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What if G = 1?    What about 100?

the difference
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Comparator

Unadjustable,unpredictable,
and often non-linear!

Feedback Approach
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System
G(s)

What you want What you get+

-

Comparator

Every system in nature has poles in its transfer function

Gain is really a function of frequency

Poles negatively impact the control system in the following ways:

1.  Gain is reduced at higher frequencies
2.  Phase delay is introduced (90º for every real pole)

What happens if the phase delay = 180º and gain = 1 ?

Frequency Response of a Feedback Loop
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Process
(G1)

What you want

What you get
Controller

(G2)

Unadjustable, but perfectly predictable

G2 = 
G1

1

Feed-Forward Approach
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Designing a Feed-Forward Compensator

)(10)( 2 txty = )(10)( txty =

The thought process goes something like this:  ñTo achieve a desired 

output, what stimulation signal is required at the plant input to get 

that output?  By knowing the plant transfer function in the forward 

direction [G(s)], I find the transfer function looking backwards through 

the plant [1/G(s)], and that becomes the transfer function of my 

feedforward filter.ò

Example:
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Real Feed-Forward Example:
PWM Modulation

AC Mains

Vdesired

Uncompensated 

PWMs

()tVbus
avgVbus

1

Vdesired = volt-sec average of PWM signal

PWM Scaling Modulation 

Process

When Vbus(t) is equal to Vbusavg, then ñwhat you wantò and ñwhat you getò are equal.

However, when they are NOT equal, the output voltage deviates from the desired value.

PWM 

Module

Duty Cycle
0

1

0

Vbus(t)

1:1

Plant

TI
Daveôs
Control
Center
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Solution:  Feed-forward Compensation

AC Mains

Vdesired

When you multiply through the gain 

blocks, you will see that the composite 

gain = 1, which again implies that ñwhat 

you getò equals ñwhat you wantò.

Motor Current Motor Current

Without F-F Compensation With F-F Compensation
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Feedback or Feedforwardé 
Which is Best?

Source:  Myths and Realities of Feedforward for Motion Control Systems, 
Curtis Wilson, Delta Tau Data Systems, PCIM ïAugust, 1994

More traditional approach

Use for random disturbance rejection

Use when system dynamics are 

unknown or can change

Use when system dynamics and 

disturbances are predictable

Use to increase stiffness when high 

feedback filter gain is not possible

Excellent for trajectory tracking

Feedback Feedforward
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Parallel PI Controller
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Kp term specifies the gain at higher frequencies

Ki term specifies the gain at lower frequencies
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Controller ñzeroò

Controller ñzeroò is affected 

by both Kp and Ki
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Popular with
Current Controllers

Series PI Controller
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Error Output

Ka is simply a gain term for all frequencies
Kbis equal to the controllerôs ñzeroò in rad/sec
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Current PI Controller Coefficients
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Integrator Windup

Unfortunately, the Integrator exhibits ñwindupò 
under sudden transient conditions.
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Simple Static Integrator Clamping
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Value
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Error Output

Limiter L Ò Output Ò H
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Imin = L, Imax = H
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Dynamic Integrator Clamping
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Commanded

Value

P

I Ú
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Error Output

Limiter L Ò Output Ò H

Imax

Imin

Iout

Measured

Value

Pout

PIout

for minimum condition:  L = Pout + Imin Ÿ Imin = Min(L ïPout , 0)

for maximum condition:  H = Pout + Imax Ÿ Imax = Max(H ïPout , 0)

H

L

L Ò Pout + IoutÒ H
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Comparison of Clamping Techniques

No integrator clamping

Static integrator clamping

Dynamic integrator clamping
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Position Loop
Velocity Loop

P I
Kappa Electronics

Daveôs

Motor Control

Center

Cascaded Control Structures

Velocity
Filter

P I
+

-

Commanded 
Velocity

Measured Velocity
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Commanded 
Current

Measured Current

P I
+

-

Commanded 
Position

Measured Position

Torque Loop

What are the bandwidth requirements for each cascaded loop?
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Tuning the Velocity Loop

PI

Controller

Commanded 

Speed

Speed Feedback

Commanded 

Current
PI

Controller

Motor Current

Motor
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Load

Motor

Torque

Load

Inertia
Ka, KbKc, Kd

Low

Pass

Filter

Pole = t

Due to the techniques used for velocity feedback synthesis, 

the velocity signal must be filtered in most cases. 

Kappa Electronics
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