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Visual Navigation Path Extraction Algorithm in
Orchard under Complex Background

XIAO Ke'? XIA Weiguang' LIANG Congzhe'
(1. College of Information Science and Technology, Hebei Agricultural University, Baoding 071001, China
2. Hebei Key Laboratory of Agricultural Big Data, Baoding 071001, China)

Abstract; To solve the problem of autonomous travel and U-turn between rows for orchard visual
navigation robots, a navigation line extraction method based on Mask R — CNN and a tree line extraction
method based on random sample consensus (RANSAC) algorithm were proposed. Firstly, road and tree
trunks were identified based on the Mask R — CNN model, and road segmentation mask and trunk
bounding box coordinates were extracted. Secondly, after generating inter-row navigation lines, the
improved RANSAC algorithm was used to extract the front row line of trees. Then, the distance from the
coordinate point of the trunk bounding box to the front row line was calculated, and the coordinate points
of the back row trunk was filtered to generate the back row line by least squares fitting. Finally, the
U-turn direction can be determined by analyzing the front and back row tree lines information combined
with the end of row distance and the proposed U-turn path planning method. The experimental results
showed that the average segmentation accuracy and bounding box detection accuracy of the model were
both 97. 0% in the six orchards under different lighting, weed and weather environments. The average
deviation of navigation target point extraction was within 5.3% , and the accuracy rate of tree line
detection was higher than 87% . The average deviation of the vehicle position from the center of the road
after the U-turn was 7. 8 cm. It can be proved that the proposed method can navigate effectively for visual
autonomous navigation in the orchard environment.
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Fig.1 Overall flow chart of algorithm

(a) FWFhE (b) G5

(e) ARERTES (f) RT3
(K5K) (BHX)

B2 S IE T 3 s R AR E R
Fig.2 Sample images of orchard front scene

151 3 500 26 LA 22 T 4% B A0 o B A TR R AE 1 T
EA ) IR R RAERE S, T SE B RS R H
NIRRT Rl e Tl D W = R AN O bR VAN o
AT 55 10 B 1 R S92 B M SR, A SCBE T Mask R —
CNN [ 28 A4 (38 % R SR BRI R Y 52 Ji g T 30 ALHE
I SR A $RE B, i — 2D R ) AR R A 54k o

FIH Mask R — CNN [ 43 #1285 5 £ BUiH B% #5 65
DX, 6 T f A ) DX Sk A T T A B S B XK
(R R AE R 255, 15 s KSR AR R AE R 0, —{H Ak 4
FNZE SN 3b BT 7R o A2 R BT A T 2% A R
R sZ ), S el 8 [ 2 BN T O, 28 B 1 R oy
NGO EGR . KRS AT LG S SR
(3 2o M 25 38 K, T B LA i A4k 0 28 5 VE S S H
b A LR AN e . DRI, AR SCR AR
X Mask R — CNN $i J 1% 18 % #8000 A7 Ak B, 48 B
% AR g PO A SR AT RS AR, A A SR A 3e
J7RN o

Hbr T AUZ N B, L ERMRIEH b i A AR AR
TR LA AL B AR A AT R L . TR R

(a) SRLIE JE 15 B

(c) St H b mi Sl R (d) SR ER
B3 T2 4 o 7 18
Fig.3 Navigation line extraction process
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Fig.5 Tree line fitting renderings
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Fig.9 Detection effect of each model on orchard roads and tree trunks
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Tab.2 Navigation line extraction result statistics %
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Tab.3 Statistics of tree line extraction results
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Fig. 10 Simulation results of vehicle U-turn track
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