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Development of Real-time 3D Reconstruction and Volume
Estimation Technology for Pear Fruit Using Multiple Depth Cameras
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Abstract The quality of fruits is determined by various factors, such as color, size, shape, defects, and
sweetness. However, at most agricultural processing centers, the grading of fruits based on geometric
information like size and shape is mostly done manually. Research has been conducted on the use of
2D image-based techniques to automate the processing of geometric information of fruits, but the
information obtainable from a single-view 2D image is limited. Previous studies have explored the use
of 3D imaging information for fruits, but due to complex processes, real-time processing applicable at
fruit sorting lines has been challenging. In this study, we aimed to address these issues by developing
real-time 3D measurement technology to accurately measure the 3D geometric information of fruits, and
we evaluated its volume-measurement accuracy for pear fruits. Multiple RGBD cameras were used to
simultaneously capture images from multiple sides, and pre-calibration of camera positions was
performed to avoid time-consuming tasks such as feature-point matching for each measurement.
Furthermore, an algorithm that allows precise volume measurement was developed through image and
point cloud processing. As a result, the volume of pear fruits can be measured with a coefficient of
determination of 0.9931 and a mean absolute percentage error of 0.61%.
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Table 1. Specification of depth camera

Camera Realsense D405
Principle Stereoscopic
Ideal range 7 cm to 50 cm

87° x 58°
Up to 1280 x 720
+2% at 50 cm

Field of view

Resolution

Depth accuracy

Fig. 1. 3D measurement system
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Fig. 2. Chessboard used for coordinate calibration

=

2.3 Y2 MAH S&xE

th9] Fhelelt AR AIARS] B8-S TEfsto]
2 AFollAl= 509 A Bke] A7FY AL Wi B
219] Zlo] 7iuetE 8ottt RARE o] ¥hALE o]
Eote= ARRE Bdl ZHolE EAcke  ToF
(Time-of-Flight) l°] 7Hlete A=A, AH 4
I 2AHQH FIMIS Zhe T o R o] oA
7F 3ot ARtobA] ottt

Realsense D405 7= Hd 24+ 5 554 &%
2lo] RGB ¥ATtO 2 52 AH# L vjxo] =7
wj5o] Zo] AoA] Tk Fhgo] uHgEtT) o]t &
=< 2457 sl 2 7H2ke] RGB d/3llA 4A
& ol v B9 JI& &0, ok 99
o] ERkE 324 JAde] Aol ol-8starAt st

S 9J5to] RGB JAS Lab®l HSV Mg7to g gt

ﬂJl

o

HN

ﬂil



Fate7|stsl=E A A24d A10Z, 2023

sto, Tt J99] FEo] A M-I Aot
AR cﬁ/},g_ BE 2= YAZ(Otsu’s threshold)S
o] &3t o]33} WHAlE Foto] T} wiES Bt
A 5}5—4 Zio] EYkE o]-gsto] 34+
FFE TAsITHAL

2.4 B pA 3XR IY B Y | A
748 379 94 2 Ao o) e BYst
71 Sisfel, 21709 W A7t EHIsIgIEY 3e] A
o) whe #3394 Aol BAs sistel,
Fig. 3 (@9} 20] B4/} et Wk A4 Fig. 3
()9} o] HA7} SWE Fo A= e WAt
o Belgich. 7 Al chobdl e SR 3
5] v gegste] slte] 3o otel 63 W F
Fslgict

I

>
mlo

(b)

Fig. 3. Orientation of pear fruits (a) Upward
orientation (b) Sideward orientation
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V represents the volume of the fruit,

V= M

Where,

Wiz, is the weight of container, water and fruit

when fruit was fully submerged in water in the

container (N), W, is the weight of the container

and the water (N), and ,, is the specific weight

of water (9810 N/m?).
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Where, y, is the measured volume of the i,

sample using the water replacement method, y;

is the measured volume of the i, sample using

the 3D measurement system, y is the mean of
measured fruit volumes and n is the number of

samples.
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Fig. 4. Images of RGB, Lab and HSV color spaces
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Fig. 5. Fruit area extraction based on the Otsu’s
threshold
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Fig. 6. 3D reconstruction results (a) without fruit area
extraction (b) with fruit are extraction
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Fig. 7. Performances of 3D measurement according
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Table 2. Evaluation result of volume estimation of
3D measurement system

Whole I.Jpwar'd S%dewa.rd
orientation orientation
R’ 0.9931 0.9940 0.9936
RMSE 4.47 cm® 431 cm® 4.16 cm®
MAPE 0.61% 0.58% 0.57%
750
R?=0.9931
700 - RMSE = 4.47 cm®
MAPE = 0.61%

Actual volume (cm?)

500

450 L 1 L L L
450 500 550 600 650 700 750

Estimated volume (cm?)

Fig. 8. Scatter plot of estimated volumes using 3D
measurement system and actual volumes
measured with water replacement method
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