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Abstract. In this paper, a kind of temperature sensor for fermentation bed in large
scale chicken farm was studied. The temperature sensing equipment includes a
temperature sensor housing, a circuit board and a temperature probe detection
sensor. The circuit board is provided with a microprocessor and a wireless
Bluetooth communication module. The temperature probe detecting sensor is
fixedly connected with the sensor housing, and at least two temperature detecting
elements are arranged inside the temperature probe detecting elements, which are
spaced inside the probe tube. The microprocessor is connected with the
temperature detecting element and wireless Bluetooth module respectively. The
temperature sensor is used to detect the wall temperature of the probe tube and
generate temperature signals. The microprocessor is used to receive the detection
signals and forward them to the wireless Bluetooth module. The wireless
Bluetooth module is used to convert the temperature detection signals into wireless
signals and send them out.

Keywords. Sensing equipment, wireless bluetooth communication, detection
signal, probe tube.

1. Introduction

This research belongs to the field of temperature sensor technology and relates to a
temperature sensing equipment for fermentation bed in the aquaculture industry. In the
farming industry, large amounts of animal waste are produced every day by feeding
plants, which usually turn the accumulation of manure into organic fertilizer through
fermentation. The staff should check the temperature and humidity of the fermentation
bed regularly, and turn over and operate according to the temperature and humidity in
time to avoid problems such as dead bed.

Large farms, such as chicken farms or pig farms, due to the fear of epidemic
impact, artificial detection of fermentation bed temperature may bring viruses, so it is
necessary to use intelligent temperature fermentation bed temperature sensor; Artificial
intervention will bring stress response to chickens[1], artificial detection is not only
time-consuming, laborious, and artificial detection is bound to bring stress response to
chickens, affecting the normal growth of chickens.
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For some large farms, in order to prevent the epidemic, the staff is generally not
allowed to enter the farm to detect the temperature and humidity. It is necessary to
timely study the temperature and humidity status of the accumulation of animal feces
by remote detection, and send the collected information to the platform terminal for
further processing.

Existing temperature sensor is called multi-function probe thermometer, the
multifunctional probe thermometer consists of shell parts, metal probe, touch keys,
such as temperature sensor, the main body shell and cover inside the cavity under
Settings have touch buttons, OLED display screen, battery[2], magnets and control
main board part, setting of shell part of the front end has a metal probe, A temperature
sensor is arranged inside the metal probe, and a USB interface is arranged at the rear
end of the shell part. The control board is integrated with power module, single chip
microcomputer, Bluetooth module, Flash module, buzzer module and temperature
detection module. Among them, the temperature detection module is used to process
the temperature data into digital signals transmitted to the MCU; The Bluetooth module
is used to convert various data into Bluetooth protocol and communicate with the
connected host device; The buzzer module is used to prompt device exceptions and
temperature alarm [3].

Through the cultivation Internet of Things platform, the private UDP Internet of
Things protocol with low power Bluetooth technology is used to transmit fermentation
bed temperature data, which can ensure reliable data transmission[4].

The probe-based thermometer uses a buzzer, OLED display, and blue-tooth
module to alert workers to temperature anomalies. However, because the fermentation
bed usually has a large thickness, when the thermometer is inserted into the
fermentation bed, it can not be used to measure the temperature in different depths of
the fermentation bed, and there are problems of great limitation in temperature
measurement and poor early warning sensitivity. In addition, the buzzer is easy to be
ignored by the staff in the breeding plant, and the reminding effect is poor.

2. The Technical Framework of the Research

In order to solve the above problems, the purpose of this study is to provide a special
temperature sensing equipment for fermentation bed in the aquaculture industry, which
can be used to measure temperature in different depths of fermentation bed in multiple
areas, solve the problems of temperature measurement limitation and poor warning
sensitivity, and improve the alarm and reminder effect.

Figure 1 and figure 2 show the structure of temperature sensing equipment
dedicated to fermentation bed in aquaculture industry.

Figure 1 is a three-dimensional diagram of the temperature sensing equipment
dedicated to the fermentation bed in the aquaculture industry of the utility model, and
figure 2 is a circuit diagram of the temperature sensing equipment dedicated to the
fermentation bed in the aquaculture industry. Figure 1: 1- chassis, 11- low power LCD,
12-LED light source, 13- charging interface, 2- probe tube, 20-NTC thermistor [5].



26 W. Tang et al. / Study on Special Temperature Measuring Equipment for Fermentation Bed

v

Figure 1. A three-dimensional diagram of the temperature sensing equipment.
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Figure 2. A circuit diagram of the temperature sensing equipment.

The temperature sensing equipment for fermentation bed in aquaculture industry
includes chassis 1,a circuit board and a probe tube 2. The circuit board is installed in
the chassis 1, and the circuit board is provided with a processor and a wireless
communication module; The probe tube 2 is fixedly connected with the chassis 1. At
least two temperature detecting elements are arranged inside the probe tube 2, and the

two temperature detecting elements are arranged at intervals along the length direction
of the probe tube 2.
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Processor is respectively connected with the temperature detecting element, the
wireless communication module, temperature detection device for detecting probe tube
wall temperature and temperature of two testing signal, the processor used to receive
temperature detecting signal and forwarded to the wireless communication module,
wireless communication module is used for temperature detection signal into the
wireless signal and issue [6].

Chassis 1 is also provided with a display screen and luminous components, the
display screen and luminous components are respectively connected with the processor,
the display screen according to the digital signal converted by the processor to display
the temperature value, luminous components are used to produce different color light
according to the dimming signal sent by the processor [7].

The temperature sensing equipment for fermentation beds in the aquaculture
industry is equipped with at least two temperature detection elements in probe tube 2.
Because the two temperature measuring elements along the length direction of the two
probe tubes are spaced, when two probe tube inserted into the fermentation bed, the
temperature detection elements at different positions in the probe tube 2 can detect the
temperature at different depths of the fermentation bed. The temperature of
fermentation bed varies greatly at different depths, the two temperature detection
elements can measure the temperature difference, and thus can measure the temperature
difference at different depths in different thickness directions. In this way, the
temperature measurement effect is better and the warning sensitivity is higher.

The processor receives the temperature detection signal from the temperature
detection element, and forwards the temperature detection signal to the wireless
communication module. The wireless communication module converts the temperature
detection signal into wireless signal, which can realize the remote monitoring of the
fermentation bed through the user terminal. The display screen can display the
temperature value of different depths of fermentation bed in real time, so that the staff
can carry out on-site monitoring. Once the temperature exceeds the set temperature is
detected, the processor is the luminous signal that move light, light emitting
components according to different color dimming signal hint of light, a beep sound
compared to the existing probe thermometer, light more significant implications,
environmental noise is not affected by plants, to prevent the staff to ignore temperature
prompt, remind is better [8].

In this design research, there is a preset value of warning temperature in the
processor, and the processor is used to receive the temperature detection signal from at
least two temperature detection components, so as to send a dimming signal to the
luminous components when the value of any temperature detection signal reaches the
value of warning temperature. For example, the preset warning temperature value in the
processor is 60°C. When the internal temperature measured by any temperature
detection element reaches 60°C, it means that the fermentation bed needs to be
ventilated by turning and raking, and the remote terminal or on-site prompt light can be
used to remind the staff in time.

The two temperature detection elements are equidistant along the length direction
of probe tube 2, and the distance between the two adjacent temperature detection
elements is between 3cm and 15cm.
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Among them, the temperature detection element is NTC thermistor 20, probe tube
2 is the lower end of the stainless steel pipe plugging. Probe tube 2 is made of 304
stainless steel tubes with corrosion resistance[9], the length of the probe tube is 2 to 50
cm, Four NTC thermistors 20 are arranged in probe tube 2, NTC thermistor 20 has a
large temperature measuring range and high sensitivity, the distance between the
adjacent two NTC thermistor[10] 20 is 12 cm, in order to accurately detect
fermentation bed internal temperature of different depth.

The luminous component is arranged on the top of the casing 1, and the luminous
component is an LED light source 12. LED light source 12 is a color- changing
LED light source, and the color-changing LED light source has at least two kinds of red
and yellow hint light. In this implementation case, LED light source 12 is made of
GaAsP material and has at least two colors: red and yellow. When the detected
temperature does not reach the value of warning temperature, LED light source 12
normally emits yellow light. When the detected temperature exceeds 60°C, the
processor sends a dimming signal to LED light source 12. When the light is adjusted
from yellow to red, the color change of red and yellow light can play a significant
warning role .

A built-in power supply is provided in the chassis 1, which is electrically
connected with the circuit board. A charging interface 13 is also provided on the
chassis 1, which is electrically connected with the built-in power supply. The wireless
communication module is low-power Bluetooth module, which is also called
"BLE Bluetooth module", and has the characteristics of low power consumption and
low cost. The display is a low-power LCD 11, which can save power consumption
to the maximum extent, prolong the standby time of the entire temperature sensor
device, avoid frequent charging operation, and provide better durability and reliability

[11].

3. Primary Product Testing

Because the real products are in the primary state, there is a lack of a large number of
comparative experiments on the test results of the early products when they are tested
in the farm. In the flat broiler flocks of large farms, the thickness of chicken excretion
produced by a large number of chickens was not deep enough after a day of activity.
The data of shallow accumulated chicken excretion was transmitted accurately and
could be timely and conveniently transmitted to the mobile phone of the detector, with
accurate alarm and normal function of bluetooth module. For chicken droppings up to
40CM, the data start to become unstable. The external installation box of the product
needs to be stronger and more corrosion-resistant, because the chicken excrement is
highly acidic, and the external packaging material also needs to be considered.
Currently, the primary product lacks this design, which needs to be improved. Field
experiment is shown in figure 3-5.
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Figure 4. Field experiment
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Figure S. Farm environment experiment simulation environment test

The equipment has not been tested in the fermentation beds of pig and cattle farms.
Considering that there may be certain differences in feces of different animals, the
large-scale promotion of the equipment needs more experimental verification.

4. Conclusion

In this paper, a kind of temperature sensing equipment for fermentation bed in large
scale chicken farm was studied. The temperature sensing device comprises a housing, a
circuit board and a probe tube, on which a processor and a wireless communication
module are provided. The probe tube is fixedly connected with the casing, and at least
two temperature detecting elements are arranged inside the probe tube, and the
detecting elements are arranged in intervals along the length direction of the probe
tube. The processor is electrically connected with the temperature detecting element
and wireless communication module respectively. The temperature detection element is
used to detect the wall temperature of the probe tube and generate temperature
detection signal. The processor is used to receive the temperature detection signal and
forward it to the wireless communication module. The wireless communication module
is used to convert the temperature detection signal into wireless signal and send it. It
solves the problem of multi-zone accurate temperature measurement in different depth
of fermentation bed, improves the width and thickness of temperature measurement
area, and improves the sensitivity of early warning.

The product is accurate in temperature measurement, good in data transmission
and sensitive in alarm. However, when the accumulation of chicken feces reaches
40CM, the data start to become unstable, and further research is needed.The external
installation box of the product needs to be stronger and more corrosion-resistant,
because the chicken excrement is highly acidic, and the external packaging material
also needs to be considered.
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