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			ABSTRACT

		

		
			Experiences in different countries show that applying technical and advanced knowledge in the production sectors is the basis of growth and development in the agricultural sector. The advent of Internet of Things (IOT) as an emerging digital technology has led to a new direction of innovative research in the field of animal husbandry. IOT technology has a variety of applications in the economic productivity of the livestock and poultry industry. The purpose of this study is to identify and rank IOT applications in dairy cattle industry productivity with a multi-criteria decision making approach and using the Complex Proportional Assessment (COPRAS) method. Evaluation indicators were selected by theme analysis method based on the opinion of managers working in industries that are using IOT. The research method is applied in terms of purpose and is descriptive in terms of data collection tools. The results showed that Detection of Insemination Time (DIT) and Early Detection of Diseases (EDD) applications are more important, respectively.
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			INTRODUCTION

			Productivity growth directly increases agricultural and animal husbandry income and indirectly increases production as well as food supply, which in turn reduces food prices, and as income increases in agriculture and animal husbandry, so does demand for non-agricultural goods and services, and this will increase employment in the non-agricultural sector. Hence, the whole society can benefit from productivity growth in the agricultural sector. On the other hand, declining per capita food production over several years can lead to a recession in an area, and if the government does not support increased production, the recession could worsen (Nkamleu, 2004).

			One of the ways to achieve productivity growth resources in the field of agriculture and animal husbandry is to increase the use of new Information and Communication Technologies (ICT) as digital innovation (Walter et al., 2017; GeSI, 2016). The Internet of Things (IOT) paradigm as one of these new digital innovations has enabled objects to connect at any time and place by anything or anyone using a set of advanced and interconnected technologies such as mobile and wireless communication, Nano, radio wave detection and intelligent sensors (Biggs et al., 2016). The term was officially introduced by the International Telecommunication Union (ITU) in 2005 (Rayes and Salam, 2017) and was added to Gartner’s technology maturity cycle in 2011 as an emerging technology (Gartner, 2011). The growth of the number of devices in IOT was about 14 billion in 2014 and 50 billion in 2020 (Kocovic et al., 2017). It is therefore expected to generate significant economic and social benefits through cost savings, value creation, improved productivity and economic growth (Thierer and Castillo, 2015). There is no consensus among various industries on the number of vertical IOT markets (Rayes and Salam, 2017) and its applications are very diverse and numerous, so that today we can see its impact on all levels of daily life, including individuals, businesses and society (Vermesan and Friess, 2014a). 

			In general, Improvements in livestock nutrition and comfort can increase dairy cattle performance. However, there are still various factors such as disease, low diagnosis of insemination times and reproductive health problems that negatively affect the overall economic performance of the dairy cattle industry. These factors are reflected in reduced milk production, the premature elimination of potentially valuable cows, and long calving intervals, which will reduce the number of calves born by each cow (De Maturana et al., 2007). There are several challenges in cattle farm, some of which are high need for labor, failure to diagnose sick livestock and high treatment costs, production decline, existence of thermal stress, lack of accurate and timely identification of estrus livestock, lack of warning system and crisis identification in livestock, and sometimes theft of livestock.

			Monitoring and response operations against the four main parameters, body temperature, mobility rate, number of ruminants, location of cows, can be used to improve disease status and increase reproductive performance and livestock safety. Timely detection and inoculation of estrus cows is one of the most important parameters to increase livestock fertility and is important for efficient production management (Walker et al., 1996). Automated activity monitoring systems are important tools for estrus detection (Fricke et al., 2014) and manufacturers who have installed these systems were satisfied with their performance (Michaelis et al., 2013). Misdiagnosis of estrus may lead to insemination of cows that are not estrus or to inseminate at a time when it is not conducive to pregnancy (Law et al., 2009). Another parameter is heat stress as one of the main problems in cow farms. Heat stress caused by hot environment is one of the main factors that has a negative effect on production, reproduction and health of dairy cows (Bernabucci et al., 2010). In a comprehensive study by Hansen (2007) the destructive effects of heat stress on oocyte growth and maturation, premature embryo death, and fetal or placental growth were explained. The next parameter is ruminant activity, which has been proposed as a reagent for the overall health of livestock (Paudyal et al., 2018). Ruminant measuring devices are now available and have been successfully validated, indicating a strong link between visual observations and data reported by the technology (Schirmann et al., 2009). Therefore, with low rumination, health of cows can be identified and disease can be identified in early stages. The next parameter is mobility rate such that estrus, health, moving speed and location of livestock can be tracked by monitoring livestock movement and prevented theft of livestock.

			Therefore, it is necessary to have an intelligent system based on IOT technology in cattle farms so that information about body temperature, mobility rate, number of ruminants and location of cows can be sent to the processing center without interruption and online and the processing center can also provide the necessary solution for the cattle farmer to overcome the problem in order to improve the disease situation, increase reproductive performance and livestock safety. Availability of real-time data helps to search for estrus using mobility rate monitoring, monitor livestock health using number of ruminants and body temperature, prevent diseases, and timely identify and relieve heat stress that is highly damaging to livestock.

			The present study focuses on IOT applications in dairy cattle industry productivity and IOT use in cattle farms, some of which will be explored in later sections of this article. Previous articles have investigated IOT applications in dairy cattle industry productivity on a variety of topics, but economically there is no article that identifies and ranks these applications in dairy cattle industry productivity. This is while the greatest impact of IOT on the animal husbandry sector emerges in the economic approach. Therefore, there is a need to examine this issue more closely. Given the dairy cattle industry’s need to use IOT, the present study focuses on that what are IOT applications in dairy cattle industry economically? This provides a complete economic perspective on IOT applications in dairy cattle industry productivity. Due to budget constraints and available resources, livestock and poultry industry farmers cannot implement all these applications in their livestock. Therefore, it is checked that: Which of these applications has a higher priority for implementation in the dairy cattle industry? What are the appropriate criteria for ranking these applications? and based on that, what are the most important applications? This helps cattle farmers to make better and more accurate decisions about using IOT in the dairy cattle industry.

			The structure of this article is as follows: The second section examines the research background. In the third section, the research method is described. The implementation process of the complex proportional assessment (COPRAS) method and analyzing the data is described in the fourth section, and using this method, the applications are ranked. In this section, the ranking criteria are extracted based on the theme analysis method. The last section also summarizes and concludes.

			Each object with IOT technology consists of 3 main layers (sections): measurement layer, network layer (data transfer), and application layer (data storage and use) (Miorandi et al., 2012). 

			Measurement layer deals with technologies such as radio-frequency identification (RFID), wireless sensor network (WSN) and near-field communication (NFC). RFID technology is the first and most primitive example of connecting objects to each other (Welbourne et al., 2009). This technology is a wireless identification system that can exchange data by transferring information between a label attached to a product, object, card, etc., and a reader devise. This system uses electronic and electromagnetic signals to read and write data without direct contact (Cardullo, 2003). This technology plays an important role in agriculture and animal husbandry; For example, this technology can be used to monitor agricultural and livestock products, food supply chain, track quality control and evaluate the life cycle of products (Welbourne et al., 2009). WSN consists of a large number of sensor nodes that are widely distributed in an environment and collect information. This network transmits information wirelessly. In addition to one or more sensors, each node in WSN is typically equipped with a radio transmitter and receiver (or any other wireless telecommunications device), a small monitor, and a power source (usually a battery). These networks, in addition to monitoring and control, are used in monitoring, identifying and tracking agricultural and livestock products (Welbourne et al., 2009). NFC is a wireless communication device between two adjacent devices that is used for short distances (maximum several centimeters). This is an alternative method of transferring information and files between two mobile devices using Bluetooth, which, unlike Bluetooth, does not require time to search for nearby devices and can be used simply by moving the second device closer. In this technology, QR-code information is exchanged between two devices (Tzounis et al., 2017).

			Network layer is the ability to network in one of the main core of IOT devices. Just as the internet is an interface between humans, in IOT, inhuman beings and objects are interconnected. Wireless sensor nodes interact with physical objects or the environment, communicate with nearby nodes or ports and build networks to send data remotely for storage, analysis and knowledge generation (Gubbi et al., 2013). For wireless communications, there are conventions that make it easy to network devices. These conventions include: ZigBee, ONE-NET, Sigfox, Wireless HART, and ISA100.11a (Suhonen et al., 2012). In recent years, Bluetooth connectivity with low power consumption and Wi-Fi has also developed (Tzounis et al., 2017).

			Application layer is the most important part of IOT. This layer can suggest the most appropriate action to a user or send the most appropriate signal to an operator and start or stop it. In fact, it is the most external layer that a user can interact with; such as software or applications installed on a smartphone that the user can use to monitor or manage an IOT system. For example, a farmer can remotely set up an irrigation system on her farm or turn on frost control systems. In the future agriculture, IOT can connect many devices such as sensors, machines, weather stations, data storage devices, RFID scanners, smartphones, tablets, and more. Big data is created due to the instantaneous production of millions of data. Due to the high volume of big data, today only cloud spaces due to their unlimited capacity can store all this information. In the modern future scenario, the stored data will be analyzed and corrected online, and systems based on artificial intelligence will be used to extract knowledge from the information collected from objects (Sawant et al., 2014).

			IOT can affect the entire dairy cattle industry. First, it can increase dairy cattle industry productivity; Second, it can use resources effectively; Third, it can make management process visible to improve information transparency in dairy cattle industry; Fourth, it can manage dairy cattle industry in real time; and finally, it can make management process completely agile and integrated. IOT affects dairy cattle industry productivity in husbandry sector. In husbandry sector, IOT is used not only to monitor and control dairy cattle but also to monitor and control the environment of these cattle. This technology has even been used to monitor livestock grazing farms (Fig. 1, Bhargava et al., 2015). Wireless sensors are also used to track animals and analyze their behavior (Huircan et al., 2010; Kwong et al., 2012; Asikainen et al., 2013) and to monitor odors and hazardous gases (Nadimi et al., 2012; Mamduh et al., 2012). Figure 1 shows an example of an IOT system in open-air livestock farming.
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			Fig. 1. IOT system in open-air livestock farming.

			Many articles on the subject have dealt with IOT technical issues in dairy cattle industry. For example, Dieng et al. (2017) in their research discussed cattle rustling in the African region and utilizing IOT system to prevent it. They provided a prototype in this area and tried to identify abnormal situation in herd using IOT. Research has also been conducted on development of an IOT platform as a real-team monitoring system for voluntary weighing of cattle (Mirmanov et al., 2021). The researchers used a custom data processing algorithm in the system. Their results showed that IOT platform provided for livestock farmers is useful as a control tool. Benhai et al. (2015) in a scientometric survey reviewed research on IOT and livestock management. They discussed the extent of IOT knowledge development in livestock management and studied the process of developing research in this field. This research showed that from 2012 onwards there is a significant increase in the development of IOT knowledge in livestock management debate.

			According to the mentioned studies, IOT can provide various services to dairy cattle industry and livestock farms. Taking advantage of these opportunities offered by IOT in livestock farms requires accurate identification of its applications in dairy cattle industry. To rank the applications, we need criteria based on which we can distinguish between the applications. Expert opinions are used to identify the criteria. Experts, given the current state of the technology as well as familiarity with dairy cattle industry in China, can provide more detailed opinions in this area, which helps to look at this issue from a localization perspective. However, the purpose of this article is not to localize the applications. Therefore, the main gap in the research is the lack of an approach to identify the priorities of IOT in dairy cattle industry productivity, which is addressed in this article. To analyze the opinions of experts, thematic analysis as well as the COPRAS method are used, which are described in detail in the following sections.

			MATERIALS AND METHODS

			Considering that this research is an applied research and the purpose of this research is to rank IOT applications in dairy cattle industry productivity, first the effective criteria for ranking IOT applications in dairy cattle industry productivity have been selected as measurement and ranking criteria. These criteria were extracted by experts from the China Information and Communication Technology Association, livestock and poultry operators using IOT, and the use of a theme analysis approach. This approach and its implementation method are described in the next section. After identifying some of these criteria based on the articles and sharing it with experts and obtaining their opinions, thematic analysis approach was used for framing. The most important of IOT applications in dairy cattle industry productivity were also identified. These cases were based on articles.

			The mentioned applications were extracted by reviewing various articles on IOT applications in dairy cattle industry productivity, and the experts were asked to add below the questionnaire if they know of another application in addition to the above, but no new case was added. Then, using a questionnaire design, the score of each application was collected by the experts based on each criterion, and finally, using the COPRAS technique, the applications were ranked. In this study, the statistical population is composed of experts from the China Information and Communication Technology Association and livestock and poultry operators who are using IOT. The data used in this study were collected in 2021 through a questionnaire with 5 multiple choice questions based on the Likert scale. The collected data were analyzed using the COPRAS method and finally the priority of each application was determined. The COPRAS method has been used in various articles, which shows the importance of this method among multi-criteria decision making methods (Liou et al., 2016; Roy et al., 2019). Also, given that IOT is a new field, so it is necessary to make decisions with controlled risk in this area that the COPRAS method tries to reduce the decision risk using the comparative advantage measurement method. For this reason, this method was used to control the risk of decision making. The COPRAS method is described below.

			The COPRAS method is one of the compromise methods that was first introduced in 1994 by (Zavadskas et al., 1994). Although about two decades have passed since the introduction of this method, but the use of this method has gone through an upward trend and is used in all scientific disciplines (Ayrim et al., 2018). The advantage of this method over other methods is the simplicity of the steps, considering all data of one criterion and the separation of positive and negative criteria. In this method, different options are evaluated independently in terms of multiple criteria (not pairwise comparison) and ranked based on purpose. In this paper, the options are the same as IOT applications in dairy cattle industry and the criteria are identified based on expert opinion and thematic analysis. The COPRAS method process is as follows:

			Step 1: Identify the options for prioritizing between them; the number of these options is assumed m. In this article, at this stage we use the existing articles and as mentioned our options in this article are the same applications identified. 

			Step 2: Find the most important criteria for decision makers to distinguish between the options; their number is assumed n. In this article, at this stage we will use the expert opinions and thematic analysis, which are described in detail in the next section. Twenty-five experts participated in this section.

			Step 3: Create an X decision matrix based on information obtained in the previous steps and expert’s opinions; this matrix is as follows, where xij is the value of the i-th option based on the j-th criterion.

			[image: ]

			Step 4: Integrate the decision matrices obtained from the opinions of various experts; To aggregate and obtain the final decision matrix, geometric mean is used in matrices elements obtained from the opinions of different decision makers. There is no need to do this step if there is only one decision maker. 

			Step 5: Normalize the decision matrix; Equation 1 is used to normalize the decision matrix:
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			Step 6: Calculate the balanced decision matrix; To calculate this matrix, Equation 2 is used, in which wj is the weight and significance of the j-th criterion.
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			Step 7: Calculate the values of each option according to the positive and negative criteria; given that the criteria are different from each other, some are desirable when they take more (such as profit, income, etc.), and some are desirable when they take less (such as cost, risk, etc.). The first category of criteria is called positive criteria and the second category of criteria is called negative criteria. Suppose the first k criteria are positive and the rest are negative. For the positive criteria, Equation 3 is calculated for each option.
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			Step 9: Calculate the relative importance of each option; the relative importance of each option is given by Equation 6.
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			Step 10: Rank the options based on the value obtained in the previous step; The option with a higher Qi value is a better option. Equation 7 can be used to calculate and obtain the degree of desirability of each option.
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			Where;
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			The next section describes the implementation process of the selected method (COPRAS) and describes in detail the steps used to priority IOT applications in dairy cattle industry productivity.

			RESULTS AND DISCUSSION 

			In this part of the present study, implementing the important steps of the COPRAS method is described and at the end, an analysis of the results is presented.

			Step 1: Identification of IOT applications in dairy cattle industry productivity

			At IOT conference, Vannieuwenborg et al. (2017) published the results of their research on design and evaluation of an intelligent cattle monitoring system from an economic and technical perspective. In this study, the researchers described a system design method based on IOT technology. Economic and strategic issues were also considered in this system. The project focuses on four different applications that affect the overall economic performance of dairy cattle, including: Early diagnosis of diseases, detection of insemination time, prediction of calving time, and location and identification of dairy cattle.

			Early diagnosis of diseases (EDD)

			EDD in cattle farm is very important. Various common diseases of dairy cattle such as mastitis, lameness, ketosis and metritis account for a large share of economic losses of livestock farms due to the prevalence of the disease itself as well as their direct effect on milk production and elimination rates of livestock. Other costs imposed by these diseases include: removal of milk due to drug residues, veterinary and pharmaceutical costs as well as additional labor costs. In addition, these diseases affect the fertility rate of livestock, which can lead to fewer calves and therefore longer calving intervals. Monitoring physiological or behavioral parameters such as temperature, activity level obtained from livestock velocity and position data helps in automated analysis and interpretation of these data. Precision dairy-monitoring technologies (PDMT) can be useful in diagnosing disorders at the level of a cow (Helwatkar et al., 2014). Examples of disease indicators include behavioral changes, fever, lower activity levels, less drinking water, and changes in ruminant behavior. Since the PDMT system does not provide any biochemical confirmation for the disease, the system will not be able to determine exactly what disease the cow is suffering from.

			Detection of insemination time (DIT)

			Estrus diagnosis is key to proper reproductive function because it directly affects the total number of calves born per year and total milk production. Detecting this event is a challenging task and has a time limit. In this regard, it is necessary to carefully observe the physical behavior of livestock (for example, standing, jumping and barking other cows). In addition, most of these events can be easily missed because they occur overnight and are only visible for a period of 6 to 36 h (Sumon-Shahriar et al., 2015). Currently, there are several tools and techniques that are widely used to more accurately diagnose estrus, but their average success rate is 50% (Inchaisri, 2011). Therefore, implementing a PDMT system that is able to improve estrus detection rates while reducing labor requirements will be beneficial to the overall economic performance of cattle farm.

			Prediction of calving time (PCT)

			Problems during calving increase the risk of stillbirth, mortality and elimination of cattle, as well as the overall risk of disease. Depending on the severity of the problem, research shows that it can cost around € 150 to € 600 per case (McGuirk et al., 2007). Therefore, the exact time of calving must be determined. Past research projects (Rutten et al., 2017) have shown that calving time can be detected by sensor systems installed on cattle that integrate information on mobility, behavior, temperature and tail position of cattle.

			Location and identification of dairy cattle (LIDC)

			Another application of the system is the location and identification of livestock. Because locating livestock is currently a time-consuming process, certainly in large herds, PDMT systems have a high potential to reduce the time required to locate a particular livestock. Through a mobile app, rancher can get real-time close-up information of a cow. Also, through the app, rancher can scan a cow wirelessly to get all livestock information and cow calendar. Regarding livestock location, since this application is enabled by the technology required for the first application (early detection of diseases), no additional system components are required except mobile application.

			Step 2: Identification of the industrial IOT criteria

			In this step, the effective criteria for selecting IOT applications were identified through interviews with 25 experts who had sufficient experience and knowledge in this field, as well as reviewing theoretical literature and thematic analysis method. At this stage, the codes obtained from the interviews were regularly placed in the form of the main themes, and all the coded data related to each of the themes were identified and collected. By re-examining and refining the themes further, attempts were made to make the themes separate, non-repetitive, and large enough to contain a set of ideas presented in different sections of the text. From the total codes obtained by interviewing experts and theme analysis method, 15 sub-criteria are classified into three main criteria: capabilities, advantages and challenges of industrial IOT, which can be seen in Table I.

			Table I. Results of interviews analysis and identifying industrial IOT prioritization indicators.

			
				
					
					
					
				
				
					
							
							Row

						
							
							Main criteria

						
							
							Sub-criteria

						
					

					
							
							1

						
							
							Capabilities

						
							
							Artificial intelligence

						
					

					
							
							2

						
							
							Relationship

						
					

					
							
							3

						
							
							Sensors

						
					

					
							
							4

						
							
							Active employment

						
					

					
							
							5

						
							
							Use of low equipment

						
					

					
							
							6

						
							
							Advantages

						
							
							Technology optimization

						
					

					
							
							7

						
							
							Customer employment

						
					

					
							
							8

						
							
							Reduction of additional items

						
					

					
							
							9

						
							
							Improved data collection

						
					

					
							
							10

						
							
							Work processes improvement

						
					

					
							
							11

						
							
							Challenges

						
							
							Complexity

						
					

					
							
							12

						
							
							Privacy

						
					

					
							
							13

						
							
							Security

						
					

					
							
							14

						
							
							Compatibility

						
					

					
							
							15

						
							
							Flexibility

						
					

				
			

			Step 3: Decision matrices based on the opinions of each expert

			Experts from the China Information and Communication Technology Association (ICT) and operators on IOT farms are the most important resources that can help effectively rank IOT applications in dairy cattle industry productivity. Data and information were collected through a questionnaire and then, using the collected information, the COPRAS decision matrix was formed. The scoring values of the applications were determined using the Likert scale, which is one of the most common measurement scales in research based on a questionnaire.

			Step 4: Formation of the aggregate decision matrix

			At this step, by aggregating the completed questionnaires, the aggregated decision matrix was created (Table II).

			Table II. Aggregate decision matrix.

			
				
					
					
					
					
					
				
				
					
							
							Applications

						
							
							Criteria

						
					

					
							
							LIDC

						
							
							PCT

						
							
							DIT

						
							
							EDD

						
					

					
							
							6.20

						
							
							3.17

						
							
							4.65

						
							
							2.54

						
							
							Artificial intelligence

						
					

					
							
							1.33

						
							
							3.06

						
							
							6.19

						
							
							3.97

						
							
							Relationship

						
					

					
							
							4.64

						
							
							4.51

						
							
							4.33

						
							
							6.02

						
							
							Sensors

						
					

					
							
							2.54

						
							
							2.28

						
							
							7.21

						
							
							6.11

						
							
							Active employment

						
					

					
							
							7.45

						
							
							2.67

						
							
							7.55

						
							
							1.87

						
							
							Use of low equipment

						
					

					
							
							4.18

						
							
							5.69

						
							
							5.13

						
							
							5.79

						
							
							Technology optimization

						
					

					
							
							5.57

						
							
							4.81

						
							
							2.18

						
							
							4.23

						
							
							Customer employment

						
					

					
							
							6.96

						
							
							7.23

						
							
							4.72

						
							
							3.13

						
							
							Reduction of additional items

						
					

					
							
							4.27

						
							
							3.05

						
							
							6.34

						
							
							7.06

						
							
							Improved data collection

						
					

					
							
							6.58

						
							
							4.88

						
							
							1.95

						
							
							6.44

						
							
							Work processes improvement

						
					

					
							
							7.77

						
							
							7.28

						
							
							2.86

						
							
							4.25

						
							
							Complexity

						
					

					
							
							2.82

						
							
							6.69

						
							
							7.39

						
							
							2.66

						
							
							Privacy

						
					

					
							
							1.73

						
							
							5.66

						
							
							6.16

						
							
							2.48

						
							
							Security

						
					

					
							
							4.32

						
							
							7.71

						
							
							5.08

						
							
							4.75

						
							
							Compatibility

						
					

					
							
							5.19

						
							
							8.11

						
							
							4.12

						
							
							7.14

						
							
							Flexibility

						
					

				
			

			DIT, detection of insemination time; EDD, early detection of diseases; LIDC, location and identification of dairy cattle; PCT, prediction of calving time.

			Also, by aggregating the opinions of experts, the importance of each criterion in decision making was determined in accordance with Table III.

			Steps 5-9: Calculations 

			Since all these steps are related to mathematical calculations and do not add value to the article and only add more pages to the article, these calculations are omitted.

			Step 10: Ranking of the applications based on the calculations performed

			In this step, we want to rank IOT applications in dairy cattle industry productivity (EDD, DIT, PCT, LIDC) based on industrial IOT criteria (artificial intelligence, relationship, sensors, active employment, use of low equipment, technology optimization, customer employment, reduction of additional items, improved data collection, work processes improvement, complexity, privacy, security, compatibility, flexibility). The larger the criteria value, the higher the ranking of that option in that ranking. The option that has the best possible case, as an ideal option, always has the highest value. The evaluation results of the Coopers model for ranking and the degree of desirability of IOT applications in dairy cattle industry productivity are shown in Table IV.

			Our results show that DIT is more important than other applications. Estrus diagnosis directly affects cattle farm economic performance and failure to diagnose it properly leads to fewer calves per year and less milk production due to reduced milk production after calving. The IOT system is expected to reduce the working time and increase the estrus detection rates by up to 80%. These results are consistent with a report published by Rutten et al. (2013), may even be somewhat conservative. Also, considering that the use of IOT increases the productivity and efficiency of industries, it was predictable that this application would achieve a high position in this ranking.

			The second priority is dedicated to EDD. Since the IOT system does not include biochemical analyzes, it will be difficult to distinguish between different diseases, with the exception of lameness, which is a movement disorder and is visible. Because fever in livestock is an indicator for a number of diseases, cow fever will be monitored in this system. The expected effect of implementing an IOT system on cattle farms is to diagnose very common diseases of dairy cattle. These conditions include mastitis, lameness, ketosis, and inflammatory uterus.

			Table III. Importance of each criterion based on the consolidated opinions of experts.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							
							Reduction of additional items

						
							
							Customer employment

						
							
							Technology optimization

						
							
							Use of low equipment

						
							
							Active employment

						
							
							Sensors

						
							
							Relationship

						
							
							Artificial intelligence

						
							
							Criteria

						
					

					
							
							0.179

						
							
							0.114

						
							
							0.234

						
							
							0.104

						
							
							0.147

						
							
							0.186

						
							
							0.131

						
							
							0.265

						
							
							Criterion importance

						
					

					
							
							Flexibility

						
							
							Compatibility

						
							
							Security

						
							
							Privacy

						
							
							Complexity

						
							
							Work processes improvement

						
							
							Improved data collection

						
							
							Criteria

						
					

					
							
							0.116

						
							
							0.212

						
							
							0.288

						
							
							0.164

						
							
							0.135

						
							
							0.125

						
							
							0.109

						
							
							Criterion importance

						
					

				
			

			Table IV. Applications ranking results.

			
				
					
					
					
					
				
				
					
							
							Desirability (%)

						
							
							Qi

						
							
							Ranking

						
							
							Applications

						
					

					
							
							100%

						
							
							0.67

						
							
							Rank 1

						
							
							DIT

						
					

					
							
							84%

						
							
							0.61

						
							
							Rank 2

						
							
							EDD

						
					

					
							
							70%

						
							
							0.56

						
							
							Rank 3

						
							
							LIDC

						
					

					
							
							40%

						
							
							0.29

						
							
							Rank 4

						
							
							PCT

						
					

				
			

			LIDC and PCT are applications that are ranked third and fourth, respectively, based on COPRAS results. Birth monitoring, observation, and possible assistance during the birth process can reduce the prevalence and consequences of a difficult birth. The IOT system warns the farmer as an indicator for the calving moment. This reduces the number of unnecessary examinations and saves labor. In addition, the likelihood of side effects will be reduced, which will reduce the total cost of veterinary services and increase milk production and reproduction rates. Although significant costs of examinations are reduced, the overall effect of IOT on dystocia is small.

			Conclusion

			Today, cattle farms face major problems such as high labor force demand, Failure to diagnose sick livestock and high treatment costs, drop in production, existence of thermal stress, lack of accurate and timely identification of estrus livestock, and lack of warning system and crisis identification in livestock and sometimes theft of livestock. As new algorithmic technologies, sensors, and WSN nodes have been able to have positive effects on production efficiency, quality improvement, and productivity, this sector is still unable to overcome existing challenges. IOT, through the convergence of technologies such as big data, cloud computing, Block-chain and so on, has been able to have a tremendous impact on vertical markets by creating data-driven products and services, creating new business models, and improving decisions. Therefore, it can be claimed that IOT, by providing solutions in line with productivity indicators, is able to empower cattle farms to overcome these challenges.

			This research, which was conducted with the aim of helping dairy cattle industry decision makers to use IOT, can direct IOT-related investments in the dairy cattle industry. IOT numerous and costly applications in dairy cattle industry productivity, along with limited financial, knowledge and human resources in livestock farms, make us need a way to identify the most important priorities in this area for implementation in the dairy cattle industry. The present study has identified IOT applications in dairy cattle industry productivity and used the COPRAS method to rank the applications. The results of this study showed that DIT with a significance of 0.67 has the highest rank among the options and EDD with a significance of 0.61 and LIDC with a significance of 0.56 are in the second and third ranks, respectively. Also, PCT with a significance of 0.29 is of the least importance.

			Based on the knowledge of the authors, so far, no ranking of IOT applications in dairy cattle industry productivity has been done. Our results can be a beacon for managers and operators of the dairy cattle industry. These results can be used in many dairy cattle farms and reduce production costs and increase the quality of their products. Other researchers can use new methods to assess the value that each of these applications adds to society (people and industries), and predict the value added of each of these applications using futures studies-based approaches in this field. Also, due to the differences among livestock farms in different industries, researchers can study livestock related to each industry and identify and rank IOT applications in them. Also, the use of IOT in livestock farms, such as related architecture, data storage, processing of collected data and so on, has many technical issues that could be the subject of some future research.
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Experiences in different countries show that applying technical and advanced knowledge in the production
sectors is the basis of growth and development in the agricultural sector. The advent of Internet of Things
(IOT) as an emerging digital technology has led to a new direction of innovative research in the field
of animal husbandry. IOT technology has a variety of applications in the economic productivity of the

livestock and poultry industry. The purpose of this study is to identify and rank IOT applications in
dairy cattle industry productivity with a multi-criteria decision making approach and using the Complex
Proportional Assessment (COPRAS) method. Evaluation indicators were selected by theme analysis
method based on the opinion of managers working in industries that are using IOT. The research method
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is applied in terms of purpose and is descriptive in terms of data collection tools. The results showed that

Detection of Insemination Time (DIT) and Early Detection of Diseases (EDD) applications are more

important, respectively.

INTRODUCTION

Productivity growth directly increases agricultural and
animal husbandry income and indirectly increases
production as well as food supply, which in turn reduces
food prices, and as income increases in agriculture and
animal husbandry, so does demand for non-agricultural
goods and services, and this will increase employment in
the non-agricultural sector. Hence, the whole society can
benefit from productivity growth in the agricultural sector.
On the other hand, declining per capita food production
over several years can lead to a recession in an area, and if
the government does not support increased production, the
recession could worsen (Nkamleu, 2004).

One of the ways to achieve productivity growth
resources in the field of agriculture and animal husbandry is
to increase the use of new Information and Communication
Technologies (ICT) as digital innovation (Walter et al.,
2017; GeSI, 2016). The Internet of Things (IOT) paradigm
as one of these new digital innovations has enabled objects
to connect at any time and place by anything or anyone
using a set of advanced and interconnected technologies

such as mobile and wireless communication, Nano, radio
wave detection and intelligent sensors (Biggs ef al., 2016).
The term was officially introduced by the International
Telecommunication Union (ITU) in 2005 (Rayes and
Salam, 2017) and was added to Gartner’s technology
maturity cycle in 2011 as an emerging technology (Gartner,
2011). The growth of the number of devices in IOT was
about 14 billion in 2014 and 50 billion in 2020 (Kocovic ef
al., 2017). It is therefore expected to generate significant
economic and social benefits through cost savings, value
creation, improved productivity and economic growth
(Thierer and Castillo, 2015). There is no consensus among
various industries on the number of vertical IOT markets
(Rayes and Salam, 2017) and its applications are very
diverse and numerous, so that today we can see its impact
on all levels of daily life, including individuals, businesses
and society (Vermesan and Friess, 2014a).

In general, Improvements in livestock nutrition and
comfort can increase dairy cattle performance. However,
there are still various factors such as disease, low diagnosis
of insemination times and reproductive health problems
that negatively affect the overall economic performance
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