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Abstract: This paper demonstrates the comparative study between Boost and Cuk DC-DC converter using maximum 

power point tracking (MPPT) incremental conductance (ICA) algorithm. cuk converter use for comparative. Few 

parameters such as voltage, current and time response at different combination has been measured. Matlab simulink 

software was applied for performance evaluation on energy point. Simulation was considered different solar irradiance 

and temperature variations. And simulation results showed that cuk converter better than boost in terms of time 

responsee and the ripple voltage. 
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I.INTRODUCTION 

The thrive increasing in the demand for electricity and the recent change in the environmental behaviour such as global 

warming shift to need for a new source of energy that is cheaper and sustainable with less carbon emissions. Solar 

energy has offered promising outcomes in the quest of finding the solution to the problem. The harnessing of solar 

energy using PV modules comes with its own problems that arise from the change in an insulation conditions. These 

changes in insulation conditions significantly affect the efficiency and output power of the PV modules [1],[3]. A great 

deal of research has been done to improve the efficiency of the PV modules. A number of methods of how to track the 

maximum power point of a PV module have been proposed to solve the problem of efficiency and products using these 

methods have been manufactured and are now commercially available for consumers [1],[3]. As the market is now 

flooded with varieties of these MPPT that are meant to enhance the efficiency of PV modules under various insulation 

conditions it is not known how many of these can really deliver on their commitment under a variety of field conditions. 

This research then looks at how a different type of converter affects the output power of the module and also 

investigates if the MPPT that are said to be highly efficient and do track the true maximum power point under the 

various conditions [1]. A MPPT is used for extracting the maximum power from the solar PV module and transferring 

that power to the load [4], [5]A dc/dc converter (step up/ step down) serves the purpose of transferring maximum 

power from the solar PV module to the load. A dc/dc converter acts as an interface between the load as shown in figure 

1 [5]. By changing the duty cycle the load impedance as seen by the source is varied and matched at the point of the 

peak power with the source as to transfer the maximum power[5]. Therefore MPPT techniques are needed to maintain 

the PV array’s operating at its MPP [6]. Many MPPT techniques have been proposed in the literature. e.g , the Perturb 

and Observe (P&O) methods [4],[6]. Incremental Conductance (IC) methods [7], [8],[10]  Fuzzy Logic Method [2], [4], 

http://www.ijirset.com/


 
  
         

        ISSN: 2319-8753                                                                                                                                     
                                                                                                               

International Journal of Innovative Research in Science, 

Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

     Vol. 3, Issue 5, May 2014 

 

Copyright to IJIRSET                                                            www.ijirset.com                                                                    12268 

 

[6],  [9], etc. In this paper two most popular of MPPT technique (Perturb and Observe (P&O) methods and Incremental 

Conductance methods) and three different DC-DC converter (Buck, Boost and Cuk converter) will involve in 

comparative study Figure (2) [11] 

 

 
Fig. 1: Block diagram of Typical MPPT system 

  
Fig. 2: DC – DC converter for operation at the MPPT 

 

Few comparison such as voltage, current and power out put for each different combination has been recorded. Multi 

changes in duty cycle, temperature by keeping voltage and current as main sensed parameter been done in the 

simulation. The DC converter techniques will be compared, by using Matlab tool Simulink, considering the variant of 

circuit combination. 

 

II. BASIC THEORY 

A. PV ARRAY 

A solar panel cell basically is a p-n semiconductor junction. When exposed to the light, a DC current is generated. The 

generated current varies linearly with the solar irradiance The equivalent electrical circuit of an ideal solar cell can be 

treated as a current source parallel with a diode as shown in figure 3. 

 
Fig. 3: Equivalent electrical circuit of a solar cell 

The I-V characteristics of the equivalent solar cell circuit can be determined by following equations  

The current through diode is given by: 

 
ID = IO [ exp (q(V + I RS)/KT)) – 1]                     (1) 

While, the solar cell output current: 
I = IL – ID – Ish                     (2) 

I = IL – IO [ exp (q(V + I RS)/KT)) – 1] – ( V + IRS )/ Rsh                             (3) 
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Where: 

I : Solar cell current (A) 

I : Light generated current (A) [Short circuit value assuming no series/ shunt resistance] 

IO : Diode saturation current (A) 

q  : Electron charge (1.6×10-19 C) 

K  : Boltzman constant (1.38×10-23 J/K) 

T  : Cell temperature in Kelvin (K) 

V  : solar cell output voltage (V) 

Rs : Solar cell series resistance (Ω) 

Rsh : Solar cell shunt resistance (Ω) 

 

B. BOOST AND CUK DC-DC CONVERTER 

      Boost Converter 

The boost converter is also known as the step-up converter. The name implies it’s typically application of 

converting a low input-voltage to a high out-put voltage, essentially functioning like a reversed buck converter 

shown in figure 4 

 

 
 

Fig. 4: Equivalent Circuit of a Boost Converter 

 

       Cuk Converter 

The Cuk converter uses capacitive energy transfer and analysis is based on current balance of the capacitor as 

showm in figure (5) Cuk converter will responsible to inverter the output signal from positive to negative or vise 

versa. 

 
 

Fig. 5: Equivalent Circuit of Cuk Converter 

 

C. INCREMENTALCONDUCTANCE MPPT ALGHORITHM  

The principle connotation of Incremental conductance over PV graphic of a solar module is shown in figure (6a & 

6b). tendency of the P-V module power  is zero at The MPP, increasing on the left of the MPP and decreasing on 

the Right  of the MPP. The essential equations of this method are as follows:[14] 

 
𝑑𝑃

𝑑𝑉
= 0     at  MPP 

𝑑𝑃

𝑑𝑉
> 0     left of MPP 
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𝑑𝑃

𝑑𝑉
< 0     right of MPP 

𝑑𝑃

𝑑𝑉
=

𝑑 𝑉𝐼 

𝑑 𝑉 
= 𝐼 +

𝑉. 𝑑𝐼

𝑑𝑉
 

 

The dP/dV is defined as Maximum power point identifier factor. By utilizing this factor, the IC method is proposed to 

effectively track the MPP of PV array. The following definitions are considered to track the MPP. 

𝛥𝐼

𝛥𝑉
= −

𝐼

𝑉
    at MPP,               ΔVn = 0  

𝛥𝐼

𝛥𝑉
> −

𝐼

𝑉
     left of MPP,      ΔVn  = + δ 

𝛥𝐼

𝛥𝑉
< −

𝐼

𝑉
    right of MPP,     ΔVn  =  - δ 

 
Fig. 6(a): Graph Power versus Voltage for IC Algorithm 

  
Fig. 6(b): Incermantal ConductancAlgorithm 

 

III. METHODS  

This block is simulated using the Simulink blocks available in the MATLAB library.And the CUK and Boost 

converters which are built using the SimPower Systems module of MATLAB.  The block diagram for the model shown 

in Figure (7&8). Incremental conductance algorithm as shown in Fig. (9) is implemented for maximum power point 

tracking In this method. 
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Fig 7: simulink model of Boost converter 

 

In figure( 7) explains the boost converter circuit. 150 V DC voltage source passes through L = 6mH as a primary 

winding, an electric current at high speed by the IGBT switches then rectified by Diode3 and to minimize the ripple by 

a 1000 uF capacitor and R at 50 ohm load. 

 

 

 
 

Fig 8:Simulink model of cuk converter 

 

Figure 8 explains the Cuk converter circuit. 150 V DC voltage source passes through L = 1.3mH as a primary winding, 

an electric current at high speed by the IGBT switches then rectified by Diode  and to minimize the ripple by a 0.42 uF 

capacitor and R at  10 ohm load 

 

 
 

Fig. 9: simulink model for IC Algorithm 

 

V. RESULT AND DISCUSSION 

Results for every converter have been recorded to make sure the comparison of the circuit can be determined accurately. 

The input, output, voltage, and current is the main comparison to take into consideration. The complexity and 

simplicity of the circuit have been determined based on the literature. Convergence speed, hardware required and range 

of effectiveness. 
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A. PV Panel Simulation 

The figure (10(a) ) below illustrates the P-V Curve of PV Module at different Irradiation where X- axis has been 

symbolized by voltage (volt) range and Y- axis has been demonstrated by power (watt) level. Besides, The 

performance of PV cell has been depicted at different sub-division irradiation power level. Infact, The pink, blue, 

green, violet curve represents the irradiation power level at 1000, 750, 500, 250 w/m
2
 respectively. 

 

 
Fig.10(a). P-V Curve of PV Module at different Irradiation 

 

 

The figure (10(b) ) below explains the I-V Curve of PV Module at different Irradiation where X- axis has been 

symbolized by voltage (volt) range and Y- axis has been demonstrated by current (watt) level. Besides, The 

execution of PV cell has been depicted at different sub-section irradiation power level. Indeed, The pink, blue, 

green, violet curve represents the irradiation power level at 1000, 750, 500, 250 w/m
2
 respectively. 

 

I-V Characteristics of PV cell 

 

 

Fig.10(b). I-V Curve of PV Module at different Irradiation 
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On whole, It can be said that both output current and power are directly proportional with changes in 

solar irradiation as expected from the model. Furthermore, The maximum output power as well as 

current  of the module reduced to half when the solar irradiation droped to 500 W/m2. However, the open 

circuit voltage did not change significantly.  

 

B. Results of Converter Simulation 

       

The figure (11) below illustrates the Output voltage for Cuk and Boost Converter where X axis has been symbolized by 

time (Second) and Y axis has been demonstrated by power (watt). Furthermore, Cuk and Boost converter have been 

characterized by two different colour. Infact, The red and blue curve have been represented by Cuk and Boost converter 

respectively. 

 

 
Fig 11: Output voltage for Cuk and Boost Converter 

 

The figure (12) below illustrates the Output current  for Cuk and Boost Converter where X axis has been symbolized by 

time (Second) and Y axis has been demonstrated by current (ampere). Furthermore, Cuk and Boost converter have been 

characterized by two different colour. Infact, The red and blue curve have been represented by Cuk and Boost converter 

respectively. 

 

 
 

Fig.12: Output current  for Cuk and Boost Conveter 

 

http://www.ijirset.com/


 
  
         

        ISSN: 2319-8753                                                                                                                                     
                                                                                                               

International Journal of Innovative Research in Science, 

Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

     Vol. 3, Issue 5, May 2014 

 

Copyright to IJIRSET                                                            www.ijirset.com                                                                    12274 

 

The figure (11) below illustrates the voltage ripple for Boost Converter where X axis has been symbolized by time 

(Second) and Y axis has been demonstrated by voltage (volt). Furthermore, the outcome of Boost converter has been 

characterized by blue colour. 

 

  
 

Fig.13: Voltage Ripple for Boost Converter 

 

The figure (11) below illustrates the voltage ripple for Cuk Converter where X axis has been symbolized by time 

(Second) and Y axis has been demonstrated by voltage (volt). Furthermore, the findings of Cuk converter has been 

characterized by blue colour. 

 

 
 

Fig.14: : Voltage Ripple  for Cuk Converter 

 

COMPARISON BETWEEN BOOST AND CUK CONVERTER 

 

The percentage between theoretical value and experimental value has been obtained from the simulation result. 

Theoretical value has been calculated from the basic equation of converters. Meanwhile the experimental value  

has been acquired from the simulation result using matlab simulink software. From the simulation findings, it was 

found that that the voltage input for both controller was the same battery (150 VDC).  Additionally, at the very 

beginning of time respond both the converter soared up and afterwards these two converter shifted into stable stage 

which was same during the whole time counted.  The significant mark of both converter has been point out table 1 

(below) on the basis of outcome from figure 11-14.  
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Table 1. Comparison result between Cuk and Boost 

 

 Cuk    Boost         Comment 

Voltage 450 V 600 V Boost higher 

Current 44A 12A Cuk higher 

Time Response 0.0025 sec. 0.125 sec. Cuk  better 

Voltage ripple 452V–0.07 sec 608V-0.15sec Cuk better 

 

 

From the comparison result, it can be remarked that the execution of Cuk converter was always better in case of all 

criteria than Boost converter except voltage result. Additionally, on the stability establishment point of view, finally it 

can be commented that cuk is better than boost converter. 

VI.CONCLUSION 

This paper has applied ICA and MPPT algorithm for the comparison between Cuk and Boost converter. The 

comparison result showed that the Cuk converter better over Boost converter because of  (1) the achievement of 

stability voltage / current is only 0.025 second, while it took 0.12 second in terms of Boost, (2) voltage ripple is also 

smaller than Boost which is (11.48-11.53) and (14.8-15.2) amp respectively. It can be concluded that Cuk converter 

better than Boost in time response and the ripple voltage as shown Table 1. 
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