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Introduction
The rapid acceleration of technological development in
recent years has created a number of new challenges
and opportunities for several industries. These
changes that industries are facing have been coined as
“Industry 4.0”, which aims to utilize the Internet of
Things (IoT), Artificial Intelligence (AI) and Cyber-
Physical Systems (CPS) to create a new era of self-
aware and autonomous industrial processes [1].

One industry that could benefit from these changes is
the nuclear industry, which currently provides an
option for clean energy as demand increases globally.
However, several issues have been identified as “Game
Changers” in the nuclear industry [2], including:

• Physical asset management.

• Condition monitoring and inspection.

• Plant characterization.

Cyber-Physical Systems are systems comprised of a
software layer, as well as a physical system containing
sensors and actuators. These systems also have
networking capabilities [3]. A multi-agent network of
autonomous quadrotor Unmanned Aerial Vehicles
(UAVs) makes an ideal platform for a CPS to address
the Game Changer Challenges, as they are mobile in
3D space, and can be equipped with various visual
sensors for autonomy, as well as environmental
sensors for collecting data [4].

Project Aims

Figure 1: Flow diagram of communication between the Robotic 
Operating System (ROS) and Simulink.

Methods Results

This project aims to address three main areas in
order to create a Cyber-Physical System for the
nuclear industry:

• Design and develop a robust control algorithm
for a single UAV to allow it to safely fly
autonomously indoors in hazardous
environments.

• Design an advanced Multi-Agent control
algorithm for climbing of scalar fields (e.g.
Temperature and Radiation) to rapidly identify
hot spots

• Integrate hardware and software to provide a
prototype platform and a technological
demonstration of the proposed Cyber-Physical
System.

In this project a combination of numerical analysis,
simulation, and experimentation is being used to
address the project aims, and create a Cyber-
Physical System for the nuclear industry.

Numerical Analysis

• Firstly, using mathematical techniques such as
stability proof using the Lyapunov Stability
Criteria, we aim to prove the robustness of the
proposed control systems.

Simulation

• Software is used to simulate the proposed
control systems. The control systems are
developed using MATLAB and Simulink where
they are tuned and refined using a basic
mathematical model of a quadrotor.

• More advanced simulations are then conducted
using the Robotic Operating System (ROS) and
Gazebo. Figure 1 demonstrates how these are
connected for a co-simulation between Simulink
and ROS for testing of the control systems.

Conceptual Design

• The hardware and software layers will then be
integrated to create a network of autonomous
UAVs. Figure 2 shows the flow chart design of the
proposed UAV system.

Figure 2: Flow Diagram of UAV Framework.

In order to safely control a group of agents, we must first be
able to control a single agent. For the controller to be
considered suitable for a nuclear environment, it should have
the following capabilities:

• Full position and attitude control over all 6 degrees of
freedom (x, y, z, roll, pitch, yaw) for trajectory tracking.

• Ability to control a UAV with large discrete sample times to
compensate for slow sensing rates of LiDAR and Camera
sensors, as well as avoid chattering.

• Ability to reject external disturbances and uncertainties in
parameters.

Three sliding mode control system were developed to address
these challenges. Two continuous controllers were developed
to avoid the chattering problem [5,6], and one discrete time
controller was developed to handle larger sample times [7].
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Figure 3: ROS Simulation environment RViz with quadrotor 
using Hector SLAM [7].

Conclusions and Future Work
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The single agent controller was extended to the case of
multiple agents for the task of formation control. This is a vital
step towards gradient climbing consensus control. The agents
were designed to;

• Maintain a formation

• Tack a virtual leader.

The equations for the trajectory tracking formation control are
shown in equations (1) and (2) [8].

Resilient Navigation and Localisation

Figure 5: ROS Simulation environment RViz with quadrotor 
using Hector SLAM [8].
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Figure 5 shows the 3D plot of each agent in the network as
well as the position of a virtual leader completing a circle
trajectory.

Figure 6: A group of 9 agents locating the peak of a scalar field.

The formation controller can then be extended to a gradient
climbing case to locate peaks of scalar fields using
superposition of formation control 𝐹𝑓𝑜𝑟𝑚𝑖

and a new control

for moving the formation towards the peak of the field.

Figure 7: ROS Simulation of navigation system on a single UAV [9].

Finally, in order to control the UAVs autonomously, a
localisation system must be in place. In [7] a novel localisation
system is developed based on Simultaneous Localisation and
Mapping (SLAM), and is developed with a control system in
the loop. This will allow the UAVs to;

• Plan and track a path.

• Estimate and compensate for biases and drifts.

In this work, the foundations for the development of a mobile sensor network for
the nuclear industry have been developed and a number of aims have been
addressed.

• A discrete-time sliding mode control system has been developed for a single
UAV in order to provide a UAV with the capabilities of autonomous navigation
in hazardous nuclear environments.

• The discrete-time sliding mode controller was extended to a multi-agent case,
allowing a group of agents to maintain a desired formation while tacking a
virtual leader.

• An initial solution to the gradient climbing has been proposed and simulated,
with a group of 9 agents.

• A navigation system has been developed to allow each agent to compensate
for estimated biases and drifts.

Future research will aim to improve the gradient climbing algorithm by extending
the sliding mode control case to include environmental sensing. The work will also
be combined to provide a single prototype platform of the entire system with
communication between 2 or more UAVS.
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