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Abstract. Technological innovations in the agricultural sector result in rapid progress, causing conventional farming 

systems to be no longer used. Agricultural technology innovations help improve the quality of agricultural production and 

produce superior agricultural products. Technological innovation in agriculture can be referred to as “Smart Farming.” 

Recently, Smart Agriculture has been proposed in various studies to increase food production. Smart Farming System 

introduces various information technology models such as the Internet of Things (IoT), artificial intelligence, and cloud 

computing. Internet of Things (IoT) and artificial intelligence are two core techniques for building Intelligent Farming 

Systems. IoT is utilized to automatically collect agricultural data and transmit the collected data to the data centre. In 

contrast, artificial intelligence techniques such as Artificial Neural Networks (ANN) are used to analyze agricultural data 

in decision making. This study aims to identify the Deep Learning Convolutional Neural Network method in improving 

the quality and quantity of corn. The data is obtained in the form of sensor data for soil pH and humidity values. Then the 

process uses the Deep learning Convolutional Neural Network (DL-CNN) algorithm that brings about output in the form 

of Data Tables and Graphs. 

INTRODUCTION 

Conventional farming systems are agricultural systems that aim to obtain maximum agricultural production by 

utilizing modern technology such as high doses of synthetic chemical fertilizers and pesticides without or little input 

of organic fertilizers [1]. Farmers mostly practice this farming system in all regions. However, the weakness of 

conventional farming systems is that it is one of the applications of agricultural systems that have the potential to 

reduce soil organic-C levels, encourage the destruction of soil structure, reduce soil fertility, and lose fertilizers and 

other chemical elements due to erosion and leaching [2]. In the long term, this impact can reduce soil quality and 

productivity due to soil degradation. 

Technological innovations in the agricultural sector result in extremely rapid progress, causing conventional 

farming systems to be no longer used. Agricultural technology innovations help improve the quality of agricultural 

production and produce superior agricultural products. Technological innovation in agriculture can be referred to as 

“Smart Farming.” Smart Farming is a conceptual idea about cultivating agricultural land using the latest technology 

and earning more income than conventional farming [3]. 

Smart Farming is also known as precision farming, in which farming is managed by software and monitored by 

sensors. Smart Farming is increasingly important because it is a combination of a growing global population, 

increasing demand for higher yields, the need to use natural resources more efficiently, the increasing use and 

sophistication of information and communication technologies, as well as the increasing demand for “Climate-Smart 

Agriculture” [4].  
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Monitoring environmental parameters and weather conditions play an important role in the production phase of 

the crop. Monitoring such as sunshine, rainfall, and humidity guides optimal water use for crop irrigation scheduling 

and planning. Recently, Smart Agriculture has been proposed in various studies to increase food production. Smart 

Farming System introduces various information technology models such as the Internet of Things (IoT), artificial 

intelligence, and cloud computing. Internet of Things (IoT) and artificial intelligence are two core techniques for 

building Intelligent Farming Systems [5]. IoT is used to automatically collect agricultural data and transmit the 

collected data to the data centre. In contrast, artificial intelligence techniques such as Artificial Neural Networks 

(ANN) are used to analyze agricultural data in decision making. The basic concepts of a smart farming system are 

shown in Fig. 1 below. 

 

 
 

FIGURE 1. Basic Concepts of Smart Farming System 

 

Smart Farming can be considered a modern farming system to produce a better quantity and quality of agricultural 

products, particularly for the researched products. This study aims to identify how IoT is used in Smart Farming by 

(i) presenting the main components of IoT-based Smart Farming with relevant technologies, (ii) identifying the most 

used hardware and platforms, (iii) evaluating the use of various analytical techniques in IoT, such as artificial 

intelligence, and (iv) reviewing the challenges of using IoT technology in the agricultural sector, corn farming case 

studies. Introduction This paper describes previous studies on how conventional farming systems turn into Smart 

Farming, a technological innovation in agriculture widely adopted by developed countries to create more effective 

and efficient agriculture.  

The remainder of this paper is structured as follows: Section II describes smart farming in the cornfield to produce 

ethanol energy, Section III discusses IoT technology-based smart farming. Next, Section IV reviews the data and 

methodology that are going to be used in the study. Section V discusses and emphasizes the important takeaways 

through conclusions. 

SMART FARMING IN CORNFIELD FOR ETHANOL ENERGY PRODUCTION 

Corn is one of the strategic agricultural commodities in Indonesia [6]. Corn is also considered one of the staple 

foods in some parts of the country [7], such as East Java, East Nusa Tenggara, North Sulawesi, Southeast Sulawesi, 

and Papua [8]. Besides being a staple food, corn is also used as animal food [9] and raw material for renewable 

bioenergy [10]. The need for corn will potentially continue to increase along with the increase in population and the 

diversification of the use of corn to support community needs [11]. 

One factor affecting the gap between the yield and the potential of corn plants is the abiotic factor [12]. Abiotic 

factor in the form of climate change brings about irregular rainfall, and it affects the availability of groundwater and 

decreases maize production [13]. In general, maize plants absorb water easily if the groundwater does not fall from 

60 cm below the plant root system [14]. On the other hand, maize is difficult to adapt to areas with high rainfall 

intensity [15]. Corn planting is more optimally carried out on dry land with land that has a high water storage capacity 
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[16]. The condition exists because excessive water intensity in maize cultivation results in the reduction in leaf area 

and production, and it can, as a result, cause plant death [17]. In addition, the intensity of water from irrigation sources 

affects the growth and the characteristics of maize [18]. Therefore, it is important to monitor soil moisture to obtain 

optimal corn production. Monitoring soil moisture can be used as a climate model and an indicator of flood and 

drought conditions that impact corn production. 

One of the advantages of the Smart Farming system is that it can produce a better quality of agricultural products 

compared to other systems. For example, with the Smart Farming system, corn and wheat are grown and used as food 

and animal food, but they can also be used as raw materials for renewable ethanol fuels. Corn ethanol is the ethanol 

produced from corn biomass, and it is mixed into more than 98% of gasoline to reduce air pollution [19]. Corn ethanol 

reduces well-to-wheel greenhouse gas emissions by up to 101 through 115% [20]. The type of corn used for ethanol 

is called “No.2 Yellow”. The USDA Corn Grades provides a reference, and ethanol plant operators accept USDA 

Grade #2 Yellow Corn as the minimum quality grade for ethanol production [21]. It is hoped that this monitoring can 

increase corn production and productivity following ethanol renewable energy production standards.  

IOT TECHNOLOGY BASED UPON SMART FARMING 

IoT-based smart agriculture consists of four main components [22], [23], as shown in Fig. 2. The four main 

components are 1) IoT devices, 2) communication and connection technology, 3) data processing, and 4) data analysis. 

IoT systems are based on devices that provide sensing, actuating, controlling, and activity monitoring [24]. These 

IoT devices are sometimes also referred to as IoT sensors. IoT devices can exchange and collect data with other 

connected devices and applications via the internet. The sensor output in an electrical signal transmitted to the 

microcontroller is sent through the network for further processing. In agriculture, IoT tools provide useful information 

regarding various environmental parameters that can improve the quality and quantity of agricultural products [25]. 

The imagery of the Key Component of IoT-based Smart Agriculture is shown in Fig. 2 below. 

 

 

FIGURE 2. Key Components of IoT-based Smart Agriculture 

 

Wireless communication technology has an important role in the successful implementation of IoT systems. The 

technology can be categorized based on spectrum, transmission distance, and application scenarios. Various studies 

have been proposed to overcome problems in IoT communication technology used in smart agriculture, such as 

reducing energy consumption [26], increasing resiliency and scalability [27], propagation losses [28], integrating 
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various network protocols, and reducing latency problems [29]. The selection of communication technology following 

the circumstances and the area of agricultural land must also be well planned. Zigbee, LTE, CDMA, GSM, Wi-Fi, 

LoRa, NFC, and RIFD are communication technologies used for agricultural purposes [30]. Various protocols like 

HTTP, WWW, and SMTP serve as efficient communication in agricultural scenarios. 

Several IoT technologies have been developed and classified based on data processing concepts, batch processing 

technology, and real-time processing technology [31]. The batch processing technology is more suitable for high 

throughput data processing. The principle used is to store data first and then process it. Meanwhile, real-time 

processing technology processes data that is moving or happening to get valuable information as quickly as possible. 

Real-time data processing must operate with high data rates and low latency. 

The main constituent of IoT applications is choosing an efficient data analysis method based on the characteristics 

of the data generated by the IoT system [32]. Data analysis means analyzing each data segment to identify trends, 

extract hidden information, and extract valuable information. Data models such as neural networks, cluster 

classification methods, machine learning are widely used in research for data analysis in IoT applications. 

DATA AND METHODOLOGY 

The imagery data come from a variety of sources. The bulk of the data is collected in a cornfield demonstration 

plot for this research. Data retrieval uses a soil pH sensor and humidity sensor. Data from the sensor is then sent to 

Arduino by using the ADC port that is calibrated so that it gets an accurate soil pH and humidity value. The calibration 

data on Arduino is sent to Visual Studio C# using the Serial port for processing by using the DL-CNN (Deep Learning 

Convolutional Neural Network) algorithm that produces output in the form of data tables and indicator graphs, as 

shown in Fig. 3 below. 

 

 

FIGURE 3. Data Processing 

 

The approach for determining live monitoring status for cornfield demonstration plots is a type of Deep Learning 

called Convolutional Neural Network (CNN). The data is obtained in the form of sensor data for soil pH and humidity 

values. Then the process uses the Deep learning Convolutional Neural Network (DL-CNN) algorithm that brings about 

output in the form of Data Tables and Graphs. One of the previous studies examined crop disease detection by using 

DL-CNN. The overall modelling process requires several steps for effective data preparation for the CNN model to 

achieve a good result. Fig. 4 below illustrates the detailed set of steps involved [33]. 

 

 

FIGURE 4. Model Pipeline 

CONCLUSION 

This article shows that several cases used the Deep Learning Convolutional Neural Network technique in several 

previous studies, for example, examining plant disease detection using DL-CNN. Moreover, in our future research, 

which is applied in monitoring the status of agricultural land (case study: cornfields) in real-time, we will also use the 

130005-4

 26 July 2023 14:22:59



Internet of Things (IoT) Based Smart Farming with a DL-CNN approach, it is expected to be able to monitor 

agricultural land in real-time to improve the quality and quantity of corn.  

REFERENCES 

1. Reijntjes C, Haverkort B, Waters-Bayer A. Farming for the Future. Macmillan Educ.; 1992.  

2. Shukla MK, Lal R, Ebinger M. Determining soil quality indicators by factor analysis. Soil Tillage Res. 

2006;87(2):194–204.  

3. Khan S. What is “Smart Farming”? How Do I Start Smart Farming. 09 July. 2017.  

4. Rouse M. “Smart Farming,.” june. 2019.  

5. Bu F, Wang X. A smart agriculture IoT system based on deep reinforcement learning. Futur Gener Comput Syst. 

2019;99:500–7.  

6. Asmara R. Technical, Cost and Allocative Efficiency of Rice, Corn and Soybean Farming in Indonesia: Data 

Envelopment Analysis Approach. Agric Socio-Economics J. 2017;17(2):76.  

7. Wanto A, Hartama D, Bhawika GW, Chikmawati Z, Hutauruk DS, Siregar PH, Marpaung RF, Efendi S, Gultom 

I, Windarto AP. Model of Artificial Neural Networks in Predictions of Corn Productivity in an Effort to 

Overcome Imports in Indonesia. In: Journal of Physics: Conference Series. IOP Publishing; 2019. p. 12057.  

8. Purwidiani N, Afifah CAN, Indrawati V, Sutiadiningsih A, Wahyuningsih U. Non-Rice Staple Food Patterns in 

Indonesia. In: 1st International Conference on Social, Applied Science and Technology in Home Economics 

(ICONHOMECS 2017). Atlantis Press; 2017. p. 240–3.  

9. Ardie R, Santosa CAHF, Hendracipta N. Mathematical Modelling in Agricultural Systems in Indonesia: A Case 

Study of Modelling in Predicting Production and Consumption Corn to Reach Corn Self-Sufficiency. In: 2nd 

and 3rd International Conference on Food Security Innovation (ICFSI 2018-2019). Atlantis Press; 2021. p. 73–

82.  

10. Ovcharuk O, Hutsol T, Ovcharuk O, Rudskyi V, Mudryk K, Jewiarz M, Wróbel M, Styks J. Prospects of use of 

nutrient remains of corn plants on biofuels and production technology of pellets. In: Renewable Energy Sources: 

Engineering, Technology, Innovation. Springer; 2020. p. 293–300.  

11. Ardie R, Santosa CAHF, Hendracipta N. Division of Regions in Indonesia That Can Achieve Food Security for 

Corn. In: 2nd and 3rd International Conference on Food Security Innovation (ICFSI 2018-2019). Atlantis Press; 

2021. p. 132–8.  

12. Ngoune Tandzi L, Mutengwa CS. Estimation of maize (Zea mays L.) yield per harvest area: Appropriate 

methods. Agronomy. 2020;10(1):29.  

13. Winarno J, Widijanto H, Hasanah K. Land suitability evaluation for sweet corn in third cropping period at 

Wonosari Village, Karanganyar, Indonesia. In: IOP Conference Series: Earth and Environmental Science. IOP 

Publishing; 2018. p. 12007.  

14. Imanudin MS, Armanto E, Susanto RH, Bernas SM. Water table fluctuation in tidal lowland for developing 

agricultural water management strategies. J Trop Soils. 2018;15(3):277–82.  

15. Giacomeli R, Marchesan E, Oliveira ML de, Martin TN, Teló GM, Donato G, Silva MF da. Physical properties 

and crop management for corn in an Albaqualf. Rev Bras Ciência do Solo. 2017;41.  

16. Imanudin MS, Armanto ME, Susanto RH. Developing seasonal operation for water table management in tidal 

lowland reclamations areas at South Sumatera, Indonesia. J Trop Soils. 2019;16(3):233–44.  

17. Goulart RZ, Reichert JM, Rodrigues MF. Cropping poorly-drained lowland soils: Alternatives to rice 

monoculture, their challenges and management strategies. Agric Syst. 2020;177:102715.  

18. Mansour HA, Abd-Elmabod SK, Engel BA. Adaptation of modeling to the irrigation system and water 

management for corn growth and yield. Plant Arch. 2019;19(Supplement 1):644–51.  

19. Joyce M. Developments in US alternative fuel markets. Energy Information Administration; 2000.  

20. Biofuels versus Gasoline: The Emissions Gap is Widening,”Environmental and Energy Study Institute. 2016.  

21. Chan S, Oktavianti I, Nopphawan P. PMU Time Series Module Adapted for Reduction of Dark Data and the 

Ensuing Enhanced Analytics for Higher Quality Yields of Ethanol Fuel Production. In: 2020 8th International 

Conference on Condition Monitoring and Diagnosis (CMD). IEEE; 2020. p. 412–5.  

22. Farooq MS, Riaz S, Abid A, Abid K, Naeem MA. A Survey on the Role of IoT in Agriculture for the 

Implementation of Smart Farming. IEEE Access. 2019;7:156237–71.  

23. Elijah O, Rahman TA, Orikumhi I, Leow CY, Hindia MHDN. An overview of Internet of Things (IoT) and data 

analytics in agriculture: Benefits and challenges. IEEE Internet Things J. 2018;5(5):3758–73.  

130005-5

 26 July 2023 14:22:59

https://doi.org/10.1016/j.still.2005.03.011
https://doi.org/10.1016/j.future.2019.04.041
https://doi.org/10.3390/agronomy10010029
https://doi.org/10.5400/jts.2010.15.3.277
https://doi.org/10.5400/jts.2011.16.3.233
https://doi.org/10.1016/j.agsy.2019.102715
https://doi.org/10.1109/ACCESS.2019.2949703
https://doi.org/10.1109/JIOT.2018.2844296


24. Ray PP. A survey on Internet of Things architectures. J King Saud Univ Inf Sci. 2018;30(3):291–319.  

25. Nukala R, Panduru K, Shields A, Riordan D, Doody P, Walsh J. Internet of Things: A review from “Farm to 

Fork.” In: 2016 27th Irish Signals and Systems Conference (ISSC). IEEE; 2016. p. 1–6.  

26. Agrawal H, Dhall R, Iyer KSS, Chetlapalli V. An improved energy efficient system for IoT enabled precision 

agriculture. J Ambient Intell Humaniz Comput. 2019;1–12.  

27. Cadavid H, Garzón W, Pérez A, López G, Mendivelso C, Ramírez C. Towards a smart farming platform: from 

IoT-based crop sensing to data analytics. In: Colombian Conference on Computing. Springer; 2018. p. 237–51.  

28. Klaina H, Vazquez Alejos A, Aghzout O, Falcone F. Narrowband characterization of near-ground radio channel 

for wireless sensors networks at 5G-IoT bands. Sensors. 2018;18(8):2428.  

29. Hernández-Rojas DL, Fernández-Caramés TM, Fraga-Lamas P, Escudero CJ. Design and practical evaluation 

of a family of lightweight protocols for heterogeneous sensing through BLE beacons in IoT telemetry 

applications. Sensors. 2018;18(1):57.  

30. Kour VP, Arora S. Recent developments of the internet of things in agriculture: a survey. IEEE Access. 

2020;8:129924–57.  

31. Malek YN, Kharbouch A, El Khoukhi H, Bakhouya M, De Florio V, El Ouadghiri D, Latré S, Blondia C. On the 

use of IoT and big data technologies for real-time monitoring and data processing. Procedia Comput Sci. 

2017;113:429–34.  

32. Saleem TJ, Chishti MA. Deep learning for Internet of Things data analytics. Procedia Comput Sci. 

2019;163:381–90.  

33. Chilukuri S. Crop Disease Detection Using Machine Learning and Computer vision,. 2020;  

 

130005-6

 26 July 2023 14:22:59

https://doi.org/10.3390/s18082428
https://doi.org/10.1109/ACCESS.2020.3009298
https://doi.org/10.1016/j.procs.2017.08.281
https://doi.org/10.1016/j.procs.2019.12.120

