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PICKBOT: Dual-arm Harvesting Robot

Objective

Develop an efficient robotic system that uses multiple tools to explore the potential of dual-arm robots in agricultural applications.

Challenges

Different types of fruits need different approaches Fruits are unique in color, shape, weight etc.

Highly unstructured and dynamic environment

Important metrics to evaluate the system are speed, accuracy and damage to the fruit/plant

Future work

Explore more fruits and tools Avoid self-occlusions Validate in outdoor setups Improve planning: approaching angles, branch avoidance

Fruit

Localization

Use case: Orange harvesting [START_REF] Wang | Improved YOLOv5 network for real-time multi-scale traffic sign detection[END_REF] LIRMM UM/CNRS, Montpellier, France 2 Monash University, Melbourne, Australia YOLO algorithm [START_REF] Wang | Improved YOLOv5 network for real-time multi-scale traffic sign detection[END_REF] trained on 300 images/fruit [START_REF] Pawara | Comparing local descriptors and bags of visual words to deep convolutional neural networks for plant recognition[END_REF] performs 2D detection Projection using an RGB-D camera gives us fruit 3D locations Real-time tracking algorithm [START_REF] Wojke | Simple online and realtime tracking with a deep association metric[END_REF] improves robustness of the position

We send the position of the fruit which is closest to the robot

The online trajectory generator [START_REF] Kröger | Opening the door to new sensor-based robot applications-The Reflexxes Motion Libraries[END_REF] guides the robot to the fruit position in real-time while avoiding self collisions [START_REF] Benallegue | Fast C 1 proximity queries using support mapping of sphere-torus-patches bounding volumes[END_REF] The absolute -Relative task description ensures safe dual-arm manipulation Hierarchical Quadratic Programming based controller [START_REF] Tarbouriech | An admittance based hierarchical control framework for dual-arm cobots[END_REF] let us define priorities between tasks

Control

The BAZAR robot [START_REF] Cherubini | A collaborative robot for the factory of the future: Bazar[END_REF] has two 7 DOF arms, 1 RGB-D camera mounted on the head and a mobile base Two primary tools for harvesting are electric scissors and a fruit basket, which can be placed on any arm according to the needs.

After receiving the position of the fruit, the cutting arm aims at the peduncle while the collecting arm positions itself relatively to the cutting one

We repeat the harvesting loop each time a new fruit position is received

Absolute task

Relative task