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Development and Analysis of ANN based 
MPPT and SL Z-Source Inverter for Photo-
voltaic Systems
N. Kalaiarasi* E. Nagalakshmaiah*  Subhransu Sekhar Dash* and S. Paramasivam**

Abstract :  The artifi cial neural network is used as a maximum power point technique to transfer maximum 
power from a photovoltaic system to a three-phasestar connected R load. Switched inductor ZSI is used to 
increase the output DC voltage and also convert DC to AC voltage. The switched inductor ZSI eliminates the 
limitations of ZSI and by providing low voltage stress across components and employs a unique impedance.
In the proposed system duty ratio control of switched inductor ZSI is developed to control the output voltage 
of photovoltaic system. The artifi cial neural network is trained with a hybrid back propagation track the 
maximum Voltage. The performance parameters are simulated in Matlab/Simulink environment.
Keywords : Artifi cial neural network [ANN], switched inductor ZSI, duty ratio control, back propagation.

1. INTRODUCTION

The rapid trend of industrialization of nations, increased interest in environmental issues led recently to 
explore the use of renewable forms such as solar energy. It also says that by 2022 renewable technologies 
will account for 175GW of new power generation capacity installing around the world, which includes 
100GW solar and 60GW of wind energy.  Solar energy which is available in most of the world has proven 
to be an economical source of energy. The solar energy has advantages no pollution, less maintenance, no 
noise emission. Some disadvantages of solar energy are low effi ciency, a high cost of generation. Various 
types of power converters have been designed to interface solar resources for different applications. 
Output voltage is increased by connecting boost converter with inverter system in a two-stage conversion 
method. But single-stage conversion is becoming more popular in comparison to two stage conversion due 
to low cost, compactness, reliability, less voltage stress [1].Improving the performance of a ZSI switched 
inductor ZSI is implemented. Switched inductor Z-source inverter has some advantages by providing low 
voltage stress across the components and improving the modulation index.Different MPPT algorithms are 
available to track MPP from Photovoltaic system i.e. perturb and observe, incremental inductance, fuzzy 
logic controller(FLC), artifi cial neural network(ANN),etc. Fuzzy logic controllers have the advantage 
of relatively simple to design because they do not require knowledge of the exact model. The Main 
disadvantage of fuzzy logic control is complex algorithms which lead to a high cost of implementation. 
This paper presents human ANN based MPPT techniques are used to track the maximum voltage.

2. PROPOSED SYSTEM

In this proposed system, The ANN is trained with a set of input and output data. Artifi cial intelligence 
technique is used to track the maximum output voltage for the corresponding irradiance and temperature.  
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PV panel output voltage is compared with the Vmpp. The error is given to PI controller it will reduce the 
steady state error. Output dc voltage of PV module is fed to Switched inductor ZSI and SLZSI converting 
the DC voltage to AC as well as boost up the voltage. The Output voltage of SLZSI is given to a three 
-phase star connected resistive load
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Figure 1: Block diagram of the proposed system

3. MODELLING OF PV MODULE

Photovoltaic cells which convert solar irradiance into electricity.  this PV cells are made up of PN junction. 
Figure (2) represents the equivalent circuit of a PV cell.where Id isdiode current. The type of diode 
determines the voltage and current characteristics of the cell.  Rsh and Rs are shunt and series resistances, 
Ish is shunt current, V is cell voltage, and I is output current of Photovoltaic cell [5].
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Figure 2: Equivalent circuit of Photovoltaic cell

From the PV equivalent circuit model, the current expression is obtained as

 I = (V + R I) R II I exp 1 V
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 Iph = Photovoltaic current
 Is = Reverse saturation current
 Ish = Shunt resistance current
 Rs = Series resistance
 Rsh = Shunt resistance
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 N = Diode quality factor
 q = Electrical charge 1.6 × 10–19C
 T = Ambient temperature, in Kelvin
 K = Boltzmann constant 
The parameters (Iph, Rs, Rsh and N) vary with temperature and irradiance. The PV cell photocurrent 

(Iph) depends on the irradiation and the temperature. The output voltage obtained from the PV cell is very 
small. Some number of cells are connected in series and parallel to form PV module. 

 I = 
N VINRV

N I N I exp 1 NN N
RKNT

ps

p ph p s ss p

sh

q– –

é ùæ öæ ö æ ö÷ç ÷ ÷ç çê ú÷÷ ÷ç ç ç+ ÷÷ ÷ê úç ç ç÷÷ ÷ç ÷ç ç÷ ÷è øê úç ç÷ ÷ç ÷ ç ÷ê ú÷çç ÷ è øè øê úë û

 (2)

Ns is a total number of series cells and a Np number of parallel connected cells.27 cells are connected 
in series and single cell connected in parallel. Photovoltaic module output voltage is 17V at temperature 
25 °C and irradiance 750W/m2

4. MAXIMUM POWER TRACKING

Maximum power tracking technique is used to increase the effi ciency of the solar panel. Conventional 
based MPPT method has fi xed step size and low effi ciency because of the oscillations present around MPP. 
For improve the effi ciency variable step sizing algorithms, i.e., Artifi cial intelligent based techniques such 
a artifi cial neural network methods are applied [6] [8].

5. ARTIFICIAL NEURAL NETWORK 

Artifi cial neural network as the name implies that the term neural network derive its origin from human 
brain or human nervous system. Which consist of massively parallel connection of a large number of 
neurons and that perform a different perceptual task, different reorganization task in an unceasingly small 
amount of time as compared to today high performing computer devices [4]. For training three-layer 
back propagation algorithm   is used. Irradiance and temperature are considered as the input to the neural 
network and output of the neural network are maximum power point voltage. After learning the relation 
between MPP voltage and irradiance level and temperature the neural network can track the maximum 
power point voltage online[16-18]
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Figure 3: Neural network for Back propagation algorithm

A set of 220 training data are used for training the neural network by a specifi ed learning algorithm. 
The learning algorithm used is a hybrid back propagation. In this irradiance range is 50 W/m2 to 1000 W/m2 

in a step of 50 W/m2 and temperature range is from 10°C to 70°C in a step of 6°C. When the performance 
function has the function of sum of squares, then the Hessian matrix can be approximated as
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 H = JTJ  (3)                     
The gradient can be computed as g = JTe (4)          
In Equation (3) and (4) J is the Jacobin matrix that contains fi rst derivatives of the network errors with 

respect to the weights and biases, and e is a vector of network errors. Make sure that the approximated 
Hessian matrix JTJ is invertible, Levenberg–Marquardt algorithm is another approximation to Hessian 
matrix.

 H ≈  JTJ + I (5)
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Figure 4: Neural network generated from Simulink
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Figure  5: Matlab/Simulink model of ANN

The weights are adjusted in the training process [7][9].  A set of training data is required in training 
process and trained over a lengthy period of time so that we can obtain maximum voltage accurately.

6. SWITCHED INDUCTOR  ZSI 

The Switched inductor ZSI has been developed for application of photovoltaic system [20][22].To enhance 
voltage adjustability the three-phase SLZSI employs a unique impedance network to integrate the inverter 
actual circuit to the power source. Short shoot through time required in high voltage applications, which 
reduces the voltage stress across passive components [10].

The combination of L1-L2-D2-D3-D5 and the combination of L3-L4-D1-D4-D6 performs the 
function of the top& bottom switched inductor cells are used to store and transfer the energy from the 
capacitor to the DC bus [11-14].
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The top switched inductor cell, D1 and D2 are ON and D3 is OFF, C1 charges L1 and L2 in parallel. 
For the SL bottom cell, D4 and D5 are ON and D6 is OFF, C2 charges L3 and L4 in parallel. Shoot through 
state provides additional zero states for improving the output voltage. 

In non shoot through state the stored energy is transferred to active states and its equivalent circuit is 
shown in the fi gure (8). For the top SL cell D1 and D2 are OFF and D3 is ON, and L1 and L2 are connected 
in series, and the stored energy is transferred to the main circuit. For the SL bottom cell, D4 and D5 are 
OFF D6 is ON, L3 and L4 are connected in series,C1 is charged by Vin via SL bottom cell, Vin charges C2 
via the top SL cell.
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Figure 8: Equivalent circuit for Non shoot through state of SL-ZSI

Table 1
 Design parameters for Switched inductor ZSI

Description Parameter

Carrier frequency fc = 10KHZ

Switching time Tsw = 25 sec

Inverter Impedances (L1, L2, L3, L4) = 88.27 H

Inverter  capacitances (C1 & C2) = 18.76 μF 

7. SIMULATION AND RESULTS

Figure 9: Simulation circuit of Photovoltaic system
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Figure 10:  I-V curve for a PV cell
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Figure 11: P-V curve for a PV cell

Photovoltaic voltage is 17v and photovoltaic current is 2.7amps. 
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Figure 12: Vmpp from Simulink diagram of neural network for stand-alone system
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Figure 14: Variations of Vmpp with respect on temperatureand temperature for proposed system

Table  2
Final result for ANN

Input Data Target Data Trained value Error

Irradiance Temp  Vpv(A) Vpv(B) (|A-B|A)*100

960 25 17 17.07 0.41
840 36 24 24.12 0.5
600 35.9 23.7 23.58 0.5
100 31.4 20 19.93 0.35
160 31.4 20.2 20.22 0.09
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Figure 16: Regression plot for training data sets
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The fi gure16 shows the regression plot for 220 training datasets. Regression values measure the 
correlation between outputs and targets. A Regression(R) value of one means a close relationship; zero 
means a random relationship.
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Figure 17: SL-ZSI output voltage with resistive load

Table 3
Performance parameters of proposed system

Description ANN based MPPT

Maximum power point voltage[Vmpp] 16.9V

Modulation index 0.86

Duty cycle 0.14

Boost factor 2.38

Output voltage of SLZSI 210V

Effi ciency  94.17%

RMSE 0.02

% of Error 0.12%

Total Harmonic Distortion  0.98%

8. CONCLUSION

The ANN is trained offl ine for some set of data and the performance of the ANN based MPPT is verifi ed 
by test data consist of various irradiance and temperature. Switched inductor Z-Source inverter, which 
reduces the voltage stress across components and providing high modulation index.  The ANN is verifi ed, 
the percentage error lies between 0.05% to 4.46%.The duty ratio of Switched inductor Z-Source inverter 
is controlled using maximum output voltage obtained from ANN based MPPT. The output of the SL-ZSI 
is connected to the three phase resistive load.



325Development and Analysis of ANN based MPPT and SL Z-Source Inverter for Photovoltaic Systems

9. REFERENCES
 1. O. Wasynczuk, “Dynamic behavior of a class of photovoltaic power systems,”IEEE Trans. Power App. Syst., vol. 

102, no. 9, pp. 3031–3037,Sep. 1983
 2. Witold Maranda and MaciejPiotrowicz,” Calculation of Dynamic MPP-Tracking Efficiency of PV-Inverter Using 

Recorded Irradiance”20th International Conference “Mixed Design of Integrated Circuits and Systems, June 20-22, 
2013

 3. Y.-C. Kuo, T.-J. Liang, and J.-F. Chen, “Novel maximum-power-pointtracking controller for photovoltaic energy 
conversion system,” IEEETrans. Ind. Electron., vol. 48, no. 3, pp. 594–601, Jun. 2001

 4. M. Veerachary, T. Senjyu, and K. Uezato, “Neural-network-based maximum-power-point tracking of coupled-
inductor interleaved-boost converter supplied PV system using fuzzy controller,” IEEE Trans. Ind.Electron., vol. 50, 
no. 4, pp. 749–758, Aug. 2003.

 5. S. Silvestre, A. Boronat and A. Chouder, “Study of Bypass DiodesConfi guration on PV Modules,” Applied Energy, 
vol. 86, no. 9, pp.1632-1640, Sept. 2009.

 6. Guilherme A. and Carlos A., “Evaluation of the Main MPPT Techniques for Photovoltaic Applications”, IEEE 
Transactions on Industrial Electronics, vol. 60, no. 3, March 2013, pp. 1156-1167.

 7. L. Zhang, Y. Bai, and A. Al-Amoudi, “GA-RBF neural network based maximum power point tracking for grid-
connected photovoltaic systems,”inProc. Int.Conf. Power Electron.,Machines,and Drives, 2002, pp. 18–23. 

 8. Subudhi B. and Pradhan R., “A comparative study on maximum power point tracking techniques for photovoltaic 
power systems”, IEEE Transactions on Sustainable Energy, vol. 4, no. 1, January 2013, pp. 89-98.  

 9. R.Ramaprabha, V.Gothandaraman, K.Kanimozhi, R.Divya, and B.L.Mathur, “Maximum Power Point Tracking using 
GA Optimized Artifi cial Neural Network for Solar PV System,” 1st International Conference on Electrical Energy 
Systems (ICEES), 3-5 Jan. 2011, pp. 264 – 268

 10. C. Yang and K. Smedley, “Three-phase boost-type grid-connected inverter,”IEEE Trans. Power Electron., vol. 23, 
no. 5, pp. 2301–2309, Sep.2008.

 11. Y.Tang, S.-J. Xie, C.H. Zhang, and Z.-G. Xu, “Improved Z-source inverter with reduced capacitor voltage stress and 
soft-start capability,” IEEETrans. Power Electron., vol. 24, no. 2, pp. 409–415, Feb. 2009.

 12. B. Axelrod, Y. Berkovich, and A. Ioinovici, “Switched-capacitor/switched-inductor structures for getting 
transformerless hybrid dc-dcPWM converters,” IEEE Trans. Circuits Syst. I, Fundam. Theory Appl.,vol. 55, no. 2, 
pp. 687–696, Mar. 2008

 13. H.S.H. Chung,A.Ioinovici, andW. L. Cheung, “Generalized structure of bi-directional switched-capacitor dc/dc 
converters,” IEEE Trans. CircuitsSyst. I, Fundam. Theory Appl., vol. 50, no. 6, pp. 743–753, Jun. 2003.

 14. Miao Zhu, Kun Yu, and Fang Lin Luo, “Switched Inductor Z-Source Inverter”IEEE TRANSACTIONS ON POWER 
ELECTRONICS, VOL. 25, NO. 8, AUGUST 2010.

 15. Po Xu, Xing Zhang,Chong-Wei Zhang Ren-Xian,Cao and Liuchen CHANG” Study of  Z-Source Inverter for Grid-
Connected PV Systems”IEEE Power Electronics Specialist Conference, Jun 2006.

 16. Ankit Gupta, Pawan Kumar, Rupendra Kumar Pachauri, Yogesh K. Chauhan “Performance Analysis of Neural 
Network and FuzzyLogic Based MPPT Techniques for Solar PV Systems” 978-1-4799-6042-2/14-2014 IEEE.

 17. Trishan,Esramand Patrick L. Chapman, “Comparison of Photovoltaic Array Maximum Power Point Tracking 
Techniques” IEEE TRANSACTIONS ON ENERGY CONVERSION, VOL. 22, NO. 2, JUNE 2007.

 18. S.Premrudeepreechacham,and N. Patanapirom “Solar-Array Modelling and Maximum PowerPoint Tracking Using  
Neural Networks” 2003 IEEE Bologna PowerTech Conference, June 23-26, Bologna, Italy.

 19. Takashi Hiyama, Ken Kitabayashi“ Neural Network Based Estimation of Maximum Power Generation from PV 
Module Using Environmental Information”IEEE Transactions on Energy Conversion, Vol. 12, No. 3, September 
1997.

 20. Billy M. T. Ho, and Henry Shu-Hung Chung,“An Integrated Inverter With Maximum PowerTracking for Grid-
Connected PV Systems“IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 20, NO. 4, JULY 2005.

 21. JeyrajSelvaraj and Nasrudin A. Rahim,” Multilevel Inverter For Grid-Connected PV SystemEmploying Digital PI 
Controller:”IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, VOL. 56, NO. 1, JANUARY 2009.

 22. Yi Huang, Miaosen Shen, Fang Z. Peng, and JinWang,,Z-Source Inverter for Residential Photovoltaic Systems” 
IEEE TRANSACTIONS on POWERELECTRONICS, VOL. 21, NO. 6, NOVEMBER 2006.


