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Outline

u Module 1: Robotõs Advanced Body

u Module 2: Robotõs Advanced Perception

u Module 3: Robotõs Advanced Planning

u Module 4: Robotõs Advanced Control
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About NTU
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Remember NTUõs Vision é

House of Talent

Hub of Global Impact
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Remember NTUõs Mission é

House of Talent

Builder

Hub of Global Impact
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Education is to help citizens to fulfill their missions on 

Earth, which include: to understand the world and to 

improve the world é
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Remember your mission as MAE 

undergraduates é

uYou 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?
u To apply learnt knowledge and skills into the implementation of the following 

universal blueprint underlying all the intelligent machines or systems.

Systems

Under 

Control

Actual

Workspace

Control

Modules

Sensory

Modules

Planning

Modules
Digital

Workspace

Userôs 

Instructions

+
-

Perception

Modules

Automation

Autonomy
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About Course
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Why to study this course?
u Toward Using Robot Power to Create Wealth é
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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?

u 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?

Robotics
Intelligence

&

Motion

Robotôs

Advanced 

Perception

Perception of Photometry

Perception of 2D Geometry

Perception of 3D Geometry

Robotôs

Advanced 

Body 

Mechanical Systems

Control Systems

Programming Systems

Robotôs

Advanced

Control

Dynamics under Control

Control in Joint Space

Control in Task Space

Robotôs

Advanced

Planning

Task Planning

Action Planning

Motion Planning

Roadmap of Learning:

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?

1. One Machine

2. Two Capabilities

3. Three Benefits

4. Four Pillars

Key Take-aways

Key Take-aways

Key Take-aways

Key Take-aways

1

4

2

3
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Robot Control

Task
Robot Mind
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Task Space Joint Space

Kinematics

Desired

Motions

How to Apply?

Robot Intelligence

Å Talking

Å Seeing

Å Reading

Å Thinking

Å Learning

Robot Body

How to program motions?

How to perform motions?

How to control motions?

How to simulate motions?

How to simulate motions?

Application

Domains
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Terminology Alert

u Advanced Robotics is about the study of advanced 

robots which could perform tasks in some intelligent 

ways.

u Advanced Robot is a machine which has 

u two capabilities (automatic control and autonomous 

control), 

u three benefits and 

u four modules.
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State of The Art in Robotics é
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True Foundation of Robot Intelligence

Physical World

Human Languages

Conceptual Worlds

Properties Constraints

Knowledge

Natural Sciences Social Sciences

Human Intelligence

Computer-Aided Intelligence
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Å One Tool

Å Two Worlds

Å Three Intelligences

Å Four Pillars

Å Signal to Knowledge

Å Knowledge to Knowledge

Å Knowledge to Signal
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Todayõs Lectures é

u Module 1: Robotõs Advanced Body

u Module 2: Robotõs Advanced Perception

u Module 3: Robotõs Advanced Planning

u Module 4: Robotõs Advanced Control
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Xie Ming, PhD (France)
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Module 3
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Outline of Module 3 

uTask Planning

uAction Planning

uMotion Planning

uPath Planning

uTrajectory Planning
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Outline of Module 3 

uTask Planning

uAction Planning

uMotion Planning

uPath Planning

uTrajectory Planning
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Module 3

Lecture 1
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Outline of Lecture 1

uPurpose of Task Planning

uInput to Task Planning

uOutput from Task Planning

uProcess of Task Planning
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Outline of Lecture 1

uPurpose of Task Planning

uInput to Task Planning

uOutput from Task Planning

uProcess of Task Planning
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Definition of Task Planning

uTask 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.

Task

PlanningJobs Tasks
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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 

Manufacturing

u Jobs in 

Transportation

u Jobs in Services

u Jobs in Agriculture

u Jobs in Defence

u Jobs in Education

uOthers
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Scenario of Task 

Planning in 

Manufacturing

Enterprise Information & Management

Production Processes & Transportation

Equipment Interface

Process

Control

Equipment

Control

Material

Control

Process

Equipment

Metrology

Equipment

Material Handling

Equipment

Manufacturing Execution Systems (MES)

Supply Chain (Marketing and Sales)

Inbound Logistics

Material Suppliers Component Suppliers

Outbound Logistics

Customers Consumers

Enterprise/Supply-Chain

Design & Simulation

Manufacturing System

Design & Simulation

Product/Process

Design & Simulation

Virtual Manufacturing

Many Jobs

Many Tasks
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Example of Job in Smart Factory
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Example of Job of Producing Cars
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Example of Job of Transporting 

People and Goods



32(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

Example of Job in Agriculture
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Example of Job in 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



37(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

Outline of Lecture 1

uPurpose of Task Planning

uInput to Task Planning

uOutput from Task Planning

uProcess of Task Planning
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Input to Task Planning

uThe input to task planning is the description 

of a given job in the form of natural 

languages.

Task

PlanningJobs Tasks
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What should be inside 

the description of a 

given job?
Answer:

u 1. The outcome of job 
to be achieved

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

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

SensorsControlActuation

Product

Design

Product

Sales

Production Systems

Manufacturing Process / Assembly Operation

(Part 1  and Part 2 )

Automation and Control

Quality Control

Systems

Sensors

ὗόὥὰὭὸώ
ρ

ὛὴὩὧὭὪὭὧὥὸὭέὲὓὩὥίόὶὩάὩὲὸ

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

u From Design to Marketing/Sales

Design Assembly

Manufacturing

KS: Key System

KC: Key Component
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Another Example of Manufacturing Job

u From Design to Marketing/Sales

é
é

é

é
é

KS KC

é
é

é

é
é

é
é

é
é

é

KC KS

Marketing and Sales

Design Product

Manufacturing

KS: Key System

KC: Key Component
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Outline of Lecture 1

uPurpose of Task Planning

uInput to Task Planning

uOutput from Task Planning

uProcess 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.

Task

PlanningJobs Tasks
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Internal Output of Manufacturing Systems

SensorsControlActuation

Product

Design

Product

Sales

Production Systems

Manufacturing Process / Assembly Operation

(Part 1  and Part 2 )

Automation and Control

Quality Control

Systems

Sensors

ὗόὥὰὭὸώ
ρ

ὛὴὩὧὭὪὭὧὥὸὭέὲὓὩὥίόὶὩάὩὲὸ

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 

in Manufacturing
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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
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Examples of Material Removal Processes

Sculpturing robots
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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



53(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

Example of Solidification Processes
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Example of Solidification Processes
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Examples of Assembly Processes



56(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

Example of Assembly Processes
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Example of Assembly Processes
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Example of Assembly Processes
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Example of Material Handling Processes
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Example of Material Handling Processes
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Example of Material Handling Processes
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Example of Material Handling Processes
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Outline of Lecture 1

uPurpose of Task Planning

uInput to Task Planning

uOutput from Task Planning

uProcess of Task Planning
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How to do task planning?

uScenario 1: You are the buyers or users of robots

uHuman-Assisted Task Planning

uScenario 2: You are the designers of robots

uTask Planning by Robot

Task

PlanningJobs Tasks
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Scenario of Human-Assisted Task Planning

Person B

Synthesis of Text

A Given

Job 

in Mind

Synthesis of Speech

Synthesis of Writing

Person A

Meanings to Decisions

Speech to Text

Text to Meanings

Decisions to Tasks

Task 1

Task 2

Task 3

é

Task n-1

Task n

Job 

Description
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Example of Activities Related to Jobs 

in Manufacturing
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From Marketing/Sales Activities to Product Design é
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From Product Design to Product-Making Planning

Daily Quantity

Purchased Parts Produced Parts

Weekly Quantity

Purchased Parts Produced Parts

Monthly Quantity

Purchased Parts Produced Parts

Yearly Quantity

Purchased Parts Produced Parts
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From Product-Making Planning to Process-Deployment 

Planning
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From Process-Deployment Planning to Work-Schedule 

Planning

Time

Operations
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SensingControlActuation

Automation and Control

From Work-Schedule Planning to Factory Automation

Sensing
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Example of Computer-Aided Factory Operations
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Scenario of Task Planning by Robots

Human Being

Synthesis of Text

A Given

Job 

in Mind

Synthesis of Speech

Synthesis of Writing

Robot

Meanings to Decisions

Speech to Text

Text to Meanings

Decisions to Tasks

Task 1

Task 2

Task 3

é

Task n-1

Task n

Job 

Description

Opportunities

For AI Research
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Could todayõs robots understand 

human languages?

Speech to Text

Conversion 

Text to Meaning

conversion

Intended Meaning or

Understood Meaning

Speech or Scene

 Synthesis

Command

Robot

Speech to Text

Conversion 

Text to Meaning

conversion

Intended Meaning or

Understood Meaning

Speech or Scene

 Synthesis

Response

Human Being

SpeechSpeech

Opportunities

For AI Research
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Challenges and Opportunities é
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Summary of Lecture 1

uPurpose of Task Planning

uInput to Task Planning

uOutput from Task Planning

uProcess of Task Planning
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Outline of Module 3 

uTask Planning

uAction Planning

uMotion Planning

uPath Planning

uTrajectory Planning
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Xie Ming, PhD (France)

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

Module 3

Lecture 2
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Outline of Lecture 2

uPurposeof Action Planning

u Input to Action Planning

uOutput from Action Planning

uProcess of Action Planning

uTask Models in Manufacturing
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Outline of Lecture 2

uPurposeof Action Planning

u Input to Action Planning

uOutput from Action Planning

uProcess of Action Planning

uTask Models in Manufacturing
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Definition of Action Planning

uAction 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. 

Task

PlanningJobs Tasks
Action

Planning Actions
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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
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Actions in Manipulation (1)

u Open/Close/Move/Pick/Place
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Actions in Manipulation (2)

u Move To/Move With/Move Along



85(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

Actions in Manipulation (3)

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

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

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

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

Push
Support

Swing

Carry
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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
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More example é
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Outline of Lecture 2

uPurposeof Action Planning

u Input to Action Planning

uOutput from Action Planning

uProcess of Action Planning

uTask Models in Manufacturing
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Input to Action Planning

uThe input to action planning is the description 

of a given task in the form of natural 

languages.

Task

PlanningJobs Tasks
Action

Planning Actions
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What should be inside the 

description of a given task?

Answer:

u 1. The outcome of task 
to be achieved

u 2. The space in which 
the task is to be 
undertaken

u 3. The time  within which 
the task is to be 
undertaken

Task 

Task 

Task 
Task 

Task 

Task 

Task 

Task 

Task Task 
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Example of Task Description as Input

u A robot arm picks 

up a bottle at 

incoming conveyer, 

and places it into a 

specific location 

inside the box at 

outgoing conveyor.

u It repeats the 

operations until the 

box is full.
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Example of Task Description as Input

u An AGV transports 

part A into the 

workspace.

u A conveyor 

transports part B 

into the 

workspace.

u A robot arm picks 

up part A and 

places it onto the 

outgoing 

conveyor.

u The robot arm 

picks up part B 

and inserts it into 

part B.
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Outline of Lecture 2

uPurposeof Action Planning

u Input to Action Planning

uOutput from Action Planning

uProcess of Action Planning

uTask 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.

Task

PlanningJobs Tasks
Action

Planning Actions
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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

(1)To pick up part A from 
the AGV.

(2)To place part A onto the 
outgoing conveyor.

(3)To pick up part B from 
the incoming conveyor.

(4)To insert part B into 
part A.
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What is the action sequence derived from 

this sorting task?
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Output of a Sequence of Actions

u To pick up a bar of one colour

u To place it onto the table of the 
same colour

u Repeat for the rest of three bars

u To pick up the bar on a table

u To place it to the middle of the 
table

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

uPurposeof Action Planning

u Input to Action Planning

uOutput from Action Planning

uProcess of Action Planning

uTask 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

uTo use natural languages

uTo use programming languages and library functions

u Scenario 2: You are the designers of robots

u Action Planning by Robots

uModel-Guided Action Planning

uSensor-Guided Action Planning

(Human Assistance)

(Robots with Intelligence)

Task

PlanningJobs Tasks
Action

Planning Actions
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Human-Assisted Action Planning
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Sensor-Guided Action Planning
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Model-Guided Action Planning

u Use of Assembly Task Model

A

B C

D
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Output of Action Sequence

u Action A1: 

u Put part A and part B together

u Action A2:

u Add part C to the sub -assembly

u Action A3:

u Add part D to the sub -assembly

A B

A1 C

A2 D

A3
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Model-Guided Action Planning

u Use of Machining Task Model

Side 1

Side 2

Side 3

Hole 1

Hole 2



112(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

Output of Action Sequence

u Action A1:

u Drill hole 1 at side 2

u Action A2:

u Drill hole 2 at side 2

u Action A3:

u Remove a sub-block at side 1

Side 2 Hole 1

A1 Hole 2

A2 Side 1

A3
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Outline of Lecture 2

uPurposeof Action Planning

u Input to Action Planning

uOutput from Action Planning

uProcess of Action Planning

uTask Models in Manufacturing



114(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

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 metal parts of the shape of the mouldõs 

cavity.



115(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

Output of Action Sequence

u Melding of Raw Metals

u Pouring of Molten Metals

u Solidification and Cooling

u Removal of Mould

u Cleaning and Inspection of Finished Casting

Induction Furnace
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What is the action sequence derived from 

this task description (Injection Moulding)?

uThe 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 mouldõs cavity.
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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)?

uThe task is to make 

use of impacts or 

gradual pressure to 

compress hot 

metals into desired 

shapes.
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Output of Action Sequence

Forging by Impact

u Workpiece of metal is heated 

into a temperature.

u Workpiece is placed on lower 

die.

u 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. 

V-Bending Edge-Bending
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Output of Action Sequence

V-Bending

u A metal sheet is placed on a 

die.

u A punch exerts a force and 

presses the metal sheet 

against the die.

u The punch is lifted up,

Edge-Bending

u A metal sheet is placed on a 
die.

u The metal is held against the 
die by a pressure pad.

u A punch exerts a force and 
presses the metal sheet 
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. 
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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.
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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.
















































































































































































































































































































































