Product Requirements Specification (PRS)

Project Title
EcoSmart Irrigation Controller

1. Introduction

1.1 Purpose

This Product Requirements Specification (PRS) defines the functional and non-functional requirements for the EcoSmart Irrigation Controller. The document is intended to provide stakeholders, designers, and developers with a clear understanding of the system requirements during the concept and development stages.


1.2 Product Description
The EcoSmart Irrigation Controller is a portable embedded device designed to automate garden and plant irrigation. The system monitors soil moisture levels and activates watering systems automatically when moisture levels fall below a predefined threshold.
[bookmark: _Int_ZCAXULuo]The product is intended to:
* Reduce water consumption,
* Automate plant watering,
* Improve plant health,
* Provide a simple low-cost irrigation solution.
The device will be:
* Battery powered,
* Lightweight,
* Weather resistant,
* Easy to use,
* Low cost to manufacture.


2. Product Objectives
[bookmark: _Int_oM5yeNfE]The objectives of the system are to:
1. Monitor soil moisture levels in real time.
2. Automatically activate irrigation when needed.
3. Minimise water wastage.
4. Run for extended periods on battery power.
5. Provide a simple user interface.
6. Run safely in outdoor environments.
[bookmark: _Int_4M2qx3cH]7. Maintain low manufacturing cost.



3. Functional Requirements
Requirement ID	Description
FR1	The system shall measure soil moisture levels using a moisture sensor.
FR2	The system shall automatically activate irrigation when moisture levels fall below a preset threshold.
FR3	The user shall be able to manually activate watering.
FR4	The user shall be able to configure watering schedules.
FR5	The system shall display moisture level and system status.
FR6	The system shall monitor battery voltage.
FR7	The system shall provide low battery warnings.
FR8	The system shall stop watering after a preset duration.
FR9	The system shall save settings during power loss.
FR10	The system shall enter low-power mode during inactivity.

4. Non-Functional Requirements
Requirement ID	Description
NFR1	The device shall weigh less than 500g.
NFR2	The battery life shall exceed 6 months under normal operation.
NFR3	The enclosure shall be weather resistant.
NFR4	The device shall operate between 0°C and 45°C.
NFR5	Manufacturing cost shall remain below £30 per unit.
NFR6	The system shall be simple enough for non-technical users.
NFR7	The system shall boot within 5 seconds.


5. System Hardware Requirements
5.1 Microcontroller
The system shall use a low-power microcontroller to manage sensor monitoring and irrigation control.
Recommended Device
* ESP32 microcontroller
Justification
The ESP32 provides:
* Low power consumption,
* Integrated wireless capability,
* Multiple GPIO pins,
* Low manufacturing cost,
* Sufficient processing capability.


5.2 Soil Moisture Sensor
The system shall use a capacitive soil moisture sensor.
Justification
Capacitive sensors:
* Are more reliable,
* Resist corrosion,
* Provide improved lifespan,
* Provide more stable readings.


5.3 Irrigation Control System
The system shall use a solenoid valve to control water flow.
Requirements
* 12V DC operation
* Waterproof construction
* Low current consumption

5.4 Display System
The system shall include a small OLED display to show:
* Moisture levels,
* Watering status,
* Battery level,
* Timer information.


5.5 Power Supply
The system shall operate from a rechargeable lithium-ion battery.
Additional Features
* USB-C charging
* Optional future solar charging capability

6. Software Requirements
The embedded software shall:
* Read sensor data,
* Compare readings against moisture thresholds,
* Control watering activation,
* Manage timer schedules,
* Update display information,
* Manage low-power modes,
* detect system faults.


7. Inputs and Outputs
Inputs	Outputs
Soil moisture sensor	Solenoid valve
User push buttons	OLED display
Battery voltage input	Status LEDs
Real-time clock	Future wireless notifications

8. System Constraints
Constraint	Description
Battery operation	Requires low power consumption
Outdoor environment	Requires waterproof design
Low manufacturing cost	Limits component selection
Compact design	Limits PCB size and enclosure space

9. Safety Requirements
The system shall:
* Operate at safe low voltages,
* Include overcurrent protection,
* Include reverse polarity protection,
* Isolate electronics from water exposure,
* Prevent continuous watering faults.

⸻

10. Environmental Considerations

The product should:

* Reduce water wastage,
* Minimise energy consumption,
* Use recyclable materials where possible,
* Comply with RoHS standards,
* Utilise rechargeable batteries.

⸻

11. Estimated Manufacturing Cost

Component	Estimated Cost
ESP32	£4
Moisture Sensor	£3
Solenoid Valve Driver	£5
OLED Display	£3
Battery	£5
PCB	£3
Waterproof Enclosure	£5
Miscellaneous Components	£2
Total Estimated Cost	~£30

12. Future Development Opportunities
Potential future improvements include:
* Smartphone application integration,
* Cloud monitoring,
* Wi-Fi connectivity,
* Weather forecast integration,
* Solar charging,
* multi-zone irrigation support.

13. Conclusion
The EcoSmart Irrigation Controller provides a practical and environmentally sustainable irrigation solution using embedded system technology. The product combines moisture sensing, automated control, low-power operation, and user-friendly functionality within a compact and cost-effective design.
The proposed design meets the project requirements for:
* Portability,
* low-cost manufacture,
* Battery-powered operation,
* Ease of use,
* Embedded automation capability.
