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Abstract

Age and growth are two essential rice biophysics parameters used to determine the health parameters

and production rate. The spatial data of both parameters can utilize remote sensing technology, which

in turn makes use of several vegetation indices to achieve accurate estimation. However, due to the

rapid changes in rice plants' characteristics, it is essential to study vegetation index utilization using a

multitemporal method to improve its accuracy. Therefore, this research uses a multitemporal Enhanced

Vegetation Index (EVI) to estimate rice's age and growth model. The multitemporal EVI patterns were

observed to estimate the Time Early Planting (TEP) and the maximum EVI value of rice in an area. The

results showed that the maximum EVI value in the rice fields of Demak Regency has a class range of 0.4
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 Age and growth are two essential rice biophysics parameters used to determine the health 
parameters and production rate. The spatial data of both parameters can utilize remote 
sensing technology, which in turn makes use of several vegetation indices to achieve 
accurate estimation. However, due to the rapid changes in rice plants' characteristics, it is 
essential to study vegetation index utilization using a multitemporal method to improve its 
accuracy. Therefore, this research uses a multitemporal Enhanced Vegetation Index (EVI) 
to estimate rice's age and growth model. The multitemporal EVI patterns were observed to 
estimate the Time Early Planting (TEP) and the maximum EVI value of rice in an area. The 
results showed that the maximum EVI value in the rice fields of Demak Regency has a class 
range of 0.4 to more than 0.9. The highest value is in the class of 0.80 - 0.85 covering 
12023.28 ha, followed by 0.75 - 0.80 at 11834.19 ha. Furthermore, the multitemporal EVI 
method on Landsat 8 images was used to estimate the rice age with accuracy or RMSE of 
7.7 days. The result also showed that this value is good enough because the RMSE is still 
in the same range of paddy growth phases. 

Keywords:  
Age of Rice 
Growth Model of Rice 
Multitemporal EVI 

 

 

1. Introduction  

Rice is the essensial food for about half of the world’s 
population. It is supply 20 % of the calories consumed worldwide 
[1]. Almost 90 % the global rice is produced in Asia, Africa and 
America Latin [2]. Most of country in thats region used rice as the 
staple food, especiaally in Indonesia. According to Saliem [3], 
close to 100% of the Indonesian population consume this product, 
thereby making it a staple food, with significant economic 
importance. The continuous increase in population leads to a rise 
in rice demand, therefore, an essential management strategy, such 
as the rice intensification system, to boost production [4]. 

The intensification and management of rice cultivation are 
inseparable from high-tech approaches due to its ability to monitor 
biophysical parameters such as the growth phase closely. Detailed 
information on the growing phase is needed to evaluate rice 
development [5],[6]. Furthermore, the biophysical monitoring of 
these parameters is valuable for the growth model and prediction 
of rice production [7], [8]. This growth phase model is also closely 
related to rice's age and used to obtain predictable information 
related to future harvest time. 

Spatial data is needed to monitor rice growth and age models 
for proper distribution and analysis using remote sensing 
technology. Several approaches are used to estimate the rice-
growing phase, such as the Vegetation Index value approach, as 
stated in a research carried out by [9] and [10]. However, this study 
utilizes the Normalized Difference Vegetation Index (NDVI) to 
estimate rice growth. NDVI is a method occasionally used to 
monitor vegetation growth from space [11], [12]. Furthermore, 
various vegetation index techniques were developed to improve 
their accuracy and efficiency. Therefore, rice plants with a fast-
changing level of green sensitivity utilized various combinations 
of techniques. The multitemporal data technique is one of the 
methods that can provide a solution [13]. Generally, indices such 
as NDVI show the growth status of green vegetation, therefore 
plant monitoring can be realized using remote sensing with time 
series or multitemporal data [14]. 

The utilization of this technique was carried out by [15] to 
detect rice biological parameters with NDWI and multitemporal 
EVI on Modis imagery, which is good for growth monitoring 
because of its daily temporal resolution. However, this method has 
a low spatial resolution, therefore it is only intended for regional 
plant growth studies. NDVI also affects soil and atmospheric 
reflection [16]. This tends to affect rice plants that have 
background soil types and diverse vegetation densities. [17] 
carried out a research to modify modified NDVI and ensure the 
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 In modern deregulated power industry, private sector has invested a lot to supply for extended 
power demand using the preexisting power system framework. This resulted into increased 
loading of transmission lines which has to work now to hit their thermal limits. The overloading 
of transmission line resulted in congestion and hence increase in loss of power in the system. 
One of the efficient ways to reduce congestion is by enhancing the available transfer capacity 
(ATC) of the power system. ATC enhancement can be achieved by application of FACTS devices.   
This paper presents an innovative method to mitigate congestion by locating TCSC in the IEEE 
30 bus system. The allocation of TCSC is done by using ACPTDF sensitivity factors while the 
parameter setting is done by applying Grey Wolf Optimization (GWO) method. The effective 
application of GWO is demonstrated in this paper to reduce active power loss, enhancement of 
ATC value with reduction of reactive power loss and to optimize TCSC size through a multi 
objective function. The suitability of algorithm is established through concerned figures and 
tables. 

Keywords:  
Deregulation 
Congestion 
ATC 
ACPTDF 
FACTS 
GWO 

 

 

1. Introduction   

This paper is an extension of work originally presented in 3rd 
International Conference on Recent Developments in Control, 
Automation & Power Engineering (RDCAPE) [1]. 

With deregulation act in 2003, the reliability of the power 
system is enhanced in terms of availability and economics. The 
private sector intervened in the power generation and used the 
preexisting transmission system for distribution through pools. 
This resulted in overloading of lines to work under congestion, 
reaching their thermal and voltage limits [2]. The congestion 
resulted in huge amount of power losses thus effecting the 
economy of power transmission. There are two ways to relive the 
congested system. The cost-free method and the non-cost-free 
method. The cost-free method is one with no enhancement of 
operational cost. This is effectively achieved by incorporating 
Facts devices [3]. Power system is unevenly loaded. This results 
in inefficient output of the circuits. With uneven sharing of load 
through the lines, some lines become overloaded while others turn 

out to be under loaded. This distorts the voltage profile of the 
interconnected system [4]. FACTS being optimized for their 
respective parameters such as voltage angles, circuit reactance 
and voltage magnitudes, can be successfully incorporated in 
power system to modify the line parameters. This results in 
establishing a preferred bus and generator voltage profiles [5]. 
The system efficiency in terms of enhance loadability can be 
improved by suitably designing the controller of FACTS devices 
[6]. Maximum load on power system is industrial and domestic 
inductive load. Thus, there is significant voltage drop at these 
loads resulting in uneven voltage profile of system. Hence to 
reduce system inductive voltage drop, the inductive reactance has 
to be reduced in order to increase the power transfer capacity 
(PTC) of the system. The series FACTS device such as TCSC 
plays a vital role in achieving the reactance regulation [7]. To 
utilize the system at its maximum capacity together with power 
transmission economics, the transfer capacity of system must be 
enhanced to maximum value. System loadability improvement by 
increasing ATC value was achieved by an optimal power-flow-
based model, for maximum power transfer by incorporating 
optimized FACTS control in the system [8]. Properly tuning 
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 The aim of this paper is to identify a critical link in the man - machine - environment system 
in the case of an adverse event, such as a hay baling fire, based on a comprehensive risk 
assessment method. The rate of spread of fires in agriculture depends on meteorological 
conditions, with large areas affected and potentially endangering the surrounding 
buildings, facilities. Access to fires is difficult and can extend to forests. Water is often 
lacking at the scene of a fire, which should be extinguished, and water sources are usually 
located over long distances. The paper addressed a specific example using a comprehensive 
method. The process of risk assessment in the work process was determined by the following 
steps: assessment of the overall risk of the work equipment, assessment of environmental 
impact, assessment of the person's ability to manage risk, calculation of the resulting risk 
value, comparison of calculated risk value and acceptability of risk value, proposal of 
measures. The result of the analysis was the finding that the primary cause of the fire is the 
environment, i.e. high ambient temperature. The critical element in hay baling work system 
is the work environment. The risk ratio was estimated at 5.78. The level of risk was low due 
to the rapid intervention of the human factor. Based on the results, the technical measures 
mentioned in the paper were proposed to the operator. The paper found that maintenance 
of the machine is important for protection against agricultural fires, where the human 
factor plays an important role in the man - machine - environment system. 

Keywords: 
Fire analysis in Agriculture 
Machine risks 
Man - machine - environment 
system 

 

 

1. Introduction  
Agriculture is one of the most dangerous sectors in terms of 

accidents at work. There is an accident rate for employees in 
agriculture without fatalities 1.7 times higher than the average and 
accident rate with fatalities is three times higher than the average 
[1].  

Fires pose a risk of destroying the environment and human 
lives [2]. The causes of fire in agricultural machinery are various. 
The literature [3] lists several possibilities in which a fire may 
occur: e.g. in the engine, in the bearings, brakes. Maintenance of 
these machines is an important fire protection. 

Maintenance activities in agriculture are very diverse, 
including the following activities: 

• maintenance and repair of machinery, equipment and 
vehicles, 

• maintenance of farmyards and buildings, 
• maintenance of silos, tanks, manure tanks and grain tanks, 

• maintenance of electrical installations, 
• maintenance of drainage and irrigation systems, 
• maintenance of paved and unpaved roads. 
 
The following hazards can be identified during these 

maintenance activities:  
• mechanical hazards when working with maintenance 

machinery, for example crushing, connecting and high-
pressure injection means, 

• electrical risks, 
• thermal risks, 
• chemical risks associated with the use of hazardous 

substances during maintenance or maintenance of 
equipment containing hazardous substances, 

• risk of explosion or fire or during maintenance, 
• biological risks in the maintenance of contaminated 

equipment, 
• ergonomic risks, e.g. incorrect construction of tools, 
• work activities in enclosed spaces. 
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