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Abstract Water s a vital global resource, yet substantial amounts are lost dailly due to undetected pipeline leakages and human
negligence. Traditional mechanical water meters lack the capability to detect abnormal water flow, shifting the financial burden of wasted
water onto consumers. To address this critical issue, this research aims to develop an intelligent smart water meter system capable of
monitoring water usage, preventing unnecessary water loss, and autonomously cutting off the water supply when an anomaly occurs.

To achieve this, the proposed system integrates Internet of Things (lIoT) technologies with an artificial intelligence (Al) predictive model.
The hardware architecture utilizes a NodeMCU ESP8266-12E microcontroller to manage a YF-S201 Water Flow Sensor, a Pressure
Transmitter Sensor, and a Solenoid Valve. Furthermore, a Mint Hydro Generator Turbine is incorporated to harvest kinetic energy and
recharge the system's battery during active water usage. On the software side, a cross-platform mobile application developed using Flutter
allows users to monttor real-time sensor data, review historical usage, and remotely configure operational modes. The core autonomous
anomaly detection s driven by a rule-based Al model that calculates the Simple Moving Average (MA) and Standard Deviation (SD) of
historical fluid pressure data over a rolling four-week period to continually establish a dynamic pressure threshold.

Experimental testing demonstrated the high reliability and efficiency of the proposed system. Hardware functionality tests yielded a 0%
error rate for user commands and data synchronization via RESTful APIs. The water flow measurement maintained a highly accurate Mean
Absolute Error (MAE) of 2.67% at low and medium flow capacities. Crucially, the predictive Al model was evaluated across 105 distinct real-
world events over a continuous 7-day period. The model achieved an impressive average accuracy of 92.29%, successfully ordering the
microcontroller to close the solenoid valve without human intervention whenever the real-time pressure dropped below the dynamic
baseline. Ultimately, this intelligent system provides a sustainable, highly effective solution for autonomous water management and
leakage prevention.

Keywords: Smart Water Meter, Internet of Things (IoT), Artificial Intelligence (Al), Anomaly Detection, Moving Average.
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HARDWARE RELIABILITY PROFILING
A micro-analysis of a 15-minute test window showing the system Testing absolute measurement error of the YF-S201 sensor across different
responding to active anomalies in real-time. flow intensities using a standard 0.60L volume baseline.
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SYSTEM DIAGNOSTICS AND PHYSICAL LIMITATIONS PREDICTIVE MODEL EFFICACY
Transitioning from laboratory simulation to physical deployment revealed Aggregated performance of the Dynamic Threshold model across 105
environmental variables that challenge the dataset. real-world simulated events over a 7-day continuous trial.
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Baseline Masking Hardware Degradation Network Dependency
Extremely low baseline Moisture leakage at the Internet connectivity drops hwinrall Cuctam Acriiram 5 70
pressure in testing pipes Pressure Transmitter joints prevented data ingestion to D veral i ‘3‘3--’7 SLEIM ACCUrac }" False Negatives | | True Negatives
occasionally caused normal caused rust, skewing aillog the MySQL database,
use and leaks to look identical analog data inputs sent to temporarily breaking the
to the Al, masking critical the microcontroller. 4-week moving average
trends. calculation chain. The system successfully adapts its threshold minute-by-minute based on rolling historical contexts.
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Layer 1: The Physical Edge (Hardware & Sensing) Sustainable Infrastructure:
- YF-S201 Water Flow Sensor Energy Ha rve Stl ng

Hall Effect sensor measuring
flow rate (1-30 L/min)

Component

Water Flow Pump Mini Hydro Generator
Turbine.

NodeMCU ESP8266-12E -

The local brain, handling C++
logic and Wi-Fi transmission

Mechanism

Converts the kinetic energy of the flowing water
directly into electrical energy during active use.

Solenoid Valve & Relay

The physical actuator capable
of instantly severing water flow
upon NodeMCU command

Impact

Continuously charges the central 12V battery
pack. This drastically reduces maintenance
overhead and external grid reliance, ensuring
the system remains self-sustaining during

Pressure Transmitter Sensor normal operation.

Analog measurement mapping
real-time pressure vanance (PSI)

The Dynamic Threshold Tunnel Layer 3: Humanity in the Loop
(User Interface)

Dynamic Threshold (PSI) = MA(pressure) - SD(pressure)
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The Logic

Moving Average (MA)
calculates the expected
pressure for any specific
minute based on the 4-week
historical baseline

‘— Moving Average (MA)

» Standard Deviation (SD)
calculates the acceptable
variance for that minute

$8$3450

e Mgy, Cast

I— Real-time

~ Pressure |

Pressure (PSI)

| I_ | The Rule
=i As lona as real-time pressure
MA - Standard Deviation (SD) SN S PIOSHON

remains inside the threshold
"Tunnel” flow continues. The
threshold adapts minute-by-
minute to distinct user habits

Real-Time Oversight Predictive Scheduling Data & Economics

Live dgials for Flow Rate and Pressure Time-based manual control. Users can Synthesized historical data tracking
Immedate Auto/Manual toggle st specific operational windows, Transiates PS| and Liters directly into financial
overndes for the Sclenoid Valve actively averriding the Al mmpact and monthly cost summarizations
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