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Virtual Development of Multi-Modal
Locomotion Robots

Description

Robotics inspired by biological systems can take advantage of evolutionary traits found in animals to execute sophisticated
movements and tasks. Multi-modal robots (see for instance wheeled quadruped robots [1]) merge the stability and terrain
adaptability of four-legged animals with the speed and efficiency of wheels. This hybrid approach provides superior mobility,
enabling the robot to handle both flat surfaces and irregular terrain with ease. Compared to conventional quadrupeds, multi-
model locomotion designs offer faster travel on smooth ground while preserving the ability to maneuver through challenging
environments. Such versatility is particularly valuable for operations like search and rescue, where quick deployment and
adaptability are critical [2]. Furthermore, incorporating digital twin technology allows real-time simulation and monitoring,
which improves performance and reliability under dynamic conditions [3].

Task

The objective of this project is to design, simulate, and potentially
also deploy on hardware a Multi-Modal Locomotion Robot using
MATLAB® [4], Simulink® [5], and Simscape™ [6]. The robotic sys-
tem should demonstrate the ability to traverse both flat and uneven
terrain. Its multi-model configuration ensures efficient locomotion on
smooth surfaces while retaining adaptability for complex environ-
ments. To achieve dynamic and responsive motion control, a Mode/
Predictive Controller (MPC) or an equivalent strategy may be imple-
mented for wheel actuation. This approach enables the robot to op-
timize control inputs over a defined time horizon [7]. Advanced quad-
ruped platforms such as Kawasaki CORLEO (see Figure 1) — alt-
hough not wheeled — illustrate the sophistication of modern legged
robotics. When modeling and simulating the robotic system, it is essential to explore multiple fidelity levels — from abstract
representations to refined designs — to identify critical parameters influencing dynamic behavior. These models can be
developed using Simscape™ Multibody [8]. Simscape and MATLAB offer an excellent platform for the virtual development
and testing of such robotic systems, see Fig 2.
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Figure 2 Simscape and MATLAB as platforms for virtual development and testing of robotic systems

*https://global.kawasaki.com/en/corp/newsroom/news/detail/?f=20251211_7502
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For this project the participants are expected to complete modelling and simulation
tasks that may include (but not restricted to the following ones):

Create or enhance an existing design concept of a Multi-Modal Locomotion Robots
in Simscape using basic blocks from Simscape Multibody™ [8] or leverage existing
Simscape projects,

Tune controllers that actuate the wheels, enabling the Multi-Modal Locomotion Ro-
bot to perform basic maneuvers — such as moving in a straight line on even terrain,
crawl, jump, etc.,

Create (or otherwise obtain) an appropriate Computer-Aided Design (CAD) model
and multibody system of a refined design for the Multi-Modal Locomotion Robot
using SolidWorks™ [9] or similar CAD software, see for instance Fig. 3,

Figure 3 Example Multi-Modal robotic platform

Import the multibody system into Simscape Multibody™ using Simscape ™ Multi-
body™ Link and perform validation testing,

Identify or enhance existing test scenarios and engineering tasks for the robot, which may include navigating in com-
plex terrains or around obstacles,

Identify appropriate locomotion strategies that the Multi-Modal Locomotion Robot should leverage to navigate differ-
ent terrains

Design controllers for the wheel motions based on the selected locomotion strategies, possibly also leveraging
Model-Predictive Control [7] or ROM, and then integrate these controllers on the refined design,

Validate the developed simulation model for the Multi-Modal Locomotion Robot on more complex pathways.
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MATLAB® https://www.mathworks.com/products/matlab.html

Simulink® https://www.mathworks.com/products/simulink.html

Simscape™ https://www.mathworks.com/products/simscape.html

What is Model Predictive Control? https://www.mathworks.com/help/mpc/gs/what-is-mpc.html, MathWorks Inc.
Simscape Multibody™ https://www.mathworks.com/products/simscape-multibody.html

SolidWorks® https://www.solidworks.com/
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