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Arm-type mobile robots are expected to be utilized in various fields against the backdrop of labor
shortages and harsh working environments. Regarding collection operations, applications are diverse,
including solid waste in the cleaning sector and golf balls/tennis balls in the sports sector. In
particular, we focus on the collection of agricultural products in the agricultural sector. Because
extensive and harsh outdoor work is required, and the demand for automation is high.

The labor shortage caused by the decline and aging of Japan's agricultural workforce is a serious
problem. Agriculture is a labor-intensive industry reliant on manual work, with harvesting alone
accounting for 20-50% of total labor hours. Outdoor harvesting work involves a significant physical
burden, such as frequent low-posture tasks, and consists of monotonous repetitive labor. It also
carries high risks of heatstroke and insect bites. In island regions, labor shortages due to depopulation
are also a concern, threatening the continuation of thriving industries like the camellia oil industry (a
highly profitable and influential traditional industry) in the Izu Islands, etc. Against this backdrop,
there is a high demand for automation in agricultural work. However, outdoor agricultural work on
forest floors presents significant technical challenges in ensuring productivity for collection tasks
within uneven terrain and while navigating between trees, resulting in few automation examples.
Therefore, this research focuses on the task of collecting nuts scattered on the ground (primarily
focusing on camellia nuts and seeds) and develops a nut-collecting robot system. By automating the
collection task, we aim to contribute to ensuring the sustainability and revitalization of the industry.

The first major theme involved designing and constructing a nut-collecting robot suited for
automating a series of collecting tasks, based on the fundamental concepts of compact size, low cost,
and high maintainability. The machine size was designed with Japan's mountainous regions and actual
camellia plantations in consideration, incorporating practical features such as the differential
two-wheel drive system commonly used in electric wheelchairs and utilizing commercially available
components. By employing a cage-type end effector, continuous collecting was achieved
simultaneously with the robot's forward movement, realizing high collecting efficiency. Furthermore,
to withstand collection operations on uneven terrain, the arm drive system employs worm gears to
ensure high mechanical rigidity. Simultaneously, the end effector incorporates spring biasing to
achieve flexibility in response to ground undulations. For these configurations, optimal conditions
were experimentally derived based on the correlation between the pressing angle and force applied to
the ground and the wire opening amount of the end effector, providing guidelines for automation.

As the second major theme, we achieved contact force control aimed at flexible adaptation to larger
undulations and improved collection efficiency. Since worm gears cannot drive in reverse, force
control that follows ground undulations is difficult to achieve. Therefore, we constructed a contact
force control system using feedback control of the arm by measuring ground undulations as spring
displacement via a potentiometer attached to the end effector. In an outdoor environment, we verified
the effectiveness of the proposed method through a collection experiment simulating camellia nuts
and seeds. As a result, compared to the case without control, we achieved a nut collection success rate
of over 90% and halved the variation in the number of collected nuts.

As the third major theme, we developed an image recognition and motion control system to guide
the robot close to the collection point using trees as landmarks. We employed a monocular camera




and a differential two-wheel drive vehicle configuration to consider practicality and low cost. We
achieved velocity control based on features whose size changes within the image and posture control
considering the non-holonomic constraints of the differential two-wheel drive. Through simulations
and experiments using inexpensive robots, we demonstrated convergence to the desired position and
orientation, confirming the effectiveness of the proposed method.

These research findings have provided fundamental insights toward the practical application of
rough-terrain mobile robots capable of collecting objects, particularly nuts, while also systematically
demonstrating their construction methodology.




