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Abstract —Existing research in the field of smart farms has 
only been studied to increase production by maintaining the 
optimal growing environment for crops. However, in the case of 
tomatoes, the harvest time considering the shelf life is very 
important, so quantified harvest time prediction information is 
needed. Therefore, this paper designed a system to predict the 
exact harvest time by measuring the temperature of the fruit 
directly with a thermal imaging camera rather than the 
accumulated temperature through the existing greenhouse 
temperature. A database was built by collecting thermal image 
data and environmental data, and a system was designed to 
predict the harvest time of crops through a linear regression 
algorithm and integrated temperature calculation formula. 
Through this system, it is possible to predict the exact harvest 
time of crops, and furthermore, it is possible to control the 
production time by controlling the smart farm environment, 
which has the advantage of shipping crops at a high selling price. 
Therefore, farmers can see the effect of increasing profits 
through high-quality crops. 
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I. INTRODUCTION  
Recently, as the era of the Fourth Industrial Revolution 

approaches, attempts to incorporate smart technology in 
various fields are underway both domestically and 
internationally. Countries around the world are incorporating 
ICT technology to improve agricultural competitiveness 
through agricultural technology innovation. Smart farm is a 
networked facility farming equipped with sensors, 
information and communication, control, and ICT 
technologies, and is an alternative that can solve future food 
problems caused by aging and climate change.[1-3] 

Existing smart farm research has focused on increasing the 
productivity of crops by maintaining the optimal growth 
environment for crops [4]. However, while increasing the 
productivity of crops is important, harvesting crops when they 
are of the highest quality and selling them at a good price is 
also important for increasing farmers' profits.[5] In particular, 
tomatoes are a post-ripening fruit vegetable, and the harvest 
time considering the distribution period for export is very 
important, so export farms need quantified information to 
predict the harvest time.[6] 

Accordingly, this paper seeks to design a system that 
predicts the exact harvest time by measuring the temperature 
of the fruit directly with a thermal imaging camera, rather than 

the accumulated temperature through the temperature in the 
existing greenhouse. 

 

II. RELATED RSESEARCH 
Figure 1 shows the accumulated temperature to indicate 

the amount of heat required for crop growth and refers to the 
accumulated daily average temperature over the number of 
growing days. When calculating the accumulated temperature, 
the average daily temperature is selected only at or above the 
minimum temperature at which the relevant crop can be active. 
Equation (1) is the formula for calculating the integrated 
temperature. The standard temperature varies depending on 
the crop, but the optimal harvest time for tomatoes is when the 
accumulated temperature reaches 1,000℃.[7-9] 

 

Figure 1. Changes in crop growth according to integrated 
temperature 
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Like the human eye, a general visual camera recognizes an 
object by receiving light reflected from an object with a 
detector and converting it into an image. In contrast, thermal 
imaging cameras create images using heat, rather than visible 
light. Both heat and light are forms of energy that fall into the 
electromagnetic spectrum, but cameras that can detect visible 
light do not have the ability to detect thermal energy, and 
conversely, cameras that detect thermal energy cannot detect 
visible light. Thermal imaging cameras accept infrared energy 
and use the data from the infrared energy to create images 
through digital or analog video output. In this paper, the 
temperature of the tomato surface is photographed using a 
camera equipped with a thermal imaging function, and 
temperature information is collected.[10] 

 



III. SYSTEM DESIGN 
A system was designed to measure the surface temperature 

of fruit based on the thermal imaging camera proposed in this 
paper, and to predict harvest time by analyzing the integrated 
temperature using the measurement data.  

  
Figure 2. Data collection method for integrated temperature 
measurement. 

 
Figure 2 shows the method of collecting thermal image 

data and environmental data to measure integrated 
temperature. In addition to the environmental data collected 
from the existing smart farm system, a thermal imaging 
camera was installed to measure the surface temperature of 
fruit. Therefore, the integrated temperature is calculated using 
data that adds not only the environmental temperature in the 
greenhouse but also the surface temperature of the fruit.  

 Unlike other systems, the image of the pest consists of 
three types including the sticky type, a pheromone type, and 
attracting lamp type. The sticky type is widely used in general 
systems, and the pheromone type emits pheromones to attract 
and capture pests. Lastly, the attracting lamp attracts pests 
with light and provides a good environment for trapping 
insects at night. 

Figure 3 shows the predicted value of crop harvest time by 
constructing a database based on collected thermal image data 
and environmental data and analyzing and calculating it using 
a linear regression model. The sowing time and planting date 
of the predicted crop are identified and designated as machine 
learning variables, and the harvest time can be predicted 
through the integrated harvest temperature value. In this paper, 
tomato crops were used. 

 

 

Figure 3. Database construction for data analysis and harvest 
time prediction results 

 

Since the cumulative temperature prediction of crops is 
measured in a greenhouse, the temperature is maintained at a 
constant level, so there is not much change in the data. In 
addition, it is important to reflect past temperatures in 
predicting accumulated temperatures and calculating harvest 
dates. The accumulated temperature was predicted using a 
decision tree that remembers past information and passes it on 
as future input information and a random forest algorithm 
learned in related research. 

 
Figure 4. Comparison results between predicted and actual 
accumulated temperature 
 

Figure 4 visually expresses the prediction accuracy by 
comparing actual data and predicted data, and it can be seen 
that the predicted integrated temperature by the model follows 
the actual integrated temperature relatively well. 

The planting season for tomatoes is early March, and the 
official planting date is May 18. The accumulated temperature 
has been measured and calculated since May 18, and when the 
accumulated harvest temperature is reached, it can be 
considered the appropriate harvest time. The harvest time in 
this paper can be considered to be possible on August 1st when 
the cumulative temperature reaches 1,000℃. 

 



IV. CONCLUSION 
In this paper, unlike the existing system that predicted the 

harvest time based on environmental data inside the 
greenhouse, a system that measures the surface temperature of 
the fruit using a thermal imaging camera and predicts the 
harvest time of the crop based on integrated temperature data 
was designed. 

Through this system, the exact harvest time of crops can 
be predicted, and furthermore, the production time can be 
controlled by controlling the smart farm environment, which 
has the advantage of shipping crops at a high selling price. 
Therefore, farmers can see increased profits through high-
quality crops. 

In the future, we plan to develop a complex environmental 
control system in conjunction with the smart farm system so 
that crops can grow optimally at the desired time. 
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