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Abstract

WACI (Wireless Audio Control Interface) is a new means of controlling and mixing audio using conven-

tional performance software.

The WACI system consists of a Hub and several Modules. The Hub will function as a 4-input, 4-output

audio interface with MIDI support and acts as the base station for all wireless Modules. Each module has

hardware user interface elements that allow each musician to remotely adjust settings in any MIDI-capable

audio software in real time. The hardware elements in the Module interface may include but are not limited

to push buttons, sliders, knobs, and foot pedals to allow for various modes of adjustment that feel natural

to a musician.

WACI will be managed and controlled by a custom cross-platform desktop application, with the ability

to connect Modules and manage settings including Module names, MIDI commands, and response maps.

The desktop application will also be able to monitor critical Module states including charge level and signal

strength.
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1 INTRODUCTION

1 Introduction

Many musicians use computers in studios to record and process sound. As computers have become more

powerful, they have been adopted in live performances as well. Many musicians use low-cost computer pro-

grams such as MainStage, or one of its competitors, to produce sounds from MIDI keyboard information;

process guitar signals through complex effects chains; and manage background tracks during live perfor-

mances.

Performing these functions on computers provides many advantages compared to using dedicated hard-

ware. Sophisticated music software can replace thousands of dollars of rack-mount hardware effects, like

compressors and equalizers. Due to their size and sophistication, these effects panels are usually relegated

only to expensive recording and mastering studios. These expensive, bulky devices are difficult to acquire

and transport, and thus are not suitable for a traveling musician’s use. It can also be difficult to change

settings while performing with these devices, whereas software is instantly reconfigurable – certain programs

are configured such that a single key press on a laptop can change settings for the next song. Computers

can also emulate well-known instruments that might not ordinarily be accessible for most musicians, like

clavichords and harps, or create entirely new sounds that could not be created by other means, broadening

the creative options for a musical artist.

There are currently some devices on the market that are designed for mixing audio and altering sound

settings and parameters. Most of these devices contain knobs or buttons as a means of controlling sound

settings and effects and provide a way of altering sound during live shows or performances.

1.1 Korg NanoKontrol Studio

One such audio-mixing device is the Korg NanoKontrol Studio, a Bluetooth controlled 8-track mixing

controller. It contains small linear faders, buttons and knobs to manipulate the tracks. This device wirelessly

connects to a computer, but it has several drawbacks that make it inappropriate for live performances. These

drawbacks will be discussed in the next section.

1.2 Palette Aluminum Expert Control Surface Kit

Another device currently on the market is the Palette Aluminum Expert Control Surface Kit. This

product is a wired control surface that is reconfigurable and has its own computer software to assign control

functions. The buttons and knobs are sub-modules that can be reconfigured and ordered in unique layouts

to fit the user’s desire, allowing for a customized experience. It interfaces with a computer via a wired

connection and allows the user to change audio settings on the fly.

Figure 1: The Korg NanoKontrol

Studio

Figure 2: The Palette Aluminum

Expert Control Surface Kit
Figure 3: The HotHands Wireless

Accelerometer
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1.3 HotHands Wireless Accelerometer 1 INTRODUCTION

1.3 HotHands Wireless Accelerometer

The HotHands Wireless Accelerometer is a device that contains a wireless wearable ring fitted with an

accelerometer. It measures the user’s finger angle and converts it to a standard control voltage output, which

controls other hardware like guitar pedals or synthesizers. The base of the device must get plugged into a

guitar pedal or synthesizer to have an effect, as the HotHands device works purely as a control.

1.4 Mobile Device Applications

Subaqueous Wireless Midi Controller and Lemur are examples of mobile applications that communicate

over WiFi to control MIDI devices using a cell phone or tablet device. These are free apps that are compatible

with a variety of different software. They allow users to manipulate sound and effects while performing, using

devices the user presumably already owns, thus saving the expense of buying single-purpose hardware.

Figure 4: Screenshot of Mobile Application Figure 5: Screenshot of Mobile Application
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2 PROBLEM FORMULATION

2 Problem Formulation

Both amateur and professional musicians need to be able to manage effects and signal routing from the

stage. Traditionally, this control is performed by physically changing instruments by running audio through

hardware effects pedals or employing a dedicated mixing engineer to manage sound. This can be immensely

limiting for performing artists, both in physical setup and needed level of expertise. Many products on the

market attempt to patch at least one of these problems by either implementing a one-person wireless system,

a wired distributed system, or an expensive customizable setup with significant feature limitations.

2.1 Shortcomings: Korg NanoKontrol Studio

Korg NanoKontrol Studio’s advantages lie in its ability to set and adjust sound wirelessly; however, all

the controls are on one centralized unit, designed for a single person to use and manipulate. This is limiting

in a band setting, where it would be beneficial to have each instrumentalist have control over their own

sound. In addition, the buttons and linear faders are rather small, which is acceptable for studio use, but

would be difficult for a musician to use during a performance. An additional drawback is that the unit does

not support audio input or output – additional hardware is required to connect any instruments.

2.2 Shortcomings: Palette Control Surface Kit

The Palette Control Kit allows for a more distributed control amongst musicians in a group, as a custom

panel of controls can be wired from each musician back to a central computer. But, since these modules are

not wireless, wired connections are required between the blocks of the module and the computer via USB.

These connections may need to be lengthy for a real-world band application, which could introduce issues

over the USB cable – this product is not designed for stage use, and would need some level of modification to

be appropriate for use on a stage. In addition, the price of this product is rather prohibitive for musicians.

This device also has no audio in or out capabilities and would require an additional product to manage audio

in/out.

2.3 Shortcomings: Motion-based Controls

Control hardware that relies on hand motions tend to have multiple shortcomings. In general, they

are not very reliable or accurate as detecting motion can be a complicated task. The HotHands Wireless

Accelerometer requires the user to wear a device on their finger to manipulate a control voltage while

playing an instrument. This can be problematic for certain instruments, such as guitar, where both hands

are required to play the instrument. The user may be limited in a way that does not allow the freedom

to precisely move a finger to control the HotHands while still maintaining proper form and technique for

instrument performance. The device also does not interface with a computer and therefore is very limited

in customization options.

Overall, using wireless technology to control computers in live performances is still a relatively new idea,

with high-profile musicians only beginning to adopt the idea in the last ten years due to the high price-

points associated with the devices currently on the market. Imogen Heap and Ariana Grande have famously

used “Mi-Mu” gloves, wearable devices that communicate control signals to a computer over WiFi. More

information about the Mi-Mu gloves can be found at https://mimugloves.com, which includes links to videos

demonstrating their use. These gloves are intended to be used for vocal performances and demonstrate great

levels of accuracy but are available at a price point that is unattainable for lower-profile artists or hobbyists.

4



2.4 Shortcomings: Mobile Applications 2 PROBLEM FORMULATION

2.4 Shortcomings: Mobile Applications

App-only approaches, such as the Subaqueous Wireless Midi Controller and Lemur, provide a more acces-

sible tool for low-profile artists and hobbyists, but with a non-monetary cost. Apps hosted on smartphones

and tablets are at risk of interruption during a live performance for a multitude of reasons. Phones and

tablets may “lock” during a performance due to a span of inactivity, making the app temporarily unusable

and potentially interrupting app functionality. Outdoor performances are also not ideal environments for

such controls, as touch screens are difficult to see outside. Other non-ideal lighting conditions, such as flash-

ing stage lights, could also hinder the user’s ability to see the screen. With free apps like these, it typically

is not possible to interface with other hardware elements like foot pedals, which removes the ability for the

user to use a more “organic” performance; it is typically more natural to control a sound my manipulating

physical hardware like an instrument, and touch screens do not provide the same type of haptic feedback.

Finally, not all major music software is capable of receiving MIDI data over a wireless connection, meaning

that the phone or tablet would likely have to be connected and stationed directly next to a laptop computer.

2.5 General Shortcomings of Typical Live Audio Setups

When small music groups composed of 3-5 people perform in a venue, they typically do not have a

dedicated audio engineer or funds for a large equipment setup. As such, they are often reliant on a house

audio engineer who is unfamiliar with the band and their target sound, not knowing their preferences. This

is the reason for the demand for a distributed control system that feels intuitive to a musician not necessarily

trained in audio engineering. While some devices on the market try to solve the centralization issue, these

products ultimately do not work well as they still require all devices to be tethered to a computer via

wired USB connections. Most devices on the market are tailored more towards creative studio use and not

concert use. While it may be possible to modify some of these tools to be suitable for a concert stage, it

would ultimately be expensive and difficult to do this reliably. This is the motivation for our project, as we

will attempt to build an affordable, distributed music control and processing interface to combine the best

attributes of all devices currently on the market.
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3 PROJECT OVERVIEW AND BLOCK DIAGRAM

3 Project Overview and Block Diagram

Our system, dubbed “WACI” (Wireless Audio Control Interface), will consist of two main components.

The central component of the system, the Hub, will serve as the main point of communication for all other

devices in the system. The Hub is responsible for all direct communications with the computer, then relaying

all communications to the Modules as necessary. The Modules are small, personalized controls that are paired

with each musician’s instruments and can be positioned near the musician due to their wireless capabilities.

The Hub will be an all-in-one USB interface for musicians. By integrating microphone inputs, line-level

inputs, a MIDI interface, and wireless gateway functionality into one device, the Hub can manage an entire

live performances with just one power cable and a USB connection to a laptop. The Hub will be designed

in compliance with the USB and 802.11n specifications. FCC compliance for the wireless card is guaranteed

by the wireless card vendor.

Each Module will be equipped with different controls to cater to different musicians’ needs. For example, a

pianist might get the most utility out of foot switches or pedals, while a singer might benefit more from hand-

operated controls. Additionally, some Modules may be outfitted with low-power screens to display status

messages to users. Module wireless cards are also guaranteed to comply with FCC emissions requirements.

Figure 6: Simple System Block Diagram
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4 DESIGN STRATEGIES AND ANALYSIS

4 Design Strategies and Analysis

4.1 Communications Link

Control modules will communicate with the central Hub wirelessly to send presets and preferences. In

order to accomplish this, the project will make use of the ubiquitous ESP32 wireless module, which includes

both Wi-Fi (802.11) and Bluetooth (802.15) functionalities. This module is designed specifically to be a good

low-power solution for IoT applications, and it’s low-power onboard IC will allow it to double as the main

processing unit on the Modules (explained in more detail in the “Module” section of this report), and one

can be used on the Hub as a slave device connected to the main IC. The ESP32 is capable of transmitting

Wi-Fi with a transmit power between 13 and 15 dBm in 11n mode, or 19.5 to 20.5 dBm in 11b mode; and

Bluetooth with transmit power and range of 0dBm (1mW) and -12 to 9 dBm. The onboard microcontroller

on the ESP32 is an Xtensa 32-bit processor (either single or dual-core) with up to 600 MIPS, 448 KB of

ROM, 520 KB of SRAM and 16 KB SRAM in RTC.

The ESP32 also supports the following microcontroller protocols and peripherals that may be useful in

our application:

• External 2 MHz 60 MHz crystal oscillator (40

MHz only for Wi-Fi/BT functionality)

• Two timer groups, including 2 x 64-bit timers

and 1 x main watchdog in each group

• One RTC timer

• RTC watchdog

• 34 x programmable GPIOs

• 12-bit SAR ADC up to 18 channels

• 10 x touch sensors

• Communications peripherals: SPI, I2S, I2C,

UART

• LED PWM up to 16 channels

• Hall effect sensor

Each core of the ESP32 processor consumes about 40mA during normal operation, and the transmit

power of the wireless antenna uses between 100-200mA when active.

Figure 7: ESP32 Block Diagram

Figure 8: A Pre-assembled ESP32 Module

One of the major advantages of using the ESP32 module is its versatility and support community.
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4.2 Hub 4 DESIGN STRATEGIES AND ANALYSIS

Libraries exist for the chip for every major embedded platform from Arduino up, and there are many open

source libraries and Github repo examples readily available. The chip can be purchased on an inexpensive

assembly that already includes components such as the antenna that would normally need to be routed on

the PCB. The chip can be programmed using a standard AVR programmer (or even an Arduino), and runs

on C-style code. Expected range of the chip can be as far as 150 meters in a standard configuration, and new

iterations of the ESP32 also support the Wi-fi Long Range (LR) protocol with theoretical transmit distances

up to kilometers.

4.2 Hub

The Hub will serve as the nexus of the system. It will be responsible for receiving the analog audio

signals from wired instruments and wireless signals from Modules. The Hub will also be responsible for

data conversion and routing of data between the computer, modules, and instruments. The main processing

device in the Hub is an XMOS X-Core 200 multicore microprocessor.

Figure 9: Block diagram of Hub circuit
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4.2 Hub 4 DESIGN STRATEGIES AND ANALYSIS

Figure 10: Block diagram of XMOS X-Core 200 Multicore Microprocessor

XMOS microcontrollers are optimized for high performance audio processing, with multiple independent

processing cores, branded as “Tiles,” that can each process several threads. The specific part number chosen

for the Hub is the XUF216-512-TQ128-C20, which has two Tiles and a total of sixteen logical threads. It has

guaranteed 2000MIPS performance. Open source libraries are available from XMOS for many critical audio

protocols, including USB Audio Class 2.0, I2S, S/PDIF, and high dynamic range sample rate conversion.

Each of these libraries consumes its own thread and thereby provides guaranteed throughput.

As stated above, we plan to use an ESP32 agile communications IC to manage the Module-side commu-

nications. Firmware stacks are available for WiFi, LR-WiFi, Bluetooth 4.2, and XBee, among others; this

is convenient for our development because if a specific protocol does not work for us for any reason, we can

simply update firmware on the Hub and Modules to adopt a different protocol.

The signal flow for audio inputs will be structured as follows:

Figure 11: Audio Input Signal Flow
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4.2 Hub 4 DESIGN STRATEGIES AND ANALYSIS

Figure 12: Block Diagram of AD1937 CODEC

“Combo XLR” connectors will be used as audio connectors. These connectors mechanically ensure

that the user will not accidentally connect multiple devices to the same input circuitry at once. Input

protection circuitry removes DC bias voltages, passively creates impedances required by the audio sources,

and implements RFI mitigation. A preamp IC will provide adjustable gain of 0dB-60dB. Low gain levels will

be used for line-level inputs, and high gain levels for microphone inputs. Preamp outputs feed into an ADC

driver, which drive the input circuitry of the AD1937 CODEC. The AD1937 integrates high-performance

sigma delta ADCs and DACs, as well as digital audio interface circuitry, on one monolithic IC. Digital audio

from the CODEC is sent to the XCore-200 microprocessor over I2S and transmitted to the host computer

over USB using class-compliant USB Audio Class 2. At this point, the computer takes over the signal chain

and applies effects.

The signal flow for audio outputs will be structured as follows:

Figure 13: Audio Output Signal Flow

After the audio undergoes processing and alteration on the computer, it will be sent back to the micropro-

cessor over USB audio and then to the AD1937 CODEC where it will undergo digital-to-analog conversion.

Once the audio is back in analog form, it will be passively filtered to remove high-frequency noise and output

over standard audio connectors.

The Hub will have a barrel jack port to interface with a standard 9V pedalboard supply or wall adapter.

The microprocessor requires two low voltage supplies to be derived from the power input: 3.3V and 1V.

The 3.3V supply powers the I/O buffers and the 1V supply drives the cores. Buck converters will derive

both supplies.

An additional 1V analog rail is required to drive the XCore-200’s internal PLL, which generates the main

processor clock. This rail should have low noise. XMOS application circuits derive this rail from the 1V

buck converter, cleaning the supply with an RC filter. This will be done in place of a linear regulator to
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4.3 Module 4 DESIGN STRATEGIES AND ANALYSIS

accommodate the chip’s start-up sequencing needs.

A custom four-layer circuit board will be developed to house all these components and required supporting

circuitry, such as reset generators, memory ICs, clock distribution ICs, and oscillators. A daughterboard

may be implemented to house the power components separately to more easily parallel development of the

PCB’s.

4.3 Module

Wireless controls, currently referred to as “Modules,” compose the novel idea of this project. These

devices are wireless control interfaces made up physical user interface elements, wireless communications

circuitry, and a power management system. These devices are designed to mimic traditional analog musical

controls such as guitar “stompboxes” and mixer panels. Originally, this form factor makes use of fundamental

electronic controls such as switches and potentiometers to control onboard filters implemented through analog

and digital circuitry. In the WACI system, these same controls will be paired with a microcontroller to

communicate analog signal levels from each Module to the Hub. Modules should last for at least 24 hours

of meaningful use while running off an off-the-shelf Li-Ion battery pack, and they will be able to be charged

either with a USB-Type C connector or an industry standard 9V barrel jack connector typically used for

existing pedals on the market. Internally, the Modules will be driven by the microcontroller inside the ESP32

wireless module, with firmware tweaks made to accommodate the different possibilities of user-facing controls,

potentially including control knobs and sliders, switches and buttons, display or touchscreens/touchpads, and

other creative ideas.

Communications will be transcoded from analog and digital captures – derived from knob positions and

button presses – to MIDI commands by the various Modules and transmitted wirelessly to the Hub. The

Modules themselves will have no physical connection to the instrumental hardware an individual performer

is using; rather, the commands that the Module creates will be passed from the Module to the Hub, then

into the connected computer’s processing software to change specific effects on the user’s sound, then back

out to the Hub to be passed to speakers or amplifiers. From the musician’s perspective, the experience

using the WACI module should not be drastically different from using an inline effect device – once mapped

appropriately to their equipment, the module will be a less tangled, wireless direct replacement for the

controls they are already accustomed to. By only sending commands to the central effects processor, these

modules will also have the advantage of being able to be spread apart from each other conveniently as there

are no cables connecting them, allowing a musician or stage technician to carry one around as a remote to

perform a sound check at various locations or when moving around the stage. This is another interesting

possible use case that adds a clear advantage to the proposed WACI system over current devices on the

market.

Figure 14: A Typical ”Stompbox” Guitar Effects Pedal
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4.4 Software 4 DESIGN STRATEGIES AND ANALYSIS

Due to their simple configuration, the Modules will be able to be controlled by the microcontroller

onboard the wireless communications hardware. The firmware of the communications IC can be modified

to support the few signals each module will be responsible for transmitting. This will allow the Module

hardware to have fewer discrete components and less power consumption, helping to meet performance goals

and enabling battery-powered design. With an estimated total consumption of 300mA — 250mA for wireless

transmission at an approximately 1% duty cycle, 50mA for microcontroller and peripherals consumption —

the required minimum battery size for each module is 2,000mAh.

4.4 Software

Figure 15: Desktop Software GUI Mockup

The Modules will be configured using a desktop application. The application will allow creating and

naming a new Module, pairing the Module, configuring response with an input/output response map, and

will have MIDI command and channels. The response map will be an interactive visual, which can be used

to add transformations or scaling to the Module response. The GUI will contain a “Command” panel where

the user can send MIDI messages to the Modules through the Hub. The application will also monitor and

display Module charge, signal strength, and alerts for status changes. The app will communicate with the

Hub through USB.

The desktop application should be used along with an existing audio software, which will provide all

the actual audio tools. While the desktop app can communicate through MIDI channels or configure a

response map, no actual recording of audio is taking place on the desktop app. The existing software, such

as Mainstage, will handle all the recording and editing of the audio. The audio software will communicate

with the Hub through USB. A notable benefit of this setup is if the user already has configurations on

whichever audio software they are using, they would still be able to use those with WACI and would not

have to learn an entirely new system.

The application will be developed with Proton Native, a cross-platform framework for desktop applica-

tions using native tools and a React environment. React is preferred because it is component based and state

for each component is self-contained, which allows for simplicity in creating interactive user interfaces. The

component-based structure of React is especially helpful for this GUI, which will need to dynamically create,
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4.4 Software 4 DESIGN STRATEGIES AND ANALYSIS

update, and delete Modules as the user needs. Proton Native will allow the creation of a small desktop

application with a simplistic and elegant GUI.
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5 COST ANALYSIS

5 Cost Analysis

Number of Hubs Built: 3

Number of Modules Built: 8

Hub Cost Analysis Cost per Hub Cost per Hub from Donations Cost per Hub from Budget Budget Cost for all Hubs

Integrated Circuits $122.66 $95.26 $27.40 $82.20

Passive Components $45.00 $0.00 $45.00 $135.00

Connectors $30.00 $0.00 $30.00 $90.00

Circuit Board $10.00 $0.00 $10.00 $30.00

Total $207.66 $95.26 $112.40 $337.20

Module Cost Analysis Price per Module Cost Covered by Donations Cost Covered by Budget Budget Cost for all Modules

Integrated Circuits $30.15 $18.14 $12.01 $96.08

Passive Components $10.00 $0.00 $10.00 $80.00

Battery $10.00 $0.00 $10.00 $80.00

Circuit Board $1.50 $0.00 $1.50 $12.00

Enclosure $2.00 $0.00 $2.00 $16.00

Total $53.65 $18.14 $35.51 $284.08

$621.28
$430.86

TOTAL COST FROM BUDGET:
Total Cost From Donations:

WACI Cost Analysis

Figure 16: Estimated Budget

Additional cost breakdowns will be provided in the appendix.
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6 DIVISION OF TASKS

6 Division of Tasks

Jess and Phil will both design power and battery management circuits for both the Hub and the Modules.

The Hub will receive its power from a barrel jack, which will be bucked down to various voltages as described

above. The Hub also needs to boost the initial power rail to a 48V rail to supply phantom power to

microphones. The Modules require battery charging and management circuits, which will be specified more

clearly as the project progresses.

Schematic capture and layout for the non-power applications in the Hub are assigned to Josh and

Phil—this task includes laying out high-speed lines for the USB 2-HS signal pair, the analog audio lines,

communications, and peripheral circuits for the XMOS Audio Microcontroller, etc. Andrew and Jess will

support Hub design as needed.

Andrew and Matan will design the schematics and layout for the wireless Modules, excluding power and

battery management. This includes microcontroller circuits and laying out the board to be generalized over

several sensor types. This will allow only one PCB spin for all Module variants.

Andrew and Matan will write Module firmware, and Josh will write Hub firmware. Louisa and Matan will

write the desktop companion application, which communicates with the Hub microcontroller and administers

Module profiles.
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8 CONCLUSION

7 Proposed Timeline

CAPSTONE TIMELINE
PROJECT TITLE Wireless Audio Control Interface Team B9

TEAM LEADER Jess Bardio DATE 8/11/19

DETAILS Q3 Q4

JUL AUG SEP OCT NOV DEC

PROJECT WEEK: 1 8 15 22 29 5 12 19 26 2 9 16 23 30 7 14 21 28 4 11 18 25 2 9

1 Project Conception and Initiation
- Project Brainstorming

- Market Research

- Proposal

2 Project Definition and Planning
- Scope and Goal Setting

- Work Breakdown Schedule

- Budget

3 Project Performance & Control

- Schematic Design

- PCB Design

- Firmware

- Software

- Testing

4 Project Close
- Capstone Presentation

- Report

Figure 17: Estimated Development Timeline

8 Conclusion

We propose an audio processing system that allows distributed control by multiple performers. By in-

tegrating audio, MIDI, and wireless physical interfaces, WACI functions as a complete sound processing

solution for small performing ensembles. Introducing wireless distributed control allows many musicians to

tailor their sound without the hassle and cost of managing multiple processing systems. Hub and Mod-

ule circuit boards will be designed, fabricated, programmed, and tested as part of this project; a project

breakdown and cost analysis show that WACI can feasibly be completed within Capstone time and budget

requirements.
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8 CONCLUSION
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