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Abstract: Aiming at the difficulty in obtaining environmental parameters in dairy cattle breeding,
this paper proposes and implements a dairy cattle breeding environment monitoring system based on
Bluetooth and B/S architecture. In order to reduce the cost of cross-platform deployment, the overall
system adopts the B/S architecture and introduces a Bootstrap responsive layout; in order to improve
the human–computer interaction capabilities, the Echarts graphical plug-in is introduced; and in
order to enhance the stability of Bluetooth communication, a time-sharing connection mechanism and
sampling are designed along with a cycle adaptive adjustment mechanism. The experimental results
show that the system has a good user experience on various smart terminal devices. The time-sharing
connection mechanism solves the repeated disconnection problem under the Bluetooth one-master,
multiple-slave star connection. The system can be used in the dairy cow growth environment. With
real-time monitoring and accurate early warning, it reduces the deployment and use cost of the
system and has broad application prospects.
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1. Introduction

Animal husbandry accounts for more than 50% of global agricultural production [1].
According to the estimation of the Food and Agriculture Organization of the United
Nations (FAO), there are about 750 million people in the world engaged in milk production
related industries [2]. Although the milk output of each cow varies greatly among different
regions and strictly depends on the use of relevant technologies [3], with increasingly
fierce competition in the global market, the technological differences between developed
countries and developing China are gradually narrowing [4]. Moreover, dairy producers all
over the world face the same challenge: they need to use the latest technology to improve
resource utilization efficiency [5].

In recent years, the use of multi-parameter fusion wireless sensor network monitor-
ing of poultry’s growth environment has become a new research direction, and many
scholars have conducted a lot of research on this. Li X et al. [6] developed a 5G-based
intelligent Internet of Things poultry farming system, which enables managers to monitor
the farming environment information anytime and anywhere, but the 5G communication
method is charged, which greatly increases the deployment and use costs of the system.
Zhang W et al. [7] developed a smart handheld terminal based on Android, which can
monitor the environmental temperature, humidity, illuminance, and indoor harmful gas
concentration of the farm in real time. However, Android-based clients have problems
such as IOS system incompatibility and the need to install APP. Zeng Z et al. [8] developed
a ZigBee-based wireless sensor network to monitor the environmental parameters of com-
mercial pregnant sow houses in real time; Tang j et al. [9] developed a remote intelligent
environment monitoring system for chicken house based on arm and ZigBee technology,
which takes ZigBee as the core to realize real-time collection and monitoring of indoor
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temperature, humidity, carbon dioxide concentration and other environmental information.
However, when sending a small amount of data in a short communication range, it is better
to use Zigbee or Bluetooth instead of Wi-Fi because of their lower power consumption [10],
thereby extending the battery life of the node [11].

In view of the existing problems, combined with the latest technology, this paper
proposes a dairy farming environment monitoring system based on Bluetooth and B/S
architecture. The system follows the three-tier architecture design principle of the Internet
of things USN [12], integrates sensor, Bluetooth communication, Wi-Fi communication,
database, network and other technologies, and divides the whole system into a terminal ac-
quisition system, an information transmission system and a data visualization system. The
terminal collection system consists of multiple Bluetooth-based multi-parameter collection
nodes. The collection nodes can collect temperature, relative humidity, ammonia (NH3)
concentration, hydrogen sulfide (H2S) concentration and carbon dioxide (CO2) in the dairy
farming environment in real time. The five environmental parameters of concentration; the
information transmission system is composed of a gateway based on Bluetooth and Wi-Fi
to build a two-way communication link from the terminal collection system to the data
visualization system; the data visualization system is composed of a database and a server,
realize node management, parameter visualization and abnormal warning. The overall
system architecture diagram is shown in Figure 1.

Figure 1. Overall System Architecture Diagram.

Multiple terminal acquisition nodes upload the acquired environmental information
to the regional gateway via Bluetooth. After the gateway receives the data, it forwards
the data to the server via Wi-Fi. The server processes the data after receiving the data and
feeds back information to the corresponding node. Users in the local area network can
access the data visualization system through the browser of any smart terminal device.

The novelty of this article can be summarized as the following:
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1. A multi-parameter collection node and a Bluetooth gateway based on Bluetooth and
Wi-Fi have been developed that can accurately collect the environmental parameters
of dairy cattle farming.

2. A data visualization system based on the B/S architecture has been developed. Users
in the local area network can monitor the environment through the browser of any
smart device (mobile phone, tablet, laptop, etc.) without installing specific applica-
tions, which reduces the system’s deployment cost.

3. The data visualization system is designed with a time-sharing connection mechanism
to control the gateway to actively disconnect the acquisition node, which enhances
the stability of the Bluetooth connection under the star structure. The introduction of
an autonomous control mechanism for the sampling period effectively reduces the
energy consumption of the acquisition node.

The rest of this article is organized as follows. The Section 2 introduces the realization
of each part of the system. In the Section 3, experiments were carried out on the system
and the experimental results are shown. The Section 4 summarizes the work of this paper
and makes suggestions for future work.

2. Materials and Methods
2.1. Acquisition Node

Heat stress is one of the most important factors limiting the production of dairy cows.
It has far-reaching implications for the productivity, health, reproduction and overall impact
of dairy cows [13]. For intensively farmed dairy cows, the temperature and humidity index
(THI) has been widely used to assess the degree of heat stress in dairy cows [14]. The
formula for determining THI using ambient temperature (T) and relative humidity (RH) is
as follows [15]:

THI = (1.8 × T + 32) − [(0.55 − 0.0055 × RH) × (1.8 × T − 26)]

In addition, the harmful gases in the dairy barn mainly include NH3, CO2, H2S, etc. [16].
Therefore, the terminal acquisition node introduced in this section includes a multi-sensor
module (temperature and humidity, NH3, CO2, and H2S sensors), a data processing unit,
and a power supply module. The node is powered by a lithium battery. The overall
architecture of the acquisition node is shown in Figure 2.

Figure 2. Architecture diagram of acquisition node.
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2.1.1. Multi Sensor Module

The multi-sensor module can acquire five types of environmental parameters at the
same time, including temperature, relative humidity, NH3, H2S, and CO2 concentration.
The temperature and humidity sensors use SHT21 produced by Sensirion. The sensor
module has the characteristics of digital output, no debugging, no calibration, no external
circuits and full interchangeability [17]; the CO2 sensor uses MG-811 produced by SUMIDA,
the sensor has the characteristics of being less affected by changes in temperature and
humidity [18]; the NH3 sensor uses MQ137, which has the characteristics of a simple
test circuit, fast response recovery and high sensitivity [19]; the H2S sensor, MQ136, has
the same advantages as MQ137 [20]. The data processing unit uses the NRF52832 chip
produced by Nordic Semiconductor. This is an ultra-low-power multi-protocol SOC
(System-On-a-Chip) integrated with a 2.4 Ghz radio transceiver. It can support low-power
Bluetooth and other wireless communication protocols. In terms of power consumption,
NRF52832 shuts down in the state of retaining RAM (Random Access Memory), the
quiescent current is as low as 0.3uA; standby in the state of retaining RAM, the quiescent
current is as low as 1.5 uA [21]. The sensor component parameters are shown in Table 1.

Table 1. Sensor component parameter table [17–20].

Temperature (°C) Humidity (%RH) CO2
(ppm)

NH3
(ppm)

H2S
(ppm)

Model SHT21 MG-811 MQ137 MQ136

Range −40~125 0~100 0~10,000 5~500 1~200

Resolution 0.01 0.04 Rs(in air)/Rs
(50 ppm NH3) ≥ 3

Rs(in air)/Rs
(50 ppm H2S) ≥ 3

Precision ±0.3 ±2 ≤0.6(R100ppm/R50ppm NH3) ≤0.6(R200ppm/R50ppm H2S)

2.1.2. Power Management Module

The power management part uses the MAX17055 low-power current fuel gauge
produced by Maxim, which integrates the ModelGauge m5 EZ algorithm provided by
Maxim’s official company. It does not need to model a specific battery to achieve a high-
precision measurement of lithium batteries. The operating current of MAX17055 is as low
as 7uA. The host directly reads information related to the power supply through the 2-wire
Iˆ2 C communication interface, such as, battery charge status, remaining power (mAh),
battery power status (SOC, %), battery voltage, etc. [22].

2.1.3. Data Storage Function

This system designs the Bluetooth gateway to poll the connection acquisition node;
therefore, with the periodic sampling data of the queue storage node, when the Bluetooth
gateway is connected in the next cycle, the stored data will be sent to the gateway, according
to the FIFO principle, to ensure data continuity.

2.2. Gateway

The gateway of the information transmission system is responsible for building a two-
way communication link between the acquisition node and the server side, and realizes
the transmission and feedback of multi-parameter environmental information from the
terminal collection node to the server side. The Bluetooth module uses the nRF52840 radio
frequency chip [23] produced by Nordic that supports the BLE5.0 protocol, and the Wi-Fi
module uses the ESP8266EX chip produced by Espressif. The functional design of the
gateway is shown in Figure 3.
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Figure 3. Gateway function design diagram.

The collection node performs Bluetooth pairing with the Bluetooth host module in
the regional gateway, and transmits the collected multi-parameter data to the gateway
through the Bluetooth communication protocol. The Bluetooth host module in the gateway
transmits data to the Wi-Fi module through the serial port. The Wi-Fi module realizes
the remote transmission of data packets through the local area network formed with the
server. The server sends feedback instructions after receiving and processing the data.
After receiving the feedback instructions, the gateway accurately transmits them to the
corresponding collection node according to the device name, thereby realizing the precise
control of the acquisition node. The physical map of the gateway is shown in Figure 4.

Figure 4. Physical picture of regional gateway.

2.3. Data Visualization System

In order to further reduce the deployment costs, the data visualization system runs on
the Windows platform, configures a JDK (java development kit) environment and installs
the Tomcat server and MySQL database programs. Tomcat is a web server developed
using Java language [24]. MySQL is a relational database. Compared with non-relational
databases, a major advantage of MySQL is that the data are stored in different tables instead
of in a large warehouse. This setting increases the speed and flexibility of operation [25,26].
The data visualization system development mainly includes the following two parts:
database design and server development.

2.3.1. Database

The ER diagram of the database is shown in Figure 5. The database is composed of an
administrator table, a node table, a single node history data table, and all the nodes’ latest
data tables.
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Figure 5. Database ER diagram.

Among them, the administrator table is used to store the basic information of the
administrator, and the node table is managed by the administrator. The administrator can
add, delete and modify node attributes. According to different business requirements, two
kinds of node data tables are designed to store data: “DATA” table is used to store the
latest data of all nodes; The “DATAS” table is used to store all data of all nodes, including
historical data and the latest data. Among them, “DATA” table only executions update
operation, “DATAS” table only executions insert operation, and uses database trigger to
update synchronously.

2.3.2. Server

In order to implement the idea of “high cohesion, low coupling”, we divide the server
business applications into the following three levels: presentation layer (UI), business logic
layer (BLL) and data access layer (DAL) [27], where the presentation layer is responsible for
data visualization, the business logic layer combines the basic operations of the data access
layer for specific businesses to form complex business operations; and the data access
layer defines the DML (Data Manipulation Language) and DQL (Data Query Language)
operations of the database [28], and directly manipulates the database data. The three-tier
architecture of the server is shown in Figure 6.

Figure 6. Three tier architecture of server.
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The human–computer interaction interface uses HTML to write the basic frame of
the page, beautifies the HTML page through CSS [29] and writes the corresponding JS
script to realize the response to the browser event. The page introduces Bootstrap’s
responsive layout technology to realize the consistent layout of the visualization system
on PC, Android and IOS. Additionally, with the help of Echarts’ component to draw a
historical data line chart, the display interface is more intuitive and vivid [30].

As the core of the system, the server is responsible for data processing and request
response. Aiming at the problem of frequent disconnection under Bluetooth-one-master-
multi-slave star connection, a time-sharing connection mechanism is designed to enhance
connection stability. In order to further save node energy consumption, a sampling period
adaptive adjustment mechanism is introduced. The server workflow is shown in Figure 7.

Figure 7. Server work flow chart.

After the server starts to work, it first determines the polling node array according
to the node table, and then controls the gateway to connect to the nodes in turn, receives
and processes the node data, and returns the governing datagram to the acquisition node.
After the timer expires, it disconnects the current node and connects to another. The
data processing includes a data parity check, a meaningful check, and data abnormality
analysis. The system designs five sampling periods for five environmental parameters. The
corresponding relationship between the number of abnormal parameters and the sampling
period is shown in Table 2.

Table 2. Correspondence between parameters and period.

Number of abnormal parameters 0 1 2 3 4

Sampling period (min) 60 30 10 5 1
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3. Results

This experiment is divided into two parts, deploying a gateway, and running ten
collection nodes for 14 days in a laboratory environment and two days in a dairy farm
environment. The screenshots of each interface of the data visualization system are shown
below. The node’s latest data interface displays the latest data of the working node. A
screenshot of the interface is shown in Figure 8.

Figure 8. Screenshot of the latest data of all nodes.

In order to enhance the human–computer interaction capabilities, the visualization
system is designed to mark red warnings for abnormal parameters. When the environ-
mental THI exceeds 70, milk production will decrease [31]. According to the standards
designated by China for the environmental quality of the cowshed area, NH3 must not
exceed 20 mg/m3, H2S must not exceed 8 mg/m3, and CO2 must not exceed 1500 mg/m3.
Therefore, the abnormal parameter is defined as THI, which is higher than 70, the NH3
concentration is higher than 28.8 ppm (20 mg/m3), the H2S gas concentration is higher
than 5.76 ppm (8 mg/m3), the CO2 gas concentration is higher than 840 ppm (1500 mg/m3),
the electricity is lower than 20% and the voltage is lower than 3 V.

The single node historical data display interface displays all the data of a single node,
and a screenshot of the interface is shown in Figure 9.

The single node historical data display interface combines the Echarts component
to display the node historical data to the administrator in the form of a line graph, and
intuitively reflect the abnormal situation of the data through the warning line. When the
amount of data is too much, the user can zoom in with the mouse wheel, the target area is
convenient for detailed viewing.

Enlarge the 21:07:25 data of the THI history curve in 2021.6.4, and find that the THI of
the farming environment is 70.45 greater than 70 at this time, and the system judges that
the environment is abnormal. Adjust the sampling period to 30 min, and the environmental
THI is 69.56 collected at 21:37:25 (shown in Figure 10). The system judges it to be normal
and restores the default sampling period of 60 min. The node management interface
provides the administrator with operations for adding, deleting, modifying and checking
nodes. The administrator can manage the nodes through the corresponding buttons. The
screenshot of the interface is shown in Figure 11.
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Figure 9. Screenshot of the historical data interface of a single node.

Figure 10. Screenshot of the system’s adaptive adjustment sampling period interface.

Figure 11. Screenshot of the node management interface.
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4. Discussion

This system proposes and implements a dairy cow farming environment monitoring
system based on Bluetooth and B/S architecture, which has been tested in a laboratory
environment for 14 consecutive days (2021.03.31 11:02:17–2021.04.15 15:32:17) and two
consecutive days of testing at the farming site (2021.06.04 09:37.25–2021.06.06 09:37.25). A
total of 4110 sets of data were collected, including 341 sets in a laboratory environment and
70 sets in a farming environment. During the test, no packet loss or repeated disconnection
was found. The experimental results show that the acquisition node designed by this
system can accurately acquire multi-parameter environmental information, the gateway
can accurately transmit the environmental parameters uploaded by the node, and the man-
agement system based on the B/S architecture can save deployment costs while achieving
environmental monitoring. This design the time-sharing connection mechanism proposed
by the scheme solves the problem of repeated disconnection under the one-master and
multiple-slave Bluetooth connection mode, and enhances the stability of communication.
The self-regulating sampling period mechanism can adaptively adjust the sampling period
when environmental parameters are abnormal. In addition, this system can be extended
to the field of smart medical and smart home after the terminal is replaced. The future
expandable research direction of this system is to add more environmental parameters that
affect the growth of dairy cows, and control peripheral equipment to eliminate abnormal
situations.
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