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Abstract of Thesis

Human-robot collaboration provides a transformative method for enhancing the efficiency, precision, and flexibility of an
assembly task by integrating the strengths of humans and robots. It is preferable to combine the advantage of robots in
repetitive, high-precision, and physically demanding tasks with the creativity and adaptability of humans in complex and
dynamic environments.

It is preferred to generate the assembly task sequence that can be executed by a robot to execute a human-robot collaborative
assembly task. The graphic instruction manual is a widely used method for providing humans with guidance on constructing a
product. However, it is still a challenge for robots to automatically understand the details of the assembly task based on the
ambiguous knowledge obtained from the implicit instruction images. To enhance the accuracy of robotic assembly planning by
understanding the graphic instruction manual, a two-step error correction method using the component, symbol, speech bubble,
and model number information included in the instruction manual was proposed. This kind of information was first used to
generate the Assembly Task Sequence Graph (ATSG). After constructing the ATSG, an error correction by verifying the total
number of components used in the assembly task was performed.

To achieve a successful HRC assembly task, a task allocation method that considers assembly complexity while ensuring the
stability of each sub-assembly task was proposed. The stability of each sub-assembly task and the appropriate timing to
provide support for maintaining stability, as well as the agent responsible for executing the support motion, were evaluated by
the relationship of the Center of Gravity (CoG) and the contact area. The dynamic liaison complexity of each sub-assembly
was calculated separately for the human operator and the robot, enabling the assignment of sub-assembly tasks to the most
suitable operator.

Considering human safety and comfort during the HRC assembly, the human-related complexity based on an ergonomic risk
evaluation method called Rapid Upper Limb Assessment (RULA) was defined. The Forward and Backward Reaching Inverse
Kinematics (FABRIK) method was employed to predict human reaching motion, using only the target location of the
manipulated part and the initial human pose before starting a sub-assembly task. By integrating the proposed human-related
complexity with product- and task-related complexities, sub-assembly tasks can be assigned to the appropriate agents before
the execution of each subtask. The allocation result is transmitted to a human-centered HRC interface, facilitating
communication between human operators and robots during the assembly task.
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