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Project Overview
The ToF MIDI Controller is a real-time sensing music control system built with ToF sensors, Arduino, and Max/MSP. It
converts human movement and distance into MIDI CC values that control parameters such as filtering, delay, and reverb in
Ableton Live, while simultaneously driving visual interaction in TouchDesigner.

Hardware Setup

Software & Code

System Workflow Diagram Interaction Design

The center-to-center distance
between the three sensors is
precisely maintained at 90 cm
(35.433 inches) to avoid
interference and ensure stable
distance tracking.

The installation photos demonstrate the
system running in a real, fully

functional interactive environment.

Arduino converts the raw ToF
distance data into standardized 0–
127 MIDI CC values. The code reads
serial data from the sensor, maps
the distance range, and sends the
processed values to Max/MSP for
further routing.

The Max/MSP patch receives the
serial data (9600) from Arduino and
outputs the values as MIDI CC
messages (tof1: 74; tof2: 75; tof3: 77).
This step ensures responsive control
for audio and visual parameters.

In Ableton Live, each MIDI CC
stream is mapped to a specific
parameter—such as filter cutoff,
delay, and reverb—across different
instrument tracks. This enables real-
time distance-based modulation
driven directly by the ToF sensors.

· Moving closer to the sensor increases the effect intensity and
raises the frequency.
· Moving away from the sensor reduces the effect and produces
a cleaner sound.
· Body movement shapes the overall dynamics and expressive
quality of the performance.

Project Google Drive Link

https://drive.google.com/drive/folders/13iC4F3WjXiPmrxP8LYR4VyZWxl05OnXb?usp=sharing


The final presentation features a three-
channel ToF MIDI control system. Each
sensor independently drives musical
parameters for Pads, Keys, and Drums,
enabling real-time performance. The
system responds instantly to body
movement, creating an expressive and
playable interactive instrument.
 
Visuals generated in TouchDesigner are
synchronized with the audio, forming a
unified motion–sound–image experience.

1. Multi-sensor Radar System & AI-Driven Immersive Performance
In future iterations, I hope the system will be expanded to support multiple radar types, including millimeter-wave radar,
imaging radar, and infrared sensing.
By combining these sensing modalities, the controller will capture not only distance but also gesture patterns, body posture,
and spatial behavior. This richer interaction data can then drive high-dimensional sound control and AI-generated visuals
that interpret movement in real time.
The long-term goal is to develop a stage-ready immersive performance interface, bridging human motion, real-time sensing,
and intelligent audiovisual generation.

2. Music Therapy, HRV Integration & Bio-Signal-Driven Soundscapes
Another long-term direction is integrating ToF and radar sensing with biometric and physiological data, such as HRV,
breathing rate.
By building a database of waveforms, textures, and therapeutic sound patterns in Ableton Live or custom software, the system
can generate personalized meditation soundscapes and adaptive ambient environments responding to stress levels.
This enables the controller to evolve from a performance tool into a health and wellness technology, where sound responds to
the user’s body and emotional state in real time.
 

Final Presentation

Future Directions

Challenges

YouTube Link: https://youtu.be/kCr1DGXoNJU

During my development process, the main challenges were the instability of the raw sensor data - frequent spikes,
noise, and unsmoothed values.
Also, latency in the serial-to-MIDI pipeline which affected real-time responsiveness. 
Environmental factors such as lighting, reflections, and surrounding movement also influenced measurement
consistency, requiring additional filtering and calibration.

https://youtu.be/kCr1DGXoNJU

