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Apple Shape Index Estimation Method Based on Local Point Cloud

WANG Haoyun'?>  YAN Ruqgi' ZHOU Xiaoli' MA Shihang' HU Haoxiang' XU Huanliang'*
(1. College of Information Science and Technology, Nanjing Agriculiural University, Nanjing 210095, China
2. Postdoctoral Mobile Station of Agricultural Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract; In order to obtain the shape parameters of growing fruit and monitor the fruit development
status, an apple point index estimation method based on local point cloud was proposed. The method
could estimate the shape index parameters such as volume, height and diameter of apple through apple
local point cloud data. Firstly, the geometric model of apple was constructed by using the method of
ellipsoidal surface equation, and the height, diameter and volume of apple geometric model were
calculated. Kinect V2 was used to get point cloud data from any angle. Secondly, the pass-through
filtering method was used to remove the background of point cloud data and the bounding box reduction
algorithm was used to streamline the point cloud, and then the apple’ s local point cloud was obtained.
After that, the genetic algorithm was used to solve the optimal apple geometric model parameters.
Finally, the height, diameter and volume of apple optimal matching model were used to estimate the
shape index parameters of matching apple. The experiment collected local point cloud data of 250 apples
at three different angles, namely the top, side and bottom of apple. Using this method, the shape
indicators of 250 apples were estimated under these three angles. A linear regression method was used to
analyze the linear correlation between the estimated value and the true value. The linear regression fit of
each indicator was higher than 0. 7. Among them, when the angle was the side of the apple, the linear
regression fitting effect was the best, and the R* was up to 0.948. And the average error of the apple
volume estimation results under angles was no more than 16. 16 mL, the average error of the height
estimation result was no more than 2. 92 mm, the average error of the diameter estimation result was no
more than 2. 35 mm, and the average error was within the allowable error range. The experimental results
showed that the method was stable and practical.
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555 EWE R A BT RS A S RSB b Al I 7 12 211

*1 IETHERELTNSH (1) SERRGFRANA— S, 704 12 ~
Tab.1 Measured parameter analysis of red Fuji 14 A5 FE AN 0 BE R A 00 (38 SR A8 A ANE A8 5 5
apple fruit PRI 1 B S 6 8 A S e, R T T L
Wf‘ﬁ SRR b T R T 0.7, RMSE $I7E 72V I i 22905 22 19, iE
R/ mL 658. 00 220. 00 362.93 . s e o
. %7 18 FH T 45 R 0SSR AR A T B A T A4
151 B/ mm 95.15 65.41 78. 88 . N . .
HA% D,/mm 103. 63 69. 79 85. 66 )l = B, DA DT I R
4% D,/mm 108. 61 71.61 88.57 (2) DA 12 ~ 14 FEERIRFISHAL 25 R |
700 g2y 944 _ Brp=osol P F R*=0.932 HOp g2=p,.002
650 F RMSE 41825 ml. _'," RMSE %2195 mm °9w 8 L RMSE #71.69 mm i 105, RMSE 11,98 mm &
600 A° b 7 o ey L od 1001 ca®

, 350
500
450

o
L
T

Al /mm
=

it I 1/ mm
=

5400+ Il g ¢
"_350 _}'.'\n . L :” o .': s
300} 3 8% i I .
250 | o i 75t 4080

200 300 400 500 600 700 65 J0 75 BO B85 90 95 65 70 75 RO 85 90 95 100105110 T0 75 B0 85 90 95 100105110
EL/mL FLAC T /mm FLAC(f/mm FLSE{T/mm
(a) (£ (b) (e) D, (d) D,

B2 B 1 T3EARSME RS 4s

Fig. 12 Estimated results of apple shape indicators under angle 1

700 piz.948 B poga wi' O pgon 1O gep 021
650F RMSE#18.11 mL A opl RMSE42.18 mm wmw 105 RMSEH1.68 mm oy 105 RMSER 181 mm . ,PG'
6001 o e i : 100+ 1 J
i ] 100-
350 — o
E 500 Qg{ g o g 95
Sl = 90} =
£ 450 e ¥ i = 900
= 400t £ = 83}
3501 80 o
300) 75¢F . i
250k 704/ 75 o

200 300 -Hlll} 500 NI'H] ?II](} 65 ‘.lrlf] 7‘.‘-! 3‘(] 8‘5 90 95 65 7‘{! 7‘.“5 :’5“} 8‘5 '-J:U 9‘5]!51”[‘}5T‘][] 70 ?II.} 8‘!] 85 90 '-}Iﬁ ]{I‘U |[IIS |I|!]
B /mL P/ mm Bl mm B/ mm
(a) {fH (b) @ (e) D, (dy b,

13 A 2 FRRIMEAR ARG IS

Fig. 13 Estimated results of apple shape indicators under angle 2

700 - =928 . 95 R=0.73 ~ N0r =916 NOr g2,885
650 1 RMSEX21.21 ml. 7 51 RMSEJ1.91 mm 5 105F RMSE#2.19 mm
£ = ° .0@'. ;
° ALY - 100}
- ] % 95k
| = 90}
: =85
[ L 80}
| e | o 5E .
L i R
200 300 400 500 600 700 65 70 75 80 85 90 95 65 70 75 80 85 90 95100105110 70 75 80 85 90 95 100105110
FLA(f/mL B/ mm B mm LA /mm
(a) {fF8 (b) ¥ () D, (d) D,
K14 L3 R SERINESR bl I 25
Fig. 14  Estimated results of apple shape indicators under angle 3
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Tab.2 Apple shape indicator estimation result Tab.3 Average error of apple shape indicator estimation
(LA [=1E:4 D, D, R 2
I
bl s R RMSE/ R RMSE/ e RMSE/ R RMSE/ A/l FEHE/mm D, /mm D, /mm
mL mm mm mm
1 14.43 1.98 1.31 1.74
1 0.944 18.250 0.801 2.195 0.932 1.690 0.902 1.980
2 13.28 1.69 1.34 1.49

2 0.948 18.110 0.842 2.180 0.933 1.680 0.921 1.810
3 0.928 21.210 0.730 2.802 0.916 1.910 0.885 2.190 3 16. 16 2.92 1.59 2.35
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Tab.4 Estimated average error comparison
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