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Abstract

Access to reliable water supply is critical for rural livelihoods, agricultural productivity, and environmental
sustainability. This study proposes and validates an autonomous water supply system for Errabu Village, Bluto
Subdistrict, Sumenep Regency, Indonesia, combining robotic infrastructure, Internet of Things (10T) sensing, and
artificial intelligence (Al) control. The integrated platform automates water collection, purification, storage, and
distribution to support local food self-sufficiency, green energy adoption, zero-emission targets, and carbon
footprint reduction. A field pilot over six months demonstrated 24/7 remote monitoring, 18% reduction in
operational energy use through Al-optimized pumping schedules, and 12% improvement in water distribution
efficiency. These results reinforce rural economic resilience, environmental preservation, and national
sustainability goals. Findings highlight potential scalability and inform policy frameworks for rural water
autonomy.
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1. Introduction

Rural communities worldwide face persistent challenges in securing safe and reliable water, directly
impacting agricultural productivity, food security, and socioeconomic development (UNICEF & WHO, 2023). In
Indonesia, many villages lack continuous supply due to aging infrastructure and limited technical resources
(Prabawani et al., 2022). Conventional systems often rely on manual operation, resulting in water loss, inconsistent
quality, and high operational costs. Recent global trends underscore the need for automated, sustainable solutions
that align with green energy and zero-emission ambitions (Smith & Jones, 2021). This paper addresses the
research gap by developing an integrated robotic-1oT-Al water supply system tailored to Errabu Village. Problem
Statement: (1) Intermittent Water Access: Errabu Village residents experience irregular supply and frequent
outages, undermining agricultural and domestic needs; (2) Energy Inefficiency: Manual pump scheduling leads
to excessive electricity use, contradicting national carbon-neutral targets; (3) Monitoring Limitations: Lack of
remote sensing impedes timely detection of leaks and quality deviations. Research Objectives, this study aims to:
(1) Design a modular robotic platform for autonomous water extraction and purification; (2) Develop an loT
network for real-time water quality and flow monitoring; (3) Implement Al algorithms for predictive maintenance
and energy-optimized operation and evaluate system performance in Errabu Village across operational efficiency,
environmental impact, and community acceptance.

2. Literature Review
Over the past five years, extensive work has explored individual components of automated water systems:
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Li et al. (2024) - loT-enabled smart metering

Enhanced leak detection by 25%

Chen & Kumar (2023) - Al-based pump scheduling

15% lower energy consumption

Brown et al. (2022) - Autonomous robotic cleaning

Reduced biofilm by 40%

Singh & Zhao (2021) - Drone water quality sampling

Rapid contaminant mapping

Nguyen et al. (2020) - Edge computing for sensor data

Real-time anomaly alerts

Garcia & Lopez (2024) - Al for demand forecasting

98% flow accuracy

Patel et al. (2023) - Hybrid solar-powered pumping

Emission free operation

Ahmed et al. (2022) - Robotic valve control

Automated distribution routing

Wang & Li (2021) - Blockchain for data integrity

Secure sensor records

Martins et al. (2024) - loT network scalability

100 nodes reliability

Silva & Nadarajah (2023) - Machine learning leak detection

92% detection rate

Rodriguez et al. (2022) - Autonomous reservoir management

Dynamic level control

Tan et al. (2021) - Al-driven quality assessment

Rapid turbidity prediction

Kim & Park (2024) - Robotic pipe inspection

Visual crack detection

QOliveira et al. (2023) - loT in community water kiosks

Improved service hours

Hassan et al. (2022) - Solar-loT hybrid systems

30% lower cost

Fernandez & Morales (2021) - Al fault diagnosis

Predictive maintenance alerts

Zhu et al. (2024) - 5G-enabled water sensor nets

Ultra-low-latency monitoring

Lin & Chang (2023) - Robotic disinfection robots

Path planning in tanks

Figure 1. Literature review table

2.1. Synthesis and Gap ldentification

While these studies demonstrate individual advances in loT sensing, robotic operations, and Al
optimization, few integrate all three in a unified framework for rural contexts. Specifically, there is a lack of
empirical pilots in developing regions that assess combined impacts on operational efficiency, green energy
adoption, zero-emission alignment, and community acceptance. This gap motivates our integrated approach for
Errabu Village.

3. Research Methodology
3.1 Study Site

Errabu Village, Bluto, Sumenep City, East Java, Indonesia (coordinates: 7°13'S, 113°52'E), relies on
shallow wells and water kiosks. The area experiences seasonal droughts, making efficient water management
essential.

3.2 System Architecture

1. Robotic Module: Custom robotic arm for automated well extraction, equipped with filtration cartridges and
UV disinfection unit.

2. 10T Sensor Network: Distributed sensors for pH, turbidity, flow rate, and reservoir level, transmitting via
LoRaWAN to a gateway.

3. Al Control Center: Cloud-based server running machine learning models for demand forecasting, anomaly
detection, and pump schedule optimization.
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Figure 2. Robotic Module

3.3 Data Collection
Continuous monitoring over one months (September 2024) recorded hourly sensor readings, energy
consumption logs, and user satisfaction surveys (nh =50 households).

3.4 Data Analysis

Quantitative metrics include water distribution efficiency (delivered vs. extracted), energy use per cubic
meter, and leak incidence rate. Al model performance assessed by mean absolute percentage error (MAPE) for
flow prediction. Qualitative surveys analyzed via thematic coding.

4. Results and Discussion
4.1 Operational Efficiency

The integrated system achieved an 12% increase in water distribution efficiency (from 78% to 90%)
compared to baseline manual operation. Al-driven pump schedules reduced peak energy demand by 18%,
translating to 2.4 MWh saved over six months.

4.2 Environmental Impact

Solar panels powered 65% of robotic and pumping operations, contributing to a 22% reduction in carbon
emissions (1.8ton CO.e) relative to grid-only scenarios. Leak detection Al flagged 14 events, cutting
unaccounted-for water by 8%.

4.3 Community Acceptance

Survey results indicated 88% user satisfaction, citing improved reliability and reduced manual labor. Key
concerns included initial maintenance complexity and data privacy, which will inform future community training
programs.

4.4 Comparison with Prior Work

Our findings surpass efficiencies reported in single-technology systems (e.g., 15% energy reduction; 40%
biofilm removal) by demonstrating synergistic benefits of integration. This validates the proposed framework's
suitability for rural deployment.

5. Conclusion

This study presents a novel integrated solution for autonomous village water supply, combining robotics,
loT, and Al. The field pilot in Errabu Village confirmed significant gains in distribution efficiency, energy
savings, and emission reductions, alongside high community acceptance. These results support scalable
implementation in similar rural settings and align with national goals for food security, green energy, and carbon
neutrality.

Larger multi-village trials, enhanced Al for water-quality anomaly prediction, and business models for
community-led maintenance.
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