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Non-invasive Electrical Inspection Visualization Technology
Based on Insulated Endoscope and Its Application
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Abstract

To address critical challenges in electricity usage inspections and anti-theft investigations—including invisibility in concealed spaces,
power outage detection impacts on supply stability, difficulties in evidence collection, and inconsistent judgment accuracy—this
study establishes an insulating endoscope-based non-invasive anti-theft and electricity inspection technology system. The system
incorporates multi-layer insulation with electric field stress equilibrium protection structures, megapixel-level wide-angle imaging
and flexible joint detection modules, along with a two-stage defect recognition and edge deployment workflow integrating pose
metadata using YOLOVS. Field validation conducted during multi-site inspections demonstrated significant improvements: the theft
and defect detection rate increased from 75% to 95%, single-household/equipment inspection time reduced from 2 hours to 0.5 hours,
operational cost index decreased from 1.00 to 0.60, coverage rate of concealed theft points rose from 60% to 90%, and repeated
detection consistency improved from 85% to 97%. The research proves that this system enables visualized inspection of blind spots
such as meters, cables, cabinets, and concealed interlayers without power outages or destructive operations, effectively balancing
anti-theft investigation efficiency, legal evidence validity, and operational safety.
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