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Abstract: To address the challenges of poor situational awareness and lack of realistic experience
for operators in high-risk teleoperation tasks faced by robotic systems, a mixed reality visual aug-
mentation and interaction system applicable to teleoperation was introduced. Firstly, the system
framework was designed from the perspective of human visual perception and cognitive character-
istics and based on requirements for teleoperation interaction tasks, with a specific focus on re-
mote scene transmission and robotic arm control in teleoperation scenarios. Secondly, according
to the system’s functional requirements, extensive research was conducted on real-time rendering
techniques in mixed reality environments, and an interactive control strategy of the robotic arm
was developed for mixed reality environments. This effort enabled a fusion effect between virtual
and physical scenes by mapping holographic objects to the real-world environment. This supports

the establishment of the mixed reality visual augmentation and interaction system that allows op-
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erators to visualize the mixed reality terminal and facilitates seamless end-to-end network commu-

nication. Experimental results show that the interaction system has better performance than a

traditional system, as manifested by a remarkable 17. 3% reduction in task completion time and a

notable 7% improvement in accuracy. These findings suggest the promising application prospects

of the system.

Keywords: mixed reality; teleoperation; visual augmentation; robotic system; interaction design
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Fig. 1 Teleoperation vision enhancement system frame
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Fig. 2 End-to-end video delivery implementation methods
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Fig. 3 Image transfer flowchart
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Fig. 4 Server-side programming
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Fig. 7 Robotic arm virtual model building process
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Fig. 8 Texture mapping process
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Fig. 10 Virtual information in a mixed reality scenario
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