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Estimation of Upper and Lower Canopy Volume Ratio of
Fruit Trees Based on M — K Clustering

QI Lijun CHENG Yifan CHENG Zhenzhen YANG Zhilun WU Yalei GE Luzhen
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: The volume of tree canopy provides theoretical basis for the orchard spray, and the application
of airborne laser scanning is widely used in canopy volume measurement, but there is a problem of lack of
canopy information. To solve this problem and improve the accuracy of tree canopy volume measurement,
a method based on image processing to measure the tree upper and lower canopy volume ratio was
proposed. A new M — K clustering method combining Mahalanobis distance and K-means algorithm was
created to split the image target area and find the ratio of the volume of pixels in the upper and lower
canopy by rotation integration method. The further research reduced the error ( nearly 25.3% )
measurement of unilateral canopy image processing on this basis. According to the estimation results of
multiple images of different sides of the fruit tree by arithmetic mean method, M — K clustering method
was modified, which became more accurate and stable. Totally 23 apple trees and 20 cherry trees were
experimented in the orchard, and the results were compared with the artificial measurement results,

which showed that the M — K clustering method was in good agreement with artificial measurement results

with R>  of 0.775 and R’

apple cherry
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of 0. 832. It can be used for the measurement of canopy volume ratio.
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Fig.1 Hardware composition of inspection system
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Fig.5 Extractions of canopy edge contours of fruit trees
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Tab.1 Measurement result of compensation

volume coefficient

T8 FOEE R PR BT ) /om 11555 BE (BEBERSBEAL) /em
Big/em 180 150 120 90 180 150 120 90
410 1.078 1.009 0.983 1.105 0.984 0.984 0.971 0.986
360 0.958 0.864 1.002 0.909 1.008 0.983 0.973 1.117
310 0.884 0.990 1.012 1.132 1.055 1.016 1.024 0.944
260 1.039 1.012 0.980 0.894 0.914 1.017 0.932 0.965

xk2 HEHW
Tab.2 Variance analysis result
% S R PR
YR P WEFEN Horm Fie REN
A 0.00855 1.1 0.3976 0.00328 1.22 0.3565
I E 0.00085 0.1 0.9525 0.00064 0.24 0.8673
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Tab.3 Artificial measurements and image processing values of canopy volume

3k Jy % &L SN /MBS % Y{H/ % WeE R Yo7 iR 22/ %
£ PN E (] 23 2.731 1.068 1.53
AR BB N T 20 4.396 0.811 1.74
SRR B R (B (AR L) 23 2.471 0. 945 1.58 0. 661 0.234
S SR 0 (S ) 23 2.387 0.757 1.56 0. 704 0.261
AR B 5 0 A (AR k) 20 4.034 0.732 1.85 0.773 0. 420
PR AR 8% 52 00 S (P A ) 20 2.835 0. 800 1.69 0.818 0.258
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