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Abstract: Implementing intelligent control in pesticide
spraying machines is a key technology in improving spray
efficiency, decreasing pesticide pollution, and lowering
production cost. This paper presents an intelligent
monitoring system for pesticide spraying machines. This
system focuses on the ZigBee technology and integrates
sensors, motors, a Wi-Fi camera, and a 32-bit embedded
controller. This intelligent monitoring system consists of a
monitoring node of a rotary pesticide selection unit,
monitoring node of a real-time preparation unit,
monitoring node of a nozzle unit, monitoring node of an
intelligent mobile platform, a Wi-Fi camera image
collecting module, and a PDA remote controller. Test
results show that the average packet drop ratio of the
ZigBee network is 0.21%, and the success ratio of
sending 10,000 commands through the responder
communication strategy of the ZigBee network is 100%.
This intelligent monitoring system can be remotely
controlled from a distance of up to 110 m. The spraying
efficiency is 2—3 times greater than of manual spraying.
The wireless remote operation is also convenient for
pesticide preparation and operator safety.

Keywords: Pesticide Spraying Machine; ZigBee; PDA;
Embedded Controller; Sensor

INTRODUCTION

Given the excessive use of pesticides, the additive
effect of toxicity residues in the environment and food is
an increasingly serious problem that has exceeded the
natural degrading capacity of the environment. Thus, it
has caused underground water and surface water
pollution, as well as toxin accumulation in foods [11].
Therefore, intelligent pesticide application technology
developed on the basis of agricultural mechanical
equipment is an efficient way to promote the health and
sustainable development of agriculture, as well as lower
the harmful effects of pesticides on the environment and
human body [8].

Researchers have proposed many methods in terms
of pesticide spraying technologies in recent years [1], [2],
[5]. Spraying technologies presented in literature [3], [6],
[7], [9] mainly realize variable application control.
Spraying machines are usually costly, whereas some
application technologies are in high demand in the
landform. This paper presents a pesticide application
technology based on ZigBee technology to realize its
operation in a diversified environment, decrease waste
and excessive use of pesticides, prevent operators from
directly contacting with pesticides, and improve the
spraying efficiency of pesticides. ZigBee technology is a
short-distance  wireless network communication
technology with low energy consumption, cost, and
complexity [10]. It is applicable to multipoint control

15

Wb

TEE. XS AK 2505 il Pl SE 0t 7 GE 12 1) 42 217 RF,
KZGT7 5 BEICAE RN KTER . %Ll ZigBee #E
RAE L, LG Pl Wi-F 5%, 32 f7gA
I FXS R G R0 T HFEN R S R
G EFE AL ZGHE B E T SEIT P25 B 15 17 00
I LB IE TR FHEB ) F &l TR Wi-Fi #Z14
L PR R BT PDA 5 a5 0o i B2 i 5 R 1
ZigBee MWZEFLYLE %Ky 0.21%, Gl WA (5 70
ZigBee MK X 1 T INESHILL)F L 100% . ZEGEH
BRG RIS A 110m, BseR 2 AT 2~
&, EAEFEIRIF R THZ5TFAL T ELE RN A 19 2
£

15 I

KA. K25 ZigBee; PDA; A ZFEH 4%, 14784

5l

(/g

RGNS AL, BT 5k 8w R RN
O H 2 ™ B, B T PR B AR 251 8 AR A e
71, ERCT R KLU KTG S, TR T B A E
AR Ht, DA b i) £ REAT Al #7 8  J »
IR R BRI IE T, R REET AU (1
BREI A BAE — P HO812(8]

AR, X AR 25 Wit AR FE N AR H TR 2 7 v
[1]- [2]s [5], SCHR[3]. [6]- [7]- [O14f i Aymsititi AR £
LA R ], o, G R A R,
JER AN TSR B w9 T SEI 2 FIREEAEAL . bR
iR A BT A, BRI SR H A, 4R
IR AR A SR I —FH L ZigBee AR IZ L
AR, ZigBee HARZ —FHMKEEFE. MRHA. KB AN
FE S LM EIBE AL, &AL SEHMNHRS,
R AW HENLIE A H 2N BN, F, RA ZigBee


mailto:lijiaxu13@163.com

Vol.45, No.1 /2015

application systems. A pesticide spraying machine
consists of multiple units. Therefore, an intelligent
monitoring system for such a machine is developed by
employing ZigBee technology combined with a personal
digital assistant (PDA) to realize intelligent control of
pesticide selection, pesticide preparation, multi-mode
spraying, and nozzle.

MATERIAL AND METHOD
The Structure and Principle of the Pesticide Spraying
Machine

This pesticide spraying machine consists of a rotary
pesticide selection unit, real-time preparation unit, nozzle
unit, and intelligent mobile platform. Figure 1 shows
pesticide spraying machine [4].

The rotary pesticide selection unit mainly consists of a
solution tank, laser photoelectric sensor, solenoid valve,
and stepper motor. The operator selects the exact type of
pesticide according to the images sent to the PDA remote
controller. It then controls the rotation of the solution tank
and makes it rise to a corresponding height to draw the
pesticide. The solution tank is divided into eight sections
with the same volume for holding eight types of
pesticides. The corresponding solenoid valve hole is
mounted at the bottom of each section for the operator to
select appropriate pesticides according to the state of
crop disease.

The real-time preparation unit mainly consists of a
solution preparation tank, solution temporary storage
tank, water storage tank, and level switch. When the level
switch in the solution temporary storage tank detects that
the level of the solution is lower than the set value, it
immediately starts to prepare the solution for the next
round of spraying. The real-time preparation unit can
realize real-time rapid preparation.

The nozzle unit mainly consists of a lifting rod, stepper
motor, water pump, and nozzle, which adjust the nozzle
height by driving the lifting rod with the stepper motor.

The intelligent mobile platform employs Beijing Borch
Company’s Traveler No. 4 whole landform mobile
platform, which is applicable for traveling on sand, soll,
and grass. It can also run in diversified environments
such as fruit gardens, vegetable bases, and
greenhouses.
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Fig. 1 - The pesticide spraying machine
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Design of an Intelligent Monitoring System

By monitoring the working state of a pesticide
spraying machine with sensors and cameras, this
monitoring system coordinates the rotary pesticide
selection unit, real-time preparation unit, and nozzle unit
to enable the pesticide spraying machine to spray in
three modes: automatic fixed spot spraying mode,
automatic travel spraying mode, and manual mode. The
design project of the intelligent monitoring system is
shown in Figure 2. This plan consists of two major parts
of the spraying machine monitor and PDA remote
controller. The spraying machine monitor is designed on
the basis of ZigBee and consists of a monitoring node of
the rotary pesticide selection unit, monitoring node of
real-time preparation unit, monitoring node of nozzle
unit, monitoring node of intelligent mobile platform, and a
Wi-Fi camera image collecting module. The PDA
controller communicates with the Wi-Fi camera image
collecting module through Wi-Fi and communicates with
the ZigBee monitoring node through the ZigBee network.
The Wi-Fi camera collects images with the CS-R5110
module, whose main performance parameters are as
follows: 1280 x 760 pixels; 8-direction pan/tilt/zoom
(PTZ) that can rotate in 335° horizontally and 120°
vertically; built-in Wi-Fi communication chips; wireless
communication distance of up to 120 m; and fully meets
the spraying machine’s demands of image collection.
The 4 monitoring nodes and PDA remote controller are
powered by 12V, 5 AH storage batteries. A 5V and
3.3V DC is provided after the power is regulated by
LM2596-5 and LM1117-3.3 regulating chips. The
intelligent mobile platform is powered by 48 V, 20 AH
storage batteries.
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Fig. 2 - Design project of the intelligent monitoring system

Design of the pesticide spraying machine monitor

All the monitoring nodes of the rotary pesticide
selection unit, real-time preparation unit, nozzle unit, and
mobile platform are designed with the CC2530 wireless
single chip microcomputer (SCM) as the core. The
CC2530 wireless SCM is a type of system-on-chip
developed by Tl, a US company. By integrating the RF
transceiver with leading performance and industrial
standard enhanced 8051 CPU, this chip has excellent
sensitivity, anti-interference capacity and strong GPIO
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interface, and it follows ZigBee protocol. The three
monitoring nodes are designed by employing the
minimum applied system circuit proposed by Tl and
integrating the GPIO interface circuit. The secondary
application development is performed for monitoring the
node program on the basis of TI's Z-Stack-CC2530
protocol stack.

Monitoring node of the rotary pesticide selection
unit

The stepper motor drives the solution tank of the
rotary pesticide selection unit to rotate and select the
pesticide type to be sprayed. The stepper motor then
uses the 57BYGH module. The P1.0 to P1.2 ports of the
CC2530 wireless SCM are connected to the pulse port
CLK, direction port DIR, and enabling port EN of the
57BYGH module, respectively. The CC2530 wireless
SCM control rotation of the solution tank is in
accordance with the commands sent by the PDA
controller. The emission heads of 8 laser photoelectric
sensors are installed at the bottom of the solution tank,
and each head corresponds to a section of the tank. The
P0.0 to P0.7 ports of the CC2530 wireless SCM drive the
eight relay switches, and their output ports control the
corresponding emission head to emit laser. The laser
photoelectric sensor uses M12NPN geminate transistors
such that the laser beam is concentrated and has
intensive energy that largely decreases the false ratio.
The external interrupt input port INT1 of the CC2530
wireless SCM connects the output port NO of the
receiver of the laser photoelectric sensor. When the
receiver receives laser signals, the output low level of
the NO port triggers external interruption of the CC2530
wireless SCM, so that pesticide selection control is
realized. The steps of the pesticide selection control are
as follows:

(1) The CC2530 wireless SCM drives the
corresponding emitter to emit laser on the basis of the
commands of the PDA remote controller. The solution
tank stops rotating when the receiver receives laser
signals. At this point, the solenoid valve installed at the
bottom of the areas that correspond to the solution tank
is aligned with the pesticide drawing tube of the real-time
preparation unit to realize positioning for pesticide
selection.

(2) With the stepper motor, the CC2530 wireless SCM
drives the solution tank to move up or down to an
appropriate height. The pesticide drawing tube of the
preparation unit is then inserted into the solution of the
corresponding section of the solution tank through a
solenoid valve hole to draw the pesticide for preparation.

Monitoring node of a real-time pesticide preparation
unit

The OKD-HZ21WA Hall flow meter sensor module is
used and installed in the water drawing tube. The
preparation unit consists of a preparation tank and
temporary storage tank. A mixer, temperature sensor,
and heater are installed in the preparation tank. The
preparation unit works as follows:

(1) The amounts of water and pesticide are controlled.
The water in the water storage tank and the pesticide in
the solution tank are drawn through the mini pump, flow
meter sensor module, and under the control of the
solenoid valve as per the required amount into the
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solution preparation tank. The P1.2 port of the CC2530
SCM drives the relay switch to the output power to
control the mini pump. The external interruption counter
port is connected to the pulse signal output port of the
OKD-HZ21WA module, so the metered water is drawn
by indirectly measuring the water drawing amount
through pulse counting. The P1.0 port of the CC2530
wireless SCM controls the pesticide drawing solenoid
valve and realizes quantitative pesticide drawing each
time together with eight solenoid valve holes at the
bottom of the solution tank.

(2) Pesticide preparation and temperature in the
preparation tank are controlled. When the required
amounts of water and pesticide are drawn into the
preparation tank of the pesticide preparation unit, the
CC2530 wireless SCM controls the actions of the mixer
through the P1.3 port. The CC2530 wireless SCM also
monitors the temperature of the mixture in the
preparation tank to thoroughly blend the pesticide
solution. The DS18B20 digital temperature sensor is
used for the temperature sensor. The CC2530 wireless
SCM is also connected with the DQ port of DS18B20
through its P1.4 port to directly read the temperature
data measured by DS18B20. The CC2530 SCM also
controls the heater mounted at the bottom of the
preparation tank through the P1.5 port to heat up the
mixture in the preparation tank to the required
temperature.

(3) The spraying of the temporary storage tank is
controlled. Two level switches are installed in the
temporary storage tank to detect the solution height in
the tank. The MJ-0825PX mini switches are used for
level switches. P2.0 and P2.1 ports of the CC2530
wireless SCM are connected to the two level switches to
detect the solution level in the temporary storage tank.
When the upper limit level switch in the temporary
storage tank detects that the solution level exceeds the
upper limit, the CC2530 wireless SCM closes it by
controlling the solenoid valve between the preparation
tank and the temporary storage tank through the P2.2
port. When the lower limit level switch in the temporary
storage tank detects that the solution level is below the
lower limit, the CC2530 wireless SCM opens it by
controlling the solenoid valve to place the mixed solution
into the temporary storage tank. Thus, the nozzle unit
can spray in real time and start to prepare the solution
for the next round.

Monitoring node of the nozzle unit

The nozzle unit of the pesticide spraying machine can
spray in all directions. The nozzle height can be adjusted
in real time according to the height of the crops to be
sprayed. The CC2530 SCM drives the lifting rod through
the stepper motor to adjust the nozzle on such rod to an
appropriate height according to the wireless control
command sent by the PDA remote controller. The P1.0
to P1.2 and P2.0 to P2.5 ports of the CC2530 wireless
SCM are then connected to the stepper motor driver.
The spraying angle of the nozzle is controlled by four
telescopic rods connected to the nozzle. The four rods
are divided into two groups that are time-sharing
controlled by two motors. The CC2530 wireless SCM
controls the four telescopic rods through the driving
motor to realize clockwise and counterclockwise flexible

spraying.
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Monitoring node of the intelligent mobile platform

The Traveler No. 4 whole landform mobile platform of
Borch Company is employed. It is a powerful whole
landform mobile platform with an open system, flexible
expansion, excellent cross-country capacity, and all-
weather operation capacity. It can travel on sand, sail,
and grass, and it has a loading capacity of up to 60 kg.
This mobile platform reserves the RS232 communication
interface. The RXD and TXD ports of the CC2530
wireless SCM are connected to the RS232
communication port of the Traveler No. 4 whole landform
mobile platform and control the proceedings of such
platform by writing commands.

Design of the PDA remote controller

The PDA controller uses ARM11 core architecture 32-
bit S3C6410 embedded controller and is designed with
an LCD touch screen. This controller has strong data
processing capacity, low energy consumption, a user-
friendly interface, and simple operation.

Design of the PDA remote controller circuit

The PDA remote controller adopts the design concept
of the core board with the base board added to improve
the electromagnetic compatibility of the circuit design
and maintenance convenience. Its structure is shown in
Figure 3. The core board consists of a S3C6410
embedded controller, a 256 MB SDRAM with two pieces
of K4X1G163PC-FGC6 memory, and a 4 GB NAND
Flash with two pieces of K9GAGO8UOE-S memory. The
base board mainly consists of a power supply module,
USB interface, JTAG interface, LCD interface, and
URAT interface. The UART interface of the S3C6410
embedded controller is linked to the serial port of the
ZigBee coordinator node to achieve communication
between the ZigBee control nodes. The IIC interface of
the S3C6410 embedded controller is linked to the Wi-Fi
communication module to realize communication with
the image collecting module of the Wi-Fi camera. The
PDA remote controller employs an ATO70TN83V 7” LCD
touch screen for visual display to facilitate manipulation
by touch.

Design of the PDA controller program

The PDA remote controller uses Microsoft Platform
Builder and is customized by the WinCE6.0 graphical
embedded operation system. The SQLite embedded
database is transplanted in WIinCE6.0 to store prompt
data of the expert system. SQLite is small, open source,
simple to operate, and requires only a small memory.
The SQLite database is realized by adding two database
files, namely, sqlite.lib and sqlite.dll, to the application
project and calling its API function to read and write in
the database. An application program for the monitoring
system of the pesticide spraying machine is developed
on the WInCE6.0 embedded operation system. Its
program flow is shown in Figure 4.

Figure 5 shows the monitoring interface of the
application program of the monitoring system for a
pesticide spraying machine. This interface consists of
pesticide selection control, mode selection, travel route
control, camera control, nozzle unit control, and residual
amount and temperature display modules.
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Figure 5 shows that this monitoring system provides
all-around monitoring functions by determining the
human—machine monitoring interface. The functions of
each monitoring module are described as follows:

(1) The pesticide selection control module consists of
a crop variety selection button, expert system prompt
box, drop-down pesticide, or nutrient solution selection
list, preparation proportion setting box, and pesticide or
nutrient selection indicator light. Before the pesticide
spraying machine works, operators determine the variety
of pesticide or nutrient solutions and proportion them on
the basis of the spraying object, expert system prompt
box, and their own experiences.

(2) The mode selection module consists of six buttons
for fixed distance automatic mode, travel spraying
automatic mode, manual mode, cleaning, reset, and stop
preparing. The real-time preparation unit is cleaned
automatically by clicking the washing button. All units of
the pesticide spraying machine are reset by clicking the
reset button. The pesticide spraying machine performs
spraying in accordance with the pre-set program by
clicking the fixed distance automatic mode button or
travel spraying automatic mode. The operator controls
the pesticide spraying machine by itself by clicking the
manual mode button. The pesticide solution preparation
tank stops preparing the pesticide by clicking the stop
preparing button. The solution temporary storage tank
then sprays all the solution inside.

(3) The travel route control module consists of five
buttons, namely, forward, backward, turn left, turn right,
and stop. The operator can control the travel route of the
intelligent mobile platform according to the monitoring
video transmitted by the image collecting module of the
Wi-Fi camera under the manual mode.

(4) The nozzle unit control module consists of four
buttons, namely, ascending, descending, clockwise, and
counterclockwise. The operator can adjust the nozzle
height using the ascending and descending buttons
under the manual mode.

(5) The camera control module adjusts the camera
angle using four buttons, namely, upward, downward,
leftward, and rightward. The camera shooting and video
monitoring are controlled by the shooting and video
buttons.

(6) The residual amount and temperature display
module displays the residual amount of the solution,
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Fig. 3 - Hardware structure of the PDA remote controller
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Fig. 4 - Program flowchart of the intelligent monitoring system

RESULTS

The test was performed in June when weeds were
flourishing. The test site was the test park of a farm. An
intelligent monitoring system was set up based on the
structure shown in Figure 2. This system comprises four
ZigBee monitoring nodes, a PDA remote controller, and
a Wi-Fi camera module. The test mainly includes a
packet drop ratio of the ZigBee network and performance
test of a PDA controller.

Test of the packet drop ratio of the ZigBee network

Given the test of the packet drop ratio of ZigBee
network, command data packets are sent through the
PDA remote controller. The data packets received by the
ZigBee monitoring node are then counted to determine
the data transfer stability of ZigBee network. The test
results are shown in Table 1.

The data in Table 1 show that the maximum packet
drop ratio of a single node is 0.24%, whereas the
average packet drop ratio of the entire ZigBee network is
0.21%. These results show that the wireless transfer of
data is highly stable. Each control command is
responsively sent to further improve the reliability of data
wireless transfer. The ZigBee monitoring node sent
responsive signals upon receiving the control command
from the PDA remote controller. If the PDA remote
controller does not receive the responsive signals, it
resends the control command. Through tests of 10,000
wireless control commands sent by the PDA remote
controller with this method, the success rate of command
sending is determined to be up to 100%.

Performance test of the PDA remote controller

The response time and remote control distance of the
monitoring nodes of the pesticide selection unit, real-time
preparation unit, nozzle unit, and intelligent mobile
platform are measured by sending control commands
through the PDA remote controller in the performance
test of the PDA remote controller. The test results are
shown in Table 2. The data show that the response time
of each monitoring node is fast, the PDA remote control
can completely control each monitoring node in real time,
and the effective control distance is up to 110 m.
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Spraying efficiencies test

Sichuan Province of China belongs to the basin and
hilly area. For the pesticide spraying operation, there is
no intelligent mechanical equipment suitable for the
ground walking, using artificial piggyback operation
completed. Spraying efficiencies of the machine,
obtained through calculating practical spraying area
within a unit of time, are shown in Table 3. According to
the data, the spraying efficiency of the spraying machine
in time unit is 2-3 times bigger than that in artificial
spraying.
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Table 1

Packet drop ratio of the ZigBee network

ZigBee monitoring node Sent data packets

Received data packets Packet drop ratio / %

Pesticide selection unit 2880 2874 0.21
Real-time preparation unit 2880 2875 0.17
Nozzle unit 2880 2873 0.24
Average 2880 2874 0.21
Table 2
Performance test of the PDA remote controller
Pesticide Real-time ) Intelligent mobile
Remote . ) Nozzle Spraying
) selection preparation ) ) platform
control distance / ) ) response time / response time / )
response time/ response time / response time/
m ms ms
ms ms ms
1 15 18 16 15 23
20 18 20 17 17 25
50 22 22 21 23 28
80 24 25 23 25 31
100 27 29 28 26 36
110 29 32 30 30 45
120 380 No response 860 710 No response
Table 3
Spraying efficiencies
Working environment Lawn Greenhouses Orchard
Artificial piggyback operation / m*.h™* 1917 1203 1003
Machine operation / m?.h™ 6018 3527 3012

CONCLUSIONS

An intelligent monitoring system is developed to
improve the safety and intelligence of pesticide spraying
machines. Focusing on the mechanical structure of the
pesticide spraying machine, the ZigBee technology-
based design project is proposed. The monitoring node of
the rotary pesticide selection unit, monitoring node of the
real-time preparation unit, monitoring node of the nozzle
unit, Wi-Fi camera image collecting module, monitoring
node of the intelligent mobile platform, and PDA
controller are also designed.

The graphics-embedded operating system of
WinCE®6.0 is designed on the PDA remote controller and
transplanted with the embedded SQLite database to
achieve strong data processing and management
capacity. This system employs an LCD touch screen with
a friendly human—machine interface that is easy to use
and publicize. A dialogue box-based monitoring system
program is developed to increase pesticide spraying
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efficiency. This program has three spraying modes,
namely, fixed spot spraying automatic mode, travel
spraying automatic mode, and manual mode. The
spraying efficiency is 2-3 times bigger than of manual
spraying.

The system wiring is decreased and the machine can
be flexibly used with ZigBee technology. The ZigBee
network transfers data stably. The average packet drop
ratio of the entire ZigBee network is 0.21%, and the
effective remote-controlled distance is up to 110 m.
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