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Executive Summary

Traditional aquarium maintenance requires frequent manual monitoring of water
quality and fish health, which can lead to inconsistent care and increased stress for aquatic
life. Our smart aquatic ecosystem aims to use Al and automation to eliminate the need for
constant manual adjustment and create a more stable environment for fish or other
aquatic life.

The two most important design requirements are automated monitoring and
controlling of the environment inside the fish tank. Ideal water conditions can be created
by controlling measurable variables of the water quality, including pH, temperature,
dissolved oxygen, and turbidity.

Our implementation will use smart sensors to track this data in real time and
visualize it on a web-based application for the user’s benefit. Automated controls will
regulate temperature, feeding, and water exchange/flow. Additionally, the system will track
the fish population with a camera using an Al-driven computer vision model. This data
will be used along with water quality patterns to model population trends and predict fish
health issues. The web app will show records of every adjustment made to the
environment, and will notify the user to recommend any necessary action to ensure the
continued health of the ecosystem.

Our progress so far has involved researching and ordering the equipment for
setting up the fish tank. We ordered the tank itself, pumps, filters, water quality sensors,
and an Arduino. We have also researched quality cameras and Al camera detection
libraries.

Our next step is to build the tank and begin testing. After we receive the parts, we
can begin water treatment to create a stable environment. Then we can buy the fish and
begin training the Al model to track population growth.

Put together, this system addresses all the needs of the user by eliminating the
need for constant manual care. It monitors water quality and fish health, performs
automatic feedings and water replacement, and alerts the user to any urgent changes in
the environment.



Learning Summary

Development Standards & Practices Used

Software

- camelCase and 4-space tabs for programming language

- ASP.NET Core WEB API for backend.

- Descriptive Git commits and work on individual branches before merge
approval

Hardware

- Sensor testing and calibration

Summary of Requirements

Al computer vision fish population and growth analysis

Automatic feeding mechanism using actuators

Basic Aquarium Equipment (Tank, Filter, Air Pump)

Advanced Aquarium Sensors (pH, turbidity, water quality, dissolved
oxygen, temperature)

e Web-based application to monitor insights, control systems, and real-time
visualization of data



Applicable Courses from Iowa State University Curriculum

SE
- 2280 - Introduction to Data Structures
- 3090 - Software Development Practices
- 3170 - Introduction to Software Testing
- 3190 - Construction of User Interfaces
- 3630 - Introduction to Database Management

- 3110 - Introduction to the Design and Analysis of Algorithms
CPRE

- 2880 - Embedded Systems I
EE
- 1850 - Introduction to Electrical Engineering and Problem Solving I
- 2010 - Electric Circuits
- 2300 - Electronic Circuits and Systems
- 2850 - Problem-Solving Methods and Tools for Electrical Engineering

New Skills/Knowledge acquired that were not taught in courses

- Care of fish, ideal aquarium conditions, and cleaning.
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1. Introduction

1.1. PROBLEM STATEMENT

Keeping an aquarium may sound simple, but in reality, it’s a delicate process where small
changes in water quality can have a large effect on the fish's health. Most aquarium owners stick to
a maintenance routine, but what happens when life gets in the way? Our project aims to solve this
problem with a smart, Al-powered aquarium management system that monitors water conditions
in real time and responds automatically. By using sensors and intelligent controls, the system can
regulate temperature, feeding, water flow, and even perform water changes when needed. There will
also be artificial intelligence tracking the growth and population of the fish to provide more insights
for the owners. This creates a healthier aquatic environment for the fish while reducing the
workload for busy owners. The insights gathered will be easily accessible remotely from either a web
interface or application, providing peace of mind for the owners who might be away from the tank.

1.2. INTENDED USERS
User Group 1: Casual Aquarium Owners

Description: Individuals or families who have a fish tank at home. They typically have limited
knowledge of aquarium care and little time for regular maintenance.

Needs Statement: They need an easy and low-effort way to keep their fish alive and healthy without
having to constantly monitor things such as water quality, feeding, and cleaning.

Benefits: The Al tank provides automation for feeding, monitors water quality, and tracks the health
of the fish. This makes for a more accessible and less stressful experience for casual fish owners.

User Group 2: Commercial Users

Description: Commercial users, such as pet stores, need to manage several tanks with different
species of fish. The staff at these stores may not always be experts, making consistent care across
many tanks challenging.

Needs Statement: They need a scalable solution that ensures consistent water quality, reduces labor
costs, and keeps fish alive longer.

Benefits: Al automation will reduce manual monitoring and feeding, and maintain standardized
care across tanks. This will save costs and increase reliability.

User Group 3: Enthusiasts and Hobbyists
Description: Experienced aquarium owners who might have more expensive fish and setups.

Needs Statement: They need accurate, detailed data and precise environmental controls to optimize
their tank conditions, monitor fish health, and experiment with advanced setups.

Benefits: The Al system provides real-time feedback, such as temperature, water quality, and pH.
This will allow enthusiasts to achieve higher success rates with their many difference fish, making
advanced care more manageable.



2. Requirements, Constraints, And Standards

2.1. REQUIREMENTS & CONSTRAINTS

Functional requirements:

- Sensors:

- pH sensor should read pH accurately within (+/-) 0.1 pH - constraint

- Temperature sensor should read accurately within (+/-) 1F - constraint

- Turbidity sensor should read accurately within (+/-) 05% F*S - constraint

- Dissolved oxygen sensor should read accurately within (+/-) 1 mg/L - constraint
- Feeding Mechanism:

- Should hold up to a week's worth of fish food

User Experiential Requirements:

- Application:
- Should have response time of no greater than 1 second - constraint
- Should display any sensor range outside of their normal set value
- Should allow user to schedule feeding intervals and times
- Should monitor trends in sensor data and feeding patterns
- Should display tank conditions, quality, and population statistics

Environmental Requirements:

- Electronics housing should be water-resistant
- Electronics should not interfere with water quality, dissolved oxygen, and other water
metrics

Physical Requirements:

- Should fit inside the lid of the tank
Economic Requirements:

- The final product must cost less than $500 to construct - constraint
Aesthetic Requirements:

- There should be minimal visible wires, boards, or electronics to the user

2.2. ENGINEERING STANDARDS

Standards Importance:

Engineering standards are important because they ensure safety, reliability, and consistency
in design and production. They help engineers follow proven methods, make systems compatible
with one another, and maintain quality across different projects. Standards also make
communication clearer between teams and help prevent errors or failures in engineering work.



ISO/IEC 42001:2023 - Information Technology - Artificial Intelligence - Management
System

- ISO/IEC 42001:2023: This is an international standard that specifies requirements for
establishing, implementing, and maintaining an artificial intelligence system. It is intended
for entities that are designing or utilizing Al-based products. It is important because it is
the world's first Al management system standard.

IEEE 830-1998: Recommended Practice for Software Requirements Specifications

- IEEE 830-1998: This standard provides structured guidelines for writing and organizing the
requirements for a software system. It helps ensure that every functionality, such as water
monitoring, feeding automation, and data logging, is clearly described and testable. The
goal is to improve communication between developers, engineers, and stakeholders so that
everyone shares the same understanding of what the system must do.

IEEE 1016-2009: Systems and Software Engineering — Software Design Descriptions

- IEEE 1016-2009: This standard outlines how to properly document a system’s software
design. It includes how to describe system architecture, interfaces between modules, data
flows, and logic control. For the fish tank project, this means clearly defining how sensors,
microcontrollers, and the Al module interact, for example, how temperature or turbidity
data are processed and used to adjust pumps or lights automatically.

Project Revelence:

- IEEE 830-1998 is relevant because it helps define clear software requirements for each
automated task, such as feeding, lighting, and water control. This ensures the system
functions as intended and reduces design errors.

- IEEE 1016-2017 is important for documenting how sensors, controllers, and the Al system
work together. It supports easier debugging and future updates.

- ISO/IEC 42001:2023 is relevant because it promotes safe and responsible use of Al It helps
ensure the Al makes reliable decisions and operates ethically within the fish tank system.

Additional Standards:

- IEEE 29119-2021: Software and Systems Engineering - Software Testing - Test Processes
- IEEE 16085-2020: Systems and Software Engineering - Life Cycle Processes - Risk
Management

Modifications:

- IEEE 29119-2021: To incorporate this standard into our project, we will lay out a testing
scope to make sure all components are properly tested. For example, our testing scope
could be sensors, Al population tracking, the feeding system, and water quality
calculations.

- IEEE 16085-2020: To incorporate this standard into our project, we will create a list of risks
to make sure that all are accounted for. For example, a risk could be a wrong turbidity



sensor reading. To account for this, we will calibrate the sensor weekly as well as get rid of
outliers, and take averages.

3 Project Plan

3.1 PROJECT MANAGEMENT/TRACKING PROCEDURES

3.2 TAask DECOMPOSITION

3.3 PrOJECT PROPOSED MILESTONES, METRICS, AND EVALUATION CRITERIA
3.4 PROJECT TIMELINE/SCHEDULE

3.5 Risks AND Risk MANAGEMENT/MITIGATION

3.6 PERSONNEL EFFORT REQUIREMENTS

3.7 OTHER RESOURCE REQUIREMENTS

4 Design

4.1 DESIGN CONTEXT

4.1.1 Broader Context

4.1.2 Prior Work/Solutions
4.1.3 Technical Complexity
4.2 DESIGN EXPLORATION
4.2.1 Design Decisions
4.2.2 Ideation

4.2.3 Decision-Making and Trade-Off



4.3 PrOPOSED DESIGN

4.3.1 Overview

4.3.2 Detailed Design and Visual(s)
4.3.3 Functionality

4.3.4 Areas of Concern and Development

4.4 TECHNOLOGY CONSIDERATIONS

4.5 DESIGN ANALYSIS

5 Testing

5.1 UNIT TESTING

5.2 INTERFACE TESTING
5.3 INTEGRATION TESTING
5.4 SYSTEM TESTING

5.5 REGRESSION TESTING
5.6 ACCEPTANCE TESTING

5.7 SECURITY TESTING (IF APPLICABLE)

5.8 User Testing

5.9 REsuLTS

6 Implementation



7 Ethics and Professional Responsibility

7.1 AREAS OF PROFESSIONAL RESPONSIBILITY/CODES OF ETHICS

7.2 FOUR PRINCIPLES

7.3 VIRTUES

8 Closing Material
8.1 CONCLUSION
8.2 REFERENCES

8.3 APPENDICES

9 Team

9.1 TEAM MEMBERS

9.2 REQUIRED SKiLL SETS FOR YOUR PROJECT

9.3 SKILL SETS COVERED BY THE TEAM

9.4 PROJECT MANAGEMENT STYLE ADOPTED BY THE TEAM

9.5 INITIAL PROJECT MANAGEMENT ROLES

9.6 Team Contract
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