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Most likely, the reviewer is 
looking for these key sentences!

2013). However, owing to their distinctive physical structures and
materials, the characterization of these cells requires specialized mod-
els—which are beyond the scope of this work.

The precise knowledge of model parameters is vital for numerous
practical applications. For instance, they are utilized extensively in the
industry to simulate and emulate the performance of PV systems prior
to installation (Chin et al., 2017; Ram et al., 2018; Zagrouba et al.,
2010). The procedure is crucial for accurate energy yield prediction and
characterization of the power converter hardware. In (Kahoul et al.,
2014; Kichou et al., 2016; Malvoni et al., 2017; Meyer and Dyk, 2004),
they are used to assess the reliability and degradation rates of the PV
modules. Another field where the parameters are instrumental is in the
quality control of the PV cell manufacturing process (Sellami and
Bouaïcha, 2011). Nonetheless, due to the presence of exponential terms
and transcendental nature of the model equations, the parameter ex-
traction process is computationally challenging (Oliva et al., 2017a).
Besides, the output characteristics of the modules di!er from one to
another depending on the operating conditions, age, materials, and the
manufacturing technique employed (Femia et al., 2012; Jamil et al.,
2017; Park et al., 2013). For these reasons, the problem has garnered
the interest of numerous researchers over the past decades, and various
computational methods have been proposed (Chin et al., 2015b).

The available parameter extraction methods can generally be clas-
sified into two groups: analytical methods and numerical methods. The
former determines the parameters by solving a system of equations that
is derived from several key information of the I-V characteristics, such
as the open circuit voltage, short circuit current, maximum power point
and temperature coe"cients. Since these specifications are typically
provided on the standard module datasheet, the analytical methods are
inherently convenient. Despite the advantage, they are more suscep-
tible to measurement noise as only few selected points are taken into
consideration (Ishaque et al., 2011). Furthermore, to make the com-
putation analytically manageable, these methods often rely on ap-
proximations which lead to inaccurate and physically unrealistic solu-
tions (Chin et al., 2015b; Chin et al., 2017; Ishaque et al., 2012). Also,
since the datasheets values refer to newly manufactured modules, the
solutions are not applicable to on-site modules that have undergone
substantial degradation (Jamil et al., 2017).

On the other hand, the numerical methods compute the parameters
by minimizing the di!erence between the simulated I-V curve and the
experimental data points. The latter is usually acquired using a mon-
itoring hardware setup or extracted directly from the module datasheet.
The numerical approach is recognized to be more reliable than its
analytical counterpart (Chin et al., 2017; Lin et al., 2017). The algo-
rithm itself can be categorized into two types: deterministic and heur-
istic. Deterministic methods are generally gradient-based—examples
include the least-square Newton-Raphson method (Easwarakhanthan
et al., 1986), Levenberg–Marquardt algorithm (Gow and Manning,
1999; Ikegami et al., 2001), Runge-Kutta method (Elbaset et al., 2014),
iterative curve-fitting (Chan and Phang, 1987), and conductivity
method (Chegaar et al., 2001). Notwithstanding their e"cacies in local
search, a common disadvantage among these methods is the require-
ment for continuity, convexity and di!erentiability of the objective
function. It is also known that the improper choice of initial values
could result in non-convergence. Plus, the performance of the optimizer
tends to deteriorate as the number of decision parameters increases (El-
Naggar et al., 2012; Saha et al., 2015).

To overcome these shortcomings, various heuristic optimization
algorithms such as the evolutionary algorithms (EAs) have been applied
for the parameter extraction problem; they include the genetic algo-
rithm (GA) (Jervase et al., 2001; Moldovan et al., 2009; Sellami and
Bouaïcha, 2011; Zagrouba et al., 2010), particle swarm optimization
(PSO) (Hengsi and Kimball, 2011; Jing Jun and Kay-Soon, 2012;

Sandrolini et al., 2010; Wei et al., 2011; Ye et al., 2009), di!erential
evolution (DE) (Chin and Salam, 2019; da Costa et al., 2010; Gong and
Cai, 2013; Ishaque et al., 2012), simulated annealing (SA) (El-Naggar
et al., 2012), cuckoo search (CS) (Ma et al., 2013), harmony search (HS)
(Askarzadeh and Rezazadeh, 2012), pattern search (PS) (AlHajri et al.,
2012; AlRashidi et al., 2011), artificial bee swarm optimization (ABSO)
(Askarzadeh and Rezazadeh, 2013a), the bird mating optimizer (BMO)
(Askarzadeh and Rezazadeh, 2013b), artificial bee colony (ABC)
(Jamadi et al., 2016; Oliva et al., 2014), and chaotic whale optimizer
algorithm (CWOA) (Oliva et al., 2017a). In contrast to the deterministic
approach, these methods are known for their e!ective global search and
ability to handle non-linear function without gradient information.
Moreover, owing to their stochastic nature, the final solutions of these
algorithms are independent of the initial guess. Numerous works have
shown that EAs provide more accurate and robust solutions than the
deterministic algorithms (AlRashidi et al., 2011; Askarzadeh and
Rezazadeh, 2012; Ye et al., 2009). However, the EAs usually contain
many algorithm-specific parameters (also known as control parameters)
which must be carefully adjusted to suit specific problems. The in-
appropriate settings could result in slow convergence rate and pre-
mature convergence (Eiben et al., 1999; Jiang et al., 2013). Further,
depending on the nature of the search surface, the EAs could get stuck
in local optimums (Askarzadeh and Rezazadeh, 2013a; Gao et al.,
2018). In fact, due to the multi-modal nature of the PV parameter ex-
traction problems, most available EAs fail to obtain the global optimal
solution. Considering that the exact values of the model parameters are
not known, any enhancement in fitting accuracy is considered highly
valuable from the modelling point of view. Moreover, according to the
No Free Lunch theorem (Wolpert and Macready, 1997), no single al-
gorithm is suitable to solve for all optimization problems. Thus, the
search for an alternative optimization algorithm that can reliably
identify the PV model parameters is an active field of research.

The e!ectiveness of an EA depends on its balance between ex-
ploration and exploitation (Tan et al., 2009). Exploration denotes the
diversification of the algorithm’s population to probe new regions of the
search space; whereas exploitation refers to the ability to refine the
existing solutions by searching around their proximities. Inspired by the
social structure of coyotes (or canis latrans species), the Coyote Opti-
mization Algorithm (COA) is one of the most recent EAs available in the
literature (Coelho, 2018). The new algorithm formulates a unique
strategy and diverse mechanisms for balancing exploration and ex-
ploitation by mimicking the social organization and adaptation strate-
gies of the coyotes. The algorithm has a very simple structure and
comprises only two control parameters, i.e. Np and Nc. Therefore, it is
simple to implement and does not require extensive trial-and-errors for
tuning the parameters. Despite its simplistic nature, the COA is proven
to substantially outperform other nature-inspired metaheuristics in 92
case studies according to the non-parametric Wilcoxon-Mann-Whitney
and Friedman statistical significance tests (Coelho, 2018). Notwith-
standing the promising potentials, a comprehensive search of the lit-
erature reveals that the COA has yet to be applied for the parameter
extraction of solar cell models.

In light of the preceding discussions, this study presents a seminal
e!ort to apply the COA to the field of PV cell modelling. To this end, the
COA is applied to extract the model parameters of PV cells and modules
for the single diode and the two-diode models. To ensure e!ective
implementation of COA, a simple procedure is utilized to determine the
optimal control parameter settings. The root-mean-square error (RMSE)
between the PV model output and the experimental data points is de-
fined as the objective function to be minimized. Further, this work in-
troduces a set of parametric constraints to confine the search within the
predefined parameters boundaries. For validation, the results are
evaluated against other popular algorithms based on two widely
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A B S T R A C T

In this paper, a new and powerful metaheuristic optimization technique known as the Coyote Optimization
Algorithm (COA) is proposed for the parameter extraction of the PV cell/module. It is utilized to identify the
parameters of the single diode and two-diode models. Inspired by the social norms adopted by the coyotes to
ensure the survivability of their species, the COA possesses several outstanding merits such as low number of
control parameters, ease of implementation and diverse mechanisms for balancing exploration and exploitation.
For physically meaningful solutions, a set of parametric constraints is introduced to prevent the coyotes from
straying outside of the predefined boundaries of the search space. Extensive tests indicate that the proposed
optimizer exhibits superior accuracy compared to other state-of-the-art EA-based parameter extraction methods.
It achieved root-mean-square error (RSME) as low as 7.7301E-04 A and 7.3265E-04 A, for the single-diode and
two-diode models, respectively. Moreover, the algorithm maintains outstanding performance when tested on an
assortment of modules of di!erent technologies (i.e. mono-crystalline, poly-crystalline, and thin film) at varying
irradiance and temperature. The standard deviations (STDs) of the fitness values over 35 runs are measured to be
less than 1" 10#5 for both models. This suggests that the results produced by the algorithm are highly con-
sistent. With these outstanding merits, the COA is envisaged to be a competitive option for the parameter ex-
traction problem of PV cell/module.

1. Introduction

To date, solar PV is among the fastest-growing sources of energy in
the world. According to the latest global status report by REN21, the
world added at least 98 GW of solar PV capacity in 2017—which sur-
passes the capacity installed from any other type of power generating
technology for the same duration (Secretariat, 2018). Putting that into
perspective, the current capacity is equivalent to an average of more
than 40,000 solar modules being installed each hour of the year.
However, unlike conventional energy sources (such as fossil fuels), the
output of a PV system is highly dependent on the availability of solar
irradiance (Chin et al., 2015c; Virtuani and Strepparava, 2017). Fur-
thermore, although the commercial modules are normally associated
with performance warranty periods of up to 25 years, PV systems are
typically deployed under harsh operating conditions—which inevitably
leads to accelerated degradation (Rajput et al., 2016a; Rajput et al.,

2016b). Therefore, the availability of a tool which accurately char-
acterizes the performance of the PV modules for varying meteorological
conditions is indispensable.

More than 90% the PV cells in use today, i.e. monocrystalline,
polycrystalline and thin film, are silicon-based ((ISE), 2018). Thus, their
characteristics can be conveniently described using the electrical-based
diode models (Chin et al., 2016; Oliva et al., 2017a; Yu et al., 2017). In
these models, lumped elements (also known as model parameters) are
used to describe the electrical properties and physical phenomena that
transpire within the cells. For instance, the current source represents
the photo-generated current; while the series resistor accounts for the
losses due to the contact resistance between silicon and electrodes
surfaces, and the innate resistance of the materials (Chin et al., 2015b).
There are also other emerging cell technologies such as the perovskite
(Moeini et al., 2018), organic (De Castro et al., 2016; Jain and Kapoor,
2005; Yu et al., 2018a) and multi-junction (Ben Or and Appelbaum,
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Another example

GLUHFWO\�FRQQHFWLQJ�WKH�,'&&0�WR�WKH�JULG��VHYHUDO�RI�WKHVH�GHYLFHV
DUH�FRQQHFWHG� LQ� VHULHV�±� IRUPLQJ�D� VWULQJ� WKDW� LV� FRQQHFWHG� WR�DQ
LQYHUWHU� >��±��@��7KXV�� WKH� ,'&&0� LPSURYHV� WKH�SHUIRUPDQFH�RI
WKH�V\VWHP�E\�HQVXULQJ�WKDW�WKH�VWULQJ�FXUUHQW�LV�QRW�LQIOXHQFHG�E\
WKH�VKDGHG�PRGXOHV��)XUWKHUPRUH��VLQFH�WKH�SRZHU�IURP�WKH�PRGXOH
LV�LQGLYLGXDOO\�PD[LPLVHG�E\�LWV�0337��WKH�RXWSXW�SRZHU�H[WUDFWHG
IURP�WKH�VWULQJ�LV�PD[LPLVHG�WRR�

,Q� FRPSDULVRQ�ZLWK� D�PLFUR�LQYHUWHU�� WKH� V\VWHP�ZLWK� ,'&&0
H[KLELWV�VHYHUDO�PHULWV��$V�UHSRUWHG�LQ�>��@��WKH�RYHUDOO�V\VWHP�FRVW
�ZKLFK� LQFOXGHV� D� FHQWUDO� LQYHUWHU�� LV� ��±���� ORZHU� WKDQ� WKH
PLFUR�LQYHUWHU��)XUWKHUPRUH��VLQFH�WKH�V\VWHP�LV�EDVHG�RQ�WKH�VWULQJ
LQYHUWHU�� WKH� FRVW�ZDWW� RI� WKH� V\VWHP� GHFUHDVHV� DV� WKH� LQVWDOODWLRQ
VL]H� LQFUHDVHV�� ,Q� WHUPV� RI� WKH� SDUWV� FRXQW�� WKH� ,'&&0� LV� DERXW
RQH�WKLUG�OHVV�WKDQ�D�W\SLFDO�PLFUR�LQYHUWHU�>��@��)HZHU�FRPSRQHQWV
VXJJHVW�D�ORZHU�IDLOXUH�UDWH�DQG�H[WHQGHG�SURGXFW�OLIH�WLPH��%HVLGHV
WKDW��WKH�PLFUR�LQYHUWHU�KDV�RWKHU�SUREOHPV�WRR��6LQFH�PRVW�PLFUR�
LQYHUWHUV� DUH� SULPDULO\� EDVHG� RQ� D� WZR�VWDJH� FRQYHUVLRQ�� WKH\
UHTXLUH� ODUJH� HOHFWURO\WLF� FDSDFLWRUV� IRU� GF� OLQN� VWDELOLVDWLRQ�
8QIRUWXQDWHO\�� WKH� OLIHWLPH� RI� DQ� HOHFWURO\WLF� FDSDFLWRU� JUHDWO\
UHGXFHG� ZKHQ� H[SRVHG� WR� KLJK� WHPSHUDWXUHV�� $V� D� UHVXOW�� WKH
UHOLDELOLW\�RI� WKH�PLFUR�LQYHUWHU� LV� UHGXFHG��DV�DUJXHG�E\�+DVDQ�HW
DO�� >��@�� 2Q� WKH� RWKHU� KDQG�� PRVW� ,'&&0� GHVLJQV� UHTXLUH� ORZ�
YDOXH�FDSDFLWRUV��7KXV��WKH�FHUDPLF�FDSDFLWRUV�FDQ�EH�XVHG�LQVWHDG�
ZKLFK� LV�PXFK�PRUH�DGDSWDEOH� WR�KLJK� WHPSHUDWXUH��$V� IDU� DV� WKH
SK\VLFDO� ZLULQJ� LV� FRQFHUQHG�� WKH� V\VWHP� ZLWK� ,'&&0� XVHV� WKH
VWDQGDUG�39�FDEOH��2Q�WKH�FRQWUDU\��WKH�PLFUR�LQYHUWHU�UHTXLUHV�DQ
H[SHQVLYH�WUXQN�FDEOH�DQG�GHGLFDWHG�DF�ORDG�FHQWUH�SULRU�WR�WKH�DF
GLVFRQQHFW��0RUHRYHU��DV�WKH�RXWSXW�RI�WKH�,'&&0�LV�GF��LW�FDQ�EH
DOVR� XVHG� IRU� QRQ�JULG� DSSOLFDWLRQ� VXFK� DV� WKH� VWDQGDORQH� 39
V\VWHP�WKDW�XWLOLVHV�EDWWHULHV�

'HVSLWH� LWV� LQFUHDVLQJ�SRSXODULW\��VFLHQWLILF�SXEOLFDWLRQV�UHODWHG
WR�,'&&0�DUH�YHU\�OLPLWHG��7KH�RQHV�DYDLODEOH�DUH�PDLQO\�IRFXVHG
RQ�ODERUDWRU\�YHULILFDWLRQ�RI�WKH�GHYLFH�FKDUDFWHULVWLFV�>��±��@��7R
GDWH�� WKHUH� LV� DQ� DEVHQFH� RI� D� FRPSUHKHQVLYH� DQDO\WLFDO� ZRUN� WR
FKDUDFWHULVH� WKH� ,'&&0� SHUIRUPDQFH� XQGHU� GLIIHUHQW� VKDGLQJ
FRQGLWLRQV�� 6XFK� DQDO\VLV� LV� SDUWLFXODUO\� XVHIXO� GXULQJ� WKH� GHVLJQ
VWDJH�� DV� LW� LPSURYHV� WKH� XQGHUVWDQGLQJ� RI� WKH� V\VWHP� EHKDYLRXU
SULRU� WR� LQVWDOODWLRQ��$FNQRZOHGJLQJ� WKLV� OLWHUDWXUH� JDS�� WKLV�ZRUN
SURSRVHV� DQ� DQDO\WLFDO� PHWKRG� WR� SUHGLFW� DQG� FKDUDFWHULVH� WKH
SHUIRUPDQFH�RI�WKH�39�V\VWHP�ZLWK�,'&&0��7KH�DQDO\VLV�LV�EDVHG
RQ� WKH� WZR�GLRGH� 39� VLPXODWLRQ�PRGHO� >��@�� ZKLFK� LV� GHYHORSHG
XVLQJ�0DWODE�6LPXOLQN�WRROV��7KH�YDOLGLW\�RI�WKH�DQDO\VLV�LV�YHULILHG
E\� FRPSDULQJ� WKH� HQHUJ\�WLPH�SURILOH� IURP�D� ILHOG� �H[SHULPHQWDO�
V\VWHP� WR� WKH� DQDO\WLFDO� 3±9� FXUYHV�� 7R� EHQFKPDUN� WKH
SHUIRUPDQFH� RI� WKH� ,'&&0�� LW� LV� WR� HYDOXDWH� DJDLQVW� WKH� V\VWHP
E\SDVV�GLRGH��RQO\��

7KH� SDSHU� LV� RUJDQLVHG� LQ� VHYHQ� VHFWLRQV�� 7KH� QH[W� VHFWLRQ
LQWURGXFHV� WKH� DUFKLWHFWXUH� RI� WKH�639������ GHYLFH� �ZKLFK� LV� WKH
,'&&0� XVHG� LQ� WKLV� ZRUN�� DQG� LWV� LQWHUFRQQHFWLRQV� ZLWK� WKH
PRGXOHV� DQG� WKH� FHQWUDO� LQYHUWHU�� 1H[W�� WKH� GHYHORSPHQW� RI� WKH
VLPXODWLRQ�PRGHO�RI� WKH�39�V\VWHP�XVLQJ� WKH� WZR�GLRGH�PRGHO� LV
GHVFULEHG�� 7KLV� LV� QHFHVVDU\� EHFDXVH� WKH� DQDO\VLV� ZLWK� ,'&&0
XQGHU� SDUWLDO� VKDGLQJ� LV� YHU\� FRPSOH[�� KHQFH� WKH� QHHG� IRU
VLPXODWLRQ�� ,Q� 6HFWLRQ� ��� WKH� FKDUDFWHULVWLF� �EHKDYLRXU�� RI� WKH
V\VWHP�XQGHU�WKH�XQLIRUP�DQG�SDUWLDO�VKDGLQJ�LV�LQYHVWLJDWHG��7KUHH
FDVHV��QDPHO\�WKH�KHDY\���PHGLXP��DQG�ORZ�VKDGLQJ�FRQGLWLRQV�DUH
FRQVLGHUHG��6HFWLRQ��� GHVFULEHV� WKH� ILHOG� VHW�XS�RI� WKH� �N:S�39
V\VWHP�� 7KHQ�� WKH� ILHOG� PHDVXUHPHQWV� RI� WKH� VHOHFWHG� VKDGLQJ
SDWWHUQV�DUH�SUHVHQWHG� LQ�6HFWLRQ���� ,Q�6HFWLRQ���� WKHVH� UHVXOWV�DUH
FRUURERUDWHG� ZLWK� WKH� DQDO\VLV� DQG� VLPXODWLRQ�� 7KH� LVVXH� RI� WKH
FHQWUDO� LQYHUWHU�EHLQJ�WUDSSHG�DW� WKH� ORFDO�SHDN�LV�DOVR�KLJKOLJKWHG
KHUH�� ,Q� DGGLWLRQ�� VHYHUDO� PRUH� VFHQDULRV� ZLWK� GLIIHUHQW� VKDGLQJ
SDWWHUQV� DUH�SUHVHQWHG��)LQDOO\�� WKH�SDSHU� LV� VXPPDUL]HG�EDVHG�RQ
WKH�LPSRUWDQW�ILQGLQJV�REWDLQHG�IURP�WKH�DQDO\VLV��VLPXODWLRQ��DQG
ILHOG�H[SHULPHQWV�

�'F±GF�FRQYHUWHU�ZLWK�0337��,'&&0�
7KH� ,'&&0� LV� DQ� DOWHUQDWLYH� VROXWLRQ� IRU� WKH� SDUWLDO� VKDGLQJ
SUREOHP� XVLQJ� WKH� KDUGZDUH� DSSURDFK�� ,Q� D� W\SLFDO� LQVWDOODWLRQ�� D
QXPEHU� RI� ,'&&0� GHYLFHV� DUH� FRQQHFWHG� LQ� VHULHV� DQG� WKH
FRPELQHG� GF� RXWSXW� YROWDJH� IHHGV� WKH� FHQWUDO� LQYHUWHU� �RU� WR� WKH
EDWWHU\�� IRU� WKH� VWDQG�DORQH� V\VWHP��� 7KLV� LV� LQ� FRQWUDVW� WR� WKH
PLFUR�LQYHUWHU�� LQ�ZKLFK� LWV� DF�RXWSXW� LV� GLUHFWO\� FRQQHFWHG� WR� WKH
JULG��7KHUH�DUH�VHYHUDO�GF±GF�FRQYHUWHU�WRSRORJLHV�WKDW�DUH�XVHG�DV
WKH� EDFNERQH� IRU� ,'&&0�� WKH�PRVW� FRPPRQ� RQHV� DUH� WKH� ERRVW�
EXFN�� DQG� EXFN±ERRVW�� ,Q� WHUPV� RI� FXUUHQWO\� DYDLODEOH� SURGXFWV�
WKHUH� DUH� WZR� FDWHJRULHV� RI� ,'&&0� GHYLFHV� VROG� LQ� WKH� PDUNHW�
)LUVW� LV� WKH� SDUWLDO� ,'&&0��ZKHUH� D� VHW� RI� EDVLF� GF±GF� FRQYHUWHU
DQG�0337�FRQWUROOHU�LV�HPEHGGHG�LQVLGH�WKH�FKLS��ZKLOH�D�QXPEHU
RI�OHVV�FULWLFDO�FRPSRQHQWV�DUH�FRQQHFWHG��E\�WKH�XVHU��RXWVLGH�WKH
GHYLFH��([DPSOHV�RI� VXFK�GHYLFHV�DUH� WKH�639������ IURP� WKH�67
0LFURHOHFWURQLFV�>��@��60�������IURP�7H[DV�,QVWUXPHQW�>��@�DQG
WKH�/7������IURP�/LQHDU�7HFKQRORJ\�>��@��7KLV�W\SH�RI�,'&&0�LV
PRUH�IOH[LEOH�DQG�DV�ORQJ�DV�WKH�RXWSXW�SRZHU�UDWLQJ�LV�DGKHUHG�WR�
WKH�XVHU�FDQ�WDLORU�WKH�GHYLFH�SHUIRUPDQFH�WR�VXLW�KLV�QHHGV��6HFRQG
LV�WKH�,'&&0�VROG�DV�D�FRPSOHWH�IXQFWLRQDO�FKLS��)RU�WKLV�W\SH��WKH
HQWLUH�GHYLFH� LV� LQWHJUDWHG� LQWR�D�VLQJOH�FKLS��ZLWKRXW� WKH�QHHG�IRU
H[WHUQDO�FRPSRQHQWV��6HYHUDO�PDQXIDFWXUHV�DUH�DFWLYHO\�SURGXFLQJ
WKLV�SURGXFW�IRU�YDULRXV�YROWDJH�DQG�SRZHU�UDQJHV��WZR�RI�WKH�PRUH
SURPLQHQW� RQHV� DUH� WKH� $OHQFRQ� >��@� DQG� 6RODU(GJH� >��@�� 7KHVH
FKLSV�DUH�VKLSSHG�DV�D�FRPSOHWH�SDFNDJH�DQG�QR�DOWHUDWLRQ�FDQ�EH
GRQH�WR�WDLORU�WKH�GHYLFH�FKDUDFWHULVWLFV�

)RU�WKH�SXUSRVH�RI�WKLV�ZRUN��WKH�639������,'&&0�LV�XWLOLVHG�
,W� LV� D� SDUWLDO� GHYLFH� DQG� LWV� EDVLF� FLUFXLW� LV� VKRZQ� LQ�)LJ�����7KH
GHYLFH�LV�UDWHG�DW���9�����:��6WUXFWXUDOO\��WKH�639������LV�EDVHG
RQ�D�PRQROLWKLF��IRXU�SKDVH��LQWHUOHDYHG�GF±GF�ERRVW�FRQYHUWHU��7R
DFKLHYH�WKH�LQWHUOHDYH�IXQFWLRQ��LQGXFWRUV��/�±/����VZLWFKHV��6�±6��
DQG� GLRGHV� �'�±'��� DUH� GXSOLFDWHG� WKULFH� WR� IRUP� IRXU� SDUDOOHO
EUDQFKHV��7KH�VZLWFKHV�DQG�GLRGHV�DUH�LQWHJUDWHG�LQVLGH�WKH�GHYLFH�
ZKLOH�LQGXFWRUV�DQG�FDSDFLWRUV�DUH�DGGHG�H[WHUQDOO\��

�6LPXODWLRQ�RI�WKH�39�V\VWHP
7KH�SURSRVHG�DQDO\WLFDO�ZRUN��IRU�WKH�39�V\VWHP�ZLWK�,'&&0��LV
EDVHG�RQ�WKH�WZR�GLRGH�HTXLYDOHQW�FLUFXLW�PRGHO�>��@��7KH�FLUFXLW�LV
VKRZQ�LQ�)LJ�����7KLV�LV�D�ZHOO�NQRZQ�PRGHO�WKDW�WDNHV�DGYDQWDJH
RI� WKH� DFFXUDF\� DQG� VSHHG� RI� VLPXODWLRQ��7KH�PRGHO� FRQWDLQV� WKH
LUUDGLDWLRQ� �*�� DQG� WHPSHUDWXUH� �7�� OLJKW�GHSHQGHQW� 39� FXUUHQW
�,39�� DQG� WKH� VDWXUDWLRQ� FXUUHQW� RI� WKH� GLRGHV� �,R�� DQG� ,R���� 7KH
RXWSXW�FXUUHQW�LV

I = Ipv ! Io1 exp V + IRs
a1VT1

! 1 ! Io1 exp V + IRs
a2VT2

! 1 !
V + IRs

Rp

���

)LJ�� �� $UFKLWHFWXUH� RI� WKH� 639� ����� ,'&&0�� 7KH� FRPSRQHQWV� LQ� WKH
VKDGHG�DUHD�DUH�LQWHUQDO�WR�WKH�GHYLFH

�

,(7�5HQHZ��3RZHU�*HQHU���������9RO�����,VV������SS�����������
��7KH�,QVWLWXWLRQ�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\�����

����

,(7�5HQHZDEOH�3RZHU�*HQHUDWLRQ

5HVHDUFK�$UWLFOH

$QDO\VLV�DQG�H[SHULPHQWDO�YDOLGDWLRQ�RI
SDUWLDO�VKDGLQJ�PLWLJDWLRQ�LQ�SKRWRYROWDLF
V\VWHP�XVLQJ�LQWHJUDWHG�GF±GF�FRQYHUWHU�ZLWK
PD[LPXP�SRZHU�SRLQW�WUDFNHU

,661����������
5HFHLYHG�RQ���WK�)HEUXDU\�����
5HYLVHG���WK�0D\�����
$FFHSWHG�RQ���VW�-XQH�����
(�)LUVW�RQ���WK�-XO\�����
GRL����������LHW�USJ����������
ZZZ�LHWGO�RUJ

0RKG�=XONLIOL�5DPOL���=DLQDO�6DODP��
�)DFXOW\�RI�(OHFWULFDO�(QJLQHHULQJ��8QLYHUVLWL�7HNQLNDO�0DOD\VLD�0HODND��������'XULDQ�7XQJJDO��0HODND��0DOD\VLD
�6FKRRO�RI�(OHFWULFDO�(QJLQHHULQJ��)DFXOW\�RI�(QJLQHHULQJ��8QLYHUVLWL�7HNQRORJL�0DOD\VLD��������-RKRU�%DKUX��0DOD\VLD
�(�PDLO��]DLQDOV#XWP�P\

$EVWUDFW��$Q�LQWHJUDWHG�GF±GF�FRQYHUWHU�ZLWK�PD[LPXP�SRZHU�SRLQW�WUDFNHU��,'&&0��LV�DQ�HOHFWURQLF�GHYLFH�WKDW�FDQ�EH�XWLOLVHG
WR� LQFUHDVH� WKH� RXWSXW� SRZHU� RI� D� SKRWRYROWDLF� JHQHUDWLRQ� V\VWHP�� 'HVSLWH� LWV� SRWHQWLDO� EHQHILWV�� WKHUH� LV� DQ� DEVHQFH� RI� D
FRPSUHKHQVLYH�DQDO\WLFDO�ZRUN� WR� FKDUDFWHULVH� WKH� ,'&&0�SHUIRUPDQFH�XQGHU� GLIIHUHQW� SDUWLDO� VKDGLQJ� FRQGLWLRQV��7KXV�� WKLV
ZRUN�SURSRVHV�DQ�DQDO\WLFDO�PHWKRG�WR�HYDOXDWH�WKH�V\VWHP�ZLWK�,'&&0�IRU�GLIIHUHQW�VKDGLQJ�SDWWHUQ�LQWHQVLW\�� LUUDGLDQFH��DQG
WHPSHUDWXUH��7R�YDOLGDWH� WKH�DQDO\VLV�� WKH�639������ERRVW�W\SH� ,'&&0�GHYLFHV�DUH� LQFRUSRUDWHG� LQWR�D��N:S�H[SHULPHQWDO
WHVW�ULJ��7KH�SHUIRUPDQFH�RI� WKH� ,'&&0�LV�EHQFKPDUNHG�DJDLQVW� WKH�FRQYHQWLRQDO�V\VWHP�WKDW�XWLOLVHV�E\SDVV�GLRGHV��DORQH��
7KH�UHVXOWV�LQGLFDWH�WKDW�WKH�,'&&0�LPSURYHV�WKH�SHUIRUPDQFH�RI�WKH�FHQWUDO�LQYHUWHU�DV�LW�HQVXUHV�WKH�ODWWHU�FRQVLVWHQWO\�WUDFNV
WKH�JOREDO�SHDN��$OVR��LW�ZDV�IRXQG�WKDW�WKDW�WKH�SHUIRUPDQFH�RI�WKH�,'&&0�GHSHQGV�RQ�WKH�VKDGLQJ�LQWHQVLW\��DW�ORZ�LQWHQVLW\�
WKH�,'&&0�LV�DEOH�WR�H[WUDFW�HQHUJ\�IURP�WKH�VKDGHG�PRGXOHV��KRZHYHU��LW�LV�LQHIIHFWLYH�DW�KLJK�VKDGLQJ�LQWHQVLW\��)XUWKHUPRUH�
ZKHQ� WKH� VKDGLQJ� LV� DEVHQW�� WKH� HQHUJ\� JDLQHG� E\� WKH� ,'&&0� LV� RIIVHW� E\� WKH� FRQWLQXRXV� SRZHU� ORVVHV� GXH� WR� LWV� LQWHUQDO
RSHUDWLRQV�

�,QWURGXFWLRQ
'HVSLWH� WKH� PDQ\� DGYDQWDJHV� RI� WKH� SKRWRYROWDLF� �39�� SRZHU
JHQHUDWLRQ��WKHUH�DUH�VHYHUDO�LVVXHV�RI�FRQFHUQ�WR�V\VWHP�LQVWDOOHUV�±
RQH� RI� WKHP� LV� WKH� HQHUJ\� ORVV� GXH� WR� SDUWLDO� VKDGLQJ�� 7KLV
SKHQRPHQRQ� RFFXUV� ZKHQ� FHUWDLQ� SDUWV� RI� WKH� DUUD\� DUH� VKDGHG�
ZKLOH� RWKHUV� DUH� XQLIRUPO\� LUUDGLDWHG�� 3DUWLDO� VKDGLQJ� KDV� WR� EH
VWULFWO\�GLIIHUHQWLDWHG� IURP� ORZ� LUUDGLDQFH� OHYHO��)RU� WKH� ODWWHU�� WKH
HQWLUH�PRGXOHV�LQ�WKH�DUUD\�H[SHULHQFH�ORZ��EXW�XQLIRUP�LUUDGLDQFH�
2Q� WKH� RWKHU� KDQG�� IRU� WKH� SDUWLDO� VKDGLQJ� FDVH�� RQO\� FHUWDLQ
PRGXOHV� DUH� VKDGHG�� WKLV� UHVXOWV� LQ� ORZ� LUUDGLDQFH� RFFXUUHQFH� IRU
FHUWDLQ� VSRWV� ZKLOH� WKH� UHPDLQLQJ� RI� WKH� DUUD\� UHWDLQV� KLJKHU
LUUDGLDQFH�� 7KH� PDLQ� VRXUFHV� RI� SDUWLDO� VKDGLQJ� DUH� QHDUE\
VWUXFWXUHV�� VXFK� DV� FKLPQH\V�� SROHV�� RYHUKHDG� SRZHU� FDEOHV�
WUDQVPLVVLRQ�OLQHV��DQG�WUHHV��7KH�SDVVLQJ�FORXG��IDOOHQ�OHDYHV��DQG
DQLPDO� UHPDLQV�RQ� WKH�PRGXOH�VXUIDFH�DUH�DOVR�SRVVLEOH�FDXVHV�RI
WKLV�FRQGLWLRQ��6XQGDUHVZDUDQ�HW�DO��>�@�HVWLPDWHG�WKDW����VKDGLQJ
RI� WKH� DUUD\� VXUIDFH� FDQ� UHVXOW� LQ� V\VWHP�ZLGH� JHQHUDWLRQ� ORVV� RI
RYHU������6LQFH�SDUWLDO�VKDGLQJ�OHDGV�WR�SRVVLEOH�PRGXOH�KRW�VSRW�
E\SDVV�GLRGHV�DUH�FRQQHFWHG�DFURVV�WR�SUHYHQW�GDPDJH�

0RVW� RI� WKH� LQVWDOOHG� 39� V\VWHPV� DUH� EDVHG� RQ� VWULQJ�FHQWUDO
LQYHUWHUV��,Q�WKLV�FRQILJXUDWLRQ��D�QXPEHU�RI�PRGXOHV�DUH�FRQQHFWHG
LQ�VHULHV�DQG�WKH�FRPELQHG�GF�RXWSXW�IHHGV�WKH�LQYHUWHU��$V�D�UHVXOW�
LI�RQH�RI�WKH�PRGXOHV�LQ�WKH�VWULQJ�LV�VKDGHG��WKH�SHUIRUPDQFH�RI�WKH
V\VWHP� ZLOO� EH� GUDVWLFDOO\� DIIHFWHG�� 0RUHRYHU�� WR� RSWLPLVH� WKH
SHUIRUPDQFH� RI� WKH� V\VWHP�� WKH� PRGXOHV� PXVW� EH� LGHQWLFDO� DQG
PRXQWHG� DW� WKH� VDPH� WLOW� DQJOH�� 'HVSLWH� WKHVH� LQKHUHQW
GLVDGYDQWDJHV�� WKH� VWULQJ� LQYHUWHU� FRQILJXUDWLRQ� LV� YHU\� SRSXODU
EHFDXVH� LW� RIIHUV� WKH� PRVW� DWWUDFWLYH� GROODU� SHU� ZDWW� VROXWLRQ�
0RUHRYHU�� WKH� LQYHUWHU� LV� QRUPDOO\� KRXVHG� LQ� D� VDIH� SODFH�� L�H�
SURWHFWHG�IURP�WKH�KDUVK�HQYLURQPHQW��,Q�WHUPV�RI�HOHFWULFDO�ZLULQJ�
WKH�V\VWHP�LV�UHODWLYHO\�HDV\�WR�LQVWDOO��7KH�VWULQJ�DUUDQJHPHQW�DOVR
SURYLGHV�IOH[LELOLW\�LQ�WHUPV�RI�39�RSHUDWLQJ�YROWDJH�>�±�@�

'XULQJ�WKH�QRUPDO�FRQGLWLRQ��L�H��XQGHU�WKH�XQLIRUP�LUUDGLDQFH�
WKH� 3±9� FKDUDFWHULVWLF� FXUYH� KDV� D� XQLTXH� SHDN�� NQRZQ� DV� WKH
PD[LPXP�SRZHU�SRLQW��033���7KXV��WKH�FRQYHQWLRQDO�033�WUDFNHU
�0337�� VXFK� DV� SHUWXUEHG� DQG� REVHUYHG� �3	2��� KLOO�FOLPELQJ� RU
LQFUHPHQWDO� FRQGXFWDQFH� FDQ� ORFDWH� WKH� 033� HDVLO\�� +RZHYHU�
ZKHQ� WKH�PRGXOH� LV� SDUWLDOO\� VKDGHG�� LWV� DVVRFLDWHG� E\SDVV� GLRGH

WXUQV�RQ��7KLV�GLRGH�VKRUW�FLUFXLWV�WKH�PRGXOH�DQG�IRUFHV�LWV�YROWDJH
WR� EH� SUDFWLFDOO\� ]HUR�� $V� D� FRQVHTXHQFH�� LWV� FKDUDFWHULVWLFV� DUH
WUDQVIRUPHG�IURP�D�VLQJOH�WR�D�PXOWLSOH�SHDN�FXUYH�>�±�@��6LQFH�WKH
FRQYHQWLRQDO�0337� LV� EDVLFDOO\� EDVHG� RQ� SHDN� LGHQWLILFDWLRQ�� WKH
DOJRULWKP�FDQQRW�GLVFULPLQDWH�EHWZHHQ�WKH�JOREDO�DQG�ORFDO�SHDNV�
,Q�PRVW�FDVHV��LW�LV�WUDSSHG�DW�WKH�ODWWHU�±�UHVXOWLQJ�LQ�SRZHU�ORVV�>�±
��@��6HYHUDO�UHVHDUFKHUV�KDYH�LPSURYHG�WKH�FRQYHQWLRQDO�0337�E\
LQFRUSRUDWLQJ� DGGLWLRQDO� LQWHOOLJHQFH� WR� HQVXUH� FRQVLVWHQW� DQG
DFFXUDWH� WUDFNLQJ� RI� WKH� JOREDO� SHDN� �*3�� >��� ��@��0RUHRYHU�� VRIW
FRPSXWLQJ� WHFKQLTXHV� VXFK� DV� SDUWLFOH� VZDUP� RSWLPLVDWLRQ� >��@�
DUWLILFLDO� QHXUDO� QHWZRUN� >��@�� IX]]\� ORJLF� >��@�� GLIIHUHQWLDO
HYROXWLRQ�>��@��DQG�FXFNRR�VHDUFK�>��@�KDYH�EHHQ�XWLOLVHG�WR�ORFDWH
WKH�*3�XVLQJ�WKHLU�PXOWL�PRGDO�VHDUFK�FDSDELOLWLHV�

1RWZLWKVWDQGLQJ� WKH� DERYH�PHQWLRQHG� HIIRUWV�� LW� PXVW� EH
DFNQRZOHGJHG� WKDW� HYHQ� LI� WKH�0337� VXFFHVVIXOO\� WUDFNV� WKH�*3�
WKH�VKDGHG�PRGXOH�UHPDLQV�XQXVDEOH�LQ�SUDFWLFH�EHFDXVH�LWV�YROWDJH
LV� EURXJKW� GRZQ� WR� ]HUR� �DV� D� UHVXOW� RI� WKH� E\SDVV� GLRGH� DFWLRQ��
+RZHYHU�� WKHUH� DUH� FHUWDLQ� SRUWLRQV� RI� WKH� PRGXOH� ZKHUH� WKH
VKDGLQJ�GRHV�QRW� WDNH�SODFH��7KHRUHWLFDOO\�� WKHVH�SRUWLRQV�DUH� VWLOO
FDSDEOH� RI� JHQHUDWLQJ� WKH� RXWSXW� SRZHU�� 2QH� DSSURDFK� WR� H[WUDFW
WKLV�µODWHQW¶�HQHUJ\�LV�WR�XVH�D�VPDOO�GF±DF�FRQYHUWHU��NQRZQ�DV�WKH
PLFUR�LQYHUWHU��7KH�GHYLFH�LV�FRQQHFWHG�XQGHUQHDWK�WKH�PRGXOH�DQG
LWV�RXWSXW�LV�GLUHFWO\�FRQQHFWHG�WR�WKH�DF�JULG��(DFK�PLFUR�LQYHUWHU
KDV� LWV� RZQ� 0337� WKDW� LQGHSHQGHQWO\� WUDFNV� WKH� 033� RI� LWV
FRUUHVSRQGLQJ� PRGXOH�� 2ZLQJ� WR� WKLV� RQH�WR�RQH� FRQQHFWLYLW\�
ZKDWHYHU�SRZHU�DYDLODEOH� IURP� WKH� VKDGHG�PRGXOH�FDQ�EH� UHDGLO\
H[SRUWHG� WR� WKH�JULG��6LQFH� WKH�PLFUR�LQYHUWHU� LV� D�GHSDUWXUH� IURP
WKH�VWULQJ�FRQILJXUDWLRQ��WKH�VKDGHG�PRGXOH�ZLOO�QRW�DIIHFW�WKH�QRQ�
VKDGHG�RQHV��7KXV��LW�FDQ�VXLWDEO\�EH�XVHG�IRU�V\VWHPV�ZLWK�SDUWLDO
VKDGLQJ��1RUPDOO\��WKH�PLFUR�LQYHUWHU�LV�UDWHG�DW�DSSUR[LPDWHO\�WKH
VDPH�SRZHU�DV�WKH�PRGXOH�LWVHOI�

$QRWKHU�PHWKRG�WR�KDUYHVW�WKH�SRZHU�RI�WKH�VKDGHG�PRGXOH�LV�WR
XWLOLVH�D�GHGLFDWHG�GF±GF�FRQYHUWHU�±�NQRZQ�DV�WKH�LQWHJUDWHG�GF±GF
FRQYHUWHU�ZLWK�0337��,'&&0���,Q�FHUWDLQ�OLWHUDWXUH��WKLV�GHYLFH�LV
DOVR� UHIHUUHG� WR� DV� WKH� GF� SRZHU� RSWLPLVHU�� 6LPLODU� WR� WKH�PLFUR�
LQYHUWHU��WKH�,'&&0�KDV�LWV�RZQ�0337�FRQWUROOHU��WKXV��WKH�SRZHU
IURP�HDFK�PRGXOH��LQFOXGLQJ�WKH�VKDGHG�RQH��FDQ�EH�LQGHSHQGHQWO\
WUDFNHG�� 7KH�PDLQ� GLIIHUHQFH� EHWZHHQ� WKH� WZR� LV� WKDW�� LQVWHDG� RI

,(7�5HQHZ��3RZHU�*HQHU���������9RO�����,VV������SS�����������
��7KH�,QVWLWXWLRQ�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\�����

����

7

What will 
be 
Covered 
in this 
Session? 

1) Important content of Method 
section

2) Presentation of results
3) Writing convincing discussions
4) Writing structured conclusions
5) Brief discussions on 

Acknowledgment and 
Referencing 

6) Publication Ethics (late 
addition)

8
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METHODS

9

Purpose of Method 
Section

1) To describe the IDEA 
(novelty) of the paper

2) To describe the processes 
to achieve the outcomes 
(based on the idea).

10
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Describing the idea (Novelty)
vWhat is the idea?
vExplain how the desired outcome can be 

achieved.
v The fundamental concept/idea behind the 

proposed solution/hypothesis
v The approach: mathematical (analytical), 

experimental, simulation, survey, interviews, 
questionnaires, statistical analysis?

vPreliminary proof that the idea works
v Show analysis, derivation, design or simulation

11

Describing the Processes

Think about recipe for cooking!

v Materials and tools
v Materials, components, software, 

equipment  used
v Procedures 
v How experiment is carried out? 
v How data is collected?
v Step-by step

WHAT?

HOW?

12
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An excellent Method 
content

Include sufficient details such that 
the experiment can be reproduced.

Enables an interested reader to replicate
your work and obtain same (similar) results.

13

Tips

üDo not repeat the 
details of (previously) 
established methods.

• Use References and 
Supporting Materials, 
instead. 

• If needed, summary of 
key ideas is sufficient

14
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Language and Writing Style
üUse SIMPLE past tense. 

§ was found, was put, were added, etc.

üUse passive voice. 
§ “The circuit was constructed using…”

üUse standard systems for numbers, quantities 
and nomenclatures.
§ International System of Units (SI)
§ Standard conventions
§ Accepted nomenclatures
§ Try not to introduce your own conventions, 

nomenclatures etc.

15

RESULTS

16
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Purpose of 
Results

Results are proof or evidence of your 
idea (or solution, or hypothesis)

Thus, the Results Section can be considered as 
the “fulfilment” of the promises made in the 
Introduction Section

17

Reviewer’s 
Expectation
(for high 
impact 
journal)

üFindings MUST SHOW 
certain amount of 
improvement  in the field 
of research.

üNot sufficient to say: “this 
is an alternative 
approach/solution” to the 
problem.

üNote that improvement 
not necessary in technical 
terms. 
o It can be in other aspects 

of the problem, e.g. 
economics, ergonomics, 
simplicity, etc. (but select 
the appropriate journal).

18
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Benchmarking
Ø Some kind of Benchmarking (comparing your 

result to others)  is expected.
Ø To show you are aware of the competitors
ØTo avoid “self-proclamation!”

Ø If similar work from others is not available,  
benchmarking, your own data can be used: 
Øexperimental vs. simulation,
Øsimulation vs. analytical

ØIts best if comparative work can be shown 
together (side by-side) 

19

Something 
to Ponder

ØThe best way to begin writing:
look into results  available from 
your research work.

ØCompare them with results 
from other papers

ØStudy the competitiveness: 
Identify rivals.

ØIf yours are superior, start the 
writing

ØIf inferior, look for different 
aspects where yours is better.

ØOtherwise, back to research. 
ØOr send manuscript to lower 

ranked journal/conference

20
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Selecting 
Results

ØSelect the best results 
available.
ØHighlight the 

improvement in 
strongest possible way

ØRelate that the 
improvement is due to 
the proposed  idea.

ØIn-line with the story 
line

ØResults should support 
idea/hypothesis

21

If the are 
limitations?

ØDo not hide.

ØBut do not excessively 
highlight them, either.

ØFind excuses for the 
limitations, if you can.

ØDo not be too 
apologetic or self-
degrading

22
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Presentation of Results
For effective presentation, raw 
data (results) need to be 
transformed into these forms:
ü Text (Explanation)
ü Graphs
ü Pictures, photographs
üOscilogram/Waveforms
üTables

üUse variety of forms, but do not 
present same information

23

Table or Chart?
Use Table if you
wish to stress  numbers 
accurately

Use Figure if you wish to 
compare gradients, 
trends, highlight 
differences.

Note:
Never include vertical 
lines in a table.

Source: https://www.elsevier.com/connect/11-steps-to-
structuring-a-science-paper-editors-will-take-seriously

24
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Attention to details 

25

Common mistake: lines and 
histograms

Lines
Joining data only can 
be used when
presenting time series 
or consecutive 
samples data. Shows 
gradient.

Histograms:
When there is no 
connection between 
samples. No gradient.

26
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Avoid Cluttering

27

Adding Information in Figure

Information can be added in the figure to 
improve readability and understanding. 

Capitalize on the figure CAPTION to clarify 
important issues related to the figure

28
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Other Tips

vLegends: must be self-
explanatory. 

vDon’t use common names: x, y 
etc.

vTables: Never include long 
boring tables.

vPut them in supplementary 
material.

vPhotograph: scale marker, or 
scale bar, good   resolution 
Color figures: For print 
publication: only when 
necessary (costly). 

Always check with Guide for Authors(GFA)

29

Notes on 
Figures and 
Tables

v Figures must be redone 
using software such as 
VISIO. 

v Copy-paste does not have 
the required quality.

v Figures, pictures that are 
taken from other sources: 
must be cited.

v Large portion of materials 
form other sources: Need 
permission from publisher

30
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DISCUSSIONS

31

Purpose of 
Discussion

ü To interpret meaning of results 
vGiving some sense to to the data.

üTo compare or benchmark 
findings with similar work
vEvaluate performance
v Justifying superiority of your work

üTo relate the finding with bigger
picture (avoiding silo)

32
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Steps in 
Writing 
Discussions 
(in order)

1) Begin by stating the finding 
vdirect, declarative 

proclamation of the results. 

2) Explain the meaning of the 
finding
vDescribe significance of the 

data  

3) Relate to those of similar 
studies

4) Consider alternative 
explanations of the findings 

5) Acknowledge limitation and 
offer excuses, (if any)

33

The results and their 
importance seem obvious 
to you, but not for others.

You need to explain them! 

34
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Example
Fig. 1 indicates that by using a smaller control step-
size, the steady-state oscillation is reduced by 50%. 
This is a significant improvement, because to date, 
the best achievable results  is only 20% [Roland et. 
al, 2015].  In a practical system, this translates to a 
lower mechanical vibration that leads to longer 
shaft life-time. This large reduction is not 
unexpected, considering the fact that the the 
system is designed  based on optimization of the 
poles and zeros. Despite the improved steady state 
oscillation, there is an increase in the overshoot of 
about 2%. However, this value has no significant 
effect on the overall transient performance of the 
system, as concluded by [Walker, 2016].  

35

Check, how good is this 
Discussion? 

Begin by stating the finding 
Fig. 1 indicates that by using a smaller control step-
size, the steady-state oscillation is reduced by 50%. 
Relate the findings to those of similar studies
This is a significant improvement, because to date, 
the best achievable results  is only 20% [Roland et. al, 
2015].  

Explain the meaning of the findings
In a practical system, this translates to a lower 
mechanical vibration that leads to longer shaft life-
time. 

36
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Consider alternative explanations of the 
findings 
This large reduction is not unexpected, considering the 
fact that the the system is designed  based on 
optimization of the poles and zeros. 

Acknowledge limitation (and offer excuses), if 
any 
Despite the improved steady state oscillation, there is 
an increase in the overshoot of about 2%. However, 
this value has no significant effect on the overall 
transient performance of the system, as concluded by 
[Walker, 2016].  

Excellent discussion!

37

A well-written discussion 
piece gives an impression 

that the writer is a 
‘scholar”.

Knowledgeable, insightful, 
and thoughtful.

(in comparison to shallow writing of 
undergraduate? he he…)

38
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What to 
avoid?

ØStatement that goes beyond 
what the results can support 
(over-exaggerating, spinning)

ØSubjective statements
vExample: "higher temperature", "lower 

rate", "highly significant". 
vQuantitative descriptions are preferred: 

35oC, error is 0.5%, p < 0.001.

ØSudden introduction of new 
terms or ideas
v Stick to main ideas presented 

introduction

ØSpeculation?
v Allowed, but must be based on fact, 

rather than imagination. 
v Need extra caution, not to violate 

principles

39

Suggested 
Writings 
Styles (for 
discussion)

40
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Explaning
the
finding

1) The discussions of the results 
begin with…

2) The data  highlights the need for…

3) The finding of the present study 
suggest (indicates, reveals) that… 

4) The results from the study provide 
the evidence… 

5) The single-most surprising result 
can be seen in Fig. A …

6) Among the plausible (logical, 
possible) explanation for the 
variation in the results are … 

41

Referring to 
previous work 

to support 
findings

• The results…
Øare consistent with [1] and 

suggest that…
Øare in agreement with the data 

given in [2]…
Øare in accord with the 

conclusions…
Øare in line with past research 

work…
Øof this study are in keeping (is in 

agreement) with the previous 
observation, which…

Øfurther support the idea proposed 
in [3]…

Watch out the 
keywords in color!!
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Supporting 
the 
findings

The findings…

• agree with the conclusion 
of other studies…

• confirm the relationship 
between…

• match those observed in 
earlier studies…

• corroborate the outcomes 
of others…

• mirror the previous 
decisions…

• support (justify, 
acknowledge) the 
foregoing verdict…
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When results 
are 
contradicting 

1) The results are found to 
be non-compliance to the 
standard…

2) In contrary, the results 
turn out to be not as 
expected…

3) This finding is 
unexpected, considering 
that…

4) The results are somewhat 
surprising, despite the 
fact that… 

5) The results  is not as 
anticipated…
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More 
contradictions

6) However, the observed difference
between the two samples are not 
very significant…

7) The discrepancies within the data 
can be attributed to…

8) The most striking results to 
emerge from the data is that… 

9) Interestingly, the correlation 
between A and B is not as 
expected…

10) The non-conformance between 
the two sets of data requires 
more in-depth explanation of the 
experiment procedures…
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CONCLUSION
(the take home 
message)
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Conclusions: Important Elements

1) Restate the aims of the paper
o Make sure they are consistent with 

objectives/hypothesis.
2) Highlight the findings

o Re-enforce the originality

3) Summarize the achievements
o Enhance its significance/importance

4) Suggest future work (if any)
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Restate-
ment of 
aims
(suggested writing)

vThis paper has argued that …
vThis essay has discussed the 

reasons for …
vIn this investigation, the aim 

was to assess …
vThe main goal of the study was 

to determine …
vThe purpose of the current 

analysis was to define …
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Restate-
ment of 
aims
(suggested writing)

vThis project was undertaken 
to design and evaluate …

vThe present enquiry was 
designed to quantify the 
effect of …

vThe aim of this examination 
was to investigate the effects 
of …

vReturning to the question 
posed at the beginning of 
this study, it is now possible 
to state/say/conclude that …

49

Key words to be used

predict which …

establish 
whether …

determine 
whether …

Investigate the 
impact of …

develop a 
model for …

assess the 
effects of …assess the 

feasibility of … evaluate how 
effective …

find a new 
method for …

better understand the …
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Summarizing finding 
ØThis study has identified that …
ØThis research has found that …
ØThis work indicated that generally …
ØThe investigation has concluded that …
ØThe enquiry has shown  that …
ØThe analysis revealed that the …
ØThese experiments confirmed that …
ØThe second major findings was that …
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1) The most critical finding from this study is that …
2) The relevance of the work is clearly supported 

by the current review…
3) The main extracts from the research can be 

summarized as follows…: 
4) From the work, the following conclusions can be 

made: 1)…, 2)…
5) In summary, the study unveils the followings:…
6) To sum-up the findings….
7) It can be concluded that…

Summarizing finding 
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Significance of finding

1) The evidences (results, data, observations) from this 
study suggests (indicate, imply) that…

2) These findings enhance (improve, assist) our 
understanding (believe, hypothesis) that…

3) This research is envisaged to serve as a base for future 
studies and …

4) The current findings add to a growing body of literature 
on…

5) The study has gone some way towards enhancing our 
understanding of…

6) The present study, however, makes several noteworthy 
contributions to the field of…
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Recommendations for further work

1) This work has opened-up up work needs to be done to 
establish whether … 

2) A number of questions that need of additional 
investigation include... 

3) It is recommended that more research to be undertaken in 
the following areas:

4) Further experimental investigations are needed to 
estimate …

4) What is now needed is a study involving …
5) Further research might explore/investigate..
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Recommendations for further work

4) Further research in this field regarding the role of X would 
be of great help in…

5) Extended investigation into the issue need to be carried 
out…

8) A number of possible future studies using the same 
experimental set up are apparent. 

9) As an extension to the work, It would be interesting to 
assess the effects of …
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Recommendations for further work

10) More information on the issue might reveal greater 
degree of accuracy on this matter… 

11) If the debate is to be moved forward, a better 
understanding of the issue needs to be developed…

12) These findings provide the following insights for future 
research …
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Structured Conclusion: Example

Element Phrase selected
Restating the aim The objective of this study was to 

understand the effects of… 
Summarizing  the 
finding 

The investigation has concluded that… 

Significance of 
finding

The observations from this study suggests 
that… 

Recommendatio
n for future work

This work has opened-up up several 
questions that require additional 
investigation. Additional work must be 
done to establish whether…
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Building the Conclusion
The objective of this study was to understand the effects 
of ozone gas to sanitize the (growth) medium  for  
mushroom cultivation. The investigation has concluded 
that there is a linear relationship of the amount of ozone 
(in g/m3) to the time taken for mushroom harvesting. 
The observations from this study suggests that it is 
possible to increase the yield of mushroom output by 
installing an ozone generator to clean the medium before 
replanting. This work has opened-up up several questions 
that require further investigation. Additional work must 
be done to establish whether there is a need for a precise 
injection of ozone gas in order to reduce its side effects 
on the farm operator.  
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Do not 
underestimate the 

importance of a 
good conclusion 

piece!

It’s the final 
message you want 

to send to the 
reader! 
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Some Notes on References

• In the text, you must cite all publications on which your 
work is based. 
• Avoid excessive self-citations.
• Avoid excessive citations of publications from same 

country/region (?).
• Minimize personal communications.
• Do not include:

• unpublished observations, manuscripts submitted but not yet 
accepted for publication, publications that are not peer 
reviewed, articles not published in English.
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Selected Issues on
Research and Publications 

Ethics
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Research Misconduct
As defined by Office of Research Integrity, 
US Dept. of Health and Human Services

• Research misconduct means fabrication, 
falsification and plagiarism in proposing, 
performing, or reviewing or reporting research 
results
• However, honest error or difference in opinion 

is not included in this definition

Known as FFP
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Fabrication

• Making up 
data/results which 
does not exist and 
recording them.

• Known also as 
“Forging or fraud”
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Falsification

• Manipulating research 
material, processes, 
result to achieve pre-
planned outcomes
• Omitting data such that 

the results are not 
accurately represented.

v“Trimming”: altering 
data

v“Cooking” : selective 
reporting of data
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Plagiarism

Using other person(s) 
material, ideas, 
sentences, paragraph, 
pictures etc. without 
appropriately 
acknowledging them.
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Impact 
of FFP

• Manipulate data with 
intention to that deceive 
others (cheating). 
Mislead their colleagues
• Failure to honestly fulfil 

scientific obligations. 
Potentially impeding
research  progress.
• Undermine their own 

authority and 
trustworthiness as 
researchers (lose 
credibility).
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Direct Consequences

ØPapers retracted from journal

ØAuthors banned from publication in the journal 
(and possibly other journals too).

ØAuthors are placed on a “watch list”. Future 
submissions will be subjected to careful 
examination
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Examples of retracted papers
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High Profile Case: Fraud
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High profile Case: Plagiarism

71

Not worth to gamble 
your potential for 

quick fame!

72



8/11/20

37

Authorhips

73

Who 
shall 
qualify as 
author?

Authorship credit should be 
based only on
1) Substantial contributions to 
conception and design, or 
acquisition of data, or analysis 
and interpretation of data; 

2) Drafting the article or revising it 
critically for important 
intellectual content; and 

3) Final approval of the version to 
be published. 
Conditions 1, 2, and 3 must all 
be met.
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Authorship Sequence

First Author: 
Doing most of the 
writing/work

Second Author: 
Supervisor/Second 
most contributor
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Number of authors?
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77

Duplicate 
Submissions

Not acceptable

May cause 
disagreement over 
rights to publish 
(among publishers).

Unnecessary 
duplication of peer 
review and editing

The paper need to be 
withdrawn first, then 
submit to a new journal
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In 
Summary

We have gone in lengthy 
discussion issues related 
to IMRAD :
1) Writing the Method Section
2) Writing Results Section
3) Writing Discussion
4) Writing Conclusion 
(Including Structured 
Conclusion)
5) Some issue related to 
publication ethics.
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• zainals@utm.my
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