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              HK Area:   1,104 km2        
           Population:  7 million people 
            Languages:  English + Chinese 
    Higher education:  8 universities

Hong Kong

- Establishment: 1963 

- Campus: 1.37 km2 

- 8 faculties 

- 70 major programs 

- 1,619 faculty members 

- 20,147 students, 20% PGS
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~2,146 undergraduates 
~1,062 postgraduates 
122 faculty members 

26 IEEE Fellows
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HK UGC Results of the Research 
Assessment Exercise 2014

Dr. Charles K. Kao

Founding Chairman

of the

Electronic Engineering

Department

at the

Chinese University

of

Hong Kong

A Brief History on 
Industrial Robot Control

The Term “Robot”: 1920

The 1920 play R.U.R. 
(Rossum's Universal  

Robots)

Karel Čapek     
and his brother, 

Josef Čapek.

Robota

The Term “Robotics”: 1941

Isaac Asimov used 
the word Robotics 
in his short SF story, 
Liar!, published in

the May 1941 issue 
of Astounding 
Science- Fiction



IEEE	Xplore	Paper	Counts	of	Selected	Research	Fields
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Control

RobotRobot	
Control

The Unimate Arm: 1960

1961: First Unimate Arm Sold to GM

1960: Joseph Engelberger & George Devol

1968: Victor Scheinman & his SAIL Arm

The Stanford Arm: 1969

1969: Victor Scheinman’s Stanford Arm

The PUMA Robot: 1978

1978: George Devol & his PUMA Arm



Industrial Robot Control

Research on Robot Control

Robot Manipulator Dynamics
Robot	manipulator	dynamics:

where
,	a	symmetric,	PD	mass	matrix

,	a	vector	containing	all	the	velocity	terms

,	a	vector	containing	gravity	term

,	the	joint	torque	vector

,	the	joint	position	vector

Obviously,	it	is	a	second-order	non-linear	matrix	equation.

is	the	degree	of	freedom	of	the	robot

Robot Manipulator Dynamics
The	robot	dynamics:

can	be	expressed	as	a	linear	regressor	equation	as	follows:

where
,	is	a	known,	regressor	matrix

,	a	vector	of	all	the	dynamics	parameters

is	the	number	of	robot	dynamics	parameters

Example of Regressor Dynamics

PD Control

Dynamics:

Objective:

Control:

Lyapunov	function:

and	we	then	have:

and	we	then	have:																																				,	from	the	s.s.	analysis,

Smaller										requires	larger									(larger	capacity	motors)!	



PD plus Gravity Compensation

Dynamics:

Objective:

Control:																																																													where

Lyapunov	function:

and	we	then	have:

and	we	then	have:																																				,	from	the	s.s.	analysis,

With	gravity	compensation,	no	ss	error,	but	require												!	

Slotine-Li Adaptive Control*
Dynamics:

Control:																																																												

Lyapunov	function:

and	we	then	have:

and	with	the	parameter	adaptation	law	deYined	as

The	above	offers	a	(theoretical)	stable	robot	adaptive	control!	

where																													and					

*	JE	Slotine	and	W	Li,	“Adaptive	manipulator	control:	a	case	study,”	in	Proc.	of	IEEE	ICRA	1987,	pp.	1392-1400.

Implementable Adaptive Control
Dynamics:

Control:																																																												

Lyapunov	function:

and	we	then	have:

and	with	the	parameter	adaptation	law	deYined	as

The	above	offers	a	practical	and	stable	robot	adaptive	control!	

where																																																					and					

State-of-the-Art Robots, 
Challenges & Solutions

Boston Dynamics Robots

Martin Buehler on SDU Robdog



DARPA Robotics Challenge 2015

Human vs. Robot

Mobility ✔✔

Manipulation ✔✔

Sensing ✔✔

Flexibility ✔✔

Intelligence ✔✔

Soft
Robot

Prof. Rolf Pfeifer
of U. Zurich AI Lab

ear 
drums

Nervous System

All perception involves 
signals in the nervous 
system, which in turn 
result from physical or 
chemical stimulation of 

the sense organs.

retina

odor 
molecules

Touch

Human Interaction 
& Communications

90+% information by eyes

90+% expressions by voices



AI: Apple Siri

Interactive Smart Office Robot
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