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MOTIVATION/BACKGROUND

"Aqua Strings" Interactive Water Harp

- Resembles the musical instrument with water 

as strings

Applications

- Entertainment – System encapsulates a visual 

fountain aesthetic while with user interaction

- Accessibility – Impaired or disabled users 

can play music without needing the motor 

skills of physically plucking a string

"Journey of Water" at Epcot

Current Project Model



GOALS/OBJECTIVES

• Basic Goals

o Create 3 fully-functioning strings of water that correspond with 3 individual tones

o Construct an interactive instrument with multiple sensors to read user input and translate to a sound or note 

output

o Implementation a real time signal processing system to achieve responsive reactions with minimum latency 

o Maintain a continuous water flow so there is no undesired break in the water column

• Advanced Goals

o Create 5 fully-functioning strings of water that correspond with 5 individual tones 

o Include a mode switch consisting of OFF, FOUNTAIN, and HARP

• Stretch Goals

o Create 8 fully-functioning strings of water that correspond with 8 individual tones 

o Have audio options with different electronic sounds so the user can control

o Install horizontal lasers to play specific tones based on the vertical height of hand



TABLE OF ENGINEERING SPECIFICATIONS



HARDWARE TECHNOLOGY - WATERPROOFING

• Prototype Ver. 1

• Prototype Ver. 2



HARDWARE TECHNOLOGY - WATERPROOFING

Sensors

Lasers

• Prototype Ver. 3



HARDWARE TECHNOLOGY - LAMINAR FLOW

• To ensure proper, functional use of our detection system, 

we need precise alignment for the water strings.



HARDWARE TECHNOLOGY - LASER SENSOR

• How to detect when the user's hand passing through a water string?



HARDWARE TECHNOLOGY - LASER BEAM

• All lasers generally feature same parameters/cost. 

Distinction lies in combability with sensor and style.

• Visible laser for aesthetics VS invisible laser for immersion



HARDWARE COMPONENT - MICROCONTROLLER



HARDWARE COMPONENT - SPEAKER

• Speaker choice needs to balance power consumption and 

audio quality + volume

• Louder = More Power



HARDWARE COMPONENT - LASER

• Absorbtion of laser beams into water

Laser 3.2.4.1.1

GH05210H2K 

(GREEN)

Laser 3.2.4.1.5

B088PQQ9XV 

(RED)

Laser 3.2.4.1.2

GM532-50B 

(GREEN)

Laser 3.2.4.1.3

B0CYL53LVG 

(BLUE)

Laser 3.2.4.1.4

B07M9DTSF7 

(BLUE)



HARDWARE COMPONENT - SENSOR

Photodiode 

3.2.4.2.1

475-BPW34-ND

Photodiode 

3.2.4.2.4

B07VNSX74J

Photodiode 

3.2.4.2.2

475-SFH213-ND

Photodiode 

3.2.4.2.3

751-1013-ND

• Supply chain issues



HARDWARE COMPONENT - WATER PUMP

Key Features: 

o 155 GPH (2.5 GPM) capacity

o Variable speed dial for a dynamic flow rate (ideal 

for calibration) 

o Flow rate satisfies minimum requirements for 

necessary gallons per minute

o Emergency shutoff sensor if water level gets too low

o No sound

"Smartpond" Submersible 

Fountain Pump

Comparison of Water Pumps

DiversiTech Thermoplastic 
Condensate Pump



SOFTWARE DESIGN – PROGRAMMING LANGUAGE

Biggest factors:

• Performance: performance is critical for making full use of the esp32 and avoid delays

• Ecosystem: good library support for audio on the esp32 using the ArduinoIDE



SOFTWARE DESIGN - MAIN PROGRAM

Libraries used:
• Arduino.h: standard ESP32 Functions

• SPI.h: Communication with SD card

• SD.h: reading and writing to SD card

• arduino-audio-tools.h: Audio Decoding, and mixing



HARDWARE DESIGN

Sensors

Lasers

Current design:

- Water flow 

o Movement counterclockwise

- Top Shelf

o PCB and all other electronics located 

in dry zone

o Lasers pointing down from the top of 

PVC spouts

- Bottom Ramp

o Reduces water noise

o Plexiglass angled away from user 

for eye safety

PCB Boards/Electronics



PCB DESIGN

• Main Microcontroller PCB



PCB DESIGN

• Main Microcontroller PCB



PCB DESIGN

Audio Amplifier & DAC Board 

(PAM8403 and PCM5102)

3.3/5V Voltage Regulator 

(LM2576 – 3.3/5.0)

ESP32 (8-bit @ 44kHz sample rate vs. 

PAM8403 (32-bit @ 384kHz sample rate)



PCB DESIGN

Audio Amplifier & DAC Board 

(PAM8403 and PCM5102)

3.3/5V Voltage Regulator 

(LM2576 – 3.3/5.0)

ESP32 (8-bit @ 44kHz sample rate vs. 
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PROTOTYPING AND TESTING

Successful testing for laser and photodiode 

compatibility

o Ambient light offset for more 

accurate hand detection

o Buzzer output noise with little to no delay

- Speaker output 

o Communication with SD card

o Subject to change

Next step: Laser integration with speaker



PROTOTYPING AND TESTING

- Wooden and waterproofed base frame 

- Clear vinyl hose from pump to PVC

- ½in. PVC piping with 90° and tee 

connections 

- ¼ in. barb fittings for water strings

- Clear plexiglass for mounting lasers

Areas of improvement:

1) How to mount on lasers

2) Laminar flow relationship



ADMINISTRATIVE CONTENT (BUDGET)



WORK DISTRIBUTION



PLAN FOR COMPLETION
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