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Abstract

As a highly efficient tropical economic crop, mangoes play an important role in increasing agricultural
income through industrial development. Hainan Province ranks among the top domestic regions in mango
cultivation, but the current harvesting stage heavily relies on manual labor, facing practical problems such as
high operational costs and low timeliness. Therefore, the introduction of intelligent automated harvesting
equipment is urgently needed to enhance the industry’s competitiveness. Based on a review of the progress
of agricultural harvesting robot technology at home and abroad, and combined with on-site investigations of
the planting agronomy and fruit growth characteristics of mango orchards in Hainan, the design parameters
for the whole-machine system were determined. From the perspective of whole-machine integration, a dual-
arm collaborative mango harvesting robot control system scheme was designed based on the ROS system.
Focusing on the challenges of perception and cooperative control in unstructured orchard environments, the
study first investigates the methods for mango recognition and localization in complex environments to
achieve accurate perception and spatial positioning of fruits. On this basis, RRT series motion planning
algorithms were compared and optimized to ensure the efficiency of harvesting paths. Furthermore, a dual-
arm harvesting task allocation and harvesting sequence planning method based on DBSCAN clustering was
proposed to resolve conflicts and optimize efficiency in dual-arm collaborative harvesting. Finally, a dual-
arm harvesting robot experimental platform was built and field tests were conducted to verify, overall, the
performance of the prototype and the feasibility and effectiveness of the proposed methods. The main work
is as follows:

(1) Conducted on-site research at a mango orchard in Nanbin Farm, Yazhou District, Sanya City, Hainan
Province, recording the planting patterns, tree growth information, and harvesting agronomy requirements.
Based on the survey results, clarified the requirements and plans for the overall machine design. In line with
the design requirements and overall plan, the RM-65 robotic arm was selected to perform harvesting tasks,
and a distributed communication node between the host and the dual robotic arms was established using the
ROS platform, completing the development of the dual-arm control system. A kinematic model of the robotic
arm was established using the D-H parameter method, providing a theoretical basis for motion planning of
the robotic arm. Using the Monte Carlo method, the workspace of the dual robotic arms was analyzed and
calculated, confirming that the parameter design of the dual-arm harvesting robot is reasonable and meets
the practical requirements for mango harvesting.

(2) Based on the mango orchard planting scenario, images were collected to construct a mango image
dataset during the harvest period, which includes various scenarios such as single-fruit clusters, multiple fruit
stems, and different lighting conditions. The improved YOLOv8n object detection algorithm was used for
mango recognition. This algorithm replaces the YOLOv8n backbone network with MobileNetV4 while
integrating the IDC module to reduce model complexity. Then, the MobiVari structure was introduced into
SPPF to enhance feature fusion capability. Next, the neck network uses the FasterC3 module instead of C2f
to improve feature extraction. The mean average precision (mAP) of this improved model is 89.6%, which
is 1.2% higher than the YOLOv8n model. The weight file size is only 4.49 MB, with 7.0G floating point
operations and 2.12x10°® M parameters, which is a reduction of 27.3%, 13.5%, and 29.6% respectively

compared to the YOLOv8n model. By using the improved model combined with the hand-eye calibration



matrix of the depth camera, fruit coordinate transformation and accurate positioning were achieved, laying
the foundation for dual-arm vision-guided picking control.

(3) RRT, RRT*, and RRT-Connect algorithms were selected to optimize motion planning algorithms for
robotic arms. Through comparative simulations in 2D, 3D, and ROS-based systems, the RRT-Connect
algorithm outperformed the other two algorithms in both planning success rate and planning time, and was
thus chosen as the dual-arm motion planning algorithm. Next, a mango picking sequence planning method
based on the DBSCAN algorithm was proposed for dual-arm collaborative mango picking, and simulations
verified that this method is safe and effective. Finally, laboratory picking experiments were conducted for
verification, showing that the average dual-arm planning time was 0.67 s, the recognition rate was 85.94%,
and the average recognition time was 25.36ms. Under successful recognition conditions, the dual-arm
positioning success rate was higher than 90%, with fruit traversal times for the left and right arms being 2.34
s and 3.26 s, respectively. Additionally, during the actual dual-arm collaborative picking process, no
collisions occurred, indicating that the proposed collaborative picking task allocation method is safe and
reliable.

(4) Conducted parallel mango picking experiments with dual robotic arms in a real orchard environment
to verify the effectiveness of the selected robotic arm path planning algorithm and the DBSCAN-based
mango picking sequence planning method. The results show that the RRT-Connect planning method applied
to the picking robotic arm achieves a success rate of 90%, outperforming the RRT and RRT* algorithms. In
the mango traversal tests, the dual robotic arms can safely and effectively traverse the target points. During
the overall prototype testing, the average picking time for the dual arms was 10.85 seconds, the picking
success rate was 89.20%, the recognition rate was 88.96%, the positioning success rate was over 92% for
each, and the average traversal times were 8.85 seconds and 7.26 seconds, respectively, verifying the high
efficiency and safety of the dual robotic arms in mango picking tasks in complex environments.

Key words: Dual-arm collaboration; YOLOv8n; Motion planning; Task allocation; Picking sequence

planning; Mango picking robot
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