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Recognition algorithm of drivable area between rows of fruit trees
based on double robustness regression
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Abstract: [Objective] In order to extract the working path in the agricultural robot navigation system, we
proposed an algorithm for identifying the drivable area between rows of fruit trees with the sky as the
background in a complex environment. [ Method] The tree crown and the background sky were separated by
the blue component (B component), and the Otsu algorithm was improved to achieve a better effect of
segmentation. After morphological processing, according to the regularity of tree top distribution, dynamic
threshold was used to find “V-shaped” region of interest and extract feature points. After the interference
points were eliminated by Theil-Sen robustness regression, the straight line at the tree top was fitted by random
sample consensus (RANSAC) algorithm, the slope of the straight line at the edge of the drivable area was

obtained through the slope transformation relationship, and the key point coordinates were obtained using the
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information of the feature points after elimination and the threshold elimination. Taking the slope as the

constraint condition, the linear equation of the edge of the drivable area was obtained by substituting the key

points. The least square method was used to fit the data for realizing the recognition of the drivable area.

[Result] The experimental results showed that compared with Theil-Sen algorithm and RANSAC algorithm,

the average deviation angle of the double robustness regression algorithm in this paper was reduced by 8.28%

and 9.88%, the standard deviation was reduced by 6.25% and 22.89%, and the accuracy was improved by 4.64%

and 10.49%. [Conclusion] The research results can provide research ideas for the drivable area recognition

and path extraction of agricultural robots in the complex environment of most standardized orchards.

Key words: Agricultural robot; Machine vision; Drivable area identification; Robustness regression algorithm; Least

square method
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Table1 Comparison examples of segmentation thresholds under different weather conditions in full cycle

KGrs Otsu7> F B {E (ro) AR A E LT3 H BRE(r)
Image serial Otsu segmentation [ro,L—-1] r [ro,r1] Adaptive segmentation

number threshold threshold in this paper

1 143 [143, 255] 231 [143,231] 217

2 132 [132,255] 192 [132,192] 173

3 131 [131, 255] 208 [131,208] 141

4 143 [143,255] 210 [143,210] 158

5 158 [158,255] 231 [158,231] 171

6 115 [115,255] 191 [115,191] 115

1) r1 = arcGax; r = arcGpin
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Table 2 Edge fitting results of drivable area for three algorithms

Hik G % HERMTEL FY M 22 £ T (°) FREZE/(°) TEWIR /% “FEFER] /ms

Algorithm Image frames Error frames Average deviation angle Standard deviation Accuracy Average time
RIR-HRAEE 480 45 1.69 1.76 90.6 79.5
Theil-Sen algorithm
RANSACH % 480 68 1.72 2.14 85.8 76.0
RANSAC algorithm
AL 480 25 1.55 1.65 94.8 82.4
Algorithm in this paper
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Table 3 The fitting results of this algorithm under different working conditions

ey Tt FEl i HR BEHF%  TEFEH/ms
Period Working condition Image frames Error frames Accuracy Average time
He K- 1 JIii ¥ Frontlighting 120 7 94.2 82.3
Growth period 1% Backlighting 120 5 95.8 82.4
JEAE K It Frontlighting 120 9 92.5 823

Non-growth period ¥ Backlighting 120 4 96.7 82.5
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Table 4 The performance evaluation index of this algorithm under different working conditions

RIS P RERME(C) brfER/() REERCFEmEF R/ BR R bR/ B R

I 34 T . - o
. . . Image  Average deviation Standard Average deviation Standard deviation
Period Working condition o . . .

frames angle deviation radius at key points at key points
KA Jlii>'t Frontlighting 120 1.30 1.53 1.23 2.09
Growth period 1% Y% Backlighting 120 1.35 1.68 2.69 3.63
FEAEK Jit Frontlighting 120 221 1.94 1.69 3.13
Non-growth period j#i)t: Backlighting 120 1.35 1.15 2.53 2.65
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