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Abstract: This paper proposes a new path planning algorithm for a mobile robot applicable for realistic uses in 
farmland, which utilizes ZigBee localization, GPS and simple path learning from the GPS-Tractor tracking. The aim of 
this work is to verify a possibility in applying the ZigBee localization with GPS to estimate the tracking position of a 
mobile robot working in a farmland. To enhance robot mobility in a large area, human-supervised decision is implicitly 
incorporated into the path guiding using tracking data from the GPS tractor. Such development combining other 
systems to help in path guiding instead of operating only the standalone software on mobile robot could reduce the 
complexity of the path planning in complex farmland. We have applied this technology in a real-world situation at 
GranMonte Vineyard and Winery, Thailand. 
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1. INTRODUCTION 
Mobile robots have been successfully used in many 
applications due to their abilities to perform difficult 
tasks in perilous environments. Examples are robots for 
space exploring, rescuing robots, robot for 
transportation in plants and service robots for daily lives 
at home. One of the most promising fields is mobile 
robot for agriculture, i.e., to patrol the farmland 
collecting environmental parameters required for 
practicing the precision farming technology. Recently, 
development of mobile robots for precision agriculture 
has become very active field of research. One 
challenging problem of the agricultural robot is the 
applications in a large area where correct location and 
path planning must be solved. 

Robot path planning is a key issue in robot navigation 
for farmland, which is a kernel part in mobile robot 
technology. The vastness of cultivated area is a major 
problem for system design and their algorithms. Various 
methods have been developed to solve this problem, 
such as Localization System Combined ZigBee and 
Distributed Microphone Array [1]. Such methods are 
highly possible to apply in real robot but the systems 
have a limit distance by type of sensors and noise from 
environment. Wen-Hsing Kuo [2] proposed use the 
estimated distance to determine the position of the 
sensed node and using subzone to detect distance, which 
is quite successful for unknown environment. The 
method performs the fastest path planning, but could 
suffer a scalability problem in a large area. Another 
popular method for mobile robot path planning is fuzzy 
logic, such as Mobile robots path planning using ant 
colony optimization and Fuzzy Logic algorithms in 
unknown dynamic environments by Purian [3]. This 
method supports path planning in dynamic area with 
stable system response. Another interesting method is 
a path planning method by utilizing genetic algorithm 
by Samadi [4]. In this work, a global path 
planning method with hexagonal grid map modelling 
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use to optimize path distance and making shortest robot 
path. Khelchandra has developed robot path finder using 
artificial neural network and fuzzy logic [5], the 
complicate thinking process to help robot work like an 
ideal movement and increase tracking performance. 
Unfortunately, most abovementioned works were 
developed within a laboratory scale, some being only 
software simulations. Furthermore, the developments of 
path planning by using a few set of parameters and 
complicate thinking process or reference are difficult to 
apply in a real world application. 

This paper proposes a new path planning algorithm 
for mobile robots working in farmland, which utilizes 
ZigBee localization, GPS and simple path learning from 
GPS-Tractor tracking. The aim of this work is to verify 
a possibility in applying the ZigBee localization with 
GPS to estimate the tracking position of a mobile robot. 
In addition, this system also incorporates the path 
guiding from GPS tractor to enhance this functionality. 
By integrating signals from various sources (Zigbee, 
GPS on robot and on tractor), complexity on processing 
path finding on mobile robot can be reduced and 
predictability can be increased. 

2. METHODOLOGY 
2.1 ZigBee localization and GPS 

The position of a mobile robot in farmland is 
identified by two methods working together. First, GPS 
(global positioning system) was installed on mobile 
robot. Data from the GPS module contain some error 
and uncertainty from sky conditions but the position 
from GPS provides over all of the area inspection. The 
second method is ZigBee localization. ZigBee wireless 
network can operate in a wide range of environments 
and provide advantages in cost, size, power, flexibility 
and distributed intelligence as compared to other 
wireless technologies. Moreover, ZigBee has a special 
property for that it always checks for the signal strength 
in each module, called as RSSI (received signal strength 



indicator). From Fig I, the example system have 3 
position fixed nodes, a mobile robot node and a tractor 
node. In this work, we used the trilateration method 
based on the RSSI data on each ZigBee module. The 
RSSI formula [6] is shown as in eqn. (1) 

p ;: p,: ' � , Gp; '(;j ' eJ ' 
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Pj/ and Pj are the power of the transmitter and 

receiver, respectively. Gr and GlI: are the gains of the 
transmitter and receiver antennas, respectively. A is the 
wavelength (A) and d represents the distance between 
the transmitter and the receiver. The mathematics of 
trilateration involves solving the relation between RSSI 
and the positions of all nodes that consist of three 
known fixed positions (Xb Yi ), i=1-3, a mobile robot 
node at unknown position (xm, 'N), and a tractor node 
at unknown position (XT, )1' )' The perfect distance 
values from both robot node and tractor node are .. 1II[ and 
11 , i= I ,2,3. From the Pythagoras theorem, a set of three 
equations follows: 

(2) 

(3) 

From equations (2) and (3), the positions of the tractor 
node and the mobile robot node can be identified. Then, 
the distance between the robot and the tractor is solved. 

2.2 Mobile robot path planning 

Mobile robot path planning processing uses the 
information as described below. 

• Data from the GPS module installed on the 
mobile robot. 

• Data from the GPS receiver installed on the 
tractor. This tractor is equipped with GPS and 
activity recording to store its tracking for uses 
in activity mapping and planning. 

• Data communication in the field can be assisted 
by the router node. In each router node, it can 
store the GPS data and localization data from 
the tractor node. These data will be sent to the 
mobile robot when requested. 

When the mobile robot receives command from the 
farmers, i.e., to move from the current to a target 
positions, it will start path planning process. The mobile 
robot will calculate 2 types of paths, namely, large scale 
path and accurate scale path. The robot will employ the 
GPS data to determine the large scale path and try to 
move along this route. Along the way, it will acquire 
localization data from the nearby router based on the 
abovementioned ZigBee RSSI calculation. The mobile 
robot will take advantages from the past trajectories of 
the tractor as recorded by the router. Then, it will correct 

its path according to the memorized trajectories to avoid 
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obstacles in the farmland and to reduce path planning 
processing. 
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Fig. 1 Localization using tree routers when the robot 

and tractor are moving. 

3. SYSTEM ARCHITECTURE AND DESIGN 

In this work, the development of autonomous mobile 
robot system is classified into three main sections, the 
robot design, the tractor node design and the router node 
design. 

3.1 Mobile Robot 

Mobile robot was designed based on 6-wheel-drive 
chassis. Some features were included to increase the 

ability of the system to work in farmland. From Fig. 2, 

the basic system consists of onboard 24-bit 
microcontroller, ZigBee and GPS module. Motion of 
the robot is driven by the motors controlled through the 

motor driver L293D. This robot separate the 
transmission system in two sides, each of which has 3 
motors that are controlled by one channel of the motor 
drive IC. 

In order to enable the robot to avoid unexpected 
obstacles and protect it from collisions, various sensors 
are installed onto the robot. After comparing those 
sensors, infrared sensor is best suited for the robot. The 

main reason for using infrared sensor is that it enables 
the robot to efficiently avoid the obstacles at a safe 
range before collisions. There are two set of infrared 
sensors on this robot: right side infrared sensor and left 
side infrared sensor. Each infrared sensor consists of an 

infrared emitter and an infrared receiver. The distance 
between the robot and obstacle operates from S 
centimeters to I meter. The infrared sensors data was 
processed on MCU to decide and to interrupt the motor 

control when robot move close to the obstacles. In 
addition to increase performance of recognition, IP 
camera was installed to monitor in real-time. The 
360-degree pan and ISO-degree tilt IP camera will help 

for manual control and unexpected system error. 
Two independent power sources are installed on this 

robot. The first suite contains two cells of Ni-MH (7.2 
volts) pack to supply the 6V motors. The second suite 
contains 4 cells of LiPo (1S.6V) connected through the 



power supply board to supply the main CPU board, 
infrared sensors, IP cam and Wi-Fi router. Normally, 
robot are control by itself, but allow user interrupt to 
control and real-time monitoring from IP camera, 
manual control use computer for control direction and 
speed. 

Fig. 2 Autonomous Mobile Robot 

3.2 GPS Tractor Tracking 
A 16-bit high-performance microcontroller unit 

(MCU) from Microchip Inc, namely PIC24F family, was 
used. MCU can acquire position from the GPS module 
every I second (1 Hz). Ublox with 32 channel GPS 
receiver module was used. Data from this module 
complies with NMEA 1083 protocol. The data was 
decoded using GPRMC package of MCU. The 
information included in this package consists of the basic 
parameters of GPS and ZigBee data: latitude (north or 
south), longitude (east or west), ground speed, current 
date and time, course over ground, magnetic variation 
and Zig Bee RSSI. The GPS tractor tracking node has 2 
operation modes, MCU detects the engine status first in 
order to select the operation. The engine status is 
detected by the interrupt module in MCU, and then used 
to decide and choose time to sleep. ZigBee topology is 
based on the mesh network. The GPS tractor tracking 
node was packed in a robust package to protect from 
water spray and dust and installed over the tractor 
radiator bonnet. 

3.3 ZigBee Router 

A microcontroller from Microchip (PIC24 family) 
was selected as a control unit for the router node. This 

16-bit high performance microcontroller is based on a 
nano-watt technology. Each router node uses solar panel 
and re chargeable battery to work as the power source. 
The microcontroller unit reads voltage indicator from 
the solar panel and the battery during the system start 
process. The router node can be programmed to save 
energy by using energy wake-up mode. Under this 
feature, router node shut down, except for the 
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solar-power interrupt or power consumption more than 
30 percent being in a wake. This wake-on-demand 
function allows the router to save energy similar to the 
tractor nodes. In the router node, microcontroller stores 
data from the tractor model path inside a flash memory 
and provide data to the mobile robot when requested. 
ZigBee topology for router nodes is the mesh network. 

Fig. 3 GPS Tractor node and Router node 

4. EXPERIMENTAL RESULTS 

In order to create an experimental setup for mobile 
robot path planning, 3 router nodes (red marker) were 
installed in field test (see Fig. 4b). The starting point 
and the end point (blue marker) was set up along the 
tractor path (yellow line). 
Positions allow for using RSSI classifies localization, 
distances error are lower than 3 meters. From Fig. 4a, 
the mobile robot is shown by the red circle. Before 
searching for the next destination, the robot would stay 
in the blue circle because these circles show distance 
diameter not over 3 meters from tractor path. The 
position of the tractor was kept in a database in each 
router. After setting up, an experiment distance for 
testing is 133 meter including 30 positions of the tractor 
path. Mobile robot utilizes RSSI and Trilateration 
algorithm to make path planning from point to point of 
robot moving. According to Fig. 5 shows the completed 
133 meters and distance of mobile robot from the tractor 
target position. From this result, the distance to tractor 
path from the first phase of motion (distance from 0-65 
meters) show error more than the next phase, because in 
the first phase the robot stays quite far from router 
number 3. Also, RSSI contains high error and it shows 
long distance error from the destination point. In the 
second phase (the distance from 70-133 meters), the 
mobile robot receives best signal from all 3 routers. 
Good signal from these routers makes the mobile robot 
to correct the distance from the mobile robot to the 
tractor position. Then, the mobile robot has moved 
from initial position to destination by keeping saved 
track from the tractor path. Table 1 shows the error 
distances calculated from this method as compared to 
the actual distance. Thus, such error arises from the 
environment electromagnetic or frequency jamming. 



Fig. 4(a) Concept of mobile robot movement. 

Fig. 4(b) Position of three routers and mobile 

robot simulate graphic path on real GPS 

tractor tracking program. 
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Fig. 5 Data plotted between distance from 

mobile robot movement and distance from 

the actual distance. 

Actual Calculated � 

Distance Distance Distance 

45 m 40m 5 m 

73.5 m 70m 3.5 m 

107 m 100 m 7m 

12 2.7 m 12 0 m 2.7m 

143.2 m 140 m 3.2 m 

Table. 1 Errors of selected data between the 

actual and calculated distances 
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5. CONCLUSION AND FUTURE WORK 
This paper provides a basic method for guiding 

mobile robot path from the reference of tractor path in a 
real field test. The simplicity of implementing the node 
localization in the ZigBee network using existing 
infrastructure and by using Trilateration algorithm was 
illustrated to solve the existing real-world solution. This 
will provide an intelligent positioning solution apart 
from using only GPS to define robot position. Based on 
this path guiding method, mobile robots can always stay 
in the correct positions and avoid unexpected obstacle 
because the mobile robots utilize the same tractor path. 
Mobile robots can be equipped with ultrasonic sensors 
and IP camera for better control and human interruption. 

In the future, we plan to develop intelligent tracking 
management such as neuron network and PID control. 
In order to solve RSSI defined distance in farm, the 
system should be installed with more routers to help in 
Trilateration method. 
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