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A. K47 7E /8 B Bl Schematic diagram of level moving
machinery; B. 17 E # 3 Scene drawing of level moving ma-
chinery.
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Fig.1 Route map of movement in horizontal direction
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Fig.2 Interface of system
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Fig.3 Flow diagram of experiment
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Table 1  Error analysis of the result of measuring horizontal LAI in east-west direction
Gii 7 I I 2 N 1% 2 xR 22/ % Su/em?  Swm/em? Sy /cm? ¥R /em?  MXRZE /%
No. “Ho " Absolute error Relative error /e HaLsem e sem Absolute error Relative error
1 1.41 1. 67 0. 26 18. 17 1 464. 82 328. 66 549. 30 84.47 18.17
2 2.44 2.47 0.02 0. 90 2 549. 28 224.73 554. 20 4.92 0. 90
3 3. 20 3.22 0.02 0.51 3 431.75 134.72 433. 94 2.19 0.51
4 3.25 1.79 —1.46 —44,93 4 519.77 159. 95 286. 24 —233.52 —44,93
5 2.01 2.56 0.56 27.69 5 398. 06 198. 26 508. 29 110. 23 27.69
6 2.52 2.35 —0.17 —6.62 6 475.05 188. 80 443. 60 —31.44 —6.62
7 2.57 1.91 —0.66 —25.77 7 586.12 228.05 435.06 —151. 06 —25.77
8 2.44 2.39 —0.04 —1.79 8 791.77 325.08 777.58 —14.19 —1.79
9 2.14 2.83 0. 69 32.50 9 610. 62 285. 83 809. 09 198. 47 32.50
10 3.13 2.19 —0.94 —30.02 10 1055.62 336. 86 738.71 —316.92 —30.02
11 2.31 2.95 0. 64 27.83 11 603. 29 261.41 771.20 167.91 27.83
12 2.77 2.51 —0.26 —9.34 12 1019. 49 368.57 924. 24 —95.25 —9.34
13 3.68 4. 09 0. 40 10. 99 13 319. 35 86. 71 354. 44 35.09 10. 99
14 2.68 2.50 —0.18 —6. 80 14 442.97 165. 35 412. 85 —30.12 —6. 80
15 2.62 2.18 —0.44 —16. 64 15 639. 88 244. 68 533. 40 —106. 49 —16. 64
SEYI{E Average value 0.45 17. 37 SFEHI{E Average value 105. 48 17.37

1) Lo : EREEARI A LA {4 LAI measured by direct method; Ly : K75 1] LAI & {4 LAI measured from the horizontal direction;
Sp AN B HZ B Total leal area measured by sampling scanning method; Suyg : /K F4 5 i FL Horizontally-projected are-
as Swp ACEJ7 A A S B I{E Total leaf area measured from horizontal direction (3 2 [f] the same as Table 2).
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Table 2 Error analysis of the result of measuring horizontal LAI in south-north direction

KO I AURE  AXNRE/A Su/om? Sy fem? S fom:  EMRE/em’ X/ Y
No. “Ho M Absolute error Relative error Desem DmE /e PRE/em Absolute error Relative error

1 1. 86 2.29 0.43 23.06 1 464. 82 249.42 572.00 107.18 23.06

2 2.12 1.99 —0.13 —6.13 2 549. 28 258. 64 515.63 —33.65 —6.13

3 2.28 2.33 0. 04 1.91 3 431.75 189.19 439.99 8. 24 1.91

4 3.95 2.71 —1.24 —31.43 4 519. 77 131. 65 356. 41 —163. 36 —31.43

5 2.17 2.48 0.31 14.19 5 398. 06 183. 21 454,54 56. 47 14.19

6 2.54 2.48 —0.06 —2.24 6 475,05 187. 22 464, 39 —10. 66 —2.24

7 2.77 2.51 —0.26 —9.50 7 586.12 211.70 530. 47 —55. 65 —9.50

8 3.30 2.38 —0.92 —27.87 8 791.77 239. 96 571.12 —220. 65 —27.87

9 2.20 2.59 0.39 17.95 9 610.62 278.15 720. 20 109. 58 17.95

10 3.10 2.59 —0.51 —16. 46 10 1 055.62 340. 61 881. 88 —173.75 —16. 46
11 2.26 3.04 0.78 34. 60 11 603. 29 267.48 812.01 208.72 34. 60

12 3.02 2.75 —0.27 —9.01 12 1019.49 337.42 927. 68 —91.81 —9.01
13 2.94 2.92 —0.03 —0. 86 13 319. 35 108. 46 316. 60 —2.75 —0. 86
14 2.68 2.77 0.09 3.38 14 442.97 165. 39 457.96 14.99 3.38

15 2.35 2.94 0.59 25.06 15 639. 88 272.33 800. 25 160. 37 25.06
SE{E Average value 0. 40 14.91 SEIH Average value 94,52 14.91
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Table 3  Error analysis of the result of measuring vertical LAI

G5 I I 2%t 1R = MXFRZE/ % Su/em?  Svg/em?  Svg /em? HXFIR2E fem? MR/ Y
No. Vo v Absolute error Relative error Pesem vasem Svk/em Absolute error Relative error

1 2.23 1. 66 —0.57 —25.42 1 464. 82 208.52 346. 66 —118.16 —25.42

2 172 1.8 0.13 7.46 2 549.28  318.91 590. 26 10.98 7.46

3 1. 88 1.93 0. 05 2.43 3 431.75 229.42 442,26 10. 51 2.43

4 1.67 1. 65 —0.02 —1.27 4 519. 77 311. 11 513.15 —6.62 —1.27

5 1.79 1.53 —0.26 —14.74 5 398. 06 221.94 339.40 —58. 66 —14.74

6 1.59 1.41 —0.18 —11.39 6 475.05 298. 20 420.94 —54. 10 —11.39

7 2.50 2.02 —0.48 —19. 16 7 586.12 234.43 473. 82 —112. 30 —19.16

8 2.34 2.11 —0.24 —10. 16 8 791.77 337. 65 711. 32 —80. 45 —10. 16

9 1. 96 1. 69 —0.27 —13.80 9 610. 62 310. 84 526. 33 —84. 28 —13. 80
10 2.39 1.54 —0.85 —35.58 10 1 055. 62 442,11 679.99 —375.63 —35.58
11 1. 33 1. 66 0. 34 25.48 11 603. 29 454,74 756.98 153. 70 25.48

12 2.39 1.58 —0.81 —33.93 12 1019. 49 427. 24 673.54 —345.95 —33.93
13 1.51 1.53 0.02 1.03 13 319. 35 210.93 322. 66 3.30 1.03

14 1.81 1.67 —0. 14 —7.70 14 442,97 245,13 408. 87 —34. 10 —7.70
15 1.48 1. 60 0.11 7.60 15 639. 88 431.19 688. 49 18.61 7.60
M Average value 0. 30 14. 48 (. Average value 101. 82 14. 48

1) Lvo : W FH E AR A) LAI {8 LAI measured by direct method; Lv: 3 J5 1] LAI K& {4 LAI measured from vertical direction;
Sy AMEE IS B 5 B SE B AL Total leaf area measured by sampling scanning method; Sy : 3 B #3521 Vertically-pro-
jected areas; Svy : 3 ELJ7 [A] L A A i AU MI{E Total leaf area measured from vertical direction (€ 4 [H] the same as Table 4).
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Table 4 Error analysis of the result of measuring LAI using WinSCANOPY
T wRRE MR/ Y Sujomt  Semfem? Suajem: AT cmt MBI/ %
No. Absolute error Relative error - - Absolute error Relative error
1 2.23 1.68 —0.55 —24.63 1 464. 82 208.52 350. 32 —114.51 —24.63
2 1.72 2.31 0.59 34. 26 2 549. 28 318.91 737.47 188.19 34,26
3 1.88 2.27 0. 39 20. 75 3 431.75 229.42 521. 35 89. 60 20.75
4 1.67 2.25 0.58 34. 83 4 519.77 311.11 700. 79 181. 02 34. 83
5 1.79 1.64 —0.15 —8.56 5 398. 06 221.94 363.98 —34.09 —8.56
6 1.59 1. 50 —0.10 —6.15 6 475,05 298. 20 445. 81 —29.24 —6.15
7 2.50 1.57 —0.93 —37.21 7 586.12 234.43 368. 05 —218.07 —37.21
8 2.34 1. 95 —0.39 —16.74 8 791.77 337.65 659. 26 —132.50 —16.74
9 1.96 1.99 0.03 1.43 9 610. 62 310. 84 619. 35 8.73 1.43
10 2.39 1. 17 —1.22 —51.10 10 1055.62 442. 11 516. 17 —539. 46 —51. 10
11 1.33 1.45 0.12 9.11 11 603. 29 454,74 658. 24 54.95 9.11
12 2.39 1. 65 —0.73 —30.75 12 1019.49 427. 24 706.02 —313.47 —30.75
13 1.51 1.47 —0.04 —2.74 13 319. 35 210.93 310. 60 —8.75 —2.74
14 1.81 1.73 —0.07 —4.13 14 442,97 245.13 424.68 —18.29 —4.13
15 1.48 1.97 0.49 32.75 15 639. 88 431.19 849. 43 209. 55 32.75
M Average value 0.43 21.01 SEH Average value 142. 69 21.01
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LAI measurement from horizontal direction for precision spraying

WU Wei-bin' DU Jun-yi* HONG Tian-sheng’ FENG Zhuo-feng®
LIANG Jia-yue’ LI Shuang-shuang®
1. Key Laboratory of Key Technology for Agricultural Machine and Equipment ,
Ministry o f Education s South China Agricultural University sGuangzhou 510642 ,China;
2. College of Engineering ,South China Agricultural University/Machinery Laboratory of
China Agriculture (Citrus) Research System ,Guangzhou 510642 ,China

Abstract Leal area index (LAI) of fruit trees provides significant references for precision spraying.
However, measuring LLAI from the vertical direction conventionally does not conform to the actual de-
mand of lateral precision spraying. In this paper, using measuring system of citrus LAI with near-infra-
red transmittance technique, LLAI of citrus trees was measured from the horizontal direction, the total
leaf area was calculated, and then the real leaf area was obtained by direct method as standard values to
measure the error, The experimental result was that the average absolute value of the absolute errors
were 0. 45 and 0. 40 respectively, and average absolute value of the relative errors were 17. 37% and
14.91% respectively when measuring in east-west direction and south-north direction. Besides the error
of measuring the total leaf area was not much different with the error of measuring from vertical direc-
tion by using the system or WinSCANOPY Canopy analysis system. It shows that the accuracy of meas-
uring LAI or total leaf area from horizontal direction meets the requirement of the experiment.

Key words leaf area index; horizontal measurement; precision spraying; near-infrared transmis-

sion; total leaf area
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