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Inter-line Pose Estimation and Fruit Tree Location Method for Orchard Robot

BI Song WANG Yuhao
(College of Electrical and Control Engineering, North China University of Technology, Beijing 100041, China)

Abstract; Because the monocular camera lacks of depth information, it was difficult to use this kind of
camera to estimate robot pose in the line of fruit tree and measure distance accurately. Under this
research background, a method was proposed to calculate yaw angle, lateral offset, and fruit tree position
based on instance segmentation neural network. Firstly, based on the Mask R — CNN model, the road and
tree trunks were detected, and their masks were extracted. Secondly, to calculate the vanishing point,
the boundary equations were identified based on convex hull and Hough transform, and the vanishing
point coordinates were calculated by solving the equation. Finally, according to the established pose-road
imaging geometric model, the yaw angle, lateral offset and relative position of the fruit tree were
calculated. The experimental results showed that the boundary regression accuracy of the improved Mask
R — CNN model was 0. 564, the segmentation accuracy was 0.559, and the average inference time was
110 ms. Based on the method, the yaw angle estimation error was 2. 91% , and the lateral offset error was
4.82% . For fruit tree positioning, the lateral error was 3. 80% and the longitudinal error was 2. 65% .
At various data collection sites, the method could stably extract road and fruit tree masks, calculate
vanishing point coordinates and boundary equations, in addition, the yaw angle, lateral displacement and
relative position of fruit trees could be estimated more accurately. Under orchard conditions, it could
further improve the visual navigation effect and the intelligent level of agricultural equipment.

Key words: orchard robot; visual autonomous navigation; instance segmentation; monocular camera

model; pose estimation; fruit tree location
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Fig. 1  Schematic of pose estimation and fruit tree

positioning method
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Fig.4 Schematic of backbone network structure for feature extraction
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Fig. 12  Training process curves
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Tab.1 Comparison of Mask R — CNN model performance of two backbones
boxAP boxAR mask AP maskAR A
[XH) 2% 235 F4) boxmAP maskmAP L B LR B LR ~ L ~ HfE/
PNERTS AN ER T NIER 7N _ /MESE KA . /MNER KER RN =E 7
2 H 5 H 5 EEON ms
Mask R — CNN
0.519 0.519 0.668 0.290 0.095 0.719 0.383 0.139 0.699 0.295 0.065 0.728 0.382 0.112 138
(ResNet50)
Mask R — CNN
0.564 0.559 0.689 0.368 0.124 0.743 0.438 0.165 0.716 0.397 0.113 0.742 0.437 0.156 110
(Res2Net50)

T - boxmAP iy il FAE - B0 6 B2 24 {8, maskm AP Sy #5855 25705 B J8E 349 (L, box AP Dy 141 FAE SF- 35 05 A JEE

mask APy #E A5 - 3574 )2

W 2R IR AR A B AR B S R
Ji B D R A S0 P50 i H AR R B R 22
5t , 1M Res2Net 5 51R F] 70 20 45 BUT ¥k, 7T A 8% B

, box AP Sy g% -1 41 [] <

Z RJE HARBYRHAE , 76 AR 3OS0 4% 18 i R BLH B i
183 1V 1 o

e T 28 ) 24 03 I TE S T RS, 4R BOH
Rd TR R AR AR AE TR R AR BT

, boxAR g i1 FLHE V-4 43 [l & |

ERHERD , 2K BT R & e AT A AT AR AT, I X
FE AT AT BOAR T 48 % 5 BN AT T I 10 B 0 A B 5 X T
T T SE AT DX A A R SE T AR L R AR
o TS PR R A AR AR R b 2 B R SRR
TR B0 B R R AT KSR A ZE A 5L, S

SERANGE 2 PR, o 28 B A O AR AR R, K il
Hou,EEHRHR v,
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Tab.2 Vanishing point and boundary extraction results
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[804,426]
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Tab.3 Pose estimation and its error

s UL i fi i 2 i

@/ (°) A/mm W/mm @/(°) A/mm W/mm E,/% E,/% Ey/% i /s

1 0 0 5000 0. 060 152 5037 0.16 3.05 0.75 0. 059

2 0 860 5000 0.181 687 5102 0. 49 3.47 2.03 0. 058

3 0 -1054 5000 -0.845 - 747 4615 2.27 6. 15 7.71 0. 057

4 -6.0 0 5000 -6.521 214 5087 1.40 4.28 1.74 0. 063

5 5.0 0 5000 4.938 318 4612 0.17 6.37 7.75 0. 065

6 13.7 -613 5000 13. 821 -840 4615 0.32 4.54 7.71 0.053

7 -14.5 677 5000 -8.361 916 5593 16. 50 4.78 11.87 0. 068

8 4.0 500 5000 3.978 418 4 808 0. 06 1.63 3.84 0. 060

9 -10.8 - 785 5000 -9.010 -330 5031 4.81 9.10 0.61 0. 050
B IF 14 Bl B35 05 35, ol A A OF 9 5% £ =14 00g (30)

220 2.91% , K 1) i # OF #4152 258 4. 82% , JH E
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A5 O A 11 -5 085 1 O A% B4 B 84T Min — Max ) —
b, X5 T 0w A A 152 22, 5 2 HOR L AR A ) 6 B8 1Y P
52255 51k 0. 069 F1 0. 035, %F 4 7] 1 B2 1% 2% , 4
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Fig. 13  Experimental data with cascading phenomenon
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Fig. 14 Experimental site for fruit tree position estimation
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Fig. 15 Schematic of experimental point location
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Tab.4 Estimation results of position of fruit trees in experimental site 1

BB B ALE (£AT) ENGEVAACXF! TEATRREE (HTAR) || RA A8 (FHAT) i L8 (A 1T) AT R CHiTBR )
Fe x/m %/m E /% y/m §/m E/% d/m d/m EJ/%|FE iOE/% oy i E/% d d EJ /%

17.33 16.69 3.69 1.87 1.76 5.88

15.46 14.93 3.43 2.73 2.50 8.42
2.50 2.54 1.60

12.73 12.43 2.36 3.93 3.33 15.27

8.80 9.10 3.41

20.78 20.92 0.67 2.95 2.90 1.69 4
17.83 18.02 1.07 4.58 5.21 13.76|| 3
13.25 12.81 3.32 2.75 2.28 17.09] 2
10.50 10.53 0.29 1

2.50 2.68 7.20

_ N WA

RS RER[2RMUEBMGITER

Tab.5 Estimation results of position of fruit trees in experimental site 2

R MEEAE (1) AARMME (LT ATHRBETH) || RN MmGECAT)  AaE (AT) AT (TR
Fe x/m %/m E /% y/m §/m E /% d/m d/m EJ/%|FE i E/% y 7 OE/% d d EJ/%
5 18.64 18.26 2.04 2.71 2.82 4.06| 5 16.81 17.48 3.99 3.61 3.89 7.76
4 15.93 15.44 3.08 2.95 2.53 14.24|| 4 13.20 13.59 2.95 1.87 1.83 2.14

2.50 2.37 5.20 2.50 2.67 6.80
3 12.98 12.91 0.54 4.58 4.60 0.44| 3 11.33 11.76 3.80 2.73 2.46 9.89
2 8.40 8.31 1.07 2.75 2 8.60 9.30 8.14 3.93
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Tab.6 Estimation results of position of fruit trees in experimental site 3

R MEAE(£1F) AARMME(ET)  ATHRBGTHR) || RW MmGECET)  aiE AT AT (TR
FEe x/m %/m E /% y/m §/m E /% d/m  d/m EJ/%|FE i E /% oy 7 OE/% d d EJ/%
7 17.04 16.51 3.11 3.98 3.88 2.51| 7 16.41 16.05 2.19 1.51 1.37 9.27
6 13.06 12.63 3.29 2.71 2.62 3.32| 6 14.90 14.68 1.48 3.69 3.56 3.52

2.50 2.51 0.40 2.50 2.46 1.60
5 10.35 10.01 3.29 2.95 2.41 18.31|| 5 11.21 11.12 0.80 3.61 3.30 8.59
4 7.40 7.60 2.70 4.58 4 7.60 7.82 2.89 1.87
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