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1.  Robust Control 

 

Robust System: A system that maintains its original intended purpose 

despite system parameter variations. 

 

Examples of parameter variations: 

1. Change of mechanical geometry (e.g. in robot manipulators) 

2. Change of electrical parameters (e.g. motor gets hot) 

3. Mechanical uncertainties (e.g. friction, misalignment) 

4. Change of load (e.g. in pick and place machines) 

5. Other factors (e.g. sensor resolution, noise, vibration) 

 

An example of friction model (a linear slide): 
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2. Feedforward Compensation 

 

 A way to predict performance change – Predictive Systems 

 Compensate the change without waiting for feedback sensor 

signals. 

 Useful for repetitive motions 

 Useful for known load change 

 

Controller plant
+

_

actual output of plant

difference signal

controller
outputreference command signal

Sensor

Sensed signal

feedforward compensation

+
+

 

How to generate the feed forward compensation signal? Examples: 

High speed 

motion: 

acceleration 

compensation 

 

 

Position command > d/dt > velocity > 

d/dt > acceleration > x K > to f/f 

Spring loaded 

system: 

position 

compensation 

 

 

Position command > x K > to f/f 

Fluid stirring: 

Velocity 

compensation 

 

 

Position > d/dt > velocity > x K > to f/f 

Multi-axis 

system: 

Motion 

decoupling 

 

 

Design according to the structure of the motion 

mechanics. 
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3. Controllability and Observability 
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4. State Feedback and Observer 
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5. Optimal Control 
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5. State Estimators 

 

Full order observers: to run a real time simulation of the plant in 

parallel with the hardware, and obtain the system parameters which 

cannot be measured. Use these parameters to control the hardware.  

 

Examples of observers are: 

 Torque observers 

 Velocity observers 

 Position observers (sensorless position control) 

 Flux observers 
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Notes: 

1. We must monitor the input of the plant, as well as the output of 

the plant. 

2. If the simulated output does not correspond with the actual output, 

a feedback mechanism must be used to adjust the simulated 

parameters. 

3. The sampling rate of the feedback mechanism is related to the 

rate of change of the parameter variations. 

4. There must be a one-to-one correspondence between input/output 

relationships and the system parameter changes. 

5. The feedback loop must be globally stable. 

Actual motor and mechanics

Computer simulation of the 

motor and mechanics

INPUT(S)

+

_

ACTUAL OUTPUT(S)

SIMULATED OUTPUT(S)

Parameters

Adjusting

Mechanism

parameter adjustment feedback loop

Estimated Parameters Outputs
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6. Adaptive Control 

 

Adaptive Control characteristics 

Adaptive control involves the control of a plant that involves changing 

characteristics. Two commonly used configurations are: Self Tuning 

Regulator and Model Reference Adaptive Control 
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Adaptive Control versus Robust Control 

The adaptive controller adapt to changes of the plant. 

Robust control is robust enough to allow variations of system 

parameters in the plant. 
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Glossary – English/Chinese Translation 

 

English Chinese 

robust control 

feedforward compensation 

controllability and observability 

state feedback control 

state observer 

state estimator 

adaptive control 

self tuning regulator 

friction model 

optimal control 

performance index 

real time simulation 

model reference adaptive control 

稳健的控制 

前馈补偿 

可控性和可观察性 

状态反馈控制 

国家观察员 

状态估计器 

自适应控制 

自整定稳压器 

摩擦模型 

最佳控制 

性能指标 

实时模拟 

型号参考自适应控制 

 


