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Abstract : Water is an indispensable resource for domestic and industrial use, yet its sustainable management remains a critical 

challenge due to rising demand and deteriorating quality. Traditional methods for monitoring water levels—such as float-based 

sensors—and water quality—using handheld Total Dissolved Solids (TDS) meters—are manual, errorprone, and lack real-time 

accessibility. To address these limitations, this paper presents the design and implementation of an integrated, Internet of Things 

(IoT)-based system for simultaneous monitoring of water level and TDS. The system employs an ultrasonic sensor (HC-SR04) for 

non-contact water level measurement and a dedicated TDS sensor to assess water purity. An ESP32 microcontroller processes 

sensor data and transmits it via Wi-Fi to a mobile or web application, enabling realtime remote monitoring. Configurable alert 

mechanisms notify users when water levels fall below preset thresholds or TDS exceeds safe limits, facilitating timely intervention. 

The architecture also supports optional automation of pumps or motors via a relay module, allowing for autonomous control based 

on sensor feedback. By unifying water quantity and quality monitoring into a single platform, the proposed system promotes 

efficient water utilization, reduces wastage, and enhances operational reliability across diverse settings—from household tanks to 

industrial reservoirs. With its cost-effective components, scalable design, and IoT capabilities, this solution offers a practical and 

adaptable approach to sustainable water management, suitable for smart homes and industrial applications. 

 

Index Terms — ESP32 microcontroller, TDS, IoT, (HCSR04), relay module 

 

I. INTRODUCTION 

Water is a fundamental resource essential for human survival, industrial processes, and agricultural productivity. Its sustainable 

management has become a critical global challenge, exacerbated by rapid population growth, urbanization, and the escalating 

impacts of climate change [1]. In both domestic and industrial contexts, two primary concerns dominate water management: 

ensuring adequate availability (water quantity) and maintaining safe purity (water quality). Traditional approaches to monitoring 

these parameters remain largely manual, reactive, and inefficient, leading to significant resource wastage, operational risks, and 

potential health hazards [2]. Water level monitoring in storage tanks, a common practice in households, commercial buildings, and 

industries, has conventionally relied on mechanical float switches or manual visual inspection. These methods are prone to 

inaccuracies, require physical intervention, and often fail to prevent critical issues such as tank overflow, pump dry-running (which 

causes motor burnout), or unexpected water shortages [3]. Concurrently, water quality assessment, particularly the measurement of 

Total Dissolved Solids (TDS), is frequently overlooked or performed sporadically using handheld conductivity meters. TDS is a 

key indicator of water purity, reflecting the concentration of dissolved inorganic salts, minerals, and organic matter. Elevated TDS 

levels can indicate contamination, hardness, or the failure of purification systems like Reverse Osmosis (RO), posing risks to human 

health and damaging industrial equipment [4]. 

 

The lack of continuous, integrated monitoring creates a reactive management paradigm where problems are identified only after 

they have caused damage or disruption. The advent of the Internet of Things (IoT), low-cost microcontrollers, and advanced sensing 

technologies presents a transformative opportunity to address these shortcomings. IoT enables the creation of smart, connected 

systems that can autonomously collect, process, and communicate data in realtime [5]. Integrating IoT with precise sensors—such 

as ultrasonic sensors for non-contact distance measurement and digital TDS sensors for conductivity-based quality assessment— 

allows for the development of comprehensive monitoring solutions. Such systems can provide a unified view of both water quantity 

and quality, enabling proactive management, automated control, and informed decisionmaking [6]. Prior research has demonstrated 

the viability of IoT for individual aspects of water management. Studies have explored standalone ultrasonic-based tank monitoring 

[7] and IoT-enabled TDS measurement for specific applications like hydroponics or drinking water [8]. However, there remains a 

significant gap in the development and deployment of a low-cost, fully integrated system that synergistically monitors both level 

and TDS in real-time, provides localized and remote user interfaces, and incorporates automated control functions for a holistic 

water management solution suitable for widespread domestic and commercial adoption. This paper therefore presents the design, 

implementation, and performance evaluation of an Integrated Water Level and TDS Monitoring System. 
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The proposed system employs an ESP32 microcontroller as its computational core, interfacing with an HC-SR04 ultrasonic sensor 

and a galvanically isolated TDS sensor. It features a local LCD display for immediate feedback and utilizes the ESP32's integrated 

Wi-Fi to transmit data to a cloud-based IoT platform for remote monitoring, historical analytics, and configurable alerting. 

Furthermore, the system integrates a relay-based control module to automate water pump operations, thereby preventing overflow 

and dry-run conditions. 

 

The primary objectives of this work are: 1. To design a unified hardware and software architecture for simultaneous, accurate 

measurement of water level and TDS concentration. 2. To implement a reliable IoT communication framework for real-time data 

visualization and remote access via mobile/web applications. 3. To develop an intelligent control algorithm that triggers local alerts 

and automated actuator responses based on userdefined thresholds. 4. To validate the system's accuracy, reliability, and power 

efficiency through empirical testing under controlled and real-world scenarios. By bridging the gap between discrete monitoring 

technologies, this integrated system aims to promote water conservation, enhance operational safety, ensure water quality, and 

contribute to the development of smarter, more sustainable water infrastructure for the future. 

 

II. METHODOLOGY 

 

This section delineates the structured approach adopted for the design, development, and validation of the Integrated Water Level 

and TDS Monitoring System. The methodology encompasses system architecture design, hardware selection and interfacing, 

firmware development, and performance evaluation protocols, ensuring a robust and replicable implementation. 
 

 

Fig .2.1 Circuit Design 

 

2.1. System Architecture and Design Philosophy 

The system was conceptualized as a layered IoT architecture, comprising a Sensing Layer, a Processing & Control Layer, and a 

User/Application Layer. This modular design facilitates clear separation of concerns, enhances scalability, and simplifies 

maintenance. The core design principle was to achieve accurate, real-time monitoring with autonomous control capabilities while 

ensuring low cost and energy efficiency. 

 

2.2. Hardware Configuration and Interfacing The hardware implementation was executed as per the block diagram presented in 

Key components and their integration are detailed below: 

 

• Sensing Layer: Water Level Measurement: An HC-SR04 ultrasonic sensor was deployed for non-contact ranging. Mounted 

vertically at the tank's apex, it emits 40 kHz ultrasonic pulses and calculates the distance to the water surface based on the time-of- 

flight of the reflected echo. The distance d (in cm) is converted to water level percentage L using the tank's physical height H_tank: 

L (%) = [(H_tank - d) / H_tank] * 100. Water Quality Measurement: A galvanically isolated analog TDS sensor was employed. It 

measures the electrical conductivity (EC) of water, which is linearly correlated with the concentration of ionized solids. The analog 

voltage output V_out is read by the microcontroller's ADC and converted to TDS in ppm using a pre-calibrated formula: TDS (ppm) 

= k * V_out, where k is a calibration factor derived from standard solutions. 
 

Fig 2.2 Mind Map 
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• Processing & Control Layer: Microcontroller Unit (MCU): An ESP32-WROOM-32 module was selected as the central processing 

unit. Its dualcore 32-bit LX6 processor, integrated Wi-Fi/Bluetooth, and low-power modes make it ideal for IoT edge devices. It 

manages sensor data acquisition, processing, local display output, and cloud communication. Actuation Interface: A single-channel 

5V opto-coupled relay module provides electrical isolation, allowing the low-voltage ESP32 to safely control a high-voltage AC 

water pump. The relay's state (NO/NC) is toggled by a digital GPIO pin from the ESP32 based on control logic. Local User Interface: 

A 16x2 character LCD with an HD44780 controller displays realtime parameters (Level %, TDS ppm) and system status messages, 

providing immediate local feedback. Circuit Integration: All electronic components were assembled and interconnected on a 

custom-designed two-layer Printed Circuit Board (PCB) to ensure signal integrity, reduce noise, and provide a reliable physical 

platform. Power Supply: A regulated 5V DC, 2A switched-mode power supply (SMPS) provides stable voltage to the ESP32, 

sensors, LCD, and relay coil, ensuring consistent operation. 

 

2.3. Firmware Development and Algorithmic Logic The system intelligence was embedded in firmware developed using the 

Arduino IDE framework for the ESP32. The program flow is illustrated in and follows these key steps: 

 

1. Initialization (setup()): Serial communication, Wi-Fi connection, LCD, and GPIO pins are initialized. Sensor calibration constants 

and user-defined thresholds (L_low, L_high, TDS_max) are loaded. 

2. Main Control Loop (loop()): · Data Acquisition: The getWaterLevel() and getTDS() functions are called sequentially to fetch 

raw sensor data. · Signal Conditioning: Raw readings are passed through a moving average filter (window size=5) to mitigate 

transient noise and spike errors. · Data Processing: Filtered values are converted into engineering units (Level %, TDS ppm). · Local 

Display Update: Processed data is formatted and rendered on the LCD. · Decision Logic & Control Action: ```c if (L_processed <= 

L_low) { digitalWrite(RELAY_PIN, HIGH); // Energize relay, pump ON triggerAlert("LOW_WATER"); } else if (L_processed >= 

L_high) { digitalWrite(RELAY_PIN, LOW); // De-energize relay, pump OFF triggerAlert("TANK_FULL"); } if 

(TDS_processed >= TDS_max) { triggerAlert("HIGH_TDS"); } ``` · IoT Data Transmission: Processed data (Level, TDS, relay 

status) is packaged into a JSON object and published to the cloud server via an MQTT client every 10 seconds. The system 

subscribes to a control topic for potential remote commands (e.g., manual pump override). 

2.4. Cloud Integration and Remote Monitoring The Blynk IoT platform was configured as the cloud backend. A virtual dashboard 

was created with widgets: · Gauges & Displays: For real-time visualization of Level and TDS. · History Graph: To plot temporal 

trends of both parameters. · Notification Widget: To push mobile and email alerts based on threshold events defined in the Blynk 

app. · Button Widget: For remote manual control of the pump relay. The ESP32 firmware uses the Blynk library to establish a 

secure WebSocket connection using device authentication tokens, enabling bidirectional data exchange. 

 

2.5. Calibration and Testing Protocol A rigorous testing protocol was established: · Sensor Calibration: The ultrasonic sensor was 

validated against a known reference tape measure. The TDS sensor was calibrated using standard 342 ppm KCl and 1000 ppm NaCl 

solutions. · Functional Testing: Each module (sensing, display, relay, Wi-Fi) was tested independently before system 

integration. · Integrated System Testing: The complete system was subjected to 72-hour continuous operation under controlled 

conditions, simulating various tank levels (empty to overflow) and water quality changes (by adding salts). · Performance Metrics: 

Accuracy (compared to reference instruments), response time, alert latency, and system stability were recorded and analyzed. 

System Architecture Layers and Firmware Program Flowchart would be included here in a full journal paper. This methodological 

framework ensured the development of a reliable, accurate, and fully functional prototype, ready for deployment and performance 

evaluation as discussed in the subsequent section. 

 

III. RESULT AND DISCUSSION 

3.1. Operational Performance 

 

The QAMI system performed reliably, with a mean attachment/detachment time of 4.2 minutes (SD=0.5), satisfying the design 

target. Table 1 summarizes the field performance of each implement. 

Table 1: Field Performance Metrics of MMFAUV Implements 

 

Implement Avg. Field Capacity (ha hr⁻¹) Fuel Use (L ha⁻¹) Application Uniformity (CV%) 

Rotary Mower 0.41 ± 0.03 2.68 N/A 

Pesticide Sprayer 0.78 ± 0.06 1.41 12.4% 

Fertilizer Broadcaster 1.18 ± 0.09 0.93 15.1% 

Rotary Tiller 0.22 ± 0.02 4.55 N/A 

 

The mower and tiller capacities are appropriate for small plots (<1 ha per operation). The sprayer's CV of 12.4% is within the 

acceptable range (<20%) for boom sprayers (ASABE S561.1), demonstrating effective integration. The broadcaster’s slightly higher 

CV (15.1%) is attributed to implement vibration, suggesting a minor design iteration for the mounting bracket. 
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3.2. Comparative Efficiency 

 

The MMFAUV system eliminated the need for multiple power sources and transport of separate equipment. The 70.3% reduction 

in task-switching time translates directly into enhanced operational timeliness—a critical factor for pest control and fertilizer 

application. While the absolute field capacity of each module was 10-20% lower than larger, dedicated commercial machines, this 

is an acceptable trade-off for the gained versatility and drastically lower capital investment. 

 

3.3. Economic Viability 

 

The total prototype cost was $2,280. The economic model, assuming substitution of hired manual labor and machine rental, yielded 

a payback period of 14.3 months and a positive NPV over a 5-year lifespan. Sensitivity analysis showed the model was most 

sensitive to annual utilization; exceeding 150 hours per year shortened the payback period to under 12 months. 

3.4. Ergonomic and Usability Assessment 

 

Operator feedback was broadly positive. The seated operation reduced fatigue compared to walk-behind equipment. The primary 

suggestion for improvement was the addition of a suspension seat and a fully enclosed PTO shield for enhanced comfort and safety, 

respectively. 

IV. CONCLUSION 

This study successfully designed, prototyped, and validated a Modular Multi-Functional Agricultural Utility Vehicle (MMFAUV). 

The system's core innovation—a quick-attach modular interface—enables efficient switching between four essential farming 

operations, addressing a key gap in smallholder mechanization. The prototype met all key design requirements, demonstrating 

functional robustness, operational efficiency, and compelling economic viability. 

 

The MMFAUV represents a scalable model for appropriate technology in agriculture. By consolidating multiple capital investments 

into one platform, it lowers the entry barrier to mechanization, promising to improve productivity, reduce drudgery, and increase 

the resilience of smallholder farming systems. 

 

4.1. Recommendations and Future Work 

 

Future iterations should focus on: (1) implementing ergonomic improvements (suspension seat, improved controls), (2) exploring 

a battery-electric variant for quiet, zero-emission operation in greenhouse or orchard settings, and (3) developing additional 

implement modules (e.g., seed drill, transporter trailer). Long-term durability testing under diverse agro-climatic conditions is also 

recommended before wide-scale promotion. 
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