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Recognition Method of Orchard Unstructured Road Based on Feature Fusion
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Abstract; Aiming at the problems that orchard roads have no obvious boundaries and there are shadows,
soil and sand interference at the edges of the road, a recognition method of orchard unstructured roads
based on feature fusion was proposed. The distortion parameters were obtained through camera calibration
to correct the distortion of the acquired image, and a dynamic region of interest ( ROI) extraction method
based on the combination of filtering and gradient statistics was proposed to select the ROI of the S
component of the HSV color space. The maximum value method was used to merge the color features with
the S component mask for multidirectional texture features for binarization and noise reduction. The
feature points were found according to the abrupt features of road edges, and a two-level pseudo feature
points elimination method based on the dual constraints of distance and position was proposed. To better
fit the irregular edges of unstructured road, the method of segmentation cubic spline interpolation was
introduced to fit the road edges to realize road recognition. The experimental results showed that under

the six working conditions of sunny day, cloudy day, straight light, backlight, sunny day in winter and
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rain and snow weather, the mean value of average longitudinal deviations of S component, texture image
and fusion image were 2. 43 pixels, 39. 71 pixels and 1. 36 pixels, respectively, and the mean value of

18.02% and 0.54% , Compared with the S

component and texture image, the average longitudinal deviation and average deviation rate of the fusion

average deviation rates were 0.99% , respectively.
image constructed by this method were effectively reduced. The mean value of average deviations of least

squares method, random sample consensus method ( RANSAC ) and segmentation cubic spline
interpolation method for fitting edges were 2. 64 pixels, 3. 16 pixels and 0. 66 pixels, respectively, the
mean value of average deviation rates were 1.02% , 1.21% and 0.26% , respectively, and the average
standard deviations of deviation rate were 0.23% , 0.31% and 0. 09% , respectively. The mean value of
average deviation, mean value of average deviation rate and average standard deviation of deviation rate of
the algorithm were the minimum, which indicated that the fitting method had higher fitting accuracy and
better stability. Under the six working conditions, the average processing time of a single image of this
algorithm was 89.9 ms, which met the real-time requirements of agricultural robots in the process of
operation. The method can provide a reference for agricultural robots to recognize unstructured roads in
complex orchard environments.

Key words: agricultural robot; unstructured road recognition; machine vision; feature fusion; cubic
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Fig. 1 Camera calibration process
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Tab.1 Camera calibration results
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Fig.2 Image distortion correction
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Fig.3 Spatial feature maps of each component of HSV color space
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Fig.4 Images in different environments
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Fig.5 Graying effect of S component
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map of Sobel horizontal gradient

Hi [ 6b nf 1, [H G B D8 K B2 AR 3 5] % X
SRR R REAS Dy I ) B i i A A R A e, L
BAATAR R APl % DX IR o 9] P S T X % 4
DX 2 A /), 25 Xk T B DX S T 44T M AR i &
FAH T R Sk BT AR A7 R R AR RS RO R OR
HY T T8 RS A T G e ) X, R e/ T
BUG K- T e BT 1) 1/3 K [ b i B S8t A A
AR T MR XA BOFAF AR N_zero[ ], 1HH AL
I RAH S S LR G & A AR 2 AR 51,
KRR G0 E 7 FI

L= [?;] + max (1) (3)

A L——ROI 5 FI47 B XN & 5
h——i A B
I—84H N_zero[ ] RAEXT NV R 5147 B

K7 % S 4y ROIL,

2 BElGgEme5ERBSIIEIN

2.1 SHITEGME

2.1.1 SRR E

Gabor J§ I #5 ™ " WT 3 JRh 6 4 HE 47 42 O



jug
.h'

5730 HEZ A AR TR ALA Y R AR 45 4 L aE B IR B O v 39

4

K7 S/%r& ROI
Fig.7 ROI of S component

I A Al LA B R 1 5 P 4 il 05 AR 4 o
J7 T4 A AR G I 2 B 90 (005 6 T2 250 30 19 9 5
oy o T A B I RE A AR SCBLRRAE 35 R B Y
SOPRHR T [0 itk 2 5 3 1 4 AR SO AR AE 4R L, 7
ST 5 A T DX T (X o PRI E 5 K
1 40 PR 1 T B JRLB AR 2 I 1 50 B MR T 5
3025 X BRSO £ A B A 2 A RUEE S 77 1 4y
54 0°F1 90Ky Gabor g P I 4t S 43 it ROT AT
AR BB G g (x,7)
g(xy) =e TL )T (5)7] i(viw)

(4)
Horp x' cosf  sinfr«x
91 e | Y B
y —sinf cosf||y
A 22" +1
T oA 220 1 (6)

b (a,y) — BRI E

0.0 y—— IR WAL I I 1) AR ifE2E K

b A p—UE A% B FE L IE 5% R B I K

L5 AR A7 i #%
8a.8b UL 5 S QL FL KR, T 0 =0°

{14 J5L S0 B P AGORT B B8 A5 /1N, Ay il 80 3 R OF B T 00
5¢ 1K 8a Ay @ = 0° J5L 80 B MG 50— YK 1E MLAL 1
S AL B SRR B 8¢ R 0 =0° R B EME 5 0 =90°
L3 GO N BT A5 1) 22 07 1] SORARRAE 42 BURNR .

(a) O=0"URIE LR (i)

T“u:ﬁh - ME 1' \

e

(b) 0=00°E 2L R

() 0°590° A IMuE ik 4521
B8 Lr BHERAE Hi HL

Fig. 8 Texture feature extraction
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Fig.9 Image fusion and binarization
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Fig. 10 K-means clustering results and datum point
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Tab.3 Calculation results of edge points extraction error of three kinds of feature images under multiple working conditions
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Tab.4 Evaluation indexes of road edges fitting effect with different fitting methods under multiple working conditions
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