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Table 1 A comparison between calculated and measured values
of models with different shapes
A FM
o Volume/dm® Surface area/dm’
R e N N N o praS " 0 " =
Modols  SGWUE  UPHME ZoMwE  SfE  HE  AATRE
Measured Calculated Absolute Measured Calculated Absolute
value value error value value error

IEJ7 1k 1.0 1.0 0 6.0 6.0 0

=R B2 312 0 V3 V3 0

xk 2n/3 2094  3.951x10%  2x 6.283  1.85x10*
A 13285  13.084 0.201 / / /
BN 7.023 6.804 0.219 / / /

BT 2 AR IR B A e N = 4R 5
MRS, S, JUT RS EE R, IR R YE =4k
PR N S AR 2R OIS IR i e TR
T FE BORE L, BRI  JICAS [A] e J5E s 2 F) fi K LA

SR HAT AR S SEMME XS EE gk 2 Fs .
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Table2 A comparison between calculated and measured values
of Hami melon diameter
HARTHEAL HARSEIE

Heiﬁgll{t%cm Calculated Measured Absi?uxti ?rrzf_r/cm
diameter/cm diameter/cm

0.10 0.43 0.43 0

0.20 0.84 0.84 0

0.35 1.45 1.40 0.05
0.50 2.07 2.00 0.07
1.00 3.99 3.60 0.39
2.00 7.40 7.40 0

3.00 10.23 10.30 0.07
4.00 12.48 12.10 0.38
5.00 14.15 14.12 0.03
6.00 15.24 15.31 0.07
7.00 15.75 15.80 0.05
7.38 15.79 15.86 0.07

L CL EE T A, SN 7.38 em MING K, Hix
KEZN 1579 cm; HASEFREE S THEE MR KR
ZEMH9 0.39 om, AN[F] i BE IR S 25 R AR I {8 5
HERYIE .

E— 25 B0 IE R 21 S A 2 TRAE e 1) B — AR B 5 A
2, RIEAEARBEN 48 MEEIN, B3 MEEINGN—
H, BEZITEIME 15~30, BEZIREHEL 1.5, 2.05 2.5cm
ZERNER 3 Fis.

X} %/ W B JTCRE A A5 B 3R AT S AL REAE SR, L)
BITCIEEL N=28 X — 2 KE BE B A%, A 25 AR R 1) S B
WEES T EEWE 10 s,
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Table 3 Statistical difference of average petal volume between Hami melon groups
UE] TEMEF AR At iR 2 VL TEIF-E AR YRR 7
205 % Average petal volume/cm® Absolute error/cm? A FEHEE Average petal volume/cm® Absolute error/cm?
Group Numberof  f= H= H= H= H= H= | Group Number of H= H= H= H= H= H=
cutpetals 15cm 20cm 25cm  1.5cm 20cm 25cm cutpetals  1.5cm  20cm  2.5cm 1.5cm 20cm  25cm
1 15 9.424 10489 12.158 0.162 0.065 0.224 9 23 3.687 4.651 5.624 0.187 0.117 0.149
2 16 8.687 9.544 10.681 0.200  0.009  0.178 10 24 3.601 4.593 5.447 0.162 0.115 0.157
3 17 7.684 8.968 9.156 0.186 0.101 0.156 11 25 3.546 4.501 5.371 0.114 0.102 0.198
4 18 6.798 7.746 8.038 0.175 0.054  0.298 12 26 3.498 4.433 5.284 0.094 0.074 0.297
5 19 5.775 6.704 7.465 0.145 0.109  0.265 13 27 3.490 4.401 5.210 0.175 0.113 0.176
6 20 5.278 5.486 6.745 0.156 0.065 0.300 14 28 3.484 4415 5.302 0.204 0.115 0.302
7 21 4.874 5.048 6.265 0.198 0.114 0.187 15 29 3.332 4252 4.996 0.201 0.087 0.274
8 22 3.852 4.815 5.819 0.148 0.102  0.265 16 30 3.308 4.230 4.823 0.156 0.101 0.249
e AR ZE AR IR S IE R R TR 72 H AREZIIRE
Note: The absolute error is the difference between the average volume of petals and the theoretical volume of petals.H is the engraving depth.
— il #fiCalculated value + 52l Measured value
E3401 * E 4387 & 5.06r . +
L2 ° * 2 *
B 8 436l . * & 504t
] oo o
¥ g | : it :
= §3~35 r =E 434 * . S 5.02F .
NE Nz, o . RE 00 e
=% =% 432 . =% 5 . R
sl 05330_ %2 - . 2 | .+ ‘o W
4o 22~ <z 5 430 .+ s «* * 2= 5498 * *
s -—g' ** . * . * R * et " = ‘§ * = '§
s |+ PN «* 5 426} 5 4961 .t
&: 3 25 L L L 1 1 I &) 1 1 1 1 * 1 1 Qq‘) 1 1 1 1 N 1 1
20 5 10 15 20 25 30 4245 10 15 20 25 30 9% 5 10 15 20 25 30
25 A G 5 25 JIAE JE G e 25 JIAE G 5
Petal number of Hami melon Petal number of Hami melon Petal number of Hami melon
a. N=28, H=1.5 b. N=28, H=2.0 c. N=28, H=2.5

e N ONHEZING ETAE R H OMEZIERZ, cm.

Note: N is the number of carved Hami melon petals; H is the depth of engraving, cm.
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Fig.10 The comparison of calculated and measured petal volume of Hami melon
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Algorithm for the uniform petal carving of Hami melon based on
three-dimensional reconstruction

Zhao Mingyan®, Lin Min!, Xu Peng**, Wang Yongjin', Song Tianyue®, Liang Mingxuan®, Hu Jianhong!
(1. College of Mechanical and Electronical Engineering, China Jiliang University, Hangzhou 310018, China;
2. College of Science, China Jiliang University, Hangzhou 310018, China)

Abstract: Higher carving speed and uniform petal size of Hami melon are critical for the robot carving Hami melon. It is very
necessary to plan the cutting path of the execution terminal (carving knife) in real-time, according to the three-dimensional
coordinates of different processing objects. In this study, a uniform petal carving of Hami melon was proposed using point
cloud splicing. The image features were extracted and reconstructed sparsely. The feature parameters of melon were firstly
obtained by point cloud coordinates. Secondly, CMVS/PMVS algorithm was selected for dense reconstruction using the sparse
points. Finally, the octree and Poisson surface reconstruction were used to obtain the accurate 3D spatial coordinates of melon.
Different shapes of Hami melon was led to different reconstructions. Each piece of flesh presented the same volume after
carving. The specific procedure was as follows. Firstly, the cutting height and depth of melon were determined to extract the
point cloud. An arc function was then fitted to determine the center of the circle, according to the point cloud of the outermost
circle of Hami melon. The number of carving petals was divided 360° to determine the pre carving start point, end point, and
path. Specifically, the initial triangle was formed to search for the two closest points from any point in the numerous point
clouds as the benchmark, and then to expand the triangle outward with the three sides of the triangle as the baseline, where the
equal volume of each petal was taken as the objective function, while the equal cutting depth and cutting angle of each petal as
the limiting conditions. Until all the point clouds were included in the three-dimensional triangle network, the area of the
projected triangle was calculated by the Helen formula, where the average value for the Z coordinates of three projected points
was taken as the height, and then to calculate the volume of the triangular pyramid. After depth-first and particle swarm
optimization, the optimal solution was found in the coordinates of Hami melon point cloud through continuous recursive
iteration. Finally, better cloud coordinates were stored as new datasets and then marked on the outside of Hami melon. As such,
the manipulator was controlled to evenly carve the Hami melon. Specifically, the cutter first adjusted to the appropriate posture
angle as posture point 2, then moved along the cutter ridge to a certain depth to posture point 1, and retreated to posture point 3,
and finally, the cutter moved along the outer surface of Hami melon to the next adjacent posture point 2. These steps were
repeated to complete the overall carving of the Hami melon. The regular and irregular models were also selected to verify the
accuracy. The calculated volumes of cube, pyramid, and irregular body were compared with the real. 48 Hami melons (16
groups, 3 in each group) were divided, where the number of carved petals was 15-30, and the carving depth was 1.5, 2.0, and
2.5 cm. It was found that the precision of the group was the lowest with the number of cut petals N equal to 28. The maximum
and minimum petal volumes were measured as 3.40 and 3.25 cm’, respectively, where the maximum volume difference was
0.15 cm’, and the error was less than 5%. Consequently, the melon petal carving using point cloud splicing presented a higher
precision than before. The findings can provide strong technical support for robot carving Hami melon.

Keywords: image processing; Particle Swarm Optimization(PSO); 3D reconstruction; uniform petal carving; point cloud
splicing; triangular meshing



