
 

Prediction Model of Household Planting based on Case-based Reasoning based 
on Cellular Automata 

Bing Jiang1, Hongbing Luo2, Zhengyi Ji1 
1School of Business, Sichuan Agricultural University, Chengdu, 611830, China 

2School of Civil Engineering, Sichuan Agricultural University, Chengdu, 611830, China 

Keywords: Case based reasoning; cellular automata; prediction; farmer's planting 

Abstract: A novel model of farmers planting prediction has been applied to solve the existing 
problems of agricultural industry planning by using the combination between the case reasoning 
technology and cellular automaton algorithm for the verification analysis based on investigated data. 
Results show that this model has higher prediction accuracy of the local planting industry 
development, and has well predicated results compared with the investigated data. The average ratio 
of the predicated farming households and the actual farming households was 87%, and the average 
accuracy of predicated farming households and the actual farming households was 81.5%. Further, 
with the development, the larger the number of local farming households is, the higher the 
prediction accuracy is. It concludes that this model has a strong application value, and has a 
promising application to provide a strong support for the governmental policies of local agricultural 
industry development according to local market changes. 

1. Introduction 
The above study is the research of the macro planting characteristics to local farmers, The most 

of the studies are the perspective of government, which formulate corresponding policies to guide 
farmers planting, And the conclusions of the study have certain local characteristics, the above 
research mainly from the government and the farmers' perspective, The research is still in the initial 
stage between farmers and farmers for crop farming influence, there are few scholars to study in 
this field. In this paper, a case based reasoning cellular automata model is introduced. Cellular (CA, 
cellular automata) is a dynamic system which is discrete in time, space and state. A large number of 
cellular systems follow the same rules, And the local effect make cellular synchronous update, The 
system taking the dynamic evolution, CA structure mode of “bottom-up” fully reflects the 
individual behavior of complex systems generated in the overall pattern of order, the CA has ability 
to simulate complex systems that it changing as Time variation, it have a self evolution 
characteristic. Its application is also gradually expanded to many fields, CA contains three parts, 
which are the cell and transformation rules, the cell has “state” attribute, it as shown in figure 1: 

 
Figure 1. the composition of cellular automata 

In general, It is key that make the rules of transformation to build cellular automata. Many 
scholars use artificial intelligence algorithms to formulate the transformation rules, but they often 
fall into the local optimum. This paper uses case based reasoning (CBR) to specify the conversion 
rules, CBR algorithm is a solution to reuse previous successful cases, CBR contains four major 
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parts, they are case retrieval, case revision, case reuse and case storage. It is important that make 
success rate high for case retrieval, it is necessary to ensure that there are enough cases in the case 
base, and the setting of the retrieval threshold is also very important. 

2. CBR- cellular automaton model 
The transformation model function is established, the weight of each cell transformation factor is 

considered, and the similarity values by calculation are converted to the [0,1] interval. Because the 
factor are so much for decision farmers planting crop, There are not an absolute decision factor for 
the farmers planting, so the model can only come to a certain probability of farmers planting 
crops,The threshold is set to determine the transition for the farmers planting condition,Such as the 
state changed from 0 to 1.The transition probability of PN, which is determined by the characteristic 
attribute factor, A farmer is a single cell, the transformation probability can be calculated according 
to the following formula: 
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The di is Euclidean distance,which represent a cell with state not changing and a cell with state 
changed in characteristic attribute spaces. We can seen from the formula, the smaller the di value 
and the greater the PN value, It also means that the similarity is height between the cell and the m1 
case in case library. So the transition probability is big to the case,which state change into 1 in the 
future. The euclidean distance have not been calculated for the case that state is 0 in case database, 
because the case that state is 0 is unknown in next time. Therefore, PN is used to represent the 
probability of the transformation of cellular states. In formula (1), the formula of di can be 
expressed as follows (2): 
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wj is the weight of the first j attribute In the formula(2); the xj is the j attribute for the cell that 
state is undetermined; mij is the first j attribute of the i case in the case library; n is the total number 
of attributes of a cell. The weight of the wj attribute can be calculated according to the standard 
deviation, because the properties changing of j and cellular state relationship is very large, the 
corresponding cellular that state is 1 and cellular properties j should be less than the standard 
deviation to all cellular attributes corresponding to the standard deviation j in the research area, at 
this time, wj should be more big. The calculation process is as follows: 
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jsd  is the standard deviation of the j attribute in the cell that state is 1 in case library. i jx  is the 
j attribute value of the first i case, is the number of the cell ,which state is 1, jµ  is the average 
value of the j attribute for the number of m1 cell. The standard deviation is calculated for the first j 
attribute that total number is m cases,the formula as follows: 
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jSD is the standard deviation of the first j attributes of the adjacent m cells in the case library, 

ijx  is the j attribute value of the first i case, jµ ∗ is the average value of the j attribute values of the 
adjacent m cells. The calculations are as follows: 
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In the formula, n is the total number of cell attributes, and the cell is affected by the number of 
cell states in the neighborhood of 1, as well as the number of cell states in the domain of 1. If a 
cellular automata n state, denoted as R(i)( i∈[1,n]), if the i cellular transformation for growers, 
R(i)=1, or R(i)=0. Using the conversion probability, the formula is as follows: 
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is the star,which is cellular index for cellular that state is 0, The cellular that the state is 1, the 
third party agricultural products inspection agencies are introduced, The farmers are evaluated for 
index of star by inspection of agricultural products and comprehensive quality. In this way, each 
production cycle of agricultural products will form an evaluation ranking for farmers, which will 
promote the continuous improvement of the production process of agricultural products, and 
constantly improve their quality, and form a virtuous circle. The government policy guidance is also 
very important guiding factors in regional, because the crop have a problem of supply chain, if 
supply exceeds demand, it will cause the corresponding farmers changing from planting to non 
planting state; if the market demand is greater than supply, the government guide farmers to more 
plant according to the preliminary investigation. Therefore, the government will introduce the 
relevant guidance policies in timely and according to the status of the supply chain of agricultural 
products. It will also affect the transformation of the cells state, It can be reflected by an adjustment 
function adjP . the final cellular state affected by PN,Pne, Padj. It is calculated as follow: 

ch adjP PN PNe P= × ×   (7) 

To summarize the above model, the government can investigate the market and the local 
comprehensive environment, and then direct the farmers' planting. According to the model 
assumptions, the current state after several cycles, the conversion of 1 farmers for a total of T, based 
on the current state of undetermined farmers transition probability ranking, and then adjust the 
transition probability, the effective control of the total conversion. The structure flow chart of the 
model is shown in figure 2: 

 
Figure 2. structure flow chart of CBR- cellular automaton model 

3. Empirical analysis 
There are two type variables,they are Socioeconomic variables and natural variables, Social 

economic variables: Social Policy (if the current development orientation and policy, The value is 1 
in regional area, the value is 0.5 outside the area), the market heat index (the variables need to be 
analyzed by which specialized personnel engaged in market research after the investigation came 

[0,1]iδ ∈
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out of the year the market heat index, the index value in the [0,1] range) family labor index (family 
labor divided into 18-30, 31-45, 46-60, 61-80, the corresponding index were 1, 0.8, 0.6, 0.4, and the 
family member to get the sum divided by the total number of numerical index value, the value in 
the [0,1]).The natural variables contains land area (mu), organic matter (g/kg), total nitrogen (g/kg) 
and phosphorus (mg/kg) and available potassium (mg/kg), the main reference index of the soil 
testing Fertilization Expert Group Guidance listed in the main index. 

This paper takes a village 2014-2016 a total of 3 years about the soil and land data to simulate 
data from the provincial land survey and statistics data, the data are shown in Table 1: 

Table 1. Indicators related to land information in a village 
Farmer-ID Land 

area 
(mu) 

organic 
matter 
(g/kg) 

total 
nitrogen 
(g/kg) 

Olsen-P 
(mg/kg) 

K ppcm 
(mg/kg) 

Guiding 
policy 

Market 
heat 

index 

Labour 
index 

0001 3.2 22 1.8 11 98 1 0.7 0.87 
0002 4.3 33 1.2 15 112 1 0.7 0.76 
0003 3.6 26 0.9 13 109 1 0.7 0.66 
0004 2.8 29 1.6 15 122 1 0.7 0.75 

… … … … … … … … … 

Table 2. The data of Kiwifruit planting for 3 villages in 2014 year 
Village name The total number of 

households 
The number of households 

planted 
Non plantation 

households 
Village-1 1236 36 1200 
Village-2 998 32 966 
Village-3 2658 55 2603 

According to the survey data of land 1 villages and related variables forecasting model, 
according to the village of 1 2014-2016 years Kiwi planting industry development data, with the 
village of 3 years of data as training data, the model formula, training up to 96.73% accuracy rate of 
Pch=0.756 as non farmers into converted growers threshold. Then to simulate the development of 
the village 2 and village 3 kiwifruit planting industry, the simulation data are as follows: 

Table 3. the data of kiwifruit planting between village 2 and village 3 in 2014-2016 year: 
Year The statistics 

of Village-2 
The forecast 
of Village-2 

The statistics 
of Village-3 

The forecast 
of Village-3 

The real rate 
Village-2 

The real rate 
Village-3 

2014 32 25 55 42 0.781 0.763 
2015 44 50 68 63 0.88 0.926 
2016 56 60 73 78 0.933 0.935 

As can be seen from the data above, the ratio of the predicted value to the actual value is getting 
higher and higher, getting closer to the actual value. This is also with farmers around the cultivation 
of Kiwi more and more farmers, the farmers into the growing probability of farmers, therefore, the 
ratio of pre - village is also increasing year by year. According to the data, the distribution of 
kiwifruit planted by farmers from 2014 to 2016 is as follows: 

   
Figure 3. The data comparison map of village 2 in 2016 year 
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Above the picture on the left is 2 Village real field planting plans, be filled with red plots planted 
said kiwi, no field filled said no planting kiwifruit, right above the village 2 Figure prediction may 
grow, be filled with yellow cultivated field said the kiwi, no field filled no planting kiwifruit. The 
forecast and statistical data accuracy Table is shown in Table 4: 

Table 4. The data Table of statistics forecast accuracy for village 2 in 2014-2016 year 

Year The number of actual 
statistics farmers for village-2 

The number of forecast exact 
farmers for Village-2 

The accuracy rate of 
Prediction for village-2 

2014 32 22 0.687 
2015 44 30 0.682 
2016 56 48 0.857 

   
Figure 4. The comparison map data of village 3 in 2016 year 

The figure above is the same as in Figure 3, and its prediction and statistics calculation accuracy 
Table is shown in Table 5: 

Table 5. The Table of data statistics forecast accuracy for village 3 in 2014-2016 year 

Year The number of actual 
statistics farmers for village-3 

The number of forecast exact 
farmers for Village-3 

The accuracy rate of 
Prediction for village-3 

2014 55 38 0.69 
2015 68 58 0.852 
2016 73 67 0.917 

4. Conclusion  
This paper will combine CBR and cellular automaton algorithm farmers planting prediction is a 

new and valuable attempt to apply to CBR farmers as a case study for similar research, neighboring 
farmers, peasant household is regarded as a cellular automaton, using the algorithm to simulate 
farmers plant changes, the simulation process determines the cellular state change rule is the key, a 
lot of research often adopts the design of transform function or artificial intelligence algorithms to 
determine the conversion rules, the results tend to fall into the local optimal and can not adapt to 
dynamic changes.In this case, the CBR technique is introduced to determine the transition threshold 
by comparing the similarity between the driving variables of the cell and the experimental data, thus 
determining the state change of the cell. The algorithm can dynamically adapt to the changes of 
cellular state data, the dynamic simulation of farmers planting changes, related to the village 
through the empirical data show that the reliability and accuracy of the prediction algorithm can 
reach more than 80%, the algorithm for the local government to formulate relevant policies, guide 
farmers planting is of great value. 
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