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PrediGtion of the infectious disease is a potential research area from the decades. With the
pro&ss in medical science, early anticipation of the disease spread becomes more
mésmirigful when the resources are limited. Also spread prediction with limited data pose a

SciProfiles

de@g@@mgfﬁgg%,gyaggm&ﬁence, the paper presents a case study of the Corona
virt@i@]@)ﬂﬁbﬁemog@gﬂ&a@m@gmwe major parts of the world and implications of t"nis
virugtnis sibeiiteeaipdi @ niasiearate dimapaiilidatio n&otnb wiad miggnfchisdlysto imndelptafitbif)e
spregd of virus with time, along with meteorological conditions and other parameters. Severai
forEndorseting techniques have already been deployed for this. Considering the fact, the paper
presents a proposal of two Rolling horizon based Cubic Grey Models (RCGMs). First, the
maﬂnatical details of Cubic Polynomial based simple grey model is presented than two
m&g&I¥ based on time series rolling are proposed. The models are developed with the time
series data of different locations, considering diverse overlap period and rolling values. It is

observed that the proposed models vyield satisfactory results as compared with the

conventional and advanced grey models. The comparison of the performance has been
carried out with calculation of standard error indices. At the end, some recommendations are
also framed for the authorities, that can be helpful for decision making in tough time.

Keywords: grey system theory (/search?q=grey+system+theory); Mean Absolute
Percentage Error (/search?g=Mean+Absolute+Percentage+Error); forecasting
(/search?qg=forecasting); grey forecasting (/search?q=grey+forecasting)

MSC: 60G25; 68U01

1. Introduction

COVID-19 or coronavirus is rapidly spreading all over the world since its first case in
December 2019 at Wuhan city, China. The initial symptoms are similar to viral pneumonia,
which can be further converted into severe respiratory disease or even lungs failure. The
virus named as SAES-CoV-2 is very infectious and easily transmissible [1] and thus became
a threat to society. Due to its exponential infectious rate, it is challenging task to treat infected
persons [2] and stop the spread further. Despite all types of safety measures like social
distancing, washing hands regularly, proper sanitization, and use of mask to cover nose and
mouth, a large number of cases are reported worldwide creating panic among people. Under
these severe conditions, it has been declared a global pandemic by world Health
Organization [3].

https://www.mdpi.com/2227-7390/11/2/490 4/32


https://pub.mdpi-res.com/mathematics/mathematics-11-00490/article_deploy/html/images/mathematics-11-00490-g005.png?1674111457
https://www.mdpi.com/search?q=grey+system+theory
https://www.mdpi.com/search?q=grey+system+theory
https://www.mdpi.com/search?q=Mean+Absolute+Percentage+Error
https://www.mdpi.com/search?q=Mean+Absolute+Percentage+Error
https://www.mdpi.com/search?q=Mean+Absolute+Percentage+Error
https://www.mdpi.com/search?q=forecasting
https://www.mdpi.com/search?q=forecasting
https://www.mdpi.com/search?q=grey+forecasting
https://www.mdpi.com/search?q=grey+forecasting
javascript:void(0);
https://sciprofiles.com/discussion-groups/public/10.3390/math11020490?utm_source=mpdi.com&utm_medium=publication&utm_campaign=discuss_in_sciprofiles
https://www.mdpi.com/2227-7390/11/2/490/notes
https://www.mdpi.com/

12/23/24, 10:47 AM Prediction of Infectious Disease to Reduce the Computation Stress on Medical and Health Care Facilitators

ZIn: India, the first infection of coronavirus has came in light on 30 January 2020 and after
that] \gplqjégd in almost every city although rural areas remain safe. Later-on, the spread
becaffie hazardous as till 28 May 2021, there are 2,343,152 active cases recorded out of
whiﬂ318,895 have lost their lives. This create a lot of stress and pressure on healthobfﬂ=c|als
anddeadministration as they are doing multitasking works. To treat the infected, proper
vacgigation, arrangement of various safety measures at work places and common places and
prepare policies for future are among top priorities. Scientist community did not left behind
this_grucial time and many researcher use forecasting techniques as a powerful boon to
pre the future conditions [4,5].

Discuss in

scrbo@recasting, became a new research tool in recent years and widely used in almost all

aretitpsdlssiprofiles.comidisgussiontcs energy prediction and energy demand, engineering,
otr IEQURA/BNbIICL0. 2320/ math 110204307 ms, control systems, retail fashion etc. Refs.
[G’ngﬁglm&utm mediHm=puincaﬁion&|)._Fm Cﬁm%gm%isgﬁs ig Sc?ﬁ%ﬂc}%ﬁ)in
forWting. There exists traditional forecasting methods like LR (Linear Regression), ARIMA
(AutaxRRegressive Integrated Moving Average), ANN (Artificial Neural Network), SVR (Support
Ve Machine) etc., which need ample amount of data. In case of disease, it is not easy to
coi?n;te

has became more difficult, when facing the pandemic like COVID-19. A time series based
prediction has been conducted for Canada. The research employed Long short-term memory
(LSTM) network for carrying out the prediction [15]. Auto Regressive Integrated Moving
Average (ARIMA) based models are employed for prediction of the COVID-19 in five
countries namely US, Brazil, India, Russia and Spain [16]. A rich review of forecasting model
pertaining to COVID-19 has been presented in paper [17]. A comparative analysis of strength
and weakness of different forecasting models has been presented in the paper. The analysis

ct the data of large sample size following a, specific distribution model at early stages. It

conducted in the paper inherent problems pertaining to limited data availability (Deep learning
algorithms), stability of the ARIMA models and black box characteristics of Artificial Neural
Networks.

Grey prediction theory proposed by Prof. J. Deng [18], is the best tool to approach
problems having limited data with uncertainty. It can be said that grey model employs local
information and act as a local predictor. Grey theory works as a transform model as it
transform the unknown data into consistent data. This transformation has done through
Accumulation Generation Operator known as AGO. The main objective of Grey theory is to
provide a real time based non-functional model which can replace the regression and
stochastic models while dealing with poor and hidden data. Recently some authors
approached Grey models for forecasting due to their accurate prediction and practical
approach. Halis Bilgil [19] proposed an exponential Grey model to forecast the prediction no
of new cases, recovered cases and no. of deaths from COVID-19 in Turkey. In [20] authors
developed a grey forecasting model enabled with quadratic terms to predict about the
COVID-19 impact at early stages in China. A. Saxena [21] used optimized Grey prediction

model for forecasting about the pandemic using the data of four different states of India.
https://www.mdpi.com/2227-7390/11/2/490 5/32
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Si ly Particle Swarm Optimization is used in [22] to optimized the results provided by

1L()
G others.

—'@’MU 1) [23] model has considered as the classical grey model due to its accuracy and
pranal approach. Cui and others [24] proposed NGM having a linear function of tlr% in the
whitéhing equation. This model is further improved as NGM(1,1,k,c) [25] by adding a constant
tern;'gm RHS component of whitening equation. A kernel based model is introduced in [26] to

incrggse the accuracy and application areas of NGM. A novel discrete Grey forecasting model

know as DGM has been developed for further improvisation in existing grey models in
[27, 28! Some multivariable grey models are also proposed as an extensions of earlier grey

Discuss in

medelssin [29,30,31]. However, GM(1,1) model provide very good results with homogeneous
datthiesdiacirsafiles.camidisgussions, deal with non-homogeneous terms also provide large

o 3EQURSRUPLIC/10:3390/math 10204902 \ences. Some very useful experimentation for the

prnHtm soche—Fﬁggl ﬁom&utm medlum Bubllcgtlon&hltm cam%%mgfpﬂlej

of fi).castlng methods has been presented in reference [34]. Also come of the approaches

usedsgeey model in financial transactions [35].
e parameter of grey action term is also an important factor which fluctuate the
acgﬁqy of prediction using grey models. Some recent approaches also employed, advance
meta heuristic approaches for tuning the parameters of grey model. In [36] cuckoo search
algorithm is used to select the optimal value of grey parameter. Similarly Whale Optimization
Algorithm has been applied in [37] to find the best suitable value of nonlinear parameter.
Hence, to overcome these weaknesses, we proposed a grey model (RCGM), which has
a negative term in its whitening equation and act as a corrector while dealing with specific
data sequence. This literature review clearly indicates that scope of improvement is always
available.
Hence, the research directions of developing the new grey models can be identified as

follows:

« Change in accumulation operator
e Change in back ground value information
« Transformation of the series into a new one in order to deal with negative data.

Hence, It is pragmatic to state that a new model that possess better matching quality (or
mechanisms discussed above) of limited data availability can be potential area of
investigation. On the basis of the critical review, we framed the following research objectives
for this work

1. To develop a rolling horizon based grey model for identification of Novel Corona virus
cases in a span of week.

2. To establish mathematical framework of Cubic polynomial driven grey model by analysing
the response and mathematical induction.

3.

https://www.mdpi.com/2227-7390/11/2/490 6/32
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F\pr%s r(wlt a comparative analysis of developed models with some known grey models and
Ws@g—f?ﬁe performance with the calculation of various error indices.

4. To"ffame the recommendations on the basis of forecasting results for authorities_to _take
pﬂentive steps for combating Corona effectively. =

Help
Paper Structure

9y

dRemaining part of this paper is organized as follows: in Section 2, development of grey
models is explained. In Section 3, results of the proposed models are exhibited and last but

not least some future directions along with conclusions of the study are presented in
Discuss in

coqelusion section. Figure 1, shows the basic philosophy adopted in this research work.
(https://sciprofiles.com/discussion-

P groupi/public/'l0_:;_30ﬂ:lmnfh11ﬂ9nA0ﬂ9 N
i : e Ay : INBIA
utm_source=mpdi.c i oeeenmentofcuciolimomil il ‘} | iscuss_in_sciprofiles)
: MR g L3 e
(1) - g=ir= 0+ P+ 20 =32 o Y ps (6% =22 21 g ]
i | e ;o
Endorse Developmentof Model-l, I Developmentof Medel-l, Ez_ an
= based an Overlap Period based on Overlap Period =
|5 days) H 16 days)
ﬂ S
Comment '

Comparative Analysison the basis
of Error Computation of
Developed Models

LS

Figure 1. Paper structure.

2. Development of Rolling Horizon Grey Model Comprises with Cubic
Polynomial (RCGM)

2.1. Details of Conventional Grey Models
This subsection provides a general outlook of some well known Grey models and their

mathematical equations, which will be used further in this paper

1. GM(1,1) model: The classical GM(1,1) model is also known as the basic foundation model
of grey theory and widely used in the forecasting of data with uncertainty. This model
comprises of differential equation varying with time for variance of parameters. The basic
equation of this model is

dy(l) ()

+ay (t) = b (1)
P A

The sequence based on time series is given by

https://www.mdpi.com/2227-7390/11/2/490 7132
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zZ
[ - b b
woryo 7 k1) = e (40 0 = 2+ 7 “
Share
Help

79
2.D&GM(1,1) model: The mathematical terms of discrete grey model (DGM) proposed in

[?i_l?»S] are given by

’y\<0) (k) — e—a(k—Z) (y(l) (O) — S) (ea — 1) (3)

Discuss in

SciProfiles y(l) (k + 1) = ﬂy(l) (k) + b (4)
(https://sciprofiles.com/discussion-
¢ 9roups/public/10.3390/math110204907?

>
utm source=mpdi.cg91&%m %cﬂum; ublic t'oila&'u#{n ampaign=discuss_in sciprofiles;zs)
! ( 1—a )
1

3. R&&4(1,1) model: The grey differential equation of NGM [25] is

Comment

y(o) (k) + az (k) =kb+c (6)

The time response equation is given by

Sy (b b N b b C .
y (k)_<y (1) a+a2 a)e +ak a2+a (7)
and the restored value is given mathematically as
b b ¢ b
=~(0) _ (1) s, s+ _ oa\,—ak 4 =
7 (k) (y D=0+ a><1 e + - @

4. QGM model: This nonlinear grey model was first proposed by [20] and provide higher
prediction accuracy than previously proposed model. The whitenization differential equation

of QGM model is represented by

dy<1) (1)

i ayD () = b +ct+d ©)

The time response term and restored values can be given as

— b b b c c d b
(1) _ (1) —ak 2
k+1) = - 4+2— —2— — — 4+ — — = —(k+1
y okt 1) (y © PR B a2 a)e +a( b (10)
b c c d
—|2—=——=|(k+1 2— — — 4+ —
(a2 a>( ) +25 a2 a

https://www.mdpi.com/2227-7390/11/2/490 8/32
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P1L0) e b b b c c A\ _atk-1) ;0
\%+1)_<y (0)_E+2a_2_2__5+___ e (" = 1)

3 2
Share a a a

&

=
()

+29(k+1)—9—2%+5 Q =
a a a a
H

[

Ip

3§ recent years, grey models have been developed on several theories such as change
in ageumulation operators, transformation of the series to some other hyper space and
incc!i)ration of different background value modification techniques. In this work, we first

explain, some terms.

SciProfiles Lo
Definitien deibrite SesHinfdelidisaquence as
¢ 9roups/public/10.3390/math110204907? >
utm source=mpdi.col'((1?%rl}/tlﬁ inediumiZpuBlicatiCn&itm_campaign=discuss_in_sciprofile)2)

Wh!ball terms of the sequence are taken non-negative.

Endorse

The one time accumulated generating term is given by

Comment (1 — ;M (1) (1)
I(W,m =i (1),i"(@2),--1(7) (13)
T
(r) — 1(0) (7 —
I(Ir/v,y) = ;1 G),r=1,-n (14)
]:

Definition 2. The inverse process of finding the accumulated generation sequence can be
given as
The sequence mean of | [(,8)]1 can be given as

ZD =z (1), 2D (2), e 2D () (15)

where

i) +iV (k-1)

ZM (k) = :

fork =2,---r (16)

2.2. Rolling Horizon Based Cubic Grey Model (RCGM)
The first order linear differential equation known as whitening equation of proposed

model GMCP is given by

diV ()

ot aiV (t) = af® + B2 + 4t + 6 (17)

https://www.mdpi.com/2227-7390/11/2/490 9/32
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erjé ai ;t)he development coefficients and right hand side term is known as grey action

(/).
qu WPI grey model.
*ftcan be easily observed that when a = 0, the GMCP model reduced to QGM model.

Whnzx = 0,8 =0, it reduced to NGM(1,1,k,c) model. On puttinga =0,8 =0,y S‘Oﬁ)ne
cantfihd the classical GM(1,1) model.

Thepem 1. If y© (r) is a term of the non-negative sequence and zV (r) is the rth term ol
mediesequence ZV (r) defined by (16) then

~

(0 1 s 3, 1 » 1 1

Discuséin) + a4z (r):zx(r——r +r——)+ﬁ(r +r——)+’y(r——)+5 (18)
SciProfiles 2 4 3 2
(https://sciprofiles.com/discussion-

Pyr apbupsipabditirtp B89 inibthir9264aa%on defined in (17) both sides w. r. to t between the
inteutm| Bourdezinpdi.com&utm_medium=publication&utm_campaign=discuss_in_sciprofiles)

di® (1) W r 3 r ) r r
Erjdorse + ay () dtzﬂéj t dt+13j t dt+’)/f tdt+(5J. dt (19)
r—1 dt r—1 r—1 r—1 r—1

whigthgives us

7

i +a f +iD () dt =

r—1

<T4 —(r— 1)4> (P = (r=1)?%) (= (r=1?)
o 1 + B 3 + 7y 3 + 6

iD @) +iD(r-1)

> =z (r) and after some

using Trapezoidal formula [7_ iV (t)dt =
simplification, we have the RHS of Theorem 1. o
Theorem 2. If the initial sequence and its inverse accumulated sequence is given by
Definitions 1 and 2 and the mean sequence is represented by (16) then the values of
parameters a, &, B,y and & in terms of matrix A and X are given by

(a,a,8,7,0)" = (ATA)'ATX (21)
where
[ 1 15 7 3 ]
—z (2) T 3 > 1
1 bk 19 5
A= z'3 4 3 2 1 (22)
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an
fk\ P1]0)
e

i° (2)

0 Q =
1] x=|"® (23)
Help .

i (r)
5y

Proof Using the concept of mathematical induction on taking r = 2,3, --- nin Theorem 1, we

find-_l

Discuss in
SciProfiles
_ (2)

rl_ftﬂg:)lls:ciﬁ‘ﬁéfiIe?.c%n‘i‘nlﬁis%ﬁx?si%ﬁt +4

tm source=mpdi.com&utm_medium=publication&utm_campaign=discuss_in_sciprofile .)

I‘.(n) —az™ + (3—3n2+n 4)oc+(n2—n+%)[3+<n—%)’yt+5

Endorse

ﬂ'm expressing the above system of linear equations in matrix form we obtain

—

a
[N o)

Comment o
qpment, 15 7 3
—Z @ T 3 S
1 ek 1 5 0
z'3 4 3 2 1 B|= £3) (25)
1: 33 2: 1 2 1 | 1 7 0
| =2 (P-grer—g) (Poreg) (r-3) 1] PO

O
Theorem 3. The time response sequence of proposed model GMCP is given by

iV (r) = 70D (i (0) + P) + gr?’ —~ (332 — é)rz + (6£ YA 1)1’— Q (26)
a

and its restored value is

i (1) = e (iV (0) + P) + g (3r* =3r—1) — (3—“ - §> 2r—1)+Q (27)

a

where
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7

i} 3 6 6 2 2 1)
@L—E+—“——a+—a+é——ﬁ+—ﬁ+z—l+_ (28)
Share a
Help
79

a2 as at a a2 as a a2 a

Proét The general solution of whitening equation can be obtained easily from the theory of
first!fier ordinary differential equation and given by

Discuss in
SciProfiles t t s
Sclbroties Ay il — [t ad 3 2 d 30
,(h_ttps:llscibr&?les.bémﬂisféﬁsusi'bgfi (as® + s + 5 + 6)elt “ds (39)
« 9roups/public/10.3390/math110204907? N
U6 QM B e IMP dh6am & Wing  imeidi irnsiptal h S @gn=discuss in_sciprofiles)
i
~(1
i Eyse= e iV (0) +P) + fp (3L - p 2+(6= —2£ + ) Q (31)
a 112 a a3 a2 a

weeaseasily obtained its restore value by using the relation i (r) = i'® (r) — iV (r — 1).
To examine our proposed model we have used Mean Absolute Percentage Error
(MAPE), Absolute Percentage error (APE) and Mean Absolute Error (MAE) defined as

» Mean Absolute Percentage Error

7 () —y® (1)

x 100
y© (r)

1 n
MAPE:—Z

h r=1

» Absolute Percentage Error

yO () =39 ()

APE =
y O (r)

x100 r=2,3---n

e« Mean Absolute Error
MAE = _ i |y<°> r) =y ()
n—I1+1*—

« Mean Square Error
n

MSE = % Z <y<0> (r) — y(O) (r))z

r=I
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@)(0 total no of data points, y*) () = actual value and y (r) = predicted value.

Share

2.3. Development of Rolling Cubic Grey Model (RCGM) Q =

1R this section, we explain the development of the rolling horizon based cubic grey model
for prediction of covid cases at different locations of India. For constructing these models
infez’éd case values of a week are chosen and the mean values of the infected cases of this
duractl_ﬁ)n are considered as the element of time series. For obtaining second element of the
tim&bries, the values of infected cases are rolled to two places for model-I and one place for
ME&EEN as shown in Figure 2. In the figure, the yellow boxes show the rolled values of
infoeigpscASEprofildbaiothriisensklaiion of the time series data can be understood by reading

thegmiupslﬁmhhdhhnsgolii’mﬂdammoented in thls work has been taken from reference [21].

dlrfewt locations of India [39,40].

Endorse

Comment

Bhodeli Period of Overlap fia=5]
Day-3 Day-4 Day5 Day-6 Day-7
0} o
vy 11} For ™ sample

Maodel <Il Period of Owerlap (us5]

Figure 2. Proposed Rolling horizon based Grey Forecasting Models.

Table 1. Construction of Rolling Grey Models-I and Il [21].

This table shows the relevant statistics for construction of the time series data for three
different states and Capital. The column entries under first element shows the mean values of
infected cases during the mentioned time period for different states. Like wise, last entry of
the time series is shown under last element. For example, for state of Maharashtra the first
element of the time series of the model-I mean values of 6 April 2020 to 12 April 2020 and the
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m eF],IiJ (% of infected cases between 26 the April-2020 to 5 May 2020 will be the last value
fo %&Eés. The data presented in this work has been taken from reference [21]. The time
serié&constructed on the basis of rolling horizon of a week data of infected cases at different

Iocns of India [39,40]. —
2.4."Biscussion

’l\?ormally grey models are employed for the forecasting of the variable that contains
exp%ential component. Corona spread between the duration mentioned in Table 1,
obs!]ed an exponential increment during the period of time. Hence, application of rolling
mégkaisron this particular duration for dealing with non-linearity is very helpful in prediction on

SciProfiles

th@ﬁggﬂﬂp@g@gﬂ%ﬁ@ﬁ%& the model more compatible for prediction the spread.
Fogrdbipsipiaspeae. B3b/ihbes 1ezgagimserved that the presence of monotonically increasing
exputne rd@ircemppdiecd & tm datalipattgyablitaticyr@utmocaispaignadisiaadscirors dhpedildsia
sets.,Hence, the mechanisms that can improve the internal prediction capability of grey
str%er}e can substantially enhance the prediction.

Motivation of the two models has been taken from the reference paper of COVID-19,
Whuthe article showcases the impact of different windowing and overlap period. Further,
weiP&ttly implement our algorithm from the results and discussions from the paper. We also
argue whether the same results are obtained with the philosophy. Hence, the two models by

considering the same overlap period are proposed in the work with optimized cubic grey

model.

3. Results

On the basis of framework developed in previous section, in this section we present a
comparative analysis of the proposed model with some contemporary models such as
GM(1,1) and NGM model. Following are the salient features of this analysis: a. Establishment
of the efficient architecture on the basis of calculation of error indices. Calculation of the
mean values of infected cases in the state of Rajasthan, Gujarat and Maharashtra and
Capital of India (Delhi).

3.1. Model |

Results of model-l are shown in Table 2, Table 3 and Table 4. From the results shown in
tables following points can be concluded:

Table 2. Predicted values from Delhi data Model I.

https://www.mdpi.com/2227-7390/11/2/490 14/32
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K\ PI L0 Table 3. Predicted values from Maharashtra data Model |.
Share
Help

Q =
99
Cite
Table 4. Predicted values from Rajasthan data Model |.

|
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1. EQsobtaining the results of Model-1, the time series is constructed with overlap period of
fivggdays and a rolling model is developed by rolling the mean values of a week by two
gonxgn.tThe prediction of this series is evaluated with proposed RCGM and four other models
such as (GM [23], NGM [24], DGM [38] and QGM [20]).

2. The prediction results of the states of Maharashtra, Rajasthan and Delhi are shown in
tables. These prediction results show that pandemic spread is exponentially increasing in
these locations and an acute requirement or advisory is necessary along with the medical
help.

3. Inspecting the results of Delhi, we observed that the values of infected cases in the Capital
is accurately predicted by RCGM as the value of MAPE is optimal as compared to others.
Also, it is observed that the values of MAPE are optimal for state of Maharashtra and
Rajasthan. The analysis of the MAPE values are depicted in Figure 3. Addition to that
analysis MAE is for these places are also depicted in Figure 4.

MAPE

u Delhi Maharashtra Rajasthan

Figure 3. Forecasting Results-MAPE for Model-I.
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Figure 4. Forecasting Results-MAE.

3 %!ﬂgde/ Il

ble 5, Table 6, Table 7 and Table 8 showcase the results of model II. After inspecting
the esults the following points can be framed:

Table 5. Predicted values from Delhi data Model Il.

Table 6. Predicted values from Maharashtra data Model II.

Table 7. Predicted values from Gujarat data Model Il.

Table 8. Predicted values from Rajasthan data Model II.
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1. Fgr’obtaining the results of Model-Il, the time series is constructed with overlap period of

sixidays and a rolling model is developed again. The prediction of this series is evaluated
proposed RCGM and four other grey models.

2. prediction results in terms of MAPE are depicted through Figure 5, from the figure, it is

Discuss in

Bmpmcal to state that the MAPE values are optimal for proposed model. This fact affirms
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Figure 5. Forecasting Results-MSE for Model-I1.

3.In case of all states along with Delhi, the values of MAPE are optimal. Addition to that,
Mean absolute errors are also calculated for this model. Inspecting these values, it is
concluded that these values are also quite optimal for RCGM. The analysis of MAE and
MSE are shown in Figure 4 and Figure 5.

3.3. Discussion

Further, with the help of error indices, we can conclude that developed forecast is
meaningful as the MAPE calculated for different models are meaningful. In reference [33]
criterion has been employed to judge the quality of forecast. We conclude that the forecasting
performance of the Model-l and Il falls in the range of good and excellent as MAPE values
are less than 10%.

3.4. Recommendations

On the basis of forecasting performance of the RCGM, it is concluded that proposed
model yields satisfactory performance for obtaining the infected cases at the major hot spots
of India. Based on the forecasts following recommendations can be given to the authorities:
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. tﬁg\egrjﬂs%cal to state that the no. of infected cases can be increased in due course of time,
acute arrangement of medical facilities and health care related facilities can be
appended. _

. Anwareness program can be initiated for imparting the education to the rural aregé Sbout
thekdisease and its implications. Addition to that, an online alert can be issued to major
sgo;s and guidelines for travel and other social gatherings can be changed according to the
sityation.

. quate arrangements can be done for converting the unused buildings/schools and
ggrséign]es for conversion in major relief centres of the corona. Also, the awareness programs

ganipe arranged by the people who have successfully defeated this disease. This can be

Lo LG ALY EHAISE Y] channels of televisions and radio.
P groups/public/10.3390/math110204907? >

utm_source=mpdi.com&utm_medium=publication&utm_campaign=discuss_in_sciprofiles)
4. Conclusions

|grecasting of a pandemic is a challenging task due to various reasons such as
ung%gffability of the data, effect of unexpected influence of policy decisions, public fear and
scan‘acility of the medical resources. During last two years, the world is fighting hand in
hafd™@ith corona virus. The work presented in the paper describes development of Rolling
horizon forecast model based on Cubic polynomial realization. First the mathematical aspects
of the cubic model are explained and then the development of the optimized models is carried
out for identifying the corona infected cases at different location of India.

« Two time series models based on diverse overlapping periods and rolling horizon are
presented. Mathematical representation of these models is presented. Further, the analysis
of these models is conducted with the help of COVID-19 case studies at different states of
India.

e It has been observed that proposed models produce accurate results as compared to
previous reported approaches on the same data. Comparison of the performance of the
models has been done on the basis of different error indices evaluation. Further, we argue
that due to lack of abundant data, we employ grey model with rolling horizon and also
analyses are conducted with the calculation of many indices.

« It is concluded that the proposed approach is effective and yields accurate results and
further can be implemented for improving medical facilities and other life supporting
resources.

It would be interesting to observe the performance of RCGM on forecasting of energy
price and market clearing price for the energy markets along with other existing problems that
suffers from limited data availability.
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