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Abstract: To introduce and analyze the development history and research status of operating robots for nuclear
environment at home and abroad, the common system structure and classification based on main functions for op-
erating robots for nuclear environment are summarized. Based on the application requirements of operating robots
for nuclear environment, it is concluded that the key technologies in urgent need of breakthrough for nuclear robots
are radiation reinforcement, communication method, photoelectric detection, intelligent control technology, etc. Fi-
nally, with the increasing scale of China's nuclear industry and the increasing demand for safety assurance, the ap-
plication scenarios of operating robots for nuclear environment are condensed, and the future development trend of
operating robots for nuclear environment is predicted.
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Table 1 Foreign typical operating robots for nuclear environment
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Fig. 1 Nuclear robot. (a) Underwater multi-function robot®"; (b) Nuclear emergency rescue robot*?
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Fig. 2 Diagram of a nuclear underwater robot®?
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Fig. 3 Hierarchical control structure of a nuclear robot®*"
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Fig. 4 Block scheme of the navigation method™!
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Fig. 5 Radiation tolerant underwater camera“?
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Fig. 7 Serialized nuclear robots. (a) Land patrol robot; (b) Underwater working robot; (c) Underwater inspection robot
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Nuclear emergency rescue robot

Overview: The operating robots for nuclear environment are used in nuclear industry to guarantee the safety of oper-
ators. With the increasing scale of China's nuclear industry and the increasing demand for safety assurance, the applica-
tion scenarios of operating robots for nuclear environment are expanded. To introduce and analyze the development
history and research status of operating robots for nuclear environment at home and abroad, the common system
structure and classification based on main functions for operating robots for nuclear environment are summarized. The
robot system is mainly composed of 5 parts: drive structure, control system, sensor unit, communication module, and
actuator. The operating robots for nuclear environment are roughly divided into three generations, including footed
robots and crawler robots. Due to the terrain constraints, there are more crawler robots used to video detection, irradia-
tion detection, emergency treatment, and environmental sampling in the nuclear environment. Based on the application
requirements of operating robots for nuclear environment, it is concluded that the key technologies in urgent need of
breakthrough for nuclear robots are radiation reinforcement, communication method, photoelectric detection, intelli-
gent control technology, etc. Among them, the anti-radiation technology is the most prominent feature which is differ-
ent from other types of robots. The anti-radiation ability determines the working area and performance applicability of
the nuclear environment robots. According to the physical mechanism of nuclear radiation damage of the device, spe-
cial materials are used as the sensing device to study the anti-radiation protection method of video sensing device and
system integration. The safety protection strategy combining active shielding and passive isolation is adopted to study
the separation of optical sensitive devices and control electronics protection methods. IOE, CAS establishes the evalua-
tion and experimental methods of the radiation resistance performance of the robot perception system to realize high
radiation resistance sensors, which can ensure the information collection and system protection of the nuclear envi-
ronment robots in the high-radiation environment. The application requirements of robots in the nuclear environment
are mainly divided into two categories, including daily inspections and maintenance, and emergency handling in emer-
gencies. It replaces the staff in repairing, monitoring, and disposing of important equipment in small-space,
high-temperature, and high-risk areas. But at this stage, the nuclear environment operation robot is mainly used to re-
place the staff in some areas with high radiation intensity to carry out maintenance and rescue work. Countries around
the world have invested a lot of energy in the research and development of robots for nuclear environment operations,
and have continued to optimize and upgrade them. With sensor technology and computer technology as well as the
rapid upgrade of manufacturing technology, the world's nuclear-environment robots are increasingly developing to-
wards high stability, intelligence, and generalization.
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