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Robot Manipulator Control

• Joint Level Controller
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Robot Manipulator Control

•Control Methods
•Conventional Joint PID Control
•Widely used in industry

•Advanced Control Approaches
•Computed torque approach
•Nonlinear feedback 
•Adaptive control
•Variable structure control
•….



Control Theory Review (I)
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Error signal e

PID controller: Proportional / Integral / Derivative control

e= d − a 

V =  Kp • e  +  Ki  ∫ e dt  +  Kd         
d e
 dt

Closed Loop Feedback Control

Reference book: Modern Control Engineering, Katsuhiko Ogata, ISBN0-13-060907-2 



Evaluating the response

How can we eliminate 

the steady-state 
error?

steady-state error

settling time

rise time

overshoot

overshoot -- % of final value 

exceeded at first oscillation

rise time -- time to span from 

10% to 90% of the final value

settling time -- time to reach 

within 2% of the final value

ss error -- difference from the 

system’s desired value



Control Performance, P-type

Kp = 20 

Kp = 200 

Kp = 50 

Kp = 500 



Control Performance, PI - type

Kp = 100 

Ki = 50 Ki = 200 



You’ve been integrated...

Kp = 100 

unstable & 
oscillation



Control Performance, PID-type
Kp = 100 

Ki = 200 Kd = 2 

Kd = 10 Kd = 20 

Kd = 5 



PID final control



Control Theory Review (II)

• Linear Control System
• State space equation of a system

• Example: a system:  

• Eigenvalue of A are the root of characteristic equation

• Asymptotically stable        all eigenvalues of A have negative real part
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Control Theory Review (II)

• Find a state feedback control                    
• such that the closed loop system is asymptotically stable

• Closed loop system becomes

• Chose K, such that all eigenvalues of A’=(A-BK) have negative 
real parts



A

B

-K

x xu

xKu −=

  1

1 2

2

x
u k k

x

 
= −  

 

xBKAx )( −=

0
1

' 12

2

21

=++=
+

−
=− kk

kk
AI 








Control Theory Review (III)

•Feedback linearization
• Nonlinear system

• Example:

UxGxfX )()( +=

])()()([ 11 VxGxfxGU −− +−=

VX =

Dynamic

System

U xNonlinear

Feedback

Linear System

V

Uxx =+ cos

VxU += cos Vx =

Original system:

Nonlinear feedback:

Linear system:



Robot Motion Control (I)

• Joint level PID control
• each joint is a servo-mechanism
• adopted widely in industrial robot
• neglect dynamic behavior of whole arm
• degraded control performance especially in high speed

• performance depends on configuration
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Robot Motion Control (II)

•Computed torque method

• Robot system:

• Controller:
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How to chose 

Kp, Kv ?

Advantage: compensated for the dynamic effects

Condition: robot dynamic model is known



Robot Motion Control (II)
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How to chose Kp, Kv 

to make the system 

stable?Error dynamics

Define states: 
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In matrix form: 

Characteristic equation:

The eigenvalue of A matrix is: 

Condition:       have negative real part
0vk

0pk
One of a 

selections:



Robot Motion Control (III)
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• Non-linear Feedback Control
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Robot Motion Control (III)
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Design the nonlinear feedback controller as:

• Non-linear Feedback Control

Then the linearized dynamic model:

UY =

Design the linear controller: )()( YYkYYkYU dpdvd −+−+= 

Error dynamic equation: 0=++ ekeke pv
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Thank you!
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