’i) Check for updates

Journal of Sensor Science and Technology
Vol. 33, No. 5 (2024) pp. 378-383
http://dx.doi.org/10.46670/JSST.2024.33.5.378
pISSN 1225-5475/eISSN 2093-7563

of A yEMAM dA

1 1
Zimls . Kpaqy

Ro

Design of IoT-based Buoyancy-based Level Sensors for Low-cost and High-efficiency

Byeongkon Kim'" and Sookwan Jang'

Abstract

This study developed a buoyancy-based level sensor composed of a buoyant object, a sensing unit, and a signal generation unit to

meet the demand of low-cost, high-efficiency inundation-detection sensors. The volume of the submerged buoyant object remained
nearly constant even in the presence of water-level fluctuations, allowing stable water-level data acquisition. The measurement resolution
and measurement repeatability were confirmed to be within 0.4 mm and 0.3%, respectively. LoRa-based communication was used to
implement the IoT-based inundation-detection sensor. The measurement deviation between the sensors is approximately 0.15%. The

unresponsive level at which measurement was not possible was confirmed to be approximately 2 mm. Excluding this unresponsive
range, the water level measurements exhibited very high linearity, allowing precise measurements. Furthermore, a test bed was estab-
lished in an inundation-vulnerable area using buoyancy-based level sensors.
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Fig. 1. An illustrated example of buoyancy. A floating object's
weight Fo and its buoyant force Fg must be equal in mag-
nitude.
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Fig. 2. Changes in buoyancy relative to changes in water levels.
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Table 1. Properties of strain gauges used in buoyancy-based level

Sensors.
Parameter Specification (@ 24°C, 50 %RH)
Gauge Length 5 mm
Resistance 350.6 £ 0.6 Q
Gauge Factor 211 £ 1.0 %
Thermal Expansion 11.7 ppm/°C

RS232 Serial Communication
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Fig. 3. A test environment for buoyancy-based level sensors.
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Fig. 4. Evaluation device and environment for water level mea-
surement using a buoyancy-based level sensor.
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Table 2. Resolution and repeatability of the buoyancy-based level

sensor (each data point represents the average of five mea-

surements).
Data Acquisition
Evaluation Sensor  Sensor  Sensor  Sensor  Sensor
#1 #2 #3 #4 #5
Resolution(mm)  0.292 0.384 0.472 0.648 0.328

Repeatability(%) 0.096  0.008 0348 045 0376

Level up Level down

Fig. 5. A schematic of meniscus formation. As the water level rises,
it forms a convex meniscus. As the water level falls, it forms
a concave meniscus.

Fig. 6. Buoyancy of a floating object. Even if the water fluctuates,
the submerged volume of a buoyant object remains nearly
constant.
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Fig. 7. An example of data acquisition using wireless communi-
cation. The diagram shows a water level measurement envi-
ronment with a 5-sample buoyancy-based level sensor using
Bluetooth communication.
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Fig. 8. Minimum and maximum water level measurement environ-
ment using the buoyancy-based level sensors.

Table 3. Water level measurements (five sample sensors were mea-
sured five times to calculate the water level deviation rate)

Data Acquisition

Average Standard

N Sens#1 Sens#2 Sens#3 Sens#4 Sens#5 .
Level Deviation

1 883 881 878 882 881 881  1.673
WATER 2 873 873 872 873 875 873  0.980
LEVEL 1 ces 834 883 883 887 884 1480
(mm)

886 888 890 891 886 888  2.040

5 885 836 886 885 886 886  0.490

Total Average 882 1.336

* Deviation Rate = Standard Deviation / Average Level x100 (%)

2 A 59 Hrtol e iy 2 2] o

2 ol o
2mme] 9o =T o F1E 2 wsjel 43do] A
otk ol B¢ 99°] 2 mm FEolehe 22 rse 2

0% HFA ABAA AN BRH 02 A1HE o 25 mme]
= 253 WA (eTape, Milone Technologies,
B8 Yol A gt st st

J. Sens. Sci. Technol. Vol. 33, No. 5, 2024



Byeongkon Kim and Sookwan Jang

= =
Senser Control Gateway WEB Ul
#1 Board
=
Senser Control
#2 Board LoRa TCP/IP
MQTT

Senser
#3
Senser
#n

=
Control
Board
=

=

Control
Board

Buoyancy- based Level Sensor

Laptop for ‘D (0]

—

Gateway — .

Fig. 9. Setting up a LoRa evaluation environment. Design scenario
and validation of a board with an integrated LoRa chip.
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Fig. 10. An example of the testbed set up using a buoyancy-based
level sensor and gateway.
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