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Abstract 
 
Though sugarcane is an important crop as a base for the agriculture in Okinawa, average 
harvested area of one farmer is very small. It is only 7,500 square meters. And the farm house 
that has less than 10,000 square meters make up 80% by number of all farmers. In order to 
improve the sugarcane yield and encourage stable production, it is important to develop 
competent farmers as leaders in the region. One of the methods for the developing the regional 
sugarcane farming is operating an agricultural corporation. The farmer cannot achieve of high 
productivity by itself. But the productive farmer in the region lease and consolidate the 
farmland and organize agricultural production corporations, then they can manage large-scale 
farmland with full mechanization. So they can accomplish the low-cost and high-efficient 
cultivation in the corporation style. In spite of the managing large-scale farmland, the farm 
work is poorly managed because the farmers are not accustomed to the corporation 
management. Thus, the farm work begins late in the season and the optimal timing is missed. It 
is important to assist these corporations to construct an efficient farming plan. In this study, the 
information system which supports the business and cultivation management for sugarcane 
producers was developed. In order to improve the sugarcane yield, agricultural producers are 
required to manage their work systematically and efficiently. Therefore, it is necessary to 
accurately comprehend the work that goes on for the rational planning of farming operations. 
This study is aimed at developing a system for recording farming data and storing the data on 
the server to build a farm work database automatically. The database constructed the detailed 
records of the farm work is used for simulating the operation for effective farming. 
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Introduction 
 
One of the main crops in Okinawa is sugarcane. Unlike rice cropping, main crop in mainland 
Japan, its damage can be minimized from natural disasters such as typhoon and drought in 
summer. Though the sugarcane is an important crop as a base for the agriculture in Okinawa, 
average harvested area of one farmer is very small. It is only 7,500 square meters. And the farm 
house that has less than 10,000 square meters (1ha) make up 80% by number of all farmers 
(Agriculture, Forestry and Fisheries Planning Division, Okinawa Prefecture, 2006). In order to 
improve the sugarcane yield and encourage stable production, it is important to develop 
competent farmers as leaders in the region.  
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Japanese government shifted the direction of the agricultural land integration plan by 
setting out to promote land-leasing and secure contract for farm work with local owners for 
efficient use of agricultural land. One of the methods for the developing the regional sugarcane 
farming is operating an agricultural corporation. The farmer cannot achieve of high 
productivity by itself. But the productive farmer in the region lease and consolidate the 
farmland and organize agricultural production corporations, then they can manage large-scale 
farmland with full mechanization. So they can accomplish the low-cost and high-efficient 
cultivation in the corporation style as shown in Fig. 1. 

 

 
 

Fig. 1 Operating agricultural corporations for the developing the regional 
 

At present, there are 39 sugarcane farming corporations in Okinawa as proactive 
agricultural management entity in regions. The characteristics of the agricultural corporation 
are: they increase the concentration of the leased lands and they mechanize agricultural work. 
And if they cannot lease a land, they contract farm work for increasing the machine utilization 
rate. 

These agricultural corporations lease and consolidate the dispersed farmland, and manage 
large-scale farmland with full mechanization. The fields managed by these corporations 
sometimes count the figures over a hundred fields and are scattered within a 10-kilometer 
radius. Therefore the corporation workers have to move from field to field to carry out farm 
work. The scattered farmland brings on inefficient work, and competes for the limited farm 
resources such as machinery and labor during the cropping season.  

In spite of the managing large-scale farmland, the sugarcane yield of these agricultural 
corporations is not higher than the average. The major factors for the low sugarcane yields of 
these corporations are considered for two reasons.  
1. The leased fields managed by these corporations are scattered, and the corporation workers 
have to move from field to field to carry out farm work. Because of the time taken to transit 
between the fields, the farm work becomes inefficient. 
2. The farm work is poorly managed because the farmers are not accustomed to the corporation 
management. Thus, the farm work begins late in the season and the optimal timing is missed. 
It is important to assist these corporations to construct an efficient farming plan.  

In this study, we develop a system for recording the farm work data for corporation 
management. The relation between dispersion of farmlands and productivity is investigated 
using the GIS. We provide with an effective farming plan for these corporations. We design an 
appropriate algorithm for scheduling problem. 
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System Structure 
 

Figure 2 shows the system structure for the farm work planning. A cellular phone equipped 
with an Internet connection and built-in GPS functions is selected as the terminal to record the 
data of farming progress and changes of uncertainties at the farmland. The web pages for 
collecting the farming data are obtained from the web server via the Internet and displayed on 
the cellular phone screen through its built-in web browser. The web server responds to the web 
requests from the cellular phone and transmits the web pages back. The CGI (Common 
Gateway Interface) programs are run on the web server in order to record the farming data, 
display the field map, address system errors, and save the data on the database server. The 
built-in GPS function in the cellular phone is utilized to produce a field map of the measured 
position to indicate the location of the operator. The function that displays the GIS map using 
the position information obtained from the GPS function of the cellular phone is not only used 
for identifying the working field but also for validating whether the field identifying number is 
correct or not Some free software, Apache and PHP are used as the web server and the CGI 
language support platform, respectively. The detail of recording the farming data by a cellular 
phone was proposed by Guan et al. (2006b). 
 

 
 

Fig. 2 System structure for the farm work planning 
 

The data stored in the database server consist of records of farming works, the data of 
resources and farming progress, etc. The resource data mainly contain the name, quality and the 
data of farming progress represent the status of the scheduled works for each farmland. The 
database server is implemented with MySQL. 

The farming work management includes an interface for transferring the necessary data 
such the progress data to the scheduling system, managing the data on the database server, 
storing the scheduled result, and transmitting the scheduled result as indication work to the 
farmers who are handling with a cellular phone. The farming work management also provides 
some functions such as updating the rank of farmland and the changes of resources, and so on. 
Because the farming work management is designed on the web site, both computer and cellular 
phone are possible to access the web pages on the web server.  
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Farm Work Planning Design 
 
Figure 3 shows the major farm-work for sugarcane cultivation. It consists of the plowing, 
seeding, planting, fertilizing and harvesting work. Each of the farm-work requires necessary 
labor forces and machines.  

 

 
Fig. 3 Work flow of producing sugarcane         Fig. 4 Petri net modeling for farming work flow 
 

A Petri nets is a graphical and mathematical modeling tool for describing and simulating 
dynamic and concurrent activities of systems (Murata, 1989). It is widely used in computer 
systems, manufacturing systems and discrete-event systems. A Petri nets is graphically 
represented by a directed bipartite graph, and it contains structural components of places, 
transitions, and arcs. In a Petri nets, places drawn as circles are used to describe local system 
states, and transitions drawn as bars are used to describe events that may modify the system 
state. Arcs that connect places and transitions represent the relations between local states and 
events (Fig. 3). In order to model the farming flow, we define the farming operation as the 
transition, condition or status as the place, resource like labor force and machine as token. If we 
make a series of the set, we can model the whole farming work. 

For a Petri nets, tokens are drawn as black dots within places. Tokens are assigned to place 
and transition begins firing with a set of tokens in the place that satisfy a certain condition. Then 
tokens move from a place to a place in the direction of arc. The flow of a dynamic event can be 
modeled by the state transition of tokens. It is called marking to assign place tokens. Since the 
initial state of a system is expressed, an initial marking of place is assigned. For a Petri nets the 
marking is a function representing the number of tokens in each place. For example, an 
agricultural machinery (token: a black dot) is arranged in the untilled land status (place: circle 
P1). If the required number of machines are assigned, the work of tillage (transition) will be 
carried out, and it will go on in the tilled land status (place: P2) after an operation (Fig. 3). Thus 
Petri nets can model the events that advance step after step. 

Figure 4 shows the Petri nets model defined with the farming-flow corresponding to one 
cropland. It shows that the corresponding cultivation will be carried out when satisfying the 
labor forces and machines (Guan et al., 2006a,2007). For the agricultural corporations, the 
model contains multiple croplands based on this simple-model. Because the Petri nets is also a 
mathematical model, it is easy to handle and simulate the behavior of the system. In our 
research, the scheduled and simulated farming-plan displays as a visible graphic, so that it is 
easily understandable. 
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Result and Discussion 
 
The farming works of corporation are modeled as the Petri nets model. When one farming work 
is carried out, then, the resources are allocated on the corresponding workday, and the schedule 
is therefore generated.  

 
Fig. 5 Initial status of Petri net                                  Fig. 6 Final status of Petri net after  

acting on firing operation  
 

The possible fanning schedules are generated by the priority list, which contains a set of 
priority queues of farming works. We define the number of farmlands as i = (1, 2, 3, ..., n), 
works in one farmland as j = (1, 2, 3, ..., m), respectively. Thus the priority list shows as [J11, J31, 
J12,…, Jnm], where the length of the priority list is the product of n and m, and Jnm means the 
work m in the farmland n. Fig. 5 shows a priority list, where the initial condition is assumed 
those two farmlands, two labor forces, and one machine are available for schedule. In each 
farmland, there are three necessary farming works, which are simulated based on Petri net 
model. When one of farming work is carried out, the corresponding transition acts on firing. 
The firing operation conducts the transmission of tokens and status alteration of places. In 
company with the firing operation, the farming works and resources are allocated on the 
corresponding workday. Likewise, the Petri net model simulates the firing operation according 
to the works in the priority list, and finally reaches the status as shown in the lower part of Fig. 
6. The upper table in Fig. 6 represents the generated schedule involving the description of 
farming work, necessary labor forces and machines in the scheduled workday. 
 

 
Fig. 7 Simulated result 
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Figure 7 shows the final simulated farming-schedule and the rate of utilization of the 
resources. The upper part of the graph indicates that in each workday for each cropland. The 
lower part shows the rate of the utilization of each machine. 
 
 Conclusions 
 
The agricultural production corporations require a farm working supporting system for a 
rational daily farming plan to manage their farming work in large scale dispersive farmland. 
According to this needs, we presented an approach of developing a farm work recording and 
planning system for the agricultural production corporations based on the database technique 
and the mathematical modeling of farming. An application, which applies the GPS function of 
cellular phone to locate the field number and collects the data on farming activities have been 
developed. A farm work planning for the agricultural production corporations were analyzed by 
Petri nets model. Our simulation results revealed that Petri nets model was applicable to model 
and simulate the farming flow. 
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