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Abstract: Intelligent agricultural machinery is a key
component in developing precise and intellectual
agriculture. However, achieving the accurate operation of
intellectual agricultural equipment depends on precisely
sensing the field position. This study adopts built-in
technology and integrates wireless communication and
Global Positioning System (GPS) stand-alone positioning
to obtain low-cost and high-precision positioning in
production. Information collection and transmission by
the low-cost agricultural machinery are realized to
implement overall management, monitoring, and
scheduling. Test results show that the measured and
actual errors can be stabilized to less than 3%, and the
accurate position of an agricultural vehicle can be
obtained. The system exhibits good expandability,
functional implementation, and stable performance. It is
significantly useful in engineering applications.
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INTRODUCTION

The 20th century is the development period for
agricultural mechanization, which is actually the
integration of agricultural machinery with modern
hydraulic, instrumentation and control, modern

microelectronics, sensor (including 3S), and information
technologies. This integration then evolves into
intelligent, mechanical, and electrical integrations [4,5,7].
The application of GPS and information technology (IT)
to agricultural machinery was initially implemented in the
information management system of farming office
personal computers (PC) and mobile machinery via
wireless communication, which enables the system
dispatching center to transmit data between field-
operation machinery and crop-growing environment [1].
The central computer, with its functions of information
storage, processing, expert knowledge base and
management decision-making panel, can create detailed
agricultural operation and navigation operation plans
from the data collected from the field operation. Such
plans are utilized to instruct field-operation agricultural
machinery, being widely applied in the USA [2,3,11].
GPS is the core technology in navigating agricultural
machinery or equipment. How to improve the overall
performance of agricultural machinery and equipment
with related technology is currently under development.
Therefore, the study of the navigation application of
agricultural machinery and equipment is necessary and
significant in realizing the modernization of China’s
agricultural machinery [12]. This study aims to design a
low-cost system with built-in-GPS agricultural machinery
through the use of IT, built-in technology, and GPS
technology. Such system can receive GPS real-time data
through serial ports and receive and send data in a Wi-Fi
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environment to achieve navigation and positioning of the
machinery, thereby improving efficiency while lowering
the operation cost and increasing economic and
ecological benefits in agricultural production.

MATERIALS AND METHODS

Overall Design of the System

The controlling system is the most vital part of agricultural
navigation and positioning system; the former is directly
relevant to the latter’s intellectual level. The controlling
system consists of lithium battery power supply, GPS,
electric machine control, and wireless communication
modules. In the typical design, each hardware and
software should be independent of each other as much
as possible, as shown in Figure 1, to allow for future
updating.

Solar power

Fig.1- System structure

GPS Positioning Principle

The basic principle of GPS positioning is using ATIME
to calculate the distance between the receiver's antenna
and satellite [8]. The message received by the satellite is
decoded and generated into the 3D position of the
receiving antenna. The GPS satellite constantly sends
navigation messages that include position information
(xi,yi,zi) with the time stamp of each position attached. As
the receiver receives the messages, the satellite time (t)
and the receiver's internal time (t) are extracted to obtain
transmission At; =t—t, . which multiplies the speed of
wireless wave (c) which is light speed. The distance
between the antenna and satellite ( d,=At,xc ) is
obtained with the following equation.
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Fig.2- GPS positioning principle
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The position (x,y,z) of the receiver's antenna is
obtained when the equation is solved (as shown in
Figure 2).

This equation only has three unknown numbers, which
means only three satellites are required to fully acquire
the position of the antenna. However, in actual situations,
three satellites are insufficient. Four or more are required
to acquire the position precisely because c is a large
value, and d (distance) is obtained by At, which multiplies
c (light speed), and can be magnified numerous times by
even a small error of At. The error of At originates from
the receiver because the timing device in the receiver is
not as expensive as the cesium atomic clock in GPS
satellites. Therefore, adding another satellite is the best
solution to minimize the error when considering the
receiver's internal time (t) as a variable value.
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A more accurate position (x,y,z) of the receiver can be
obtained by solving the equation above. Different
interfering factors may cause errors during GPS
positioning, and each interference may generate a
different effect on the accuracy of GPS positioning. This
factor should be considered when designing the GPS.

Design of the Hardware in the System
Micro-controller module

The agricultural navigation and positioning system
should complete data collection, processing, and
transmittance, and an algorithm should be adopted.
Therefore, the core processor must have high processing
speed. The STM32F103RBT6 chip manufactured by ST
Microelectronics is utilized as the core processor of the
core controller of this machine to complete information
collection and processing from the sensor and control the
machine. The STM32F103RBT6 chip is ARM Cortex-M3
32 digit reduced instruction set computing (RISC) with a
working frequency of 72 MHz. It can achieve high-speed
operation. It has 128 Kb flash memory, 20 Kb static
random-access memory, and a large number of
enhancement mode 1/O ports.
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Fig.3- NEO-6M GPS module

GPS module

The task of the GPS module is to capture the signal of
the satellite to be measured at a certain drag angle of the
satellite height and keep the track of such satellite. It
transforms, magnifies, and processes the received GPS
signals to obtain the transmission time from the satellite
and the receiver's antenna, decode the navigation
message sent by the GPS satellite, and calculate the
real-time 3D position, 3D speed, and time. NEO-6M is
adopted as the GPS module in this study because it has
high performance and low power consumption. It is an
intelligent satellite signal-receiving module with complete
functions of a satellite positioning receiver; it meets the
strict requirements of professional positioning and
individual consumption. The shape of the GPS module is
shown in Figure 3. The NEO-6M mode GPS module is
based on the No. 0183 Act of the National Marine
Electronics Association, which stipulates that the
sentence transmission format of a GPS navigation
message should have "$" illustration as its frame header,
followed by data segments that are separated by "," and
end with pressing “enter to line feed.”

27

GPS &tk

GPS HEH TS5 R Re ik Bl 3% — e A & BELE A T
ERRMAN TEES, HFIREXE TRENIEIT, X
WEI GPS 155 47 & # . BOKFIALEE,  DUE I &
GPS 155 I & BB R AL 3k IF 1], Rk GPS
TEFTRIEN SRR, SCi S D ) = 4E6 E
Pz = BRI ] . AR SCRAI GPS N NEO-
6M, ZAEHE — AN m AR L R TR R A TR R A
Yo, BA&SEEEM PR AR T6e, Bel 2 T kE L
A% B SR 5 A N B R GPS BEAMEME 3 FioR.
NEO-6M ! GPS i b itf 15 3¢ [ [H X ifg v B 7 h &
(National Marine Electronic Association) i 5& [ 0183 #%
VM. NMEA-0183 HUE K] GPS Fiit HL ST F) ik
LD “$7 NNEA SRR ULEE ik, S v R
FHARELL “, 7 3IF, BUE LRI EEATARE A .



Vol.46, No.2 / 2015

Wi-Fi module

The Wi-Fi circuit is designed to enable the users to
retrieve the GPS information and data in the Wi-Fi
environment. S2W-MO02 ports that transmit to the Wi-Fi
module are adopted to facilitate hardware design. S2W-
MO02, produced by Beijing Simple-WiFi Co.Ltd, contains
low-cost built-in ports of Ethernet to the Wi-Fi module. It is
based on universal serial ports, Wi-Fi built-in module, and
TCP/IP protocol stack to perform data transmission of
serial and Wi-Fi ports. The serial port data can be
transferred into Internet data and transmitted via the
S2W-M02 module. Through this process, the hardware
can support the UART ports and facilitate the Wi-Fi
circuit. The Wi-Fi module in this study operates under the
client end, which is connected to the external router via
Wi-Fi. With software configuration, the ports of the data
field can be mutually transferred and transmitted through
Wi-Fi. The Wi-Fi LAN structure is shown in Figure 4.
S2W-MO02 is connected to the exterior router via Wi-Fi
and connected to the microprocessor via the UART port.
S2W-MO02 is utilized as Station (STA) to connect to the
router and form a wireless network. The router is the
center of the wireless network, and the communication
between the Wi-Fi module and the PC is achieved via the
router. The S2W-M02 module transmits the data through
unvarnished transmission, and the TCP handshake
protocol should be added to ensure the reliability of data
transmission.
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Fig.4 - Wi-Fi LAN structural diagram

Solar power supply module

The power supply is an integral part of this agricultural
navigation positioning system. Solar modules and a
rechargeable battery are adopted to supply power
because solar energy is clean energy; it can be easily
obtained and has zero emission. The lithium battery is
charged by solar energy from the solar modules. The
energy is stored in the battery to power the navigation
system. The solar power supply diagram is shown in
Figure 5.

Solar-Powered panels
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(1) The solar module consists of 10 polycrystalline
solar cells that are connected in parallel. The working
voltage is 5 V, and Imax is 1.3 A.

(2) The rechargeable battery pack includes four sets of
18650 lithium batteries manufactured by Samsung Korea.
Each battery is 2600 mAH, with a rechargeable voltage of
4.2 V, nominal output voltage of 3.7 V, and minimum
output voltage of 2.8 V. The advantages of a lithium
battery are small size and large capacity. It can also be
repeatedly recharged and re-discharged.

(3) The controlling circuit of the solar module consists
of CN3063 and its external circuits. CN3063 is employed
as the battery recharging chip to control each single set
of lithium battery in this solar power supply system. Inside
the chip is an eight-digit analog—digital conversion circuit
that can automatically adjust the recharging current
according to the output capacity of the current from the
input voltage source. Considering the worst situation is
unnecessary. Hence, the output current from the input
voltage source can be fully used. This solution is ideal for
recharging solar energy.

(4) The voltage booster circuit of the system consists
of CN5136 and its exterior circuits. CN 5136 is a DC-DC
converter with high-efficiency pulse frequency modulation
(PFM), and its Imax can be 500 mA. Power transistors are
integrated inside CN5136 to minimize the number of
external components. The output voltage from CN5136
can be set via the external resistance. The high-precision
voltage reference guarantees the accuracy and low-
temperature drift of the output voltage. The working
voltage of CN5136 ranges from 2.7 V to 6 V, which is
applicable for lithium batteries.

(5) The protection module of lithium batteries is a
crucial part of the design. The module protects the battery
from being over-charged or over-discharged and from
experiencing short circuit and over-current caused by the
integration of the G3PU chip with IM8205.

(6) The core processor of this system is
STM32F103RBT6 powered by +3.3 V. The 5 V power
should be converted to 3.3 V so that the micro-processor
can be utilized. AS1117-3.3 is also applied in this study. It
is a linear voltage regulator with low drop-out
performance. It provides protection from over-current and
over-heating to ensure the stability of the chips and
power supply. Amendment technology is adopted during
its manufacture, thereby ensuring that output voltage and
reference source accuracy is within +=1%.

The power supply circuit is shown in Figure 6.
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Design of PWM driving circuit

PWM control, a technology that modulates pulse
length, modulates the duty circle to smoothly control the
speed of electronic machinery. The developed system
employs PWM technology to control electronic
machinery. However, the amplitude voltage of the PWM
signal reaches only 3.3 V in the micro-controller of this
system. The electronic machinery can only be controlled
when transferring level and improving the driving ability of
the signal. Therefore, the abutment of a photon-coupled
insulator and electronic machinery modules are adopted
in this study.

Design of the Software in the System
GPS data processing

The GPS module and STM32 are connected by serial
ports. The GPS module sends a standard NMEA-0183
instruction to serial ports each second. The program can
handle received data during this period. When processing
the positioning and navigation, time and latitude—
longitude are the only required information. Instruction
GPRMC includes all positioning-required data. Therefore,
collecting GPRMC instruction and selecting requisite
information based on the meaning of each segment data
are the only tasks we need to perform. Figure 7 shows
the collection and disposal process of GPS data.

Initialize serial ports

!

Open serial ports

I

Empty the buffer e
l Extract latitude-longitude

Receive serial data

Fig.7 - GPS data processing

Given that the standard NMEA-0183 instruction selects
$GPXXX as the initial sign with enter or line break as a
completed sign for each instruction, data can be judged
whether they are RMC instructions as soon as they are
written in buffer. The principle is to search RMC in strings.
If it can be found, the next step is to return to the position
where RMC is and if not, return to -1. If it is an RMC
instruction, the next step is to judge whether the data are
effective. Two standards are employed to judge whether
the data are effective. The first standard is whether the
data are complete, which can be judged by data length.
The second standard is whether the locator data are
effective, which can be judged by a specific data
segment. V represents ineffective locator data, and A
represents effective locator data. Information on latitude
and longitude will be extracted if the data are effective.
The first data segment after the initial sign is time.
Following it are the positioning state, latitude, direction of
latitude, longitude, and direction of longitude. Other data
are of no importance because they are useless in
positioning.
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Meanwhile, the information of time and date extracted
from the GPS module is UTC time. Converting UTC time
into local time is necessary. UTC time is similar to that of
Greenwich’s. Beijing time is adopted in China. Beijing
belongs to the East Eight time zone, which is ahead of
UTC time by eight hours. Eight hours should be added to
UTC time when changing the time zone to obtain the local
time. If UTC time is after 1600, Beijing time is in the next
day, and the date should be changed.

Wireless data transmission

Data form is called data frame when the Wi-Fi network
is used. When performing serial transmission, byte
throttling is implemented. Data from the terminal can be
successfully transferred to the controller STM32 only
when the system changes the form of data. The
constraint mechanism of the Wi-Fi module S2W-M02
used in this study includes the fully automatic mode and
the length of automatic framing. The forms of data can be
freely transferred using this constraint mechanism to
achieve data transmission between the serial port and the
wireless network. The flowchart is shown in Figure 8.

Coordinate Transformation

The coordinate system WGS-84 (World Geodetic
System) can directly obtain latitude—longitude from the
GPS receiver, but most electronic maps do not use this
coordinate system. Unifying coordinate systems is
necessary to meet the requirements of the display of
positioning points in electronic maps [9, 10]. In China, the
coordinate systems of many electronic maps of cities are
based on the elliptical coordinate system of Beijing 54
(BJ-54). Therefore, the WGS-84 coordinate must be
converted into the BJ-54 coordinate. The Bursa—Wolfe
model is used in coordinate transformation in this study
[13]. The formula of the model transformation is as
follows:

Xeai Xo Xeai
Yo |=| Yo +(l+,u) Yesi
Zy,, Z, Loy

where Xo, Yo, and Zo are translational transformation
parameters; €x, €y, andéz are rotation parameters; and
U is the zoom scale transformation factor. Seven
parameters are used in the above-mentioned formula.
Therefore, three or more common points and their
coordinates in two coordinate systems are required when
calculating transformation parameters. When only three
common points are available, the translation, rotation,
and zoom scale parameters in the formula can be directly
calculated with the plane coordinates of two common
points. When more than three common points are
available, seven parameters can be calculated according
to the principle of least squares. Formula (3) can then be
written as follows:

z
=Y,

0

84i

84i
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Coordinate Transformation

The coordinate system WGS-84 (World Geodetic
System) can directly obtain latitude—longitude from the
error equation can be obtained, and its matrix form is as
follows:

\Y

where

R=[XoYo: Zo, th6x:80:6, 1+ V=MWV,
L=[B,B,...,B,]', and A=[C,C,,...C,T".

If each measurement is supposed to be equal in
accuracy, the least square solution of the transformation
parameter can be expressed as

R=(ATA)'A'L

Finally, the computing result is R with seven
transformation parameters. After transforming the
coordinates through the above mentioned models, the
WGS-84 coordinate can be transformed into the BJ-54
spatial rectangular coordinate. Gauss projection is then
conducted, and the spatial coordinates are transformed
into plane coordinates that are compatible with electronic
maps. The process flowchart is shown in Figure 9.

Read-in common
point's coordinate

Read new data and form
coefficient matrix

Y Y
Transfer into BJ-54
coordinate

Form an error
equation

Y
Form a normal
equation

Transfer into BJ-54
geodetic coordinate

Y

Compute the inverse Transfer into Gauss plane
coordinate
A I
Get seven parameters End

L |

Fig.9 - Coordinate transformation

Server design

The program of TCP/IP agreements employs the
client—server model. In server-side programs, data from
the client side are received as soon as connection
request data are found. The corresponding positions are
displayed on maps. Figure 10 shows a flowchart designed
for servers.

=AR+L

INMATEH:-- dq ricultural C\guqmcctmq

X84i 0 _ZH4i Y84i
Yo L 0 Xy (5)
ZB4i _Y84i X84i 0

B = [X84i = Xosir Youi —Youir Zoai — Zsai ]T (6)

LTS
MGPSHE NS BN &4 )8 T WGS-84 44 br & 4i(World
MmrLAB iRz RE, HARE O

@)

ot R=[Xo Yo Zo st 66T 0 V=NV, T
L=[B,B,,...B,]', A=[C,.C,,..C.T".

NS LN A T, A e S R s —
Tefift Ny

®)

BRJGMHT R, RAG 7 NS AR AR AT
ARBREEA, R LA WGS-84 Akbr# e EAL 5 54 s[RI H
FARRR R T, AR JE AT w5, 1 2 ) EL A AR e e B
T E T P AR AR &b . HAR PR R2 E i 9 s o

Start the server

Input account and
password

Receive TCP
connection request

i

‘ Extract data ‘

Fig.10 - Sever data processing

R 8t

TCP/IP B3 HIFE P A FH (12 72 7 i IR 55 a2
Srasim AL, BT A BN AR, — BA
P ERRE R, Ok B % o, R
FE RN E, 1B 10 AR ST AS BRI

32



Vol.46, No.2 / 2015

RESULTS

A low-cost system with built-in-GPS agricultural
machinery is developed in this study according to the
abovementioned principles of operating the software and
hardware. The hardware system is shown in Figure 11.
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Fig.11 - Hardware system

Two experiments are conducted to verify the
navigation precision of the designed system. The first
experiment aims to measure the reaping area [5], and the
second one aims to obtain the location of the agricultural
machine. In Experiment 1, the reaping pitches range from
112 m? to 2166 m2. Most pitches are rectangular, and
several are irregularly shaped. A comparison of the
measured reaping and actual areas is shown in Table 1.

T IAEZRGRENAEE, AW OB B R SL 58 T
DRRIGAE, — P i@ SRR 5], — R SRECR L
THREALBER . i 1, it b it H i ) btk 47
M, WeEihB N 112m2 5] 2166 m2, Hid X k%
HORHETE, e AT o 4 000515 38 i Uie 81 T AR 5 4
Bz BRim AR Rt L G-k 1 s

Table 1

Area measurement table

No. Measurement area(m?) Actual area(m?) Error (%)
1 131.14 112.00 1.70

2 466.03 408.37 1.41

3 903.19 763.82 1.82

4 1329.83 1321.57 0.62

5 1883.58 1873.98 0.51

6 2174.98 2166.32 0.39

The measured and actual errors can be stabilized to
less than 3%, as shown in Table 1, which meets the
requirement of within the 5% error standard. Table 1
shows that the error between the statistic area of the
relatively large area and the actual reaping area is small
(less than 1%).

The server interface is designed with Qt. The multi-
threaded approach is applied to enhance system
performance. A thread is responsible for processing
wireless data. Another thread mainly processes the map
display and user input. The interface is shown in Figure
12.
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Fig.12- Server interface

In Experiment 2, an agricultural university is selected
as the experimental area. This area is from (113° 16’
28.00" E to 113° 16’ 45.7" E) to (23° 06’ 81.02" N
to 23° 06’ 34.12" N). The experiment adopts real-time
field data. The position of the agricultural vehicle is
accessed by GPS, and the data are sent to server-side
maps via Wi-Fi to test the system’s accuracy and
reliability. The result (shown in Figure 13) indicates that
the accuracy of locator data satisfies the operating
qualification of the system but has errors when matched
with real maps. Such errors are probably caused by the
difference between the database of electronic maps and
orientation modules. Corrections should be made on
positioning data in the late stages of development.
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Fig.13 - Demonstration of agricultural machinery positioning

CONCLUSIONS

Intelligent agricultural machinery, which is driven and
supported by modern science and technology, is an
integral part of precision agriculture and development of
intelligent agriculture. On one hand, it can improve
working efficiency and production output. On the other
hand, it can minimize labor intensity and injury. In the
operation process of intelligent agricultural machinery,
the intelligent function depends on how precisely the
machine can locate and navigate in farming fields. GPS
is the first option in sensing the location. At present, the
common agricultural GPS facility is the double-satellite
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double-frequency high-cost receiver, which hinders the
popularization and application of such systems.
Agricultural navigation specialists also integrate inertial
navigation with GPS to increase the locating precision.
However, the inertial navigation device increases the cost
of the system. Therefore, a low-cost system with built-in-
GPS agricultural machinery was designed in this study
based on the actual demand for low cost and high
precision in agricultural production. The key software and
hardware technology was analyzed and applied to the
built-in-GPS agricultural machinery, and all the functions
were accomplished to satisfy the requirements of
agriculture location and realize automation and
modernization.
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