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Design of Reconfigurable Drain Inspection Robots: The extensiveness in research, design
explorations and development work for automating the process of remote drain inspection using
robots are the uniqueness and contribution from this research work. Stringent operational
requirements from research and deployment perspective incorporates important considerations such
as drain type (C shape drain, S shape drain, Flat drain and V drains), terrain type (concrete, soggy,
granular sands, water accumulation), design demands (weight, compactness, transportation,
numbers, user experience), functional requirements (sample collection, disinfectant disposal{solid
drop, liquid spray} and Al enabled detection capabilities {trash, structure defects, water
contamination}). Incorporating all these requirements, the design exploration stage produced over
30 prototypes and 4 variants of robots. The prototypes are manufactured and tested for (1) Stable
maneuverability (locomotion enabled using limbs, wheels and tracks), (2) Reconfigurability (
height, width and length), (2) Mapping accuracy ( Odometry dependent and Only scan matching
dependent ), (3) Localization ( indoor outdoor methods - UWB, Lidar based , GPS) (4) Navigation
(( Fuzzy logic based wall-following, local and global Path planning) (5) Processing (onboard and
cloud processing). The system implemented is a fleet of 15 edge Al enabled reconfigurable robots
operated under IoRT framework capable of autonomous maneuvering and mapping in unknown
drains while generating a fused map with colour coded defects for stress free inspection and
maintenance. The system originated from in-detail research publishing (in process) over 10 research
articles and real field implementation in Singapore drains.
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