
Abstract
This work focuses on the control of single switch
inverter. The inverter exhibits non-minimum phase
behavior in all modes of operation. A dual feed-
forward controller was employed with an adaptive PI
controller to obtain perfect tracking performance. The
controller successfully isolates the non-minimum
phase part of the system from the minimum phase.
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• This method can be used to provide perfect
tracking for biproper and strictly proper
systems, minimum and non-minimum phase
systems.

• In this method, the plant is split into two parts
to generate two signals. One signal is to make
the plant track rff t with a feed-forward
control signal uff t that drives the plant to
track the reference signal.

• The feedback controller is designed to result in
perfect tracking performance.

• An adaptive PI controller was chosen over
fixed gain PI so that the gains of the controller
could be tuned real-time to compensate for
changes in plant behavior or control objective

Conclusion
A dual feed-forward predictive control technique is used which converts the non-
minimum phase system to a minimum phase system by using a parallel
compensator which is a part of the system. The sum of the signal from the
feedback controller and the feed-forward control signal was the input to the plant
which tracks a reference signal perfectly. The controller was simulated using
MATLAB/SIMULINK and resulted in perfect tracking performance.

• Non-minimum phase systems can be controlled
if they could be converted to minimum phase
systems.

• Parallel compensators uses a compensator T(s)
which is not a part of the plant but is derived to
make the plant a minimum phase system.

• For these systems, pole-zero cancellation can
lead to having unstable structure of feedback
controller.
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Method
• The conditions to be satisfied by the design parameter 

are:
1. The steady state gain from 𝑟𝑟 𝑡𝑡 to 𝑟𝑟𝑓𝑓𝑓𝑓 𝑡𝑡 must be

unity gain i.e. 𝑃𝑃𝑑𝑑𝑑𝑑𝑑𝑑 0 𝐺𝐺𝑛𝑛𝑛𝑛𝑛𝑛 0 = 1. This condition is
required so that the steady state reference equals the
actual reference; 𝑟𝑟𝑓𝑓𝑓𝑓 𝑡𝑡 = 𝑟𝑟(𝑡𝑡) .

2. The feed-forward transfer function:
𝐹𝐹𝐹𝐹1 = 𝑃𝑃𝑑𝑑𝑑𝑑𝑑𝑑 𝑠𝑠 𝐺𝐺𝑛𝑛𝑛𝑛𝑛𝑛 𝑠𝑠 , 𝐹𝐹𝐹𝐹2 = 𝑃𝑃𝑑𝑑𝑑𝑑𝑑𝑑 𝑠𝑠 𝐺𝐺𝑛𝑛−1 𝑠𝑠 must
be proper.

• The conclusion drawn from the second condition is that
𝑃𝑃𝑑𝑑𝑑𝑑𝑑𝑑 𝑠𝑠 is stable and the relative degree of 𝑃𝑃𝑑𝑑𝑑𝑑𝑑𝑑 𝑠𝑠 is
greater than or equal to the relative degree of 𝐺𝐺𝑛𝑛(𝑠𝑠).

• The nominal tracking requirements are satisfied by the
feed-forward paths and the feedback controller focuses
on correcting model inaccuracies and disturbance
rejection.

• In particular, 𝑃𝑃𝑑𝑑𝑑𝑑𝑑𝑑 𝑠𝑠 𝐺𝐺𝑛𝑛𝑛𝑛𝑛𝑛 𝑠𝑠 determines the class of
signal that has to be perfectly tracked and
𝑃𝑃𝑑𝑑𝑑𝑑𝑑𝑑 𝑠𝑠 𝐺𝐺𝑛𝑛−1 𝑠𝑠 determines the associated feed-forward
control signal to achieve perfect tracking.

• The control effort is a sum of the feed-forward control
signal obtained at the output of the block 𝐺𝐺𝑛𝑛−1 𝑠𝑠 and
the feedback control signal obtained at the output of
𝐾𝐾(𝑠𝑠).

• Since, adaptive PI control is used, the equations for the 
proportional gain 𝐾𝐾𝑝𝑝 and integral gain 𝐾𝐾𝑛𝑛 are obtained as:

�
̇𝐾𝐾𝑝𝑝 = −𝛾𝛾𝛾𝛾𝑦𝑦1
�̇�𝐾𝑛𝑛 = −𝛾𝛾𝛾𝛾𝑦𝑦2

where 𝛾𝛾 > 0 is the adaption gain,

• For the following parameters:L1 = 1µH, L2 =
25µH,C1 = 1µF, C2 = 75mF , R = 5 and duty cycle of 
70%, the control to output transfer function of inverter 
for positive and negative half cycles respectively are:

𝐺𝐺𝑑𝑑𝑣𝑣 𝑠𝑠 =
(−𝑠𝑠 + 6.8207)(𝑠𝑠3 + 0.1969𝑠𝑠2 + 3.7752𝑠𝑠 + 0.2008)
𝑠𝑠4 + 0.0236𝑠𝑠3 + 10.96𝑠𝑠2 + 0.0701𝑠𝑠 + 0.0005

𝐺𝐺𝑑𝑑𝑣𝑣 𝑠𝑠 =
−𝑠𝑠 + 6.2520 𝑠𝑠3 + 0.1433𝑠𝑠2 + 1.6553𝑠𝑠 + 0.2191
𝑠𝑠4 + 0.0236𝑠𝑠3 + 10.96𝑠𝑠2 + 0.0701𝑠𝑠 + 0.0005

• The design parameter is given as: 𝑃𝑃𝑑𝑑𝑑𝑑𝑑𝑑 𝑠𝑠 = 𝑘𝑘
𝛼𝛼𝑑𝑑+1

where
k depends on the non-minimum phase part of system.
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