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Note: vy is left wheel speed; vg is right wheel speed; v is vehicle speed; x is
longitudinal coordinate of vehicle center; y is distance of vehicle center from
curb; y is course angle; L, is wheel distance; e is angular velocity of vehicle, M
is moment about vehicle center. The same as below.
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Fig.1 Kinematics model of vehicle
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1.Vehicle 2.Photoelectric switch 3.Wheel 4.Convex curb 5.Concave curb
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Fig.2 Schematic diagram of photoelectrlc switch
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Note: A4;-A; are photoelectric switches; A'-4'; are detection points of
photoelectric switches; @ is central angle of arc array of photoelectric switches.
The same as below.
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Fig.3 Schematic diagram of arc array for photoelectric switches
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Note: A',-A", are triggered detection points of photoelectric switches; N, is
number of triggered photoelectric switches; Ny is center sequence number of
triggered photoelectric switches.
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Fig4 Sketch diagram of position and orientation detection indexes
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Fig.5 Schematic diagram of navigation failure state
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Note: Q is the central point of the target band of photoelectric switch arc array; e
is offset distance of arc trajectory.
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Fig.6 Sketch diagram of different position and orientation control
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Fig.7 Arrangement of photoelectric switches walking along
concave curb and convex curb
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Fig.8 Transverse displacement deviation of vehicle running along
curb

23



18 M

JE AR BT ' A R R A PR A D S TV 185

ANEERIRS T BRI HIALIA A 7, N

7, =tan™ Y 7V 19

[ BE AT 5N A A T R U RO 1) F AL ] (&1 9O

% Velocity/(m-s™)
#022(0.05 ==0.10 = +0.15

. Jitlr ffyPath angle 7,/(°)

6 8 10 14 14
AN TUAT B S
Distance between sides of vehicle x/m
a. FUTERIT
a. Concave curb

2 4

4% Velocity/(m-s™)
=2220.05 ==0.10 = =0.15

=
T

[

=3
T

'
wn

) fiii i ffyPath angle 7, /(°)

(=]

12 14

19
AN TUAT B
Distance between sides of vehicle x/m
b. MR

b. Convex curb

B9 EL IR AG B TR

Fig.9 Course angle of vehicle walking along convex curb
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Table 2 Motion path analysis of autonomous vehicle
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Note: Length of 100, 300, 600 mm sundries were set at the edge of road 3, 5,
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Fig.10 Trajectory affected by sundries walking
along concave curb
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Curb-following detection and navigation of greenhouse vehicle based on
arc array of photoelectric switches

Ju Jin}, Liu Jizhan'™, Li Nan®, Li Pingping®
(1. Key Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education, Jiangsu University, Zhenjiang 212013, China;
2. College of Forest Resources and Environment, Nanjing Forestry University, Nanjing 210037, China)

Abstract: In the past 20 years, protected agriculture has been developed rapidly in China, with a total area of 4,000 kha. A
large number of mobile platforms are urgently needed to satisfy the need of operation, and research on autonomous vehicles
with navigation ability has been highly valued. For structured hard pressed road surface between cultivation beds in modern
greenhouse, curb-following navigation technology is most valuable for autonomous vehicle working in greenhouse. However,
present curb-following navigation technologies based on machine vision are too complicated and lack of stability, while
navigation technologies based on distance sensing cannot reach ideal accuracy of position/orientation detection. The target of
curb-following navigation in this paper was to control the vehicle body within a stable position/orientation relative to the curb
based on limited simple high/low level signals from arc array of photoelectric switches. Principle of detection and control of
position/orientation based on both arc array of photoelectric switches and ideal control area was firstly introduced, and index
N, that represents the number of triggered photoelectric switches and index N, which represents the center sequence number of
triggered photoelectric switches were introduced to establish a position/orientation detection model. The position/orientation
was classified by different thresholds of the two indices which can trigger the corresponding control program of trajectory.
And then accurate position and orientation which were calculated by the values of two indexes were used to set the parameters
of control program to realize the curb line following navigation in real time. This method can realize precise navigation with
just limited number of high-low signals from photoelectric switches. The curb-following navigation accuracy relies on number
of photoelectric switches, radius and central angle of the arc array, while triggered time interval between adjacent photoelectric
switches must satisfy the need of response of sensing, control and mechanical transmission for a vehicle. Differential
controlling strategies for different position/orientation states of vehicle based on arc array of photoelectric switches were also
put forward. It was found from experiments that as the speed increased, both the transverse error and course angle of the
vehicle displacement would rise. While within the designed speed, neither violent shock nor instability was found. Experiment
results also indicated that the deviations of vehicle’s position and orientation were kept -35 mm to +15 mm and -5° to +5°,
respectively. Relative to the size of the greenhouse vehicle, the error was acceptable which satisfied the curb-following
navigation requirement of pesticide spraying, seedling transplanting, transporting etc. in greenhouse. And the control cycle of
trajectory was about 2 m along the curb line, which indicated that the vehicle can run smoothly along the curb line under a low
control frequency in the greenhouse based on the method above. It was also found that this method could maintain better
curb-following navigation accuracy even under interference of sundries if its length was not more than 300 mm, which may
meet the actual need of vast majority of the production. In this paper, we proposed new technical ideas for robots running
along curb with low cost in the greenhouse.

Keywords: navigation; greenhouse; monitoring; photoelectronic switches; circular arc; curb line following; position and
orientation



