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Passivity voltage based control of the boost power converter used in photovoltaic system 
 
Introduction. This paper presents a robust nonlinear control of the DC-DC boost converter feeding by a photovoltaic system based 
on the passivity control. The control law design uses the passivity approach. Novelty. The novelty consists in designing a control law 
for a photovoltaic system using a passivity approach based on energy shaping and associated with damping injection. Purpose. The 
purpose consists to develop a tool for design and optimize a control law of the photovoltaic system in order to improve its efficiency 
under some conditions such as the variations of the temperature, the irradiation and the parameters. Also, the control law design 
should be simple with a lower overshoot and a shorter settling time. Methods. This work uses the port Hamiltonian mathematical 
approach with minimization of the energy dissipation in boost converter of the photovoltaic system to illustrate the modification of 
energy and generate a specify duty cycle applied to the converter. Results. The results with MATLAB/SimPowerToolbox® have 
proven the robustness against parameter variations and effectiveness of the proposed control. Practical value. The experimental 
results, carried out using a dSPACE DS1104 system, are presented to show the feasibility and the robustness of the proposed control 
strategy against parameter variations. References 26, tables 3, figures 18. 
Key words: DC-DC converters, interconnection and damping assignment, passivity based control, port controlled 
Hamiltonian. 
 
Вступ. У статті представлено надійне нелінійне керування живленням перетворювача постійного струму, що підвищує, 
фотоелектричною системою на основі керування пасивністю. У створенні закону управління використовується пасивний 
підхід. Новизна. Новизна полягає у розробці закону управління фотоелектричною системою з використанням пасивного 
підходу, заснованого на формуванні енергії та пов'язаного з упорскуванням демпфування. Мета. Мета полягає в тому, щоб 
розробити інструмент для проектування та оптимізації закону керування фотогальванічною системою для підвищення її 
ефективності за деяких умов, таких як зміни температури, опромінення та параметрів. Крім того, будова закону 
управління має бути простою, з меншим перерегулюванням і коротшим часом встановлення. Методи. У роботі 
використовується математичний підхід Гамільтона до порту з мінімізацією розсіювання енергії у перетворювачі 
фотоелектричної системи, що підвищує, щоб проілюструвати зміну енергії і створити заданий робочий цикл, що 
застосовується до перетворювача. Результати. Результати з використанням MATLAB/SimPowerToolbox® довели 
стійкість до змін параметрів та ефективність запропонованого керування. Практична цінність. Представлені 
експериментальні результати, отримані з використанням системи dSPACE DS1104, щоб показати здійсненність та 
стійкість запропонованої стратегії управління при  зміні параметрів. Бібл. 26, табл. 3, рис. 18. 
Ключові слова: DC-DC перетворювачі, призначення взаємоз'єднань та демпфування, управління на основі 
пасивності, гамільтоніан, керований портом. 
 

Introduction. Control theory has overcome the 
problems of dynamic systems such as uncertain, disturbed 
and time invariant linear models. Therefore, designing 
feedback controllers has become a relatively easy and 
efficient task [1]. 

However, the above described control theory is no 
longer applicable in case of nonlinear models. In the few 
past decades, several nonlinear control and stability 
methodologies are broadly known in the literature. 

The dependence of the linear control on the 
operating point is raised [2, 3], on the other hand, the 
sliding mode control drawback is the high and free 
switching frequency, which generates unconfined 
voltages or currents [4]. The choice of the candidate 
function for the stabilizing control based on the Lyapunov 
criterion of is not obvious for the nonlinear systems it is 
generally heuristic [5]. 

The passivity control has been introduced by Romeo 
Ortega in 1998. It is a controller design procedure 
rendering the system passive and respecting the desired 
storage function. This guarantees the stability of the 
overall system [6-8].  

Globally, the Passivity Based Control (PBC) can be 
classified on two groups, classical passivity control where 
the storage function is defined (typically quadratic), then 
design the controller that renders the storage function non-
increasing. This approach is similar to a Lyapunov method. 
In the second passivity control group, the storage function 
is not defined, but instead selecting the closed-loop desired 
structure, and then characterizes energy functions 
compatible with the desired structure. The outstanding 

examples of this approach are the interconnection and 
damping assignment (IDA) method [9]. 

Generally, the passivity control law can be designed 
according two approaches; the Lagrangian model [8-10] 
or the Hamiltonian approach [11, 12]. The Lagrangian 
form is used for mechanical as well as in electrical 
systems [8]. However, due to the physical characteristics 
of transistors and diodes used in the DC-DC converters, 
the Lagrangian formulation is not suitable [2, 13-15]. 

The goal of the paper is analysis Hamiltonian 
structure using interconnection and damping assignment 
method associated to passivity control (IDA-PBC) 
applied in photovoltaic system. It is a well-established 
technique to simplify the control law and achieve a 
desired equilibrium point with minimum storage energy 
of output voltage. 

Subject of investigations. In this work the output 
voltage from the photovoltaic (PV) system, operate to 
achieve a desired output voltage of the boost converter by 
modifying passivity forms of port Hamiltonian model 
using passivity approach [11, 12]. The design and 
implementation control law of the output voltage is 
presented. With the increase of the energy demand the 
world turned to solar energy which is easy availability, 
free, inexhaustible source and without CO2 gas emissions. 

In PV panels solar cells are the basic components and 
it is made of silicon. A solar cell is generally a p-n junction 
which is made of silicon. It is made up of two different 
layers when a smaller quantity of impurity atoms added to 
it. The PV cell is a basic device of the PV system which 
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converts the irradiations solar to the electrical energy and 
provide energy to the consumer or feed power to the grid. 

Many stages are used in grid connected PV system 
like PV array, DC to DC converter, DC to AC converter. 

The converters used in the PV system are a 
nonlinear; they have a bilinear model such as the DC-DC 
boost converter. 

In this paper a model is developed through 
converting common circuit equation of solar cell in to 
simplified form including the effects of changing solar 
irradiation and changing temperature by maximum power 
point tracking (MPPT) algorithm. 

The originality of this work consists of the design a 
control law for a PV system by interconnection and 
damping assignment. 

Modeling, relationships and assumptions. Figure 1 
shows the structure of the studied system. The converter is 
placed between the PV array and load. It can be controlled 
using microcontroller or digital signal processor (DSP) in 
order to regulate the output voltage [16, 17]. 
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Fig. 1. PV system device with DC-DC boost drive: 1 – PV cell; 
2 – DC-DC boost; 3 – MPPT; 4 – IDA-PBC controller; 5 – load 

 

Two approaches have been developed to model the 
behavior of PV array. The first is based on the equivalent 
circuit and the second is empirically based models [15]. 

In the calculation, the following assumptions were 
made: the one diode equivalent circuit (Fig. 2) is chosen 
due its simplicity [18]. 

The main calculation relation is the equation of the 
PV current Ipv: 
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where Id is the current in equivalent diode; a is the diode 
constant; VT = kT/q is the thermal voltage; T is the 
temperature; k is the Boltzmann constant; q is the charge 
of electron; Iph indicates the light current wish is 
proportional to the irradiation G but it is affected by the 
temperature. 
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where Ipv,n is the nominal light generated current at (25 C 
– 1000 Wm–2), ΔT = T – Tn is the variation temperature 
and Gn is the nominal irradiation [Wm–2]. 

In order to take into account of the saturation current 
Is is given by: 
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where Isc is the short-circuit current; Voc is the open circuit 
voltage; KV and KI are voltage and current coefficients. 

The rate parameters of the PV panel are reported in 
the Table 1. 

Table 1 
Rate parameters of the PV panel BP SX 100 

Voc (open circuit voltage) 32 V 
Isco (short circuit current) 5 A 
Vpp (max point voltage) 24 V 
Ppp (max point power) 105 W 
Ipp (max point current) 4.38 A 

 

Figure 2 shows the current and power versus voltage 
characteristics of a PV module for G = 1000, 800, 600, 
400 W/m². For each radiation G the curve has a maximum 
power point (MPP). To operate the PV system in MPP 
several techniques have been developed. From Fig. 2 it is 
noticed that the maximum power has an almost linear 
relation to the unit of voltage of the network. 

 
Fig. 2. Current and power versus voltage characteristics 

 

The PV-boost-load system (Fig. 3) using in this 
section consists of an inductance L, a controlled switch 
(IGBT), a diode VD and filtering capacitors C. When the 
switch is on, the boost inductance current increases 
linearly, the diode VD being blocked. When switch is off, 
the energy stored in the inductor passes through the diode 
to the output circuit [19]. 
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Fig. 3. PV system: 1 – PV panel; 2 – input coil; 3 – IGBT; 

4 – diode; 5 – output capacitor; 6 – resistance load 
 

To design the best control law if an appropriate 
model is chosen. We assume that the continuous 
conduction mode, the state space average model is given 
in the following equation [22]:  
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where x1 = IL, x2 = Uc, Ue is the PV voltage, u acts as a 
control input variable (0 < u ≤ 1). 

The ratio Uc and Ue is given as: 
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where D denotes the duty ratio, and Uc voltage is higher 
than the Ue voltage. 

The Pulse Width Modulation (PWM) signals for 
driving the switching devices can be generated by 
comparing the sinusoidal control signal with a triangular 
carrier signal. The control objective is to design a control 
law for the control input u(t) such that the output voltage 
of boost (Uc) attains a desired reference. For the desired 
set point x*=(x1

* x2
d)T we get at equilibrium: 
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The equation (6) can be written in terms of Port 
Controlled Hamiltonian (PCH) approach. 

Background Port Controlled Hamiltonian. The 
first work on the PCH has been developed by Dalsmo and 
van der Schaft in 1992 [20]. It is used to modeling 
physical systems with lumped-parameter and 
independent storage elements. Generally, a nonlinear 
input affine system is described by the following model: 
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where f(x), g(x) are the Lipschitz functions and x is the states 
variable such as {xRn}, {h(x)C} and {(u, y)Rmxn}. 

A system (7) is passive if the inflow of electrical 
power is always nonnegative and has a property of 
stability with a positive storage function defined as: 
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where Q  0 is the diagonal matrix and such that for t1t0 
satisfies the inequality: 
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For any nonlinear system described by (7) with a 
storage function H(x) can be modeled as port controlled 
Hamiltonian system, which is in the simplest and explicit 
version of the form (8) [11]: 
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where J(x) = –JT(x)ϵRmxn is the interconnection structure 
matrix, R(x) = RT(x)ϵRmxn0 is the dissipation matrix and 
H(x): Rn → R+ is the energy (Hamiltonian) function such 
as the gradient vector is: 
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From management structure of (8), the acquisition 
port is (uT y) [8]. Using evaluating the rate of change 
energy and version of Kalman-Yakubovich-Popov lemma 
[21-26], we easily see that PCH model is passive because:  
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In previous sections, a suitable model (4) for boost 
converter with PCH description is expressed [11, 23-25]. 

We can write (4) in PCH model as 
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   is the constant vector containing the 

external voltage source.  
We assume that the condition (L<<1/(C)) is satisfied, 

the boost converter described in (4) is passive since: 
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where x1Ue is the input power. 
The total energy change rate for all t  0 is given as: 
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The storage function H(x) is bounded since (10) 
shows that we can extract a finite amount of the boost 
converter energy. The system will eventually stop in a 
minimum energy point. In fact, the boost converter is a 
passive system and it can be controlled using the IDA-
PBC approach. 

The rate of convergence of (10) can be increased by 
a negative feedback interconnection u=kx with k > 0 
a damping injection gain or modified R via IDA-PBC 
controller. 

Our main idea is to assign the desired closed-loop 
energy function in the equilibrium point x*=(x1

* x2
d)T 

using IDA-PBC. 
To get the desired output voltage, the following 

stages must be obtained: 
 find a control action u = β(x)+v in close-loop and 

reshaping the amount dissipated energy through by 
injecting additional damping resistance r>0 to dump the 
transient oscillation. So: 
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 shaping the new potential energy provided by the 
capacitor is needed. 

The new desired energy function, which has a strict 
(local) minimum at x*, form is: 
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γ>0 is the adjustable gain in output potential energy to 
increasing the rate of convergence of power system. 

A block diagram representing IDA-PBC approach is 
shown in Fig. 4. 
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Fig. 4. Scheme of IDA-PBC controller: 

1 – IDA-PBC controller; 2 – PWM; 3 – boost with PV cell 
 

The desired target dynamic of (8) is defined as: 
.

( ( ) ). ( )d dx J u R H x   .                  (11) 

Initial conditions and input data. To find a control 
action (u) in state-feedback for the boost converter, and 
taking into account all initial conditions (x(0), u(0), y(0)) 
with (11) we make:  
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In order to reach a desired voltage *
2x  and for the 

partial derivative (12) the control law can be found as 
following:  
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In order to choose the optimal values for r and γ we 
make the initial condition that 0 < u ≤1. 

So: 
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To eliminate steady state error an integral action is 
added: 
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where (Kp, KI)R+*2. 
Stability analysis. To study the stability of the 

proposed control we use the Lyapunov theory. If we 

assume that Hd(x) is a candidate function of Lyapunov, 
the asymptotic stability of set (x1

*, x2
d) can be investigated 

such that: 
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Simulations results. The validation of the 
theoretical analysis has been carried out by the average 
boost converter model supplied by PV array using 
Matlab/Simulink (Fig. 5). 
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Fig. 5. Simulation diagram of the IDA-PBC: 
1 – IDA-PBC controller; 2 – UcRef; 3 – PWM; 

4 – boost converter; 5 – IGBT; 6 – input voltage 
 

The parameters of our system are reported in the 
Table 2. The virtual resistance should be sufficiently 
large, to ensure a large energy dissipation amount as well 
as to minimize the ripples of the current. 

Table 2 
Parameters of DC-DC boost converter 

Parameter Values 
Input voltage Ue = 30 V 
Inductance L = 54 mH 
Capacitor C = 4400 µF 

Load resistance R = 320 Ω 
Integral gain (I) KI = 1.5 

Proportional gain (P) KP = 4 
Dumping resistance r = 4 Ω 

Adjustable gain γ = 0.5 
 

In the following, some simulation results are 
reported in order to show the performances of the 
proposed controller. The control law is tested with 
parameters and voltage references variations. 

Graphs of changes in output voltage and its 
reference are shown in Fig. 6. 

Referring to Fig. 6, the close loop response adopting 
IDA-PBC controller exhibit a good tracking of the output 
voltage to their multivalued reference delivered by PV 
cell using MPPT algorithm. 

Initially the PV voltage is adjusted at 60 V. At time 
t = 21.51 s the reference voltage varies up to 85 V and 
stabilize in a steady state without error. 
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Fig. 6. Simulation results output-voltage during reference 

voltage variation 
 

Moreover, the reduced duration of the start-up 
transient operation of the system has been also obtained. 

In order to verify the robustness of the proposed 
method, we will test the performance of IDA-PBC by 
making variations on parameters system. 

According Fig. 7-9 the output voltage does not 
change with parametric variations; so we deduced the 
effectiveness robustness of the proposed controller. 

 
Fig. 7. Output voltage for ΔR = 50 % 

 
Fig. 8. Output voltage for ΔL = 50 % 

 
Fig. 9. Output voltage for ΔC = 50 % 

 

Experimental test. To validate the simulations 
results of proposed control, experiments were conducted 
on a real system. The layout of the prototype under test is 
reported in Fig. 10 for obtaining the experimental results. 
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Fig. 10. Laboratory setup structure: 

1 – DC source; 2 – interface; 3 – DS1104 dSPACE 
 

The boost converter laboratory structure is based on 
IGBT modules SKM100GAL123D fed by the DC voltage 
source. The currents and voltages sensors used are 
respectively LA-25NP and LV-25P. An interface is used 
to provide galvanic isolation of all dSPACE DS1103 PPC 
controller signals (Fig. 11). The main parameters of boost 
model are reported in Table 3. 

Table 3 
Experimental parameters of boost converter  

Parameter Values 
Input voltage Ue = 30 v 
Inductance L = 54 mH 
Capacitor C = 4400 µF 

Load resistance R = 320 Ω 
Integral gain (I) KI = 2 

Proportional gain (P) Kp = 10 
Dumping resistance r = 4 Ω 

Adjustable gain γ = 0.5 
 

 
Fig. 11. The hardware setup of the system (LTI laboratory) 

 
Figures 12-15 represents the response output voltage 

according reference and parameters. 

 
Fig. 12. Output voltage and its reference 
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Fig. 13. Output voltage with resistance variation (–50 %) 

 
Fig. 14. Output voltage with inductance variation (–50 %) 

 
Fig. 15. Output voltage with capacitor variation (–50 %) 

 
The introduced IDA-PBC permits the stability of the 

system without steady state error (Fig. 16). 

 
Fig. 16. The trajectory of dynamic error 

 
To validate the proposed control with the classical 

PI controller a comparative study has been made and the 
results are presented in Fig. 17, 18. 

 

 
Fig. 17. Output voltage control with PI controller and IDA-PBC 

 

 
Fig. 18. Dynamic error with PI and IDA-PBC control 

 

Conclusions. 
1. The passivity control has been developed to describe 

energetic properties of dynamical systems and their 
interconnections; in terms of the input-output behavior 
and the system is stabilized by an output feedback gain. 

2. To design robust controllers via shaping internal 
energy, we start from the Euler-Lagrange description and 
then consider instead port-controlled Hamiltonian 
modeling.  

3. To assigning, a desired port controlled Hamiltonian 
structure in closed-loop the interconnection and damping 
assignment passivity control technique has turned out to 
be very successful and has provided solutions of electrical 
systems. 

4. The proposed passivity control has been applied to 
the DC-DC boost converter and experimental tested on 
the dSPACEDS1104 system. The general aspects of the 
performances results are reported and compared with 
simulation results in order to validate the robustness 
controller against parameters variation. 

5. Our future work revolves around two major 
challenges: the development of a reliable control of the 
PV system with fault and the development of controls 
adapted to the PV system connected to the grid, under 
constraints. 
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