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Abstract. In the current study, an implicit algorithm has been applied to solve the nonlinear 

equation of a single diode solar cell using several iterations with an initial value of 𝑥0 = 1. The 

proposed algorithm is achieved with the different values of load resistance. The equation based 

on equivalent circuit of a solar cell and all the determinations are implemented at ambient 

temperature using MATLAB program. The obtained results of this new method are given, and 

the absolute errors are investigated. 
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1. Introduction 

Numerical analysis is a science of approximation where numerical methods are used to solve 

complex and unsolvable problems by analytical methods. In numerical analysis, all aspects of the 

existing problem are studied numerically, using theoretical development, understanding of numerical 

methods, and attempting to implement them in the form of computer programs. These programs are 

characterized by a high level of confidence and effectiveness. Common interests and perspectives among 

them, which include mathematical methods of numerical analysis is based on the principle of creating, 

analyzing, and implementing a number of algorithms to arrive at digital solutions to mathematical 

problems that are built on a range of constant variations and fluctuations, such as quantitative analysis, 

or numerical methods [1-8]. Photovoltaic have been used in space for a long time in 1958, when Van 

Gard was launched, with 6 photovoltaic cells on its surface. While other batteries stopped working 

shortly after the ship was launched, since then, solar photovoltaic cells have been widely used in space 

and their use has helped to increase the length of spaceflight. For spaceships and high reliability 

relatively high yield. The main idea is to reproduction electrical energy by means of photovoltaic cells, 

which form solar cells. Several kinds of solar cells are synthesized based on the material used and 

fabrication technique such as silicon, organic and inorganic solar cells [9-55]. This study proposes a 

method for estimating parameters in single diode model of a solar cell equation based on implicit 

algorithm (IM) and explains the performance of this estimation method. It is organized as follows: 

Section two characterizing the analytical model of a single-diode design of the solar cell; Section three 

establishing the root finding Implicit algorithm (IM); Section four results and discussion; Section five 

conclusions of the acquired results. 
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2. Characteristics of Single-Diode Solar Cells Equation 

A photo voltaic cell (equivalent circuit) is shown in Figure 1. 

 

Figure 1. Single-diode electrical equivalent circuit model of a solar cell.  

 

By applying Kiechoff's current law for the circuit, the equation of this equivalent circuit is given by  

𝐼 = 𝐼𝑝ℎ − 𝐼𝐷                                                                                                                 (1) 

𝐼𝐷 = 𝐼0 (𝑒
−𝑉𝑝𝑣

𝑛𝑉𝑇 − 1)                                                                                                    (2)  

𝐼 = 𝐼𝑝ℎ − 𝐼0 (𝑒
−𝑉𝑝𝑣

𝑚𝑉𝑇 − 1)                                                                                            (3) 

where:  

𝐼𝑝ℎ is the photocurrent (𝐴); 𝐼0 is reverse saturation current of the diode (𝐴); 𝐼 and 𝑉𝑝𝑣 are the delivered 

current and voltage, respectively (𝑉); 𝑉𝑇 =
𝑘𝑇

𝑞
= 0.0259 𝑉 is thermic voltage = 27.5 ≅ 26 𝑚𝑉 at (𝑇 =

 25 oC Air-Mass = 1.5); 𝑚 is the recombination factor closeness to an ideal diode (1 < 𝑚 < 2), 𝑘 is 

Boltzmann constant= 1.38 × 10−23𝐽/𝐾; 𝑇 is 𝑝 − 𝑛 junction temperature (𝐾); q is the electron charge=
1.6 × 10−19 𝐶. 

𝐼𝑝ℎ = 𝐼𝑠𝑜𝑢𝑟𝑐𝑒                                                                                                                (4) 

𝐼𝐷 = 𝐼𝑠 ∗ (𝑒
𝑉𝐷

𝑛𝑉𝑇 − 1)                                                                                                    (5) 

Merge Eq. 4 in Eq. 5 we get  

(𝐼𝑠𝑜𝑢𝑟𝑐𝑒) − 10−12 (𝑒
−𝑉

1.2∗0.026 − 1) =
𝑉

𝑅                                                                      (6) 

where: 𝐼𝑠 reverse saturation current= 10−12𝐴. In parallel, 𝑉𝐷 = 𝑉𝑝𝑣 = 𝑉  

According to Eq. 6 one can calculate 𝑉 of the cell numerically based on the first derivative of this 

equation. 

3. Implicit Method (IM)  

The following algorithm suggestion for solving Eq. 5 by using NRM 

Initial approximate solution 𝑥0 = 1, tolerance , 

𝑓́(𝑥𝑛+1) = 𝑥𝑛 −
𝑓(𝑥𝑛)

𝑓́(𝑥𝑛)
 for 𝑛 = 0, 1, 2, …. 

𝑥𝑛+1 = 𝑥𝑛 −
2 × 𝑓(𝑥𝑛)

𝑓́(𝑥𝑛+1) + 𝑓́(𝑥𝑛)
 

In the implicit formula, the indefinite integral involved in the following equation 

𝑓(𝑥) = 𝑓(𝑥𝑛) + ∫ 𝑓́(𝜆)
𝑥

𝑥𝑛
𝑑𝜆                                                                                       (7) 
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Is approximated by the trapezoidal rule to obtain 

∫ 𝑓́(𝜆)
𝑥

𝑥𝑛
𝑑𝜆 =

𝑥−𝑥𝑛

2
[𝑓́(𝑥𝑛) + 𝑓́(𝑥)]                                                                            (8) 

Put Eq. 8 into Eq. 7 yields 

 𝑓(𝑥) = 𝑓(𝑥𝑛) +
𝑥−𝑥𝑛

2
[𝑓́(𝑥𝑛) + 𝑓́(𝑥)]                                                                       (9) 

Since 𝑓(𝑥) = 0, therefore Eq. 9 can be written as  

𝑥 = 𝑥𝑛 −
2×𝑓(𝑥𝑛)

[𝑓́(𝑥𝑛)+𝑓́(𝑥)]                                                                                                  (10) 

Take the next iterative point, that is put 𝑥 = 𝑥𝑛+1 to obtain 

 𝑓(𝑥𝑛+1) = 𝑓(𝑥𝑛) +
1

2
(𝑥𝑛+1 − 𝑥𝑛)(𝑓́(𝑥𝑛) + 𝑓́(𝑥𝑛+1) or  

𝑥𝑛+1 = 𝑥𝑛 −
2×𝑓(𝑥𝑛)

𝑓́(𝑥𝑛+1)+𝑓́(𝑥𝑛)                                                                                         (11) 

Eq. 11 is an implicit formula, which requires having the derivative of the function at the (𝑛 + 1)𝑡ℎ 

iterative step to calculate the (𝑛 + 1)𝑡ℎ iterative itself. 

Thus, the resulting formula is 

𝑥𝑛+1 = 𝑥𝑛 −
2×𝑓(𝑥𝑛)

𝑓́(𝑥𝑛+1
∗ )+𝑓́(𝑥𝑛)  

where:𝑓́(𝑥𝑛+1
∗ ) = 𝑥𝑛 −

𝑓(𝑥𝑛)

𝑓́(𝑥𝑛), 
𝑛 = 0, 1, 2, ….                                                             (12) 

and 𝑥0 is the starting value 

4. Results and Discussion 

Consider Eq. 6 is modelled in the form single-diode solar cell has obtained the following approximate 

solutions and the IM are applied with the first initial value  𝑥0. In Table 1, the IM of the solution results 

(voltage 𝑉𝑝𝑣; current  𝐼𝑝𝑣 and power 𝑃𝑝𝑣 of the solar cell) are presented and listed in this table when the 

load resistance 𝑅 = 1. 

Table 1 and Figure 3 Illustrate the obtained approximate results when  𝑅 = 1 

Table 1. The obtained values using IM. 

Iterations 𝑽𝒑𝒗-IM 𝑰𝒑𝒗-IM 𝑷𝒑𝒗-IM -IM 

1 0.942812862 0.942812862 0.888896093 0.020389728 

2 0.922004414 0.922004414 0.85009214 0.00041872 

3 0.912933605 0.912933605 0.833447766 0.00948953 

4 0.91658633 0.91658633 0.840130499 0.005836805 

5 0.921613448 0.921613448 0.849371348 0.000809686 

6 0.922412182 0.922412182 0.850844233 1.09529E-05 

7 0.922423133 0.922423133 0.850864436 1.91849E-09 

8 0.922423135 0.922423135 0.850864439 0.000000000 

9 0.922423135 0.922423135 0.850864439 0.000000000 
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Figure 2. Voltage, current and power of solar cell with the absolute error values. 

 

Table 2 and Figure 3 Illustrate the obtained approximate results when  𝑅 = 2. 

 

Table 2. The obtained values using IM 

Iterations 𝑽𝒑𝒗-IM 𝑰𝒑𝒗-IM 𝑷𝒑𝒗-IM -IM 

1 0.942039802 0.471019901 0.443719494 0.025004419 

2 0.919767328 0.459883664 0.422985969 0.002731946 

3 0.908172101 0.45408605 0.412388282 0.008863282 

4 0.909981837 0.454990918 0.414033472 0.007053546 

5 0.915681905 0.457840953 0.419236676 0.001353477 

6 0.917003597 0.458501799 0.420447799 3.1785E-05 

7 0.917035366 0.458517683 0.420476931 1.62789E-08 

8 0.917035382 0.458517691 0.420476946 4.44089E-15 

9 0.917035382 0.458517691 0.420476946 0.000000000 

 

 

Figure 3. Voltage, current and power of solar cell with the absolute error values. 

 

 

Table 3 and Figure 5 Illustrate the obtained approximate results when  𝑅 = 3. 
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Table 3. The obtained values using IM. 

Iterations 𝑽𝒑𝒗-IM 𝑰𝒑𝒗-IM 𝑷𝒑𝒗-IM -IM 

1 0.94126616 0.313755387 0.295327328 0.030862786 

2 0.917476245 0.305825415 0.280587554 0.007072871 

3 0.903018143 0.301006048 0.271813922 0.007385231 

4 0.902074754 0.300691585 0.271246287 0.00832862 

5 0.90809742 0.30269914 0.274880308 0.002305954 

6 0.910304588 0.303434863 0.276218148 9.87862E-05 

7 0.910403215 0.303467738 0.276278004 1.59376E-07 

8 0.910403374 0.303467791 0.276278101 4.1267E-13 

9 0.910403374 0.303467791 0.276278101 0.000000000 

 

 

Figure 4. Voltage, current and power of solar cell with the absolute error values. 

 

Table 4 and Figure 6 Illustrate the obtained approximate results when  𝑅 = 4. 

 Table 4. The obtained values using IM. 

Iterations 𝑽𝒑𝒗-IM 𝑰𝒑𝒗-IM 𝑷𝒑𝒗-IM -IM 

1 0.940491937 0.235122984 0.221131271 0.038751335 

2 0.9151298 0.22878245 0.209365638 0.013389198 

3 0.897428152 0.224357038 0.201344322 0.00431245 

4 0.89244529 0.223111323 0.199114649 0.009295312 

5 0.897748102 0.224437025 0.201487914 0.0039925 

6 0.901401786 0.225350447 0.203131295 0.000338816 

7 0.90173867 0.225434667 0.203283157 1.93238E-06 

8 0.901740602 0.22543515 0.203284028 6.17006E-11 

9 0.901740602 0.22543515 0.203284028 0.000000000 
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Figure 5. Voltage, current and power of solar cell with the absolute error values. 

 

Table 5 and Figure 6 Illustrate the obtained approximate results when  𝑅 = 5. 

 

Table 5. The obtained values using IM. 

Iterations 𝑽𝒑𝒗-IM 𝑰𝒑𝒗-IM 𝑷𝒑𝒗-IM -IM 

1 0.939717132 0.187943426 0.176613658 0.050624417 

2 0.912726587 0.182545317 0.166613965 0.023633872 

3 0.891352644 0.178270529 0.158901907 0.002259929 

4 0.88049295 0.17609859 0.155053567 0.008599764 

5 0.882268872 0.176453774 0.155679672 0.006823843 

6 0.887741339 0.177548268 0.157616937 0.001351375 

7 0.889058854 0.177811771 0.158085129 3.38608E-05 

8 0.889092695 0.177818539 0.158097164 1.96857E-08 

9 0.889092715 0.177818543 0.158097171 0.000000000 

10 0.889092715 0.177818543 0.158097171 0.000000000 

 

 

Figure 6. Voltage, current and power of solar cell with the absolute error values. 
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The obtained solution plot in the (no. of iterations)--plane and the initial-output values prove that the 

proposed method IM have nine iterations indicated a fast behaviour. Parallel to this feature, it is noticed 

that the proposed method IM has a behaviour of the solution in the initial value 𝑥0 with small error 

tolerance. Results from Tables 1-5 are showing that the suggested method IM exhibits low absolute 

errors after computed iterations which in turn demonstrating its efficiency. 

5. Conclusions 

This paper presents a new method to calculate the electrical parameter of the solar cell using 

implicit method. Values acquired from the proposed method IM were found to be sufficient and values 

for single diode solar cell were determined with fast convergence, more capable to determine these 

parameters towards establishing the final values.   

6. References 

[1] Shihab SN and Sarhan MA 2014 Convergence analysis of shifted fourth kind Chebyshev wavelets, 

IOSR J. Math. 10 2 54-58. 

[2] Al-Rawi SN and Al-Rubaie HR 2010 An Approximate solution of some continuous time Linear-

Quadratic optimal control problem via Generalized Laguerre Polynomial J Pure Appl. Sci. 22 1 

85-97. 

[3] S. N. Al-Rawi, NUMERICAL SOLUTION OF INTEGRAL EQUATIONS USING TAYLOR 

SERIES, Journal of the College of Education, 5 (1992) 51-60. 

[4] Eleiwy JA and Shihab SN 2009 Chebyshev Polynomials and Spectral Method for Optimal Control 

Problem Eng. Technl. J. 27 14 2642-2652. 

[5] SHIHAB SN and Sarhan MA 2014 New Operational Matrices of Shifted Fourth Chebyshev wavelets 

Elixir Int. J.-Appl. Math. 69 1 23239-23244. 

[6] Al-Rawi SN, Al-Heety FA and Hasan SS 2010 A New Computational Method for Optimal Control 

Problem with B-spline Polynomials, Eng. Technol. J. 28 18 5711-5718. 

[7] Delphi M and SHIHAB S 2019 Operational Matrix Basic Spline Wavelets of Derivative for linear 

Optimal Control Problem Electron. Sci. Technol. Appl. 6 2 18-24. 

[8] Rasheed MS 2012 Study of the effects of acidic solutions on the physical properties of polymeric 

materials superimposed Al-Mustansiriyah J. Sci. 13 49 6. 

[9] Rasheed MS and Shihab S 2020 Modelling and Parameter Extraction of PV Cell Using Single-Diode 

Model Adv. Energy Conv. Mat. 1 2 96-104. 

[10] Rasheed MS and Shihab S 2020 Analysis of Mathematical Modeling of PV Cell with Numerical 

Algorithm Adv. Energy Conv. Mat. 1 2 70-79. 

[11] Rasheed MS 2010 Approximate Solutions of Barker Equation in Parabolic Orbits Eng. Technol. J. 

28 3 492-499. 

[12] Rasheed MS 2010 An Improved Algorithm For The Solution of Kepler‘s Equation For An Elliptical 

Orbit, Eng. Technol. J. 28 7 1316-1320. 

[13] Rasheed MS 2012 Acceleration of Predictor Corrector Halley Method in Astrophysics Application 

Int. J. Emerg. Technol. Comput. Appl. Sci. 1 2 91-94. 

[14] Rasheed MS 2012 Fast Procedure for Solving Two-Body Problem in Celestial Mechanic Int. J. 

Eng. Business Enterpr. Appl. 1 2 60-63. 

[15] Rasheed MS 2013 Solve the Position to Time Equation for an Object Travelling on a Parabolic 

Orbit in Celestial Mechanics, Diyala J.Pure Sci. 9 4 31-38. 

[16] Rasheed MS 2013 Comparison of Starting Values for Implicit Iterative Solutions to Hyperbolic 

Orbits Equation Int. J. Software Web Sci. (IJSWS) 1 2 65-71. 

[17] Rasheed MS 2014 On Solving Hyperbolic Trajectory Using New Predictor-Corrector Quadrature 

Algorithms Baghdad Sci. J. 11 1 186-192. 

[18] Rasheed MS 2020 Modification of Three Order Methods for Solving Satellite Orbital Equation in 

Elliptical Motion J. Univ. Anbar Pure Sci. 14 1 33-37. 

https://www.researchgate.net/profile/Suha_Shihab3/publication/271107373_Convergence_Analysis_of_shifted_Fourth_kind_Chebyshev_Wavelets/links/5c0c170a299bf139c749988e/Convergence-Analysis-of-shifted-Fourth-kind-Chebyshev-Wavelets.pdf
http://scholar.google.com/scholar?cluster=14081513998029864334&hl=en&oi=scholarr
http://scholar.google.com/scholar?cluster=14081513998029864334&hl=en&oi=scholarr
https://www.iasj.net/iasj?func=article&aId=43092
https://www.iasj.net/iasj?func=article&aId=43092
https://www.researchgate.net/profile/Suha_Shihab3/publication/329830088_New_Operational_Matrices_of_Shifted_Fourth_Chebyshev_wavelets/links/5c1cb11f299bf12be38f6023/New-Operational-Matrices-of-Shifted-Fourth-Chebyshev-wavelets.pdf
https://www.iasj.net/iasj?func=article&aId=39264
https://www.iasj.net/iasj?func=article&aId=39264


Ibn Al-Haitham International Conference for Pure and Applied Sciences (IHICPS)
Journal of Physics: Conference Series 1879 (2021) 032120

IOP Publishing
doi:10.1088/1742-6596/1879/3/032120

8

 

 

 

 

 

 

[19] Rasheed M and Barillé R 2017 Room temperature deposition of ZnO and Al: ZnO ultrathin films 

on glass and PET substrates by DC sputtering technique, Opt.Quantum Electron. 49 5 1-14. 

[20] Rasheed M and Barillé R 2017 Optical constants of DC sputtering derived ITO, TiO2 and TiO2: Nb 

thin films characterized by spectrophotometry and spectroscopic ellipsometry for optoelectronic 

devices J. Non-Crystall. Solids 476 1-14. 

[21] Rasheed M and Barillé R 2017 Comparison the optical properties for Bi2O3 and NiO ultrathin films 

deposited on different substrates by DC sputtering technique for transparent electronics J. Alloys 

Comp. 728 1186-1198. 

[22] Saidani T, Zaabat M, Aida MS, Barille R, Rasheed M and Almohamed Y 2017 Influence of 

precursor source on sol–gel deposited ZnO thin films properties J. Mat. Sci. Mat. Electron. 28 13 

9252-9257. 

[23] Guergouria K, Boumezoued A, Barille R, Rechemc D, Rasheed M and Zaabata M 2019 ZnO 

nanopowders doped with bismuth oxide, from synthesis to electrical application J. Alloys Comp. 

791 550-558. 

[24] Bouras D, Mecif A, Barillé R, Harabi A, Rasheed M, Mahdjoub A and Zaabat M 2018 Cu: ZnO 

deposited on porous ceramic substrates by a simple thermal method for photocatalytic application 

Ceramics Int. 44 17 21546-21555. 

[25] Saidi W, Hfaidh N, Rasheed M, Girtan M, Megriche A and EL Maaoui M 2016 Effect of B2O3 

addition on optical and structural properties of TiO2 as a new blocking layer for multiple dye 

sensitive solar cell application (DSSC) RSC Adv. 6 73 68819-68826. 

[26] AUKŠTUOLIS A, Girtan M, Mousdis GA, Mallet R, Socol M, Rasheed M and Stanculescu A 2017 

Measurement of charge carrier mobility in perovskite nanowire films by photo-CELIV method 

Proc. Romanian Acad. Ser. a-Math. Phys. Techn. Sci. Inform. Sci. 18 1 34-41. 

[27] Sultan OA, Hassoon KI and Rasheed MS 2003 Deterioration of Silicon Solar Cell Parameter with 

Ambient Temperature Al-Mustansiriyah J. Sci. 14 1 25-31. 

[28] Tahir FS, Rasheed MS and Hameed IA 2012 Analysis the Performance of Silicon Solar Cell 

Parameters with the Ambient Temperature using Fuzzy Logic J. Coll. Basic Educ. 18 75 173-

183. 

[29] Tahir FS and Rasheed MS 2012 Decline in the Performance of Silicon Solar Cell Parameters with 

the Ambient Temperature in Baghdad J. Coll. Basic Educ. 18 75 95-111. 

[30] Dkhilalli F, Megdiche S, Guidara K, Rasheed M, Barillé R and Megdiche M 2018 AC conductivity 

evolution in bulk and grain boundary response of sodium tungstate Na2WO4 Ionics 24 1 169-180. 

[31] Dkhilalli F, Borchani SM, Rasheed M, Barille R, Guidara K and Megdiche M 2018 Structural, 

dielectric, and optical properties of the zinc tungstate ZnWO4 compound J. Mat. Sci. Mat. 

Electron. 29 8 6297-6307. 

[32] Dkhilalli F, Borchani SM, Rasheed M, Barille R, Shihab S, Guidara K and Megdiche M 2018 

Characterizations and morphology of sodium tungstate particles Royal Soc. Open Sci. 5 8 1-12. 

[33] Enneffati M, Louati B, Guidara K, Rasheed M and Barillé R 2018 Crystal structure characterization 

and AC electrical conduction behavior of sodium cadmium orthophosphate j. Mat. Sci. Mat. 

Electron. 29 1 171-179. 

[34] Kadri E, Krichen M, Mohammed R, Zouari A and Khirouni K 2016 Electrical transport mechanisms 

in amorphous silicon/crystalline silicon germanium heterojunction solar cell: impact of 

passivation layer in conversion efficiency Opt. Quantum Electron. 48 12 1-15. 

[35] Kadri E, Messaoudi O, Krichen M, Dhahri K, Rasheed M, Dhahri E, Zouari A, Khirouni K and 

Barillé R 2017 Optical and electrical properties of SiGe/Si solar cell heterostructures: 

Ellipsometric study J. Alloys Comp. 721 779-783. 

[36] Kadri E, Dhahri K, Zaafouri A, Krichen M, Rasheed M, Khirouni K and Barillé R 2017 Ac 

conductivity and dielectric behavior of a−Si:H/c− Si1−yGey/p−Si thin films synthesized by 

molecular beam epitaxial method J. Alloys Comp. 705 708-713. 



Ibn Al-Haitham International Conference for Pure and Applied Sciences (IHICPS)
Journal of Physics: Conference Series 1879 (2021) 032120

IOP Publishing
doi:10.1088/1742-6596/1879/3/032120

9

 

 

 

 

 

 

[37] Azaza NB, Elleuch S, Rasheed M, Gindre D, Abid S, Barille R, Abid Y and Ammar H 2019 3-(p-

nitrophenyl) Coumarin derivatives: Synthesis, linear and nonlinear optical properties Opt. Mat. 

96 109328. 

[38] Enneffati M, Rasheed M, Louati B, Guidara K and Barillé R 2019 Morphology, UV–visible and 

ellipsometric studies of sodium lithium orthovanadate, Opt. Quantum Electron. 51 9 299. 

[39] RASHEED M and Sarhan MA 2019 Solve and Implement the main Equations of Photovoltaic Cell 

Parameters Using Visual Studio Program Insight-Math. 1 1. 

[40] Rasheed M and Sarhan MA 2019 Characteristics of Solar Cell Outdoor Measurements Using Fuzzy 

Logic Method Insight-Math. 1 1. 

[41] RASHEED M and Sarhan MA 2019 Measuring the Solar Cell Parameters Using Fuzzy Set 

Technique Insight-Electron. 1 1. 

[42] RASHEEDM 2019 Linear Programming for Solving Solar Cell Parameters Insight-Electron. 1 1. 

[43] RASHEED M 2019 Investigation of Solar Cell Factors using Fuzzy Set Technique Insight-

Electron. 1 1. 

[44] Jalal R, Shihab S, Abed Alhadi M, Rasheed M 2020 Spectral Numerical Algorithm for Solving 

Optimal Control Using Boubaker-Turki Operational Matrices, Journal of Physics: Conference 

Series, 1660 1 012090. 

[45] RASHEED M and SHIHAB S 2019 Analytical Modeling of Solar Cells, Insight Electron. 1 1.  

[46] RASHEED M and SHIHAB S 2019 Modeling and Simulation of Solar Cell Mathematical Model 

Parameters Determination Based on Different Methods Insight Math. 1 1. 

[47] RASHEED M and SHIHAB S 2019 Parameters Estimation for Mathematical Model of Solar Cell, 

Electron. Sci. Technol. Appl. 

[48] SHIHAB S and RASHEED A 2019 Explicit Model of Solar Cells to Determine Voltages, Insight 

Electron. 

[49] RASHEED M and SHIHAB S 2019 Parameters Estimation of Photovoltaic Model Using Nonlinear 

Algorithms Insight Electron. 

[50] SHIHAB S and RASHEED M 2019 Modifications to Accelerate the Iterative Algorithm for the 

Single Diode Model of PV Model, Insight Electron. 

[51] Rasheed M and Shihab S 2020 Numerical Techniques for Solving Parameters of Solar Cell, Appl. 

Phys. 3 2 16-27. 

[52] Abbas MM and Rasheed M 2020 Solid State Reaction Synthesis and Characterization of Aluminum 

Doped Titanium Dioxide Nanomaterials J. Southwest Jiaotong Univ. 55 2 (2020) 1-10. 

[53] Aziz SH, Rasheed M and Shihab S 2020 New Properties of Modified Second Kind Chebyshev 

Polynomials J. Southwest Jiaotong Univ. 55 3. 

[54] Sarhan MA, Shihab S and Rasheed M 2020 On the Properties of Two-Dimensional Normalized 

Boubaker Polynomials J. Southwest Jiaotong Univ. 55 3.  

[55] Sarhan MA, Shihab S and Rasheed M 2020 A New Boubaker Wavelets Operational Matrix of 

Integration J. Southwest Jiaotong Univ. 55 2. 


