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Abstract

This study aims to develop an automated fruit harvesting system with visual monitoring capabilities
by integrating key components such as the Pixy CMUcam5 vision module, SG-90 micro servo motor,
MG996 servo motor, and Futaba S148 continuous rotation servo motor, and utilizing an Arduino Mega
control board to achieve precise coordination of movements between mechanisms. The problem of fruit
positioning was simplified using coordinate transformation methods, and a three-fingered gripper with
a flexible flag fish-style claw design was developed as a tool for tomato harvesting. Experimental anal-
ysis determined an average penetration force of 1.40 kgf as the benchmark for maximum clamping force.
The thin-film force sensor attached to the gripper can directly measure the force between the fingers
and the fruit, and simulation tests showed a maximum clamping force of 0.70 kgf, and the results of the
clamping test showed that the clamping action caused very little damage to the tomato. Additionally,
this study tested the tensile and pulling forces of three different friction materials to provide a basis for
the selection of gripper materials in the future, offering important theoretical and practical foundations
for the development of automated harvesting technology.
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Figure 1. CMUcam5 camera lens module
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Figure 2. Visual capture system
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Figure 3. Claw refers
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Figure 4. Visual mechanism
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Figure 5. Control process
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Table 1. Size of tomatoes
-3 BTITEAN i JAN
75 H(g) K34 (mm) §535 (mm) 15 & (mm) AR (mm3)
1 160.5 72.0 65.0 60.0 180+5
2 180.0 78.0 70.0 65.0 2105
3 145.0 71.0 67.0 58.0 170 £ 5
4 165.0 75.0 69.0 61.0 190 +5
5 155.0 73.0 66.0 59.0 175+5
6 175.0 77.0 68.0 62.0 200+ 5
7 140.0 70.0 63.0 57.0 160+ 5
8 170.0 76.0 67.5 60.5 185+5
FHME 163.625 73.625 67.25 60.375 185+5
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Figure 6. Film pressure sensor signal and force correction
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Figure 7. Comparison of claw clamp current with thin-film pressure sensor signal
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Table 2. Tensile test of clamping surface materials
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Table 3. Pull force test of tomato clamping
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