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Abstract - This paper proposes the design and the 
experimental validation of a robust H2 control technique 
applied to boost converters. Differently from 
conventional techniques, the proposed controller has a 
certificate of stability and performance under arbitrary 
parameter variations. The design procedure adopts a 
linearized model with a polytopic structure for the 
converter affected by time-varying parameters. An 
optimal H2 state feedback controller (under quadratic 
stability) is synthesized using convex optimization based 
on linear matrix inequalities. This framework allows the 
determination of the control gains in a very fast way, 
using a finite set of inequalities to obtain a controller that 
ensures robust stability and performance for the entire 
set of uncertain parameters. An experimental setup of a 
boost converter is used to validate the controller designed 
here. The input voltage, the operating point duty cycle 
and the load are considered as arbitrarily time-varying 
uncertain parameters. The synthesized control gains 
produce good simulated and experimental results when 
compared to those obtained with a classical strategy 
based on PI controllers, without introducing additional 
implementation cost. The experimental validation proves 
the viability of practical application of this important 
robust control technique for boost converters. 
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I. INTRODUCTION 

Boost converters are an important class of DC-DC 
converters used in several applications as hybrid electric 
vehicles, power factor correction devices, renewable energy 
conversion systems, etc. The control of boost converters 
usually aims on regulation of the output voltage, with small 
under/overshoots and short settling times when recovering 
from load and input transient, good frequency response and 
rejection of disturbances [1]. Such performance 
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specifications can be achieved, for instance, by means of 
state feedback control laws, which are suitable for optimal 
control and robust control strategies [2-4].  

The linear quadratic regulator (LQR) is recognized as one 
of the most important optimal control techniques, providing 
good stability margins for the closed-loop system and the 
reduction of the control signal energy [3]. Such controllers 
have been used in several applications including power 
converters [5-8]. The application of a discrete LQR with a 
state observer for a Cuk converter is presented in [6]. In [9], 
the authors apply a discrete LQR and a Kalman filter used as 
a state observer for an AC power source system with linear 
and nonlinear loads. This technique was also used in [8], for 
uninterruptible power supply application. These papers deal 
with the design of discrete-time LQRs, implemented in 
digital platforms. In the recent work [5], polytopic models 
for DC-DC converters are used to deal with uncertainty of 
the duty cycle operating point and of the load parameters. 
The design of the LQR is formulated in terms of the vertices 
of a polytopic model using linear matrix inequality (LMI) 
based conditions [10], providing a controller that is robust 
against uncertainties. This allows, for instance, the operation 
of boost converters with large load ranges. Additionally, the 
resulting controller is suitable for analog implementation, 
whose advantages and drawbacks are well  known [11]. On 
the other hand, one of the most important difficulties with the 
design of LQRs is the choice of the weighting matrices, even 
for robust LQRs. In [7], the problem of finding the weighting 
matrices for an LQR applied to a boost converter is 
efficiently solved with the help of a genetic algorithm.   

One limitation of using linear control techniques, as the 
conventional LQR, for a nonlinear plant, as the boost 
converter, is that the performance of linear controllers 
designed for a linearized model of the converter may become 
poor for large perturbation, as for instance load variations in 
wide ranges [12]. Nonlinear control techniques provide an 
interesting possibility of controlling the converter for a large 
range of operation [7, 13]. The difficulty with this approach 
relies on the fact that nonlinear control techniques are in 
general complex to be determined. Fuzzy logic based 
controllers can provide a useful alternative [14], allowing to 
design local controllers by means of, for instance, linear 
control techniques, and then combining these controllers with 
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fuzzy logic to provide a suitable global controller for 
nonlinear systems, as given by [7] in the context of the boost 
converter. 

Another alternative to control boost converters presenting 
a large range of operation is the use of robust control 
techniques, which can provide controllers that ensure 
stability and performance for the closed-loop system against 
uncertain parameters and disturbances [4, 10, 15]. Models 
including uncertain parameters for power converters have 
been proposed, for instance, in [16], in the context of linear 
fractional representation for uncertainty, and in [5] and [17], 
for polytopic uncertainty. Even though robust control 
techniques have been investigated in several works available 
in control literature, their applicability for power converters 
is an important issue of research. The use of LMIs as a tool 
for power converters control design can be seen for instance 
in [17-20], providing efficient mathematical conditions to 
compute robust and optimal controllers.  

The main motivation of this work is that most control 
techniques applied to boost converters do not take into 
account parameters with uncertainties, possibly time-varying, 
when dealing with the design of controllers. Usually, the 
controller is computed for a nominal model and then, a 
posteriori, the robustness is investigated by means of 
exhaustive simulation for some chosen points in the set of 
parameters. This approach cannot guarantee robust stability 
and performance under parametric variations. Even in the 
case of uncertain and time-invariant parameters, one has the 
problem of concluding about closed-loop stability and 
performance of a set of infinite points testing only some 
points. This work provides a solution for this problem, 
leading to a controller with certificate of robust stability 
which does not rely on exhaustive simulation. In the 
sequence of the paper, one has the design and experimental 
validation of a robust H2 state feedback controller for a boost 
converter subject to uncertain and time-varying operating 
point duty cycle, load resistance and input voltage. Up to the 
knowledge of the authors, this strategy has not been 
developed, experimentally proven and analyzed for this plant 
as reported in this paper, being this the main contribution 
here. A polytopic model is used to represent such 
uncertainties in a way that the control design condition 
carried out for a finite number of points is valid for the entire 
set of uncertainties. Convex optimization with LMI 
constraints which describe the robust H2 state feedback 
control design under quadratic stability is used to compute 
the control gains. The control design is evaluated for the 
parameters of a 100 W boost converter prototype and the 
robust H2 state feedback control gains are fast determined by 
means of a commonly used LMI solver [21], leading to 
optimal performance in terms of rejection of disturbances in 
the context of H2 control under quadratic stability. 
Experimental results demonstrate that the closed-loop system 
efficiently rejects disturbances from the input voltage and 
from the load, yielding fast transient responses with no 
steady-state errors. The cost for implementation of the 
control law is similar to classical PI based control loops for 
boost converter. The frequency response indicates a good 
rejection of disturbances on the input voltage and on the load 

for the range of frequencies of interest, which corroborates 
the suitability of the controller for this application. 

 

II. CONVERTER MODELING 

Consider the boost converter given in Figure 1  
 

 
Fig. 1.  Boost converter. 

where xL and xC are the state variables representing, 
respectively, the inductor current and the capacitor voltage.   

 A state space averaged model of the converter in 
continuous conduction mode is given by  
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where onA  and uon
B  are the dynamic and control matrices 

when the switch is on and offA  and offB  are the dynamic 

and control matrices when the switch is off. The incremental 
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where 'dD  is the complementary operating point duty cycle 

given by ' 1d dD D= − . The conventional linearization and 

the addition of an extra state variable representing integral 
action to ensure zero steady state error are taken into account 
to get the augmented representation of the system (see, for 
instance, [2] and [18]) 
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where 
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Although one knows that the boost converter presents 
a nonlinear dynamics, this linearized model can be used 
to design linear state feedback controllers capable to provide 
robustness for operation under parametric variations, which 
is the main point to be addressed here. It is plausible to 
assume that the load parameter R, the complementary 
operating point duty-cycle 'dD  and the input voltage Vg can 

be time-varying. When these parameters vary inside given 
intervals, even when subject to arbitrarily fast variations, one 
has that (4) can be represented by a polytope of matrices [10, 
21]. Including the input vector )(tw  to represent 

disturbances affecting the system and the equation of the 
system output, )(~ ty , in order to have the conditions for the 

H2 control design, the boost converter can be represented by 
the time-varying polytopic model given by 
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(6) 

The time dependence of variablesξ~ , u~ , w , y~  and of 

the vector of uncertain parameters α  is dropped for sake of 
a simpler notation. The parameter vector α  of the polytopic 
model is supposed as arbitrarily time-varying, thus 
representing the uncertain parameters of the converter for 
slow or fast variations, even in the case where the parameters 
switch from one value to another (instantaneous variations) 
or when the parameters remain on the same value (time-
invariant case) but are not precisely known. Matrices Ai, Bi, 
Ci, Di, Ei in (6) are the vertices of the polytope, with 
appropriate dimensions and real entries, whose values are 
obtained from the modeling of the problem. This model plays 
a key role in the design of robust control for the plant. The 
uncertain parameters are supposed to belong to continuous 
intervals, leading to a domain with infinite admissible values. 
Thus, the problem of finding control gains that ensure 
stability and performance for all the points of the domain is 
an infinite dimensional problem. In the case the parameters 
are represented by the polytopic set, one has that a control 
gain that ensures stability and performance only for the 
vertices of the polytope (i.e. a finite set) also ensures the 
same properties for the entire set of uncertainties, thanks to 

the convexity of the polytopic set [10]. This model allows to 
apply robust control design as finite dimension problems, 
with certificate of stability and performance, as follows. 

 

III.  ROBUST H2 STATE FEEDBACK CONTROL 

The boost converter shown in Figure 1 is now used with 
the parameter set presented in Table I in order to design a 
robust controller and to experimentally validate it. 

TABLE I 
Parameters of the boost converter 

Parameter Value 
Vg 25 V

 

Vo 50 V
 

'dD  0.5
 

L 886 µH
 

C 220 µF
 

fs
 50 kHz

 

The nominal power of the converter is 100 W.  The 
parameters R, 

dD'  and Vg are considered varying arbitrarily 

inside the intervals  
   [ ] [ ] [ ]18.75,50 , ' 0.4,0.6 , 22,48dR D Vg V∈ Ω ∈ ∈  (7) 

Notice that the intervals in (7) are useful to verify 
robustness of the control for relatively large variations of the 
parameters and that other different interval for the parameters 
could be chosen to represent other situations of interest to 
design a robust controller in the same way presented here. In 
general, larger intervals tend to lead to more conservative 
results. 

The polytopic model is generated as in [5], including here 
Vg  as another independent uncertain parameter to cope with 
variations on the input voltage. 

In order to compute a state feedback control law 

u Kξ= ɶ  (8) 

ensuring robust stability and performance under arbitrary 
parameter variation, the standard H2 guaranteed cost control 
under quadratic stability is used [22]. 

System (5) is stabilizable by means of the control law (8) 
if there exists a solution for the convex optimization problem  
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In this case,  
1−= ZWK  (10) 

ensures robust stability in the presence of arbitrary parameter 
variations with the quadratic Lyapunov function  

1( ) ' ,v P P Wξ ξ ξ −= =ɶ ɶ ɶ  (11) 

and performance measured by an H2 guaranteed cost  
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*ρ σ=  (12) 

being *σ  the minimum trace of Xd..  
This is a well known result in robust control literature and 

the proof can be found in [22]. Matrices Ai, Bi, Ci, Di, Ei in 
(9) are data of the problem and matrices W, Z and Xd are 
variables to be determined.  

Using the system parameters presented in Table I and the 
intervals given in (7), and choosing the matrices 
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one has that the conditions from (9) provide the gains 

[ ]1373.3166874.00354.1 −−=K  (15) 

and the Lyapunov matrix  
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as the certificate of robust stability for arbitrary parameter 
variations inside the intervals (7). Using the LMI Control 
Toolbox from Matlab in a notebook with 1.66 GHz processor 
and 1 GB of RAM, the gains (15) are calculated in 1.14s. 
Moreover, from the choice of fixed matrices Ci, Di and Ei in 
(13), one has that the problem of robust H2 control solved 
here ensures the minimization of the cost function 

0

( ' ' )uQ u R u dtξ ξ
∞

+∫ ɶ ɶ ɶ ɶ  (17) 

from the optimal linear quadratic control problem, which can 
be seen as a special case of the H2 control problem. The 
control designer could use other matrices Ci, Di and Ei, 
leading to other H2 guaranteed cost under quadratic stability. 
Moreover, when the disturbances )(tw  are independent zero 

mean unit variance white noises with power spectral density 
equal to identity, the RMS value of the output is minimized 
under quadratic stability. This means optimal rejection of 
disturbances to the output ensured by the proposed H2 
control approach. The stability ensured by the gains from 
(15) is asymptotic and robust for system (5). It is also 
important to mention that other LMI constraints to take into 
account specifications as, for instance, pole placement in 
prescribed regions on the left hand side of the complex plane 
and limitation of the norm of the control signal could be 
easily added to the optimization problem [10, 21]. However, 
with the LMIs in (9), one can obtain good results in terms of 
transient and steady state responses, as given in the next 
section. 
 

IV.  SIMULATION AND EXPERIMENTAL RESULTS 
 

In order to evaluate the designed controller, simulation 
and experimental tests are carried out. The output of the 
system is the voltage across the load (Vo). The following 
tests verify the robustness against load and input variations, 
as well as allow to observe the transient and steady state 
behavior of the converter with the proposed controller for 
open-loop and closed-loop operation. A classical controller 
based on two PIs, one for the current and another for the 
voltage loop, which is a conventional technique for boost 
converters, is used for a comparison.  In the tests for load 
variation, the load switches from one resistor of 50 Ω to the 
parallel association of 30 Ω and 50 Ω and in the tests for 
input voltage variation, the input Vg is varied in the interval 
(7). The control implementation is analog, using standard 
operational amplifier circuitry, following the block diagram 
in Figure 2.  

 
Fig. 2.  Block diagram of the control law synthesis. 

Figure 3 details the implementation of the PWM signal 
used to drive switch S in Figure 1, being T the PWM period. 

 
Fig. 3.  Block diagram of PWM signal generation. 

First, to recall the limitations of the open-loop responses, 
Figure 4 shows a disturbance on the input voltage and the 
resulting output voltage. For this test, the duty cycle was set 
at 0.5. As expected, the disturbance on the input voltage is 
amplified to the output, leading to a poor performance.  
Figure 5 shows the results for the sudden variation on the 
load. One can note slow transients, with oscillations and with 
large undershoots and overshoots.  

 
Fig 4.  Open-loop simulation result: variation on the input voltage 
(Vg – peak value of 48 V) and resulting output voltage (Vo – peak 
value of 96 V). Scales: Vg: 20 V/div and Vo: 20 V/div. 
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Fig. 5.  Open-loop simulation result: variation on the load current 

(iload with initial value of 1 A) and resulting output voltage (Vo 
with initial value of 50 V).  Scales: 2 A/div and 5 V/div. 

The closed-loop performance with the robust H2 control 
gains (15) is superior. Notice from Figure 6 (in comparison 
with Figure 4) that the input voltage variation practically 
does not affect the output voltage, indicating that the closed-
loop system provides very good rejection of the input 
disturbance. The result for the load variation for the system 
with the robust controller is shown in Figure 7. The most 
important aspect to mention is that the quality of this 
response is significantly better than in terms of 
under/overshoots, settling times and oscillations to the open-
loop response in Figure 5.  

In order to have a more stringent comparison, the results 
of a controller based on one PI for the current loop and 
another for the voltage loop (see, for instance [23-24]), 
designed for the nominal power condition, with the aim of 
ensuring phase and gain margins greater than 60° and 20 dB, 
respectively, are illustrated jointly with the results of the H2 
controller in Figure 8. The conventional strategy leads to a 
poorer performance, without any prior guarantee of 
robustness against parametric variations. On the other hand, 
the robust H2 control can cope with arbitrary parametric 
variations, providing good performance. 

 

 
Fig. 6.  Closed-loop simulation result: variation on the input voltage 
(Vg – peak value of 48 V) and resulting variation of output voltage 
(Vo = 50 V) with the robust H2 controller. Scales: Vg: 5 V/div and 
Vo: 2 V/div. 

Simulations indicate that the robust H2 controller can 
ensure good results for the plant. However, the experimental 
validation is important to prove the viability of the controller 
since in practice one has problems as actuator saturation and 

other unmodeled dynamics that can lead to a deteriorated 
performance. 

 
Fig. 7.  Closed-loop simulation result: variation on the load current 

(iload with initial value of 1 A) and resulting output voltage (Vo 
with initial value of 50 V) with the robust H2 controller.  Scales: 2 
A/div and 5 V/div. 

 
Fig. 8.  Closed-loop simulation result: variation on the load current 
and resulting output voltage (Vo with initial value of 50 V) with the 
robust H2 controller (VoH2) and conventional controller based on 
two PIs (VoPI). Scale 5 V/div.  

Figure 9 shows the experimental results for the same input 
disturbance test investigated in Figure 6. The good capacity 
of rejection of the input voltage disturbance is confirmed by 
means of the experimental results. In addition, a good 
correspondence between the simulated and the experimental 
results is obtained. 

 

 
Fig. 9.  Closed-loop experimental result: variation on the input 
voltage (Vg – peak value of 48 V) and resulting variation of  output 
voltage (Vo = 50 V). Scales:Vg: 5 V/div and Vo: 2 V/div. 

Figure 10 presents the experimental results for the same 
load variation given by Figure 7. Again, a good 
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correspondence between simulated and experimental results 
is observed, indicating that the robust H2 controller produces 
good experimental results for rejection of the load 
disturbance. 

 

 
Fig. 10.  Closed-loop experimental result: variation on the load 

current (iload with initial value of 1 A) and resulting output voltage 
(Vo with initial value of 50 V). 

Figure 11 and Figure 12 show, respectively, details on the 
undershoot and overshoot presented in Figure 10. One can 
see an undershoot of 7.74% and a settling time of 4 ms in 
Figure 11. An overshoot of 7.84% and a settling time of 3.8 
ms can be seen in Figure 12. These waveforms confirm good 
transient responses for the switching load, representing 
instantaneous variations on this parameter. 

 

 
Fig. 11.  Closed-loop experimental result: detail of load current 

increase (iload with initial value of 1 A) and resulting output voltage 
(Vo with initial value of 50 V).  

 
Fig. 12.  Closed-loop experimental result: detail of load current 

decrease (iload with final value of 1 A) and resulting output voltage 
(Vo with final value of 50 V). 

In order to have an easier comparison of the simulation 
and experimental waveforms, the tests from Figure 11 and 

Figure 12 are reproduced together with the respective 
simulation results in Figure 13 and Figure 14. The error 
between both waveforms is small, corroborating the 
validation of the controller. 
 

 
Fig. 13.  Comparison of the experimental results (continuous line) 
from Figure 11 and the respective simulation results (dashed line).  

 
Fig. 14.  Comparison of the experimental results (continuous line) 
from Figure 12 and the respective simulation results (dashed line). 

It is worth to mention that the state space controller (8) 
used here is equivalent to a proportional controller of the 
current loop (first entry of control vector gain K) and a PI 
controller of the voltage loop (second and third entries of 
control vector gain K) of the boost converter. Thus, its 
complexity is lower than the classical control based on a PI 
controller for each loop which is widely used for this 
converter. The gains provided here are valid for the system 
with uncertain and time-varying parameters while the gains 
from the classical design method are only valid for the 
system supposed as perfectly known and time-invariant. 
Additionally, another good feature of the proposed strategy is 
that the time spent for control design in (9) is short when 
compared to that from the classical control design based on 
the iterative computation of two PI controllers.  

V. REJECTION OF DISTURBANCES 
 

The capacity of rejection of disturbances of the boost 
converter with the proposed controller is investigated in this 
section in a small signal analysis framework. Consider the 
converter with a disturbance on the input voltage and a 
disturbance on the load current, as illustrated in Figure 15 by 
the two additional sources, which represent any small signal. 

The nominal linearized model in (3) with an additional 
matrix to represent the disturbance entries is written as  
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with F  given in its transpose form. 
 

 
Fig. 15.   Boost converter with disturbances on the input voltage and 
on the load current. 

The analysis of rejection of disturbances is evaluated by 
means of the frequency response in closed-loop with gains 
given by (15) and considering the voltage across the 

capacitor as the system output. First, consider only gv~ as the 

input disturbance (i.e. 0
~ =oi ). For this situation, one has the 

magnitude of the Bode diagram given in Figure 16.  
 

 
Fig. 16.  Magnitude Bode Diagram from disturbances on the input 
voltage to the output voltage. 

It is immediate to observe that the closed-loop system 
with robust H2 control has a very good capacity of rejection 
of variations from the input voltage for the entire range of 
frequencies. This explains the results in Figure 6.  

A more stringent evaluation concerns the rejection of 
disturbances on the load current 

oi
~ . The closed-loop system 

has the frequency response given by Figure 17.  
 

 
Fig. 17.  Magnitude Bode Diagram from disturbances on the load 
current to the output voltage. 

Notice a good capacity of rejection of disturbances, except 
for one range of frequencies where the closed-loop system 
produces amplifications. This behavior is corroborated by 
means of simulations of the closed-loop system for 
sinusoidal disturbances 

oi
~  with the frequencies given in 

Table II. This table shows the comparison between the steady 
state gains from the frequency response (Figure 17) and the 
gains obtained by means of the waveforms from the closed-
loop circuit simulation.  

TABLE II 
Gains from the frequency response 

Frequency (Hz) Gain from Bode 
Diagram 

Gain from circuit 
simulation 

60 2.03 2.09 
120 2.72 2.77 
143 2.76 2.70 
180 2.69 2.66 

The results by Figure 16 and Figure 17 allow to determine 
limits of operation for the closed-loop system. Small 
disturbances on the input voltage will be well rejected in all 
frequencies and small disturbances on the load current will 
have poorer rejection around 120 Hz. Loads with harmonic 
current with frequencies around this value, as for instance 
PWM inverters, can be also used with the closed-loop system 
respecting limits of power to have acceptable variation on the 
output voltage.  

VI.  CONCLUSION 
 

This paper presented a robust state feedback controller 
design for a boost converter subject to load, operating point 
duty cycle and input voltage variations. The converter is 
modeled in a polytopic description taking into account 
parametric uncertainty. The uncertain parameters are 
arbitrarily time-varying. The control gains, including a state 
feedback gain for integral action, are obtained from convex 
optimization conditions for H2 guaranteed cost control under 
quadratic stability and thus the closed-loop system is stable 
for the entire set of uncertainties, under fast parameter 
variation. This strategy has not been developed, validated in 
practice and analyzed for this plant as reported here, being 
this the main contribution. Several tests are performed for the 
converter subject to variations on the input voltage and on 
the load. The waveforms prove a good correspondence 
between simulation and experimental results and demonstrate 
the robustness and superior performance of the closed-loop 
system. The frequency response also corroborated the good 
capacity of rejection of disturbances of the closed-loop 
system with the robust H2 controller, whose implementation 
cost is comparable to that from classical controllers. 
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