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Project Overview

The Smart Aquatic Ecosystem is an AI assisted smart aquarium built 
to help pet stores track and care for their fish:

● Constant Water Quality Monitoring

● Automatic Feeding
 

● AI Computer Vision Model Fish Detection
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Project Requirements

1. Water Quality Monitoring

2. AI-Powered Fish Detection

3. Temperature Monitoring

4. Automated Feeding

5. Web-Based Dashboard

6. User Alerts

4Spring 2026SDMAY26-21



Stakeholders

● Commercial Facilities

● Hobbyists

● The Aquatic Ecosystem 
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Collaboration
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Design Collaboration Process

● Identify need/problem
● Assign ownership
● Create timeline
● Solve problem 
● Create tests
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Design Method - Agile
Concept Development
● Identify stakeholder needs/desires
● System requirements

Design
● Meets requirements
● Works with other subsystems

Implementation
● Develop System

Verify
● Unit testing 
● Integration testing 
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Design
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Design - Overview
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Design - Physical Components
Fish of choice: Mollys

○ Resilience
○ Ease of care

Active components:
○ Water heater
○ Water filter
○ Air pump
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Design - Hardware
Microcontroller (Arduino UNO R4 WiFi)
● Team Familiarity
● WiFi Required For Project
● Powerful Enough To Meet Project Requirements
● Easy Prototyping
● Extensive Documentation and Community Support
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Design - Hardware
Important Factors of Fish Health
● Water Clarity
● pH Levels
● Temperature Stability
● Dissolved Oxygen Levels

Sensors:
● Turbidity
● pH
● Temperature
● Dissolved Oxygen
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Design - Feeder
● Consistent

● Adjustable

● Refillable

● Stable Long term operation

15Spring 2026SDMAY26-21



Design - Frontend
React - dashboard
● component based 

design

Tailwind CSS - design
● lightweight

Recharts - dashboard 
● graphs
● Highly customizable

16Spring 2026SDMAY26-21



17Spring 2026SDMAY26-21



Design - Frontend
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● Web and mobile friendly

● Tank sharing with other users

● Accessibility features for line colors

● Multiple tank support

● Manual feeding scheduling

● Alerts for sensor values



Design - Frontend System Diagram
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Design - Backend High Level Overview
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● Oracle Free Hosting

● Nginx Web Server

● .NET 9 Web API

● SQLITE Database

● Uvicorn Local Python API



Design - .NET Backend Information
● MVC Design

 
● EF Core to bridge sqlite

● JWT Authentication for secure endpoints (Tank and User 
Tokens)
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Design - AI Detection

22Spring 2026SDMAY26-21



Design - AI Detection
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Camera

Server

fish_detection.ptprepare_image.py

api.py

detect_fish.pyArduino FrontendDatabase



Design - 3D lid application
● Lid designed in CAD with precise dimensions to 

fit tank geometry

● Cutouts and slots added for component 
mounting and wire routing

● Adjusted layout for stability and better 
component spacing
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Design - 3D lid application
● Custom 3D-printed lid designed to house 

electronics and automate tank functions

● Integrated enclosure for Arduino, 
breadboard, and wiring for a compact 
setup

● Mounted components include camera and 
automated feeder mechanism
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Testing
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Testing - Goals
● Continuous Integration Testing For Frontend, Backend
● Integration Tests Backend Controllers - Mock DB (Ensure 

Database Integration)
● Test Arduino Over Long Periods with Error Logging
● Test Sensor Accuracy and Longevity
● Test Feeder Precision over Many Cycles 
● Accuracy Testing for AI Camera Detection

27Spring 2026SDMAY26-21



Testing - Sensors
● Calibration
● Extended Tests
● Storage
● Safety 
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Testing - Hardware
Arduino
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Testing - Feeding Mechanism
● Goal: Consistently drop a pinch of food ~0.08g

● Setup: Servo dispensing measured on 
a high precision scale

● Results: reduced variance, resulting 
in a stable linear output.
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Testing - Feeding Mechanism
● Consistency: Average 0.055g over

160 cycles

● Safety: Zero output above upper 
Limit

● Integration: Feeder successfully mounted
to the tank
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Testing - AI
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Testing - AI
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TP

TP + FP + FN

Confidence Levels



Testing - AI
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Precision = TP / (TP + FP)
Recall = TP / (TP + FN)

124 Test Images



Testing - Backend
Framework
● XUnit for Unit and Integration Tests
● Covers controllers, models, and data access

Test Coverage & Reporting
● Coverlet Collector: Automatically collects code coverage data during tests
● Report Generator: Converts coverage data into human readable format
● Ensures all critical paths are tested
● CICD for Continuous Integration Testing To Prevent Regression
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Testing - Backend
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Testing - Frontend
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Vitest Library
● Easy and lightweight solution for testing TSX/Vite,
● Mock fetch requests with testing data, and testing utility functions.
● Coverage report generated using Vitest library currently shows coverage above

React Testing Library
● Great for react components, 

ensuring content is where it 
needs to be.



Testing - Lid and Tank Construction
● Verified the 3D-printed lid’s ability 

to support mounted electronics 
and mechanical components 
without deformation

● Confirmed stable performance of 
the automated fish feeder and 
camera mount during continuous 
24-hour cycles
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Key Takeaways
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Key Takeaways - Project Progress
Automated Fish Care
● The tank records water quality data and displays it on the user dashboard
● Feeder automatically dispenses food at scheduled intervals

AI Fish Detection
● Exceeded our goal of 95% accuracy

Web-Based Dashboard
● Intuitive, user-friendly design
● User alerts for concerning readings
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Key Takeaways - Lessons Learned
Hardware & Integration

● Wiring Complexity: Using individual breakout boards takes up too much 
space. 

AI Fish Detection

● Overfitting: Using too many photos to train the model can result in a worse 
accuracy.
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Key Takeaways - Challenges
Microcontroller
● Sensor Signal Interference
● Keeping Sensors Calibrated
● Managing SPI Interface Across Devices
Camera
● Balancing Lens FOV with Clarity and Fisheye Effects
● No Official Support for Microcontroller
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Key Takeaways - Future Prospects
AI Fish Detection
● Upgrade camera setup
● Prevent “hiding” fish

Hardware
● Condense circuitry & Upgrade sensors 
● Larger fish tank support

Backend
● Adding a redis cache
● Deleting images after x amount of time

Frontend
● More customizability/modular design
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Thank you

Questions?
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