
Affordable, open-source, and scalable

SIM-on demonstrates an implementation of

IoT technologies to control a small-scale

driverless bulldozer. It integrates a cloud

application, open communication protocols

and a wireless network to a microcontroller

that commands the machinery. This

architecture enables remote controlling of

semi-autonomous mobile machineries from

an affordable, open-source, easy-to-install,

and scalable platform.

While focusing on the integration of the

different communication technologies (e.g.

MQTT, GPRS) and the cloud application

(Node-RED installed in a Raspberry Pi),

SIM-on also demonstrates the physical

implementation and operation in a small-

scale toy prototype. The bulldozer is

controlled remotely assigning road

segments to drive in a work field.

Furthermore, SIM-on is equipped with a

safety stop function when detecting a

dangerous obstacle in its path.
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Strategic incentives point towards a 4th Industrial Revolution of

cyber–physical systems, where digital technologies and the Internet

of Things (IoT) interact with the physical world. In the construction

and mining sectors, these developments are still at their infancy,

and practitioners are interested in autonomous solutions to enhance

efficiency and reliability of physical tasks. SIM-on illustrates the

design of a driverless bulldozer prototype using IoT-based solutions

to educate engineers in the design, remote operation, and

cybersecurity features of the mobile machinery of the future.

The bulldozer is an original design based on

the Detecting Robot form proposed by the

Makeblock Ultimate 2.0 kit. Additionally, a

blade mechanism was included to provide

the blade functionality of a bulldozer.

As MQTT broker, the open-source message

broker Mosquitto was configured on the

microcontroller. All payloads are sent in the

JavaScript Object Notation (JSON) format.

To design the UI, the Node-RED

programming tool was used.

Engineering Systems Design Group

At DTU’s Engineering Systems Design

Group, we build theories and tools to

educate the future engineers. The goal is to

design safe and sustainable systems with a

focus on technology for people. We conduct

multidisciplinary research in responsible

innovation of digitalization projects,

considering human factors, risk analysis, and

design tools.
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SIM-on is a driverless bulldozer prototype designed using Makeblock components and programmed using

embedded code with Arduino IDE.

The user interface (UI) to supervise and control the bulldozer was designed using the Node-RED 

programming tool and installed in a Raspberry Pi.

Diagram with the components of the SIM-on driverless bulldozer prototype
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