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Abstract-- This study proposes Hz and Hoo robust controllers 

to be applied to a DC-DC boost converter operates in the 

continuous conduction mode (CCM) in a DC microgrid system. 

Towards this end, the DC-DC boost converter is modelled based 

on the state-space averaging method with possible uncertainty in 

its parameters and also considerable variation in the input 

voltage. By deriving the open loop perturbed transfer function, 

an unstructured uncertainty bound for the nominal system is 

presented. Next, two robust controllers (i.e., Hz and H (0 ) are 

designed to regulate the DC bus voltage in the presence of 

drastically variations in the input voltage, the input inductor, the 

output capacitor, and the DC bus load. Simulation results 

demonstrate that the proposed controllers are strongly robust 

against uncertainties and can be applied to a practical DC 

microgrid. 

Index Terms-Boost converter, DC microgrids, Hz, Hoo , 

robust control, uncertainty. 

I. INTRODUCTION 

THE ADVENT of microgrids because of the increasing 
penetration of renewable energy resources (RESs) is 

becoming more and more. Due to some acute problems in AC 
microgrids such as synchronization of distributed generators 
(DGs), inrush current, and three-phase unbalance[I], [2], and 
also some essential advantages of DC microgrids, the solution 
of DC microgrids has become an attractive issue. Complete 
control of energy flow, no need for the synchronization of 
distributed generators, easily compensation of power 
fluctuation in DC bus by using energy storage devices with 
fast dynamics, and higher efficiency than AC microgrids are 
the impressive benefits of these networks[3]-[5]. 

DC-DC converters, such as boost type, buck type, and 
buck-boost type, have been widely used in DC microgrids as 
an interface between common DC bus, RES and energy 
storage system (ESS). Due to the intermittent nature of RESs 
like photovoltaic and wind energy, the generated power of 
these sources, and, accordingly their output voltage are 
variable and seriously affected by climatic condition, wind 
intensity, and the irradiation [6]-[9]. Thus, it is absolutely 
essential to have a DC-DC converter as an interface between 
RESs/ESSs and DC bus to provide a fixed output voltage. 
Among the different types of DC-DC converters, the boost 
converter is the most used interface stage in DC microgrids 
with archetypal efficiencies of 70-90% that generate a greater 
output voltage than its input voltage[1O]-[12]. 

In comparison with the other DC-DC converters, buck or 
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buck-boost converters, the bilinear dynamics and non­
minimum phase characteristic of boost converter are a 
challenging control problem[10], [11]. This makes the control 
design of the boost converter more difficult especially in 
microgrid applications where common perturbations, e.g., 
voltage variation, can unstable the system [7], [9]. 

In the recent years, various control strategies for the DC­
DC power converters with applications in microgrids have 
been applied [13]-[16]. Proper modeling of a system is 
essential to design an advanced controller. Unlike the methods 
which use fuzzy logic and neural networks, a proper model of 
a boost converter needs to describe the various aspects of the 
system behavior [17]. Therefore, many models have been 
proposed including: nonlinear autoregressive moving average 
with exogenous input (ARMAX) models procured by means 
of identification, Hammerstein models and small-signal 
models obtained by averaging techniques [18]-[20]. In [18], a 
specific linearized procedure is utilized around the operating 
point to approximate the nonlinear system, while the stability 
of the system could not be assured. Furthermore, linear control 
methods [11], sliding mode nonlinear controllers[14], [16], 
[20], classical digital control techniques [21], and robust 
internal model control according to the Hammerstein structure 
[22] have been recently introduced for such systems. Despite 
the work done in [20]-[22], it is not necessary to identify the 
parameters of a boost converter, since voltage stability, i.e., 
regulation of the DC bus voltage to a desired set point is the 
main objective in a DC microgrid. In [22] the selection of a 
static nonlinearity function always is a critical problem which 
affect the authenticity of the Hammerstein model which this 
will be the main issue of this control algorithm. Ref. [16] and 
[21] introduce an improved-equivalent control-based sliding 
mode controller for DC-DC converters. This control approach 
solves the problem of variable switching frequency and 
chattering phenomena and provides a fast dynamic in 
comparison with conventional ones but unsatisfactory 
robustness against system uncertainties. 

To the best of our knowledge, there is no significant work 
done on robust control of DC-DC converters and DC 
microgrids using H2 and Hoo- A robust Hz controller has been 
introduced recently in [23], however, the robustness against 
parameter's uncertainty has not been taken into account. 

This paper proposes a systematic procedure for designing 
robust controllers, H 2 and H 00' for a DC-DC boost converter 
operating in continuous conduction mode (CCM). 
Multiplicative uncertainty of the system is considered and a 
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stable, minimum-phase transfer function to the upper-bound 
frequency responses is characterized. By representing the 
linear fractional transformation of the closed-loop system with 
lumped multiplicative uncertainties, control design procedure 
is reformulated as optimization problems which can be solved 
easily. In order to investigation of designed robust controllers 
several simulations including a Monte Carlo analysis as a 
comprehensive comparison for all uncertainties are stated. 

The reminder of this paper is outlined below. In Section II, 
a detailed small-signal averaged model with parasitic resistors 
of the input inductor and the output capacitor is presented. 
Section III discusses about all possible uncertainties of a DC­
DC boost converter. In Section IV, the robust control 
techniques are represented. Section V evaluates performance 
of these designed controllers on the DC-DC boost converter 
under different uncertainties. Finally concluding remarks are 
presented in Section VI. 

II. SMALL SIGNAL AVERAGE MODEL OF BOOST CONVERTERS 

Boost converter which is a non-isolated step-up DC-DC 
converter, is the most frequent power electronic interface 
between RESs and local consumers in DC microgrids. To 
synthesis and design of a robust controller for such a system, 
L TI transfer function is required. Small signal averaged 
technique is one of the best that can be applied to a DC-DC 
converter. Simplicity of this technique can be the main reason 
to be applied to DC microgrids with DC-DC boost interfaced 
(with unidirectional or bidirectional structure). 

The circuit framework of a boost converter is shown in Fig. 
1, where vin and v 0 are the input and output voltages, 
respectively, S I is the MOSFET or IGBT power electronic 
switch, L, C, R L and Rc are the input inductor, output 
capacitor filter, resistance of the input inductor and output 
capacitor, respectively. By using the circuit laws, differential 
equations to derivate state space equations can be represented 
as 

where x = [i L T 
V c] , u =V in , [-R% 0 ] [}{] 

AI = ,BI = , o -Yc .(RLmd +Rc ) 0 

A = 
[-R% - X (RL�d liRe ) 

-RL�;{ (RL�d +RC)] and B = B . 2 RLW/ -I;' 2 I 
/C.(RL�d+Rc) 1C.(RLmd+Rc) 

(1) 

In this case, the average model can be achieved as 
A = AI' d+ A, .(1- d) , where A represents state-space or input 
matrices and d is the static gain of DC-DC converter. In 
general designs, R Load , L, C, V in and therefore, d are often 
regarded as ideal constant. However, in DC-DC converter 
interfaced microgrids, all of them, specially v in ' and 
accordingly d, are not constant because of intermittent nature 
of input voltage; they should be considered as variables. 

Given that all the parameters of the boost converter are 
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Fig. 1. Circuit model of a boost converter. 

known, the nominal state-space average model can be 
represented as follows 

and B =B =B 2 I 

(2) 

It is obvious that once voltage drop on Rc is negligible, the 
output voltage will be equal with the Vc. 

III. SYSTEM UNCERTAINTY MODEL 

Due to intermittent nature of RESs, output power of these 
sources will be always along with some severe deviation 
which causes severe deviation in the load voltage. In this 
circumstances a robust controller is necessary. To design such 
a controller, a detailed model of the system along with 
possible uncertainties is necessary. 

There are several definitions for modeling of a system with 
uncertain parameters in robust control theory [24]. In general, 
a system with uncertainty or dynamic perturbation can be 
mainly categorized into "un-modeled dynamics", and 
"modeling errors". In here, dynamic parametric perturbations 
considered for the boost DC-DC converter are lumped into 
perturbation of llm (5) which is an unstructured uncertainty. In 
order to model unstructured uncertainty in robust control 
theory, several methods such as additive perturbation, inverse 
additive perturbation and input/output mUltiplicative 
perturbation have been introduced [24]. In this paper, the 
multiplicative perturbation method is used for uncertainty 
modeling. Thus, transfer function of the system in the 
presence of uncertainties can be formulated as 
G" (s) = [1 +Wu (5).llm (s)]G n (s), a[ll(j (0)] < 1, V (0 � 0 (3) 

where Wu (s) is a stable scalar transfer function that 
characterize the frequency structure and spatial of the 
uncertainty, spans the G" (s) to a neighborhood of the nominal 
model G n (s), and iY is the largest singular value of llm (5). It 
should be noted that (3) does not imply any mechanism or 
structure for uncertain disk of llm (5). The main uncertainties 
are caused by L, C, R Load and especially v in . The 
uncertainties radius are addressed in Table I. 
Fig. 2 shows the bode diagram for the perturbed system for 
different values of the constant static gain. As it can be seen, 
negative phase margin of the transfer function demonstrates 
the non-minimum phase characteristic of (2). 

To obtain an unstructured uncertainty bound for this 
system, by defining the multiplicative uncertainty llm (s), a 
Wu (s) can be found such that Illm (j (0) 1 S; �u (j (0) 1 · 

Thus, a Wu (s) is given by 
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W (S)=1.2(S2+43. IS+3.5XI?4 ).(S2+1467s+1.7X106) (4) " (S2 +204.4s +2.9xIO').(s2 +665.8s +3.1xI06) 

IV. ROBUST R2 AND Roo CONTROLLER DESIGN 

Photovoltaic generation systems are the most conventional 
systems that produce a variance in the output voltage under 
variable irradiation and temperature, and also variable load 
conditions, resulting in serious control challenges. Therefore, 
a stable robust controlled DC-DC converter is necessary in 
order to employ the generation unit energy be more efficient. 
The aim of this section is to design an H _ and an H 2 robust 
voltage controllers for the system shown in Fig. 2. The robust 
controllers are applied using a feedback signal from the output 
voltage (see Fig. 3). 

TABLE I. NOMINAL V ALOE AND UNCERTAINTY RADIUS OF BOOST 
CONVERTER 

Parameter Nominal value Uncertainty radius 
C 860 f.lF 600f.lF 5,C" 5, 1000f.lF 
L 86Of.lH 600f.lH 5,L" 5,IOO0f.lH 
d 0.4 0.35, d" 5, 05 

RL 0.01 n 0 

Rc 0.01 n 0 

100 �"'--"-, T� � �,�", �T ,., � 
10 :s. 
� 

50 -

'e 0 T T -il-tlt- -i -i HI � 
-50 360 

� I IIIII 
270 I IIIII 

Q) 

� 180 -.l U Il.., � L UIL _ 
Q. 

90 -
102 103 Frrul\Jency (rad/ro5 106 107 

Fig. 2. Bode diagram of perturbed system for variation in duty cycle. 
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Fig. 3. General scheme of a robust controlled boost converter. 

T ABLE II. OPTIMlZA nON PROBLEMS RELATED TO THE CONTROLLERS 
DESIGNS 

Controller Corresponded norm or cost function H2 IIFL (G,K)II, < i 

H., IIFL(G,K)L<i 
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w G(s) z 
u y 

K(s) 
Fig. 4. Standard LFT configuration for design of the robust controllers. 

v =W //I 2 

Vi" =W2 -
b) 

Fig. 5. Closed-loop system diagram to synthesis of robust controllers: (a) 
Hoo, (b) and H2 . 

It is noteworthy that in this study the control laws do not 
require the measurement of the current flowing into the 
inductor. The robust controllers' objective is achieved by 
minimizing the corresponding norms of an appropriate linear 
fractional transformation, FL (G, K), as depicted Table II. 
FL (G, K) is the transfer function matrix of the nominal 
closed-loop system which can be illustrated as transfer 
function T zw [24], as shown in Fig. 4. It must be noted that the 
solution for the corresponded minimization problems are not 
unique; it is generally adequate to find a stabilizing controller 
such that the corresponded norms of Table II go below one. 
By rewriting FL (G, K) as z =Tzww (see Figs. 5(a) and 5(b)), 
the closed-loop transfer function in matrix form is [Zl] [ GK(l+GKfl (l+GKfl ][WI] Z2 = -G(1+GK(1+GKfl) I-G(1+GKfl W2 ' (5) 

where, K is the corresponded designed controller based on H 00 
or , H2. Similarly, the transfer function for mixed HdHoo is 
obtained as 

(6) 

For specification the H 00 controller, it is shown that if 

IlTzw t < r, the system without any controller is robustly 

stable if and only if 11.::1., t � Yr [24]. In general, for designing 
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the robust controllers it is tried to minimize the corresponded 
norms in Table II. 

A. Robust H 00 Controller 
Fig. 5(a) shows the closed-loop system used for design of the 
robust H 00 controller where W poo is the weighting function for 
obtaining the good tracking aims. This weighting function is 
chosen as 

0.95s +82.5 Wp=(s) s +0.01 
. (7) 

Note that the desirable performance of the system can be 
ensured by mixed sensitivity constraints, as 

(8) 

where S(s) = (1 +G (s)K (s)rl and T (s) = K (s)(1 +G (s)K (s)rl 
are the sensitivity functions. Therefore, the H 00 problem can 
be reformulated by the following optimization problem. 

' II[ GK=(l+GK= r' (l+GK= r' ]11 �1(� -G(I+GK=(I+GK=f') I-G(I+GK=f' = 

s 1 II(::,=(�;:(�; 1 < 

1 

B. Robust H2 Controller 

(9) 

Following similar procedure as Hoo, Hz controller is designed. 
As aforementioned, an important requirement to attain a 
successful design is the proper choice of the weighting 
function W l'2(s) . A proper selection of W l'2(s) can be 

W (s)- s+10 (10) P2 -S2 +s +0.01 
Accordingly, the controller is reformulated by the following 
optimization problem. 

'II[ GK2(l+GK2 r' 
T,�� -G(I+GK2(I+GK2 r') 

V. SIMULATION RESULTS 

(11) 

In this section, the performance of the proposed control 
strategies is investigated under various scenarios. The DC-DC 
boost converter of Fig. 3 is implemented in the 
MA TLAB/SimPowerSystems toolbox. A power supply which 
used to emulate a photovoltaic system taken as a power source 
with the nominal input voltage of v in = 60 V while a small 
variation (a random ±0.5 V) is mounted on it. Irradiation 
variations are modelled with a severe drop in input voltage. In 
the simulation studies frequent change of input voltage (by 
almost 15%) at t=O.3 sand t=0.6 s, is considered (see Fig. 6). 

The effectiveness and robustness of the proposed 
controllers is verified under two sever case studies: 
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Fig. 6. Input voltage of the DC-DC boost converter for all cases. 

Case 1: Robustness against 15% change in input voltage. The 
input voltage is reduced to vin = 51 Vat t=0.3 s and goes back 
to the v .  = 60 V at t=0.6 s while the DC bus load power is m 
PDC = 500 W. 
Case 2: 30% variation in the input inductor of L, output 
capacitor of C, are applied simultaneously with load increase 
and decrease as Monte Carlo analysis (a comprehensive 
analysis of DC-DC boost converter under input voltage 
variation, DC bus load changes, and parameters uncertainty of 
L and C). 

Fig. 7(a) shows the performance of the designed robust 
controllers in regulating the DC voltage under input voltage 
variations. As can be seen the H 2 controller achieves a faster 
response in regulating DC voltage comparing the other one. 
High speed of the H 2 controller in regulation of DC link 
voltage refers to its inherent performance objectives of the 
H 2 optimal control problem. However, the lower voltage 
peak the H = controller, when the input voltage changes, is 
because of robust performance and perturbation attenuation of 
this controller against system uncertainties. Fig. 7 shows the 
duty cycle of the DC-DC boost converter and the DC bus 
voltage. As shown, to regulate the output DC voltage on 100 
V in the presence of input voltage variation, duty cycle 
increases 25%, approximately. 

Figs. 8(a) and 8(b) indicate the load current and the 
inductor current. It is shown that the robust controllers provide 
satisfactory performance as variation of input voltage has a 
negligible effect on the load and inductor currents. 

In the test condition number two, in addition to the above 
impacts, the impacts of load changes and parameter variations 
have been considered. For these purposes, there is 30% 
variation in parameters, moreover, at 0.4 second the load of 
the boost converter changes from 500 W to 250 W and at 0.7 
second, it changes from 250 W to 1000 W (see Fig. 9), 
whereas still there are input voltage changes of the condition 
1. Figs. lO(a) and lO(b) show the DC link output voltage and 
load current for this case, respectively. 

At 0.3 second the impact of input voltage reduction, at 0.4 
second, the impact of load reduction from 5 (500 W) to 2.5 A 
(250 W), at 0.6 second the impact of increasing of input 
voltage, and at 0.7 second the impact of increasing of the DC 
load from 2.5 A (250 W) to 10 A (1000 W) are completely 
obvious. 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.950525456586062

Time (s)

V in  (V)
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Fig. 7. Performance of the proposed robust controllers for study I: (a) 
DC bus voltage, and (b) duty cycle. 
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Fig. 8. Performance of the proposed robust controllers for study 1: (a) 
load current, and (b) inductor current. 

Impressive performance of the proposed controllers in fixation 
of the DC bus is absolutely obvious. Fig. 9 shows the load 
current and the effects of voltage variations on it at 0.3 and 0.6 
seconds. 
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Fig. 9. Performance of the proposed robust controllers for load current 
changes 
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Fig. 10. Comprehensive robust performance analysis of the proposed 
controllers by Monte Carlo analysis for: (a) H2,and (b) H", 

Fig. 10 shows a comprehensive sensitivity analysis of the DC­

DC boost converter under system uncertainties. Simulation 
studies are performed for all the robust controllers when 
±30% variation in input inductor and output capacitor filter 
are considered in the presence of severe input voltage 
reduction and load disturbances. The results verify the 
robustness and excellent performance of the designed robust 
controllers. While simulation results related to Hz show some 
variation in the DC bus voltage when a big load disturbance 
occur at t= 0.7 s , the H _ controller shows more robustness 
against uncertainties. This controller retains its robustness and 
performance in simulations (which are not shown in here) for 
larger uncertainties in the mentioned parameters, i.e., 70% 
reduction and 200% increasing in inductor and capacitance 
variation. 

VI. CONCLUSION 

In this paper, two different robust controllers (Hz and Hoo,) 
have been designed to set the output voltage of a DC-DC 

boost converter in the presence of various uncertainties. The 
robust perfonnance of the obtained closed-loop systems have 
been evaluated by changing the input voltage of the DC-DC 

boost converter, the DC bus load, and ±30% variations in the 
input inductor and the output capacitor. 

As it was expected, the Hz controller has had the best 
performance especially when the input voltage and/or the DC 
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bus resistive load have changed. On the other hand, in the case 
of ±30% variations in the input inductor and the output 
capacitor, the Hz controller has had the worst robustness 
property in comparison with the Hoo controller. From a robust 
point of view, the Hoo controller provided the best 
performance. 
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