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ABSTRACT 

Flooding is one of the most significant results of urban drainage blockages; the impact is often property damage, 

health problems, or economic losses. Traditional manual inspections of urban drainage systems require several 

hours of labor at each location and frequently do not provide monitoring of obstructions in an efficient manner. 

The purpose of this study was to develop a fully AI-enabled drainage monitoring system to monitor urban 

drainage systems in real-time and proactively prevent urban flooding. The AI-Enabled Drainage Monitoring 

System was developed using a Raspberry Pi as the main processor, a USB webcam to acquire images of drainage 

conditions, an ultrasonic sensor for continuous monitoring of drainage systems, and a water level sensor to 

measure actual water levels in the drainage system. An AI-based image classification model (ICM) was created 

to classify drainage conditions as either clear, partially blocked, or fully blocked. A web-based dashboard using 

Flask provides real-time monitoring data, alert notifications, historical records, and weather forecasts; this 

dashboard allows Local Government Units (LGUs) to make more informed decisions and also provides selected 

historical data to the public to help increase public awareness of the importance of monitoring urban drainage 

systems. The study employed a developmental research design and the Agile Software Development Life Cycle 

(SDLC). Results indicate that the system can effectively detect drainage blockages and generate timely alerts, 

demonstrating a scalable and cost-effective solution for urban flood risk mitigation. 

Keywords: AI-powered drainage monitoring, computer vision, IoT sensors, flood prevention, real-time 

monitoring, Raspberry Pi 

INTRODUCTION 

Urban drainage systems are essential for managing rainwater and protecting the surrounding area from 

environmental impacts. Solid waste can build up and prevent water from moving, creating localized flooding 

and damaging properties. Currently, traditional approaches to monitoring rely heavily on manual inspections 

that are time-consuming, costly, and do not respond to changing conditions quickly enough for effective disaster 

response. The development of IoT and AI technologies can change this situation. IoT sensors allow for continual 

collection of environmental data [1], while computer vision using AI can automatically identify physical objects 

in real time [2]. As demonstrated by existing studies on smart grate inlets, we have provided an example of how 

these technologies may be implemented to improve urban drainage systems. 

[3] Integrating these technologies serves to heighten precision in monitoring and enable rapid action to be taken. 

Even though there have been significant advances in these technologies, most urban drainage networks are still 

not being monitored until a major failure happens. Without real-time visibility, local government agencies have 

no way of taking timely, preventive action. This research focuses on the development of an AI-powered 

monitoring system for drainage that will provide local governments with tools to reduce the risk of flooding 

through proactive measures. The system consists of a Raspberry Pi that collects information from ultrasonic and 

water level sensors to monitor hydrologic conditions and a USB camera for image-level identification of the 

drainage condition. A custom image-analysis model identifies whether a drainage is clear, partially blocked, or 
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fully blocked. The data from these multiple sensors are combined with weather forecast information and backed 

by automated alerts in a single web-based dashboard that will assist local government units (LGUs) with 

necessary actionable information prior to potential flooding of their communities and help them manage their 

infrastructure effectively. 

METHODOLOGY 

This section outlines the methodology employed in developing the AI-Powered Drainage Monitoring System 

Using Computer Vision and IoT Sensors for Proactive Flood Prevention. It discusses the adoption of a 

developmental research design, the development and preparation of sensor and image datasets, as well as the 

application of the Agile Model through iterative development phases. Additionally, this chapter presents the 

system architecture, hardware and software specifications, and the tools and methods utilized during system 

design, implementation, and testing. 

Research Design 

This study employs a Developmental Research Design, as it is concerned with the design, development of a 

functional system. Developmental research is appropriate because the intent is to design and evaluate a 

technology-based solution to an increasingly prevalent real-world urban problem, particularly those factors 

contributing to blocked drainage systems, unresponsive urban flood management, and the absence of a 

systematic monitoring process for drainage infrastructure. 

The Software Development Life Cycle (SDLC) provides a structured framework for developing the AI-Powered 

Drainage Monitoring System, guiding every stage of the development process from initial planning through 

continuous improvement. The SDLC model utilized in this study consists of multiple phases: Requirements 

Collection, Requirements Analysis, Design Development, Code Development, Testing and Verification, and 

System Maintenance. All phases of the SDLC model were followed in developing the key components of the 

system, such as the 10- to 30-minute monitoring cycle, drainage image capture, water level sensing, ultrasonic 

sensing, server-side data processing, database storage, and the web-based dashboard with automated alert 

notifications. Adhering to the SDLC model has enabled the researchers to organize development tasks 

systematically, verify system performance through structured testing, and continuously improve the system 

through maintenance based on observed results. 

Requirements Collection 

The researchers established the functional requirements necessary for the system's operation. These include the 

need for a scheduled monitoring cycle integrating both sensor and camera surveillance, the classification of 

drainage conditions into three categories — Clear, Partially Blocked, and Fully Blocked — and a structured 

web-based interface that allows authorized users to access real-time device status information and retrieve 

historical recorded data. 

Analysis 

The researchers analyzed the methods by which data would be collected from field-deployed instruments. This 

included defining the process by which data would be transmitted over a network connection through the server, 

and how the information would be interpreted and translated into usable drainage condition data. Furthermore, 

the researchers conducted an analysis of the required system inputs, the logic employed to classify drainage 

conditions, and the automated notification mechanism — whereby upon the detection of a blockage, users would 

receive an alert indicating a potential blockage along with any associated water level risk. 

Designing 

During the design phase of the system, the researchers defined the overall system architecture, encompassing 

the three operational layers — field, controller, and server — as well as the structure for storing image data, 

sensor readings, and their corresponding timestamps and location identifiers. Additionally, the researchers 
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established the structural layout of the web-based dashboard, including the conditions and thresholds that 

determine when automated notifications would be triggered and delivered to users. 

Coding 

The researchers developed the code for each system component in accordance with the documented design plan. 

The implemented components included timer-based data collection from field-deployed instruments, data 

transmission to the server, processing of captured images and sensor data, and  based on the processed image 

and sensor data the generation of drainage condition classifications, the insertion of corresponding classification 

results into the database, and the triggering of the necessary web-based dashboard notifications. 

Testing 

To validate that the system operates accurately, dependably, and consistently as intended, comprehensive testing 

was conducted across the entire monitoring platform. This included verifying that images captured by the 

imaging sensors were accurate, that sensor measurements were correct and free of errors, that data from the 

imaging sensors were properly transmitted to the server, that classification results were accurate, that information 

from the imaging sensors was properly stored in the database, and that dashboard users could intuitively navigate 

the interface and retrieve monitoring results with ease. Furthermore, the system demonstrated reliable generation 

of automated alerts at each monitoring cycle, confirming that the system is operationally sound and performs as 

designed. 

Maintenance 

System maintenance following deployment was centered on an iterative process aimed at continuously 

improving system performance based on actual monitoring data. To achieve this objective, the following tasks 

were completed: resolving issues identified during the monitoring process, enhancing sensor stability, improving 

the accuracy of image analysis and classification results, and calibrating threshold settings based on tested 

outcomes. Furthermore, modifications were applied to both the dashboard and the alerting system to facilitate 

more effective communication of monitoring results and to enhance the overall usability and reliability of the 

system. 

Table 1. Dataset for AI-Powered Drainage Monitoring System 

Image Filename Timestamp Location 

ID 

Water 

Level(cm) 

Ultrasonic 

Reading (cm) 

Condition 

Label  

Weather  Remarks 

images/clear/LOC01_20251024_

080000.jpg 

10/24/2025 

8:00 

LOC01 3.5 10 Clear Sunny Normal 

flow 

images/partial/LOC01_20251024

_090000.jpg 

10/24/2025 

9:00 

LOC01 12 5 Partially 

Blocked 

Rain Slow flow 

images/blocked/LOC01_2025102

4_103000.jpg 

10/24/2025 

10:30 

LOC01 26 0 Blocked Rain Overflow 

System Architecture 

The AI-Powered Drainage Monitoring System detects blockage conditions and flood risks through the analysis 

of surface drainage images and data collected from field-deployed sensors. Surface drainage images are 

classified into the following conditions: Clear, Partially Blocked, and Fully Blocked. Water level and ultrasonic 

sensor measurements are collected and integrated to provide a more accurate interpretation of the overall 

drainage status. 
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Figure 1. The System Architecture of the Proposed System 

   

The architecture consists of three layers: the Field Layer, the Controller Layer, and the Server Layer. The Field 

Layer comprises a USB camera for capturing images of the drainage area, along with a water level sensor and 

an ultrasonic sensor. The Controller Layer aggregates the data at regular intervals and transmits it to the server 

via an established network connection. The Server Layer receives the captured images and sensor readings and 

processes them through data processing and machine learning algorithms to determine the drainage condition. 

Methods and Tools 

This section outlines the methods and tools utilized during the design, development, and testing phases of the 

proposed system. Flowcharts were utilized to illustrate the operational workflow, providing a clear visualization 

of the sequence of processes, decision points, and system interactions. Data Flow Diagrams (DFDs) were used 

to represent the movement of data within the system, highlighting how information is collected, processed, and 

transmitted across different components. In addition, Entity Relationship Diagrams (ERDs) were developed to 

depict the structural design of the database, including the relationships between data entities and attributes. 

The data acquisition process begins with the USB webcam capturing real-time images of the drainage 

environment. Simultaneously, the ultrasonic sensor estimates the water level by measuring distance, while the 

water level sensor confirms the presence of water within the drainage area. The collected image and sensor data 

are then transmitted to the Raspberry Pi, which serves as the central processing and integration unit of the system.  

After preprocessing, the system performs AI-based analysis to classify the drainage condition as clear, partially 

blocked, or fully blocked. The classification results are further validated using sensor data to ensure accuracy 

and reliability. Based on the validated results, the system determines the corresponding flood risk level. If a 

critical condition is identified, the system generates an alert and transmits the information to the monitoring 

system and web dashboard. 

Methods 

To provide a clearer understanding of the proposed system’s operational workflow, the researchers present the 

process diagrams of the AI-Powered Drainage Monitoring System. These diagrams illustrate the processes 

involved in data acquisition, AI-based analysis, and system response for real-time drainage monitoring and flood 

risk prevention.  
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Figure 2. AI-Powered Drainage Acquisition 

 

Figure 2 illustrates the data acquisition process of the proposed AI-Powered Drainage Monitoring System. The 

process begins with the USB webcam capturing real-time images of the drainage environment. Simultaneously, 

the ultrasonic sensor estimates the water level by measuring distance, while the water level sensor confirms the 

presence of water within the drainage area. The collected image and sensor data are then transmitted to the 

Raspberry Pi, which serves as the central processing and integration unit of the system. After integration, the 

gathered data becomes ready for further processing and AI-based analysis.  

Figure 3. AI-Powered Drainage Detection & Analysis 

 

Figure 3 illustrates the AI-powered drainage detection and analysis process of the proposed system. The process 

begins with receiving integrated image and sensor data collected during the data acquisition phase. The captured 

images then undergo preprocessing techniques such as cleaning, resizing, and enhancement to improve image 

quality for analysis. After preprocessing, the system performs AI-based analysis to classify the drainage 

condition as clear, partially blocked, or fully blocked. The classification results are further validated using sensor 

data to ensure accuracy and reliability. Based on the validated results, the system determines the corresponding 

flood risk level for monitoring and response purposes.  

Figure 4. AI-Powered Drainage Detection & Analysis  

 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue V May 2026 

Page 3161 

www.rsisinternational.org 

 
 

    

 

Figure 4 illustrates the alert and response process of the proposed AI-Powered Drainage Monitoring System. 

After the system receives the assessed risk level, it determines whether the detected condition is critical. If a 

critical condition is identified, the system generates an alert and transmits the information to the monitoring 

system. The processed data is then displayed on the monitoring dashboard to support real-time monitoring and 

flood prevention efforts. If no critical condition is detected, the system continues monitoring the drainage 

environment for further analysis. 

RESULTS AND DISCUSSION 

Overview of System Testing 

The findings from testing and assessing the AI-Powered Drainage Monitoring System Using Computer Vision 

and IoT Sensors for Proactive Flood Prevention are outlined herein. This system was tested on May 16, 2026, 

through a web-based local dashboard at the system's local server address. Testing and evaluation were performed 

on three main components of the system: the IoT Sensor Module, the AI-based Camera Classification Module, 

and the Integrated Weather Forecast Module. The results for all of these components are presented in reference 

to the main objective of providing proactive flood prevention in real-time. 

IoT Sensor Performance and Water Level Monitoring 

The Ultrasonic sensor and a water level sensor are used in an Internet of Things (IoT) sensor module that has 

gone through various test cycles with different monitoring periods. The ultrasonic sensor measures the distance 

from the sensor to the top of the water while the water level sensor monitors the water depth in cm. Figure 5 

below lists all of the data collected on the Admin Dashboard that provide a summary of the results recorded by 

the administrator during the test. 

Figure 5. AI-Powered Drainage Monitoring System — Admin Dashboard 

 

The Admin Dashboard of the AI-Based Drainage Monitoring System is shown in Figure 5 based on the results 

of the trial held on May 16, 2026. The header of the dashboard shows five status indicators: the current sensor 

distance reading is 20.05 cm, there was no water present at that time (0 cm), the current drainage status is pending 

with no flooding issues, the risk level currently reported is low with normal operation, and the connection status 

indicates that the monitoring system has a live connection to the server. There is no display from the camera at 

this moment (the camera preview panel is waiting for information to be received from the Raspberry Pi camera), 
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but there is an active alerts panel that indicates "Drainage is clear; need to take no action" at the time this picture 

was taken. At the bottom of the dashboard is the Monitoring History section, which displays eight entries from 

two monitoring cycles taken at 06:04:19 and 06:04:25. Water levels at 17.9 centimeters and 15.5 centimeters 

(ultrasonic distances of 2.1 centimeters and 4.5 centimeters, respectively) are flagged by high-risk entries with 

confirmed flood activity occurring at that site. Water levels of 8.0 centimeters and 9.5 centimeters (ultrasonic 

distances of 12.0 centimeters and 10.5 centimeters, respectively) are classified as moderate-risk entries with no 

detection of flooding occurring during the entire monitoring period. Users who have access to the dashboard can 

use the Export and Filter controls located on the dashboard to administer and/or obtain any historical monitoring 

report as required. 

AI-Based Camera Classification Results 

By analyzing the pictures taken by the USB webcam, the computer vision module of the detection system was 

able to classify drainage conditions. The AI model could classify the drain conditions as either Clear, Partially 

Blocked, or Blocked and further categorize each based upon risk level (Low for Clear, Moderate for Partially 

Blocked, and High for Blocked). The results of the camera classification are shown in Figure 6 as recorded in 

the system's monitoring log. 

Figure 6. AI Camera Classification Results — Drainage Condition Monitoring Log 

 

The AI-based camera classifier's results for the monitoring of drainage conditions on May 16th, 2026, contain 

three recorded instances for various classifications of drainage conditions, as determined by the system. The 

Drainage Condition Monitoring Log's first entry (03:53:46) depicts that the camera is blocked and poses an 

immediate flood risk (red badge) to the drainage infrastructure; therefore, the drainage infrastructure must be 

attended to immediately, as it is completely blocked. The Drainage Condition Monitoring Log's second entry 

(04:00:56) depicts that it is in a state of partial blockage and presents a moderate risk to the drainage 

infrastructure (yellow badge). Thus, at this time, the camera was deemed to warrant preventive maintenance on 

the drainage infrastructure. 

Entry number three shows a drainage system, which has a camera that was free of blockage and is currently 

operational, while showing a green color coding (providing a low-risk score). Entry number three also indicates 

that at this time, there were no obstructions existing within the drainage system. All of the above-mentioned 

color indicators give the ability to easily provide fast weather identification confirmation to users regardless of 

their technical skills (e.g., local governmental organizations and non-technical users), so multiple people can 

quickly see the condition of the drainage systems via the cameras in a one-shot view. Each of the three entries 

proved that the computer vision function of the complete model accurately and consistently scored appropriately 

in determining the blockage status in drainage systems. 
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Figure 7. Weather Parameters Recorded by the Weather Forecast Module 

 

Figure 7 shows the real time weather data that was gathered by the incorporated weather forecasting module of 

this system for Metro Manila, Philippines. At 00:33:37 local time May 16 2026, an alert was displayed by the 

module and this warns users to take proper action against the threat of flood impact at low-lying areas and that 

there is 100% of rain on the given day. Given, ambient temp is 26 C, wind chill is 31 C, relative humidity is 

84%, atmospheric pressure is 1010 hPa, wind speed is 5 km/hr and percentage of cloud cover is 90%. This data 

displays a very humid atmosphere and indicates a possible start of the tropical wet season for Manila. 

The data recorded on test day indicates that significant rain had already fallen earlier on, and that the drainage 

system was already operating at elevated levels. This is confirmed by the 14.2 mm precipitation recorded to date 

on test day, and the 23 C dew point, indicating high humidity. This dew point suggests a further high chance of 

ongoing rain, even over the 7-day forecast (e.g., daily rain probabilities between 88 and 100% are likely to be 

sustained throughout the forecast period). Sustained high temperatures (between 27-33 C) and the likely 

sustained high cloud cover (88-100% cloud cover likely to be sustained throughout forecast period), suggest it 

is possible to maintain the high levels and flood risk classification. Therefore, it is possible that the weather 

forecast module can supply additional information concerning the environmental situation, to allow for better 

predictions about actual drainage conditions, and to make better informed decisions concerning flood 

preventative measures. 

Weather Forecast Module Performance 

Weather forecasting module retrieved local weather data (14.5995 °N, 120.9842 °E) for Metro Manila, 

Philippines from system's built-in weather monitoring page. All relevant atmospheric data were collected at 

12:32:37 AM on 16 May 2026 and included floods' risk assessment information. Weather parameters sourced 

during test were summarized in Figure 7. 

Overall System Dashboard Performance 

The Admin Dashboard, a web app, proved to be reliably operational during the time it was tested. Connected to 

the system and receiving live updates, the Dashboard provided evidence that communication had occurred 

among the sensors in the field, the Raspberry Pi controller, and the server. The distance measured from the sensor 

was 20.05 cm, and the water level was 0 cm in the current monitoring session. The dashboard snapshot you see 

was taken at a time when the drainage was still pending but not flooding, and the risk levels were low, meaning 

that it was safe to drain water in the area of the screenshot image and that there was currently no risk of flooding 

at that time. 
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Authorized users may access the Monitoring History tab on the Dashboard for a review of prior Monitoring 

Records, Filter Applications, and Data Import/Export capabilities; therefore, offering users a complete, simple 

user experience for managing their drainage condition. The Alert Panel will accurately display "No Active Alert" 

and "Drainage Clear - No Action Required" while viewing the Clear Condition and will transition to Active 

Alert notification upon Blocked Condition or High-Water Condition events. Collectively, these features 

demonstrate that the AI-Powered Drainage Monitoring System provides an effective, integrated and proactive 

tool for preventing urban flooding. 

DISCUSSION 

System testing results have confirmed that the AI-Powered Drainage Monitoring System meets all initial 

objectives for successful operation: real-time monitoring of drainage conditions, automated classification of 

flood risk, and timely notification of potentially dangerous situations. The ultrasonic water level sensing module 

accurately detects multiple water depths and classifies the risk level of water depth in the same structure as found 

in the system design phase. The AI camera classification module can accurately classify drainage conditions into 

three categories (Clear, Partially Blocked, Blocked), and provide appropriate functionality according to each 

classification. 

Additionally, the integration of a live weather forecast module to the system further enhances the flood 

prevention capability of this system by providing environmental context to augment sensor and image data. The 

100% probability of rain and 14.2 mm of rainfall during testing were directly correlated to High flood risk 

classification and the active flooding determined by the sensor module. Therefore, the results of this test indicate 

that using multiple sources of data in combination with one another significantly benefits the accuracy and 

reliability of flood risk assessment information. 

The findings are in agreement with other studies that noted the combined AI, computer vision, and IoT methods 

offer the best way to enhance drainage monitor and early warning systems for floods. This study provided a new 

addition to that body of work by creating a unified system utilizing visual blockage detection, real-time sensor 

readouts, automated notification alerts, and weather-based flood predictions all being delivered through an 

accessible web-based platform. The results from testing the system in a local application area indicate that this 

system could also be used in other urban drainage areas if additional testing confirms its viability under the limits 

documented. 

CONCLUSION 

This study successfully developed and validated an AI-powered drainage monitoring system to provide real-

time, proactive flood prevention through computer vision and IoT measurements to overcome the limitations of 

traditional manual inspections of the drainage system. Testing of the system took place on May 16, 2026, with 

all three main goals being met in full. 

The image classification (AI) portion of the system was capable of classifying the condition of the drainage 

system under test into three categories: Clear, Partially Blocked, or Blocked according to low, moderate, and 

high levels of risk; all test entries were correctly classified. The IoT sensor provides additional information about 

drainage systems through two types of sensors: ultrasonic and water level sensors. It provides real-time 

measurements to the drainage system manager and correctly identifies high-risk conditions at water levels of 

15.5-17.9 cm and moderate-risk conditions at water levels of 8.0-9.5 cm. The Flask-based admin dashboard 

successfully combined the three components of the AI-powered drainage monitoring system into one platform, 

allowing the user to access the data in real-time using live visualizations of the sensors, receive notifications of 

automated alerts, review monitoring history, and export or filter the data to allow the local government unit to 

make informed investment decisions. 

functionalities, by integrating atmospheric real-time data such as: a 100% chance of rain, an average of 14.2 mm 

of rain per weather forecast, and a relative humidity of 84%. The atmospheric condition data directly correlated 

with High-Risk Sensor Classes for the same testing period. The overall system is a viable solution for urban 
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flood monitoring, both in terms of cost and scalability. This technology is highly applicable for larger-scale 

implementation to help reduce the risk of flooding in urban areas and improve community resilience. 

RECOMMENDATIONS 

Based on the findings and limitations identified during the development and testing of the system, the following 

recommendations are presented for future researchers and developers who may extend or build upon this work: 

Field Deployment in Actual Drainage Infrastructure 

Future studies should deploy the system in real urban drainage sites to validate performance under actual 

environmental conditions, including water turbulence, varying debris types, outdoor lighting, and weather 

exposure. Field testing will provide more representative data on system accuracy and hardware durability, and 

will help identify additional improvements needed for large-scale deployment. 

Expansion of the AI Training Dataset 

The AI classification model's performance can be further improved by training it on a larger and more diverse 

image dataset that includes drainage conditions captured under different lighting environments, times of day, 

drainage sizes, and types of blockage materials. A richer training dataset will improve model robustness and 

ensure reliable classification across varied real-world scenarios. 

Integration of SMS and Email Alert Notifications 

While the current system delivers alerts through the web dashboard, future development should incorporate 

automated SMS or email notifications to immediately inform concerned LGU authorities and stakeholders when 

a critical drainage condition is detected. This is particularly important for areas where dashboard access may be 

limited or delayed during emergency situations. 

Addition of Supplementary Sensors 

Future versions of the system may benefit from the inclusion of additional sensors such as flow rate sensors, 

turbidity sensors for water quality monitoring, or hazardous gas detectors for drainage safety assessment. These 

additions would provide a more comprehensive and accurate picture of overall drainage health beyond water 

level and visual blockage detection. 

Weatherproofing and Outdoor Hardware Enclosure 

For sustained real-world deployment, all hardware components including the USB camera, ultrasonic sensor, 

water level sensor, and Raspberry Pi must be housed in weather-resistant and waterproof enclosures. This is 

essential to ensure reliable operation in outdoor drainage environments subject to continuous rain, high humidity, 

and potential submersion. 

Scalability to Multiple Monitoring Locations 

The system architecture should be further developed to support simultaneous monitoring from multiple drainage 

sites, with all data transmitted to a centralized dashboard. This would enable city-wide drainage condition 

management, allowing LGUs to prioritize maintenance and emergency response resources more efficiently 

across different urban areas. 

Long-Term Deployment and Performance Evaluation 

A sustained deployment study spanning at least one full rainy season is recommended to assess the system's 

long-term reliability, maintenance requirements, and actual impact on flood prevention response times. Long-

term data will also provide a broader basis for refining the AI model and improving the weather forecast module's 

flood risk predictions. 
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