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ABSTRACT 
COVID-19 (Coronavirus Disease 2019) was first reported in Wuhan city, China at the end of December 2019 and spread to Indonesia specifically in Maluku Province at the end of March 2020. This study aims to predict the spread of COVID-19 cases in Maluku province as well as explore the phases of its spread using the Richards Curve which is an extension of the Logistic Curve. After estimating the parameters of the Richards Function with cumulative case data of COVID-19 in Maluku province from March 23 to November 4, 2020, the results of the spread of COVID-19 cases in Maluku province reached a turning point on October 22, 2020, and ended on May 25, 2023, with a total cumulative case of 9,451 cases.
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Introduction
Coronavirus is a group of viruses from the subfamily Orthocronavirinae in the Coronaviridae family and the order Nidovirales. This group of viruses can cause disease in birds and mammals, including humans [1]. In 2002, the SARS-CoV coronavirus (SARS Coronavirus)  caused Severe Acute Respiratory Syndrome (SARS) in Guangdong, China [2]. In 2012 the type of Coronavirus MERS-CoV (MERS Coronavirus) caused Middle Eastern Respiratory Syndrome (MERS) which occurred in Saudi Arabia and the Middle East [3].
In early 2020, WHO (World Health Organization) received a report from China that there were 44 patients with severe pneumonia in Wuhan City, Hubei Province, China [4]. Subsequent research showed a close relationship with the Coronavirus that caused SARS in 2002 [5]. On February 11, 2020, WHO inaugurated the term COVID-19 (Coronavirus Disease 2019) which is an infectious disease similar to influenza caused by Severe Acute Respiratory Syndrome 2 (SARS-CoV-2) [6], [7].
The first COVID-19 was reported in Indonesia on March 23, 2020, with two cases. Data on March 31, 2020, showed that there were 1,528 confirmed cases and 136 deaths. In 1839 Verhulst introduced the Logistics Equation to model population growth which became known as the Verhulst equation and was rediscovered in 1912 [8], [9]. in 1959 in research entitled: A Flexible Growth Function For Empirical Use, Richards modified the Verhulst Equation and became known as the Richards Curve [10] or Generalized Logistic Function [11] because it is an extension of the Logistic Model [12], [13] and in some literature, the Richards Curve is also called the Theta Logistic Model [14], [15]. The shape of the Richards Curve resembles the shape of the Exponential Curve [16].  Richards Curve is a model of a population growth curve in conditions where growth is not symmetrical with inflexion points [17], [18].
In 2003 the Rihards Curve was used to predict the spread of SARS in Singapore, Hong Kong and Beijing [19], and besides that, the Richards Curve was widely used in other studies  [20]–[22] and in 2020, the Richards Curve was used to predict the spread of COVID-19 in the province of South Sulawesi, Indonesia, with the peak of the spread predicted to occur in mid-June 2020 - July 2020 with a total of 10,000-12,000 cases and the end of the spread is predicted to occur at the end of November 2020. 


Methods




By using data on COVID-19 cases in Maluku province from 23 March 2020 - 4 November 2020 obtained from the Maluku Regional Police, an estimate was made with Richards parameters, namely , ,  and  using the Python programming language from Visual Studio Code (VSC). 
In general, the differential form of the Richards Curve is : [10], [23]
	

	(1)







  Where  is the population size,   is carrying capacity,   is the growth rate and   is the scaling parameter. The solution to equation (1) is :
	

	(2)



The inflection point is : [24]
	

	(3)



Then the solution of equation (1) is : [25]
	

	(4)








Where   is the population size or the total number of cases that occurred at the time of  ,   is the carrying capacity or total of the latest cases,   is the rate of growth of cases,   is the inflexion point or time of the peak of the spread of COVID-19 cases.
Results and Discussion 
COVID-19 cases in Maluku province have continued to increase since it was first reported on March 23, 2020, and as of November 4, 2020, the total cumulative cases of COVID-19 in Maluku province were reported as many as 3,884 cases, including 551 positive patient cases or with a percentage of 14.18%, 3,286 cases of patients cured or with a percentage of 84.6 and 47 cases of patients dying or with a percentage of 1.2%.  Cumulative case developments and the addition of daily cases of COVID-19 in Maluku province from March 23, 2020 – November 4, 2020, can be described as follows :
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Figure 1. Cumulative case development of COVID-19 in Maluku province 23 March – 4 November 2020
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Figure 2. Development of daily cases of COVID-19 in Maluku province 23 March – 4 November 2020 

Using cumulative case data of COVID-19 in Maluku province from March 23, 2020, to November 4, 2020, an estimate using Richards Curve was obtained, namely : 

Table 1. Ricards parameter estimation  results (RMSE : 75,1057)

	

	

	

	


	9.451,245
	0,085
	0,01
	213,918







So by substituting the parameter values , ,  and    in equation (4) obtained the Richards equation, namely :





Then it can be illustrated that the comparison between the cumulative COVID- 19 case data from the Richards Function parameter estimation results with the actual data for is as follows : 
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Figure 3. Comparison of the results of predictions of cumulative cases of covid-19 in Maluku province with actual data 

From Figure 3, the Richards Curve can be described from the estimation results as follows : 
[image: ]
Figure 4. Richards Curve of estimation results




From Figure 4, suppose that  is the total cumulative cases on day  and  is the total cumulative cases on day , then the total addition of daily cases can be formulated as follows : [26]
	

	    (5)


So the comparison between the predicted data and actual data from daily COVID-19 cases in Maluku province can be described as follows :
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Figure 5. Comparison of the results of daily Covid-19 case predictions in Maluku province with actual data
From Figure 5, it can be seen that the results of daily case predictions for COVID- 19 in Maluku province are as follows :
[image: ]
Figure 6. Daily cases of COVID-19 in Maluku province from estimated result

 Turning Point of Case Deployment


From the results of Richards parameter estimation with data on COVID-19 cases in Maluku province, the parameter  value is 213.918, meaning that the time of the turning point for the spread of COVID-19 in Maluku province is predicted to occur on the 214th day, where the total cases on the 214th day are obtained. from the equation :


which is 3.622,654 means that the total cases at the inflection point are 3.623 cases or can be described as follows : 

[image: ]
Figure 7. Inflection Point

For the addition of daily cases, the total addition of cases can be obtained at the inflexion point or when  namely :






So the total addition of daily cases at the inflection point is 33 cases, so it can be concluded that the turning point of the COVID-19 case in Maluku province is based on the estimation results, namely  or can be described as follows : 

[image: ]
Figure 8. Turning Point

End of Case Deployment




From Richards parameter estimation results with data on COVID-19 cases in Maluku province, the parameter  value is 9,451,245, meaning that the latest total cases for COVID-19 cases in Maluku province are predicted to be 9,451 cases. For example, if is the end time of COVID-19 cases in Maluku province, with a total of 9,450.5 cases or can be written as = 9.450,5 then the value of can be obtained from the equation:



That is  = 1.158,681 meaning that the time for the end of the COVID-19 case in Maluku province is predicted to occur on the 1.159th day. 
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Figure 9. Total case when 


From Figure 9, when  the population size will always be at number 1.159 and will only move towards the value of   or carrying capacity.

CONCLUSIONS
From the estimation results of the Richards function parameter with the cumulative case data of COVID-19 in the Maluku province, the Richards equation is obtained to predict the spread of COVID-19 in the Maluku province, namely :



Where, the turning point or peak of the spread of COVID-19 in Maluku province is predicted to occur on October 22, 2020 with a total of 3.623 cases, while the time for the end of the spread of COVID-19 in Maluku province is predicted to occur on May 25, 2023 with 9.451 cases.
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