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About NTU
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Re member NTUOS VI siI C

Drive Global Impact

Transform Education

Operational
Excellence

Build Talent & Leadership Bench Strength

House of Talent
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Re me mber NTUOS MI s s

Education House of Talent

We deliver transformative educational
We attract, develop, and retain the very best

people to drive excellence across the
University.

experiences that make our students both
future- and Al-ready, so they are sought after
by employers.

Research, Innovation and Enterprise

Hub of Global Impact
We pursue breakthrough discoveries. We P

integrate technology and the humanities to We drive global tin all that we do. W
address global challenges. We accelerate SAEVE SIODAHNPACE IR Al ENAL WEG0. Y\ S

cutting edge innovation and create promising pursue long-lasting global partnerships with
new enterprises. like-minded institutions across the world.
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Education is to help citizens to fulfill their missions on
Earth, which include: to understand the world and to
| mprove the worl d e
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About You
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Remember your mission as MAE
undergraduates &

u You are here to grow your knowledge
and skills so as to be able to design
machines with controllable behaviors
and hopefully in some intelligent
ways.
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How to fulfill your mission?

To apply learnt knowledge and skills into the implementation of the following
universal blueprint underlying all the intelligent machines or systems.

u

User 6s
Instructions ) — )
Planning Digital | Perception
Modules Workspace Modules
Autonomy T
Systems
® COQUIO| | Under Wc':ritsua;ce
Modules Control P
Automation
Sensory
Modules
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About Course
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Why to study this course?

u Toward Using Robot Power to= Create
LR

L »

Industry 4.0

HE N ﬁ
7 W
Industry 2.0

s Mass production
» Assembly line

Industry 3.0

* Cyber Physical
Systems

* Internet of things

* Networks

* Automation
* Computers and
electronics

Industry 1.0

* Mechanization
* Steam power
* Weaving loom

s Electrical energy

Robot-Integrated Manufacturings

2011 20xx

1784 1870 1969 Today
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How to study this
course?

u To put yourselves into the
mindset of designers of robots
as products:

u  Who are the users?
u  What are the needs of users?

v What are your robots which
could meet the needs of your
users or buyers?

u  What are the solutions
behind the design of your
robots?

Market Demands or Needs

{

Product Specifications

{

Design Specifications

{

Conceptual Design

\

Selection of Materials/Components/Devices

{

Embodiment Design

{

Prototyping

-
Optimizing
'

Production

{

Marketing
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What to
Learn?

Roadmap of Learning:

Key Take-aways

Q1: What is the energy
flow?

Q2: What is the signal
flow?

Q3: What is the
knowledge flow?

Q4: What is the
relationship between
energy flow and signal
flow?

Q5: What is the
relationship between
signal flow and
knowledge flow?

Mechanical Systems
Control Systems
Programming Systems

One Machine
Two Capabilities
Three Benefits
Four Pillars

hwnNPE

Robot
Advanced
Body

Key Take-aways

Dynamics under Control
Control in Joint Space
Control in Task Space

Robot
Advanced
Perception

Perception of Photometry
Perception of 2D Geometr
Perception of 3D Geometr

Robot

Key Take-aways

Robot
Advanced
Planning

Task Planning
Action Planning
Motion Planning

Advanced

Control

Key Take-aways
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How to Apply?

A Talking Task Space Joint Space
A Seeing )
A Reading
A Thinking %% o
A Learning Sy gy U Inverse Kinematics &(q.d.d) o
Robot Intelligence g(z,#,#) y / \2(02, &, #zt)tj
@ robotMind L. &80 Kinematics é ... u
e U i - é u
| é(qy,df,,éﬁ)g \How to simulate motions? é(qn,Cﬁﬂ?f)u
o How to program motions? &g # #H)U Forward Kinematicg
Application
Domains Robot Control | |
How to simulate motions?
. (.48 Desired
Robot Dynamics @&————— .
. Motions
é(q2"ﬁ’£)l]: * Control | |«
e ... U < Actuator |« Amplifier [< Jr—_— .
e u gorithms |7 <
&an. . &)
Robot Body |
- | > Sensors @. cﬁ 27'1) How to control motions?
How to perform motions?
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Terminology Alert

u Advanced Roboticsis about the study of advanced
robots which could perform tasks in some intelligent
ways.

u Advanced Robotis a machine which has

u two capabilities (automatic control and autonomous
control),

u three benefits and
u four modules.
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True Foundation of Robot Intelligence

A One Tool

A Two Worlds — &
. C
A Three Intelligences Machine Intelligence Q
A Four Pillars - =
o 4 0 b}
QS O < o5 O I
A Signal to Knowledge Gl 3% S F R -
Qo Qo< Qo
A Knowledge to Knowledge =g S ¢ z 8 == 5
. c c c Y—
A Knowledge to Signal X g X a ¥ 8 X & £
_ <
Computer-Aided Intelligence
NEW FOUNDATION OF : ) R
ARTIFICIAL Human Intelligence 3
. . . -
INTELh'fENCE Natural Sciences Social Sciences o
Knowledge =
) “‘”I‘L"“~m Properties Constraints — C
atl_lra anguage
Uil Conceptual Worlds S
Human Languages %
{47 EEMBERT 5 I
T ———— | Wrowssane | | PhyS|CaI World
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Todayos Lectures &

by Modul e 3: Robot ds Advanced
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School of Mechanical & Aerospace Engineering

TECHNOLOGICAL Design, Machine, Control, Intelligence
UNIVERSITY ’ | '

Module 3 _
MA4825 Robotics

Robot 0s Advanc

#

Xie Ming, PhD (France) ~

http://personal.ntu.edu.sg/mmxie
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Outline of Module 3

u Task Planning

u Action Planning

Conceptual World

u Path Planning

Physical World

u Trajectory Planning
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Outline of Module 3

u Task Planning

u Action Planning

Conceptual World

u Motion Planning

u Path Planning

Physical World

u Trajectory Planning
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School of Mechanical & Aerospace Engineering

TECHNOLOGICAL Design, Machine, Control, Intelligence
UNIVERSITY ’ | '

Module 3 _
MA4825 Robotics

Lecture 1

Task Planning

Xie Ming, PhD (France) -

http://personal.ntu.edu.sg/mmxie

#
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Outline of Lecture 1

u Purpose of Task Planning

u Input to Task Planning

u Output from Task Planning

u Process of Task Planning
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Outline of Lecture 1

u Purpose of Task Planning

u Input to Task Planning

u Output from Task Planning

u Process of Task Planning
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Definition of Task Planning

u Task planning is a process which takes job
descriptions as input and produces a
sequence of tasks as output, which are to
be performed by robots.

4 )
Task
Jobs $ Planning fl>TaSkS

o J
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What are tasks which could be performed by robots?
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Where to find jobs for robots to do?

u Jobs In u Jobs in Agriculture
Manufacturing

u Jobs Iin Defence
u Jobs In

Transportation _ _
P u Jobs Iin Education

Jobs In Services
’ u Others
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Scenario of Task

Planning in
Manufacturing

Many Jobs

Many Tasks
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Example of Job in Smart Factory

L3 . ‘-\
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Example of Job of Producmg Cars
* _.' 4"-’:‘:— :

Bl _—
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Example of Job of Transporting
People and Goods

Information Gathering Infrastructure

———y

v - ’
Falling Objects

Roadway-vehicle R
Communication  Route Guidance
Infrastructure  ganirastructure

Roadway-vehléle%

Communication | T Vehlcle-vehicle
v 'Communication

""""""
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Agriculture

IN

Example of Job
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Example of Job Iin Hospital
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Example of Job In Restaurant
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Example of Job in School
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Example of Job in Smart City

BY 2050

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)



Nanyang Technological University

Outline of Lecture 1

u Purpose of Task Planning

u Input to Task Planning

u Output from Task Planning

u Process of Task Planning
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Input to Task Planning

u The input to task planning is the description
of a given job In the form of natural
languages.

4 )

Task
Jobs $ Planning fl>TaSkS

o J
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What should be inside
the description of a
given job?

Answer:

i

1. The outcome of job
to be achieved

2. The space in which
the job is to be
undertaken

3. The time within
which the job is to be
undertaken
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Jobs in Manufacturing

Product
Design

Engineering
materials

Manufacturing *

support systems <—|

Systems

Manufacturing
systems

_____________________ %____________ Quality Control |

g Manufacturing
support

> Facilities

—

Automation and Control

VDO WA fﬁ,’,‘vﬁu

Finished Product
products Sales

P

QO QUQQD MINDHE P«
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Lecture Slides 2019 - onward/MA6236 Lecture XM 2 - Sensors in Manufacturing (Part 1).pptx
Lecture Slides 2019 - onward/MA6236 Lecture XM 3 - Control in Manufacturing.pptx
Lecture Slides 2019 - onward/MA6236 Lecture XM 1 - Systems in Manufacturing.pptx
Lecture Slides 2019 - onward/MA6236 Lecture XM 4 - Processes in Manufacturing (Part 1).pptx
Lecture Slides 2019 - onward/MA6236 Lecture XM 4 - Processes in Manufacturing (Part 2).pptx
Lecture Slides 2019 - onward/MA6236 Lecture XM 3 - Control in Manufacturing.pptx
Lecture Slides 2019 - onward/MA6236 Lecture XM 2 - Sensors in Manufacturing (Part 2).pptx
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Example of Manufacturing Jobs  |«s: key System
KC: Key Component

u  From Design to Marketing/Sales

< Design  Assembly -

Manufacturing
KCs

Product KC tree Assembly KC tree

l:m IU

Pl'odllct Prodllct
drawing Pargg s
Wings

Manufacturing
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Another Example of Manufacturing Job

u  From Design to Marketing/Sales

KS  KC KC KS KS: Key System
vy v v KC: Key Component

—

—
@\ > E}[
Design Product

NN ,
N NN D Marketing and Sales

>
M-

S
~ Manufacwring
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Outline of Lecture 1

u Purpose of Task Planning

u Input to Task Planning

u Output from Task Planning

u Process of Task Planning
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Output of Task Planning

u The output of task planning is a sequence of tasks
which could lead to the accomplishment of
Intended outcome of a given job.

4 )

Task
Jobs $ Planning J‘>TaSkS

o J
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Internal Output of Manufacturing Systems

Product
Design

Engineering
materials

Manufacturing *

support systems <—|

Systems

Manufacturing
systems

_____________________ %____________ Quality Control |

g Manufacturing
support

> Facilities

Finished Product

Automation and Control

VDO WA fﬁ,’,‘vﬁu

p
QO QUQQD MITNDHE P
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Lecture Slides 2019 - onward/MA6236 Lecture XM 2 - Sensors in Manufacturing (Part 1).pptx
Lecture Slides 2019 - onward/MA6236 Lecture XM 3 - Control in Manufacturing.pptx
Lecture Slides 2019 - onward/MA6236 Lecture XM 1 - Systems in Manufacturing.pptx
Lecture Slides 2019 - onward/MA6236 Lecture XM 4 - Processes in Manufacturing (Part 1).pptx
Lecture Slides 2019 - onward/MA6236 Lecture XM 4 - Processes in Manufacturing (Part 2).pptx
Lecture Slides 2019 - onward/MA6236 Lecture XM 3 - Control in Manufacturing.pptx
Lecture Slides 2019 - onward/MA6236 Lecture XM 2 - Sensors in Manufacturing (Part 2).pptx
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Tasks as Internal Output A e

INn Manufacturing — [ e

processes

Deformation
processes

Material
removal

Processing
operations

Property Heat
enhancing processes treatment

Cleaning and

- surface treatments
|| Surface processing
operations

Coating and
Manufacturing | | deposition processes
processes

— Welding

Permanent Brazing and
joining processes soldering

Adhesive
|| bonding

Assembly
operations

Threaded
fasteners

Mechanical
fastening

Permanent
fastening methods
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In general, there are five typical
types of jobs in manufacturing:

u 1. Doing deformation processes

u 2. Doing material removal processes
u 3. Doing solidification processes

u 4. Doing assembly processes

u 5. Doing material handling processes
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Examples of Deformation Processes

~
Direct extrusion ~ Extruded

product
@
-
Ra’m

Die
indirect extrusion  Extruded

- prodixct
CUP
- =
_| - Az

Die Ram
| v |

L}
AWater Cooling
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Examples of Material Removal Processes

Starting Diameter i
Workpiece  diameter Chip  after tuming Rotation
* Faad Ml“lng Raotation
Drill bt cutter L Materia
& removed
Work part
Waork —
. ) ol .
Single point Hole L -
Feed
(2} {b) &)

) Sculpturing rbbots
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Example of Material Removal Processes
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Example of Material Removal Processes
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Examples of Solidification Processes

1 2 3 4

-
o

g
® -

Pattern's production Mould's production, Casting Checkout
realized in foundry (dismantiing of mould,
sand contained in feedheads cutting, clening

metal frame of casting surface).

/_ —
-— ‘a Alminiuniwinis
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Example of Solidification Processes
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Example of Solidification Processes

" 2% PAINT TOOL for painting

g
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Examples of Assembly Processes
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Example of Assembly Processes
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Example of Assembly Processes

57



Nanyang Technological University

Example of Assembly Processes

Example of Components

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)



Nanyang Technological University

Example of Material Handling Processes
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Example of Material Handling Processes

60
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Example of Material Handling Processes
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Example of Material Handling Processes

) < v
T T Y a
2 - % . .
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Outline of Lecture 1

u Purpose of Task Planning

u Input to Task Planning

u Output from Task Planning

u Process of Task Planning
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How to do task planning?

u Scenario 1: You are the buyers or users of robots
u Human-Assisted Task Planning

u Scenario 2: You are the designers of robots
u Task Planning by Robot

4 )

Task
Jobs $ Planning fl>TaSkS

- /
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Scenario of Human-Assisted Task Planning

A Given
Job » Synthesis of Text
in Mind | PersonA |
A 4
Synthesis of Speech > Speech to Text
Job
Description v
Synthesis of Writing »| Text to Meanings
v Task 1
Meanings to Decisions Task 2
v Task 3
Decisions to Tasks é
Task n-1
Task n
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Example of Activities Related to Jobs
In Manufacturing

CAD
Geometric modeling
Engineering analysis
Design review/eval.

CAPP

_|NC part program.
"~ | Production schedule

Y

CAM

Process control
Quality control
Shop floor control

Y

Computerized
Business Systems

Order entry
Customer billing

4

A

operations

Factory

o

Automated drafting Mfg resource Inventory control Payroll
planning Accounting, etc.
A A J A
(1) y (2) y (3) y (4) y
Product _ | Manufacturing . Manufacturing Business
design . planning control functions . -«

Customer
market

Customer feedback to design
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From Mar keting/ Sales Acti v

Part Explosion Diagram

oy
/57 |
ey . Rawmting Fnk
=N o oo/
aan /N e
G~ S
(12 TR N
a0, : =
P : Main housing : ﬂ
oot , TR .
I : 2
@y =
il [/ o
TN
o/
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From Product Design to Product-Making Planning

Yearly Quantity

Purchased Parts Produced Parts

Monthly Quantity
Purchased Parts Produced Parts

Weekly Quantity
Purchased Parts Produced Parts

Daily Quantity
Purchased Parts Produced Parts
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From Product-Making Planning to ProcessDeployment
Planning

;

Starting raw Basic Secondary Property-enhancing Finishing Finished
L —— . e
material process processes processes operations product

i
U 0 SO

Basic Process Secondary Process(es) Property-Enhancing Processes  Finishing Operations
Sand casting Machining (none) Painting

Die casting (none, net shape) (none) Painting

Casting of glass Pressing, blow molding (none) (none)

Injection molding (none, net shape) (none) (none)

Rolling of bar stock Machining Heat treatment (optional) Electroplating
Rolling of sheet metal Blanking, bending, drawing (none) Electroplating
Forging Machining (near net shape) (none) Painting

Extrusion of aluminum Cut to length (none) Anodize

Atomize metal powders Pressing of powder metal part ~ Sintering Painting
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Planning
A Operations Part No: Part Name: Rev. P 1 of 2
- 031393 Housing, valve 2 age 1 or <
- Matl: ) Size: ] Pianner; Date:
416 Stainiess 2.0 dia x 5. long MPG 3/13/ XX
Tooling, | Setup | Cycle
No. | Operation Dept. | Machine | gages | time | time
10 | Face; rough & finish turn to L 325 G857 | 1.0h |822m
1.473 + 0.003 dia. x 1.250 + 0.003
length; tace shouider to 0.313 + 0.002;
finish turn to 1.875 + 0.002 dia.; form 3 grooves
(| at 0.125 width x 0.063 deep.
- 20 | Reverse; face to 4.750 + 0.005 L 325 05h |3.10m
length; finish turn to 1.875 £ 0.002 dia.;
drilt 1.000 + 0.008, -0.002 dia. axial hole.
30 | Drill & ream 3 radial holes at 0.375 £ 0.002 dia. D 114 F511 0.3h |250m
- 40 | Mill 0.500 £ 0.004 wide x 0.375 + 0.003 deep slot. | M 240 F332 ] 0.3h |1.75m
[ 50 | Mill 0.750 + 0.004 wide x 0.375 + 0.003 deep flat. M 240 F333 | 0.3h |1.60m
=
O — — — —
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From Work-Schedule Planning to Factory Automation

Production system

4 A
____________________________________________________ 'i ™~
|
I
Manufacturing i | Manufacturing
support systems [<—— * ! support
_________________________________ Quality control | 1,
Y systems !
|
Manufacturing i
systems !
|
+ f | > Facilities
— I —
Englnec_arlng Manufacturing processes and assembly operations |—+t» Finished
materials ! products
|
|
|

Control Sensing

|

Automation and Control
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Example of Computer-Aided Factory Operations

h > o) 0:03/2:23
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Scenario of Task Planning by Robots
| Human Being_|

A Given
Job » Synthesis of Text
in Mind | Robot |
A
Synthesis of Speech »  Speech to Text
Job v
Description v M
Synthesis of Writing »| Textto Meanings | |
\4 )<\
Meanings to Decisions
- >< Task 1
— _ " | Task 2
Decisions to Tasks P Task 3
M L
e
O tunit Task n-1
pportunities Task n

For Al Research
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Could todayos robot s
human languages? Comard>  Gesporse

\

Speech to Text Speech to Text
Conversion Conversion
Text to Meaning Text to Meaning
conversion conversion

Intended Meaning or Intended Meaning or
! Understood Meaning

Opportunities
For Al Research

Human Being
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Summary of Lecture 1

u Purpose of Task Planning
u Input to Task Planning
u Output from Task Planning

u Process of Task Planning
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Outline of Module 3

u Task Planning

u Action Planning

Conceptual World

u Motion Planning

u Path Planning

Physical World

u Trajectory Planning
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School of Mechanical & Aerospace Engineering

TECHNOLOGICAL Design, Machine, Control, Intelligence
UNIVERSITY ’ | '

Module 3 _
MA4825 Robotics

Lecture 2

Action Planning

Xie Ming, PhD (France)

http://personal.ntu.edu.sg/mmxie

#

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)



Nanyang Technological University

Outline of Lecture 2

u Purposeof Action Planning
u Input to Action Planning

u Output from Action Planning
u Process of Action Planning

u Task Models in Manufacturing
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Outline of Lecture 2

u Purposeof Action Planning
u Input to Action Planning

u Output from Action Planning
u Process of Action Planning

u Task Models in Manufacturing
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Definition of Action Planning

u Action planning is a process which takes
the description of a task as input and
produces a sequence of actions as output,
which are to be performed by robots.

4 ) 4 )
J\ Task I\ Action
Jobs _l/ Planning ‘>Tasks l/ Planning ‘>Actions

o ) o )
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What are actions that robots can perform?

u Actions by Robot Arms
- To push / To pull / To Follow / To Throw

u Actions by Robot Hands:

u To open/ To close / To perform complex actions

u Actions by Robot Legs:
u To support/ To carry / To push / To swing

u Actions by Robot Wheels:

u  To move forward / To move backward / To turn

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)



Actions in Manipulation (1)

Open/Close/Move/Pick/Place

83
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Actions In Manipulation (2)

u  Move To/Move With/Move Along

\

- e
] s T T N R O ety R
» K . .
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Actions In Manipulation (3)

u  Open/Close/Move To/Move With/Move Along
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Actions In Wheeled Locomotion

Move Forward/Move Backward/Turn Left/Turn Right
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Actions in Legged Locomotion (1)

Actions in a Walking Task: Support/Push/Carry/Swing
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Actions in Legged Locomotion (2)

Actions in a Walking Task: Support/Push/Carry/Swing

upport Carry
Pus
9
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Actions In Legged Locomotion (3)
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Actions in Flying Locomotion

u Actions in a Flying Task: Take-off/Landing/Turn/Move
Forward/Backward/Move Up/Down

Left Image Camera Model

'
'
|
T
'
'
!
1
'
'
!
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More exampl e e
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Outline of Lecture 2

u Purpose of Action Planning
u Input to Action Planning

u Output from Action Planning
u Process of Action Planning

u Task Models in Manufacturing
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Input to Action Planning

u The Input to action planning is the description
of a given task in the form of natural

languages.
4 I 4 I
J\ Task I\ Action
Jobs _l/ Planning fl>TaSkS l/ Planning fl>AC’[i0nS
\_ J \_ J
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What should be inside the
description of a given task?

Task 4
Answer: r‘ ?

Task

u 1. The outcome of task Tasks \ﬁ\ r —_—"
to be achieved
. a

a
5

Task 2
u 2. The spacein which sk Task
the task is to be !
undertaken _*_,

Task 10

u 3. The time within which Task

the task is to be g
undertaken
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Example of Task Description as Input

A robot arm picks
up a bottle at
Incoming conveyer,
and places itinto a
specific location
inside the box at
outgoing conveyor.

It repeats the
operations until the
box is full.
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Example of Task Description as Input

An AGYV transports
part A into the
workspace.

A conveyor
transports part B
into the
workspace.

A robot arm picks
up part A and
places it onto the
outgoing
conveyor.

The robot arm
picks up part B
and inserts it into
part B.
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Outline of Lecture 2

u Purpose of Action Planning
u Input to Action Planning

u Output from Action Planning
u Process of Action Planning

u Task Models in Manufacturing
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Output from Action Planning

u The output of action planning is a sequence of
actions which could lead to the accomplishment
of a given task.

4 ) 4 )
J\ Task Action
Jobs _l/ Planning fl>TaSkS Planning fl>AC’[i0nS

- / o /

~~
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What is the action sequence derived from this
material handling task?
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Output of a Sequence of Actions

1. To bring in an empty box to the
packaging station.

2. To transport the filled bottles to the
packaging station.

3. To pick up a filled bottle and place it
into the box.

4. To repeat until the box is full.

5. To shift away the full box and to
bring in a new empty box.
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What Is the action sequence derived from
this assembly task?
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Output of a Sequence of Actions

To pick up part A from
the AGV.

To place part A onto the
outgoing conveyor.

To pick up part B from
the incoming conveyor.

To insert part B into
part A.
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What Is the action sequence derived from
this sorting task?

evious/Current Values

st File  CAD  Device Layout peyice and Part Positions Previous Values -
Joint Values Previous Values E
Path Attachments and Positions |previous Values -
e Run Type Run To End =
—Capture { 2
Carinirs Stop Time 0.000000 sec
Droppe % 0K Cancel |
File Size
Video Length: 0 Seconds Save Positions

Capture Length: 0 Seconds | Cancel | Restore Positio

— Capture Properties - ‘ Data Readout |
Frame Size: 768 x 536 Swept Volume |

3.0frames/sec Setup

Colors: True Color

Frame Rate:

Compression: Microsoft Video 1
Record Audio:  Disabled Imp OI’: T-Jog

Sel Dev Snap D

rn DevRot De

|Press <CTRL><SHIFT><P> to stop video capture
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Output of a Sequence of Actions

u  To pick up a bar of one colour

IGRIP - [ Motion - Simulate ] BﬂPrDviDus/Currem Values

S Fle CAD Device Layout poyice and Part Positions {Previous values ,
u  To place it onto the table of the " Joint Values [Previous Values B
same colour e Path Attachments and Positions [previous Values 1
IRun To End _vj
| 0.000000 sec
o b ok ] _canc |
e Size
u  Repeat for the rest of three bars VideoLengh  0Secords | -] FSave Positions|
Conue Cenan N oeeend Cancel Restore Positio
~Capture Properties— ) : Data Readout ]
Frame Size: 768 x536 "Swe p t Volume |
Frame Rate:  30frames/sec Setup | Off
H Colors: True Color —
u  To pick up the bar on a table T e 7
Record Audio:  Disahled Tmp Or; T-Jog
: —— = Sel 'Dev-Snap‘D"
[P"ess SCIEDaHIER 2o sopiidec enptiie Trn DéQRot [5evi
u TO place It tO the mlddle Of the [ Light [Camera| Fly | Rotate | Gruise | View | Display | Modes |

table

u  Repeat for the rest of three bars
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Outline of Lecture 2

u Purpose of Action Planning
u Input to Action Planning

u Output from Action Planning
u Process of Action Planning

u Task Models in Manufacturing
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How to do action planning?

u Scenario 1: You are the buyers or users of robots
u Human-Assisted Action Planning ——> (Human Assistance)
u To use natural languages
u To use programming languages and library functions
u Scenario 2: You are the designers of robots
u Action Planning by Robots ~ —— (Robots with Intelligence)
u Model-Guided Action Planning

u SensorGuided Action Planning

e ) 4 )
J\ Task I\ Action
Jobs _l/ Planning fl>TaSkS l/ Planning fl>AC’[i0nS

o / o /
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Human-Assisted Action Planning

& Virtual Robot ¢ Real Robot

Current View [Operator (Eye) | @ Keyboard ¢ Speech
Current Robot |John | « Joystick : l—«l
=1 —
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SensorGuided Action Planning

Hardware and low level contTo by SRC

High level control & grogr ammlng Dy RTR
£ £ 4. .
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Model-Guided Action Planning

u  Use of Assembly Task Model

LT LA T T L T L T T L T A T
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Output of Action Sequence

u Action Al;
u  Put part A and part B together A n

u Action A2; @

u Add part C to the sub -assembly A
/‘
% (9 Lo
%
u Action A3: 9%
u Add part D to the sub-assembly OOQ
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Model-Guided Action Planning

u  Use of Machining Task Model

Hole 1

Side 3

Hole 2

Side 1
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Output of Action Sequence

u Action Al;

1 Drill hole 1 at side 2
u  Action A2: @

u  Drill hole 2 at side 2

%, (3
u Action A3; @Q
&

. Q
% (9
u Remove a subblock at side 1 X @
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Outline of Lecture 2

u Purpose of Action Planning
u Input to Action Planning

u Output from Action Planning
u Process of Action Planning

u Task Models in Manufacturing
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What is the action sequence derived from
this task description (Sand Casting)?

u The task is to make use of molten metals and a
mould of cavity of a specific shape in order to
produce met al parts of the
cavity.

Pouring cup

Cast metal in cavity

Cast metal

Cope
Downsprue Parting line
Runner
Flask
Mold

Drag
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Output of Action Sequence

u  Melding of Raw Metals :

© _J+—— Copper induction coils

Molten metal
(arrows indicate

u Pouring of Molten Metals miing action)

I~ Refractory material

u  Solidification and Cooling Induction Furnace

u  Removal of Mould

u Cleaning and Inspection of Finished Casting
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What Is the action sequence derived from
this task description (Injection Moulding)?

u The task Is to make use of molten polymer
and a mould of cavity of a specific shape
In order to produce plastic parts of the
shape of the moul db0os <ca

Feed hopper Heaters Barrel Stationary platen

Movable platen
Cylinder for screw-ram Reciprocating screw Mold

- /\ f Tie rods (4)
Nozzle
L\

'?Ils.---

Clamping
cylinder

AN NS AL N |
| ——1—H | ] —_—

(I
| |
B iy i i— i i— i i—  i— J — e am—

' —
: ™~ Motor and gears Nonretum ' = Hydraulic
for screw rotation ~ valve cylinder

s

|—‘- Injection unit =|< Clamping unit ——————»'
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Output of Action Sequence

u  To close the mould

u  To melt and homogenize the polymer

u  To inject the molten polymer into the cavity of mould
u  To keep the mould closed during injection

u  To open the mould

u  To remove the finished parts
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What is the action sequence derived from
this task description (Forging)?

u The task Is to make 1
use of impacts or
gradual pressure to
compress hot
metals into desired @
shapes. VF

Upper die

Workpiece

Lower die (stationary)

Workpiece

Upper die
Flash e EmEEEEe—

Lower die (stationary)

(b)
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Output of Action Sequence

Forging by Impact

u

Workpiece of metal is heated
into a temperature.

Workpiece is placed on lower
die.

Upper die (or punch) exerts
an impact onto the
workpiece.

Forging by Gradual Pressure

u  Workpiece of metal is heated

into a temperature.

u  Workpiece is placed on lower

die.

u  Upper die (or punch) exerts

gradual pressure onto the
workpiece.
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What is the action sequence derived from
this task description (Bending)?

u The task is to make use of a punch to exert strain
along a straight axis on a surface of a metal sheet

(which is placed on a die) so as to create a
desired bending angle.

L |

Punch
Pressure pad
1 ! :ﬁi Die
a .

(1) (2) M
(a) (b)

V-Bending Edge-Bending

Die
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Output of Action Sequence

V-Bending Edge Bending
u A metal sheet is placed on a u  Ametal sheet is placed on a
die. die.

u  The metal is held against the

u A punch exerts a force and die by a pressure pad.

presses the metal sheet
against the die.

u A punch exerts a force and

presses the metal sheet
u  The punch is lifted up, against the die.

u  The punch and the pressure
pad are lifted up.
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What is the action sequence derived from
this task description (Turning)?

u The task is to make use of movable cutting tools
which act on a rotating workpiece for the purpose of
removing layers of materials (i.e. chips) so that the
original surface of the workpiece is transformed into
a new surface of a desired shape.

Work New surface
} Speed motion (work)

Feed motion
(tool)

Cutting tool
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Output of Action Sequence

u  To load and fix the workpiece onto
a rotating head.

u To rotate the workpiece.

u  To advance the cutting tool until
the final shape is obtained.

Tocl
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What is the action sequence derived from
this task description (Milling)?

u The task is to make use of rotating cylindrical
tools with multiple edges in order to remove
materials from a movable workpiece so as to
produce workpieces with desired surface profiles.
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