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5- Light interception
6- Aerial stereoscopic imaging
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3- Variable rate technology
4- Canopy
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1- Differential global positioning system
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Fig.1. (a) Schematic of the digital test system; (1) Laptop, (2) Ultrasonic sensor, (3) Ultrasonic microcontroller board,

(4) Motors' microcontroller board, (5) Aluminum rail, (6) Slider, (7) DC motor, (8) Wooden mast, (9) String, (10) USB
cable, (b) Picture of the system
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Fig.2. (a) Flat surface, (b) Curved surface, (c) Graph paper
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1- Root mean square error
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Fig.3. Rectangular elements for the manual measurement of the volume tree
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Fig.4. Performance of the experimental system during movement in 100 cm distance
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Table 1- Dimensions of tree canopy

0L )3 d) 2 3908 b Ol 3, b (5jl90 s iy g s 0o
Canopy diameter perpendicular Canopy diameter parallel Canopy height .
Tree number
to row (m) to row (m) (m)
0.90 0.90 1.85 1
0.10 0.90 1.78 2
1.05 0.93 1.84 3
1.00 1.10 1.76 4
0.55 0.60 1.81 5
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Fig.5. Ultrasonic measurement of tree canopy volume
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Fig.6. (a) Distance to the external layout of the canopy, (b) Tree canopy diameter
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Fig.7. Multi layer perceptron neural network
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2- Sigmoid
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1- Gradient descent with momentum
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2- Coefficient of correlation
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Fig.8. Detection area of ultrasonic sensor; (a) Cylindrical object, (b) Squared plane object
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Fig.9. Output ultrasonic sensors in static and move mode for locating the target position on 150 cm distance
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Table 2- RMS error of ultrasonic sensors on the tested distances
Saa dold
Distance of target (cm)

50 100 50 150 200 250
2.65 239 265 356 437 3.71

s layyo (0o pgdone 276 200 276 3.61 437 3.66
RMSE (cm) 203 212 203 348 435 3.64
b Showe oo sl 08l 5 40 917 248 355 436 3.67
Mean RMSE (cm)
Jhne Bl

o 0.39 0.20 0.39 0.07 0.01 0.04
Standard deviation
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Table 3- Detecting position of the target in static mode by second ultrasonic sensor

Bas alold
Distance of target

Bad ol Cordgo
Actual position of the

9ol S bwgi ool Cawddy Cuxdge
The achievement position by ultrasonic

23 4l lal380 (5
Value of increasing of detection

(cm) target (cm) sensors (cm) area (cm)
50 85-165 81-167 6
100 85-165 81-163 2
150 85-165 78-162 4
200 85-165 71-169 18
250 85-165 62-165 23
Slaogas | slacgame i sl mas (BaSs I (B p0,Slee —€ Jgio
Table 4- Performance of ANN models for subsets of features
Slasuie =9 Al L L (oD i g b Olape (ko S
Features Output Topology Cross validation R Cross validation MSE Epochs
CD? (123, + CWP°( 23, + HS® HVRE? 7-10-1 0.923150 0.0040950 1000
CD (123 T CW(123 + HS HVRE 7-8-3-1 0.570500 0.0197350 1000
CD (123 + CW(23 + HS VRE® 7-4-1 0.039905 0.0745540 1000
CD (123 + CW(23 + HS VRE 7-15-1 0.027455 0.0714810 1000
CD (123 + CW(123)¢ + +CD (12,3
& > & VRE 13-15-1 0.862220 0.0070764 1000
CW23p + HS
CD (123 T CW(i 23+ +CD 123
- = i VRE 13-9-5-1 0.928550 0.0129950 1000
CW23p + HS
CD (123 T CWi 23+ +CD (123t
- = i VRE 13-16-7-1 0.983620 0.0027716 1000
CWa 3 + HS
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% Canopy diameter, ® Canopy width,” Canopy height, ¢ The half volume of the tree with rectangular element method, ® The volume of the
tree with rectangular element method, i indicates the number of ultrasonic sensors and f and b represent front and back of the tree canopy.
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Table 5- Tree volume estimation with selected neural network
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2 3 4 5
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Manual volume (m”)
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Estimation volume with ANN (m?)
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Error (%)

s Sl je (ke jgdone
RMSE (m’)

0.7572 0.7440 0.9816 1.1196  0.3676

0.724111 0.761003 1.057930 1.106072 0.385506

2.29 7.78 -1.21 4.87

0.039278
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