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Abstract- This project presents the design and development of an River Depth Monitoring Using GPS Integrated
Cleaning Robot, an innovative river monitoring and maintenance solution. The system integrates a GPS- guided
navigation platform, sonar-based depth measurement, and hazard detection for real-time mapping and
environmental analysis. Key features include autonomous waypoint navigation, data communication via Bluetooth,
onboard data logging, and a mobile application interface for user interaction. Sustainability is emphasized with
waterproofing, optional solar power, and eco-friendly materials. Enhanced safety through obstacle detection and
emergency recovery ensures reliable performance, making this a versatile tool for environmental monitoring and
river maintenance.
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I. INTRODUCTION

Natural water bodies, including rivers, lakes, and
reservoirs, are vital components of our ecosystems
and play a crucial role in recreational activities and
community well-being. They provide habitats for
diverse flora and fauna, serve as sources of drinking
water, and support various recreational pursuits such
as fishing, boating, and swimming. However, despite
their importance, these environments also pose
significant safety risks due to unpredictable changes
in water depth, which can lead to tragic accidents.
Sudden and unmarked dips in the riverbed, often
caused by soil erosion, sedimentation, and other
natural factors, can result in drowning incidents,
particularly in areas frequented by swimmers and
boaters.

This lack of reliable depth information makes it
difficult for users to navigate safely, increasing the
likelihood of accidents. The challenge of ensuring
safety in natural water bodies is compounded by the
absence of real-time monitoring and mapping of
hazardous zones. Traditional methods of depth
measurement, such as manual surveys, are often
inefficient and fail to provide timely information
about changing conditions. As a result, the need for

innovative solutions to enhance water safety has
never been more urgent. This project aims to
address these challenges by developing a mobile-
operated, sonar-equipped depth mapping robot
that can continuously scan and map the riverbed,
providing crucial data for users.

The proposed robot leverages advanced sonar
technology to detect changes in depth, allowing for
the creation of accurate and up-to-date maps of
riverbeds. These maps can identify potential hazards,
enabling users to make informed decisions while
navigating through water bodies. The robot
transmits real-time data to a mobile application via
Bluetooth, ensuring that users have immediate
access to vital information. This innovative system,
powered by STM32 microcontroller technology,
allows for manual control, enabling users to easily
explore and monitor river conditions. By integrating
user-friendly technology with essential safety
features, the project provides a comprehensive
approach to enhancing water safety. In addition to
improving safety through depth mapping, this
project also addresses pressing environmental
concerns associated with plastic waste and pollution
in our waterways. Rivers often act as conduits for
litter and debris, carrying waste from land to oceans.
The accumulation of plastic waste not only harms
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aquatic life but also poses a threat to human health
and the environment.
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Fig No.1 — Block diagram of River Depth Monitoring
Using GPS Integrated Cleaning Robot

Il. METHODOLOGY

1. System Architecture

The autonomous river-cleaning robot is designed on
a lightweight, water-resistant floating platform that
ensures stability under varying river conditions. All
electronic components are housed inside a compact,
sealed enclosure to protect them from moisture and
environmental exposure. The power system consists
of a rechargeable battery capable of supplying
power to all modules, with an optional solar panel
for extended operation. A power management unit
continuously monitors battery voltage and current
levels to ensure safe and uninterrupted functionality.

2. Navigation System

Accurate navigation is achieved through the

integration of multiple positioning and orientation

modules:

e GPS Module: A high-accuracy GPS module
provides real-time location tracking. Waypoints
are transmitted from a mobile application to the
robot via Bluetooth, enabling autonomous
navigation along predefined paths.

e Compass Module: A digital compass assists in
maintaining directional accuracy. Navigation
algorithms correct deviations caused by water
currents or external disturbances, ensuring the
robot remains aligned with the target waypoints.

3. Depth Measurement System

The depth monitoring system consists of the

following components:

e Sonar Sensor: A waterproof sonar sensor
mounted beneath the robot continuously
measures river depth by transmitting and
receiving sound waves from the riverbed.

e Hazard Detection: Sudden variations in depth
are detected in real time. Locations of hazardous
depth changes are recorded along with GPS
coordinates for later analysis and user
notification.

4. Data Communication

The communication system enables effective

interaction between the robot and the user:

e Bluetooth Module: A low-energy Bluetooth
module facilitates bidirectional communication,
allowing the robot to receive navigation
commands and transmit depth data efficiently.

e Mobile Application: The mobile application
provides a user-friendly interface for waypoint
entry, depth visualization, and real-time hazard
alerts with corresponding GPS coordinates.

5. Control System

A centralized microcontroller acts as the core control
unit, integrating GPS, compass, sonar, and Bluetooth
modules. It executes autonomous navigation
algorithms to follow waypoints while dynamically
adapting to environmental disturbances. The
propulsion system consists of dual DC motors for
speed and directional control, while a servo motor
provides precise orientation adjustments based on
compass feedback.

6. Data Storage and Processing

An SD card module is used to store depth
measurements along with corresponding GPS
coordinates for post-mission analysis. A backup
mechanism ensures secure data storage during
communication interruptions, preserving critical
information for further evaluation and mapping.

7. Safety Features
To enhance reliability and operational safety, the
robot incorporates several safety mechanisms:
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e Obstacle Detection: Ultrasonic sensors or
LiDAR systems detect obstacles such as rocks,
debris, or riverbanks and initiate avoidance
maneuvers.

e Emergency Recovery: A fail-safe mechanism
ensures automatic return to the starting point
when communication is lost or battery levels fall
below a critical threshold.

8. Environmental Considerations

The design emphasizes sustainability and durability

through:

e Waterproofing: All electronic components are
sealed in watertight enclosures with buoyancy
aids.

e Eco-Friendly Design: The use of lightweight,
corrosion-resistant materials and optional solar
charging supports extended missions while
minimizing environmental impact.

9. User Interaction

e The mobile application enables seamless user
interaction by allowing waypoint input, real-time
system updates, and hazard notifications. It
visually displays a graphical depth map of the
surveyed river area, providing clear insights into
depth variations and potential hazards.

10. Testing and Calibration

Extensive testing and calibration are conducted to

ensure system accuracy and reliability:

e Calibration Procedures: GPS, compass, and
sonar sensors are calibrated prior to
deployment. Controlled water testing is used to
fine-tune navigation and depth-mapping
algorithms.

o Field Testing: The robot is tested in real river
environments to evaluate performance under
varying conditions such as shallow waters,
strong currents, and debris-filled regions.

I1l. LITERATURE REVIEW

Kavya M et al. (2025) developed a river cleaning
robot integrated with GPS guidance and real-time
depth monitoring. The boat-like system successfully
combined floating waste collection with underwater
sonar-based riverbed mapping, enabling detection

of sudden depth variations along with precise
geolocation data. However, the system relied on
Bluetooth communication, which limits operational
range and may affect continuous large- area
monitoring without additional communication
infrastructure.

Chang et al. (2021) developed an autonomous
unmanned surface vehicle for water quality
monitoring and water surface cleaning. The system
successfully performed autonomous navigation
while collecting real-time water quality data and
removing floating pollutants. However, the system
involved higher design complexity and operational
cost, which may limit large-scale deployment and
long-term continuous monitoring.

Hitz et al. (2012) designed and developed an
autonomous surface vessel (ASV) for lake water
quality monitoring with high spatial and temporal
resolution. The vessel successfully performed
autonomous waypoint navigation while collecting
physicochemical and biological data at varying
depths using a custom winch system and GPS-based
localization. However, the system involved complex
mechanical design and higher operational
requirements, which may limit scalability and long-
term deployment under harsh environmental
conditions.

Sneha Gade et al. (2025) developed a mobile-
controlled unmanned river cleaning robot for
automated removal of floating waste from water
bodies. The robot successfully enabled remote
navigation through a mobile application and
efficiently collected surface debris using integrated
waste collection mechanisms. However, the system
faced limitations related to sensor accuracy, battery
life, and navigation in strong currents, which may
affect long-term and large-scale river cleaning
operations.

Srinivas et al. (2017) presented a comprehensive
survey on GPS and INS integration techniques for
reliable navigation and positioning systems. The
study showed that integrated GPS-INS architectures
improve positioning accuracy, robustness, and
continuity by combining the short-term accuracy of
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INS with the long- term stability of GPS. However,
conventional integration methods such as Kalman
filtering face limitations under nonlinear dynamics,
sensor noise, and GPS signal outages, indicating the
need for more adaptive and computationally
efficient fusion techniques.

Larson et al. (2013) presented a method for
measuring coastal sea level variations using a single
geodetic- quality GPS

Nikshith Chandru et al. (2025) proposed a river depth
monitoring robot integrated with a floating waste
collection mechanism for improving water safety and
environmental cleanliness. The robotic system
successfully monitored real-time river depth using a
waterproof sonar sensor, classified depth levels, and
transmitted GPS-based alerts to a Bluetooth mobile
application while simultaneously collecting surface
waste. However, the system was limited by short-
range Bluetooth communication, battery life
constraints, and the need for manual disposal of
collected waste, which may affect large-scale or
long-duration river monitoring operations.

Araju Mubarak Naikawadi et al. (2025) proposed an
automated river cleaning machine integrated with a
depth measuring system using an ultrasonic sensor
and Arduino controller. The floating system
successfully collected surface waste using a conveyor
belt mechanism while simultaneously measuring
river depth to support environmental monitoring
and maintenance. However, the system is mainly
suitable for small and medium water bodies and
lacks long-range communication and advanced
automation features, which may limit large-scale or
continuous deployment.

Durand et al. (2010) proposed a method for
estimating river depth and discharge using remote
sensing swath interferometry measurements from
the SWOT mission. The study successfully
demonstrated that river depth and discharge could
be estimated with good accuracy by combining
water surface elevation, slope, and width data,
achieving a median discharge error of about 10-
15%. However, the approach depended on sufficient
temporal sampling, accurate roughness

assumptions, and was less effective for narrow rivers
and real-time monitoring.

Kasvi et al. (2019) compared multiple remote sensing
approaches, including echo sounding, bathymetric
Structure-from-Motion, and optical modelling, for
mapping bathymetry in shallow, clear-water rivers.
The study successfully demonstrated that echo
sounding provided the highest accuracy, while
optical modelling and SfM enabled high-resolution
and spatially continuous riverbed mapping under
favorable water clarity conditions. However, the
performance of photogrammetric methods was
strongly affected by water turbidity, depth, and
shadows, limiting their reliability under varying
environmental conditions.

Mohammed et al. (2020) designed and developed a
river cleaning robot integrated with loT technology
for automated collection of floating waste from
rivers and lakes. The robot successfully collected
surface debris using a conveyor mechanism and
enabled remote monitoring and control through an
loT-based system, reducing human involvement and
improving cleaning efficiency. However, the system
focused mainly on surface waste collection and
involved design complexity and dependency on
wireless connectivity, which may affect reliability in
large-scale or harsh river environments.

Liu et al. (2015) investigated GNSS positioning
performance in challenging urban environments
using advanced signal processing and modeling
techniques. The study demonstrated improved
positioning accuracy and reliability by mitigating
multipath effects and signal blockage. However, the
proposed approach required increased
computational complexity and depended on high-
quality signal conditions, which may limit real-time
implementation in low-cost navigation systems.

Ahn et al. (2010) proposed an efficient GPS
ephemeris parameter prediction method for self-
assisted GPS systems to reduce time to first position
fix (TTFF) without external network support. The
study successfully identified regular 24-hour
ephemeris patterns and used polynomial and sine
estimation methods to predict satellite orbital
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parameters, improving positioning accuracy during
GPS signal outages. However, the estimation
accuracy depends on historical ephemeris data
quality and may degrade under highly dynamic
satellite or receiver conditions.

IV. CRITICAL ANALYSIS OF LITERATURE

A deeper evaluation of existing studies reveals
several important insights beyond the descriptive
summaries presented in the literature review.

1. Communication Technology Trade-offs
Existing river monitoring and cleaning systems
employ various communication technologies such as
Bluetooth, Wi-Fi, GSM, and LoRa. While Bluetooth
and Wi-Fi enable real-time data transfer, they suffer
from limited range. GSM and LoRa provide long-
range communication but face challenges related to
data transmission speed and large dataset handling.
2. Power Consumption and
Endurance

Many systems rely on battery-powered or solar-
assisted energy sources. Although solar power
extends operational duration, performance s
significantly affected by weather conditions. High
power consumption of propulsion and sensing units
limits continuous long-term deployment.

Operational

3. Sensor Accuracy and Reliability

Low-cost ultrasonic, sonar, and environmental
sensors are widely used to reduce system cost.
However, sensor performance degrades in turbid
water, polluted environments, and during prolonged
usage due to sensor drift and biofouling.

4. Autonomous Navigation Challenges
GPS-based  navigation improves  positioning
accuracy, but environmental factors such as strong
currents, floating debris, and signal loss reduce
navigation reliability. Most systems lack robust
obstacle avoidance and adaptive route planning
capabilities.

5. System Complexity and Scalability
Advanced systems incorporating loT, Al, and multi-
robot coordination improve functionality and

automation. However, increased computational
load, energy demand, and implementation cost
restrict their scalability and real-world applicability.

6. Maintenance and Durability Issues

Long-term deployments face mechanical wear,
corrosion, and maintenance challenges, especially in
harsh river environments. Frequent maintenance
requirements reduce system reliability and increase
operational cost.

7. Research Gap Identification:

Current solutions do not effectively balance long-
range communication, energy efficiency, sensor
durability, autonomous navigation, and affordability.
This highlights the need for hybrid power systems,
enhanced sensor calibration methods, and
intelligent navigation algorithms.

V. ANALYTICAL CONCLUSION

From the critical analysis, it is evident that no existing
system effectively balances mobility, long-range
communication, sensor durability, energy efficiency,
autonomy, and cost. Most solutions excel in isolated
aspects while compromising others. This gap
highlights the need for hybrid power solutions,
robust communication architectures, improved
sensor calibration and protection mechanisms, and
intelligent navigation strategies that ensure
reliability under dynamic river conditions. Future
research should focus on integrated, scalable, and
cost-effective designs that enable continuous long-
term monitoring and cleaning of water bodies.

VI. LITERATURES ANALYSIS

The review of existing literature shows significant
progress in the development of river cleaning robots,
water quality monitoring systems, and autonomous
surface vehicles. Many researchers have successfully
implemented floating robotic platforms capable of
collecting surface waste, monitoring water quality,
and navigating water bodies using GPS or remote
control. loT-enabled systems have improved real-
time data transmission and remote monitoring,
while GSM, Bluetooth, Wi-Fi, and LoRa technologies
have been explored for communication purposes.
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Several studies focus primarily on surface waste
collection using conveyor belts or net mechanisms;
however, they often neglect underwater monitoring
aspects such as riverbed depth and erosion
detection. Other works emphasize sonar- or GNSS-
based depth measurement but operate as
standalone monitoring systems without integrated
cleaning functionality. This separation increases cost,
operational complexity, and resource requirements.
Navigation accuracy is enhanced in some systems
through GPS-INS integration, yet environmental
factors such as signal blockage, water currents, and
debris reduce reliability. Power management
remains a challenge, as battery-powered robots face
limited endurance, while solar-powered systems are
weather dependent. Low-cost sensors used in many

designs suffer from reduced accuracy in turbid or
polluted water and may degrade over long-term
deployment.

Advanced Al- and loT-based systems offer
intelligent decision-making but introduce higher
computational complexity and cost. Overall, the
literature highlights the absence of a unified, low-
cost, energy-efficient solution that integrates waste
collection, real-time depth monitoring, geolocation,
and reliable communication. These gaps justify the
need for the proposed GPS-integrated river cleaning
and depth monitoring robot, which aims to balance
functionality, scalability, and practicality for real-
world deployment.

Table No. 1 Comparative Result Analysis of RIVER DEPTH MONITORING USING GPS INTEGRATED
CLEANING ROBOT

*  Real-time sonar-based depth mapping |*
*  Simultaneous floating waste collection

Author Name & Year|Advantages Limitations
* Integrated river cleaning and depth *  Bluetooth-based short-range|
Kavya M et al. (2025) Imonitoring communication
* GPS-based geolocation of riverbed® Limited coverage for large water
anomalies bodies

Requires additional infrastructure
for
long-range monitoring

e  Autonomous unmanned surface vehicle |*

High system complexity

Chang etal. (2021) o Real-time water quality monitoring *  High operational cost
* Efficient surface waste removal *  Limited scalability
*  High spatial and temporal data resolution®  Complex mechanical design
Hitz et al. (2012) *  Autonomous waypoint navigation *  High maintenance requirements
*  Multi-depth water quality analysis * Limited long-term deployment

Author Name & Year|Advantages

Limitations

* Limited Battery Life

Sneha Gade Et Alf» Mobile App—Based Remote Control *  Sensor Accuracy Issues

(2025) »  Effective Floating Waste *  Performance Affected By Strong
Collection Currents
* Low-Cost Implementation
* Improved Positioning Accuracy * Kalman Filter Limitations

Srinivas Et Al. (2017)

Robust Gps-Ins Integration

* Reliable Navigation Support

*  Sensitive To Sensor Noise
*  Performance Degrades During Gps
Outages

*  Uses Geodetic-Quality Gps

*  Accurate Coastal Sea-Level Measurement* Applicable Mainly To Coastal Regions

* Not Suitable For Inland Rivers
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Larson Et Al. (2013) High Precision Monitoring

* Requires Fixed Infrastructure

Nikshith Chandru Et

Gps-Based Alert System

Real-Time River Depth Monitoring .

Short-Range Bluetooth

Communication

Al. (2025) * Integrated Waste Collection *  Manual Waste Disposal Required
* Limited Operational Duration
*  Conveyor-Based Waste Collection * Suitable Only For Small Watern
Araju Mubarakle  Ultrasonic Depth Measurement Bodies
Naikawadi Et Alle  |ow-Cost And Energy-Efficient *  No Long-Range Communication
(2025) *  Limited Automation

Durand Et Al. (2010)

Accurate Depth And Discharge Estimation|
Large-Scale Remote Sensing Capability |
Useful For Hydrological Studies .

Not Real-Time

Ineffective For Narrow Rivers
Depends On Roughness
Assumptions

Kasvi Et Al. (2019) Multiple

Compared

Bathymetric

High-Resolution Riverbed Mapping .

Effective In Clear Shallow Waters

Performance Affected By Turbidity
Techniquesf*  Limited In Deep Or Shaded Regions
*  Weather-Dependent

* lot-Based Remote Monitoring *  Focused Only On Surface Waste
Mohammed Et Alle Conveyor Mechanism For Wastee  Design Complexity
(2020) Collection *  Connectivity Dependency

Reduced Human Involvement

Improved Gnss Accuracy
Liu Et Al. (2015)

Reliable Urban Positioning

Effective Multipath Mitigation .

*  Focused Only On Surface Waste
Design Complexity
*  Connectivity Dependency

Reduced Gps Ttff
Ahn Et Al. (2010)

No External Network Dependency .
Improved Positioning During Outages

* Depends On Historical Data
Reduced Accuracy In Dynamic
Environments

* Limited Adaptability

Future Research Roadmap

1. Long-Range Communication Integration
Replace or supplement Bluetooth with long-range
technologies such as LoRa, GSM, or NB-IoT to enable
real-time monitoring over large river stretches.

2. Hybrid Power Management System
Incorporate solar panels with intelligent power
management to increase operational duration and
reduce dependency on battery recharging.

3. Advanced Sensor Fusion

Integrate  additional sensors (pH, turbidity,
temperature, dissolved oxygen) along with sonar to
provide comprehensive water quality and depth
analysis.

4. Improved Autonomous Navigation

Develop Al-based path planning and obstacle
avoidance algorithms to enhance navigation in
strong currents, debris-dense regions, and varying
river conditions.

5. Cloud and loT Data Analytics

Store sensor and GPS data on cloud platforms to
enable historical analysis, trend prediction, and early
warning systems for erosion or flood risks.

6. Multi-Robot Cooperative System

Design a swarm or multi-robot framework where
multiple robots coordinate to cover large water
bodies efficiently.
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7. Automated Waste Sorting and Disposal
Integrate machine vision and Al models to classify
collected waste (plastic, organic, metal) for efficient
recycling and disposal.

8. Robust Hardware for Harsh Environments
Enhance waterproofing, corrosion resistance, and
biofouling protection to ensure long-term
deployment reliability.

9. Scalability and Modular Design

Develop a modular architecture allowing easy
upgrades and customization for rivers, lakes,
reservoirs, and coastal areas.

10. Integration with Government and Smart City
Systems

Enable interoperability with smart city dashboards

and environmental agencies for large-scale river

management and decision support.

VII. CONCLUSION

This project presents an integrated river cleaning
and depth monitoring robotic system that addresses
critical environmental and safety challenges. By
combining floating waste collection with real-time
sonar-based depth monitoring, the system improves
river cleanliness and hazard detection. The use of
GPS enables precise geolocation of riverbed
anomalies,  supporting  timely intervention.
Compared to traditional manual and mechanical
methods, the proposed system reduces human
effort and operational risks. The literature review
highlights that most existing systems focus on either
cleaning or monitoring, whereas this project
successfully integrates both. Although Bluetooth
communication  limits range, the system
demonstrates strong potential for small and medium
water bodies. Energy-efficient design ensures
reliable operation with minimal maintenance. The
modular architecture allows future upgrades such as
loT integration and Al-based analytics. Overall, the
project contributes a cost-effective, scalable, and
eco-friendly solution for river management. It lays a
strong foundation for advanced autonomous water
monitoring system.
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