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Motivation and Background: Low-cost hardware, allowing 

classical and advanced control experiments
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The low-cost bi-copter and its features

Digital Twin3D printed
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3D printing and assembly instructions are available for the 

bi-copter hardware

Assembly instructions [link]

3D printing instructions [link]

Source Files [link]

https://vimeo.com/901642594?fl=pl&fe=sh
https://vimeo.com/901644283?fl=pl&fe=sh
https://github.com/eenikov/Arduino-based-bi-copter-experiments/tree/main/SolidWorksFiles
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Bi-copter runs a pre-loaded Simulink controller (open- or closed-

loop) and sends/receives data to MATLAB Live Script

Simulink Open Loop

Simulink Closed-Loop

Live ScriptStep 1: Deploy 

Controller

Step 2: Run 

Live Script

Parameter Updates

Via Workspace
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Workflow for classical controller design
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Modeling based on physics (linear approximation)
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Design of experiments are performed to collect input-

output data for system identification
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All experiments are carried out using MATLAB Live Script 

interfacing with the bi-copter
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Select most appropriate model



12

PID controller is tuned using different gain cross-over 

frequencies
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Servo controller is designed using discrete linear 

quadratic regulator method (dLQR function)
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Optimal pole locations are obtained for various values of 

the parameter R. Let's see it in practice!
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Closed-loop testing of the servo controller
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Next, we will focus on MPC design and deployment
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Next, we will focus on MPC design and deployment
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In addition to fundamentals, bi-copter hardware also lets 

educators introduce advanced control concepts such as MPC.

System identification

PID control

Model predictive control (MPC)

Mechatronics

Sensors and actuators

Algorithm development

Hands-on learning

Controller design and deployment
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MPC uses a dynamic model of a system to predict future behavior 

and optimize control actions in real time, subject to constraints.
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Here’s the end-to-end workflow for MPC design and 

deployment.

Design of 
experiments

System 
identification

MPC design
Testing MPC 

in closed-loop

Workflow
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Here’s the end-to-end workflow for MPC design and 

deployment.

Design of 
experiments

System 
identification

MPC design
Testing MPC 

in closed-loop

Workflow
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An MPC is designed using the MPC Designer app to 

maintain the bi-copter at the specified reference angles.
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Testing the deployed MPC in closed-loop
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MPC successfully compensates for the unmodeled 

disturbance.
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Check out these resources for more information:

▪ Prof. Enikov’s repository contains:

– Bi-copter 3D printing and assembly instructions

– MATLAB code and Simulink models for system 

identification & PID / state-space control

▪ MPC with bi-copter

– MPC code and models 

– Tech talk video

In summary, educators can use the bi-copter hardware to provide 
students with hands-on experience across a wide range of control topics, 
from fundamentals to advanced controls.

https://www.mathworks.com/matlabcentral/fileexchange/169658-arduino-based-bi-copter-experiments?s_tid=srchtitle
https://www.mathworks.com/matlabcentral/fileexchange/169658-arduino-based-bi-copter-experiments?s_tid=srchtitle
https://www.mathworks.com/matlabcentral/fileexchange/169658-arduino-based-bi-copter-experiments?s_tid=srchtitle
https://www.mathworks.com/matlabcentral/fileexchange/169658-arduino-based-bi-copter-experiments?s_tid=srchtitle
https://www.mathworks.com/matlabcentral/fileexchange/182060-advanced-control-with-the-bi-copter-hardware
https://www.mathworks.com/matlabcentral/fileexchange/182060-advanced-control-with-the-bi-copter-hardware
https://www.youtube.com/watch?v=DvDSkyDHb9o
https://www.youtube.com/watch?v=DvDSkyDHb9o
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Share the EXPO experience 

#MATLABEXPO

in/melda-ulusoy
in/eniko-enikov-

618b8b106
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