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Abstract 

With higher living standards and greater awareness about health, there is an increase in 
demand for high-quality meat products. However, there are still many problems related 
to food safety from production to consumption of the meat product. The concept of the 
internet of things could be applied to solve these problems. This paper mainly focused 
on two aspects: the monitoring of the environment condition using sensors and the use 
of both QR code and RFID technology to realize traceability throughout the breeding, 
processing, transportation, and consumption process. This could help ensure food safety, 
reduce labor costs, and realize the change of management mode. Furthermore, while 
designing the whole system, the ubiquity, the cost, and the operation and maintenance 
of the system should also be considered. This study has provided an updated solution for 
a real-life situation using the characteristics of the internet of things: real-time, 
automation, embedded, security, and interconnectivity of information. Moreover, this 
will benefit from improving the productivity and efficiency of the livestock farming and 
selling industry. 
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1. Introduction 

1.1 The purpose and significance of this topic 

Agriculture has always been a critical aspect of the livelihood of people. With higher living standards 

and greater awareness about health, there is an increase in demand for high-quality meat products. 

However, there are still many problems from production to consumption of the meat product. The 

first and most important problem could be related to food safety. It has become a non-negligible issue 

these years, and one severe problem of food safety could be that some of the diseases of animals could 

spread to people if they eat the food product made from these infected animals. For example, the mad 

cow disease, also known as bovine spongiform encephalopathy, is a neurodegenerative disease [1]. 

People could also get infected with variant Creutzfeldt–Jakob disease if they have eaten the beef 

product infected with mad cow disease. Another problem related to food safety is that there are still 

many products from unknown sources existing in the market, leading to infectious diseases. The 

second problem could be about the relevant people in this field and the mode of management. Because 

of the relatively low barrier entry, people's educational background in this field could vary widely. 

Another issue could be the first industry like this is losing people to second and third industries with 

the economy's development. So, the whole management system from production to consumption of 

the meat product should be upgraded to a new one with higher efficiency and lower cost of human 

labor. 

1.2 An overview of the Internet of Things 

These problems form the base of this paper's discussion, and the concept of the internet of things 

could apply to solve these problems. The internet of things could be a system of interrelated 
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computing devices, mechanical and digital machines that have unique identifiers [2-5]. Furthermore, 

there is no need for human-to-human or human-to-computer interaction to transfer data over a 

network [2-5]. The concept of the Internet of Things was first derived in 1999 by Kevin Ashton, and 

it has been developed for more than twenty years. The internet of things has vast, and various fields 

of application as it could be the internet of anything in any place. Using the concept of the Internet of 

Things, all the objects can be connected and perceived, and the information can be sent to some 

decision terminals [6]. After processing the information, people can be informed, and all the data can 

be stored in the database [6]. 

1.3 The application of the internet of things concept to the meat production chain 

There have already been some examples of applying the internet of things concept to modern 

agriculture, such as the intelligent greenhouse. However, there are still many things that need to be 

approved in the field of livestock industry. For example, the traceability of the whole supply chain of 

the meat the industry still needs to be improved as the recognition technology for each step has not 

been unified, so that it could be difficult for the timely information update for each piece of meat. 

So, in work, a whole system from meat production to the consumption has been analyzed and 

designed. The whole system based on the Internet of Things concept could be about connecting 

networks for communicating and exchanging information. It could realize intelligent management, 

monitoring, identification, positioning, and tracking for food products' whole supply chain. Each food 

item can be created with a unique identity and connection to the internet, exchanging, communicating, 

and controlling the information much more straightforward. The system's structure could be divided 

into the perception layer, the internet layer, and the application layer. This could help ensure food 

safety, reduce labor costs, and realize the change of management mode. This paper will mainly focus 

on the livestock raising subsystem, the processing and transporting subsystem, and the consumption 

sub system, which are all designed based on the Internet of Things. This paper could be seen as a new 

way of thinking about the modern meat product industry to produce lower labor costs better. 

2. Livestock raising subsystem 

The basic framework could be a monitoring system constituting a large number of sensors. Different 

kinds of sensors could be used to monitor different kinds of parameters crucial for the breeding 

process, such as the body temperature of animals, the ambient temperature, and the concentration of 

CO2. This process could realize the online monitoring of both the health conditions of animals and 

the environment information. Threshold values for each parameter can be set up in the system by 

breeders depending on their experiences. The alarm mode can also be set up in the system to be sent 

to breeders for the first time when the exceptions occur. Furthermore, to make the whole system more 

intelligent and efficient, the equipment system can be controlled automatically to adjust the 

parameters back to normal if the alarm rises. This will also avoid the delay because of personal neglect. 

2.1 The perception layer 

The perception layer is mainly focused on three aspects: the condition of the whole farming 

environment, the health condition of each livestock, and the identification of each livestock. 

2.1.1 The condition of the whole farming environment 

The breeding environment could be vital to the healthy growth of the livestock. Using the technology 

of IoT could help the implementation of an intellectual animal breeding environment. To realize the 

precise monitoring of the environment, several different sensors can be set up in the breeding 

environment to monitor the different parameters. Sensors could be the "eyes" and "ears" of the whole 

system. The basic operating principle of a sensor could be transforming the physical process value 

into an electrical signal. In this way, all the essential information of the environment could be acquired 

through sensors. 

The parameters could vary based on the kind of animal. This paper will sketch out some of the 

standard parameters during the breeding process. 
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First of all, the temperature sensor (temperature transducer) should monitor the ambient temperature. 

For example, the acceptable range of ambient temperature for piglets could be 28-32 ℃, and the 

acceptable range of ambient temperature for normal pig could be 15-23 ℃ [7]. This parameter could 

be crucial throughout the breeding process as the abnormal ambient temperature will cause some 

stress response of pigs, such as reduced activity, food intake, and weight loss, leading to disease [7]. 

The temperature sensor's choice should be focused on two aspects: the acceptable range of 

measurement and accuracy. 

Secondly, the humidity sensor should be used to ensure that the breeding's humidity is proper as high 

humidity can increase the growth of bacteria and the spread of disease. For example, it is appropriate 

that the environment's relative humidity is maintained at 60-70% under normal conditions [1]. 

Thirdly, weight sensors can also be used in each manger so that each animal's appetite can be 

monitored based on the weight of the remaining fodder. 

Furthermore, the concentration of some gas should also be monitored using sensors. For example, the 

concentration of carbon dioxide can reflect the breeding environment's ventilation condition to some 

extent for some pig houses with closed conditions [7].  

2.1.2 The connection structure for the environment monitoring subsystem 

After collecting various kinds of data using different sensors, all the data can be summarised to a 

processing unit with a. graphical user interface. This could realize the simple interaction between 

people and machines in the breeding environment. 

 

 

Figure 1. The structure of the environment monitoring system 

 

2.1.3 The health condition of each livestock and the identification of each livestock 

Besides the monitoring of the environment, each livestock's health condition is also an essential factor 

that could influence the quality of meat products. Moreover, one more thing that needs to be 

considered in this situation is that the devices should be comfortable to wear and low in cost. These 

devices will be applied to a large number of livestock and poultries. So, disease surveillance in 

livestock and poultry could be necessary, which can be implemented by some sensor collar. It can 

collect physiological indexes of livestock and poultry. For example, the temperature sensor can 

collect each livestock's physical temperature, and the vibration sensor can be used for monitoring the 

heart rate. 
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Furthermore, this system cannot be implemented if there is not a unique identity for each livestock. 

So, it is crucial to create an identification for each livestock. Furthermore, this could also make tracing 

to the source become possible and achievable. 

The electronic ear tag can be used for every animal, a kind of tag used for animal identification, 

explicitly using the RFID technology. Each animal is assigned an ear tag with a unique code to realize 

the unique identification of individuals. The ear tag can store the date of birth, place of production, 

medical history of each animal. After the pig farm puts ear tags on each pig to realize the unique 

identification of the pig individual, daily information management such as material management, 

immune management, disease management, death management, weighing management, and 

medication management can be realized utilizing reading and writing with a handheld machine [8] 

So, every single livestock or poultry is carrying both a sensor collar and an ear tag, the sensor will 

collect parameters related to the health condition, and the ear tag will help identify each animal. This 

structure could help monitor each animal's physical health precisely, which will make tracking back 

to the source possible if there is a disease. This will control and prevent the spread of infectious 

diseases among animals to some extent. 

Furthermore, just like the monitoring of the breeding environment, all the data can be summarised to 

a processing unit with a graphical user interface. 

 

 

Figure 2. The structure of the animal health condition monitoring system 

 

2.2 The network layer 

After collecting data using both sensors and RFID tags through the perception layer, all the collected 

information will be transmitted to the network layer, referring to some wireless sensing network and 

mobile communication technology [9]. The technology of the wireless sensor network could be used 

for this case. The wireless sensor network can monitor and record different conditions and collect the 

data to the database, which could be a central location. 

2.2.1. Choice of WSN 

There are various types of wireless sensing networks, such as Wi-Fi and ZigBee.The cellular network 

could be chosen to realize the wireless connection between each device. The cellular network has 

more capacity, less power, and more extensive coverage area. Furthermore,it could be relatively 

mature, and the cost of equipment construction is relatively low. So the cellular network could be one 

of the choices. 
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2.2.2. The structure of the subsystem including network layer 

There should be some data processor connected with all the sensors, and the collection of data and 

further classified storage can be realized in a database for the whole system.  

 

Figure 3. The structure of the monitoring system with network connection 

 

The data processor can also compare each collected data with a pre-set threshold value based on 

people's experience. In other words, it can compare the collected data with the standard one that has 

been stored in the database. Furthermore, to achieve greater accuracy, each collected data can be used 

to analyze and adjust the threshold value, as the threshold value of each parameter could change along 

with the change of season. This expert system can generate both the analysis of the breeding 

environment and each livestock's growth model. So, continuous optimization can be realized, and 

early warning for abnormal situations can be raised, which will also improve the quality of meat 

products. 

2.3 The application layer 

Then it comes to the application layer; the end-user could be both people and equipment. The message 

from the network layer can be sent to both PC or mobile client and the equipment, and the people can 

also control the equipment using their PC or mobile remotely as all of the devices have been 

connected to the cellular network. If any of the parameters becomes abnormal, the alarm will be 

triggered, and mobile clients will be informed of the situation. Furthermore, to reduce labor costs and 

increase efficiency, an alarm and linkage control system can be set. In a word, the application layer 

should realize the following functions. First of all, mobile or PC clients should be able to know all 

the parameters anytime. Secondly, the equipment can operate automatically to adjust the parameters. 

For example, if the ambient temperature is abnormal, the fan or the temperature controller should be 
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turned on automatically until the parameter goes back to normal. Thirdly, an alarm can be triggered 

when an abnormal situation is detected. 

Moreover, all the histories of alarm are recorded and stored in the data center. Besides the abnormal 

situations, many routine works can be done by equipment automatically in a more precise way, such 

as feeding and cleaning feces. For example, each livestock can be fed with different amounts of fodder 

based on their health condition. 

 

Figure 4. The structure of the whole animal raising subsystem 

 

3. Processing and transporting subsystem 

3.1 The environment monitoring system 

The processing and transporting environment are also significant for the quality of the meat product. 

The environment of both processing and transporting processes could be crucial to the meat product's 

quality and freshness. Moreover, the monitoring structure could be similar to the monitoring structure 

of the livestock-raising environment. In this case, the monitoring system should be implemented using 

different types of sensors.  

The temperature and humidity sensor should be used to ensure that the meat products are in good 

condition as a hygrothermal environment could lead to the metamorphic of meat. Furthermore, a 

graphical user interface can be set up for some user-machine interaction. 

After collecting various kinds of data using different sensors, all the data can be summarised to a 

processing unit and connected to the database using cellular networks. 

The end-user could be both equipment and people, and people can control the equipment remotely. 

If any of the parameters becomes abnormal, the alarm will be triggered, and mobile clients will be 

informed of the situation. The equipment can also deal with some little float of parameters 

automatically. For example, the temperature controller can automatically be turned on if the truck's 

temperature becomes abnormal. 
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Figure 5. The structure of the environment monitoring system during the processing and 

transporting 

 

3.2 The continuity of the monitoring system 

One thing that needs to be explicitly considered for this situation is the continuity throughout the 

whole process. So the design of this part of the system should focus on creating each unique identity 

and the timely update of the information about each batch of meat products that have been dispatched 

to different places.  

 

Figure 6. The change of RFID tag from raising to processing 
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One key aspect of the processing and transporting process is creating unique identifiers for each batch 

of products so that tracking back to the source is possible.  

The non-contact, long-distance RFID technology can be suitable for this case. After reading all the 

information stored in the electronic ear tag using a reader, a new RFID tag should be created for each 

product batch. This will realize the monitoring of the condition of the meat products. The new RFID 

tag should include the quarantine information right before and after the slaughter. Furthermore, the 

new RFID tag should also have the information from the original electronic ear tag. 

The transporting of the meat product should also be trackable. The information about each batch of 

products should be updated timely as there might be some uncertainties through the transporting 

process. So, for long-distance transport, several intermediate stations should be set up to update the 

information. This approach could help realize the prompt update of the information about each batch 

of products. 

 

Figure 7. The change of RFID tag from processing to selling 

 

Similarly, all the acquired information can be sent to the database through the cellular network. 

 

Figure 8. The structure of the RFID identification system 
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4. Meat product consumption subsystem 

4.1 The traceability of the consumption subsystem 

To ensure the safety and quality of the meat products, it has to be confirmed that no new source 

products are existing in the market. So, a secure traceability system should be implemented. 

Every product's traceability should be based on its unique identification and the collection of data 

during the former processes. These can be realized by reading the RFID tag of each product. 

Furthermore, this system could detect the fakes in the market based on the RFID tag [10]. 

 

Figure 9. The flow chart of the whole supply chain of meat product 

 

This process's main focal point could be meat product tracking, both from consumption to the source 

and from source to consumption. As shown in the flow chart above, there could be several stages 

throughout the whole supply chain. 

The tracking system can realize both trackings from the source to the consumption and tracking from 

the source's consumption. If the breeder on the farm or the factory staff has found an issue, the 

tracking target could be straightforward, which means that they have to track the same batch of 
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products [11]. This could help minimize food safety issues as warning information about the meat 

product can be sent directly to the customer from the factory [10]. 

If one of the consumers has found some issue, the tracking could be completed from the end to the 

source, which means it needs to track it until the information source [11]. This could prevent the 

dereliction of responsibility of companies and improve the safe production responsibility system. 

For both cases, the existence of a typical data center could be beneficial. The data need to be stored 

in one data center supervised by a third party so that the information is complete, transparent, and 

accurate. Furthermore, to save space, the data of one single product can be erased at a regular interval, 

which could be half a year after the expiration date. However, one thing that needs to be noted is that 

all exceptions should be kept in the database all the time. Keeping all the issues and abnormal 

situations in the record can help optimize the system in the future. 

4.2 A solution of using both QR code and RFID tag 

A more precise information system should be required while moving to the final consumption stage, 

as it is the stage that deals with every single product. So, the QR code could be used in this stage for 

every single product. The QR code can be attached to every piece of meat, while the RFID tag is 

attached to each product's batch coming from the processing factory [10]. Furthermore, the smart 

gateway is also vital, which can connect and manage a set of physical assets nearby and process 

caches and real-time exchange data [10]. All the information about each product can be known by 

scanning the QR code using mobile.  

 

 

Figure 10. The information update process 

 

As shown in the figure above, the information chain has become complete so far. The source of each 

piece of meat product could be the livestock on the farm, and all the information about the livestock 

has been timely updated through the ear tag to the database. Following is the production and 

transportation process, through which the RFID tag for each batch of meat products have been created, 

and the information can be updated in the intermediate station timely. The final stage could be the 

consumption process. Every product is labeled with a QR code to track all the information back to 

the source while scanning the QR code. Meanwhile, the customer's information could also be 

uploaded to the database while scanning the QR code so that the people from the source can track all 

the information towards the consumption stage. 

5. The whole system 

The whole structure of the supply chain can be illustrated as the figure shown below. All the 

information from the breeding stage to the consumption stage can be sent to one database through the 

cellular network.  
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Figure 11. The whole structure 

 

Furthermore, the structure could also be described from the perspective of different layers. 

 

 

Figure 12. The whole structure from the perspective of layers 

 

For the perception layer, the purpose is to collect data from both the environment and the product 

itself using the sensor, the RFID tag, and the QR code. For the network layer, the wireless 

communication can be realized through the cellular network, and all the data can be stored in the 

database. The data can be divided into two types. The object data refers to the necessary information 

that could not change, such as the place of origin, the date of birth of the livestock, and the company's 

information that produced this product. The event data refers to the dynamic data, such as the 

transaction data, throughout the supply chain. Moreover, for the application layer, the purpose is to 
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realize the monitoring of the livestock's health condition, the meat product's condition, and the 

environmental condition. Furthermore, it could also be traced back to the source or tracing towards 

the consumption possible if there is a food safety issue.  

6. Conclusion 

The paper focused on the basic framework and structure of the whole supply chain of meat products 

from production to consumption using the Internet of Things concept. 

While dealing with the meat product, the monitoring of the whole supply chain and the tracking and 

tracing of products in real-time is of great importance as these could help improve the quality of the 

meat products and resolve the food safety problem to some extent. This paper has provided several 

ideas to implement these two purposes. First of all, the monitoring of several environmental 

parameters can be implemented. Secondly, the monitoring of each livestock's health condition should 

be realized, along with the identification of every single livestock. Thirdly, the meat product's 

information should always be updated from the production company to the retailer. Moreover, QR 

code can be used to complete the information chains from the source to the consumption and from 

the farm to the customer. 

While designing the whole system, several points need to be noticed. First of all, the service should 

be widely accepted with long service life, as the whole supply chain could be related to several 

different factories and retailers. Secondly, as the meat product is not an industry with high profit, the 

high-performance cost ratio should be required. Thirdly. The whole system should be designed to be 

simple to operate and repair, given that the educational background of related people in this industry 

could vary greatly. 
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