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An Active Structured Light 3D Point Cloud Measurement for Orange
Shape Based On Adaptive Co-Opposite-Direction Slicing Method
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Abstract It is worth noting that determining the shape parameters of a fruit growth period, monitoring fruit development,
and solving the problem of fruit characteristic size extraction for quality grading are essential in agricultural fields.
However, traditional measurement methods are prone to damage fruit surface morphology, and the noncontact
measurement method based on two-dimensional image feature processing has limitations in measuring various
morphological parameters (e. g. , size and volume). To solve this problem, this paper proposes an adaptive co-opposite-
direction slicing noncontact measurement method for the orange shape parameters. First, we use an active structured light
three-dimensional camera to obtain the orange point cloud. Consequently, we calculate the height and diameter of the
orange point cloud using the search bounding box method. Furthermore, to improve the slice utilization rate, we introduce
adaptive conditions to examine the relationship between the change rate of adjacent slices’ vertical area and the threshold
value to automatically update the slices. After that, the polygon area is updated again to calculate the slice volume.
Finally, the complete volume of the orange is calculated using the summation method, and the final calculated value is
determined by the mean of the volume obtained through co-opposite-direction calculation. Based on the verification of the
orange simulation model and two groups of real orange data sets, the results of regression analysis between the calculated
and real values show that the coefficient of determination of each index is greater than 0. 95, and the average time is no

more than 8. 354 s. Compared with other methods, the measurement errors of height, diameter, and volume of the orange

Wi B 2022-04-12; EEHH. 2022-04-29; RABH. 2022-05-09; MEBHEZBH: 2022-05-19
HETB: EEARP 4 (51705304) T A R340 -0 H (20ZR1421300)
BIS1E#& . “chenhui@shiep.edu.cn

0928003-1



https://dx.doi.org/10.3788/LOP221279
mailto:E-mail:chenhui@shiep.edu.cn
mailto:E-mail:chenhui@shiep.edu.cn

FE 6055 9H1/2023 F£ 5 A/ ENEFEHE

simulation model are reduced by 3.5%, 0.9%, 0.7%, and 3.6%.

Key words measurement; shape parameter measurement; adaptive; co-opposite-direction slicing; non-contact
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Fig. 1 3D measurement frame diagram of orange based on adaptive co-opposite-direction slicing method
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Table 1 Materials needed for experiments

Name Precision Range Number
Vernier caliper 0.01 mm 150 mm 1
Beaker 1mL 1000 mL 2
Graduated cylinder 1 mL 500, 1000 mL 2
Iron stick - - 1
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Table 2 Measurement result of the orange simulation model

appearance indicators

Height / D,/ D,/ Volume /
Parameter
mm mm mm mlL
Calculated value 80.71 81.51 81.71 247.89
RE /% 0.21 0. 89 1.89 2. 14
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Table 3 Measurement results of orange shape parameters

Height D, D, Volume
Dataset RMSE/ ME/ RMSE / ME / RMSE / ME / RMSE / ME /
T/s KR T/s R T/s R T/s
mm mm mm  mm mm  mm mm  mm
1 0.980 1.210 1.215 0.115 0.974 1.265 1.203 0.115 0.970 1.308 1.399 0.115 0.987 5.537 3.944 7.826
Il 0.979 1.213 1.242 0.122 0.976 1.258 1.387 0.122 0.968 1.313 1.374 0.122 0.979 7.223 4.245 8.354
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Table 4 Measurement error comparison of orange shape parameters under different methods
Height D, D, Volume
Dataset Method - - - -
R’ RMSE /mm R’ RMSE /mm R’ RMSE /mm R’ RMSE /mm

Ref. [8] 0.919 1.908 0.965 1.262 0.927 1. 805 - -

I Ref. [29] 0.945 1. 466 0. 945 1.462 0.945 1. 466 0.951 5.856
Ref. [ 7] 0.988 5.534
Proposed 0. 980 1.210 0.974 1. 265 0.970 1. 308 0.987 5.537
Ref. [8] 0.918 1.907 0.962 1. 260 0.930 1.822 - -
Ref. [29] 0.948 1.462 0.948 1.462 0.948 1.462 0.945 5.904

f Ref. [ 7] - - - - - - 0.974 5.499
Proposed 0.979 1.213 0.976 1. 258 0. 968 1.313 0.979 7.223
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