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Abstract: Soil properties and water content vary from place to place. The calibration method based on capacitive soil

moisture and humidity sensor is carried out. The sensor readings are compared with the mass water content measured

by the oven dried method, and the calibration formula of sensor reading and mass moisture content is established.

Results show that the sensor reading has a good linear relationship with the mass water content measured by the oven

dried method, and has high precision. It can calibrate the mass moisture content of the data obtained from the moisture

migration test in the soil column.
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0 Introduction

The drying method is a commonly used meth-
od for measuring soil moisture content, and can ob-
tain relatively accurate test results, but this method
is time consuming and laborious, and the obtained
data has poor timeliness'''. In recent years, with the
rapid development of electronic information technol-
ogy, soil moisture measurement methods are devel-
oping towards high precision, non-destructive, auto-
mation and so on. Time domain reflectometry and
frequency domain measurements have appeared,
which realize the automatic collection and transmis-
sion of soil moisture, and the timeliness of data has
been significantly improved. With the gradual popu-
larization of intelligent soil moisture measurement
methods, how to improve the accuracy of soil mois-
ture measurement has attracted the attention of
many researchers. For example, Chen et al.'*’ intro-
duced the international main soil moisture measure-
ment technology and analyzed its advantages in con-
=

tinuous dynamic measurement. Shi et a and

Zhang et al."*’ introduced some new methods for

*Corresponding author, E-mail address: lei_xiao1995@163.com.
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measuring water content, analyzed and compared
the principles, advantages and disadvantages of dif-
ferent methods. Wu et al."” used the time domain re-
flectometry (TDR) method to conduct indoor cali-
bration test for soil sample volumetric moisture con-
tent. Zhou et al.'" used frequency domain reflection
(FDR) technology to determine the moisture con-
tent of loess roadbed.

In the work of measuring the soil moisture con-
tent, there are many kinds of soil moisture sensors
available on the market, but no matter which sensor
is selected, it needs to be calibrated to ensure the ac-
curacy of the measurement results. That is to say,
the drying method and the sensor method are used
to measure and analyze the data. The calibration pro-
cess includes determining soil dry bulk density, cali-
bration data requirements, manual sampling and
drying, and fitting calibration formulas. In this pa-
per, according to the analog signal value of capaci-
tive soil moisture sensor, the sensor readings are
compared with the results of manual drying, and the
calibration formula is fitted to improve the accuracy

of the sensor.
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1 Capacitive Soil Moisture Sensor

1.1 Sensor introduction

The sensor used in the test is the DFRobot Ar-
duino capacitive soil moisture sensor (Fig.1), oper-
ating voltage 3.3—5.5 V, output voltage 0—3.0 V,
interface PH2.0-3P, size 98 mm X 23 mm (L X W).

Capacitive Soll
Molsture Sensor V1.0

Fig.1 DFRobot arduino capacitive soil moisture sensor

This sensor 1s different from other common re-
sistive sensors. It uses the principle of capacitive
sensing to determine the soil moisture. The sche-
matic 1s shown in Fig.2. The circuit does not direct
ly contact the moist soil under the protection of the
insulating paint, which solves the problem that the
resistive sensor 1s easily corroded. Its working life is
longer. The sensor has built-in voltage regulator
chip, supports 3.3—5.5 V wide voltage working en-
vironment, and can be directly used on platforms
such as Arduino, ESP32, micro: bit, and control
board. The standard DFRobot-Gravity interface can
be directly connected to the Gravity 10 extension
board. Microcomputers such as raspberry pie need

an ADC (analog signal to digital signal) module to

work.
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Fig.2 Schematic diagram of capacitive soil moisture sensor

1.2 Sensor calibration

A calibration process is required before the for-
mal determination of soil moisture. Need to prepare
a UNO control board, a soil moisture sensor, a
PH2.0-3P wiring, software using the Arduino IDE,
and connect the sensor and main control board ac-

cording to Fig.3.

Fig.3 Wiring diagram

Calibration code:

void setup() {

Serial. begin (9600) ; // open serial port, set
the baud rate to 9600 bps

%

void loop() {

Serial. println (analogRead (AO) ) ; //connect
sensor and print the value to serial

delay(100) ;

%

Write the calibration code to the main control
board. Open the serial port monitor and set the baud
rate to 9 600 according to the program. The sensor
is first placed in the air to read the analog value,
which represents the reading when dry. Then take a
glass of water, insert the sensor into the water to a
certain depth (do mark it, this depth is the depth to
be inserted into the soil), and record the analog val-
ue read at this time, representing 100% humidity.
The output data is inversely proportional to the hu-
midity and the output in water is minimal. The inser-
tion depth is shown in Fig.4.

Since the sensor value is affected by the depth
of the soil and the tightness of the soil, only the rela-
tive humidity of the soil can be detected. We divide
the range of humidity into three equal parts, which
means dry, wet and very humid. The sensor reads
535 in the air and 259 in the water. These two data
constitute the humidity range. So it can be divided
into (535, 443], (443, 3517, (351, 259]. These
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Fig.4 Illustration of sensor insertion depth

three intervals are dry, wet, and very humid, re-

spectively.

2 Calibration Method

The test soil is taken from the borrowing site of
a road project in Nanjing. According to the Highway
Geotechnical Test Procedure (JTG E40—2007)'",
the dry density of the soil sample is 1.64 g/cm®, and
the initial moisture content is 10.2% . The soil sam-
ple is directly placed in an oven for drying for 12 h
to prepare a sample with a water content of 0%.
Take completely dry soil samples and add different
water according to Eq. (1) to prepare samples with
5%, 10%, 15%, 20%, 25% and 30% moisture
content, and prepare two samples for each moisture
content. Spray water evenly on the soil layer with a
spout, mix it evenly and put it into a plastic bag for
sealing. After 12 h, the soil moisture distribution is
uniform.

my,
T 1fw,

where m,, i1s the amount of water required to prepare

(w— w,) (1)

m,,

a soil sample at a certain moisture content; m, the
mass of the soil sample when the water content is
wy; w, the original mass moisture content of the
soil sample and w prefabricated mass moisture con-
tent.

The prepared samples are respectively loaded
into the container, and then inserted into the humidi-
ty sensor, reading every 10 m until the reading of

the humidity sensor is constant. After recording the

final data, the moisture content of soil samples in
the container is measured by the drying method.
Two samples of moisture content per group are
used, and the results are averaged. The moisture
content of soil quality obtained by the drying meth-
od and the values measured by the humidity sensor
are fitted. Repeat the above steps and then conduct
two groups of parallel experiments. The results are
marked as Nos. 1, 2 and 3, respectively. To verify
the correctness of the coefficient and the feasibility
of this method, two soil samples are taken from the
borrowing site to carry out two sets of tests, which
are recorded as Group A and Group B, and the pre-
vious test steps are repeated. Therefore, the mea-
sured sensor readings can be converted into the
mass moisture content by the fitting formula and
compared with the mass moisture content obtained
by the drying method, so as to verify the correct-

ness of the coefficient.

3 Results and Analysis

The sensor reading is an analog signal value,
which is a dimensionless quantity. Experimental re-

sults are shown in Table 1.

Table 1 Sensor reading and mass moisture content mea-
sured by drying method
Sensor readin
No.1 £

494 488 482 471 465 457

Mass moisture

4.73 9.17 14.87 19.82 24.86 29.45
content/ %

Sensor reading

495 487 482 471 466 457

No.2

Mass moisture

content/ %

14.56 19.41 24.32 29.12

Sensor reading

No.3 494 487 482 470 465 458

Mass moisture

content/ %

4.46 9.24 14.32 19.62 24.56 29.37

The mass moisture content and sensor readings

are fitted as
y=Ax+ B (2)
where y is the soil moisture content measured by the
drying method ( %) and & the sensor reading. A and

B are the regression coefficients.
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Fitting the relationship between sensor read-
ings and mass water content is shown in Fig.5.
It can be seen from Fig.5 that the regression co-

efficients A and B are —0.659 6 and 331.09, respec-

has a good linear correlation with the sensor read-
ing, and the correlation of the fitting formula is
more than 99% , indicating that the determination

method 1s feasible. The correlation of the formula is

tively. It can be seen that the mass moisture content very good.
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Fig.5 Relationship between sensor reading and mass moisture content

Regression coefficients A and B should be relat-
ed to the dry density of soil. The moisture content
of the same soil sample measured under the same
sensor readings and different dry densities is differ-
ent. To verify it, a soil sample with a sensor reading
of 485 is taken. When the dry density is 1.64 g/cm?,
the measured mass water content is 10.36%. When
the same soil dry density is 1.78 g/cm?®, the mea-
sured mass moisture content is 11.65%. Therefore,
it is proved that under the same sensor reading, the
greater the dry density of soil, the greater the mea-
sured mass moisture content.

To verify the accuracy of the relationship be-

tween the fitted sensor reading and the mass mois-
ture content, the readings measured by the same
roadbed soil are converted according to the fitting
formula obtained above, and the results of the com-
parison with the Group A and Group B tests are
shown in Table 2.

It can be seen from Table 2 that the range of
the difference between the mass water content con-
verted by the fitting formula and that of by the dry-
ing method is not more than 0.07%. It shows that
the analog signal output by capacitive sensor can be
converted into mass moisture content by the fitting

formula with high accuracy.

Table 2 Comparison of mass water content obtained by two methods

Sensor reading

Group A
500 490 480 470 460 450
Mass moisture content converted from formula / % 1.29 7.89 14.5 21.1 27.7 34.3
Mass moisture content measured by drying method / % 1.22 7.73 14.4 21 27.6 34.2

Sensor reading

Group B
495 485 475 465 455 445
Mass moisture content converted from formula / % 4.59 11.2 17.8 24.4 31 37.6
Mass moisture content measured by drying method / % 4.54 11.1 17.7 24.3 30.9 37.5

The mass water content converted by the fit-
ting formula is compared with the result measured
by the drying method, and the fitting is performed
by

y=Cx+D (3)

where y is the soil moisture content measured by the

drying method (% ) and = the mass moisture con-

tent of sensor reading conversion (% ). C and D are
the regression coefficients.

Fig.6 shows that the C values of fitting parame-
ters are very close to 1. It shows that the mass mois-
ture content of the capacitive soil moisture sensor
reading conversion has a good correspondence with

the results obtained by the drying method, verifying
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the rationality of the method.

According to the regression coefficients A and
B after fitting, the soil column moisture migration
test under the dry-wet cycle condition is calibrated.
The position of the sensor in the soil column is
shown in Fig.7, in which GS-X is the sensor num-
ber.

™ -y 18 cm

—1— GS-1
10 cm
—r— GS-=2
40 cm 10 cm
——GS-3
10 cm
—r— GS+4

Fig.7 Sensor placement position in the soil column

Take the monitoring values of each numbered
sensor at several different times to calibrate the
mass moisture content. The calibration results are

shown in Table 3.

Table 3 Sensor monitoring data and mass moisture con-

tent
Time
Number Data type 12: 15: 18:
6:009:00
00 00
Sensor reading 440 448 454 461 470
GS-1

Mass moisture content/ % 40.935.6 31.6 27 21.1
438 446 451 458 464
Mass moisture content/ % 42.236.9 33.6 29 25
Sensor reading 436 442 448 454 462
Mass moisture content/ % 43.539.6 35.6 31.6 26.4
434 439 444 450 458
Mass moisture content/ % 44.841.5 38.2 34.3 29

Sensor reading
GS-2

GS-3

Sensor reading
GS+4

From Table 3 and Fig. 8, it can be seen that
the readings of the sensor can only reflect the trend
of humidity change, but not the specific value of wa-
ter content. Calibrating sensor readings as mass
moisture content can more directly reflect the specif-
ic values of water content in the soil column and the

trend of humidity change.

50
45
40
35
30

25

Mass moisture content / %

206:00 8:00 10:00 12:00 14:00 16:00 18:00
Time

Fig.8 Calibration results of mass moisture content

4 Conclusions and Prospect

(1) Through indoor experiments, the analog
signal value measured by capacitive soil moisture
sensor 1s fitted with the mass moisture content mea-
sured by drying method, and the fitting curve and re-
gression coefficient are obtained. According to the
fitting curve and regression coefficient, the sensor
readings can be quickly converted into the mass
moisture content.

(2) In the test, the mass moisture content con-
verted by the fitting formula is compared with the
mass water content measured by the drying meth-

od, and the maximum error is not more than
0.07% , which has high precision.
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(3) The reading of the sensor can only reflect
the trend of humidity change, but cannot reflect the
specific value of water content. Calibrating the sen-
sor readings to the mass moisture content can more
directly reflect the specific values of moisture con-
tent in the soil column and the trend of humidity
changes.

(4) In the calibration process, the influence of
compaction degree is not considered. Therefore, the
moisture content calibration for subgrade soil may
cause large errors, which requires further research

in the future.
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