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            Abstract
          
        

        
          This paper provides the up to date review of the shading effects on PV module performance and the associated detection algorithm related to the maximum power point tracking. It includes the brief explanations of the MMP variations due to the shading occurrence on the PV modules. Review of experimental and simulation studies highlighting the significant impacts of shading on PV efficiencies were presented. The literature indicates that even the partial shading of a single cell can greatly drop the entire module voltage and power efficiency. The MMP tracking approaches were also reviewed in this study. Both conventional and advanced soft computing methods such as ANN, FLC and EA were described for the proper tracking of MMP under shaded conditions. This paper would be the basic source and the comprehensive information associated with the shading effects and relevant MPP tracking technique.
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      1. Introduction
      
			Photovoltaic (PV) installations have been significantly increased for building applications during the past decades due to the keen concerns related to the energy and environmental issues these days. It is important to get the accurate understanding of the PV output characteristics for the efficient utilization of those PV modules. However, the nonlinear characteristics of PV output affected by temperature, array configuration and solar insolation are significantly complicated to predict and deal with. In addition, the non-uniform insulation due to the partial shading caused by clouds, adjacent trees, building, utilities or unexpected structural development would make the characteristics of PV output further complicated. Shading is one of the most common factors negatively affecting the PV power generation efficiency and thus it is very important to comprehensively understand the impacts of those shading on the PV performance and their detection method.
			

      
			Properly tracking the maximum power point (MPP) is one of the crucial factors in PV modules for both improvement of the PV power efficiencies and effectiveness of recognizing irregular behavior due to the shading. It is a taxing challenge to track the correct MPP due to the complicated I-V curve and the existence of multiple local peaks and the GP at the same time under the shading conditions, causing the oscillation around the local peaks and accordingly reducing the PV power generation.
			

      
			Due to the significance of MPP tracking technique in PV modules, numerous studies have been performed thus far and a variety of papers have been published. However, those numerous MPP tracking techniques show extremely wide range of cost, effectiveness and complexity and thus the summary of state of the art MPP algorithms, especially for the shading conditions, is important in this circumstance. This study performed the state of the art review of the literature dealing with the shading effects on PV module efficiencies and their detection algorithm focusing on MPP, aimed at providing the basic source and the latest information associated with the shading effects and relevant MPP tracking technique.
			

    

    

  
    
      2. Maximum Power Point under Shading Conditions
      
			MPP is basically the operating point matching between the PV array and the power converter. When PV modules are under the shaded condition, P-V curves would generate multiple local peaks and a single global peak (GP). Typical PV array configurations are illustrated in Figure 1. Under the uniformly distributed solar insolation condition presented in Figure 1-(a), P-V curve generates a single MPP as shown in Curve 1 in Figure 1-(c). On the other hand, under the shaded condition presented in Figure 1-(b), the difference in the solar radiation between the adjacent modules activates the bypass diode, causing the multiple local peaks and a single global peak as shown in Curve 2 in Figure 1-(c). Properly tracking the correct MPP is one of the crucial factors in PV modules for both improvement of the PV power efficiencies and effectiveness of recognizing irregular behavior due to the shading, since the PV power generation would be significantly reduced due to the unnecessary oscillation between local peaks and GP without properly tracking MPP.
			

      

      
        
        

        Fig. 1 
				
        

        
          Operation of PV under uniform insolation (a), under shading condition (b) and I-V and P-V curves for (a) and (b) [15]
        
        

        

      

    

    

  
    
      3. Shading Effects on PV Module Performance
      
			As stated earlier, PV systems are often subject to the shading caused by the clouds, adjacent buildings and trees and thus a variety of studies have been carried out to investigate the impacts of the partial shading on the PV system performances. Since numerous studies have been performed on this subject, only the selected publications having distinguished achievements would be dealt with in this study.
			

      
			Martínez-Moreno developed the simple mathematical simulation model that can directly calculate the power generation and power losses due to the shading without the need of I-V curve consideration [5]. The model has the capability to consider both the shaded fraction of PV array area and the number of blocks. The model was validated against the experimental results. According to the simulated results of 3 x 18 block PV array, the power energy losses due to the shading can be in the range of 2.1% ~ 11.3% under the simulated condition in the study. 
			

      
			Dolara performed the experimental study to look into the shading effect on poly-crystalline and mono-crystalline PV modules operation [6]. The I-V and P-V curves of the installed photovoltaic modules were created and analyzed based on a bunch of experiments with and without shaded conditions. Similar to the curves presented in Figure 1-(c), the shading created multiple local peaks with the significant reduction of the output power. Shading 50% of a single PV cell reduced the power generation of the PV module by greater than 30%, indicating that shading of a single cell can have large impact on the performance of the entire module. Another finding from this study was that the vertically, horizontally, and diagonally shading profiles applied to PV module determine similar results as the ones obtained by shading a single cell [6].
			

      
			Kawamura also quantitatively evaluated the relationship between the power output reduction due to shading of PV cells and the change of I–V characteristics (Figure 1) using the simulation method [2]. The simulation results showed that the change of I–V characteristics of a PV module with shaded PV cells is discussed by the shift of the avalanche breakdown voltage of shaded PV cells. In addition, it was found that if only a single full cell was shaded, the voltage of the entire module will drop by 50% and that 80% power losses can be induced due to the shading [2]. Alonso-Garcia also developed the computer simulation model to assess the influence of the amount of shading, the type of reverse characteristic of the cell, and the number of shaded cells on the power losses of PV modules [9]. It turned out that results were completely different when cells are shaded in different strings. A reduction in power of 61% was observed for the case in which the same shading is present in all the strings of the array ash illustrated in Figure 2, indicating that this case should be avoided as it produces maximum power reduction.
			

      

      
        
        

        Fig. 2 
				
        

        
          Effect of increasing the number of shaded cells [9]
        
        

        

      

      
			Patel developed Matlab based simulation model to investigate the I-V and P-V characteristics PV arrays under the partial shading condition [1]. Using the newly developed model, effects of shading patterns on PV panels with different configurations were evaluated. The simulated results clearly showed the similar patterns to Figure 1 producing multiple local peaks. More importantly, it was found that the array configuration has significant impact on the maximum power to be extracted under partial shading condition, indicating that the simulation model can be very handy tool to design the optimized configuration of PV array. In another study [7], Rodrigo developed the simple but accurate mathematical model to calculate the energy losses without the need of the full I-V curve under different shading scenarios after validating against the well-known detailed model. Similar to other studies cited thus far, the results showed the significant impact of the shading on the annual cumulative energy losses [7].
			

      
			Zegaoui performed both experimental and simulation (Direct and Reverse Mode Model) research to evaluate the influences of partial shading on PV cell performance [10]. Results indicate if some cells are partially shaded, both shaded and adjacent healthy cells suffer from the rapid increase in the cell temperature, adversely affecting the cell current by around 50%. Alonso-Garcia also carried out the experimental study in direct and reverse bias to assess the power loss impacts of the shading characteristics [11]. The results highlighted that the shading of a single cell can cause the power loss ranging from 19% through 79% depending on the shaded cell position, indicating that the shading of a single cell can have significant impact on the overall module performance. Drif [8] performed interesting study about the shading effect in grid-connected BIPV systems using both simulated and monitored data. The results showed that loss of energy was approximately 1.79 kWh/day, corresponding to a shading factor of 14.4%. 
			

      
			Although there are other studies dealing with the shading impact on PV modules, they are not addressed in this paper due to the redundancy with the contents of the literature discussed and reviewed thus far. In summary, the literature survey concludes that the shading has significant impact on the overall PV array performance. Specifically, even the partial shading of a single cell can drop the module voltage and power efficiency to half, indicating that the shading impact is greater than expected and that it should be avoided.
			

    

    

  
    
      4. Maximum Power Point Tracking Technique
      
        4.1. Overview
        
					Properly tracking the maximum power point (MPP) is one of the crucial factors in PV modules for both improvement of the PV power efficiencies and effectiveness of recognizing irregular behavior due to the shading. Despite the simple concept of MPP, tracking the correct MPP is a significant challenge due to the complicated I-V curve and continuously unsteady sate surrounding conditions such as outdoor temperature and solar insolation. In addition, building integrated photovoltaic (BIPV) applications require more complex MPP tracking algorithm. Conventional MPP tracking techniques would not be able to distinguish between the GP and local peaks, causing the oscillation around the local peaks and accordingly reducing the PV power generation.
					

        
					Due to the significance of MPP tracking technique in PV modules, numerous studies have been performed thus far and a variety of papers have been published. However, those numerous MPP tracking techniques show extremely wide range of cost, effectiveness and complexity and thus the summary of state of the art MPP algorithms, especially for the shading conditions, is important in this circumstance. Since Ishaque et al. [3] performed the comprehensive review of conventional and advanced MPP tracking techniques for shading conditions, this sub-section will cite the information from [3].
					

        
					MPP tracking techniques can be largely divided into two categories: conventional algorithm and soft computing technique. Conventional algorithm includes Incremental Conductance (IC), Hill Climbing (HC), Perturb and Observe (P&O), Parasitic Capacitances (PC), Constant Voltage Control (CVC), Constant Current Control (CCC) and Pilot Cell (PC). On the other hand, soft computing technique taking advantage of state of the art low cost and high speed computer availability includes Artificial Neural Network (ANN), Fuzzy Logic Controller (FLC) and Evolutionary Algorithms (EA), which are considered to be properly suitable for the shading conditions of PV modules.
					

      

      
        4.2. Conventional algorithms
        
					In the Incremental Conductance (IC) method, the controller measures incremental changes in array current and voltage to predict the effect of a voltage change. This method computes the maximum power point by comparison of the incremental conductance to the array conductance. When these two are the same, the output voltage becomes the MPP voltage. The controller maintains this voltage until the irradiation changes and the process is repeated [13]. In Perturb and Observe (P&O) method, the controller adjusts the voltage by a small amount from the array and measures power. If the power increases, further adjustments in that direction are tried until power no longer increases [13]. This is one of the most commonly used conventional methods due to its ease of implementation despite the oscillations of power output. It depends on the rise of the curve of power against voltage below the maximum power point, and the fall above that point, resulting in top-level efficiency [13]. Hill Climbing (HC) method is very similar to the P&O method since it also depends on the rise of the curve of power against voltage below the maximum power point, and the fall above that point. The only difference is that it updates the operating point of the PV modules by perturbing the duty cycle instead of perturbing the voltage or current employed in P&O method [3]. Although most studies related to those conventional MPP tracking techniques focused on the evaluation under the uniform solar insolation condition, limited amount of research has been carried out on the modified conventional models to be adopted under the partial shading condition. Ji et al. [15] proposed the simple linear function for tracking MPP for partial shading condition without any additional circuit, based on the IC MPP tracking method. The step size is enhanced when the slope of P-V curve goes beyond the predetermined value, and vice versa. Patel et al. [16] and Koutroulis et al. [17] developed the upgraded versions of P&O methods and Lie et al. [18] and Dhople et al. [19] proposed the modified HC methods to be applied for the partial shading conditions. However, the effectiveness of those conventional approaches can be degraded due to multiple local peaks, and those conventional algorithms have drawbacks and limitations to be applied in non-linear and complex shading conditions in essence. Therefore, advanced soft computing techniques have been actively studied these days due to their effectiveness in addressing complicated nature of PV operation for the dynamic environmental conditions such as solar insolation change and the partial shading.
					

      

      
        4.3. Soft computing methods
        
					One of the commonly used soft computing methods for tracking MPP is Fuzzy Logic Controller (FLC), which has the advantage to be robust and relatively simple to design as they do not require the knowledge of the exact model. However, they do require the PV system designer to have the complete knowledge of the PV operation. The main parts of FLC are composed of fuzzification, rule-base, inference and defuzzification ash illustrated in Figure 3. The inputs to FLC are usually error (E in Figure 3) and change in error (CE in Figure 3), while outputs can be duty cycle (D in Figure 3), current and voltage. Patcharaprakiti et al. proposed the adaptive FLC method that has the capability to deal with the partial shading conditions by the automatic fine-tuning of the relevant functions [24]. Chin et al. presented the advanced FLC method assisted with P&O algorithm, employing parallel tracking function in order to accurately search MPP [25]. It was found that FLC integrated with P&O can efficiently track the real absolute MPP during the partially shaded condition. Similarly, Subiyanto et al. introduced the FLC coupled with Hopfield Neural Network to be applied for the partial shading condition and verified the superior tracking performance to P&O and stand-alone FLC methods [26].
					

        

        
          
          

          Fig. 3 
				
          

          
            General structure of Fuzzy Logic Controller [29]
          
          

          

        

        
					Another important soft computing approach is Artificial Neural Network (ANN) approach, which starts with building a model based on the multi-layer perceptron (MLP) architecture after the extensive training based on practical data. The inputs to the ANN model such as solar insolation, outdoor temperature, voltage and current are measured through data acquisition chain in order to correctly to track the MPPT in real time. Syafaruddin performed two studies for combining ANN approach with conventional MPP tracking techniques to be used for varying conditions such as partial shading [27][28]. Three-layer ANN model coupled with FLC was developed in [27], while fuzzy wavelet network model was also developed for the accurate identification of GP. However, it is considered to be impractical to include the unpredictable environmental uncertainties such as the cloud shading in the training process for ANN models. Therefore, the accurate tracking of MPP with ANN models under those unpredictable shading conditions should be further improved.
					

        
					Evolutionary Algorithms (EA) is a stochastic method based on the search optimization in order to accurately estimate the correct MPP regardless of varying environmental conditions. Among different EA algorithms, one of the most popular methods is Particle Swarm Optimization (PSO) method [3]. PSO algorithm has a group of particles and each of particles represents a candidate solution. Each particle emulates the success of surrounding particles and thus the position of a particle is influenced by the best particle, i.e., best solution, in the group. Shubhajit et al. presented an algorithmic technique to accurately track the maximum power point (MPP) of a PV array under the partial shading condition using upgraded PSO method after the validation process against the conventional PSO [14]. The proposed technique needed only one pair of sensors to control multiple PV arrays, resulting in lower cost and higher accuracy of 97.7% compared to conventional PSO with accuracy of 96.4%. The proposed tracking technique has been mapped onto a microcontroller for tracking and control purposes. The whole system based on the proposed algorithm has been realized on a standard two stage power electronic system configuration [14]. Fu et al. introduced the Complex method based PSO algorithm which integrates the global search ability of PSO and the local search ability of Complex system [20]. It turned out that the algorithm can accurately track the MPP with rapid convergence rate and high convergence precision. Miyatake et al. proposed the PSO method having the capability to handle the complex partial shading condition, which is simple and cost effective by using only one pair of sensors to control multiple PV arrays [21]. The proposed algorithm was experimentally validated and it was found that the method took around 2 seconds to accurately identify the global MPP. Ishaque et al. presented the improved version of PSO method shown in Figure 4 that can reduce the steady state oscillation once the MPP is identified and can track the MPP for the extreme environmental condition such as partial shading condition [22]. The algorithm is validated against the conventional HC method and experimental results and showed the superior tracking speed and steady-state oscillations. Kuo et al. developed the orthogonal PSO method for the plug-in hybrid electric vehicle applications, which showed improved MPP searching efficiency under dynamic environmental conditions compared to conventional P&O) method [23].
					

        

        
          
          

          Fig. 4 
				
          

          
            Flowchart of the improved version of PSO method for MPP tracking developed by Ishaque [22]
          
          

          

        

        
					Although other soft computing algorithms exist for the MPP tracking such as Ant Colony Optimization (ACO) and Differential Evolution (DE), they are not discussed in this review due to the fact that they have not been used as the stand-alone MPP tracker. In summary, conventional MPP tracking techniques have been extensively used for the uniform solar insolation conditions. However, due to the non-linear and complicated nature of the partial shading condition, advanced soft computing algorithms are adopted in a various applications by virtue of their effectiveness in addressing the dynamic environmental conditions such as the partial shading. Especially, upgraded versions of ANN, FLC, PSO and combined versions of those advanced techniques are of particular interest these days.
					

      

    

    

  
    
      5. Conclusions
      
			In this study, the up to date review of the shading effects on PV module efficiencies and the relevant detection algorithm is provided focusing on the MMP tracking technique. Both experimental and simulation studies done thus far by numerous researchers suggest that the shading of a single cell have significantly greater impacts on the entire PV module performance than expected and that the shading occurrence should be avoided to protect from those unnecessary energy losses. Conventional MMP tracking algorithm such as IC, HC, P&O, PC, CVC, CCC and PC as well as advanced soft computing technique taking advantage of the recently developed low cost and high speed computer availability such as ANN, FLC and EA were discussed. Compared to conventional MMP tracking methods, advanced soft computing techniques would be suitable for the MMP tracking under shaded conditions due to their effectiveness in addressing complicated nature of PV operation for the dynamic environmental conditions. This study would be the basic source and the up to date information associated with the shading effects and relevant MPP tracking technique.
			

    

    

  
    
      Acknowledgments
      This research paper being conducted by Small & Medium Business Administration is for technical development of the Korean Small Business Innovation Research Program.

    

    

  
    
      References
      
        
          	
          	
        

        
          	
            
              1. 
            
          
          	P Hiren, A Vivek, MATLAB-based Modeling to Study the Effects of Partial Shading on PV Array Characteristics, IEEE Trans Energy Conversion,  (2008), 23(1), p302-310.
        

        
          	
            
              2. 
            
          
          	H Kawamura, K Naka, N Yonekura, S Yamanaka, H Kawamura, H Ohno, K Naito, Simulation of I–V characteristics of a PV module with shaded PV cells, Solar Energy Mater, Solar Cells,  (2003), Feb75(3/4), p613-621.
        

        
          	
            
              3. 
            
          
          	 Kashif Ishaque, Salam Zainal, A review of maximum power point tracking techniques of PV system for uniform insolation and partial shading condition, Renewable and Sustainable Energy Reviews,  (2013, March), 19, p475-488.
			[https://doi.org/10.1016/j.rser.2012.11.032]
		
        

        
          	
            
              4. 
            
          
          	 Kashif Ishaque, Salam Zainal, Syafaruddin, A comprehensive MATLAB Simulink PV system simulator with partial shading capability based on two-diode model, Solar Energy,  (2011, September), 85(9), p2217-2227.
			[https://doi.org/10.1016/j.solener.2011.06.008]
		
        

        
          	
            
              5. 
            
          
          	F Martínez-Moreno, J Muñoz, E Lorenzo, Experimental model to estimate shading losses on PV arrays, Solar Energy Materials and Solar Cells,  (2010, Dec), 94(12), p2298-2303.
			[https://doi.org/10.1016/j.solmat.2010.07.029]
		
        

        
          	
            
              6. 
            
          
          	 Alberto Dolara, Cristian Lazaroiu George, Leva Sonia, Manzolini Giampaolo, Experimental investigation of partial shading scenarios on PV (photovoltaic) modules, Energy,  (2013, June>), 55(15), p466-475.
        

        
          	
            
              7. 
            
          
          	P Rodrigo, F Eduardo, F Fernández, P.J Almonacid,  Pérez-Higueras, A simple accurate model for the calculation of shading power losses in photovoltaic generators, Solar Energy,  (2013, July), 93, p322-333.
			[https://doi.org/10.1016/j.solener.2013.04.009]
		
        

        
          	
            
              8. 
            
          
          	M Drif, A Mellit, J Aguilera, P.J Pérez, A comprehensive method for estimating energy losses due to shading of GC-BIPV systems using monitoring data, Solar Energy,  (2012, September), 86(9), p2397-2404.
			[https://doi.org/10.1016/j.solener.2012.05.008]
		
        

        
          	
            
              9. 
            
          
          	M.C Alonso-García, J.M Ruiz, W Herrmann, Computer simulation of shading effects in photovoltaic arrays, Renewable Energy,  (2006, October), 31(12), p1986-1993.
			[https://doi.org/10.1016/j.renene.2005.09.030]
		
        

        
          	
            
              10. 
            
          
          	 Abdallah Zegaoui, Petit Pierre, Aillerie Michel, Sawicki Jean-Paul, Charles Jean-Pierre, Experimental Validation of Photovoltaic Direct and Reverse Mode Model, Influence of Partial Shading, Energy Procedia,  (2012), 18, p1247-1253.
        

        
          	
            
              11. 
            
          
          	M.C Alonso-García, J.M Ruiz, F Chenlo, Experimental study of mismatch and shading effects in the I–V characteristic of a photovoltaic module, Solar Energy Materials and Solar Cells,  (2006, Feb, 15), 90(3), p329-340.
        

        
          	
            
              12. 
            
          
          	 Smita Ganesh Pachpande, H. Zope Pankaj, Studying the effect of shading on Solar Panel using MATLAB, International Journal of Science and Applied Information Technology,  (2012), 1(2), p46-51.
        

        
          	
            
              13. 
            
          
          	Wikipedia Contributors, Maximum Power Point Tracking,  (2012).
        

        
          	
            
              14. 
            
          
          	 Shubhajit Roy Chowdhury, Saha Hiranmay, Maximum power point tracking of partially shaded solar photovoltaic arrays, Solar Energy Materials and Solar Cells,  (2010, September), 94(9), p1441-1447.
        

        
          	
            
              15. 
            
          
          	Y. H Ji, D. Y Jung, C. Y Won, B. K Lee, J. W Kim, Maximum power point tracking method for PV array under partially shaded condition, Proc, IEEE Energy Convers. Congr. Expo,  (2009), p307-312.
        

        
          	
            
              16. 
            
          
          	H Patel, V Agarwal, Maximum power point tracking scheme for PV systems operating under partially shaded conditions, IEEE Transactions,  (2008), 55, p1689-98.
			[https://doi.org/10.1109/TIE.2008.917118]
		
        

        
          	
            
              17. 
            
          
          	E Koutroulis, F Blaabjerg, A New Technique for tracking the global maximum power point of PV arrays operating under partial shading conditions, IEEE Journal of Photovoltaics,  (2012).
			[https://doi.org/10.1109/JPHOTOV.2012.2183578]
		
        

        
          	
            
              18. 
            
          
          	M Lie, S Yaojie, L Yandan, B Zhifeng, T Liqin, S Jieqiong, A high performance MPPT control method, Materials for renewable energy & environment (ICMREE),  (2011), p195-199.
        

        
          	
            
              19. 
            
          
          	S. V Dhople, J L Ehlmann, A Davoudi and P L Chapman, Multiple input boost converter to minimize power losses due to partial shading in photovoltaic modules, energy conversion congress and exposition (ECCE),  (2010), p2633-2636.
			[https://doi.org/10.1109/ECCE.2010.5618013]
		
        

        
          	
            
              20. 
            
          
          	Q Fu, N Tong, A complex-method-based PSO algorithm for the maximum power point tracking in photovoltaic system, 2nd Int conf on InfoTech and com sci,  (2010), p134-7.
			[https://doi.org/10.1109/ITCS.2010.39]
		
        

        
          	
            
              21. 
            
          
          	M Miyatake, F Toriumi, T Endo, N Fujii, Maximum power point tracking of multiple photovoltaic arrays: a PSO approach, IEEE Trans Aerospace Electron Sys,  (2011), 47, p367-80.
			[https://doi.org/10.1109/TAES.2011.5705681]
		
        

        
          	
            
              22. 
            
          
          	K Ishaque, Z Salam, M Amjad, S Mekhilef, An improved particle swarm optimization (PSO)-based MPPT for PV with reduced steady-state oscillation, IEEE Trans Power Electron,  (2012), 27, p3627-38.
			[https://doi.org/10.1109/TPEL.2012.2185713]
		
        

        
          	
            
              23. 
            
          
          	JL Kuo, KL Chao, LS Lee, Dual mechatronic MPPT controllers with PN and OPSO control algorithms for the rotatable solar panel in PHEV system, IEEE Trans Ind Electron,  (2010), 57, p678-89.
        

        
          	
            
              24. 
            
          
          	N Patcharaprakiti, S Premrudeepreechacharn, Maximum power point tracking using adaptive fuzzy logic control for grid-connected photovoltaic system, Power Eng Soc Winter Meet IEEE,  (2002), 1, p372-7.
			[https://doi.org/10.1109/PESW.2002.985022]
		
        

        
          	
            
              25. 
            
          
          	CS Chin, P Neelakantan, HP Yoong, SS Yang, KTK Teo, Maximum power point tracking for PV array under partially shaded condition, 3rd int conf on comput intell, comm sys and net,  (2011), p72-7.
			[https://doi.org/10.1109/CICSyN.2011.27]
		
        

        
          	
            
              26. 
            
          
          	 Subiyanto, A Mohamed, H Hopfield Shareef, Neural network optimized fuzzy logic controller for maximum power point tracking in a photovoltaic system, Int J Photoenergy,  (2012), 6, p6-13.
			[https://doi.org/10.1155/2012/798361]
		
        

        
          	
            
              27. 
            
          
          	E Syafaruddin, Hiyama K. T, Artificial neural network polar coordinated fuzzy controller based maximum power point tracking control under partially shaded conditions, IET Renewable Power Generation,  (2008), 3(15).
			[https://doi.org/10.1049/iet-rpg:20080065]
		
        

        
          	
            
              28. 
            
          
          	E Syafaruddin, K. T Hiyama, Fuzzy wavelet network identification of optimum operating point of non-crystalline silicon solar cells, Mathematics with Applications,  (2012), 63, p68-82.
			[https://doi.org/10.1016/j.camwa.2011.10.073]
		
        

        
          	
            
              29. 
            
          
          	M. S. A Cheikh, C Larbes, G. F. T Kebir, A Zerguerra, Maximum power point tracking using a fuzzy logic control scheme, Revue des Energies Renouvelables,  (2007), p387-395.
        

      

    

    

  OEBPS/images/big_14_2.jpg
‘The Intemational Journal of
“The Korea Institute of Ecological Architecture and Environment

| Research Articies

Impoot b Estmaten Ero of Houry Hozoia Globl Soa Raiaten Ve
on Bulding Enery Permarcs Ansyss

Kim, Koo Hon- O Jen Kihen

et nd Gooirg Enetgy onsenvatn et by Green o Systoms
I ol with Buiding Lecston, Usage s Narber fFlocs

Son, Hyecng i Pak Do Youn- Crng,Sacna

‘St o the At AeviewofShcng Efcts on PV Mo Efireies

and T Datcton Agont Focusing on Masimum Powsr ot
Loo, Dk - Lo, K Ho

raractrsts A of e oat Exchange e accordg o ol Temporaturs
and Grout ateral using Nl Sevaon
Oh dn Hoan-Nem, Yu

Motbods 1o Reduce ruarouse Ga o UnversityBuldings o Make  Low-Catbon Green Gampus
o, Suin- Paom, S co-Park. Hio Soen - S, Kioo Dong.
sty o Tradionsl Liban Morpholog of Korean Contemporay Gy and

Irattonat Moasure for Proenason
ol M

T Desctonfor & Sustanae sidentl Enrrnt Pan based onFesdan Testmonn
aocut e Use ofheStets nhe 4y ofth Pa il it i o Untad Kiogdom

Preee) P, o aumg- Pk W by i, S
1o tens

ST s bl ey o i Componss o e At Hosg
ot Lo Kange 3 Yegton-Chu,Chong's

aniomy TheEneryArays nd Evaktionct he KEO-Hark

S5 i Sges Pk SoYen- P, oo

s

et anpes TheGOxcuston Pt Gl Bocgh h Usen Pk Constion

Loe, Eun Yoo - Kang, Mg o i, Jrg Ken

L

v
Y Sianegg#® KOREAINSTITUTE OF EGOLOGIGAL ARGHITEGTURE AND ENVIRONMENT






OEBPS/images/data/senva_new/01939/JKIEAE_2014_v14n2_21_f002.jpg
Current (A)

25
50
25
20
15
10
o5

00

Increase in the number
of shaded calls

Voltage (V)

10





OEBPS/images/_common/images/crossref.gif





OEBPS/images/data/senva_new/01939/JKIEAE_2014_v14n2_21_f004.jpg
Computation of

Measure

Vv (0 and Iy () Ves

Caleulate Fower
PO Vi I ()

Computation of
Best Parice G,

Uit the perebaion v usiog o (12)
Update the dur cyce using eg (13

Send duy cycled,
3 10 power converter






OEBPS/images/data/senva_new/01939/JKIEAE_2014_v14n2_21_f003.jpg
Tules

Fuzfication

—r

Inference

—

{Defuzzification

sd





OEBPS/images/data/senva_new/01939/JKIEAE_2014_v14n2_21_f001.jpg
Shaded -7 sunve
withoutbyposs diode

e






