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1. INTRODUCTION

Many iterative methods have been employed to solve nonlinear equations, and many researchers have
utilized and improved them. Newton's method is widely used in the fields of chemistry as a standard method
for solving nonlinear equations, engineering, and physics. Many researchers [1]-[10] suggested many
experiments and iterative methods are used to solve a solar cell's nonlinear equation depending on Kirchhoff's
current law for the equivalent circuit of a photovoltaic (PV) cell. Several iterative methods for the first order
derivative of a function have been suggested and explained. Several researchers utilized the umerical techniques
for solving solar cell parameters problems, such as: the single-diode model used by Yin and Babu [11] to study
the solar cell parameters were compared in terms of the number of unknown parameters, accuracy, and
calculation time to support the advantages and disadvantages of each model. In accordance with the
requirements of the optimization, Louzazni et al. [12] presented the solar cell parameters for a single diode
circuit based on the larange multiplier approach. To demonstrate the effectiveness of the suggested
optimization strategy, computer simulations are used to show a realistic numerical example for several
technologies. According to Wang et al. [13], given an unknown set of circuit model parameters, a PV cell's
behavior may be inferred from its current-voltage characteristics.
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Since nonlinear, multivariable, and multimodal aspects have been examined, it is important to
precisely and effectively extract the parameters of the PV model. Among them, Kalliojérvi-Viljakaine et al. [14]
potential monitoring techniques for PV systems include the single-diode model and measured current-voltage
curves from PV modules. Module aging and deterioration may be shown by changes in model parameters.
However, each parameter's values are affected by the operating temperature and irradiance, thus those values
must also be noted. Xu and Qiu [9] have conducted research on the effective estimation of the unidentified
model parameters for both the single diode model and the double diode model of solar cells and PV modules [15]
suggest a modified stochastic fractal search technique. According to Calasan et al. [16], the current-voltage
characteristics of the double diode and triple diode models of solar cells exhibit significant nonlinearity,
rendering them devoid of any analytical solution. Hence, irrespective of the selected methodology (such as
metaheuristic and hybrid), it is necessary to use an iterative approach in order to calculate the present value in
relation to voltage. This is essential for accurately determining the parameters of these models. Depending on
load resistance (R) ranges between 1 and 5, the study introduces two numerical iterative algorithms, double
false position method (DFPM) and classic chord method (CCM) procedures. The alternative approach DFPM
requires seven function evaluations every iteration, while the proposed technique only needs five. The process
for the present work is shown by the stages: sections two address the mathematical technique and zeros cause
analysis for the DFPM and CCM strategies whereas; the mathematical experiments, the discussion, and the
conclusion are included in sections three and four.

2. METHOD
2.1. Photovoltaic module

Kirchhoff's process is applicable to the photovoltaic cell-single-diode electrical arrangement
[17]-[29]:

I=1I,—1Ip

B/ Ve KT
where: IT=1,,—1Ip|e mvVt — 1), Ip =I,(e nvr — 1), and Vi = /q=27.5mV,k=1.38><

10~%*]/K= the Boltzmann constant, I, =diode's reverse saturation current=10""2A, I, =generated current,
m=1 to 2 imply the factor involved in recombination., T =the junction's temperature, q = 1.6 X 107° C.

Vb
Iph = Isource » Ip = Is * <enVT - 1) 1)
_ Vpv. _
Ipv =R va = Ipv X va (2)

where: |
obtain:

pvs Vpvs Ppy = the cell's current, voltage, and power, respectively. Put the appropriate value for I, and

(Isource) —-107"? (e_v/1'2*0'026 - 1) =V / R (3)

2.2. Classic chord method

To compare the various numerical iteration algorithms, methods 1 FPM and 2 classic chord algorithm
were utilized CCM. The following steps have been presented the CCM, by combining the Newton's technique
[25]-[28]. The following equation x = g(v) = v — b(v).f(v) defining the iterative procedure based on the
function b(v).
b(v) = m = constant # 0. Chord algorithm defines the chord algorithm for which the iteration is:
- Letvy,
- Calculate v, which is the approximate solution.

Vh+1 = Vn — mf(vn) (4)

- 0 < mf(v,) < 2; the chord method 1st order algorithm), calculate m at each iteration leads to the order of
convergence.

Vn+1 = Vn — mnf(vn) (5)
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- The inverse of the slope for the straight line named (m,,) which is defined by (6):

—y. —_—vn7Vn-1
Vn+1 = Vn f(vn)—f(Vn—1) f(vn) (6)

- CCM model focus if f(a) # 0 and in the neighbourhood of a, ?(v) is continuous. The tolerance £ = 10~ and
for the purpose of estimating the rootss, the following criteria are used

0= |Vn+1 - an <Eg, (7)

2.3. Regula Falsi method (FPM or DRFM)

For the purpose of solving nonlinear equations of the form y = f(v,) = 0, Regula Falsi technique
can be used [29]-[33]. For problems that are more difficult DFPM can be used, such that f(v) = av + b, if
f(vy) = by, f(v,) = b,. It is mathematically equivalent to linear interpolation. Using a pair of test inputs v, v;,
as shown in:

byivy=byvy
— 21V27D2V1 8
(b1-b2) ®)

thus, f(v) = av + c (linear function)

3. RESULTS AND DISCUSSION

In this study, a nonlinear equation solver (5) is utilized to compare the CCM with DFPM method with
a guess value of v, = 1 (6). Every calculation is completed with the level of accuracy given by the quantity of
function evaluations and calculations in the Figure 1 and Table 1, the R value in the numerical test, which
represent the circuit's load resistance Figure equal to 1. Regarding the numerical examples and answers
generated by these two approaches for solving (3), five different experiments are conducted. The DFPM
approach only requires five iterations, but the CCM method requires seven, as seen in the Tables and Figures.
This demonstrates how much quicker the DFPM approach is than the CCM method.
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Figure 1. Results of according to (3)'s comparison based on (3), (5), and (6)
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Table 1. Solutions to (3) that are predicted using the absolute error values €
V,,-CCM I,,- CCM P,,- CCM V,,-DFPM  1,,-DFPM  P,,- DFPM e- CCM &- DFPM

0.956342897  0.956342897 0.914591738  0.928076971  0.928076971 0.861326864 0.033919763  0.005653836

0.935676402  0.935676402  0.875490329  0.922905033  0.922905033  0.8517537  0.013253267  0.000481898

0.924881651  0.924881651  0.855406068  0.922426829  0.922426829  0.850871255  0.002458516  3.6943E-06

0.922517679  0.922517679  0.851038869  0.922423135  0.922423135  0.85086444  9.45447E-05  2.18964E-10

0.922423278  0.922423278  0.850864704  0.922423135  0.922423135  0.850864439  1.43773E-07 0

0.922423135  0.922423135  0.850864439 3.33178E-13

0.922423135  0.922423135  0.850864439 0

Every calculation is completed with the level of accuracy given by the quantity of function evaluations
and calculations in the Figure 2 and Table 2. The R value in the numerical test equal to 2. Every calculation is
completed with the level of accuracy given by the quantity of function evaluations and calculations in the
Table 3 and Figure 3. The R value in the numerical test equal to 3.
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Figure 2. Results of Results of according to (3)'s comparison based on (3), (5), and (6)

Table 2. Solutions to (3) that are predicted using the absolute error values €.

V,,-CCM I,,- CCM P,,- CCM V,,-DFPM  1,,-DFPM  P,,- DFPM e- CCM &- DFPM
0.955509809  0.477754904 0456499497  0.92471291  0.462356455 0.427546983  0.038474426  0.007677528
0.933452268  0.466726134  0.435666569 0.917911499  0.45895575  0.42128076  0.016416886  0.000876117
0.920708719  0.46035436  0.423852273  0.917047635 0.458523817  0.420488182  0.003673337  1.22522E-05
0917245199 04586226 0420669378 0.917035385 0.458517692  0.420476949  0.000209817  2.42601E-09
0.917036095  0.458518047  0.4204776  0.917035382  0.458517691 0.420476946 7.12519E-07  2.22045E-16
0917035382  0.458517691  0.420476946 0.917035382  0.458517691 0.420476946  8.24774E-12 0
0917035382  0.458517691  0.420476946 0

Table 3. Solutions to (3) that are predicted using the absolute error values €

V,,-CCM I,,- CCM P,,- CCM V,,-DFPM  1,-DFPM _ P,,- DFPM e- CCM ¢- DFPM
0.954668501  0.318222834 0.303797316 0.921077731  0.30702591  0.282794729  0.044265127 0.010674357
0931130761  0.31037692  0.289001498  0.912060122  0.304020041  0.277284556  0.020727387  0.001656748
0.916050375  0.305350125  0.279716096  0.910447324  0.303482441 0.276304776  0.005647001  4.39496E-05
0.91089377  0.303631257  0.27657582  0.910403406 0.303467802  0.27627812  0.000490396  3.15643E-08
0910407299  0.3034691  0.276280483  0.910403374  0.303467791 0.276278101  3.92473E-06  1.64313E-14
0.910403374  0.303467791  0.276278101  0.910403374  0.303467791 0.276278101  2.53289E-10 0
0.910403374  0.303467791  0.276278101 0
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Figure 3. Results of according to (3)'s comparison based on (3), (5), and (6)

Every calculation is completed with the level of accuracy given by the quantity of function evaluations
and calculations in the Figure 4 and Table 4, the R value in the numerical test equal to 4. Every calculation is
completed with the level of accuracy given by the quantity of function evaluations and calculations in the
Table 5 and Figure 5, the R value in the numerical test equal to 5. The findings of the analysis show that the
CCM technique is capable of competing favorably with the DM strategy. Because the recommended method
DFPM requires less function evaluations than the alternative method (A2), the amount of time spent computing
has been reduced, and the efficiency of the method (DM) has been improved.
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Figure 4. Results of according to (3)'s comparison based on (3), (5), and (6)
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Table 4. Solutions to (3) that are predicted using the absolute error values €
V,,-CCM I,,- CCM P,-CCM  V,,-DFPM  1,,-DFPM  P,,- DFPM e- CCM &- DFPM
0.953818908  0.238454727 0.227442627 0.917137477  0.229284369  0.210285288  0.052078306  0.015396875
0.928705897  0.232176474 0215623661  0.905065248  0.226266312  0.204785776  0.026965295  0.003324646
0.910811452  0.227702863  0.207394375  0.901917691 0225479423  0.20336388  0.00907085  0.000177089
0.902978861  0.225744715  0.203842706  0.901741124  0.225435281  0.203284264  0.001238259  5.22069E-07
0.901765899  0.225441475  0.203295434  0.901740602  0.22543515  0.203284028 2.52971E-05  4.56313E-12

0.901740613  0.225435153  0.203284033  0.901740602  0.22543515  0.203284028  1.07408E-08 0
0.901740602  0.22543515  0.203284028 1.9984E-15
0.901740602  0.22543515  0.203284028 0

Table 5. Solutions to (3) that are predicted using the absolute error values €
V,,-CCM I,,- CCM P,-CCM  V,,-DFPM  1,-DFPM  P,,- DFPM e- CCM &- DFPM
0.952960959  0.190592192  0.181626918  0.912852792  0.182570558  0.166660044  0.063868245  0.023760077
0926171251  0.18523425  0.171558637  0.896503075  0.179300615  0.160743553  0.037078536  0.00741036
0.904871952  0.18097439  0.16375865  0.889962786  0.177992557  0.158406752  0.015779238  0.000870071
0.89266728  0.178533456  0.159370975  0.889105769  0.177821154  0.158101814  0.003574566  1.3054E-05
0.889306005  0.177861201  0.158173034  0.889092718  0.177818544  0.158097172  0.00021329  2.98126E-09
0.889093511  0.177818702  0.158097454  0.889092715  0.177818543  0.158097171  7.96312E-07  3.33067E-16

0.889092715 0.177818543  0.158097171  0.889092715 0.177818543  0.158097171  1.11464E-11 0
0.889092715 0.177818543  0.158097171 0
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Figure 5. Results of according to (3)'s comparison based on (3), (5), and (6)

4. CONCLUSION

This study presents two numerical methods that have been presented for the purpose of solving non-
linear functions in scientific applications, specifically in the context of solar cell devices. These techniques are
not dependent on the function's second derivative. Using these methods, a lot of numerical experiments are
done, and the results are compared to show that the newly proposed algorithm is better.

REFERENCES

[1] M. Calasan, M. Al-Dhaifallah, Z. M. Ali, and S. H. E. A. Aleem, “Comparative analysis of different iterative methods for solving
current-voltage characteristics of double and triple diode models of solar cells,” Mathematics, vol. 10, no. 17, p. 3082, Aug. 2022,
doi: 10.3390/math10173082.

[2] E. Kadri, M. Krichen, R. Mohammed, A. Zouari, and K. Khirouni, “Electrical transport mechanisms in amorphous
silicon/crystalline silicon germanium heterojunction solar cell: impact of passivation layer in conversion efficiency,” Optical and
Quantum Electronics, vol. 48, no. 12, p. 546, Dec. 2016, doi: 10.1007/s11082-016-0812-7.

Indonesian J Elec Eng & Comp Sci, Vol. 33, No. 1, January 2024: 653-660



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 659

[3]
[4]
[5]
[6]

[71

(8]
[9]
[10]

[11]
[12]
[13]

[14]

[15]

[16]

[17]

[18]
[19]
[20]
[21]

[22]

[23]

[24]
[25]
[26]
[27]
[28]

[29]

[30]

[31]

[32]

[33]

M. Rasheed, O. Y. Mohammed, S. Shihab, and A. Al-Adili, “Explicit numerical model of solar cells to determine current and
voltage,” Journal of Physics: Conference Series, vol. 1795, no. 1, p. 012043, Mar. 2021, doi: 10.1088/1742-6596/1795/1/012043.
R. Herbazi, K. Amechnoue, A. Khouya, and M. Louzazni, “Investigation of photovoltaic output characteristics with iterative
methods,” Procedia Manufacturing, vol. 32, pp. 794-801, 2019, doi: 10.1016/j.promfg.2019.02.287.

Y. Li et al., “Evaluation of methods to extract parameters from current-voltage characteristics of solar cells,” Solar Energy, vol. 90,
pp. 51-57, Apr. 2013, doi: 10.1016/j.solener.2012.12.005

R. Jalal, S. Shihab, M. A. Alhadi, and M. Rasheed, “Spectral numerical algorithm for solving optimal control using Boubaker-Turki
operational matrices,” Journal of Physics: Conference Series, vol. 1660, no. 1, p. 012090, Nov. 2020, doi: 10.1088/1742-
6596/1660/1/012090.

M. Rasheed, Suhashihab, O. Alabdali, and H. H. Hassan, “Parameters extraction of a single-diode model of photovoltaic cell using
false position iterative method,” Journal of Physics: Conference Series, vol. 1879, no. 3, p. 032113, May 2021, doi: 10.1088/1742-
6596/1879/3/032113.

M. Rasheed, O. Alabdali, and S. Shihab, “A new technique for solar cell parameters estimation of the single-diode model,” Journal
of Physics: Conference Series, vol. 1879, no. 3, p. 032120, May 2021, doi: 10.1088/1742-6596/1879/3/032120.

S. Xu and H. Qiu, “A modified stochastic fractal search algorithm for parameter estimation of solar cells and PV modules,” Energy
Reports, vol. 8, pp. 1853-1866, Nov. 2022, doi: 10.1016/j.egyr.2022.01.008.

M. Enneffatia, M. Rasheed, B. Louatia, K. Guidaraa, S. Shihab, and R. Barill¢, “Investigation of structural, morphology, optical
properties and electrical transport conduction of Li0.25Na0.75CdVO4compound,” Journal of Physics: Conference Series,
vol. 1795, no. 1, p. 012050, Mar. 2021, doi: 10.1088/1742-6596/1795/1/012050.

O. W. Yin and B. C. Babu, “Simple and easy approach for mathematical analysis of photovoltaic (PV) module under normal and
partial shading conditions,” Optik, vol. 169, pp. 48-61, Sep. 2018, doi: 10.1016/j.ijle0.2018.05.037.

M. Louzazni, A. Khouya, S. Al-Dahidi, M. Mussetta, and K. Amechnoue, “Analytical optimization of photovoltaic output with
lagrange multiplier method,” Optik, vol. 199, p. 163379, Dec. 2019, doi: 10.1016/j.ijle0.2019.163379.

S. Wang, H. Luo, Y. Ge, and S. Liu, “A new approach for modeling photovoltaic modules based on difference equation,” Renewable
Energy, vol. 168, pp. 85-96, May 2021, doi: 10.1016/j.renene.2020.12.023.

H. Kalliojérvi-Viljakainen, K. Lappalainen, and S. Valkealahti, “A novel procedure for identifying the parameters of the single-
diode model and the operating conditions of a photovoltaic module from measured current—voltage curves,” Energy Reports, vol.
8, pp. 46334640, Nov. 2022, doi: 10.1016/j.egyr.2022.03.141.

Z. Darvay, T. Illés, and P. R. Rigo, “Predictor-corrector interior-point algorithm for P*(x)-linear complementarity problems based
on a new type of algebraic equivalent transformation technique,” European Journal of Operational Research, vol. 298, no. 1,
pp. 25-35, Apr. 2022, doi: 10.1016/j.ejor.2021.08.039.

M. Calasan, S. H. E. A. Aleem, and A. F. Zobaa, “On the root mean square error (RMSE) calculation for parameter estimation of
photovoltaic models: a novel exact analytical solution based on Lambert W function,” Energy Conversion and Management,
vol. 210, p. 112716, Apr. 2020, doi: 10.1016/j.enconman.2020.112716.

P. Chigullapally, L. S. Hogan, L. M. Wotherspoon, M. Stephens, and M. J. Pender, “Experimental and numerical analysis of the
lateral response of full-scale bridge piers,” Bulletin of the New Zealand Society for Earthquake Engineering (BEEI), vol. 55, no. 2,
pp. 95-111, May 2022, doi: 10.5459/BNZSEE.55.2.95-111.

H. Huang, J. Luo, L. I. A. Qambhia, E. Tutumluer, J. S. Tingle, and C. R. Gonzalez, “Finite element analysis of nonlinear elastic
behavior of unbound aggregate materials under repeated loading,” Lecture Notes in Civil Engineering, vol. 164, 2022, pp. 253-264.
W. H. Liang, D. Y. Wu, and J. H. Cao, “Numerical analysis of coating thickness and pressure distribution in blade coating flows of
power-law fluids,” Physics of Fluids, vol. 34, no. 7, Jul. 2022, doi: 10.1063/5.0096839.

V. T. Dhokrat, D. P. Patil, and S. G. Pawar, “Proposed section methods to find root of the single variable non-linear algebraic and
transcendental equations,” ECS Transactions, vol. 107, no. 1, pp. 6711-6724, Apr. 2022, doi: 10.1149/10701.6711ecst.

Y. Mori, R. Matsuzaki, and N. Kumekawa, “Variable thickness design for composite materials using curvilinear fiber paths,”
Composite Structures, vol. 263, p. 113723, May 2021, doi: 10.1016/j.compstruct.2021.113723.

S. Gharbi et al., “Effect of Bi substitution on nanostructural, morphologic, and electrical behavior of nanocrystalline Lal-
xBixNi0.5Ti0.503 (x=0 and x=0.2) for the electrical devices,” Materials Science and Engineering: B, vol. 270, p. 115191, Aug.
2021, doi: https://doi.org/10.1016/j.mseb.2021.115191.

T. Easwarakhanthan, J. Bottin, I. Bouhouch, and C. Boutrit, “Nonlinear minimization algorithm for determining the solar cell
parameters with microcomputers,” International Journal of Solar Energy, vol. 4, no. 1, pp. 1-12, Jan. 1986,
doi: 10.1080/01425918608909835.

J. A. Jervase, H. Bourdoucen, and A. Al-Lawati, “Solar cell parameter extraction using genetic algorithms,” Measurement Science
and Technology, vol. 12, no. 11, pp. 1922-1925, Nov. 2001, doi: 10.1088/0957-0233/12/11/322.

F. Ghani, G. Rosengarten, M. Duke, and J. K. Carson, “The numerical calculation of single-diode solar-cell modelling parameters,”
Renewable Energy, vol. 72, pp. 105-112, Dec. 2014, doi: 10.1016/j.renene.2014.06.035.

S. Tripathi, B. Kumar, and D. K. Dwivedi, “Numerical simulation of non-toxic In2S3/SnS2 buffer layer to enhance CZTS solar
cells efficiency by optimizing device parameters,” Optik, vol. 227, p. 166087, Feb. 2021, doi: 10.1016/j.ijle0.2020.166087.

E. Velilla, J. B. Cano, K. Jimenez, J. Valencia, D. Ramirez, and F. Jaramillo, “Numerical analysis to determine reliable one-diode
model parameters for perovskite solar cells,” Energies, vol. 11, no. 8, p. 1963, Jul. 2018, doi: 10.3390/en11081963.

R. Klenk, “Characterisation and modelling of chalcopyrite solar cells,” Thin Solid Films, vol. 387, no. 1-2, pp. 135-140, May 2001,
doi: 10.1016/S0040-6090(00)01736-3.

W. Long, S. Cai, J. Jiao, M. Xu, and T. Wu, “A new hybrid algorithm based on grey wolf optimizer and cuckoo search for parameter
extraction of solar photovoltaic models,” Energy Conversion and Management, vol. 203, p. 112243, Jan. 2020,
doi: 10.1016/j.enconman.2019.112243.

J. D. Bastidas-Rodriguez, G. Petrone, C. A. Ramos-Paja, and G. Spagnuolo, “A genetic algorithm for identifying the single diode
model parameters of a photovoltaic panel,” Mathematics and Computers in Simulation, vol. 131, pp. 38-54, Jan. 2017,
doi: 10.1016/j.matcom.2015.10.008.

F. Javier Toledo, J. M. Blanes, and V. Galiano, “Two-step linear least-squares method for photovoltaic single-diode model
parameters extraction,” |EEE Transactions on Industrial Electronics, vol. 65, no. 8, pp. 6301-6308, Aug. 2018,
doi: 10.1109/T1E.2018.2793216.

A. Ayang et al., “Maximum likelihood parameters estimation of single-diode model of photovoltaic generator,” Renewable Energy,
vol. 130, pp. 111-121, Jan. 2019, doi: 10.1016/j.renene.2018.06.039.

H. K. Mehta, H. Warke, K. Kukadiya, and A. K. Panchal, “Accurate expressions for single-diode-model solar cell parameterization,”
IEEE Journal of Photovoltaics, vol. 9, no. 3, pp. 803-810, May 2019, doi: 10.1109/JPHOTOV.2019.2896264.

Mathematical models for resolving the nonlinear formula for solar cell (Mohammad Rasheed)


https://doi.org/10.1016/j.renene.2020.12.023
https://doi.org/10.1016/j.enconman.2020.112716

660

0

ISSN: 2502-4752

BIOGRAPHIES OF AUTHORS

Mohammad Rasheed © £ 12 Received the B.Sc. degree in Laser Physics, Applied
Science Department, University of Technology, Baghdad, Iraq (1992), the M.Sc. degree in
Space Technologies and Communications from the University of Technology, Iraq (2005),
Ph.D. degree from Moltech-Anjou Lab. College of Science, University of Angers, Angers
France in (12/12/2017). He is an Assistant Professor Dr. and scientist in the field of applied
sciences, Nanotechnology in (11/11/2018). The scope of his research is quite abroad,
covering nanotechnology, thin films, numerical analysis, optical communication, material
science, image processing, ceramics, polymer, laser applications knowledge-based system
development, and the implementation of data analytic, simulation and solid-state physics
models. He has published over 127 research articles within international journals. He can be
contacted at email: rasheed.mohammed40@yahoo.com.

Igbal Alshalal B B3 2 received a B.Sc. degree in Mechanical Engineering from the
University of Baghdad, Iraq and an M.Sc. degree in Mechanical Engineering from the
University of Baghdad, Irag, an M.Sc. in Applied Mechanics from the USA, and a Ph.D. in
applied mechanics from The University of Missouri/Columbia. Her interests are general
mechanical engineering analysis, damage detection methods in mechanical structures,
material optimization properties, vibration analysis, applied mechanics, the strength of
materials, nonlinear dynamics, and nanomaterials. She is a Lecturer in the Control and
Robotics Department, she is the administrator of the registration of students in the training
and workshops center at the University of Technology, Irag. She can be contacted at email:
igbal.a.alshalal@uotechnology.edu.ig.

Arshad Abdula Rashed © B4 2 now in the Production Department, Ministry of Qil,
Baghdad, Iraq. Master degree in mechanical engineering. He received B.Sc. degree in
Mechanical Engineering from University of Baghdad in 1990-1991, Master degree in
Mechanical Engineering from University of Baghdad in 2005-2006. Scopus preview -
Rashed, Arshad Abdula - author details - Scopus TEST 02 - Elsevier's Scopus, the largest
abstract and citation database of peer-reviewed literature. Reviewers in many journals inside
and autside the country (Iraq). Editorial board member in 3 journals. He can be contacted at
email: rashed2221@yahoo.com.

Mohammed Abdelhadi Sarhan B4 12 received the B.Sc. degree in Applied
Mathematics from Mathematics Department, University of Baghdad, Bagghdad, Iraq (1983),
the M.Sc. degree in Numerical Analysis from College of Science, Mustansiriya University,
Baghdad, Iraq (2005), the Ph.D. degree in Numerical Analysis from College of Science,
Mustansiriya University, Baghdad, Iraq (2015), He has become an Assistant Professor in July
2021. His researches are in numerical analysis, applied mathematics, applied physics, applied
sciences, operations research, graph theory, fuzzy set, modeling and simulation. He has
served as an invited reviewer. He has more than 11 published articles inside Iraq and some
in international journals. He can be contacted at email: mohraf_98@yahoo.com.

Ahmed Shawki Jaber @ E: B3 12 received the B.Sc. degree in Applied Mathematics from
the in Mathematics, College of Science, Mustansiriya University, (1992-1997), the M.Sc.
degree in Mathematics, from College of Science, Mustansiriya University, (1999-2002), the
Ph.D. degree in Applied Mathematics from Department of Mathematics and Statistics from
University of Guelph, Ontario, Canada, (2014-2019). He can be contacted by email:
mido891974@gmail.com.

Indonesian J Elec Eng & Comp Sci, Vol. 33, No. 1, January 2024: 653-660


https://orcid.org/0000-0002-0768-2142
https://scholar.google.com/citations?hl=en&user=EZtViS0AAAAJ&view_op=list_works&sortby=pubdat
https://www.scopus.com/authid/detail.uri?authorId=57190422767
https://www.webofscience.com/wos/author/record/Y-8553-2018
https://orcid.org/0000-0003-0948-7460
https://www.scopus.com/authid/detail.uri?authorId=57203723340
https://orcid.org/0000-0001-7193-0254
https://www.scopus.com/authid/detail.uri?authorId=57219351363
https://orcid.org/0000-0002-7011-6581
https://www.scopus.com/authid/detail.uri?authorId=57202469580
https://orcid.org/0000-0002-2919-2574
https://www.scopus.com/authid/detail.uri?authorId=57200003957

