
Retraction
Retracted: TheResearch on IntelligentMeasurement Terminal of
Water-Saving Irrigation Based on RN2026 Microcontroller

Journal of Sensors

Received 23 January 2024; Accepted 23 January 2024; Published 24 January 2024

Copyright © 2024 Journal of Sensors. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

This article has been retracted by Hindawi following an investi-
gation undertaken by the publisher [1]. This investigation has
uncovered evidence of one ormore of the following indicators of
systematic manipulation of the publication process:

(1) Discrepancies in scope
(2) Discrepancies in the description of the research reported
(3) Discrepancies between the availability of data and the

research described
(4) Inappropriate citations
(5) Incoherent, meaningless and/or irrelevant content

included in the article
(6) Manipulated or compromised peer review

The presence of these indicators undermines our confidence
in the integrity of the article’s content and we cannot, therefore,
vouch for its reliability. Please note that this notice is intended
solely to alert readers that the content of this article is unreliable.
We have not investigated whether authors were aware of or
involved in the systematic manipulation of the publication
process.

Wiley and Hindawi regrets that the usual quality checks did
not identify these issues before publication and have since put
additional measures in place to safeguard research integrity.

We wish to credit our own Research Integrity and Research
Publishing teams and anonymous and named external
researchers and research integrity experts for contributing to
this investigation.

The corresponding author, as the representative of all
authors, has been given the opportunity to register their agree-
ment or disagreement to this retraction.Wehave kept a recordof
any response received.

References

[1] R. Guo, S. Liu, X. Liu, B. Liu, and Z. Gu, “The Research on
Intelligent Measurement Terminal of Water-Saving Irrigation
Based on RN2026 Microcontroller,” Journal of Sensors, vol. 2023,
Article ID 6832321, 12 pages, 2023.

Hindawi
Journal of Sensors
Volume 2024, Article ID 9850392, 1 page
https://doi.org/10.1155/2024/9850392

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2024/9850392


RE
TR
AC
TE
D

RE
TR
AC
TE
DResearch Article

The Research on Intelligent Measurement Terminal of Water-
Saving Irrigation Based on RN2026 Microcontroller

Runzhou Guo,1 Shujie Liu,1 Xiaoxiao Liu,1 Beilei Liu,1 and Zhanlei Gu 2

1State Grid Xingtai Power Supply Company, Xingtai, Hebei 054000, China
2Henan XJ Metering Co., Ltd., Xuchang, Henan 461000, China

Correspondence should be addressed to Zhanlei Gu; guzhanlei128@163.com

Received 24 August 2022; Revised 10 October 2022; Accepted 15 October 2022; Published 20 April 2023

Academic Editor: Yuan Li

Copyright © 2023 Runzhou Guo et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Water-saving irrigation technology has been studied for many years, but due to insufficient investment in research and
development of irrigation equipment, it cannot be effectively promoted and applied. In order to improve the water use
efficiency of farmland irrigation, the automatic monitoring of groundwater level change, soil moisture change, and crop
seasonal growth status is realized in the ditch or pump well irrigation area. An intelligent measuring terminal for water-saving
irrigation based on RN2026 microcontroller is developed. The terminal uses the coefficient of “water conversion by electricity”
to automatically convert the water consumption of farmers and uses the price mechanism of water rights to affect farmers’
water conservation. In combination with changes in groundwater level, crop evapotranspiration, and dynamic changes in soil
moisture, precision irrigation strategies are automatically generated to guide farmers to use water rationally. Through the
function and performance experiments, the results show that the error of the coefficient of “water conversion by electricity” is
less than 1%, the error of electric energy measurement is less than 0.5%, the estimated value of average water use right per unit
arable area is consistent with the actual value, and the predicted value of daily average soil moisture change is consistent with
the measured value. The equipment has strong adaptability to the environment, high measurement accuracy, strong data
processing ability, low cost, and other characteristics. It meets the requirements of water-saving irrigation technology in
practical applications and has good promotion and application value.

1. Introduction

In northern China, natural rainfall usually cannot meet the
needs of crop growth, and pumping groundwater or ditch
water for irrigation is the decisive factor for stable and high
yield of crops [1]. In recent years, the proportion of agricul-
tural irrigation water has become higher and higher, causing
the groundwater level to drop year by year, which has a great
impact on the local climate and environment [2]. Therefore,
it is necessary to further strengthen the intelligent construc-
tion of agricultural water-saving irrigation measurement ter-
minal, improve the efficiency of agricultural irrigation water,
and realize the sustainable development of agricultural
irrigation.

At present, most irrigation intelligent measurement
devices charge by swiping the card, by installing a card
reader module inside the smart electricity meter, or connect-

ing the card reader module outside the data collector. Wang
et al. developed the remote water and electricity metering
equipment for agricultural motor wells and used radio fre-
quency identification technology to complete the accurate
management of water use in irrigation areas [3]. Li et al.
designed an intelligent double control system of water and
electricity for agricultural irrigation well house. Through a
four-layer distributed partial closed loop structure, the
charge management for water and electricity in one card is
realized [4]. Liu et al. designed an intelligent control system
for wireless irrigation of seedlings based on ARM and
STM32 and realized high-precision agricultural irrigation
based on S3C2410A microprocessor and mobile data ser-
vices [5]. The results show that these methods mainly solve
the household metering problem of farmers’ irrigation elec-
tricity. However, due to the high investment cost of agricul-
tural irrigation metering equipment, the lack of water right
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restraint mechanism, crop growth status monitoring, soil
moisture monitoring, and other measures, the farmers have
not formed a precise irrigation strategy to guide farmers.
Farmers often rely on experience to flood irrigation, result-
ing in serious waste of water resources.

In view of the high investment cost of agricultural irriga-
tion metering facilities and the inability to monitor crop
growth status, soil moisture status, groundwater level status,
and water right constraint mechanism in real time, this
paper adopts the method of “water conversion by electricity”
based on water flow velocity to measure water consumption
in real time through irrigation electricity consumption,
replacing the traditional water meter metering method [6].
With the intelligent measurement terminal equipment as
the carrier, it can sense the agricultural growth state, soil
moisture, groundwater level, power consumption data, irri-
gation water volume, and other data; formulate accurate irri-
gation strategies according to the water level changes, water
right indicators, and soil moisture in different regions; and
guide farmers to conduct scientific irrigation and save water,
which is of great significance for the sustainable develop-
ment of agricultural irrigation [7].

2. The Overall Design of Intelligent
Measurement Terminal System

The intelligent measurement terminal system is mainly
composed of RN2026 microcontroller, AC sampling circuit,
LCD module, card swiping button module [8], motor con-
trol, data storage module, water level monitoring, and soil
moisture monitoring module; the overall system architecture
is shown in Figure 1.

During the operation of intelligent measurement termi-
nal, the microcontroller collects the change of groundwater
level through the water level monitoring module, drives the
servo motor according to the water level change limit set
by the user, and makes the groundwater pump handle the
reasonable position [9]. After the farmer swipes the card
and presses the key, the alternating current sampling circuit
inputs the voltage and current signals to the RN2026 micro-
controller, which calculates the power consumption of each
farmer’s irrigation, and calculates the farmer’s water con-
sumption through the “water conversion by electricity” coef-
ficient. The electricity consumption process and fee
deduction of farmers are displayed by liquid crystal display
[10]. The soil moisture monitoring module is used to mon-
itor the change of soil moisture content in real time and
timely remind farmers of scientific irrigation according to
the preset precision irrigation strategy. The power consump-
tion data and water consumption data of farmers are
reported to the power consumption information acquisition
system through 4G module or broadband carrier module.

3. The Hardware Design of Intelligent
Measurement Terminal

3.1. The Design and Analysis of Main Control Circuit. Due to
the poor operating environment of the intelligent measure-
ment terminal, it operates in high temperature, high humid-

ity, and other environments for a long time. Document 3
uses STM32F103 chip, which has the advantages of the high-
est clock frequency, large storage capacity, and rich periph-
eral interface resources and the disadvantages of no
metering function, requiring external electricity meters and
water meters [3]. Document 5 uses S3C2410A chip, which
has the advantages of high performance, flexible configura-
tion, and strong data processing capability. The disadvan-
tage is that it requires external power and water sensors,
and the system stability is poor [5]. In view of the above rea-
sons, the main control circuit of this terminal selects a
RN2026 microcontroller with high integration, wide voltage
of 2.8V~5.5V, high accuracy, high reliability, and low power
consumption, and the power error is less than 0.1%. The
chip integrates arm Cortex-M0 core, 256Kb flash, 48KB
SRAM, 7-channel Σ-ΔADC, three-phase metering and fault
detection module, metering accuracy self-detection module,
four-way multiplexed SAR ADC, eight-way multiplexed
GP-ADC, independent power supply hardware temperature
compensation RTC, a variety of communication peripheral
interfaces, etc., which are applicable to the metering, com-
munication, control, and other functions and performance
requirements of the well irrigation measurement termi-
nal [11].

The traditional water metering method needs to install a
water meter, which is costly and requires a lot of mainte-
nance. In order to save costs and improve the reliability of
the product, this paper selects the RN2026 chip with the
electric energy metering function to realize the water meter-
ing function through the “water conversion by electricity”
algorithm and avoid installing water meters and other
metering equipment.

The intelligent measurement terminal adopts the modu-
lar design method, collects the voltage and current signals of
motor well irrigation in real time through the AC sampling
module, and uses the RN2026 built-in measurement algo-
rithm to accumulate the electric energy data in real time.
The peripheral circuit of the microcontroller RN2026 is con-
figured with card swiping module, liquid crystal display

Power module

Alternating current
sampling

Liquid crystal
display

Swipe card button

Soil moisture
monitoring

RN2026

microcontroller

Water level
monitoring

Motor control

4G communication

Broadband carrier

Data storage

Figure 1: Architecture diagram of intelligent measurement
terminal system.
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module, EROM data storage, ESAM data encryption, 4G
communication, HPLC broadband carrier communication,
and other modules. See Figure 2 for details [12]. Under nor-
mal operation, the power consumption of the intelligent
measurement terminal is about 0.05W. In the slack season
of irrigation, the intelligent measurement terminal automat-
ically enters the sleep mode. The power consumption in the
sleep mode is about 0.01W, and all the power consumption
costs are borne by the power company.

3.2. The Power Supply Design Analysis. The intelligent mea-
surement terminal is generally installed at the end of the line
in the low-voltage platform area, and voltage instability
often occurs, so the reliability of the power module is
required to be high. The power module adopts the switching
power supply scheme design, using R231H switching power
module, three-phase four-line width range AC power 275V-
475V input, the output is 12V DC voltage, the error is less
than ±2%, the output rated current is 280mA, and the max-
imum output current is 350mA. The power module supplies
power to the HPLC broadband carrier module and outputs
DC5V and DC3.3v voltages through JW5018 and
SGM2203 DC step-down chips, respectively, to supply
power to 4G module, RN2026, and other peripheral circuits.
See Figure 3 for the detailed design principle [13].

In order to improve the reliability of the power module
and prevent the impact of lightning short-term overvoltage
on the intelligent measurement terminal, add varistors

VR1, VR2, and VR3 at the input end of the power module,
and pass the surge test at the same time. In addition, in order
to avoid damage to the power module caused by overvoltage
during ground fault, MZ11-06E800 thermistor is added at
the input end to ensure that the power module can recover
automatically after the ground fault is removed.

3.3. The Design of Data Storage Circuit. The data storage of
intelligent measurement terminal is composed of FLASH
storage and EEPROM. FLASH storage is used to store
fixed data such as device address, water price, electricity
price, and user information [14]. FLASH memory adopts
MAX25L6406 chip, the fast programming time is 0.6 milli-
seconds, the erasability and programming times are 100000,
the data retention time is 20 years, and the data storage
capacity is 64KB, such as so FLASH_CE, FLASH_SO Inter-
faces are connected with RN2026 master chip. See Figure 4
for detailed circuit.

The design of EEPROM storage adopts CAT24C512WI
chip, with a storage capacity of 512 k, which is used to
store dynamic data of intelligent measurement terminal,
such as electric quantity data, power consumption record,
fault record, and other data. See Figure 5 for the detailed
design circuit.

3.4. The Alternating Current Sampling Circuit. Alternating
current sampling circuit is the core circuit of intelligent mea-
surement terminal, which is divided into voltage sampling

GND

GND

C38
0.22 μF

LDO3

IAP
IAN
IBP
IBN
ICP
ICN

UAP
UAN
UBP
UBN
UCP
UCN

C34
1 μF/25V

GND

GND

DVCC

+3.3V

C32

0.1 μF

LDO18

SWIO/TX0
SWCK/RX0

CF1

EE_SCL
EE_SDA

C33 0.22 μFGND

C39
1 μF/25V

GND

Key interface

Swipe card interface
FLASH_SO

FLASH_CE
FLASH_SCK
FLASH_SI

ESAM interface

RSTN

C31

1 μF/25V

VREFA
VREFA

AVCC2

Flash interface

Voltage sampling

Power failure detection

ESAM_CS

GND

XI1
XO1

ESAM_CLK

Moisture monitoring

ESAM_MOSI
ESAM_MISO

Water level monitoring

LDO-VBAT

VREFB

AVCC11

ICN2

ICP3

IBN4

IBP5

IAN6

IAP7

AVSS18

AVSS29

P60/SDAIN8/CF0/RTC_OUT14

ISP15

UASP400U10

UBSP400U11

UCSP400U12

RP13

P45/SDAIN1/RX4/INT7
P46/SDAIN2/TX5/KEY619

P47/ SDAIN3/RX5/KEY7/ CF4/CF0/RTCOUT20

P44/SDAIN0/TX4/INT6
AVCC216

DVCC21

DVSS22
P62/CF4/RTC_1S23

LDO1824

P00/CMP0/INT0/CF226

P01/SDAIN4/KEY0/TCI27

P02/CF0/RTCOUT/SDAIN528

P03/CF1/TCI/TC0_P[0] /RTC_OUT/RTC_1s29

P04/RX0/RX2/SDAIN630

P05/TX0/TX2/SDAIN731

P06/7816CLK/INT1/SCSN0_1_232

P07/78160_IO/KEY1/SCLK0_1_233

P10/78161_IO/INT2/MOSI0_1/SDI234
P11/78161_I/KEY2/MISO0_1/SDO235

P12/SCSN0_2/TCI/TC0_P[0]36

P13/SCLK0_2/TCI/TC0_N[0]37

P14/MOSI0/SDI2/TCI/TC0_P[1]38

P15/MISO0/SDO2/TCI/TC0_N[1]39 DGND 42

P16/HOSCO/INT3/SCSN340 P17/HOSCI/INT4/SCLK3 41

P30/ISPEN/TCI/KEY3/ CF4/TC1_P[1]/RTC_OUT 45

SWDCLK/P20/RX1 /RX2/CF3/RTC_1s/TC0_P[1] 43SWDIO/P21/TX1 /TX2/CF2/TC1_P[1]/RTC_OUT 44

P35/CF2/INT5/SCL 56

P22/RX2/KEY4 /MOSI3/TC1_N[0]/CF4 46P23/TX2/KEY5 /MISO3/TC1_P[0]/RTC_OUT 47P24/SCL/TCI/TC1_P[0] /SCSN4/7816CLK/CF4 48P25/SDA/TCI/TC1_P[1] /SCLK4/7816IO/RTC_OUT 49P26/RX3/TCI/TC1_N[0]/CF2/RTC_OUT/MOSI4 50P27/TX3/TCI/TC1_N[1] /CF3/RTC_1s/MISO4 51P31/SDO2/MISO0_1/ SCL/CF4/RTC_OUT 52P32/SDI2/MOSI0_1/ SDA/CF3/RTC_OUT/RTC_1S 53P33/SCLK2/SCLK0_1/ RX2/CF2/RTC_OUT/RTC_1S 54P34/SCSN2/SCSN0_1/ TX2/CF1/RTC_OUT/RTC_1S 55

P36/CF3/TCI/TC0_P[1]/SDA 57P37/CF4/RTC_OUT/CF0 58P63/CF4/RTC_OUT 59LXO 60LXI 61BVSS 62LDO_VBAT 63VBAT 64VREFB 65P40/KEY6/AIN3 66P41/KEY7/AIN2 67

P43/AIN0/SDA/KEYOUT 69

P42/RTCOUT2/AIN1/ SCL/KEY6/RTC_1S 68

UCN 70UCP 71UBN 72UBP 73

LDO3 80

UAN 74UAP 75INN 76INP 77AVSS3 78VREFA 79

RSTN25

U1

LVDIN

485_RXD 118
485_TXD 117

SK_RXD
SK_TXD

485_Ctrl

ZB_TXD
ZB_RXD

ISPEN/FCTL

VBAT

ZB_RESET
ZB_EVEN
RUN_RED

ALARM_RED

KEY_UP
KEY_DOWN

KEY_LEFT

KEY_RIGHT

ESAM_VCtrl

YJ_SDA/IOYJ_SCL/OI

YJ_/RES
YJ_DC
YJ_/CS

Blue_STA

DJ_KZ

Current sampling

Carrier communication

XI2
XO2

Liquid crystal display

4G communication

Motor control

Figure 2: The main control circuit of intelligent measurement terminal.
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and current sampling. The voltage sampling is composed of
six 294K and two 1K high-precision voltage dividing resis-
tors [15]. The voltage signals at both ends of the RA7 resistor
are collected through the UAP and UAN pins of the micro-
controller RN2026, and the phase A voltage is generated
through analog-to-digital conversion.

Since the load of the intelligent measurement terminal is
a high-power motor well pump, the high-precision 500 : 1
current transformer is used for current sampling. The input
end of the transformer is connected with the transient diode
Z1 and connected with the IAP and IAN of the microcon-
troller RN2026 through R1 and R3 step-down resistors and
symmetrical RC filter circuit. The accuracy of voltage and
current sampling is 0.2%. See Figure 6 for the detailed circuit
[15]. This circuit module takes the voltage and current sam-
pling of phase A as an example, and the principle of phase B
and phase C is consistent with that of phase A.

3.5. The Analysis of Card Swiping Circuit. In the process of
swiping cards to use electricity or water, users swipe cards
frequently. If contact cards are used, repeated swiping of
cards is likely to cause poor contact [16]. In order to improve
the service life of cards and card readers, this card swiping
circuit is designed with noncontact RF card reading technol-
ogy. The induction coil is arranged inside the card [17].
Through the electromagnetic induction principle of the coil,
the card balance, user information, etc. are read into the
RN2026 microcontroller. The user can swipe the card nor-
mally only by putting the card close to the card reader. See
Figure 7 for the detailed data interaction process [18].

4. The Function Design of Intelligent
Measurement Terminal

4.1. The Calculation Method of Irrigation Water Volume and
Algorithm of “Water Conversion by Electricity” Coefficient.
The total water consumption in Hebei is mainly composed
of groundwater, surface ditch water, natural precipitation,
and water purchased from other regions [19]. After remov-

ing daily domestic water, industrial production water, envi-
ronmental protection water, and standby water, the
remaining distributable water is agricultural irrigation water
[20]. This study collected the amount of water resources,
agricultural irrigation water consumption, and unit arable
land water consumption in each city by collecting the official
websites of municipal governments in Hebei region [21].
According to the principle of dynamic balance of water
resources, taking the total amount of available water
resources in the city area as the upper limit of water con-
sumption in the city area, and based on the total amount
of water used in various industries, the profit and loss bal-
ance relationship is calculated [22]. For urban areas where
the total annual water consumption exceeds the local avail-
able water resources, the insufficient part shall be included
in the adjustment of agricultural irrigation water, which shall
be averaged to the total area of arable land in the whole
urban area to obtain the adjustment amount of irrigation
water per unit of arable land area [23]. Subtract the adjust-
ment amount from the irrigation water consumption per
unit of arable land area in the previous year to obtain the
revised average water consumption authority per unit of ara-
ble land area in the current year. See the following formula
for the detailed calculation method:

Wt =Wg +Wx +Wd +W j: ð1Þ
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In formula (1),Wt is the total amount of water resources
in an urban area, Wg is the water volume of surface ditches,
Wx is the underground water volume, Wd is the purchased
water volume, and W j is the natural rainfall of the year;
the unit of the above variables is m3.

Wn =Wt −Ws −Wh −W i −Wb: ð2Þ

In formula (2),Wn is the water consumption for agricul-
tural production in an urban area, Ws is the domestic water
consumption in an urban area,Wh is the water consumption
for environmental protection,W i is the industrial water con-
sumption, and Wb is the reserve water consumption; the
unit of the above variables is m3.

ϖ = Wn
St

: ð3Þ

In formula (3), ϖ is the irrigation water consumption per
unit cultivated area, the unit is m3·m-2, and St is the total
area of arable land in an urban area, the unit is m2.

In order to solve the problem of lack of water metering
facilities for motor well irrigation, the method of electricity
to water coefficient is referred to as “water conversion by
electricity,” and the water consumption of users can be cal-
culated by measuring electricity alone [24]. According to
the “water conversion by electricity” coefficient, the agricul-
tural irrigation water consumption is calculated, and the
optimized water consumption per unit of arable land is used
as the upper limit of irrigation water. In the urban areas of
Hebei Province, where groundwater or ditch water is used
as irrigation water, the upper limit of irrigation water is the
irrigation water consumption per unit of arable land.
According to the “water conversion by electricity” coefficient
calculated by the intelligent measurement terminal, and fur-
ther based on the actual measured irrigation power con-
sumption and the corresponding measured water volume

GND′
A01

A12

A23

VSS4 SDA 5SCL 6WP 7VCC 8

U12
CAT24C512WI-GT3

GND′

EE_SDA′
EE_SCL′

C62
1uF

+3.3V′

E2

R62
3.9k

R63
3.9k

R80 200Ω
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in Pingxiang County, Xingtai City, the above “water con-
version by electricity” coefficient is verified. According to
the geographical location of farmers’ cultivated land in
Pingxiang County, the geographical location of motor wells
used for irrigation, and the upper limit of water consump-
tion per unit of arable land area corresponding to this loca-
tion, the water consumption of each irrigation farmer is
obtained by using the calculation coefficient of “water con-
version by electricity,” and the intelligent measurement ter-
minal is used to adjust the irrigation power consumption of
each farmer as the control method of the total amount of
irrigation water [25].

Through the intelligent measurement terminal, the
data of pumping speed, pumping time, pump diameter,
and so on of the pump in the motor well are collected,
and the “water conversion by electricity” coefficient based
on the water flow speed is calculated in a certain time.
This coefficient is reused to other adjacent wells, and the
water consumption is obtained by multiplying the power
consumption each time by the “water conversion by elec-
tricity” coefficient, thus greatly reducing the investment
cost of water metering facilities.

The calculation of the “water conversion by electricity”
coefficient is divided into the following four steps. The first
step is to calculate the cross-sectional area of the pumping
pipeline. See formula (4) for the detailed calculation method.

S = π × r2: ð4Þ

In formula (4), S is the sectional area of the pumping
pipeline, the unit is m2, π is the circumference, and r is the
pipeline radius, the unit is m, which is determined according
to the parameters indicated on the factory nameplate of the
pump.

The second step is to calculate the pipe length. See for-
mula (5) for the detailed calculation method.

L = v × h: ð5Þ

In formula (5), L is the length of the pumping pipeline,
the unit is m, v is the water flow velocity, the unit is m·s-1,
and h is the irrigation time, the unit is H.

The third step is to calculate the volume of irrigation
water. See formula (6) for the detailed calculation method.

V = S × L: ð6Þ

In formula (6), V is the volume of irrigation water, the
unit is m3, S is the cross-sectional area of the pipe in formula
(1), and L is the length of the pipe in formula (5).

The fourth step is to calculate the coefficient of “water
conversion by electricity.” See formula (7) for the detailed
calculation method.

δ = V
Q
: ð7Þ

In formula (7), δ is the coefficient of “water conversion
by electricity,” Q is the electricity generated within the irriga-

tion time h, the unit is kWh, and V is the volume of water
used in formula (6).

By establishing the mode of standard wells, the “water
conversion by electricity” coefficient of standard wells is dis-
tributed to other ordinary power consumption management
terminals, and water metering and charging businesses can
be carried out. If a water meter is installed at each measuring
point to measure irrigation water consumption, the cost of
water meter installation and maintenance is about CNY
5000 per year. Therefore, compared with the method of
installing water meters, the cost of each measuring point
can be saved about CNY 5000 by using the method of “water
conversion by electricity.”

For the ditch irrigation mode, this method is also appli-
cable, but the depth of the ditch should be considered when
selecting the water pump, and the pump matching the depth
of the ditch should be selected as far as possible to better
ensure the accuracy of the “water conversion by electricity”
coefficient.

4.2. The Control and Management of Water and Electricity
Charges. The water charge is calculated by multiplying the
water consumption by the water price with the method of
“water conversion by electricity.” The water price is formu-
lated and issued by Hebei Provincial Development and
Reform Commission. The annual three-level quota water
volume is allocated according to each 666.67m2 of land.
The first-level water price is P1, the second-level water price
is P2, and the third-level water price is P3; the unit is
CNY·m-3. For the applied water volume is S1, S2, and S3;
the unit is m3; the water price is set according to the princi-
ple of P1 < P2 < P3. The water and electricity charges are
controlled by the intelligent measurement terminal. The
water and electricity prices are set in the terminal storage
unit, or when the price changes, the water and electricity
prices are distributed remotely through the electricity infor-
mation acquisition system [26].

After the user starts to swipe the card to use electricity,
the terminal will automatically settle the electricity con-
sumption each time according to the start time, initial elec-
tricity consumption, end time, and end electricity
consumption of each user [27]. According to the “water con-
version by electricity” coefficient, the current water con-
sumption is converted, and the current electricity and
water consumption expenses are obtained according to the
electricity price and water price set in advance. After the
power consumption is completed, the terminal automati-
cally deducts the water and electricity fees in the user’s elec-
tricity purchase card and returns the deducted balance to the
user’s electricity purchase card [28]. See Figure 8 for the
detailed process.

4.3. The Control and Management of Water and Electricity
Charges. In this paper, the APSIM (agricultural production
systems simulator) algorithm model is used to determine
the soil moisture control index [28]. The algorithm model
combines the management system, environmental condi-
tions, crop growth characteristics, and other parameters
and checks the actual parameters obtained based on the
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product of the above three parameters. The verified algo-
rithm model can accurately predict the growth and yield of
crops in the same environment. Based on the measured data
of irrigation water for wheat, corn, and soybeans planted in
Pingxiang County, Xingtai City, the APSIM algorithm model
is validated, and the optimized algorithmmodel is used to cal-
culate the growth and impact on yield under different irriga-
tion water indicators. According to the simulation effect, the
irrigation time, frequency, and water consumption of different
crops are formulated to obtain the highest crop yield under the
condition of optimal indicators.

The irrigation data for checking the APSIM model algo-
rithm is from Pingxiang County, Xingtai City, and the vali-
dation time is from 2020 to 2021, a total of two crop
growth seasons. The soil layer above 85 cm of the verification
point is sandy soil, and the soil layer below 85 cm is clay. The
average water content of soil above 1.8m is about 34.6%, the
wilting humidity is 9.8%, and the soil pH value is 7.8. During
the observation period, the organic fertilizer content in the
soil layer above 25 cm is 19~22 g.kg-1, the nitrogen content
is 72~89mg.kg-1, the phosphorus content is 22~39mg.kg-1,
and the potassium content is 87~118mg.kg-1. When sowing

wheat in autumn, nitrogen (360~410 kg.hm-2), phosphorus
(160~190 kg.hm-2), potassium (21 kg.hm-2), and other fertil-
izers are evenly spread on the surface of the farmland. Nitro-
gen fertilizer is applied to wheat, corn, soybeans, and other
crops at the flowering and pollination period according to
25% of the sowing time. After soil tillage, the wheat weight
is 148~190 kg hm-2 sowing; using water sowing method,
the spacing between rows is about 16 cm; corn is sown at
equal intervals of 55 cm, with a density of 5.2~6.1m-2.

The irrigation experiment using APSIM model needs to
focus on three irrigation modes. The flowering and growth
period of crops needs full irrigation (FI). Combined with
the precipitation of the year, it generally needs to be irrigated
3-6 times. When the soil moisture is sufficient, the critical
growth period of crops (CI, irrigation in critical period)
can be irrigated once, under the condition of sufficient soil
moisture and the minimum irrigation mode (MI) without
irrigation in the key growth period. The irrigation water vol-
ume is set at 65~85mm, which is normally treated as three
times. The experimental field is randomly selected, and each
area is about 4m × 10m. Different test fields are separated
by more than 3 meters, and the construction of different test
fields interferes with each other. The irrigation water is
groundwater or ditch water, which is transported by circular
pipes. The intelligent measurement terminal calculates the
water consumption for each irrigation. During the experi-
ment, the water consumption, power consumption, crop
growth, and final output are recorded in detail.

The determination of the development period of wheat,
corn, soybeans, and other crops is recorded according to
the probability of 55% of the typical characteristics. Records
of wheat growth density and dynamic changes are deter-
mined at 1m in each test field 5 lines of regional records;
record the harvest quantity of corn at harvest time, and cal-
culate the harvest density. Install a 2.2m deep neutron tube
in each test field to regularly measure the water content of
the 2.2m soil layer. In the harvest period of crops, 90 stems
of wheat, 3 soybeans, and 4 corn were selected for seed anal-
ysis in each experimental field; harvest all wheat, summer
corn, and soybean plants in each test field mechanically,
and measure the yield after each seed is naturally dried.

4.4. Dynamic Balance Monitoring of Soil Water Content. The
dynamic balance monitoring method of soil water content is
based on the dynamic balance of soil water content in the
root layer of crops, combined with the weather and the
actual growth of crops, to monitor the balance of soil water
content, so as to determine the soil water content in the root
layer of crops in different development periods and then
compare it with the predetermined soil irrigation water
index, judge whether the soil needs irrigation operation,
and measure the amount of irrigation. Assuming that the
runoff in the horizontal direction of the soil is ignored, the
change of water content in the soil layer of crop root activity
in a certain period of time is expressed by the following
water content balance formula:

Wt =Wt‐1 + Y +G + X −H − L: ð8Þ

Card swiping
electricity

Initialization

Start

Record the initial
power

Balance insufficient?

Power consumption
monitoring

Forced end

Electricity fee
settlement

Water conversion

Water fee settlement

End power
consumption

Electricity deduction

Water conversion

Water charge deduction

Balance write backPrompt recharge

End

YES NO

Figure 8: The control flow chart of water and electricity charges.
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In formula (8), Wt is the farmland water content in the
current period, Wt−1 is the farmland water content in the
previous period, Y is the natural rainfall in the current
period, G is the irrigation water consumption in the current
period, X is the water content of water vapor retained in the
roots of crops in the current period, H is the crop growth
consumption in the current period, and L is the soil leakage
in the current period; the unit of the above variables is m3.
During dry weather, the amount of soil leakage can be
ignored. Wheat, soybeans, corn, and other crops have great
differences in root states in different growth cycles. It is pre-
dicted according to the length of crop growth.

H is calculated according to the double coefficient
method of crops. See formula (9) for details.

H = Kb + Kzð Þ ×H0: ð9Þ

In formula (9), Kb is the crop foundation coefficient,
which is affected by the crop leaf density and soil water con-
tent; Kz is the evapotranspiration coefficient, which is
affected by the shallow soil water content; H0 is the standard
evapotranspiration of crops, which is mainly affected by cli-
matic conditions. The above three parameters are calculated
according to the method of FAO-56 [29]. Soil moisture, cli-
mate change, crop evapotranspiration, and other data are
monitored and collected in real time by the intelligent mea-
surement terminal. According to the preset irrigation strat-
egy, irrigation decision-making events are generated and
reported to the electricity information system through the
4G communication module. The system sends them to
farmers to guide farmers in precision irrigation. Farmers
can view the irrigation strategy pushed by the system
through the mobile phone APP and carry out farmland irri-
gation or fertilization by referring to the irrigation strategy.
Farmers can feed back the rationality of irrigation strategies
through mobile APP, and the system continuously optimizes
the irrigation strategies according to the feedback of farmers
to form a good interaction mechanism.

5. Experimental Verification

5.1. The Error Verification of “Water Conversion by
Electricity” Coefficient. The coefficient of “water conversion
by electricity” is the linear relationship between farmers’ irri-
gation power consumption and water consumption. The
water consumption is calculated according to the power
consumption and used to collect water charges. As long as
the given water consumption per 666.67m2 of farmland is
converted into the given power consumption, the total water
consumption can be adjusted. The coefficient of “water con-
version by electricity” is the core parameter of regulating
groundwater extraction by using intelligent measurement
terminal. According to the irrigation power and water con-
sumption data of farmers’ motor wells in Pingxiang County,
Xingtai City, the accuracy of the “water conversion by elec-
tricity” coefficient under different regional motor wells and
irrigation modes is analyzed. The results show that in a small
range, the shallow groundwater level, hydrogeological envi-
ronment, and motor well conditions are not different, the

“water conversion by electricity” coefficient of different
farmers’ motor wells is relatively stable, and the pump lift,
the power, and the difference of parameters such as water
flow velocity and irrigation mode are the main influencing
conditions. This paper selects 10 agricultural machine wells
in Pingxiang County, Xingtai City, to verify the “water con-
version by electricity” coefficient at different groundwater
levels. When the water level of 10 agricultural machine wells
is 45 meters, the “water conversion by electricity” coefficient
is between 3.55m3·kwh−1 and 3.63m3·kWh−1; the coefficient
is between 4.95m3·kwh−1 and 5.33m3·kwh−1 when the
groundwater level is 30 meters and between 9.90m3·kwh−1
and 9.98m3·kwh−1 when the groundwater level is 15 meters.
The above results show that the “water conversion by elec-
tricity” coefficient is relatively stable, which is consistent
with the rated working parameters of the pump of the motor
well, but different irrigation modes such as sprinkler irriga-
tion, canal irrigation, and pipe irrigation have the greatest
impact on this coefficient. The detailed results are shown
in Figure 9. The horizontal axis in the figure represents the
irrigation power consumption of farmers, and the vertical
axis represents the water consumption. Three different types
of water pumps are used to select the power consumption
records of 10 households. The results obtained through lin-
ear fitting show that the water consumption is obtained by
multiplying the electricity quantity by the coefficient of
“water conversion by electricity.” In practical application, it
needs to be adjusted according to the irrigation mode.

5.2. The Estimation Results of Average Water Use Authority
per Unit Arable Area. Allocating the total water consump-
tion in a city area to the unit arable land area and determin-
ing the upper limit of irrigation water per unit arable land
are important measures to optimize the agricultural irriga-
tion water resource management system and improve the
efficiency of water resource management [30]. By collecting
the recent total water resources and agricultural irrigation
water consumption of the county from the official website
of the county, it is estimated that the available amount of
shallow groundwater in Hebei is 664~2984m3·hm−2.
According to the existing total water consumption of various
industries and the accounting balance relationship, for
counties and cities where the actual total water consump-
tion exceeds the standard available water, the part exceed-
ing the standard will be supplemented by agricultural
irrigation water, the total amount of agricultural irrigation
available water in the county after reduction will be calcu-
lated, and then, it will be evenly distributed to the arable
land unit area, and based on this, the average water
authority per unit arable land area after reduction will be
obtained. See Table 1 for details.

According to the data in Table 1, Shijiazhuang has the
largest average available water per unit of arable land,
followed by Baoding and Handan, and Cangzhou has the
least. In the same prefecture level city, the largest difference
in the water volume per unit of arable land area in different
counties and districts is Cangzhou area, from the smallest
664m3·hm−2 to the largest 1918m3·hm−2. The water volume
per unit of arable land area in different areas varies greatly.
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The annual water consumption of wheat, corn, soybeans,
and other crops in Hebei is between 740 and 860mm [30],
and the available irrigation water consumption can provide
about 9%-38% of the crop water consumption. The available
water volume in different urban areas and counties is incon-
sistent, and the water authority per unit arable land area and
the appropriate irrigation mode need to be determined
according to the actual situation [31].

5.3. The Verification of Dynamic Equilibrium Prediction
Method of Soil Water Content. The dynamic balance method
of soil water content in formula (8) is compared with the
actual measured dynamic change of soil water content to
evaluate the reliability of predicting the result of soil water
content by using the dynamic balance method of soil water
content [32]. The daily evapotranspiration (ET0) of wheat,
corn, and soybeans during the growth period from 2019 to
2020 and the actual evapotranspiration under different irri-
gation modes are shown in Figure 10. The leaf index of
wheat, corn, and soybean in the growth period of minimum
irrigation period, critical period, and full irrigation period
was significantly different in the middle and late develop-
ment period; affected by the size of crop canopy and the
change of soil moisture, the daily evapotranspiration of the

three irrigation cycles gradually increased in different growth
periods. The total water consumption of wheat in the mini-
mum irrigation period, critical irrigation period, and full irri-
gation period is 284.3mm, 388.1mm, and 533.2mm,
respectively, and that of corn is 212.4mm, 278.2mm, and
388.5mm, respectively. The water content conditions of the
three irrigation periods are obviously different, which provides
a basic condition for verifying the reliability of the prediction
method of soil water dynamic balance [33].

Using the dynamic balance formula (8) of soil water con-
tent and the double crop estimation coefficient method of
actual crop water consumption provided by FAO56 [34], the
average root water content of wheat, corn, and soybeans under
three irrigationmodes from 2019 to 2020 is calculated. Among
them, the root depth of wheat, corn, and soybean in different
growth cycles is between 0 and 1.5m. The maximum evapora-
tion depth of soil water is calculated as 15 cm, and the lower
limit of crop water consumption without water deficit is calcu-
lated as 56% of the total effective soil water content for wheat,
51% for corn, and 48% for soybeans.

According to the long-term observation data of Ping-
xiang County, Xingtai City, the crop coefficients of wheat,
corn, and soybean in different growth cycles are between
0.59 and 0.95 when there is no water deficit. When the soil
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Figure 9: The verification results of “water conversion by electricity” coefficient.

Table 1: The cultivated land area irrigated by groundwater and water consumption per unit arable area in Hebei region.

City Cultivated land area (×104 hm2)
Water consumption per unit area (m3·hm−2)

Average value Maximum Minimum

Xingtai 58.26 1751.0 2882 1230

Baoding 57.35 2077.6 2984 1368

Handan 60.61 2041.4 2695 1258

Cangzhou 70.38 1191.3 1918 664

Hengshui 57.35 1783.7 2307 1018

Shijiazhuang 43.86 2589.5 2954 2041
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water content of crop roots is lower than 43% (wheat) and
48% (corn) of the effective value, the crop root coefficient
will show a linear decreasing trend according to the decline
of water content [35]. When the root soil moisture content
decreases to the wilting moisture content, the crop coeffi-
cient is 0. The average water holding capacity of 2m soil
layer in Pingxiang County is calculated as 34%, and the wilt-
ing water content is 11%. The results of the model algorithm
simulation and the daily average soil water content using the
intelligent measurement terminal under different irrigation
modes are shown in Figure 11. The correlation coefficient
between the simulated value and the measured daily soil
water content under the three irrigation modes is between
0.94 and 0.96, and the similarity between the two is high,
indicating that the above method can accurately predict
the change of root soil water content to guide farmers’ irriga-
tion decisions.

5.4. The Performance Verification of Intelligent Measurement
Terminal. In order to verify the accuracy of the measure-
ment error of the motor well irrigation measurement termi-
nal, the experiment is carried out according to the
requirements of GB/T 17626.3-2016 radio frequency electro-

magnetic field radiation immunity standard. The experi-
mental ambient temperature is 23°C, the experimental field
strength is 10V/m and 30V/m, and the sample direction is
the front, side, and top surface. 80MHz-2000MHz pulse sig-
nal is applied during the experiment.

During the experiment, five measurement error data
were recorded at each frequency point. After the above
experiment, the terminal error of pumping well irrigation
measurement was less than 0.5%, which increased by
1.15% compared with the measurement error of 1.65% in
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detailed records of some error data.

6. Conclusion

In this paper, an intelligent measurement terminal device
based on RN2026 microcontroller is designed. The function
and performance of the intelligent measurement terminal
are verified by experiments. The results show that (1) the
coefficient of “water conversion by electricity” based on
water flow speed is more stable, and the coefficient error is
less than 1%, which is basically consistent with the rated
working parameters of different types of well water pumps.
(2) The estimation result of average water use right per unit
of arable land area is basically consistent with the actual sit-
uation of various cities in Hebei. Shijiazhuang City has the
largest average available water volume of arable land area,
while Cangzhou City has the smallest. (3) The predicted
results of soil moisture dynamic balance are consistent with
the daily average soil moisture change and the actual evapo-
transpiration change trend under different irrigation modes,
and the correlation coefficient between the simulated value
and the measured daily soil moisture is 0.94~0.96. (4) The
measurement error of the intelligent measurement terminal
is less than 0.5%, meeting the test requirements of GB/T
17626.3-2016 RF electromagnetic field radiation immunity
standard. (5) Compared with the traditional irrigation mode,
the intelligent measuring terminal can save 12m3 of water
per 0.067 hm2.

The intelligent measuring terminal of water-saving irri-
gation is mainly used in the pump well irrigation mode. This
paper mainly studies the method of “water conversion by
electricity” coefficient based on water flow speed, the estab-
lishment of water right constraint mechanism, the determi-
nation of soil moisture control index, and the monitoring
method of soil moisture dynamic change. Compared with
other water-saving irrigation equipment, the biggest advan-
tage is to automatically generate irrigation strategies based
on the groundwater level, soil moisture, and crop growth
status to guide farmers to conduct scientific irrigation and
achieve good application results.

The current research on intelligent measurement ter-
minals mainly focuses on the electricity use scenarios of
agricultural irrigation card swiping, while in practical appli-
cations, there are electricity use scenarios of public rental
houses, commercial streets, and other public places. In the
future, we will study the intelligent power technology under
different application scenarios, improve the intelligent level

of equipment through remote code scanning, and meet the
application requirements of different scenarios.
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