achieved. Various
technical issues tightly related with the robot should be
tackled such as autonomous decision-making, real-time control,
safe operation, etc. Moreover, the openness of the situated
environment and the nondeterministic result of the robotic
operations increase the complexily of autonomous robot
software (ARS) and development difficulty. This means that
more factors should be considered when developing ARS, for
example, the environment changes, continuous feedbacks.
rational planning, flexible and efficient behaviors, safety
guarantee, etc. Obviously, ARS is more complicated in both
functional and non-functional requirements than other software
systems (e. g. , Internet software, business software).

It becomes a common open problem and challenge in
both robotics and software engineering fields to develop
software for autonomous robot. Software engineering for
autonomous robot emerges as a new and interdisciplinary
research. In the past years, rapid progresses have been
made. However, there lacks of literatures to investigate the
particularities and development challenges of autonomous
robot software, review the state-of-the-art researches, and
discuss the limitations of current researches and the opportu-
nities of future studies. Against the background, this paper
aims to give a systematic review on the software engineering
for autonomous robot and to answer the above questions.
Our studies are expected to help readers to comprehensively
and systematically know well this field, and guide their

future researches and practices.





