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Todays agenda:

Phase 1
▪ One of the challenges in Learning Rigid Body Dynamics.

▪ Computational Thinking – Is this the answer ?

Phase 3

▪ Questions AND Answers

▪ How do you get ALL of the examples that you saw today ?

T4

Phase 2 R2017a▪ Applying Computational Thinking

– 3 Case Studies



3

How do you make a robot write hello ?

T1

We need a 

mathematical model

𝑀 𝑞 . ሷ𝑞 + 𝐶 ሶ𝑞, 𝑞 . ሶ𝑞 + 𝐾 𝑞 . 𝑞 + 𝑔(𝑞) = Q

ሷ𝑞 = 𝑀 𝑞 −1. [𝑄 − 𝐶 ሶ𝑞, 𝑞 . ሶ𝑞 − 𝐾 𝑞 . 𝑞 − 𝑔 𝑞 ]

click me
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How do you derive the mathematical model?

Mathematical model

T4

We need to apply 

Lagrange’s

equation

Laborious

part

𝑀 𝑞 . ሷ𝑞 + 𝐶 ሶ𝑞, 𝑞 . ሶ𝑞 + 𝐾 𝑞 . 𝑞 + 𝑔(𝑞) = Q

ሷ𝑞 = 𝑀 𝑞 −1. [𝑄 − 𝐶 ሶ𝑞, 𝑞 . ሶ𝑞 − 𝐾 𝑞 . 𝑞 − 𝑔 𝑞 ]

We need to 

understand 

the physics.

Interesting

part
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Laborious ?

ሷ𝜃1

ሷ𝜃2

ሷ𝜃3

ሷ𝜃4

Approx

200 lines

ሷ𝜃1

ሷ𝜃2

Approx

30 lines

2-dof 4-dof
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Encouraging Deeper Learning engagements in your classroom:

Bigger

problems

The understanding of 

the problem physics:

• 3D motion

• Inertia matrix

• Passive Rotations

• Vector sum of 

angular velocities

Hand written

implementation

Problem

Solving and practice

The understanding of 

the problem physics:

• Motion in a plane

• Inertia about an 

axis

• Virtual Work

smaller

problems
Hand written

implementation

Problem

Solving and practice

T3

BRAIN

Conceptual Difficulty

HAND

Computational Difficulty

BRAIN

Conceptual Difficulty

HAND

Computational Difficulty
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Encouraging Deeper Learning engagements in your classroom:

Bigger

problems

The understanding of 

the problem physics:

• 3D motion

• Inertia matrix

• Passive Rotations

• Vector sum of 

angular velocities

The understanding of 

the problem physics:

• Motion in a plane

• Inertia about an 

axis

• Virtual Work

smaller

problems
Hand written

implementation

Problem

Solving and practice

T2

Computational Thinking:

• Brain

• Technology

Problem Solving and practice

BRAIN

Conceptual Difficulty

HAND

Computational Difficulty

BRAIN

Conceptual Difficulty

HAND

Computational Difficulty
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Enabling Computational Thinking using MATLAB

Computational Thinking:

• Brain

• Technology

Problem Solving 

and practice

Algorithms

+

Automation

Decomposition

Simulation

Algorithms

+

Automation

>> diff()

>> matlabFunctionBlock()

Symbolic Computing

Simulation

Numeric via Block Diagram

Decomposition

Live Script

T5
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Today’s case studies:

1-dof

2-dof

(non planar)

4-dof

(non planar)

T4

The 

understanding 

of the problem 

physics

Computational Thinking:

• Brain

• Technology

Algorithms

+

Automation

Decomposition

Simulation

Problem Solving 

and practice
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Demo 

these 

concepts

R2017a
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Task:   Spring Mass Damper

Live Script:
bh_smd_model_derivation.mlx

Try it:
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Task:  2-dof Non-planar robotic manipulator

Try it:

Live Script:
bh_LAGRANGE_derivation_2dof_NP.mlx
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Task:   automating the algorithm

Choices:

We should be able to automate 

this

for a MULTI dof system 

In a 

MATLAB 

script

▪ Undergrad

▪ Postgrad

▪ Lecturer

In a 

MATLAB 

function

▪ Undergrad

▪ Postgrad

▪ Lecturer

In a 

MATLAB

class

▪ Postgrad

▪ Lecturer

T7
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Task:   automating the algorithm

Try it:
1.

3.2.
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Task:   automating the algorithm

Try it:
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Task:   4-dof Robotic manipulator  automate application

Live Script:
bh_LAGRANGE_4dof_manipulator.mlx

Try it:
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Wrap up
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The Computational Thinking approach:

Computational Thinking:

• Brain

• Technology

Problem Solving 

and practice

Algorithms

+

Automation

Decomposition

Simulation

Algorithms

+

Automation

>> diff()

>> matlabFunctionBlock()

Symbolic Computing

Simulation

Numeric via Block Diagram

Decomposition

Live Script

T5
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Q/A:

▪ Are there some 

questions please ?

▪ Download the 

examples that you 

saw today … and 

more that you didn’t !

>> bh_robx_startup

R2017a

Computational Thinking:

• Brain

• Technology

Problem Solving 

and practice

Algorithms

+

Automation

Decomposition

Simulation
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Teaching and Learning 

Resources.
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Curriculum 

materials: 

http://www.mathworks.com/academia/courseware

MATLAB Courseware

http://www.mathworks.com.au/academia/courseware
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Cody Coursework™

▪ Create online private courses and assignments

▪ Students execute MATLAB code on the web

▪ Control the visibility of the test suites from students.

▪ Visualize solution results using MATLAB graphics

▪ Download all student attempts and report on grading data

Online automated grading system for 

MATLAB assignments
http://mathworks.com/help/coursework/

cody-coursework-for-instructors.html

http://mathworks.com/help/coursework/cody-coursework-for-instructors.html
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The 1st Stop: …. For students

▪ MATLAB ACADEMY (the portal)

– Access a free interactive training course called MATLAB Onramp

Launch the FREE 

course called

MATLAB OnRamp

1.)

2.)
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The 1st Stop: …. For students
▪ MATLAB Onramp

– Provided through your web browser

– Introduction of programming concepts

– Students answer questions … and get IMMEDIATE feedback

Interactive
tutorial

Free
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Connecting to Hardware

http://www.mathworks.com/hardware-support/home.html

http://www.mathworks.com/hardware-support/home.html
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Old slides
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Todays agenda:

Phase 1
▪ One of the challenges in Learning Rigid Body Dynamics.

▪ Computational Thinking – is this the answer ?

Phase 3 ▪ Resources for you and your students

Q/A

▪ Questions AND Answers

▪ How do you get ALL of the examples that you saw today ?

T4

Phase 2 R2017a▪ Applying Computational Thinking

– 3 Case Studies
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Using Computational Thinking and MATLAB to foster learning curiosity

Centralization of thought 

process
Tedium busters

>> diff()

>> matlabFunctionBlock()

MATLAB

Live scripts

Modelling Choices


