
 

 
 

 

 
Journal of Green Engineering (JGE) 
 

    Volume-11, Issue-2, February 2021 

 
 

  

 

 
 

 

 

 

 

 

Identifying Best Fit Ecological Smart Bee 
Farm Based on Environmental Issues by 

Linear Regression Model     
 

1
A.B.M. Salman Rahman, 

2
Myeongbae Lee, 

3
Jonghyun Lim, 

4
Yongyun Cho, 

5
Changsun Shin

 

 
1,2,3

 Ph.D. Fellow, Department of Information & Communication Engineering, 

Sunchon National University, South Korea. 
4,5

 Professor, Department of Information & Communication Engineering, Sunchon 

National University, South Korea  

 

Abstract  
 

Ecological food security and nutritional protection primarily depend on bee 

pollination. As part of the local food culture, beekeeping has traditionally 

been carried out in numerous locations. Because of the increasing demand 

for honey, beekeeping is rising quickly these days. Farmers are taking 

various forms of beekeeping methods to achieve high yield. Honey 

production also depends on different types of environmental factors. The 

principal hypothesis of the whole studies is to show the effects of the analysis 

of various forms of environmental factors by the linear regression model for 

three different smart bee farms to find the best smart farm out of all three 

smart bee farms In order to improve the production of honey, farmers have to 

consider different types of environmental factors that can be monitored using 

technology. By using a linear regression model, this analysis evaluated 

multiple types of environmental variables such as farm outside temperature, 

farm inside temperature, farm humidity in three different smart bee farms. 

The accuracy of the predictive model is calculated by R 
2
 values, standard 

error (SE) values, mean absolute error (MAE) values, and root mean square 

error (RMSE) values. Based on the outcome, it is observed that the best 

results giving farm is farm 3 that has been able to give R
2
 value 0.95,0.95, 

and 0.72  for the farm outside temperature, inside temperature, and farm 

humidity respectively. 
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1 Introduction 
 

 Nowadays, one of the largest fields of employment and also of income 

around the globe is beekeeping. The primary product of beekeeping is honey 

and wax. Beekeeping has historically been carried out in different areas as 

part of the local culture and also as part of the production of pollinators. In 

many countries all over the world, beekeeping is very common. For example, 

honey is an essential component of food culture in countries such as Korea, 

Japan, Bangladesh, India, etc. [1]. Beekeeping and the processing of honey 

may also provide a tremendous contribution to the food community's 

development. This is high time to support beekeepers with technology for 

better yield and profit through technology-based farming called smart 

farming. Continuing advancements in technology have allowed farmers to 

collect an enormous amount of site-explicit agri-field information. 

 Smart farming is an evolving method that utilizes technology such as 

IoT, robots, drones, and AI to control farms to increase the quantity and 

efficiency of goods while optimizing the human labor needed by 

manufacturing [2]. By 2050, the planet's population is projected to be around 

9.1 billion. The Food and Agriculture Organization (FAO) of the UN (United 

Nations) has reported that food availability would need to be expanded by 

around 70 percent to support this increased population. The Environmental 

Change Research Program presents many threats to crop production, 

livestock welfare, and the rural economy due to climate change [3]. 

 According to Nongjeonhoiyo, beekeeping leads to the survival of forest 

communities and honey is one of the most significant items as nutrition and 

also as a medicine for timberland people [4]. Korea has a long history of 

beekeeping that started more than 2000 years ago [5]. Approximately half of 

all territories on the plateau in Korea were involved in beekeeping during the 

Chosun dynasty (1392-1910) [6].  In the year 2002 in South Korea, 

nonnative bees reported around 83% of beehives and now nonnative bees are 

widespread there. Typically, species are usually stored deeply in the hill, 

while western species are mostly stored at the margins of mountainous areas, 

including farming communities [7]. For honey bees, there are two types of 

species available for Korean beekeepers. These species are (1) Local Korean 

bees and (2) the Western honey bee, first introduced into Korea in the early 

1900s. In Korea, the number of beehives is about 2,000,000 and the recent 

output of honey ranges from 20,000 to 27,000 tons [8]. 

 This dissertation focused on the assessment of the environmental issues 

of smart bee farms using the linear regression model. Related works are 

located in section 2, section 3 describes data, methods, and metrics to  
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evaluate the linear regression model, section 4 describes findings and 

discussion. At last, the interpretation of the paper has been consequently 

proposed. in section 5. 

 

2 Related Works 
 

To establish stable and profitable colonies, the survival of an apiculture 

ecosystem depends on persistent access to high-quality bee harvest materials 

(Pilati and Fontana 2018). After honey flows through public and private 

property, many beekeepers, including those in the USA and Europe, transfer 

their larvae to acquire forage supplies [9]. Environmental relationships 

among plants and pollinators are strongly affected by Spatio-temporal 

changes in plant flora and pollinator population dynamics. Relevant spatial 

and temporal gradients should be studied to consider plant-pollinator 

relations throughout the community environment, flowering phenology of 

plant species, and population dynamics of major pollinators [10]. In much of 

North America and Europe, honey bee colony incompetence rates have risen 

significantly, demonstrating the need to better consider the growth and 

development period of the colony, as well as the causes that may cause the 

colony to collapse. A basic configuration of the characteristics of a honey bee 

colony as a method for exploring variables has the largest effect on the 

colony's development and sustainability [11]. In order to improve cultivation 

activities, IoT instruments provide useful knowledge of a broad variety of 

technical parameters in an agricultural environment. The function of 

networks with wireless sensors WSNs in IoT technology is of critical 

significance, as the large majority of IoT applications in various markets 

depend on wireless data transmission [12]. A text has been written by 

Ammad Khan, DR. Yongle Chen, and et al. about security monitoring and 

identification using application layer protocols through the IoT device [13]. 

Jaehwan Kim and et al. released a report on a proptech analysis focused on 

popular technology demand for smart cities and smart villages [14]. 

Enhancing understanding of pollinators and plant pollination among 

residents would encourage environmental responsibility, probably changing 

expectations of quality around lawn maintenance. In pollinator-friendly yards 

or countryside borders that are likely to help wild pollinators, residents may 

deliberately plant flowers or tolerate wild plants [15]. To carry out the 

regression analysis, two concepts should usually be considered. The 

dependent variable must be closely associated with the independent 

variables. Strong linear relations between independent variables can be 

avoided [16].   

 

3 Materials and Methods 
 

 We used smart bee farm environmental data during this study for every 

minute of three smart bee farms from March 2020 to April 2020. The  
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database consists of 53826 rows and 6 columns of data. The data set is 

gained from three ecological smart bee farms at Gwangyang, a town in the 

province of South Jeolla, South Korea. The smart bee farm data contains 

information on “farm outside temperature”, “farm inside temperature”, and 

“farm humidity” for three different smart bee farms.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 The Diagrams Show the Recorded Daily Outside Temperatures on Three 

Smart Bee Farms. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 the Diagrams Show the Recorded Daily Inside Temperatures on Three 

Smart Bee Farms 

 

  Figures 1 and 2 show the actual daily values of inside and outside 

temperatures on three farms. Each boxplot presents the changes in 

temperature of a smart bee farm. The graphs depict the maximum, minimum, 

and average inside and outside temperatures on the sites of study.  
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Figure 3 The Diagrams Show the Recorded Daily Humidity on Three Smart Bee 

Farms 

 

 Figure 3 shows the actual daily values of humidity in the three farms. In 

a smart bee farm, each boxplot presents the changes in the humidity level. 

The graphs depict the maximum, minimum, and average humidity on the 

sites of study. 

 

3.1 Linear Regression 
 

 In order to evaluate the relationship among a dependent scalar parameter 

y and one or several independent parameters X, linear regression is 

considered as a method of modeling. Simple linear regression is understood 

to be the case with one explanatory variable. Multiple linear regression is 

considered the technique with two or more explanatory variables [17]. In 

linear regression, data is designed and built by using linear predictor 

functions, and unspecified material properties are determined from the data. 

That very same prototypes are known as examples of linear regression [18]. 

 The modeling of the association between such a scalar dependent 

quantity vector Y and one or multiple autonomous variables denoted X is 

synonymous with linear regression. Linear regression most generally refers 

to an approach in which an algebraic equation of X is all the approximate 

mean of y given by the value of X. A model defined as the linear equation of 

X from which the median or some other aid in the diagnosis control of Y 

and specified X is described may less generally refer to linear regression. 

Including other methods of predictive studies, linear regression relies on the 

allocation of the conditional probability of y provided X instead of the 

cumulative distribution of chance of y and X, and also this is the arena for  
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multivariate statistical analysis. Linear regression relies specifically on the 

conditional probability distribution of the possibility of y has given X rather 

than the cumulative probability distribution of Y and X, the multivariate area 

of analysis, like other forms of linear regression [18].  

In this study, assumed model, 

𝑌 =   +  1𝑋 + … . +𝑒                             (1) 

 For this equation, Y is considered as the dependent variable, X is 

considered as the explanatory variable. While the two uncertain constants to 

represent the intercept and slope are β0 and β1. e continues to stand for error. 

 

3.2 Performance Evaluation Indices 
 

 To determine the best prediction results, we consider R
2
 values, standard 

error values (SE), mean absolute error (MAE), and we consider also root 

mean square error (RMSE) values. The ranges of R
2
 values from 0.0 - 1.0 

and higher values represent a stronger deal [19]. So, unless the R
2 

value is 

approximately equivalent to one, it suggests that it produces satisfactory 

accuracy for prediction results. In the goodness-of-fit portion of most 

statistical performance, we consider the standard regression error, also 

known as the standard estimate error, near R-squared [20]. So, if standard 

error values are lees and also near to R-squared then the result is good. 

The equation for R- square value is, 

  =    
            

       
         

       

 In this formula, SSregression is the variance of the total squared regression 

and SSTotal is the cumulative squared error number. 

 The equation for standard error value (SE) is,  

  =
 

√ 
 

In this equation, SE is the standard error of the sample,   represents the 

sample standard deviation, and √  is the number sample. 

 The average model prediction error is expressed by both MAE and 

RMSE in units of the interest variable. The two metrics will vary from 0 to ∞ 

and are oblivious to the error direction. They are negatively driven reviews, 

which suggests that lower values are good [21]. 

The equation for RMSE is,  

    = √ 
 𝑌     𝑌    

 

 
 

Here,  𝑌     symbolizes the predicted value, 𝑌    symbolizes the real 

value, and   symbolizes the size of the sample. 

The equation for MAE is, 

   =
   1

  |𝑌     𝑌   |
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Here,    𝑌     symbolizes the predicted value, 𝑌    symbolizes the real 

value, and   represents the total number. 

 

4 Result and Discussion 
 

 To find the best prediction results, we analyzed the inside temperature, 

outside temperature, and humidity on three smart bee farms by using the 

linear regression model. The comparison of the real and predicted line curve 

of Farm 1, Farm 2, and also for Farm 3 out temperatures with the linear 

regression fitted separately as seen in Figure 4. In Figure 4, the blue line 

reflects the actual value and the red line separately represents the predictive 

external temperature predictive value for Farm 1, Farm 2, and also for Farm 

3 separately. From the illustration, we can also figure out that the projection 

lines are very similar to the actual line. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 The Diagrams Show the Daily Outside Temperature Curve with the LM 

Line on Three Farms 

 

 The comparison of the real and predicted line curve of Farm 1, Farm 2, 

and also for Farm 3 inside temperatures with the linear regression fitted 

separately as seen in Figure 5. In Figure 5, the blue line reflects the actual 

value and the red line separately represents the predictive internal 

temperature for Farm 1, Farm 2, and also for Farm 3. From the illustration, 

we can also figure out that the projection lines are very similar to the actual 

line. 

 The comparison of the real and projected line curves of Farm 1, Farm 2, 

and also for Farm 3 humidity with the linear regression fitted separately as 

seen in Figure 6. In Figure 6, the blue line reflects the actual value and the  
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red line separately represents the predictive humidity value for Farm 1, Farm 

2, and also for Farm 3. From the illustration, we can also figure out that the 

projection lines are very similar to the actual line. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 The Diagrams Show the Daily Inside Temperature Curve with the LM Line 

on Three Farms 

  
Figure 6 The Diagrams Show the Daily Humidity Curve with the LM Line On Three 

Farms 
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Table 1 Comparison results for R-Square Value
 
and Standard Error Value for three 

smart bee farms 

 

Far

m 

Farm Outside Temperature Farm Inside Temperature Farm inside Humidity 
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m1 

0.93 1.32 1.04 1.33 0.8

9 

1.62 1.27 1.

62 

0.5

0 

7.92 6.4 8.

7

6 

Far

m2 

0.92 1.41 1.05 1.41 0.9

0 

1.77 1.23 1.

57 

0.6

6 

8.77 6.33 7.

9

1 

Far

m3 

0.95 1.13 0.91 1.13 0.9

5 

1.09 0.88 1.

09 

0.7

2 

6.39 6.15 7.

3

6 

 

 Materially all results and analyses are relatively close to the 

environmental factors prediction curve. In table 1 we can easily find out the 

best prediction results among three smart bee farms. Table 1 accumulates all 

R
2
 values, standard error values (SE), mean absolute error (MAE) values, 

and root mean square error (RMSE) values for three smart bee farms’ outside 

temperature, inside temperature, and humidity to establish a correlation. 

 Table 1 shows us the R
2
 value and standard error for outside temperature, 

inside temperature, and also humidity among three smart bee farms by using 

the linear regression model (LM). In Table 1, based on environmental 

conditions, we can quickly find the best prediction results for smart bee 

farms.  After analyzing the environmental factors on three smart bee farms 

we find out that the best prediction results giving farm is Farm 3 based on R
2
 

values, RMSE, MAE, and SE. R
2 

values of Farm 3, for outside temperature, 

inside temperature, and humidity are 0.95, 0.95, and 0.72 approximately. 

RMSE values for Farm 3, for outside temperature, inside temperature, and 

humidity are 1.13, 1.09, and 7.36. MAE values for Farm 3, for outside 

temperature, inside temperature, and humidity are 0.91, 0.88, and 6.15. 

Standard error values of Farm 3, for outside temperature, inside temperature, 

and humidity are 1.13, 1.09, and 6.39. 

 

5 Conclusions 
 

 The bee has various natural and artificial habitats. It is vital as an 

agricultural crop pollinator and also the beekeeping industry manufactures  
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honey, bee venom, propolis, pollen, and wax as a means of income . This 

study focused on finding out the environmental factors prediction of three 

smart bee farms by using the linear regression model. Also, it is intended to 

find the best smart bee farm among three smart bee farms in getting good 

prediction results. All results and analysis give us acuteness between 

environmental factors predictions and the actual values recorded on the smart 

bee farms. Results are on the three different types of environmental factors in 

three different farms. And from the results, we find out that Farm 3 gives us 

the best result among the three smart bee farms. So, after analyzing all 

environmental factors we can say Farm 3 is better than the other two farms 

for getting good production. 
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