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The development of beef cattle farming in Indonesia has significant potential, but is faced 

with various challenges, including monitoring optimal housing environments, limited 

monitoring technology, and automatic device control processes. Like WS Farm which is 

in Subang Regency. The condition of the WS Farm cage is an open cage, the condition of 

this cage is greatly influenced by the conditions of the external environment. This can 

affect the health of the cows in the cage. Therefore, through smart cages, cage managers 

can monitor the temperature, humidity and smell of the cage via a mobile device-based 

application. This system can monitor temperature, humidity and ammonia gas levels in the 

cow cage in real-time. Through the automatic fan and light control feature, the system is 

expected to be able to maintain the temperature of the pen according to the needs of the 

cows. This system was created using DHT 21 and MQ 135 sensors and Arduino as the 

microcontroller, while the storage process uses Firebase Realtime Database and to access 

the interface using an Android application. Based on the results of field testing, this 

system shows data measurement can be done continuously and data transmission 

can be done in real time.  
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1. INTRODUCTION

The livestock industry is an important sector in the 

economy, especially in terms of meeting the needs of food and 

animal products [1, 2]. One crucial aspect in cattle farming is 

optimal management of the pen environment to ensure the 

health and productivity of livestock. The temperature and 

humidity of the pen have a significant role in influencing the 

comfort and welfare of cattle. Suboptimal management of the 

pen environment can result in stress in animals, decreased 

productivity, and even the risk of disease [3]. 

In the era of increasingly advanced technology, the Internet 

of Things (IoT) offers innovative solutions [4] to monitor and 

manage the barn environment in real-time [5]. Using IoT 

technology, data on barn temperature and humidity can be 

collected continuously and analyzed to make more accurate 

and responsive decisions. This not only improves livestock 

welfare but also the operational efficiency of the farm [6]. 

IoT technology is a technology that connects several 

devices in a communication network so that data 

communication can occur between the devices [7, 8]. Through 

the use of IoT connected to a wireless sensor network and 

using a user interface on a mobile application, users will find 

it easier to monitor cage conditions in real time. 

WS Farm is a cattle farm located in Subang Regency, 

Indonesia. This farm has a land area of 7 × 12 m. The cattle 

pen owned by WS Farm is an open pen type, so the condition 

outside the pen greatly affects the condition inside the pen, this 

can directly affect the health of the cows. If the temperature of 

the cow pen is too high, it can cause stress to the cows so that 

it can threaten the health of the cows, in addition, if the cow 

dung accumulates too much, the smell of the pen will spread 

to the surrounding environment so that it can cause air 

pollution for the surrounding community.  

WS Farm's cattle pen only has one guard to monitor the 

condition of 9-12 cattle. So the condition of the pen is not well 

maintained. This causes the health of the cattle not to be 

monitored properly which causes the growth and development 

of the cattle to be less than optimal. Even causing one of the 

cattle to die. The lack of human resources to manage the pen 

causes the growth of the cattle not to be monitored optimally, 

in addition, the guard tends to be slow to recognize the 

temperature and humidity conditions of the pen that are not in 

accordance with the needs of the cattle because they do not 

have devices that are accurate enough and easy to find out the 

temperature of the cattle pen. So the process of managing the 

cattle pen is still conventional. Based on these problems, WS 

Farm requires better management of the pen so that the 

condition of the pen can be cleaner and the temperature inside 

the pen is maintained according to the temperature needed by 

the cows. 

Therefore, in this study, a real-time temperature, humidity, 

and odor monitoring system was built with an interface that 

makes it easy for barn owners to monitor information on 
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temperature, humidity, and odor directly. The development of 

a cattle barn monitoring system was made using a sensor of 

DHT 21 and MQ135. The sensors connected to a wireless 

sensor network, so that the data obtained by the sensor can be 

displayed via an android application. This system can be one 

of the solutions to the problems experienced by the WS Farm 

cattle barn. This system can help the barn keeper to easily find 

out the ambient temperature of the barn so that the barn keeper 

can take quick and appropriate steps when there is a change in 

the condition of the cow due to a change in temperature that 

does not match the condition of the cow. 

2. LITERATURE REVIEW

Temperature is a variable that greatly influences the comfort 

of cows in a pen, so that the appropriate temperature will 

influence the growth and development of cows in a pen. This 

shows the importance of a cattle barn monitoring system using 

a temperature sensor. Another important parameter in a cattle 

barn is the odor parameter of the barn which will directly 

indicate the level of cleanliness of the barn. A clean barn will 

directly support the health of the cows. Apart from that, 

ammonia levels that are too high can affect the health of cattle 

breeders [9]. Therefore, a system is needed to monitor the 

temperature and odor of the cow shed that can send data in real 

time to its users, with an attractive interface that is easy for 

users to use. 

Several studies have discussed IoT-based cage monitoring 

systems, including: A fully automated Internet of Things (IoT) 

system is implemented to monitor various parameters such as 

feeding, drinking, temperature, and gas levels in rabbit cages. 

This system can be accessed remotely. The system utilizes 

sensors, Arduino Mega 2560, relays, and actuators to 

effectively handle the cages [10], besides that, NodeMCU 

microcontrollers and DHT22 sensors are utilized in smart 

chicken coops for poultry farming to regulate temperature and 

humidity. These sensors enable the automatic activation of 

fans, triggered by the measurements they provide [11]. 

Meanwhile, in the research of the modern chicken cage, 

Sensor that used enable farmers to monitor conditions via 

mobile applications, which helps them respond promptly to 

environmental changes. For instance, the Blynk program 

allows for the remote control of chicken coop conditions, 

hence improving management efficiency.[12] 

The other research is Cloud computing-enabled IoT systems 

employing AI techniques monitor cow farms through sensor 

devices that check health and temperature, assisting farmers in 

properly managing livestock [13]. Meanwhile, for the use of 

communication protocols in IoT systems, this research refers 

to research Multi-Sensor Fusion (MSF) in conjunction with 

IoT technology for livestock monitoring employs diverse 

sensors to capture real-time biometric data, hence improving 

health insights via Message Queuing Telemetry Transport 

(MQTT) for effective data transmission and communication 

[14]. WS Farm is an open cage type so the process of placing 

the temperature sensor must be in accordance with the cage 

conditions, therefore this research refers to research about The 

IoT-based Outdoor Livestock Monitoring System described in 

the study paper employs sensors such as GPS, temperature, 

and heart rate to remotely monitor livestock, thereby 

improving management efficiency and minimizing losses 

[15]. To display sensor data in an application, a 

communication medium is required that can send sensor data 

to an application, such as the IoT-enabled wearable collar 

remotely monitors the health and where abouts of cattle on 

large-scale farms through GSM/GPRS connectivity, thereby 

improving livestock management oversight [16]. 

Based on the problems faced by WS Farm and referring to 

previous studies, this paper will discuss the development of a 

temperature, humidity and odor monitoring system using DHT 

21 and MQ 135 sensors. So that sensor data can be easily 

viewed by users, this paper will explain the use of the HTTP 

protocol so that sensor data can be displayed in mobile-based 

applications. In addition, the condition of the WS Farm cattle 

pen is an open pen with a temperature outside the pen quite 

high so that it can affect the temperature inside the pen, 

therefore the placement of the DHT 21 sensor must be placed 

in the middle of the pen so that temperature, ammonia and 

humidity data inside the pen can be read properly by the 

sensor. 

Based on the literature review, the system built has the same 

parameters that are monitored, namely temperature, humidity 

and odor of the animal pen. But the animals studied are 

different because this study focuses on cows. In addition, the 

microcontroller used in this study is EPS8266 which has a dual 

function, namely in addition to being a microcontroller, this 

tool also has a function as a wireless-based data transmission 

media. Another difference is the user interface, this application 

uses a mobile application created using the Kotlin framework 

so that the appearance of the features used is more flexible, 

different from the application in the previous study using 

blynk. Another difference used in the development of the 

monitoring system is that this system uses the HTTP protocol 

for its data communication protocol, while in the previous 

study the use of the MQTT protocol was the main choice in 

developing the system. 

This research has several new features that can be used in 

managing cattle pens. 

1. The system built is an open cage which is greatly

influenced by the temperature outside the cage.

2. Use of the DHT 21 sensor to detect cage temperature

and humidity so that the system can simultaneously

detect two cage condition variables.

3. A cage monitoring system created using a mobile

application as its user interface, which aims to make it

easier for users to monitor cage temperatures.
4. The monitoring system for the cages that were built is

also equipped with a blower and light control system to

maintain the temperature so that it remains in

accordance with the cows' needs, so that the cows can

continue to be comfortable in the cage.

5. This monitoring system has a notification if the

temperature of the cage exceeds the set temperature.

This notification will be received through the

application so that the cage keeper can take quick action

if the cage conditions are uncomfortable for the cows.

This paper consists of 5 sections, consisting of an 

introduction explaining the condition of the WS Farm cage and 

the need for a cage monitoring system using Internet of Things 

technology. The second section explains the literature review 

discussing previous studies that underlie the creation of smart 

cages. While section three explains the research method used 

in smart cage research. This method also explains the stages of 

research to create a smart cage system. While the discussion 

of the research results is discussed in section 4. This section 

explains the data and application system built on the smart 

cage. Section 5 writes the conclusions of each test result of the 
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smart cage system. In addition to discussing the conclusions, 

section 5 also provides research recommendations that can be 

carried out in the next smart cage research. 

3. METHOD

3.1 Method of prototype 

The method used in developing the smart cage application 

is the prototype method. The prototype method is a system 

development method that uses a prototype to describe the 

system [17, 18], so that users have a clear picture of the system 

to be built by the development team, this is because during the 

system development process there is active interaction 

between the system developer and the user. The purpose of 

using this method is to avoid fatal errors that can hinder the 

functionality of the system. Figure 1 shows the Prototype 

method. 

Figure 1. Model of prototype 

Figure 1 shows the process of making smart cages using the 

prototyping research method. The stages of this method are 

carried out through the following stages: 

a. Communication

The first stage in system development is to conduct effective

communication between users and developers. Through this 

stage, research will be conducted related to the needs of the 

barn owners in managing their cattle barns. The output of this 

stage is the features that will be developed by the developer. 

b. Fast Planning

After the user explains the needs related to the development

of a cattle barn monitoring system, the next step is to make a 

quick plan related to fulfilling the user's needs. The plan that 

is made is then discussed again with the user so that the plan 

that is decided is in accordance with the user's needs. 

c. Fast Modelling and Design

At this stage, the developer models the IoT system

requirements and designs the IoT system. If the design results 

are appropriate, the design results are transferred into the form 

of hardware components. 

d. Prototype Development

Prototype development is the most important stage to answer

user needs in managing cow sheds. To ensure that the 

prototype built can function properly, this prototype will be 

tested in the field so that the resulting value is in accordance 

with field conditions. 

e. Feedback

Feedback is a stage to see user satisfaction with the smart 

cage prototype that has been created. At this stage, the cage 

owner will provide an assessment of the functionality of all the 

features that have been created and provide input if there are 

features that do not work. 

f. Evaluation and Improvement

Evaluation is a stage to analyze the feedback obtained from

the user. After going through the analysis, the repair and 

improvement process can be carried out so that the system that 

is built can be directly implemented by the user. 

3.2 Blok diagram 

The smart cage system is a combination of wireless sensor 

network with android application. The smart cage system that 

was built is shown in Figure 2. 

Figure 2. Blok diagram of smart kandang 

Figure 2 shows the block diagram of the smart cage. This 

system uses a DHT 21 sensor to detect humidity and an MQ 

135 sensor that functions to measure ammonia levels to detect 

the smell of the cow cage. The temperature and humidity 

values read by the DHT 21 sensor and the ammonia level read 

by the MQ 135 sensor will be input for the nodeMCU 

(esp8266). NodeMCU functions as a microcontroller that can 

process data and provide output that will activate the relay to 

activate the blower and heater automatically. In addition to 

being a microcontroller, the nodeMCU also functions as a 

communication medium for sending sensor data to the server 

using wireless waves. The frequency used by the nodeMCU in 

this system is 80 MHz which is used for data processing and 

running programs and 2.4 GHz which is used for sending data 

to the server so that the results of data processing can be 

displayed via the Android application. This entire system uses 

electrical energy from the state power plant (PLN), so the 

power required is stable. 

In addition to the monitoring system, the smart cage is also 

equipped with automatic blower and heater settings that work 

based on the cage temperature point set by the cage owner. 

Changes in the environmental data of the pen captured by the 

sensor will be sent to the server and then displayed on the 

LCD. Through the LCD, the owner of the pen will easily 

monitor the cow pen. In addition to being displayed via the 

LCD, if the temperature value is too high, the system will send 

a notification via SMS so that the owner of the pen can directly 

monitor the condition of the cow when the temperature is high. 

163



 

3.3 Flowchart  

 

Each feature in the smart cage works according to the 

flowchart shown in Figure 3. 

 

 
 

Figure 3. Flowchart of smart kandang 

 

Figure 3 shows the flowchart of the smart cage system. 

Where the initial stage of this process is to activate the sensor, 

then read the sensor. Data that has been read by the sensor will 

be sent via the nodemcu esp8266 then the sensor data will be 

displayed on the LCD. 

The smart cage system also has a notification feature, if the 

cage temperature is above 35℃, the system will send a 

notification via a smartphone application. This process aims to 

provide information to the cage keeper regarding the hot 

temperature felt by the cow, so that the cage keeper can take 

early action to return the cage temperature to a more stable 

one. 

 

3.4 Use case diagram  

 

Use case diagram is a diagram that describes the interaction 

between the user and the system. Or in other words, use case 

diagram shows the functions contained in a system and shows 

the actors who have the right to access the function [19]. 

Figure 4 shows the use case diagram of smart Kandang. 

Figure 4 shows the features contained in the smart cage 

application. This application has 5 main features, namely the 

login page, view of cage's status which shows the identity of 

the cage owner and the location of the cage being tested. View 

of temperature to see the temperature conditions of the cage in 

real time. In addition, another feature is the view of ammonia 

level which functions to see the level of ammonia in the cage 

which is correlated with the cleanliness of the cage. Another 

feature of this application is to send notification which 

functions to send notifications automatically when the cage 

temperature is above 35ο C. In addition to the monitoring 

system, smart cages are also equipped with light or blower 

settings that will be activated automatically when the cage 

temperature does not reach the ideal cage temperature. 

 

 
 

Figure 4. Use case diagram of smart kandang 

 

 

4. RESULT  

 

4.1 WS Farm cow shed 

 

WS Farm is a cattle farm located in Margasari, Dawuan 

District, Subang Regency, West Java 41271. WS Farm has a 

pen area of 7 × 12 m, with the condition of the pen that tends 

to have large openings causing air and wind circulation in this 

location to be quite good. This farm carries out the process of 

raising cattle from calves to ready-to-sell sizes. Based on 

information from farmers, the number of cattle in this cattle 

pen is around 9-12 cows. Figure 5(a) shows the layout of cattle 

pen and Figure 5(b) shows the condition of the cattle pen at 

WS Farm. 

 

 
(a) 
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(b) 

 
(c) 

 

Figure 5. (a) Layout cattle pen WS Farm, (b) WS farm 

cow shed, (c) Smart cage device location 

 

Figures 5(a) and (b) show that the cow pens in the WS Farm 

are open so that the temperature and humidity conditions of 

the pen are greatly influenced by the environmental conditions 

outside the pen. This condition will affect the psychological 

condition of the cows so that it can affect the quality of the 

cows. The area of the cow pen at WS Farm is 7 x 12 m which 

is occupied by 12 cows, so with this area, a number of devices 

are needed that can monitor temperature and humidity in real 

time to ensure that the condition of the pen remains in a 

comfortable environment for the cows. 

Figure 5(c) shows the location of smart Cage Device 

Location. The process of placing the monitoring device is 

carried out in the cow shed, on the part of the support pole of 

the shed that is close to the position of the cow. this aims to 

ensure that the environmental temperature read by the sensor 

is the temperature of the environment closest to the cow. 

because the temperature value of the cow shed displayed on 

the LCD is greatly influenced by the temperature of the outside 

environment. to maintain the performance of the IOT system 

that is built, the IoT system placed in the cow shed consists of 

two. so that the barn keeper can compare each temperature 

value displayed by each LCD to obtain consistent sensor data. 

 

4.2 Internet of Things (IoT) based cattle pen monitoring 

system 

 

The smart cage monitoring system is an application that can 

monitor the cow cage in real time, in addition, this system can 

also control the fan and heater so that the cage temperature 

remains stable according to the needs of the cow cage. The 

integration system is divided into two parts, namely the 

monitoring system infrastructure consisting of an Arduino that 

functions as a microcontroller. DHT 21 which functions as a 

temperature sensor and humidity sensor, and the MQ 135 

sensor which functions as an ammonia sensor. This monitoring 

system is shown in Figure 6. 

Figure 6 shows the IoT system of the cow shed monitoring 

system. The figure shows the DHT 21 sensor and the MQ135 

sensor connected directly to the microcontroller. The sensor 

will observe the temperature and humidity conditions and the 

smell of the cow shed in real time and send the data every 5 

minutes. This is intended so that the memory condition does 

not fill up quickly. In addition, this system is also connected 

to a relay so that the control of the fan and lights can be 

controlled automatically, for example by using a temperature 

limit of 35ο Celsius to activate the blower automatically, while 

the humidity limit is 80. The device used for the smart shed 

are shown in Figure 7. 

Figure 7 shows a cattle barn monitoring system device that 

has a special box to keep the components used to work 

optimally. The use of a box in this system is to protect the 

components from dust, water so that the system will be in a 

safe condition and can continuously measure temperature and 

humidity and the smell of the barn. 

 

 
 

Figure 6. Smart kandang device 

 

 
 

Figure 7. System of smart kandang 

 

4.3 Temperature and humidity measurement data 

 

The process of reading temperature and humidity values 

carried out by the DHT 21 sensor and reading ammonia values 

carried out by the MQ 135 sensor, is carried out continuously, 

while data sending to the sensor is carried out every 5 minutes. 

Table 1 shows the results of sensor readings carried out for 3 

hours. 

Table 1 shows the temperature, humidity and ammonia 

values of the smart cage for the WS Farm cage. The 

measurement process was carried out for 3 consecutive hours. 

Based on the table, it shows that the sensor used is able to 

monitor the WS Farm cage and send data to the server in real 

time. The temperature at the cage location tends to be hot with 

a minimum temperature of 34.5℃. While the minimum 

humidity has a value of 54.2. In addition, the minimum 

ammonia value is 100. 

Based on the table, it shows that this system can help the 
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barn keeper to monitor the condition of the cow barn at any 

time easily and quickly. 

The smart cage system is also equipped with notifications 

via a mobile-based application. Notifications will be sent if 

there is a temperature change exceeding the set value. This 

notification aims to remind the cage owner regarding the 

condition of the cow cage so that the cage owner can take 

preventive measures so that the condition of the cow can 

continue to be healthy. Figure 8 shows the SMS notification 

display from the smart cage.

 

Table 1. Data of sensor in smart kandang system 

 
Devices_ID Time Temperature Humidity Ammonia 

1 12:51:30 36.7 54.2 122 
1 13:01:33 37 56.2 136 
1 13:08:58 37.5 53.5 104 
1 13:29:00 36.9 53.2 103 
1 13:34:02 37.1 54.2 102 
1 13:39:02 37 55.9 104 
1 13:44:03 37.8 54.3 103 
1 13:49:04 37.1 56.6 100 
1 13:54:06 36.8 57.2 103 
1 13:59:07 36.5 57.9 104 
1 14:04:07 36 58.6 104 
1 14:09:10 36.6 57.8 103 
1 14:19:11 36.8 57.2 103 
1 14:24:11 36.6 58.5 105 
1 14:29:11 35.8 60.3 104 
1 14:34:13 35.5 59.5 103 
1 14:39:14 35.7 60.1 103 
1 14:44:14 35 62 103 
1 14:49:15 34.5 63.5 103 
1 14:54:15 34.7 63.2 104 
1 15:04:21 34.9 62.9 103 

4.4 Aplication of “Moonitoring” 

 

The smart cage monitoring application is equipped with an 

application called "Moonitoring" which is made using an 

android application with the Kotlin framework [20]. This 

application aims to make it easier for users to monitor cages. 

Figure 8 shows the login page for users of this application. 

Figure 8 is a display of the login page of the smart kandang 

application user. This page is used by the user to ensure that 

the person who will control the cow shed is the officer or 

owner of the cow shed concerned. This is very important 

because users can set the smart cage system either manually or 

automatically. So that when controlling automatically, field 

officers must ensure that the temperature, humidity and odor 

parameters of the cage have been set according to the needs of 

the cow shed so that the cows get a comfortable environment. 

Figure 9 shows the cow shed information page based on the 

sensor values used in the smart cage. The process of sending 

data from the sensor to the application is carried out using 

wireless media using the Hypertext Transfer Protocol (HTTP) 

protocol. 

Figure 9 shows the display of DHT 21 sensor values and 

MQ 135 sensor values. This display presents the temperature, 

humidity, and ammonia values in the WS Farm cage. While 

the graphic display of this application is shown in Figure 10. 

Figure 10 shows a graph of changes in temperature, 

humidity and ammonia sensor values. Based on the graph, it 

shows that the sensor can measure data continuously and in 

real time. Figure 11 shows the notification display in the smart 

cage application when the cage temperature exceeds the 

temperature set by the user. 

Figure 12 shows a display for controlling fan and lighting 

devices automatically so that the temperature and humidity of 

the cage can be kept stable even if the cage keeper is not 

around the cage location. 

Figure 12 shows the display of smart cage device control. 

In this system, the application provides two modes in 

controlling how the fan and lights work. The fan is used to 

keep the environmental temperature stable according to the 

temperature value of the cage needed by the cow. While the 

lamp aims to warm the cage if the environmental temperature 

is cold and does not match the needs of the cow. 

 

 
 

Figure 8. Aplication of smart kandang
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Figure 9. Sensor value display 
Figure 10. Graph of temperature, humidity and ammonia 

sensor values 

  

  

Figure 11. Notification of smart kandang Figure 12. Smart cage device control display 
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The smart cage setting process is done manually directly by 

the cage operator by turning the lights on or off, while 

automatic settings are done by first setting the temperature 

value on the smart cage system and then the operator moves 

the button to the automatic setting. Through this setting, the 

smart cage system will turn on the lights and fans when there 

is a change in temperature value from the value previously set 

by the operator. 

 

 

5. CONCLUSION 

 

The development of the WS Farm cattle pen monitoring 

system based on mobile applications and the Internet of Things 

(IoT) offers an innovative and efficient solution in managing 

the livestock environment. This system allows farmers to 

monitor the temperature and humidity conditions of the pen in 

real time via mobile devices, providing easy access to 

information anytime and anywhere. 

The implementation of IoT technology in monitoring cattle 

pens shows several significant benefits. First, this system 

improves livestock welfare by ensuring optimal environmental 

conditions in the pen, thereby reducing the risk of stress and 

disease in cattle. Second, the use of mobile applications as a 

user interface provides convenience in data management and 

decision making, which in turn increases the efficiency of farm 

operations. Third, with real-time monitoring, farmers can 

immediately respond to critical situations, such as drastic 

changes in temperature or humidity, thereby reducing 

potential losses. 

In addition to the benefits mentioned, this study also 

identified several challenges in implementing an IoT-based 

monitoring system. These challenges include the need for 

adequate technological infrastructure, such as a stable internet 

network in the livestock area, as well as the cost of 

implementing and maintaining IoT devices. Training and 

technical knowledge for livestock farmers are also important 

factors in the successful use of this technology. 

This cow barn monitoring system research is still wide open 

to be developed. Such as providing alternative energy using 

solar panels, this is because the intensity of sunlight in the 

Subang area is quite high so that it has the potential to produce 

electrical energy that can be used as a source of electrical 

energy for the IOT cow barn monitoring system. In addition, 

other research is automatic feeding through a scheduling 

system. By storing feed in a certain container and having a feed 

container opening and closing system, cow feeding can be 

done automatically. Other research that can be developed is 

monitoring cow behavior that can be monitored via CCTV, so 

that if CCTV has been integrated into this monitoring system, 

cow behavior can be monitored remotely without having to 

come to the cow barn. Through the development of an IOT 

system for cow barns, it can make it easier for barn keepers to 

manage cow barns better. 
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