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Abstract

This research was conducted by integrating human abilities with artificial intelligence under the Human-in-
the-loop framework to produce high-quality research outcomes that adhere to ethical principles. The objective is
to study innovations in robotics and automation systems in fully automated warehouses in the 21* century. It is a
qualitative research study that employs a variety of collaborative research methods, including content analysis of
websites, case study research, and field observations. The sample group consisted of 175 websites related to the
topic and 15 case studies from companies offering automated warehouse solutions, selected through purposive
sampling. The research tools included a data recording forms, a database for data collection, and artificial intelligence
tools. Big data analysis was conducted, followed by data interpretation using inductive analysis methods combined
with event comparison analysis. The reliability of the data was verified using a triangulation method, and the findings
were consistent in the same direction. The research findings indicate that innovations in robotics and automation
systems in fully automated warehouses in the 21% century are transforming operations of the warehouse industry
in five areas, which include: 1) Automated material handling, 2) Autonomous mobile robots, 3) Automated storage
and retrieval systems, 4) Automated guided vehicles, and 5) Palletizing robots. The results of the study will be
beneficial to operations in the logistics industry, manufacturers, software developers, and government agencies
aiming to promote the development of Industry 4.0 in the country. The adoption of these innovations will help
organizations improve efficiency, reduce costs, enhance safety, and optimize inventory management. Policymakers
can use these findings to develop regulations and standards, while educators can integrate these insights into

training programs to enhance the skills of the workforce for managing future automated warehouses.
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