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Abstract: A web-based AGV control application enables teleoperation in manual,
automatic, and autonomous modes, leveraging ROS 2, .NET, and Docker. It inte-
grates ROS 2 messages with a SignalR API for real-time communication and uses
Docker to manage ROS 2 container lifecycles, ensuring modularity and rapid deploy-
ment. Featuring a two-hand control joystick device and other Blazor components,
the intuitive interface supports diverse AGV control use cases. Built with clean ar-
chitecture, the application is easily adaptable for future enhancements and varied
robot con gurations, enhancing exibility and e ciency in industrial automation.
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Abstract (CZ): Webova aplikace pro °izeni AGV umo®-uje teleoperaci v manual-
nim, automatickém a autonomnim ovladacim re®imu pomoci ROS 2, .NET a
Dockeru. Aplikace integruje zpravy ROS 2 do SignalR API pro komunikaci v real-
ném £ase a vyu®ivA Docker pro spravu °ivotniho cyklu ROS 2 kontejner-, £im°
zajiz’uje modularitu a rychlé nasazeni. Obsahuje za®izeni s obouru£nim ovladanim
pomoci joysticku a dal?i Blazor komponenty, £im° je docileno intuitivniho ovladani
v rozliEnych scéné’ich kontroly AGV. Aplikace je snadno p°izp-sobitelna vyu®itim
clean architektury. Tim je docileno exibilniho a efektivniho nasazeni pro rozliEné
kon gurace robot- v pr-myslové automatizaci.
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Introduction

Leuze Electronics GmbH o ers a wide range of optical sensors for industry usage,
including industry safety devices. One of the agships is the lidar safety scanner
RSL 400 and the new RSL 200.

This lidar scanner can be used to guard hazardous areas in factory environments,
to restart warning and protection elds after detecting an obstacle, and to navigate
automated guided vehicles [1].

As the need for AGVs with safety features has increased in recent years, Leuze aims
to develop sensors with new features and con gurations speci cally for this industry.

The company's goal is to develop a platform that would allow sensor testing in real
world setups and environments. This platform is meant to work as a proof-of-value
and proof-of-technology for the AGV applications of the RSL and other sensors.

This work aims to develop part of this platform, specically a vehicle handling
application for robot operators.

There are already two proof-of-concept platforms and a prototype one. Platform
systems are built mainly on top of ROS (Robot operating system) and industry
Siemens PLC (programmable logic controller). The ROS based system acts as a high-
level controller, while the PLC system accommodates the industry safety program,
movement commissioning, and hardware-related drivers.

The main purpose of the handling application is to provide a reliable and e cient
way to control the vehicle in the di erent operating modes while meeting indus-
try standards for material handling applications. The application would e ectively
bridge the gap between web, robotic, and industry technologies.






Chapter 1

System scope de nition

Given the company's commitment to PLC industry applications, making both hard-
ware and software for Pro net, Pro safe, EtherCAT, and Ethernet/IP, the low-level
systems are built with PLCs and PLC controlled sensors. High-level systems, such
as autonomous guidance, automatic sequences, and line-following algorithms, are
developed on Linux computers utilizing ROS.

The system in its current state has a PLC unit and an IPC with ROS. The missing
part is a user application and a user interface.

There is also a need to control the ROS system runtime and to have information
about the state of its components.

The problems were summarized into two main points:

1. Ul: "We need an interface that centralizes the controls and state reading. We
want a convenient robot control application on top of the current ROS system."

2. ROS process control: "The system must dynamically launch and terminate the
actual ROS functions. Developers now use a command line to start the robot
in di erent scenarios. This is inconvenient for an end user."



4 Chapter 1. System scope de nition

1.1 Market research

Why is there even a need for a custom solution? Why not use an existing platform
instead? Also, half-way solutions exist, so why not use them as a base for this system?

1.1.1 SIMOVE

Siemens SIMOVE is a material handling software platform for exible factory and
warehouse environments. Its key features are [2]:

Carrier control: Control through integration of industrial sensors with inte-
grated communication.

Navigation control: A navigation stack with pre-de ned paths, laser-based
navigation, and map management.

Fleet control: Single system for controlling and orchestrating AGVs and AMRs
from di erent vendors.

Maintenance and diagnostics: Location, system metrics, alarms, and others.

Figure 1.1: SIMOVE web interface for path planning.

Figure 1.2: SIMOVE mobile app for manual control.

SIMOVE is integrated with PLCs and IPCs and works well in the Siemens ecosystem.

Provides means for automatic, as well as manual handling.
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1.1. Market research 5

Leuze AGV uses SIMOVE as a base case implementation, but only for PR events
and trade fairs.

A major drawback of the SIMOVE system is the fact that the sensors used must
be certi ed. Thus, internal testing for AGV purposes of new pre-release versions of
Leuze sensors is not possible.

Additionally, working with SIMOVE suggests that it uses dockerized ROS in the
background.

1.1.2 Rosbridge suite

Rosbridge suite is a JSON ROS websocket API. It allows interaction with ROS
nodes with the Rosbridge protocol:

{

"op" : "subscribe",

"topic" : "/cmd_vel",

"type" : "geometry_msgs/Twist"
}

Figure 1.3: Rosbridge suite protocol usage [3].

Client side ROS libraries, such as JavaScript Roslibjs, use the Rosbridge layer to
talk to the underlying ROS system [4].

Although it is convenient to link the web with a backend ROS, it has architectural
drawbacks. Its biggest advantage, to connect to any ROS node in the system is also
its biggest disadvantage. There is no gateway point where request authorization
would be made. That means that the client has full control over the ROS.

A better solution would be to expose only speci c ROS nodes, or just topics and
services. Having a custom API also allows for the creation of authorization levels
for di erent user groups, e ectively securing the backend ROS.

1.1.3 ROS managed nodes

Managed nodes are de ned by applying a set of rules regarding their life cycle with
a pre-de ned state machine [5].

This technique allows to control node activity state based on external conditions
or other nodes. For example, a rule can be made to allow node startup only if its
dependency node is also started.

Using a managed node, one can achieve mutually exclusive sets of nodes to be run.
In that case, the manual mode could be run without interfering with autonomous
or some other handling mode.
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