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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 

understand 

the physics.

Interesting

part

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 ]
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How do you derive the Mathematical model  …… in MATLAB ?

DEMO

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

ሷ𝑞

𝑀

𝐶

𝐾

𝑔

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



5

Laborious ?

ሷ𝜃1

ሷ𝜃2

ሷ𝜃3

ሷ𝜃4

Approx

200 lines

ሷ𝜃1

ሷ𝜃2

Approx

30 lines

2-dof 4-dof
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The role of Symbolic computing in your classroom:

The 

understanding 

of the problem 

physics

Bigger

problems

smaller

problems

Hand written

implementation

Symbolic computing

implementation

Manual 

implementation

Automated 

implementation

fundamental

concepts

interesting

applications
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The role of Symbolic computing with MATLAB in your classroom:

Enhancement 

of

Understanding

 Build upon existing skills 

and experiences

 Provide choices on how to 

solve.

 Decompose BIG problems 

into several smaller 

problems.

 Provide self serve support

Technical Computing

Environment

MATLAB
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Agenda
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Today’s Agenda:
 Symbolic Computing

– Review of some fundamental patterns in MATLAB

 Lagrangian Dynamics – part 1
– Manual application

 2 LINK robot

 Lagrangian Dynamics – part 2
– How to automate the application

 2 LINK robot

 Lagrangian Dynamics – part 3
– Make a robot write hello

 4 LINK robot 

 BONUS session:  Inverse kinematics

– Symbolic computing AND a constrained optimization problem

 Where can you find teaching resources ?

 Q/A

– Would you like ALL of the examples that you’ve seen today ?
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Demo 

these 

concepts
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Task:   Symbolic computing patterns

Live Script:
bh_short_intro_fundamental_symbolic_patterns.mlx
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Task:   2-LINK manual application

Live Script:
bh_LAGRANGE_double_PEND_MANUAL_derivation.mlx
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Task:   automating the application
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Task:   automating the application
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Task:   2-LINK automate application

Live Script:
bh_LAGRANGE_double_PEND.mlx
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Task:   4-LINK automate application

Live Script:
bh_LAGRANGE_4dof_manipulator.mlx



17

Task:   Inverse kinematics

Live Script:
bh_invKIN_4dof_manipulator_NUMERICAL_OPTIM.mlx
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The role of Symbolic computing with MATLAB in your classroom:

Enhancement 

of

Understanding

 Build upon existing skills 

and experiences

 Provide choices on how to 

solve.

 Decompose BIG problems 

into several smaller 

problems.

 Provide self serve support

Technical Computing

Environment

MATLAB
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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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Wrap up
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Q/A:

 Are there some 

questions please ?

 Download the 

examples that you 

saw today … and 

more that you didn’t !

 .. And I have 1 

question for you

>> bh_robx_startup


