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Abstract

To address the problems of traditional sewage treatment processes relying on empirical regulation and delayed parameter response,
and to improve the accuracy and efficiency of process analysis in smart water systems, this study takes a sewage treatment plant in
Hangzhou as the research object and constructs a process analysis model based on multi-parameter trend lines. Firstly, a dual-source
data collection system of “PLC online monitoring + laboratory offline supplementation” is designed, real-time data transmission
is realized through the Modbus-RTU protocol, and data quality is guaranteed by the logic of “threshold judgment + fluctuation
detection”. Secondly, a three-level biological treatment parameter model of “basic data — intermediate parameters — target
indicators” is built based on process principles to automatically calculate core process indicators such as sludge retention time
(SRT) and food-to-microorganism ratio (F/M). Finally, a multi-parameter optional trend line analysis system is established to realize
the collaborative analysis of “water quality-flow-load” and full-chain fault diagnosis. Case application shows that the model can
accurately identify process abnormalities such as organic load shock and sludge bulking, with a diagnosis accuracy of 92%. After the
model is put into use, the effluent compliance rate of the sewage treatment plant is increased to 100%, the operation and maintenance
(O&M) abnormal response time is shortened from 24 hours to 1 hour, and the O&M cost is reduced by 10%. The research results
provide an engineering solution for the process optimization of smart water systems and can be promoted to the O&M management
of sewage treatment plants with different process types.
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