
 
    ISSN (Print)  : 2320 – 3765 
    ISSN (Online): 2278 – 8875 

 
International Journal of Advanced Research in  Electrical, 

Electronics and Instrumentation Engineering 
(An ISO 3297: 2007 Certified Organization) 

Vol. 3, Special Issue 5, December 2014 
 

Copyright to IJAREEIE                                                                www.ijareeie.com                                                                         92    

MATLAB/Simulink PV Module Modelof P&O And DC 
Link CDC MPPT Algorithmswith Labview Real Time 

Monitoring And Control Over P&O Technique 
 

Williams K. Francis1, Prof. Shanifa Beevi S2, Prof. Johnson Mathew3 
M.Tech. Student, Department of Electrical, IDC Rajiv Gandhi Institute of Technology, Kottayam, India1 

Assistant Professor, Department of Electrical, Rajiv Gandhi Institute of Technology, Kottayam, India2 

Assistant Professor, Department of Electrical, Rajiv Gandhi Institute of Technology, Kottayam, India3 

 
ABSTRACT: The paper presents the simulation of the P&O and DC Link Capacitor Droop ControlTechnique for 
Solar Photovoltaic module using MATLAB Simulink. This MPPT techniques for a PV system has its own merits and 
demerits. MPPT technique was simulated and technique are compared for its performance evaluation.  The I-V & PV 
characteristics are obtained for various values of solar insolation keeping the cell temperature constant. The MPPT 
algorithm, which is based on DC Link Capacitor Droop Control method, is describedand TheP-V characteristics were 
obtained for standardvalue of insolation and temperature forboth DC Link CDC method and P&O method with a 
DC/DC boost. Also, the points indicating Module voltage Vmp and Current   Imp at maximum power Pmax were 
obtained.  The algorithm works along with a boost converter and can be accessed to online system if needed.Analysis  
works  are  made  for  a  chosen  PV  panel  with  specified  Voltage,  current  and power  rating.  All  possible  kinds  
of  analysis  are  made  accordingly  regarding  insolation, temperature,  along  with  time  to  know  how  the  whole  
system  responds. Since DC Link CDC method is used in grid connection Inverter module, Synchronizer and switches 
are also designed in Simulink model. All component designs were according to standard mathematical equations. A 
resultcomparisons are made for DC Link Capacitor Droop Control method to P&O MPPT technique results, to check 
its working methodology reliability, functionality and to make a conclusion to decide suitable MPPT algorithms for 
standalone and grid connected system. A hardware model was setup for P&O technique with the control and 
monitoring trough software LabVIEW, ECOSENSE PV module and control panel is linked with the software to run the 
algorithm. Experiments with change in load and isolations were run on the hardware setup. 

KEYWORDS: Maximum power point tracking(MPPT), DC Link Capacitor droop control(DC Link CDC), 
Photovoltaic(PV)array, Purtube and observe (P&O), 

I.  INTRODUCTION 
 

As the current going conventional energy sources are rapidly depleted, due to growing demand on energy. And the 
limited availability and rising prices of conventional sources forced solar Photovoltaic (PV) to emerge as an alternative 
energy resource. Photovoltaic (PV) power generation has an important role to play due to the fact that it is a green 
source. The field of photovoltaic array (PV) has experienced a remarkable growth for past two decades in its 
widespread use from standalone to utility interactive PV systems. A study in Germany, of PV systems revealed that 
inverters contribute for 63% of failures, PV modules 15%, and other components 23%, on an average, every 4.5years 
[2].When PV module Maximum Power Point Tracking (MPPT) comes into case of a real time is a well-known 
problem. Using a solar panel or an array of panels without a controller that can perform Maximum Power Point 
Tracking (MPPT) will often result in wasted power. An efficient MPPT algorithm is important criteria to increase the 
efficiency of PV system to maintain the PV array’s operating point at its MPP at all environmental conditions [1]. 

There is two kinds of systems are available one standalone PV system other is grid connected PV system. Both 
works for the achievement of a common goal but entirely different MPPT and control techniques are need for each to 
work. The objective of this paper is firstly to review two MPPT algorithms for two different platforms which are 
completely different in its working strategy. The most popular, perturb and observe (P&O) and DC Link Capacitor 
Droop Control Technique [3]. These are analyzed in depth and tested in simulation software to all extent according to 
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the standard conditions. These are analyzed in depth and tested in simulation software MATLAB/Simulink to all extent 
according to the standard conditions. Also relevant points are taken out  and  obtained why these two methods are 
entirely differ in  logic, complexity, cost, response and they are proposed for two circumstance despite of being 
developed for common purpose. An entire simulation model is created for the testing of these methods. In order to 
come out with much more clear picture which one preferred when and why. 

Simple circuit-based PV models (Figure 1) used for mathematical functional models for the performance analysis 
of newly developed systems. These developed systems could not be readily adopted by the field. Hence the need for 
simplified Simulink modeling of PV module has been long felt [5]. Extracting from the same Simulink model a 
hardware is setup for P&O system, MPPT algorithm is created in the front end of software called LABVIEW and in the 
real time working is observed. A PV module with its control panel from ECOSENSE (manufacturer) is linked with the 
software to run all required tests. All interconnections and data transfers were done through NI cRIO 9025. Acquired 
data were taken into LabVIEW from cRIO and MPPT was run. Ecosense deliver the required information to the control 
system. 

II. PHOTOVOLTAIC MODULE AND ARRAY MODEL 
 

Solar  cell  is  basically  a  p-n  junction  fabricated  in  a  thin  wafer  or  layer  of  semiconductor. Solar cells are 
the basic components of photovoltaic panels. Most are made from silicon even though other materials are also used.  
Solar cells take advantage of the photoelectric effect: the ability of some semiconductors to convert electromagnetic 
radiation directly into electrical current. The charged particles generated by the incident radiation are separated 
conveniently to create an electrical current by an appropriate design of the structure of the solar cell[4] (Figure 1). 

The solar cell works in several steps: 
(1) Photons in sunlight hit the solar panel and are absorbed by semiconducting materials, such as silicon.  
(2) Electrons are excited from their current molecular/atomic orbital. Once excited an electron can either dissipate the 
energy as heat and return to its orbital or travel through the cell until it reaches an electrode. Current flows through the 
material to cancel the potential and this electricity is captured. (3) An array of solar cells converts solar energy into a 
usable amount of direct current (DC) electricity. 
(4) An inverter can convert the power to alternating current (AC)[9]. 

 

Figure 1. Solar cell. Figure 2.PV module equivalent electrical circuit. 

 PV  system  naturally  exhibits  a  nonlinear  I-V  and  P-V  characteristics  which  vary  with  the  radiant  intensity  
and  cell temperature.  Figure. 2 shows the equivalent circuit models of cell.  

A. Reference Model 
A 36W Ecosense (manufacturer) PV module is taken as the reference module for simulation and the datasheet 

details are given in Table 1 
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TABLE 1. 
REFERENCE PV MODULE SPECIFICATIONS 

 

Description Rating  
Rated Power 37.08  Wp 
Voltage at maximum power (VMP) 16.56 V 
Current at maximum power ( IMP ) 2.25 A 
Open circuit voltage (VOC) 21.21 V 
Short circuit current (ISC) 2.55 A 
Total Number of cells in series (NS) 36 
Total number of cells in parallel (NP) 1 

 

Note: The electrical specifications are under standard test conditions (STCs) which means an irradiation of 1000 W/m2 
with an AM1.5 spectrum at 25◦C. 
 
B. Mathematical Equations of PV Module. 
 PV cells are grouped in larger units called PV modules, which are further interconnected in a series-parallel 
configuration to form PV arrays. The following are the basic equations [5] from the theory of semiconductors and 
photovoltaics [10] that mathematicallydescribe the I-V characteristic of the photovoltaic cell and module. 

(i) PhotocurrentIPH: The module photocurrent IPH of the photovoltaic module depends linearly on the solar irradiation 
and is also influenced by the temperature according to the following equation (1): 

ࡴࡼࡵ = ࢘࡯ࡿࡵൣ + ࢑ࢀ൫࢏ࡷ ൯൧ࢌࢋࡾࢀ− ∗
ࣅ

૚૙૙૙                                  (૚) 
Where IPH [A] is the light-generated current at the nominal condition (25◦C and 1000 W/m2), Ki is the short-circuit 
current/temperature coefficient (0.0017A/K), TK and TRef are, respectively, the actual and reference temperatures in K, 
λ is the irradiation on the device surface (W/m2), and the nominal irradiation is 1000 W/m2. 
(ii) Module Reverse Saturation CurrentIRS: Module reverse saturation current, IRS, is given by equation (2) as follows. 

ࡿࡾࡵ =
࢘࡯ࡿࡵ

−(ࢀ࡭ࡷࡿࡺ/࡯ࡻࢂࢗ)࢖࢞ࢋ⌉ ૚⌉                                             (૛) 

Where q is the electron charge (1.6 ×10−19C), VOC is the Solar module open-circuit voltage (21.24 V), Ns is the number 
of cells connected in series (36), K is the Boltzmann constant (1.3805×10−23J/K), and A is the ideality factor (1.6). 
(iii)Module Saturation CurrentI0: The module saturation currentI0varies with the cell temperature and is given by 
Equation (3). 
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૜
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૚
ࢀ
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WhereEg0 is the bandgap energy of the semiconductor (Eg0≈1.1 eV for the polycrystalline Si at 25◦C). 
(iv)Module Output Current IPV. The basic equation for current output of PV module can be modified as equation (4). 

ࢂࡼࡵ = ࡴࡼࡵࡼࡺ − ࢕ࡵ࢖ࡺ ቈ࢖࢞ࢋ ቊ
ࢗ ∗ ࢂࡼࢂ) + (࢙ࡾࢂࡼࡵ

ࢀ࢑࡭࢙ࡺ
ቋ− ૚቉       (૝) 

Where NP is number of parallel connections of cells in the given photovoltaic module (NP=),VPV = VOC=21.24V, RS is 
the 
Equivalent series resistance of the module (0.1Ω). In addition, the maximum power can be expressed as  

ࢄ࡭ࡹࡼ = ࡼࡹࡵࡼࡹࢂ =⋎ ࡯ࡿࡵ࡯ࡻࢂ                                                        (૞) 
⋎ is the cell fill factor which is a measure of cell quality. 

C. Simulation of solar pv module in  MATLAB/Simulink 
In this section the characteristic equations (1), (2), (3) & (4) for the PV module is implemented in 

MatLab/Simulink as shown in Figure 3. These equation are simulated in Simulink and output is plotted for different 
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Insolation, Temperature. The  voltage  V  is considered  varying  from  0 to  VOC  corresponding  to  the  variation  in  
current  from  short  circuit current ISC to 0 in all the simulation period. 

 
              Figure 3. Simulink Block diagram of PV arrayFigure 4. Important points in the characteristic curves of a solar panel. 

When the characteristic results are compared with theoretical results, it is clear the Simulink model work much 
closer to the real time PV array module figure 4. Since module gives the required response it is clear to continue with 
the module to do the remaining experiments, when latter MPPT and Synchronizer added to the system.Simulation 
result of characteristics for the above PV module system for different insolation is given in figure 5 & 6. In P-V graph 
all the voltage starts from 0 and ends in the VOC region Power is increases with increase in insolation so as VOC 
becomes wider giving more operating region. I-V graph shows that current starts from ISC and ends in 0A and VOC 
point.as insolation changes ISCvalue also changes. 

 

Figure 5. P-V curves at constant temperature (25°C)Figure 6. I-V curves at constant temperature (25°C) 

III. MAXIMUM POWER POINT TRACKING 
 

As MPPT algorithms are necessary in PV applications because the MPP of a solar panel varies with the irradiation 
and temperature, so the use of MPPT algorithms is required in order to obtain the maximum power from a solar array. 
Over the past decades many methods to find the MPP have been developed and published. These techniques differ in 
many aspects such as required sensors, complexity, cost, range of effectiveness, convergence speed, correct tracking 
when irradiation and/or temperature change, hardware needed for the implementation or popularity, among others.Two 
comparatives are included in this paper apart from the above said differences these two methods are unique in their 
work environment. Well known perturb and observe (P&O) which is best in for standalone systems, And DC-Link 
Capacitor Droop Control one designed to work along with grid connected system. Simulation was done with PV model 
for two methods according to theirrequirement [3]. 

A. Boost converter 
The topology presented in this application note is a boost converter. The boost converter is a special case, since it 

not a linear dynamic behavior transfer function when operating in Continuous Conduction Mode (CCM). Though this 
complicated things compared to buck, and the MPPT controller can’t be implemented by operating directly on the 
converter duty cycle will yield unpredictable results. The other topologies have a nonlinear voltage transfer function, 
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and operating directly on the duty cycle will yield unpredictable results, especially at high duty cycles. In this case, the 
algorithm modifies the solar panel operating voltage by using a control algorithm (P&O, DC Link CDC), control loop, 
which steers the voltage to the desired value [4]. 

  

 

 

 

 

Figure 7. Circuit Schematic of Step-up DC/DC Converter. 

The designed boost converter for the simulation is shown in the figure 7. Designed values and the mathematical 
equations used for the designing the components values are given as equations (6), (7), (8), Table 2.The critical 
inductance, Lbc, is defined as the inductance at the boundary edge between continuous and discontinuous modes we 
take boundary value for calculation and take a value higher than obtained it is defined as: 

࢈ࡸ =
(૚ − ૛(ࡰ

૛ࢌ                                       (૟) 

Where; R: The equivalent load, Ω, FS: The switching frequency, Hz, D: Duty ratio. The switching frequency has been 
chosen arbitrarily to minimize the size of the boost inductor and limit the loss of the semiconductor device and to track 
the MPPT[8]. The output filter capacitors are chosen to meet an output voltage ripple specifications, as well as its 
ability to handle the required ripple current stress. An approximate expression for the required capacitance as a function 
of ripple voltage requirement, Vr, D, switching frequency FS and output voltage[8]. 

࢔࢏࢓࡯ =
ࡻࢂࡰ
ࢌࡾ࢘ࢂ

                                         (ૠ) 

Vo is given as, 

࢜ࡹ ≡
ࡻࢂ
࢔࢏ࢂ

= −
ࡰ

૚− ࡰ                           (ૡ) 

After solving the equatuions component values are as given in Table 2.  
 

TABLE 2. 
BOOST CONVERTER SPECIFICATION 

Description  Ratting 

DC/DC Boost 
Vin 
Vout 
Lb 
Co 
 f 
Load 

 
16 .6V 
25 V at D = 0.34 
100uH 
2400uF 
5KHz 
7.36 hm 
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B. Perturb and observes 
It is the technique used for standalone PV system. In this technique, first the PV voltage and current are measured 

and hence the corresponding power P1is calculated. Considering a small perturbation of voltage ΔV or perturbation of 
duty cycle (ΔD) of the dc/dc converter in one direction corresponding power P2 is calculated. P2is then compared with 
P1 .If P2is more than P1, then the perturbation is in the correct direction; otherwise it should be reversed. In this way, 
the peak power point (PMPP) is recognized and hence the corresponding voltage (VMPP) can be calculated (figure 8.)[6]. 

The major drawbacks of P&O/hill-climbing are occasional deviation from the maximum operating point in case of 
rapidly changing atmospheric conditions, such as broken clouds. Also, correct perturbation size is important in 
providing good performance in both dynamic and steady-state response [9]. To solve this problem, a modified adaptive 
hill climbing technique with a variable perturbation step size can be used, where an automatic tuning controller varies 
the perturbation step size to a large value when the power changes in a large range primarily due to environmental 
variation, to satisfy the fast response requirement during the transient stage. 

 Further, the controller is formulated in such a manner that when the power change is less than or equal to the set 
lowest limit, the controller assumes that the system enters the steady state and the value of perturbation becomes small. 
In similar context, one Adaptive P&O technique and another Predictive and Adaptive MPPT P&O technique [8] have 
been introduced. In the Adaptive P&O method, instead of VMPP, the main emphasis has been given on the voltage 
perturbation ΔV. In Predictive and Adaptive MPPT P&O method, a constant duty cycle perturbation (ΔD) that linearly 
reduces with increase of power drawn from PV panel has been taken.In this method, the sign of the last perturbation 
and the sign of the last increment in the power are used to decide what the next perturbation should be. As can be seen 
in Figures 8, 11 following. Then the operating point oscillates around the MPP. If there is an increment in the power, 
the perturbation should be kept in the same direction and if the power decreases, then the next perturbation should be in 
the opposite direction. 

 

Figure 8. P & O MPPT Algorithm Flow chart.Figure 11. Simulation output of P&O, Power vs Time 

C. P&O Simulation and Results 
Simulation model for modified P&O technique is given in figure 9. Since it is standalone only DC/DC converter 

and MPPT module comes into play output terminals are taken out to connect load. MPPT simulation block 
corresponding to the algorithm is as per in figure 10. 
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Figure109. Simulink Block ofPV model with P&O MPPT.Figure 11. Simulink Block diagram of P&O MPPT 

The Power perturbations are as per the given result bellow (Figure p.). With change in each duty cycle the changes 
to the power occurred with a standalone system having constant load will have change in power when the voltage is 
varied through DC/DC converter and MPPT technique. 

The Hysteresis band with in the green lines indicates the perturbation. In the steady state the value oscillates with in a 
limit making the system stable.   

D. DC-Link Capacitor Droop Control 
DC Link CDC system is one works along with grid connected system. Same DC/DC converter is used assuming a 

constant common load. DC-link capacitor droop control technique [10], is designed to work with a PV system that is 
connected in parallel with an ac system line. The duty ratio (D) of an ideal boost converter is represented as  

ࡰ = ૚ −
ࢂࡼࢂ
࢑࢔࢏࢒ࢂ

                                         (ૢ) 

WhereVPVis the voltage across the PV array and Vlink is the voltage across the dc link. If Vlink is kept constant, the 
power coming out of the converter can be increased by increasing the current going in the inverter. While the current is 
increasing, the voltage Vlink can be kept constant as long as the power required by the inverter does not exceed the 
maximum power available from the PV array. If that is not the case, Vlink starts drooping. Right before the drooping 
point, the current control command of the inverter is at its maximum and the PV array operates at the MPP. The ac 
system line current is fed back to dc-link to prevent Vlink from drooping and D is optimized to achieve MPPT as shown 
in Fig. 12. This technique is restricted to only to PV system that is connected in parallel with an ac system line. 

 

 
 

Figure 12. Block diagram for DC Link CDC Algorithm Figure 13. General block diagram of DC Link CDC connected with Grid. 
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Main drawbacks of this system is since it is independent of PV array it won’t track the change in the atmospheric 
condition or PV power but takes an alternate route which eventually takes the system to MPP. Thus it’s not a true MPPT. 
When connected to grid it is highly complex and system convergence speed is slow when compared to standalone 
system. This Technique is highly favorable under grid connection, it can easily check for the load change and make sure 
system runs in synchronized state. 

E. Simulation and Results 
Figure 13 shows the block diagram of grid 

connected system in general. Apart from standalone 
system grid connected system has a inverter, potential 
transformer, synchronizer, Inverter grid inter-connected 
automatic switch which is controlled from synchronizer, 
and other protection elements isolators, isolators, logic 
devises, memory devises to store data.  

Here we see a number of components, control-
stabilization & protection equipments which makes the 
system complex. Figure 14 gives the DC Link CDC 
technique flowchart.And we can see it’s just the sensing 
parameters and MPPT are in difference from the other 
method. Here the output terminals are taken out to 
connect to an inverter which is connected to the grid via 
a switch.In figure 16 entire Simulink block for grid 
connection is shown. 

Note: Even it’s designed for grid connection it can also work 
with standalone system, but the response will be slower 

Figure 14. Flow chart of DC Link CDC MPPT Algorithm 
 

 
. 

Figure 16. Synchronizer Block in SimulinkFigure 17. DC Link CDC output when synchronized with grid. 
Above Simulink block diagram gives the idea how DC Link CDC technique is created in Simulink, Figure 17. Black 

dot in the simulation is the point at which the synchronization takes place. Even after frequency reaches 50 Hz it waits 
for the VRMS Values to be equal so that the synchronization takes place. 
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IV. COMPARISON BETWEEN TWO MPPT TECHNIQUE 
 

 Comparison between two MPPT techniques is useful in selecting one for better performance. But we have to 
consider so many things while selecting one. These are unique and purpose oriented techniques. Though the 
comparison is between two methods since it belong to two different category standalone and grid connected, it also 
gives the idea about two categories in general [11].The comparison results were based on analysis in the simulation 
results of conducted experiments and the theoretical results. The observation found were charted, and it is given in table 
3 and 4. From the table one will be able to suggest a method for the suitable work. 

 
Table 3. 

Comparison between Two MPPT Techniques 
MPPT 
Technique 

PV array 
dependent 

True 
MPPT 
 

Analog/ 
Digital  

Convergence 
Speed 

Complexity Sensed 
Parameters 

Working 
Environment  

cost  

P & O  Yes Yes Both High Low PV voltage 
and current 

Standalone Medium 

DC Link 
CDC 

No No Both Medium Medium DC Link 
voltage, 
Load current 

Grid 
connected 
system 

High 

V. P&O REAL TIME CONTROL  AND MONITORING 
 

 In-order to understand the real time working of a PV array and MPPT a hardware was setup. P&O MPPT 
algorithm was the one used for the analysis of system performance.  

 

Figure 18. P&O MPPT Algorithm in LabVIEW Interface.Figure 19. Ecosence PV Module Control Panel. 

 Ecosence solar module was used to observe the real time values to the PV module via its control panel Figure 19. 
PV array specifications are as per table 1. All the data taken through control panel output port is given to the control 
module National Instruments cRIO 9025.It has a voltage, current sensing modules with Digital and analog input output 
modules. The connections are made as per in the Simulink model figure 9, Only MPPT block is replaced by LabVIEW 
program. LabVIEW software MPPT program is as given bellow figure 10.  If conditional case structure and 
mathematical comparison were used in the LabVIEW interface to implement P&O technique as per flowchart figure 
8.Since all the values were given into LabVIEW through cRIO 9025 it is made available to program by shared variable 
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block. A sub conditional block is used for the limiting the duty ratio to controllable value. External values are taken in 
and processed to give out duty pulse to DC/DC through cRIO 9025. Pulse are generated by signal generator and its duty 
ration is controlled by program. Complete hardware setup is as given below. 

 

Figure 20. cRIO 9025 and Hardware setup.   Figure 21. Changing Duty ratio with respect to load change. 

 Change in duty ration as change in load is observed and program works to create new duty ratio while change in 
insolation/or change in load value. In the above figure change in duty ratio is caused by varying rheostat/ load value. 

VI. CONCLUSION 
 

From the classification of available power distribution standalone and grid, a number of MPPT techniques are 
available. Selecting a particular MPPT for a system has to deal with its cost, reliability, speed, safety of the system. The 
power ratings of PV panel and climate conditions are also factors in certain areas and in some applications. From the 
above study we can see a hybrid of both technique is most preferred. MPPT techniques meant for mismatched conditions 
such as partial shedding, non-uniformity of PV panel temperatures, dust effects, damages of panel glass. Cases studied 
and discussed in the paper gives us a brief idea of PV panel working along with standalone and grid along with MPPT. It 
also gives an advantage of pre evaluating overall system before going into real time. The whole PV panel – MPPT – Grid 
tied system is created in MATLAB/Simulink. PV panel Simulink block has under gone I-V, P-V characteristic check and 
results similar to real time condition is obtained. Further case studies where done over the PV panel connecting MPPT, 
Inverter, Synchronizer, and other supporting switches, And experiments are run. From the results comparisons are 
made.From hardware implementation real time response and behavior of a real time system working with P&O was 
observed and results were found matching. And by using LabVIEW, a new simple and effective controlling scheme is 
obtained. 
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