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Research on Laser and Ultrasonic Combined Ranging Method for
Robot Navigation at Banana Plantation

FU Genping' YANG Chenyu’ ZHANG Shiang' HUANG Weifeng' CHEN Tianci’ ZHU Lixue’
(1. School of Automation, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China
2. School of Electro-mechanical Engineering, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China)

Abstract: Aiming at the problem that GPS, lidar, vision and other positioning and navigation methods for
robot sometimes do not work well or even fail in the complex environment of banana plantation, a
positioning and navigation method for robot based on laser and ultrasonic sensors at banana plantation was
proposed. However, when there were small shrubs and other obstacles, or at rugged tractor road in the
complex environment of banana plantation, it was the premise and the key for positioning and navigation
to accurately measure the shortest distance between the robot and banana tree. Therefore, a distance
measurement method for banana tree using laser and ultrasonic sensors based on fitting and filtering
techniques was proposed. Firstly, the laser and ultrasonic sensors simultaneously measured the distance
between the robot and banana tree at each sampling time and reciprocally checked the distance data
ranged by laser and ultrasonic sensor in order to generate a set of distance data for the target banana tree;
after that, the set of distance data was fitted using a quadratic polynomial by the least squares method;
and then the distance data was filtered out with larger error from the set of distance data based on the
fitted quadratic polynomial and the suitable threshold; and finally, the shortest distance from the robot to
banana tree was got by averaging the three minimum distance data at the filtered set of distance data. The
experimental results showed that the ranging method proposed had an maximum ranging error rate of
1.0% for banana tree in ideal environment, and the maximum ranging error rate was 2. 0% , which
corresponding maximum ranging error was 1.0 c¢m, in an environment with small shrubs and other
obstacles or rugged road, even in outside natural environment. Therefore, the stability of the ranging
method proposed was good, which can provide accurate distance data for the robot to realize positioning
and navigation in the banana plantation.

Key words: banana picking robot; laser sensor; ultrasonic sensor; distance of banana tree; fitting and

filtering technique
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Fig. 1 Top view of robot on cultivating road in

banana plantation
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Fig.2 Ranging for banana tree with laser and

ultrasonic sensors
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Fig.4 Ranging data and its fitting curve in complex

environment
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Fig. 10 Comparison of ranging data of laser and

ultrasonic sensors
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Ranging data and its fitting curves of different

target distances at simulated banana plantation
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Fig. 15 Ranging data and fitting curves of banana tree = 60 A / 2 60 ’
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Tab.2 Measured shortest distance and error rate
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Fig. 17 Four times ranging data and fitting curves at

rugged tractor road
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Tab.3 Measured shortest distance and error rate

disturbed with shrubs

“ W BE 5
25 N 5 3 2 at rugged tractor road
d,/em 50 50 50 50 a5 W BE 45
d,/cm 50.7 51.0 49.3 49.7 = 1 2 3 4
e/cm 0.7 1.0 0.7 0.3 W,
a/% 1.4 2.0 1.4 0.6 e 50 50 0 30
d,/cm 50.0 49.7 50.0 50.3
3.3.2 WEURR T 1 75 A6 LB 30 B o/em 0 0.3 0 0.3
o/ % 0 0.6 0 0.6

BLAR AT /N A HRASE AL A 085 X AN - 7 4 el B A
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Fig. 18 Identification and ranging for banana tree

at different distances

*4 ETEHGHEINREEBERESKRER
Tab.4 Measured shortest distance and maximum

error rate using image

da/cm emax/ o-ma'(/
d,/cm )

1 2 3 4 5 cm %

30 30,2 30.0 30.3 29.8 30.2 0.3 1.00
50 50.1 49.3 49.5 50.2 50.2 0.7 1. 40
80 80.0 80.5 79.9 79.9 80.1 0.5 0.63
100 99.9 100.0 99.9 99.5 100.2 0.5 0.50

x5 ARXMEHEMEGNEESEMBEXERERT L
Tab.5 Related parameters comparison of ranging method

between proposed method and based on image
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e, ./ cm O an/ % e,/cm
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Fig.19 Ranging for plant in natural environment
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Fig.20 Ranging data and fitting curves of different

target distances in natural environment
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Tab.6 Measured shortest distance and maximum error

rate outside laboratory

d,/cm VA
d,/cm
1 2 3 4 5 cm %
50 49.3  49.0 50.0 49.7 50.0 0.7 1.40
60 59.3  60.0 59.7 60.0 59.7 0.7 1.17

80 80.0 79.3 80.0 81.0 79.7 1.0 1.25
100 100.0 99.7 100.0 100.3 100.0 0.3 0. 30
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