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 The solar energy is converted to electrical energy by means of semiconductor 

materials called solar panels. However, the conversion efficiency is low, and 

hence the need to harvest the maximum power to optimize the photovoltaic 

conversion, for that the MPPT (Maximum Power Point Tracker) technique is 

used to maximize the power delivered by the solar panel (PV); this power is 

very fluctuating because it depends on the lightning and the temperature, the 

maximum power point is acquired by a DC / DC converter connected to the 

closed loop MPPT algorithm. The design of the circuit (the closed loop) must 

be robust in the face of changes in operating points caused by variations in 

meteorological conditions (temperature and lighting) and must always 

maintain certain performances such as stability, a fast and well-damped 

transient system, precision. In this paper, we presented a study of closed loop, 

for that, we established the average small signal model of the different 

topologies of the converters (boost; buck, buck-boost) to have a linear model. 

A comparative study between the three topologies has been established, to 

make an optimal choice of the circuit parameters. 
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1. INTRODUCTION 

The solar panel is used as a renewable source of energy by transforming photon energy from sunlight 

into electrical energy. Under a given level of illumination (G), the solar panel develops a continuous electrical 

current (DC), the characteristic current-tension is non-linear and is influenced by temperature.To maximize the 

power delivered by the solar panel (PV), a DC/DC converter controlled by a search algorithm named MPPT 

(Maximum power point tracker) is placed at the output of this source (PV), so that, this system operates in 

feedback .Figure 1.[ 1]. 

 

 
Figure 1. Block diagram of photovoltaic chain. 
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The search for the maximum power point is permanent (all the time), consequently the feedback 

system (PV, converter and MPPT) must react to each change to ensure maximum power; knowing that during 

a day the illumination and the temperature are variable and fluctuating, therefore the feedback quoted above 

often undergoes transient dynamic regimes.[2, 3] 

The problem posed in solar applications is the continuous and sometimes random variation of the 

operating  points of the circuit; so, to keep the desired performance of the system, it is necessary to choose the 

appropriate values and for this a dynamic study of systems (in the feedback or in open loop) is necessary to 

ensure certain performances such as stability, precision, rising time, overshooting. These performances are 

based on the different elements of the circuit studied (resistance, capacitance, inductance, measurement 

gain…);and even the use of a PI corrector to improve the dynamic response of the systems requires a 

dimensioning based on the elements of the circuit of the converter. Therefore a good choice and dimensioning 

of the elements of the circuit give us a robust system which remains efficient whatever the disturbances and 

the extreme conditions of operation [4]. In the literature, some scientific work addresses the subject of the 

dynamics of the DC/DC converter and MPPT parameters, in the works of Femia [4, 5], he proposes an 

improvement and optimization of the dynamic operation of MPPT and the DC/DC converter by a judicious 

choice of the sampling interval, but he gives no indication and explanation on the choice and the calculation of 

the parameters of the circuit, in [6] the authors presents a study of the photovoltaic chain with two stages 

(continuous and alternative) for robust design of the circuit against the variations of the photovoltaic source 

(lighting and temperature) and the side networks (imbalance of the network), and it treats the case of the 

continuous mode (CCM) and discontinuous mode (DCM) , but it does not give satisfactory answers on the 

optimization of the dynamics of the circuit during the various changes and on what the values of the 

capacitances and the inductances of the circuit give always transient diet best; the paper of Razman [7], he 

proposes a model to improve the operation of a solar emulator with the MPPT regulator, he proposes the use 

of a PI corrector, whose calculation of these parameters (proportional gain and integrator gain) is based on the 

circuit parameters (capacitance and inductance), but no indication of the capacity of the values chosen to keep 

the system reliable against different variations and disturbances. Among other things, in [8], and in the context 

of improving the continuous bus (DC-link) of a photovoltaic conversion chain, the author proposes a digital PI 

based on fuzzy logic, but the development presented, asks several questions regarding the choice of a second 

order linear system during closed loop modelling. In most of the articles cited above, the modeling is developed 

with the small signal modeling technique; we always end up with a linear second-order system whose dynamic 

study seems simple and usual; as for the photovoltaic use, we often place an input capacitor which gives us a 

third order system [9, 10], and in this case the dynamic study of the system becomes complex, moreover, the 

implementation of a PI corrector, it is not always obvious and on a large power scale it becomes very expensive. 

For these reasons we propose a new approach to dimension the DC/DC converters for photovoltaic use by a 

priori choice of the various elements of the circuit which gives us a powerful dynamic system whatever the 

variations of the operating conditions. 

In this paper, we approximated the dynamic behavior of the system by a small average modeling 

signal in order to have a linear model, this linear model allowed us to pass to the domain of Laplace and to 

have the transfer functions in open loop and in closed loop. In this context, a detailed study has been established 

for the three topologies of DC/DC converters (buck, boost and buck-boost). The transfer functions obtained 

are third order systems, to facilitate the study of the dynamic behavior; we will introduce the concept of the 

dominant pole by a predefined placement of a real pole to have a second order system which will allow us to 

parameterize our system in relation to the desired performances.  

The procedures mentioned above are summarized in an algorithm which can be programmed with 

simulation software; our results are presented and discussed to compare the dynamic behavior of different 

DC/DC converters used in photovoltaic applications, and determine the advantages and the disadvantages of 

each topology.  

 

2. SMALL SIGNAL MODELING. 

To analyze, design and control, a power electronics structure (in our case the DC/DC converter), we use  

modeling and dynamic simulation methods. Among these methods the small-signal modeling is the most 

widely used; this method gives us the possibility to model a nonlinear circuit with linear equations around an 

operating point. An equivalent circuit in which nonlinear circuit elements are replaced by linear elements whose 

values are given by the first-order approximation of their characteristic curve near the operating point (Often 

called tangential model) [11, 12]. Before starting the modeling of DC/DC converters, it should be noted that 

the operation of these converters is similar to a DC/DC transformer, whose transformation ratio (M) is variable, 

this transformation ration depends on the duty cycle (d) generated by the PWM command (pulse width 

modulation). Figure 2 . 
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The calculation of the transformation ratio, which gives a maximum operating point (The voltage that 

gives a maximum power Vpv-max and the current that gives a maximum power IPV-max) requires the 

calculation of the maximum duty cycle. The different known MPPT algorithms, calculates the maximum 

operating point by calculating the maximum duty cycle (dmax). 

 

 
Figure 2. Model of the DC transformer with a variable transformation ratio controlled by a PWM. 

 

The different topologies of DC/DC converters mainly used in photovoltaic applications are presented 

in table 1. L is an inductor to have a perfect direct current. Cin is a capacitor to filter voltage ripples at the input. 

Co is a capacitor to filter voltage ripples at the output. We note that the passive components (Cin ; Co ; L) is 

assumed to be ideal and sized away to have a continuous conduction mode (CCM) [13, 14], [15]; the transistor 

, and the diode are olso assumed  to be ideal swithes, the input voltage Vin is solar panel voltage VPV, V0 is the 

output voltage. 

 

Table 1. Topologies of different converters. 

Topologies Converter circuit 
Circuit configuration while 

the transistor is on 

Circuit configuration while 

the transistor is off 

Buck 

 

  

Boost 

 

  

Buck-Boost 

   

 

 

The circuit of the converters quoted in table 1 varies in time, we have two time intervals, the first 

when the transitor is closed or on, and the diode is blocked (0 ≤ 𝑡 ≤ 𝑇𝑜𝑛) and the second when the transitor is 

open or off and the diode is on (𝑇𝑜𝑛 ≤ 𝑡 ≤ 𝑇); the configuration of the circuit is specified by the state of 

conduction and blocking of the semiconductor elements (transistor and diode), so each configuration is 

controlled by differential equations. The non linear time varying characteristics of switching obstructs the 

analysis of dynamic behaviour of converters. The linearized model has an advantage that it is time invariant 

around an operating point. Our small signal model in operating point characterized by two parameters , the first 

is the resistance ( 𝑹𝑷𝑽 = 𝑽𝑷𝑽 𝑰𝑷𝑽⁄  ) , which defines the operating point concerned by the small signal 

linearization (the maximum power point), however, the IPV(VPV) characteristic of the solar panel is nonlinear, 
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and the calculation of the resistance RPV  requires iterative numerical methods, for a better modeling of the 

IPV(VPV)  characteristic, a new PV modeling use the Lambertw equation whose current IPV can be expressed as 

a function of VPV in an explicit way. The reader can find details in [15]. The second parameter is the duty cycle 

(d) which represents the MPPT actions.  

We specify in the development which follows, that all the values of the circuit are superpositions of a 

continuous component (or equilibrium point) and an oscillating component that varies with time. 

Starting by establishing the differential equations that govern the three circuits shown in table 1 in the form of 

the state space model: 

 
𝜕𝑥(𝑡)

𝜕(𝑡)
= 𝐴. 𝑥(𝑡) + 𝐵. 𝑢(𝑡)                                                                                                                    (1)                                                                                                 

 

And the output vector is: 

 

𝑦(𝑡) = 𝐶. 𝑥(𝑡)                                                                                                                                    
 (2)                                                                                                                                      

 

Where the tension VPV, and the inductor current IL, and the output tension Vo are the state variables.  

 

So the state vector  𝑥 = (
𝑉𝑃𝑉
𝐼𝐿
𝑉𝑜

) ; and the output vector is VPV. 

 

A is the state matrix sized (3x3); B is the control matrix sized (3x1); C is the output matrix. 

  

U (t) =d (t), is the control vector sized (1x1). In case of disturbance, we can write:     

 

 𝑥(𝑡) = 𝑋 + �̂�(𝑡)        𝑢(𝑡) = 𝑈 + �̂�(𝑡)        𝑦(𝑡) = 𝑌 + �̂�(𝑡) 
              

The capital values represent the equilibrium point or the continuous component, lower case letters 

represent the small variations around an equilibrium point or the non-continuous component which depends 

on time, and the hat variations (∧) represent small variations (oscillations) around an operating point. 

  

We substitute in equations (1) and (2) and Neglecting second order nonlinear quantities we obtain 

desired small signal linear state equation given by: [16, 17]. 

 

�̇̂� = �̅�. �̂�(𝑡) + �̅�. �̂�(𝑡) + �̂�(𝑡). [(𝐴1 − 𝐴2). 𝑋 + (𝐵1 − 𝐵2). 𝑈]                         (3) 

 

Where: 

             

             �̅� = 𝑑. 𝐴1 + (1 − 𝑑). 𝐴2                                                                     (4)   

             

             �̅� = 𝑑. 𝐵1 + (1 − 𝑑). 𝐵2                                        (5) 

      

We can have the matrices A1, A2, B 1, B2 by the separate state model for each conduction and blocking 

interval of the semiconductor elements; so for each topology of the DC/DC converters the system of equations 

is: 

 

For the buck topology: 

 

 

 

 

                                                                                                    

                                                          (6) 

 

 

 

 

 

0 ≤ 𝑡 ≤ 𝑇𝑜𝑛 𝑇𝑜𝑛 ≤ 𝑡 ≤ 𝑇 

𝜕𝑉𝑃𝑉(𝑡)

𝜕𝑡
= −

𝑉𝑃𝑉(𝑡)

𝐶𝑖𝑛𝑅𝑃𝑉
−
𝐼𝐿(𝑡)

𝐶𝑖𝑛
𝜕𝐼𝐿(𝑡)

𝜕𝑡
=
𝑉𝑃𝑉(𝑡)

𝐿
−
𝑉(𝑡)𝑜
𝐿

𝜕𝑉𝑜(𝑡)

𝜕𝑡
=
1

𝐶𝑜
𝐼𝐿(𝑡) −

𝑉𝑜(𝑡)

𝐶𝑜𝑅𝑜

 

𝜕𝑉𝑃𝑉(𝑡)

𝜕𝑡
= −

𝑉𝑃𝑉(𝑡)

𝐶𝑖𝑛𝑅𝑃𝑉
𝜕𝐼𝐿(𝑡)

𝜕𝑡
= −

𝑉𝑜(𝑡)

𝐿
𝜕𝑉𝑜(𝑡)

𝜕𝑡
=
1

𝐶𝑜
𝐼𝐿(𝑡) −

𝑉𝑜(𝑡)

𝐶𝑜𝑅𝑜
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For the boost topology: 

 

 

 

 

                                                                                                                                                                                                                                                                                                         

(7) 

 

 

 

 

For the buck-boost topology: 

 

 

 

 

                                                                    

(8)                                       

 

 

 

 

Ro is a resistance which characterizes the load; it can be expressed as a function of RPV and the duty cycle d, 

according to the topology of the converter, therefore: 

 

Using the buck topology: 

 

𝑅𝑜 = 𝑅𝑃𝑉 . 𝑑
2                                                                                                   (9) 

 

Using the boost topology: 

𝑅𝑜 =
𝑅𝑃𝑉

(1 − 𝑑)2⁄                                                                                                  (10) 

 

Using the buck-boost topology: 

𝑅𝑜 = 𝑅𝑃𝑉 .
𝑑2

(1−𝑑)2
                                                                                                       (11) 

 

We substitute the equation (4),(5),(6),(7),(8),(9),(10),(11) in equation (3); we can obtain the average 

small signal model in matrix form as the following: 

For the buck topology: 

 

  𝑑
𝑑𝑡
[

𝑉𝑃𝑉
𝐼𝐿
𝑉𝑜

]=

[
 
 
 
 
−1

𝑅𝑃𝑉.𝐶𝑖𝑛
⁄ −1

𝐶𝑖𝑛
⁄ 0

1
𝐿⁄ 0

−(1−𝑑)
𝐿⁄

0
(1−𝑑)

𝐶𝑜
⁄ −1

𝑅𝑜𝐶𝑜
⁄ ]

 
 
 
 

[

�̂�𝑃𝑉
𝐼𝐿
�̂�𝑜

] +

[
 
 
 
0
𝑉𝑃𝑉

𝐿(1−𝑑)

−𝑉𝑃𝑉

𝑅𝑃𝑉.𝐶𝑜]
 
 
 

.�̂�                                  (12) 

For the boost topology: 

 

𝑑

𝑑𝑡
[

𝑉𝑃𝑉
𝐼𝐿
𝑉𝑜

]=

[
 
 
 
 
−1

𝑅𝑃𝑉.𝐶𝑖𝑛
⁄ −𝑑

𝐶𝑖𝑛
⁄ 0

𝑑
𝐿⁄ 0 −1

𝐿⁄

0 1
𝐶𝑜
⁄ −1

𝑅𝑜𝐶𝑜
⁄ ]

 
 
 
 

[

�̂�𝑃𝑉
𝐼𝐿
�̂�𝑜

] + [

𝑉𝑃𝑉

𝑑.𝑅𝑃𝑉.𝐶𝑖𝑛
𝑉𝑃𝑉

𝐿

0

].�̂�                                                       (13) 

For the buck-boost topology: 

 

𝑑

𝑑𝑡
[

𝑉𝑃𝑉
𝐼𝐿
𝑉𝑜

]=

[
 
 
 
 
−1

𝑅𝑝𝑣.𝐶𝑖𝑛⁄ −𝑑
𝐶𝑃𝑉
⁄ 0

𝑑
𝐿⁄ 0

−(1−𝑑)
𝐿⁄

0
(1−𝑑)

𝐶𝑜
⁄ −1

𝑅𝑜𝐶𝑜
⁄ ]

 
 
 
 

[

�̂�𝑃𝑉
𝐼𝐿
�̂�𝑜

] +

[
 
 
 
 

𝑉𝑃𝑉

𝑑.𝑅𝑃𝑉.𝐶𝑖𝑛
𝑉𝑃𝑉(1−2𝑑)

𝐿(1−𝑑)

𝑉𝑃𝑉

𝑑.𝑅𝑃𝑉.𝐶𝑜 ]
 
 
 
 

.�̂�                                              (14) 

For the three topologies the output equation (2) become in the average small signal model as following: 

0 ≤ 𝑡 ≤ 𝑇𝑜𝑛 𝑇𝑜𝑛 ≤ 𝑡 ≤ 𝑇 

𝜕𝑉𝑃𝑉(𝑡)

𝜕𝑡
= −

𝑉𝑃𝑉(𝑡)

𝐶𝑖𝑛𝑅𝑃𝑉
−
𝐼𝐿(𝑡)

𝐶𝑖𝑛
𝜕𝐼𝐿(𝑡)

𝜕𝑡
=
𝑉𝑃𝑉(𝑡)

𝐿
𝜕𝑉𝑂(𝑡)

𝜕𝑡
= −

𝑉𝑜(𝑡)

𝐶𝑜𝑅𝑜

 

𝜕𝑉𝑃𝑉(𝑡)

𝜕𝑡
= −

𝑉𝑃𝑉(𝑡)

𝐶𝑖𝑛𝑅𝑃𝑉
−
𝐼𝐿(𝑡)

𝐶𝑖𝑛
𝜕𝐼𝐿(𝑡)

𝜕𝑡
=
𝑉𝑃𝑉(𝑡)

𝐿
−
𝑉𝑜(𝑡)

𝐿
𝜕𝑉𝑂(𝑡)

𝜕𝑡
=
1

𝐶𝑜
𝐼𝐿(𝑡) −

𝑉𝑜(𝑡)

𝐶𝑜𝑅𝑜

 

0 ≤ 𝑡 ≤ 𝑇𝑜𝑛 𝑇𝑜𝑛 ≤ 𝑡 ≤ 𝑇 

𝜕𝑉𝑃𝑉(𝑡)

𝜕𝑡
= −

𝑉𝑃𝑉(𝑡)

𝐶𝑖𝑛𝑅𝑃𝑉
−
𝐼𝐿(𝑡)

𝐶𝑖𝑛
𝜕𝐼𝐿(𝑡)

𝜕𝑡
=
𝑉𝑃𝑉(𝑡)

𝐿
−
𝑉𝑜(𝑡)

𝐿
𝜕𝑉𝑜(𝑡)

𝜕𝑡
=
1

𝐶𝑜
𝐼𝐿(𝑡) −

𝑉𝑜(𝑡)

𝐶𝑜𝑅𝑜

 

𝜕𝑉𝑃𝑉(𝑡)

𝜕𝑡
= −

𝑉𝑃𝑉(𝑡)

𝐶𝑖𝑛𝑅𝑃𝑉
−
𝐼𝐿(𝑡)

𝐶𝑖𝑛
𝜕𝐼𝐿(𝑡)

𝜕𝑡
= −

𝑉𝑜(𝑡)

𝐿
𝜕𝑉𝑜(𝑡)

𝜕𝑡
=
1

𝐶𝑜
𝐼𝐿(𝑡) −

𝑉𝑜(𝑡)

𝐶𝑜𝑅𝑜
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�̂�(𝑡) = 𝐶. �̂�(𝑡)                                                                                                 (15) 

 

𝐶 = [1 0 0] : is the output matrix. 

 

 

3. TRANSFER FUNCTIONS. 

  After having the linear model, we can go on to the Laplace domain and model our system by a transfer 

function where the input is the duty cycle (�̂�); and the output is the tension of solar panel (�̂�PV). Figure 3. 

 

 
 

Figure 3.  Transfer function (input duty cycle, output solar panel tension). 

 

 

3.1. Open loop transfer function. 

     According to control theory of linear systems, the transfer function (
𝑽𝑷𝑽(𝒔)

𝒅(𝒔)
) in the Laplace domain is 

defined by: 

 
𝑉𝑃𝑉(𝑠)

𝑑(𝑠)
= 𝐶. (𝑆. 𝐼 − 𝐴)−1. 𝐵                                                                                (16) 

 

I: is the unitary matrix. 

(𝑆. 𝐼 − 𝐴)−1: is the inverse matrix of (𝑆. 𝐼 − 𝐴). 
S: is a Laplace variable. 

A, B, C: are the matrices obtained by the linear average small signal model in the equations (12), (13),(14),(15). 

Referring to equation (16), the transfer functions for the three topologies of DC/DC converters are in the linear 

form following: 

 

For the buck topology: 

𝐹(𝑠) =
[

−𝑉𝑃𝑉
𝑑.𝑅𝑃𝑉𝐶𝑖𝑛

].𝑠2+[
−𝑉𝑃𝑉

𝑑3.𝐶𝑖𝑛𝐶𝑜𝑅𝑃𝑉
2 +

𝑑.𝑉𝑃𝑉
𝐿𝐶𝑖𝑛

].𝑠+[
−𝑉𝑃𝑉

𝑑.𝐿𝐶𝑖𝑛𝐶𝑜𝑅𝑃𝑉
]

𝑠3+[
1

𝑅𝑃𝑉
(
(1−𝑑)2

𝐶𝑜
+

1

𝐶𝑖𝑛
)].𝑠2+[

1

𝐶𝑜𝐶𝑖𝑛(𝑑.𝑅𝑃𝑉)
2+

𝑑2

𝐿𝐶𝑖𝑛
].𝑠+

1

𝑑2𝐿𝐶𝑖𝑛𝐶𝑜𝑅𝑃𝑉

                               (17) 

 

For the boost topology: 

𝐹(𝑠) =
[

−𝑉𝑃𝑉
𝐿𝐶𝑖𝑛(1−𝑑)

].𝑠+[
−2𝑉𝑃𝑉.(1−𝑑)

𝐿𝐶𝑖𝑛𝐶𝑜𝑅𝑃𝑉
]

𝑠3+[
1

𝑅𝑃𝑉
(
(1−𝑑)2

𝐶𝑜
+

1

𝐶𝑖𝑛
)].𝑠2+[

(1−𝑑)2

𝐶𝑜
(

1

𝐶𝑖𝑛𝑅𝑃𝑉
2 +

1

𝐿
)+

1

𝐿𝐶𝑖𝑛
].𝑠+

2(1−𝑑)2

𝐿𝐶𝑖𝑛𝐶𝑜𝑅𝑃𝑉

                       (18) 

 

For the buck boost topology: 

𝐹(𝑠) =
[

−𝑉𝑃𝑉
𝑑.𝑅𝑃𝑉𝐶𝑖𝑛

].𝑠2−𝑉𝑃𝑉[
(1−𝑑)2

𝑑3.𝐶𝑖𝑛𝐶𝑜𝑅𝑃𝑉
2 +

𝑑(1−2𝑑)

𝐿𝐶𝑖𝑛(1−𝑑)
].𝑠+[

−𝑉𝑃𝑉𝑑(1−𝑑)

.𝐿𝐶𝑖𝑛𝐶𝑜𝑅𝑃𝑉
]

𝑠3+[
1

𝑅𝑃𝑉
(
(1−𝑑)2

𝐶𝑜
+

1

𝐶𝑖𝑛
)].𝑠2+[

(1−𝑑)2

𝐶𝑜𝐶𝑖𝑛(𝑑.𝑅𝑃𝑉)
2+

𝑑2

𝐿𝐶𝑖𝑛
+

1

𝐿𝐶𝑜
].𝑠+[

(1−𝑑)2

𝐿𝐶𝑖𝑛𝐶𝑜𝑅𝑃𝑉
]
                                    (19) 

 

The transfer functions obtained are third order systems in the general form of a fraction as follows: 

 
𝑁(𝑠)

𝐷(𝑠)
=

𝑁2.𝑠
2+𝑁1.𝑠+𝑁0

𝑠3+𝐷2.𝑠
2+𝐷1𝑠+𝐷0

                                                                                                 (20) 

 

 

  The coefficients (N2, N1, N0) of the nominator N(s), and the coefficients (D2, D1, D0) of denominator 

D(s), characterizes the transfer function. The roots of the denominator are called the poles and these values 

decide the stability and the different performances of the system dynamics, the roots of the nominator are called 

the zeros, and they do not have a great influence on the response of the system except that they delay the 

response of the system. In the following paragraphs, our study and development will be concentrated on the 

placement of these poles and zeros to have a desired response. 
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3.2. The dominant poles of the second-order system. 

  In the study of systems, often we factor the transfer functions in the form of a product of the first order 

and second order subsystems, such as the following form: 

 

𝐹(𝑠) =
∏ (1+𝑎𝑖.𝑠)∏(1+𝑏𝑖.𝑠+𝑐𝑖.𝑠

2)𝑛−1
𝑖=0

∏ (1+𝑑𝑖.𝑠)∏(1+𝑒𝑖.𝑠+𝑓𝑖.𝑠
2)𝑛

𝑖=0

                                                                               (21) 

 

  This decomposition into simple elements beforehand, allows us to have the response of the system as 

a sum or superposition of several simple first order and second order systems. The transfer functions developed 

before are of the third order, so we can write it in the form: 

 

𝐹(𝑠) =
𝑁(𝑠)

𝐷(𝑠)
=

𝑁𝑟

𝑠−𝑠𝑟
+

𝑁1
′ .𝑠+𝑁0

′

𝑠2+2𝜉𝜔0.𝑠+𝜔0
2                                                              (22) 

 

  Nr and 𝑁1
′ , 𝑁2

′ are the new coefficients of the denominator of (20) after decomposition, 𝜉 and 𝜔0are 

the damping factor and natural pulsation of a second order system. Sr is the reel third pole of equation (20). 

The transfer function (20) accepts three poles, we have assigned the real pole to the first order system, and the 

complex poles to the second order system. For this the theory of third degree polynomials shows that the nature 

of the poles is decided by the value of the discriminator (Δ𝐷(𝑠)), [18]. 

 

∆𝐷(𝑠)= (𝐷1𝐷2)
2 + 18𝐷2𝐷1𝐷0 − 27𝐷0

2 − 4𝐷1
3 − 4𝐷0𝐷2

3                                                (23) 

Hence: 

         

Δ𝐷(𝑠) > 0    The equation D(s) admits three distinct real roots. 

Δ𝐷(𝑠) = 0    The equation D(s) admits a double or triple roots and all roots are reals. 

Δ𝐷(𝑠) < 0    The equation D(s) admits three distinct roots, including one reel and two conjugate complexes. 

 

  Therefore, to reduce the study of our third order system to a second order system, we must make a 

placement of poles such that: 

 

{

Δ𝐷(𝑠) < 0

𝑎𝑛𝑑
𝑠𝑟 ≫ 𝜉𝜔0

                                                                                                                        (24) 

 

The pair of complex conjugate poles of second order is:  

 

𝑠1,2 = −𝜉𝜔0 ∓ 𝑗𝜔0√1 − 𝜉
2    ; Where ( 0 < 𝜉 < 1)                                                                (25) 

 

  The equation (24) introduces the notion of dominant poles, so during our design of the circuit, we 

place the real pole as far as possible from the imaginary axis and we place the two conjugate complex poles as 

close as possible to the imaginary axis.Figure 4. 

 

 
Figure 4. Location of dominant poles of a second order system. 

 

  Consequently, for having a second order system dominant by judicious pole placement, the conditions 

described in the system of equation (26) must be imposed: 

 

{

(𝑠 − 𝑠𝑟). (𝑠
2 + 2𝜉𝜔0𝑠 + 𝜔0

2) = 0
0 < 𝜉 < 1
𝑠𝑟 ≫ 𝜉𝜔0

                                                                            (26) 
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The solution of the system of equations (26) gives the parameters of a second order dominant system 

(𝜉, 𝜔0) according to the coefficients (𝑑2, 𝑑1, 𝑑0): 
 

{
 
 

 
 

𝑠𝑟 = −𝑑2

𝜔0 = √
𝑑0

𝑑2

𝜉 =
𝑑1𝑑2−𝑑0

2𝑑2√𝑑0.𝑑2

                                                                                                                   (27) 

 

Solved (27), we can have the values of  𝐶𝑖𝑛 , 𝐶𝑜, 𝐿 , for predefined values of 𝜉 and 𝜔0; that is to say the 

dimensioning of the DC/DC converters to have predefined performances in the dynamic responses. So if we 

apply the equation (27) on the transfer functions in (18) (19) (20), we obtain the formula of 𝜉 and 𝜔0 for the 

different topologies shown in table 2: 

 

Table 2. Analytical forms of (  𝜉) and (𝜔0) for different converters topologies. 
Converter topology Damping coefficient  𝜉 Natural pulsation 𝜔0 

buck 
𝐶𝑖𝑛 . (𝐿 + 𝐶𝑖𝑛 . 𝑅𝑃𝑉

2 )(1 − 𝑑)2 + 𝐿𝐶𝑜(1 − 𝑑)
2 + (𝐶0𝑅𝑃𝑉)

2

2𝑅𝑃𝑉(1 − 𝑑)√2𝐿(𝐶𝑖𝑛(1 − 𝑑)
2 + 𝐶𝑜)

3
 √

2(1 − 𝑑)2

𝐿(𝐶𝑖𝑛(1 − 𝑑)
2 + 𝐶𝑜)

 

boost 
𝐶𝑂
2𝑅𝑃𝑉

2 𝑑6 + (𝐶𝑖𝑛
2 𝑅𝑃𝑉

2 + 𝐿𝐶𝑜)𝑑
2 + 𝐿𝐶𝑖𝑛

2𝑅𝑃𝑉𝑑(1 − 𝑑)√2𝐿(𝐶𝑖𝑛(1 − 𝑑)
2 + 𝐶𝑂𝑑

2)3
 √

2𝑑2

𝐿(𝐶𝑖𝑛 + 𝐶𝑜𝑑
2)

 

Buck-boost 
(𝐶𝑜𝑅𝑃𝑉𝑑

3)2 + 𝐶𝑖𝑛(𝐿 + 𝐶𝑖𝑛𝑅𝑃𝑉
2 𝑑2)(1 − 𝑑)4 + 𝐶𝑜𝐿𝑑

2(1 − 𝑑)2

2𝑅𝑃𝑉𝑑(1 − 𝑑)√2𝐿(𝐶𝑖𝑛(1 − 𝑑)
2 + 𝐶𝑜𝑑

2)3
 √

2𝑑(1 − 𝑑)2

𝐿(𝐶𝑖𝑛(1 − 𝑑)
2 + 𝐶𝑜𝑑

2)
 

  

With the same approach, we expand the equation (22) to get the new coefficients of the nominator 

(𝑁𝑟, 𝑁1
′, 

 

𝑁2
′)  as a function of 𝑁2,𝑁1, 𝑁0 and 𝑠𝑟  , so: 

 

𝑁𝑟 = 𝑁2 − (
𝑁1

𝑠𝑟⁄ ) − (
𝑁0

𝑠𝑟
2⁄ )                                                                               (28) 

𝑁1
′ = −(

𝑁1
𝑠𝑟⁄ ) − (

𝑁0
𝑠𝑟
2⁄ )                                                                                    (29) 

𝑁2
′ = −2𝜉𝜔0𝑁2 − (

𝑁0
𝑠𝑟⁄ )                                                                                           (30) 

 

The system of equation (27) with equations (28), (29), (30) models an open loop transfer function of 

a second order system, whose input is the duty cycle (d), and the output is the voltage (VPV), the dynamic 

response depends entirely on the damping coefficient (𝜉) and the natural pulsation (𝜔0), that offers us the exact 

dimensioning of our circuit by a coherent choice of the elements (𝐶𝑖𝑛 , 𝐶𝑜, 𝐿). 

 

3.3. Closed loop transfer function. 

In the previous section, we obtained an open loop transfer function, it models the DC/DC transformer 

shown in figure (2) brings back to the primary without feedback [16], but  the  MPPT control, associated with 

a DC/DC converter, makes to operate the photovoltaic generator so as to permanently produce the maximum 

of its power.This specific command must cause the electrical source (solar panel) to operate at the maximum 

points of their characteristics without these points being known in advance, nor knowing when they were 

modified; for this, a feedback is provided by a permanent measurement of the power delivered by the 

photovoltaic generator (IPV, VPV), this measurement is processed by the MPPT block and modulated in the 

PWM command to have a duty cycle (D) which gives an operating point of maximum power. Figure 5. 

 

 
Figure 5.  The closed loop model of the DC/DC converter controlled by MPPT and PWM command. 
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(�̂�𝑃𝑉−𝑟𝑒𝑓) is the reference voltage calculated by the MPPT block, which gives a maximum operating 

point, this voltage is compared all the time with the real value of the panel voltage (VPV); the resulting value is 

compared with a triangular signal of amplitude VM. Figure 6. 

 

 
Figure 6. The PWM Signal. 

 

The closed loop the figure 5 in fractional form, nominator of closed loop 𝑁(𝑠)𝑐𝑙  by the denominator 

of closed loop 𝐷(𝑠)𝑐𝑙  is given by: 

 

𝑉𝑃𝑉(𝑠)

𝑉𝑃𝑉,𝑟𝑒𝑓(𝑠)
=

[1 𝑉𝑀
⁄ ].𝐹(𝑠)

1+[𝐻 𝑉𝑀
⁄ ].𝐹(𝑠)

=
𝑁𝑐𝑙(𝑠)

𝐷𝑐𝑙(𝑠)
                                                                                        (31) 

 

Similar to open loop placement, and to have a second order dominating system, the following 

conditions must be applied: 

 

{

𝐷𝑐𝑙(𝑠) = 0

|𝜉𝑐𝑙| < 1

|𝑠𝑟𝑐𝑙| ≫ |𝜉𝜔0|𝑐𝑙

                                                                                                 (32) 

 

The solution of the system of equation above is, the real pole(𝑠𝑟𝑐𝑙), the coefficient of damping (𝜉𝑐𝑙) 

and the natural pulsation 𝜔0 𝑐𝑙 according to the coefficients of the polynomial 𝑁𝑐𝑙(𝑠) and 𝐷𝑐𝑙(𝑠) in a closed 

loop, therefore the polynomial characteristic 𝐷𝑐𝑙(𝑠) is defined as: 

 

𝑉𝑀. 𝑠
3 + (𝑁2. 𝐻 + 𝐷2 . 𝑉𝑀). 𝑠

2 + (𝑁1. 𝐻 + 𝐷1. 𝑉𝑀). 𝑠 + (𝑁0. 𝐻 + 𝐷0 . 𝑉𝑀) = 0                      (33) 

 

Corresponding to the equation (31): 

𝐷3𝑐𝑙 = 𝑉𝑀, 𝐷2𝑐𝑙 = (𝑁2. 𝐻 + 𝐷2. 𝑉𝑀), 𝐷1𝑐𝑙 = (𝑁1. 𝐻 + 𝐷1. 𝑉𝑀), 𝐷0𝑐𝑙 = (𝑁0. 𝐻 + 𝐷0. 𝑉𝑀). 
 

The solution is defined as: 

 

{
 
 

 
 

𝑠𝑟𝑐𝑙 = −𝐷2𝑐𝑙

𝜔0𝑐𝑙 = √
𝐷0𝑐𝑙

𝐷2𝑐𝑙

𝜉𝑐𝑙 =
1

2
[

𝐷1𝑐𝑙

√𝐷0𝑐𝑙.𝐷2𝑐𝑙
−

√𝐷0𝑐𝑙

𝐷2𝑐𝑙.√𝐷2𝑐𝑙
]

                                                                             (34) 

 

We can give 𝜉𝑐𝑙  according to the 𝜔0𝑐𝑙  and 𝑠𝑟𝑐𝑙  

 

𝜉𝑐𝑙 = −
1

2.𝑠𝑟𝑐𝑙
[
𝐷𝑐𝑙1−𝜔0

2
𝑐𝑙

𝜔0𝑐𝑙
]                                                                                                    (35) 

 

 

4. SIZING ALGORITHM. 

In previous sections, we have developed equations by the small average signal model of the different 

DC/DC converter topologies; the objective is to have a transient response similar to a second-order system by 

the optimal placement of the poles. From different equations; we can observe that: 

- The poles are a function of a passive elements of the DC/DC converter circuit (L, Cin ,Co), and the 

amplitude of the carrier of the PWM signal (VM) and the measurement gain H. All these elements are 
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fixed a priori during the implementation of the circuit. The values of these poles will decide the 

stability margin of the system and the transient behavior. 

- The poles are a function of (RPV) a resistance that characterizes the maximum operating point. It is 

highly fluctuating depending on weather conditions (temperature and lighting). Therefore, the choice 

of the elements (L, Cin ,Co), must satisfy the conditions imposed on the transient answer whatever the 

interval  variation of the RPV. 

- These poles are also depending on duty cycle (d) calculated by MPPT order must be robust against an 

interval variation. The study of the three poles as a function of the duty cycle (d) is necessary for a 

better placement of poles (i.e. the system always remains a second order whatever the variations of 

(d). Also for the changes of (RPV); the system response must always have a desired transient, (a 

damped response and a short response time; a considerate choice of elements (L,Cin,C0,VM,H) which 

gives (ξ, 𝜔0) constant over a large range of variation of (d) will be the best. In our approach, the small 

average signal model allows us to have the factors of the transfer functions open loop and closed loop, 

the good dimensioning of these factors (dominant second order system) gives the best values of the 

various elements of the converters under any topology (buck, boost, and buck-boost), and the good 

response under any conditions; the proposed algorithm, is designed to make a reliable comparison 

between the three topologies, for the choice of the best converter which gives a short and well damped 

transient state. 

 

The procedure for sizing our circuit begins with the calculation of the values of (L,Cin,C0) which gives 

the continuous condition (CCM), the second step is to have the linear model with the method of the small signal 

model, this gives the possibility of having the transfer function in the form nominator on the denominator, in 

the third step the negative discriminator of the polynomial characteristic of the denominator imposes three 

solutions, one of which is real and the other two are complex conjugates, this gives us the possibility of 

imposing a second order system by a placement of the poles whose real pole will be the largest possible, at the 

end the position of the two conjugate poles gives the desired transient response, during all these steps the 

calculation of the different elements  (L,Cin,C0,VM,H ) must be updated to ensure all conditions in open loop or 

in feedback. 

The different steps developed and explained above can be summarized in the following algorithm:  

 

 
Figure 6.  Sizing algorithm for a dynamic response similar to a second order system. 
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5. SIMULATION RESULTS AND DISCUSSION 

For the test of our development approach, we opted for a solar generator which gives under standard 

conditions (an illumination of 1000 W/m2, under a temperature of 25 C°) a voltage Vpv=21 (V) and current  

Ipv=7(A); which corresponds to a resistance Rpv=3 (Ω), the measurement gain H=0.01, and the maximum 

carrier voltage of the PWM command VM=1(V),  and the values, Cin=700 uF C0=900 uF and L=15mH ;Gives 

continuous conduction mode for the three topologies. According to the algorithm above, the first step is to 

ensure that the discriminant of the denominator of the transfer function is strictly negative, the discriminating 

curve for the three topologies as a function of the Rpv, and duty cycle (d) is represented in the figure 8 and 

figure 11. In this first step, the circuit elements are chosen to have a negative discriminant whatever the values 

of the duty cycle (d) and Rpv. 

in figures 9 and 10, the plot of the damping coefficient and the pulsation as a function of (d) and (Rpv), 

gives us the best interval for a well-damped and short transient time, the boost converter gives better results by 

a damping coefficient less than 1 for Rpv less than 6 (Ω), the boost pulsation is constant (𝜔=220 rad/s), 

whatever the value of Rpv.  In figures 12 and 13, we plotted the same curve, bat according to the duty cycle 

(d). For the boost converter, the damping coefficient is less than 1 for (d) less than 0.7, and the pulsation 

decreases slightly. In figures 15 and 17, we can see the effect of the placement of the poles on the transient 

state, for a boost converter we have a response time (0.035 s) compared to (0.08 s) for a buck converter which 

always gives an advantage for the boost converter. For the buck-boost converter, figure 18 and figure 19 the 

dominant system obtained with the same values of the (L, Cin, C0 VM , H )  is a first order system with a response 

time of 0.046 s and an overshoot of 65%. These results of the buck-boost converter require recalculation of the 

values chosen before, to properly compare the three topologies. From the simulation results, we see an 

advantage of the boost converter. 

 

 
Figure 8. The discriminator according to RPV for the different topologies (d=0.5). 

 

 
Figure 9. The damping coefficient according to RPV for the different topologies (d=0.5). 

 

 
Figure 10. The pulsation according to RPV for the different topologies (d=0.5). 
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Figure 11.  The discriminator according to d for the different topologies (Rpv=3Ω). 

 

 
Figure 12.  The damping coefficient according to d for the different topologies (Rpv=3Ω). 

 

 
Figure 13.  The pulsation according to d for the different topologies (Rpv=3Ω). 

 
Figure 14.  The placement of the poles for the buck topologie (Rpv=3Ω, d=0.5). 

 
Figure 15.  The step reponse for the buck topologie (Rpv=3Ω, d=0.5). 
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Figure 16.  The placement of the poles for boost topologie (Rpv=3Ω, d=0.5). 

 

 
Figure 17.  The step reponse of the boost topologie (Rpv=3Ω, d=0.5). 

 

 
Figure 18. The placement of the poles for the buck-boost topologie (Rpv=3Ω, d=0.5). 

 

 
Figure 19.  The step reponse for the buck-boost topologie (Rpv=3Ω, d=0.5). 

 

The method of designing the DC/DC converters by the algorithm presented above, has the advantage 

of having a desired dynamic response whatever the fluctuations caused by meteorological changes (lighting 

and temperature), in addition, we can past the use of the PI corrector which often requires complicated 

adjustment (compared to articles [7] and [8] ), the calculation of the proportional and integral gains (Kp, Ki) 

remains until now a challenge for the researchers, it amounts to the difficulty of determining these two gains 

to have the desired dynamics in a large interval  variation, one often uses the logic fuzzy and neural networks 

to calculate these two gains; Unfortunately, these methods have a high computational cost ; in addition, it is 

known that the speed and the precision are inversely proportional in this kind of design. In addition, always in 

[7], the use of a PI corrector can destabilize the system if the inputs are not appropriate. On the other hand, in 

the articles [4], the author does not use the PI corrector, and he bases his optimization on the parameters of the 

MPPT (the amplitude of the disturbance and the sampling step), the paper does not give any indication on the 
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choice of circuit elements during a change in lighting and temperature, although these optimization parameters 

developed in the theoretical study are a function of the resistance Rpv and the duty cycle d. With our approach 

proposed in this article, we can avoid the adjustment of the sampling step which only limits the optimization 

with digitally implanted MPPTs. The results quoted above also give us the advantage of making a technical 

and economic comparison between the three topologies of DC/DC converters, to ensure a better choice 

according to predefined specifications. The best DC/DC converter is one that provides a fast, well-damped 

response time over a wide range of RPV and d, and ensures stability and accuracy regardless of change. From 

an economic point of view, the best converter will be the one that guarantees the aforementioned technical 

characteristics at the lowest possible cost (the minimum values of Cin, Co, L, H, and VM). The chosen topology 

gives us the best procedure when using DC/DC converters in photovoltaic applications, either increase the 

voltage (the boost use), lower the voltage (the buck use), or increase/lower the voltage (using buck/boost). 

 

6. CONCLUSION 

In this paper, a dimensioning method has been developed for an optimal design of the conventional 

DC/DC converters used in MPPT. By the small signal average model we establish linear transfer functions for 

the three topologies of the DC/DC converters, a second order system is obtained by placing dominant poles; 

the study of the different factors such as the natural frequency and the damping coefficient can give us the best 

design of the DC/DC converters which gives a better transitory response and improved dynamic of the system 

under different conditions (variation of illumination and temperature). In perspective, we will use the methods 

of operations research to make a deeper technical-economic comparison between the different types of 

converter topologies and tested our algorithm by an experimental implementation. 
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