
Tuning Servo Systems:

Advance Techniques
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Advanced Motion Control
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Advanced Motion Control Integrator Design
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Limit integrator output

 Twice as big as friction

Enable/Disable I control action appropriately

 Integrator action is required at the end of the motion

 Accumulate error at the destination could cause huge 

overshoots



Low Pass Filter
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Limits the gain at high frequency so that the loop won’t 
respond to structural resonances and noise.

Narrow passband will counter-act the action of the 
derivative controller. Filter BW should be slightly bigger 
than system BW.

Notch Filter
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Imperfect coupling between motor and load causes the plant to behave as a 

spring with a certain resonance frequency (two oscillatory poles in plant 
transfer function). To avoid resonance, the bandwidth can be significantly 
reduced at the cost of loosing servo performance

NF zeros are accompanied by two new poles. These new poles can be placed 

on the real axis towards negative direction and away from system poles. 
Perfect pole-zero cancellation is not a must-have.

Resonance 

frequency

Simple Notch Filter Design
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(simple observation)

simple

guess

Three parameters of the notch filter NZ, NB, and NF
have to be decided

Feedforward Design
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Fed directly to DAC

Voltage limiter just before it goes to the amplifier

Offset

9

Torque Limit

Dual Loop 

Compensation
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Backlash 

Dilemma
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delay  phase loss  instability

Have encoder on the motor

get rid of gears/belts   direct drive
happens to be expensive, not 

found in general applications

practical methods

Design Approaches

Open Loop 

Compensation
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(stable)

Calibrate regularly

In this case, load always lags 
behind the motor. Low friction 
could cause oscillations in OLC

If you know exactly how
Much it is, you can 
compensate for it at the end
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Final Point Correction
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drive the motor to approximate position  check error 
drive again  check error  drive again ….(multiple error 
correction)
Need two encoders (expensive)

(sensor is on the motor)

(+ 20~100ms, may/not be acceptable)

Correction is not part of the feedback loop, but takes place at the 
end for a given short period of time. Thus, if the load shaft is 
deflected by an external disturbance, there is no way to correct that 
error

error remains along the path
- not good for engraving

Final Point Correction cntd..

14

Conventional Dual Loop Control
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supervisory 
outer loop

stable
inner loop

backlash↑  delay ↑  stability ↓

• Place position sensor on both the motor and load shafts. 

Controller splits PID operation: PI on the load, and D on 

the motor

Improved Dual Loop Control
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Redistribution of 
PID in an optimal 
way results in 
better performance

Stable inner loop

weak outer 
loop



Frequency Response of DLC

17

load 

loop

motor 

loop

load 

loop

motor 

loop

Improved:
load loop reacts for low 

frequencies only. It 
responds only for the 
steady state errors due to 
backlash and disturbances 

Conventional:
load loop reacts to a wider 

range of frequencies. It will 

react to backlash 

transients   undesirable
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Single loop: remove integrator to make the system stable, thus, motor 
never gets to desired position. Low gain  narrow bandwidth  long 
settling time

Dual loop: higher BW  responds quickly  short settling time, however, 
KI has to be low because the integrator reacts to higher frequencies.

Improved dual loop: Integrator is restricted to low frequency, thus, inner 
loop bandwidth can be increased. This speeds up performance.


