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Fig. 8 Illustration of the captured points of the laser
scanner transformed to sinusoids in 7-6 Hough

space.
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Fig. 9 Noise removal to obtain the desired steering
angle of the robot tractor

8. Experimental test runs

The developed automatic guidance system for nav-
igation in coconut field was tested in a simulated
coconut field environment. Five different speeds (0.5,
0.55, 0.64, 0.87, and 1.4 m/s) were tested in the simulated
area. Using the developed system the robot tractor
could run autonomously between the simulated coco-
nut tree rows.

III Results and discussion

1. Hough transform recognition result

Applying the Hough transform, the laser scanner
could recognize the coconut tree rows made from
boxes as a straight line. Figure 8 shows the results in
7-0 Hough space of the captured points by the laser
scanner. A cluster of intersections of sinusoids can be
seen. The majority of the intersection of these sinu-
soids that estimated the equation of the line would
become the coconut row lines. These points of major-
ity of intersections served as the solution for recogniz-
ing the coconut tree rows. The right distance of the
laser scanner from the coconut row is denoted by 7z
and the left distance of the laser scanner from the

coconut row is denoted by 7;.

2. Noise removal in the desired steering angle

SMA (simple moving average) was used to remove
the noise included in the data obtained from the laser
scanner's PC before sending to the tractor’s PC.
Figure 9 shows the results in noise removal algorithm.
In the figure, the gray projections represent the raw
data which came from the laser scanner’'s PC. The
RMS (root mean squared) error of raw data without
SMA was 4 deg. The black projections represent the
desired steering angle using the SMA. The RMS (root
mean squared) error for raw data with SMA was 2 deg.
The SMA eliminated the big hunting in the steering
angle. Elimination of the hunting in the steering will
improve the accuracy of the system. In this research
SMA was used as the algorithm to remove the noise
because it will not have a time delay in the system.
Minimum time delay in the guidance system is very
important in real-time application of autonomous ve-
hicle.

Noise removal in the inclination of the vehicle was
not included in this research because the experiment
field was a simulated coconut field and it was almost a
flat surface. The vehicle has an inclination error but it
was negligible due to its inability to affect the
vehicle’s evaluation accuracy. But in an actual coco-
nut field, the inclination error of the vehicle is neces-
sary to be considered which will be described in the
part of the research.

Also, in an actual coconut field there are many
obstacles such as weeds, grasses, plants, etc. These
obstacles were not considered in this research because
the experiment field was a simulated field only and
there were no obstacles. But in an actual coconut field
experiment these obstacles will be considered and it
will be discussed in the next part of the research.

3. Evaluating the accuracy in autonomous run

The developed automatic guidance system for coco-
nut field navigation was tested in a simulated coconut
field environment which has a width and length of 18
m and 72m, respectively. The simulated field was
composed of four rows using boxes. The robot tractor
was run autonomously between the simulated coco-
nut rows with a speed of 0.5 m/s. The RTK-GPS and
IMU were used to evaluate the accuracy of the system.
Also, the centerline of the simulated coconut rows was
determined using the RTK-GPS. The purpose of ob-
taining the centerline between coconut rows was to
know if the robot tractor was following the correct
path or was running correctly at the middle of the
TrOws.

Figure 10 shows the comparison of lateral and head-
ing errors with and without the MA (moving average)
of the system. In Fig. 10a and 10b, the gray projections
showed that there were big oscillations in the lateral
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Fig. 10 Comparison of lateral ‘and heading errors with
and without MA (rrioving average)

and heading errors. This means that it will affect the
evaluation accuracy of the system. The RMSs (root
mean squared) evaluated accuracy of the navigation

system without the MA in lateral and heading errors

were 0.138m and 8 deg, respectively. The application
of MA eliminated the big oscillations in the lateral and
heading errors as shown in Fig. 10. The black projec-
tions represent the evaluated accuracy with MA.

Figure 11 shows the evaluated accuracy results of
lateral and heading errors with MA navigating in the
simulated coconut field environment. The results
showed that the robot tractor can navigate auto-
nomously in a simulated coconut field environment.
In the figure, the maximum lateral and heading errors
were 0.15m and 14 deg, respectively. The lateral and
heading RMSs errors were 0.06 m and 3 deg, respec-
tively. The accuracy results were minimal and ade-
quate enough to ‘run in a coconut field using the
developed automatic guidance system.

Test runs were conducted in a simulated coconut
‘field environment in different speeds in autonomous
run. The speed 0.55m/s was used to evaluate the
accuracy in coconut navigation. Table 2 shows the
results in different autonomous test runs. In the table,
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(b) Heading error of the robot tractor in
simulated coconut field autonomous run

Fig. 11 Accuracy results in coconut field autonomous
navigation

Table 2 Summary of RMS (root mean squared)
lateral and heading errors in simulated
coconut autonomous run

Speed, m/s RMS lateral error, m RMS heading error, deg
0.5 0.06 3.11
0.55 0.06 3.02
0.64 0.05 3.48
0.87 0.07 4.39
1.4 0.6 3.15

there was no big difference in the results of lateral and
heading errors in autonomous run in different speeds.
This means that the developed system worked well
even in different speed runs.

IV Conclusion

In this research, the developed automatic guidance
system for general orchard application was modified
and developed into an automatic guidance system for
real-time coconut field application. The laser scanner
was used as the navigation sensor substitute to the
GPS (global positioning system). The laser scanner
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obtained the data necessary for orchard path naviga-
tion such as the object’s distance and object’s angle.
An actual experiment was conducted in the Philip-
pines to obtain the data necessary for modifying the
developed automatic guidance system. The research
used a masking method to obtain the ROI (region-of-
interest) in the data obtained by the laser scanner.
The evaluated accuracy of the automatic guidance
system for lateral and heading errors were 0.06 m and
3 deg, respectively. These results were adequate enough
to navigate the robot tractor in real-time coconut field
application. The developed system was evaluated at
0.55m/s speed. .

The future works of the research are (1) to test
experimental runs in an actual coconut field or appli-
cation in different orchards such as citrus, apple,
strawberry, banana, etc. ; (2) to make a turning algo-
rithm for autonomous navigation in an orchard ; and
(3) to develop a low cost and small scale robot vehicle
that can navigate in any given orchard application
because the vehicle platform used in this research
were expensive and quite big.
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