Balancing Robot

Controlling a Mini Segway



Learning goals

> Recognize what is an unstable system and under actuation
> Know what one needs to control

> Understand the main principles of feedback control
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Unstable system
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Unstable system

> An unstable system means that without any
additional help the system will collapse or
explode
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Unstable system

> An unstable system means that without any
additional help the system will collapse or
explode

> Some systems are marginally stable, that is
they become unstable if certain conditions are
not met

> Minseg, Segway and balancing a pen with a
finger are actually marginally stable systems!
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Unstable system

> An unstable system means that without any
additional help the system will collapse or
explode

> Some systems are marginally stable, that is
they become unstable if certain conditions are
not met

> Minseg, Segway and balancing a pen with a
finger are actually marginally stable systems!

> However, sometimes keeping a marginally
stable system at the balancing point, also
known as the stability point, is so hard that
they are practically unstable

> Even the slightest movement of air will cause
the pen to tilt and start falling
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Unstable system

> An unstable system means that without any
additional help the system will collapse or
explode

> Some systems are marginally stable, that is
they become unstable if certain conditions are
not met

> Minseg, Segway and balancing a pen with a
finger are actually marginally stable systems!

> However, sometimes keeping a marginally
stable system at the balancing point, also
known as the stability point, is so hard that
they are practically unstable

> Even the slightest movement of air will cause
the pen to tilt and start falling

Can you think of any other examples?

1 Project Introduction
Balancing Robots
2/7



Underactuation
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Underactuation

» Underactuation means that the number of actuators on the robot is less than the
number of directions of freedom
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Underactuation

Underactuation means that the number of actuators on the robot is less than the
number of directions of freedom

For Minseg, the number of actuators is two - the motors

However, the number of directions of freedom are three
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Underactuation

Underactuation means that the number of actuators on the robot is less than the
number of directions of freedom

For Minseg, the number of actuators is two - the motors
However, the number of directions of freedom are three
> The body angle

> The body velocity

> The body heading
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Underactuation

Underactuation means that the number of actuators on the robot is less than the
number of directions of freedom

For Minseg, the number of actuators is two - the motors

However, the number of directions of freedom are three
> The body angle
> The body velocity

> The body heading

Practically this means that we can only control the robot in two ways, but the
control will affect 3 things
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Feedback Control
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Feedback Control

> Basic principle: Take measurements and make a correction
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Feedback Control

> Basic principle: Take measurements and make a correction
> If you drive a car in a video game, you observe how your car is moving. Based on
what you sense with your eyes, you make little corrections with the gamepad to

correct the error in the path and keep the car on track

> This is the basis of negative feedback control

|::> Car trajectory ::> Sense and measure
Apply control changes the effect
@ R R OX O
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Feedback Control

> Basic principle: Take measurements and make a correction
> If you drive a car in a video game, you observe how your car is moving. Based on
what you sense with your eyes, you make little corrections with the gamepad to

correct the error in the path and keep the car on track

> This is the basis of negative feedback control

|::> Car trajectory ::> Sense and measure
Apply control changes the effect
@ R R OX O

> Here, your brains act as the controller, the car trajectory is the process and your
eyes do the measurements. Then your brains calculate the error from the reference

path according to the images sent by your eyes!
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Feedback Control

> Negative feedback control loop

Reference !
Process ; Measurements

Feedback
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What do we need to control the Minseg? - Part |

> To calculate the error we need to know the body angle
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What do we need to control the Minseg? - Part |

> To calculate the error we need to know the body angle

» However, simply knowing how far off we are is not enough
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What do we need to control the Minseg? - Part |

> To calculate the error we need to know the body angle

» However, simply knowing how far off we are is not enough

> We also need to react to how fast the error is changing

> Therefore we need to calculate the time derivative of the error
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What do we need to control the Minseg? - Part |

To calculate the error we need to know the body angle

However, simply knowing how far off we are is not enough

> We also need to react to how fast the error is changing

> Therefore we need to calculate the time derivative of the error

If we want the robot to go forward as we want it, we need to also keep up with a
reference value
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What do we need to control the Minseg? - Part Il

> However, not all systems have 1 to 1 relation between the reference value and the
output!
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What do we need to control the Minseg? - Part Il

However, not all systems have 1 to 1 relation between the reference value and the
output!

Therefore can also track the accumulated error, also known as the time integral of
error

The time integral of error will force the system to follow the value you want as the
signed integral constantly grows in magnitude until the correct output value is
reached

This also has a side effect, can you figure out what it could be?
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What do we need to control the Minseg? - Part Il
However, not all systems have 1 to 1 relation between the reference value and the
output!

Therefore can also track the accumulated error, also known as the time integral of
error

The time integral of error will force the system to follow the value you want as the
signed integral constantly grows in magnitude until the correct output value is
reached

This also has a side effect, can you figure out what it could be?

Some systems are self regulating processes, this means the process in itself includes
integration and no integral control is needed

If you are interested in identifying these systems and learning more control
methods, you are more than welcome to come and study control theory!
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