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Abstract

We present a novel algorithm for creating 2D maps tailored for autonomous navigation within orchards. Recognizing that fruit trees
in orchards are typically aligned in rows, our primary goal is to accurately detect these tree rows and project this information onto the
map. Initially, we propose a simple algorithm that recognizes trees from point cloud data by analyzing the spatial distribution of
points. We then introduce a method for detecting fruit tree rows based on the positions of recognized fruit trees, which are integrated
into the 2D orchard map. Validation of the proposed approach was conducted using real-world orchard point cloud data acquired via
LiDAR. The results demonsirate high tree detection accuracy of 90% and precise tree row mapping, confirming the method's efficacy.

Additionally, the generated maps facilitate the development of natural navigation paths that align with the orchard's layout.
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Figure 2. This figure shows an overview of the proposed 2D map generation process. [t takes a 3D point cloud as input and consists of three

steps: tree recognition, tree row detection, and 2D map generation.
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Algorithm 1. Tree row recognition algorithm

Input: Set of fruit tree cluster €, Distance threshold £
Output: List of detected rows L

L —empty
while C = empty

C = argmaxce|C|

=N\ G

vy «— PCA(C))

l; &« Line(vy, p;) wherep; € C;

L.oappend (1)

foreachC; € €

for each p € C;
if (distnace(p,l;) < 8) then

€= G u{p}
G« G\ {p}
endif
endfor
endfor
endwhile
return £
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(a) Leafless trees in winter orchard
B
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(b) Leafy trees in early-summer orchard

Figure 4. Two different seasonal conditions of orchard
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Table 1, Tree detection result

Row number 1 2 3 4 5 6
Ground truth 31 36 28 46 15 14
The number of 1R 15 28 44 14 14
detected trees
’l:hc numl_:lgr of ) ) 5 i 10 5
false positives

(a) Input point cloud (early-summer orchard)
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(b) The detected trees and rows

Figure 5. The result of tree detection using our method on point
cloud data from an early-summer orchard. The colored points and
lines indicate the identified trees and the detected tree rows,
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(a) Without tree row recognition
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Figure 6. 2D orchard map and path planning results
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