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Problem Definition

Å Parametric uncertainty in switching power supplies and 
their loads can result in unstable operation or failure to 
meet performance specifications.

These uncertainties include:

¯ Power supply component initial tolerance and 
variations with age, temperature, the manufacturing 
process, and electrical loading

¯ Load variations due to distribution impedances in 
cabling, distributed capacitance, and the nature of 
the application load itself



10/16/2003 IAS 2003 Conference 5
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Hyperstability and Positivity

The feedback block must satisfy the Popov integral inequality :

The linear time invariant block must be strictly positive real:

1. h(s) must be real for real s.
2. The poles of h(s) must lie in Re[s] < 0.
3. For all real w, Re[h( j w) ] > 0, for -¤< w< ¤.

Stability of a system can be assured,
if the system can be split into two blocks, 
as shown: 
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Equivalent Representation of a Model Reference System
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Design of the Adaptive Model Following Control System

However, the adaptive system requires a control law implementation.
This is done by adding an additional control signal to the real converter.
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The model reference system with signal adaptation now has a similar 
structure to the model reference system with parametric adaptation.
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Adaptive Model Following Control
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Simulation Studies

Å Simulation studies were conducted in Vissim and Matlab.

Å Simulations of buck, boost, and buck-boost converters were 
performed.

Å The simulations showed that certain simplifications in the 
implementation of AMFC could be achieved:

- All three converter types can control inductor current with 
only inductor current feedback in the AMFC plant.

- The buck converter can control output voltage with only 
output voltage feedback in the AMFC plant.

- The boost and buck-boost converters are unstable with 
only output voltage feedback in the AMFC plant.
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Simulation Studies: Boost Output Voltage with Inductor Variation

Lm = 1.33mH
L = 0.67mH

Without Adaptation With Adaptation

duty cycle stepped 
0.6 0.55

RMBoost
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Simulation Studies: Boost Inductor Current with Inductor Variation

Lm = 1.33mH
L = 0.67mH

Without Adaptation With Adaptation

Vg stepped 
5V5.5V

Boost

RM
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Simulation Studies: Buck-Boost Inductor Current with Output Capacitor Variation

Cm = 1700mF
C = 3400mF

Without Adaptation With Adaptation

Duty cycle stepped 
0.30 0.29

Buck-Boost

RM
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U6 UC2823AD (PWM Controller)
U7 TPS2832 (Synchronous Buck MOSFET Drivers)
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Buck Plant with Output Capacitor Variation

Buck Plant without AMFC Buck Plant with AMFC

Blueis RM and Red is Real Buck Plant
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Buck Total Loop Gain with Output Capacitor Variation

Buck without AMFC Buck with AMFC

Blueis RM and Red is Real Buck
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Buck Plant with Output Inductor Variation

Buck Plant without AMFC Buck Plant with AMFC

Blueis RM and Red is Real Buck Plant
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Buck Total Loop Gain with Output Inductor Variation

Buck without AMFC Buck with AMFC

Blueis RM and Red is Real Buck


