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(a)SCD30 Sen (b) SPS30 Sensirion

(c)ZE03-NH3 winsen (d) VEML7700 adafruit

Figure3. Overview of environmental sensors used for the integrated

sensor
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A S0] APRe 42t 2TH(Tablel-6)

Tablel. Device specifications of the COZ Sensor, SCD30

Parameter Value

CO2 measurement range 0 — 40'000 ppm
Accuracy + (30 ppm + 3%MV)
Repeatability + 10 ppm
Temperature stability + 25 ppm/ °C
Response time 20 s

Accuracy drift over lifetime + 50 ppm

Table?. Device specifications of the Temperature Sensor, SCD30

Parameter Value
Temperature measurement range - 40°C — 70°C
+ (04°C + 0.023 x (T [°C] -
Accuracy
25°C))
Repeatability + 0.1°C
Response time >10s
Accuracy drift < 0.03 °C/ year

- 19 -



Table3. Device specifications of the Humidity Sensor, SCD30

Parameter Value

Humidity measurement range 0 %RH — 100 %RH
Accuracy + 3 %RH
Repeatability + 0.1 %RH
Response time 8s

Accuracy drift < 0.25 %RH / year

Table4. Device specifications of the NH3 Sensor, ze03-NH3

Parameter Value

NH3 measurement range 0 — 100 ppm
Resolution Tppm
Response time < 150s

Tableb. Device specifications of the llluminance Sensor, VEML7700

Parameter Value
[lluminance measurement range 0 - 20 klx
Resolution 0.0036 Ix
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Tableb. Device specifications of the PM Sensor, SPS30

Parameter Value

Mass concentration accuracy +10%

Mass concentration range 0 - 1000 pg/m3
Mass concentration resolution 1 png/m3
Number concentration range 0 - 3'000 1/cm3
Sampling interval 1s

Start-up time <8s

- 21 -
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(4) (b)

Figure4. 3D model of integrated sensor module encolsure
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Figure 5. Overview of integrated sensor module
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Figure 6. Inside view of integrated sensor module
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Figure 7. Front view of integrated sensor module
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Figure 8. Top view of integrated sensor module
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Figure 9. Bottom view of integrated sensor module
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Figure 19. Test result of Temperature Sensor from integrated sensor module
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Figure 20. Test result of solely used NH3 Sensor
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Figure 21. Test result of NH3 Sensor from integrated sensor module
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Table7. RMSE of CO2 sensor test
RMSE(ppm) testl test? average
Solely used 15.57 15.33 15.45
Integrated 201.86 178.44 190.15
Table8. Hysteresis error of CO2 sensor test
Hysteresis error(ppm) testl test2 average
Solely used 38 4 21
integrated 395 339 367
Table9. RMSE of Relative Humidity sensor test
RMSE(%) test1 test2 average
Solely used 0.93 0.85 0.89
integrated 2.47 2.07 2.27

Tablel0. Hysteresis error of Relative Humidity sensor test

Hysteresis error(%) test test2 average
Solely used 1.20 0.96 1.08
integrated 4.20 3.96 4.08
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Tablell1l. RMSE of Temperature sensor test

RMSE(°C) test1 test2 average
Solely used 0.54 0.57 0.56
integrated 1.29 1.16 1.23

Tablel2. Hysteresis error of Temperature sensor test

Hysteresis error(°C) test1 test2 average
Solely used 0.42 0.50 0.46
integrated 1.92 0.60 1.26
Table13. RMSE of NH3 sensor test
RMSE(ppm) test1 test2 average
Solely used 0.93 1.39 1.16
integrated 1.87 1.68 1.78
Table14. Hysteresis error of NH3 sensor test
Hysteresis error(ppm) test1 test2 average
Solely used 1.78 2.60 2.19
integrated 4.05 417 4.11
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4.2 CFD Alga]old A}
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Figure 22 Temperature of ambient enviroment after 15 seconds with integrated sensor module
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Figure 23. Temperature of ambient enviroment after 15 seconds with solely used sensor
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Abstract

Development and Evaluation of
Integrated Sensor Module for

Smart Broiler House
Choi, Wonjun

Biosystems Engineering
The Graduate School

Seoul National University

Recently, chicken consumption has been increasing significantly
around the world. To produce chicken efficiently, the development of
precise livestock technology using information and communication
technology is being carried out worldwide. First, it is necessary to
develop a system capable of monitoring the internal environment in real
time along with semi—automation of production facilities in order to
implement such smart land-based technology. Various sensors are
required to configure a sensor network for smart hexagonal technicians.
However, when each of the various sensor modules is installed,
problems such as limited installation locations, high installation costs,

sensor node inspection, and battery replacement occur. To solve this
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problem, a sensor module integrated into one sensor module is required
in consideration of characteristics of various sensor modules required
for collecting environmental information on land survey.

This study designed an integrated sensor module consisting of sensors
that can measure temperature, humidity, carbon dioxide, ammonia gas,
illumination, and dust, which are the main factors affecting the growth
of the meat system. The integrated sensor module is designed to be
narrow and long in width and height so that it is easy to install on the
wall or pillar and does not interfere with the installation as much as
possible. To protect the sensor and board, it is designed to protect
them from external impacts or foreign substances except for serial
ports, and circuits and other components except for external contact
are placed in a space separated from the sensor to prevent penetration
of foreign substances and water and corrosion caused by moisture or
toxic gas. The external exposed part is designed to face downward to
prevent dust accumulation or liquefaction to flow in and flood.

When manufactured as an integrated sensor module, an experimental
device was organized and experimented to evaluate the performance
change compared to the individual use of sensors. An integrated sensor
module and a reference sensor are disposed in a gas chamber made of
acrylic, and there is a fan inside to help quickly and uniformly mix the
internal air. The internal environment was changed through a pipe

capable of injecting sample gas into the side surface, and the measured
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value of the sensor was recorded after confirming that a specific state
was reached through the reference sensor. In addition, it was intended
to check whether gas exchange inside the integrated sensor module is
carried out smoothly by utilizing CFD.

As a result, it was confirmed that the RMSE value of the measured
value of the integrated sensor module increases and the hysteresis
error increases, compared to when sensors are used individually. In
addition, through CFD analysis, it was confirmed that the environmental
change time inside the integrated sensor module increased compared
to when a single sensor was used. To minimize such hysteresis, a

correction formula that can improve the gas exchange of the enclosure

to be performed more smoothly and correct the hysteresis may be used.

If research and demonstration experiments on how to minimize such
hysteresis are conducted in the future, it will contribute to the
improvement of precision agricultural technology and smart

agricultural technology with more accurate performance.

keywords : Broiler, integrated sensor module, performance evaluation
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