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Figure 1 Design prototype of cable-driven flexible manipulator
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Figure 2 Modelling prototype of cable-driven flexible manipulator
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Figure 3 Cable-driven robotic in the field of agile operation
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Figure 4 Cable-driven tomato picking robot
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Figure 5 Super redundant cable-driven continuous picking robot
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Figure 6 Cable-driven apple picking robot

3.2.3 HIRERAH

R S — PR 28 5 R R A 0 N KR =
ROAT S 0 PR VEMUAAL R A R A AR ROE Y . FAENY
T 37 B B R A G K AR T HL R A ™ AR T, 0k
AARH o N T BRI AR 7 AR i DA G5 R R A AL
BT 45 4 Dl 1 T S0, 8 A4 A B 2 2 1 XTONG 4§
NS T — R ELAT A R 0 AR 2 ik X 4 R R B
FRE SR A AN W 7 PR

(a)e';ée%%ma%ﬁ% VHAERAHL
B7 BEESXEIMF
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Table 1 Comparison of relevant characteristics of different types

of picking manipulator
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Research progress of cable—driven flexible manipulator
and its application in agricultural robots

WEI Huiling', LIANG Chengbin', WANG Jinhai®,
CHEN Mingyou', LUO Lufeng"

(1. School of Mechatronics Engineering and Automation, Foshan University, Foshan 528000, China;
2. School of Computer Science and Artificial Intelligence, Foshan University, Foshan 528000, China)

Abstract: Cable-driven parallel robots have become a hot research topic in the field of robotics in recent years due to the
characteristics of simple structure, small motion inertia, reconfigurability, and fast response speed, etc. The cable-driven
flexible manipulator provides a certain adaptability and softness for operation due to the flexibility and elasticity of driving
cable, and consequently it can achieve good dynamic interaction between the operating objects and the manipulators, and
improve the ability to prevent broken loss coupling, which has also attracted widespread attention from researchers in the field
of agricultural robotics. Due to the working environment of agricultural picking robots has the characteristics of unstructured
and uncertainty, and most of the fruit outer skin is fragile and easy to damage , the requirements for picking robots that come
into directly contacted with the fruits are stricter, ensuring stable grasping without damaging the fruits. In order to achieve
efficient and precise operations of picking robots, lightweight and flexible end execution agencies that interact with biological
friendly interaction are key theoretical technologies that urgently need to be broken through. This article first elaborates on the
characteristics and development overview of cable-driven flexible manipulators with commercial application prospects. Then,
the research progress of the theory such as the design, modeling and control of cable-driven flexible robotics at home and
abroad 1s reviewed in detail. Further the typical application development of cable-driven flexible robots in the field of physical
rehabilitation and dexterous grabbing is outlined. A detailed analysis is conducted on the significance of the application of
cable-driven flexible manipulators in the field of agricultural picking, and the current research status of cable-driven flexible
manipulators in tomato picking, apple picking, strawberry picking, and blackberry picking. Aiming at the problems of low
picking accuracy, poor versatility, high cost, damage and low picking efficiency of cable-driven flexible manipulator in
agricultural picking at the present stage, it is pointed out that in the future, the commercialization of cable-driven flexible
manipulator needs to make innovations in agricultural machinery and agronomy collaboration, modular and reconfigurable
design, improving interaction safety, multi-sensor integration, picking sequence planning and strong robust control in this
study and it provides new ideas and methods for the design of mechanized non-destructive picking mechanisms for fruits and
vegetables.

Keywords: cable-driven flexible manipulator; agricultural robots; picking; tomatoes; apple; strawberries; blackberry



