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Ultrasonic Quantification Test of Plant Canopy Density
Based on Cylindrical Surface Model

NAN Yulong ZHANG Huichun ZHENG Jiagiang JIAO Xiang XU Youlin WANG Guosu
(College of Mechanical and Electronic Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract: A set of ultrasonic echo signal detection system was constructed based on low-cost ultrasonic
sensors, and a quantification test bench was established based on the cylindrical surface leaf blade
distribution model. Based on the orthogonal center composite design experiment, a quantitative
relationship among the mean value of ultrasonic echo signals, canopy density and detection distance was
established, namely the plant canopy density quantitative model. The variance analysis of the established
plant canopy density quantification model showed that the plant canopy density quantitative model was
very significant, and the loss of quasi-simulation was not significant. The R’ and predicted R* by the
plant canopy density quantification model were 0.988 5 and 0.911 4, respectively, indicating good
agreement between the experimental values and the predicted values. In order to verify the reliability of
the established plant canopy density quantitative model, four canopy densities were used in indoor to
perform verification tests at three different distances. The experiment results showed that the minimum
relative error between the measured value and the model measured value was 1.230% , the maximum
relative error was 13. 650% , and the average relative error was 6. 120% . The plant canopy density
quantitative model had a good applicability to the canopy density measurement of the indoor test bench.
Three Osmanthus trees were selected to verify the model in the outdoor and nine test points were selected
for each tree. The experiment results showed that the minimum relative error of the measured density and
the model density was 3.959% and the maximum relative error was 20. 600% , and the average relative

Weks HIY . 2018 —07 —05 &R H Y, 2018 —08 —09

EEWA: BXARPAEESTH (31371963) LA S KAA BT H (NY —058) JL/344 H i LI H (7520201812) (VL7544 333 L
T H (TR 20186) IS8 81 340 H (201808320043 ) FIT F i A s Hvss Bl 1% T2 H

TEERBN: MEE(1991—) , 5 A EZNFR GEE U AR 208 54 6 H AR5, E-mail ; nanyulong2012@ 163. com

BEEE. KEHF(1978—) , &0, #d% , HHE S U, 32 SR REFE R WL AN A 2585 50 4 FH 4 AR5, E-mail ; njzhanghc@ hotmail. com



210 1 R = S

201094

error between the measured density and the model measured density of three Osmanthus trees was
11.244% , 12. 246% and 9. 628% , respectively. Therefore, the plant canopy density quantitative model
established was suitable for outdoor density measurement of Osmanthus trees.

Key words: profiling spray; plant canopy; ultrasonic sensor; cylindrical surface model; density

quantitative model
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Fig.3 Density test bench and adjustable bracket
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Fig.4 Schematic for measuring beam width of ultrasonic sensor
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Fig.5 Test point distribution diagramin front of test bench
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Fig.6 Scene diagrams of quantitative test of canopy density
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Tab.2 Measurement results of ultrasonic beam width

cm
FEES/m D, D, D, F¥IME D, P
17.4 19.5
0.50 15.8 19.9 16. 30 19. 90
15.7 20.3
16.0 20.5
0.55 17.5 21.3 16. 67 21.13
16.5 21.6
21.5 25.3
0.90 20. 1 26.0 20.70 25.63
20.5 25.6
24.0 28.3
1.25 22.5 26.3 23.33 27.60
23.5 28.2
24.5 28.3
1.30 23.3 29.3 23.93 28.37
24.0 27.5
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Tab.3 Quantitative test results of tree canopy density

’

2 2 215 z 22 y/mV
1. 147 0 0 0.713 -0.603 14.678
1 1 1 0.397 0.397 9.429
0 0 0 -0.603 -0.603 11.340
0 —-1.147 0 -0.603  0.713 21. 494
0 1. 147 0 -0.603 0.713 8. 113
1 -1 -1 0.397 0.397 24.750
-1.147 0 0 0.713 -0. 603 7. 540
-1 1 -1 0.397 0.397 5.985
0 0 0 -0.603 -0.603 11.695
0 0 0 -0.603 -0.603 10.814
-1 -1 1 0.397 0.397 11. 405
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Tab.4 Variance analysis of tree canopy density

quantitative model

ISt FOrE AWME ¥y F p
LY 333.57 5 66.71 86 <0.000 1
%, 94.07 1 94.07  121.25  0.0001
%, 196. 41 1 196.41  253.18 <0.000 1
X%, 24.51 1 24.51 31.59  0.0025
x? 1.08 1 1.08 1.40 0.2903
x3 17.50 1 17.50  22.56  0.0051
hkZE 3.88 5 0.78
i) 3.49 3 1. 16 5.91 0. 148
4R 2% 0.39 2 0.20
pEyill 337.45 10

HH:p <0.001 M 35 p<0.05, 8 ; p>0.1, REE,
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Tab.5 Test results of indoor canopy density

model applicability

HE/mV BEEE/mV X RZE %

% /(g'm™3)  x/m

0.8 10. 370 9. 840 5.111
425.72 1.0 8.172 7.701 5.764
1.2 7.302 7.041 3.574
0.8 13. 304 12.254 7.892
716. 18 1.0 10.916 9.426 13. 650
1.2 8.475 8.078 4. 684
0.8 13. 846 14. 832 7.121
1068. 94 1.0 11.973 11. 168 6.723
1.2 9.492 8.983 5.362
0.8 16. 501 16.298 1.230
1297.98 1.0 12. 554 12. 091 3.688
1.2 10. 248 9.364 8.626
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Tab.6 Test results of canopy density of outdoor Osmanthus trees A, B and C
S B A ﬁ’rﬁ B ﬁ’m‘ C
o LR, BORRE,  ARNRR2E,  SCINEED/ O BORUEEE/ O MIWRR2E,  SCIEERE, BUBSEEE/ MINRIR2E/
e (gm™)  (gm™?) % (gm™2)  (gm™?) % (gm™)  (g'm™?) %
1 462.226 521. 627 12. 851 161. 447 194. 705 20. 600 601. 699 651. 176 8.223
2 351.751 403. 983 14. 849 219. 699 256. 106 16.571 656. 405 715. 967 9.074
3 1098. 819 1179.769 7.367 371. 550 411.716 10. 810 654. 534 575.933 12. 009
4 1 068. 809 1 184. 337 10. 809 631. 096 687.533 8.943 999. 764 1088. 028 8. 828
5 621. 461 697. 794 12.283 340. 024 382.527 12.500 574. 859 552. 098 3.959
6 1 104. 999 1 039. 603 5.918 421. 090 488.552 16. 021 1259. 417 1 358. 804 7.892
7 383. 345 406. 610 6. 069 434. 065 485.725 11.902 1062. 511 1185.929 11.616
8 834. 395 943. 137 13.032 483. 605 514. 184 6.323 387.956 460. 040 18. 580
9 495. 400 584. 676 18. 021 1 102. 265 1 030. 094 6. 547 1255.839 1337.086 6.470
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