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Administrative Introduction

* eGuitar improves the way a user learns or further develops their guitar skills

* Through onboard visual indicators, users can learn finger placements in a tactile way

* Experienced guitar players can record their music into guitar tablature (tabs)

* A PC-side standalone application offers tablature modification and transfer to onboard storage




Goals

* Fully additive system— no permanent or damaging modifications to guitar

* Visual finger placement instructions on guitar fretboard
* Untethered tab playback mode

* Tethered (PC-side) DSP for real-time:
* Tuning
* Chord detection
* Tablature creation
* Performance feedback

* Intuitive PC user interface



Specifications — Fretboard PCB

Under-string Components Height <Imm
Under-string Components Width <3mm
PCB Material Flex board

PCB Layers 1




Specifications — Control PCB

Primary Microprocessor Model ATmega 328
Primary Microprocessor Clock speed 16 MHz

Primary Microprocessor Communications Standard 12C, RS232 serial
PCB Layers 2

|/O Control Outputs 40 (36 in use)
Power Source 3.7v Li-ion Battery
Power Voltage Sv



Specifications — DSP

Processing Host Windows PC

Processing Speed 100ms audio processed in <10ms
Notes Supported frequency range 50 - 1500 Hz (approx. Al to E6)
Notes Polyphony 6 Notes on 6 independent channels
Audio Input Format 16-bit, 44.1 kHz sampling

Audio Output Format Midi notes and raw frequency
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PC Software Architecture Overview

Application Core




Fretboard Visualizer

Us=er Interface
Fretboard Visualizer

Application Core Tab Importer

Fretboard Visualizer

LED Control
Exporter

* Playback with finger placement

w * Fretboard visualizer is the software
equivalent of the LED matrix

USB Bus * Sine wave audio feedback
e Should be MIDI instead




Tab Visualizer

8 pplica £ Tab Importer

U5B Bus DsP

|Se|e1:ted Fret: none | ‘ Send Song
Criginal Tab Parsed Data
B PLEASE NOTE---------==-=-=======- === mmmm - # Py Tuning: CGCF AD
#This file iz the author's own work and represents their interpretation of the #
#5ong. You may only use this file for private study, scholarship, or research. # Chord: @ Length: E
B e i F: 7 5 4
F: 5 5:2
TOXICITY Chord: 1 Length: E
As recorded by System of a Down F: 1@ 5: 5
(From the 2881 Album TOXICITY) F: 7 5: 3
Chord: 2 Length: E
Words and Music by System of a Down F: 7 5: 4
F: 5 5:2
Gtr T (CGCF AD) - "12-string low' Chord: 3 Length: E
Gtr II (CG CF A D) - 'Distortion’ F: 1@ 5: 5
Gtr III (C G C F A D) - 'Distortion (guiet)’ F: 7 S: 3
Chord: 4 Length: E
Intro F: 7 5: 4
0Q.=80 F: 5 5: 2
(D5} (F5) Chord: 5 Length: E
B8/8 F: 1@ 5: 5
Gtr I F: 7 5:3
P = m m e e e e - | Chord: & Length: E
E EE EE E E EE EE E E E E E E E E E E E E E v F: 7 5 4

* Displays original tab

* PowerTab ascii exports are parsed into friendly data

seen on right

* Send Song button passes data to software fretboard

visualizer




Pitch Detection (DSP)

* Utilizes Fast Fourier transforms — <

Converts time domain signal to -

frequency domain 244

-30dB-

* Most prominent frequency is =

-42dB-

Application Core C h OSG n 48dB-

-54dB -

* Tolerant of noisy signals 5008-

-66dB -

e * Compared against frequency table ::‘;:
to determine MIDI note 000Kz 5000Hz == =

USB Bus
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Acoustic Guitar D3



Pitch Detection — Frequency Table

*Correlates frequency to MIDI note

String (Pitch) Frequency (Hz)
1 (E4) 329.63
2 (B3) 246.94
3 (G3) 196.00
4 (D3) 146.83
5 (A2) 110.00

6 (E2) 82.41




To be completed — Software

@

Application Core

* Embedded User interface mock-ups coming up

Fretboard Visualizer

e Guitar Tuner (Embedded or PC side?)

* DSP needs to be refined, and perhaps develop into tablature
creation

LED Control
Exporter

USB Bus




Fmbedded Ul — Menu/File Tree

128 pixels

Utilities:
"‘"—-._______\___1_1 Current menu name

" ﬂ Mail'] MEHU—Usercanalwavﬂretumtu Main Menu

1. Record — Selected sub menu is bordered. b4
Option 1 is selected by default (skipping main menu) piHE'S

2. Tuner

TE. Metronome

Sub menu names




Embedded Ul - Tuner

128 pixels
Tuner:
< G,
64
! pixels
F# G Current Val G#
185.0 Hz 196.0 Hz 207.7 Hz




Guitar Hardware Architecture Overview

40 Bit I/0 Expander

3.75Volt
Battery

Embedded

Hardware Voltage

(Buttons, Repulator
knobs)
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Guitar Hardware — Onboard PCB

40 Bit I/O Expander

Embedded

Hardware Voltage
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Overall Control Board Schematic
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Charging System Schematic
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TPS6300 — Buck/Boost Regulator
BQ27510 — Fuel Gauge Detector

BQ24210 — Battery Charger




TPS6300 — Buck/Boost Regulator

VIN S
B4T LOW VS B | ] J_ Dicde IN4002
C1

it
g8
)
el
)
g
g1
Z
[ ]

Acts similar to a voltage regulator

vee

TP563002DRCR. 2
ap | —, Us
= vee ADCS
v ADCT

Avee PCO (ADCOPCINTS)
PCI (ADCI/PCINTS)

AREF PC2 (ADC2PCINTI0)
t T o PC3 (ADC3/PCINTI1)
w1, SRN. TS PC4 (ADC4/SDAPCINT12)
0 1uF| 1 PCS5 (ADCSSCLPCINTI3)

I8 = BAT_LOWBAT_GD PC6 (RESET/PCINTI4)

2

&l
R %:

it G

5

g
[Bile s
YIRS

»n
2
g
=
2
S
"
_>.|||

* Has the ability to increase or decrease
the input voltage

M

T e el

REG2S PDO (RXD/PCINTI6)
RE( PD1 (TXD/PCINTIT)

0.1u
C5 €| | 3] reGIN
RO Tom;[ GND-I”—H vee vss |8 PD2 (INTOPCINTIS)
R oie i PD3 (PCINTIOOC2B/INTI)
VA P
fox)

PACK+
5
88

- 100 7 G2
PACK. BQ27510DRZR-G2 (PCINT20:XCK/T0)

PD5 (PCINT21/OCOB.T1)
PD6 (PCINT22/OC0A/AING)
LED2 PD7 (PCINT23/AIND)

] = o * QOutputs 5V

47F PBI (PCINTLOC1A)
PB2 (PCINT2/SS'0CIB)

PB3 (PCINT3/0C2AMOST)

PB4 (PCINT4MISO)

GND PBS (SCK/PCINTS)
GND  PB6 (PCINTSXTALLTOSCI)
us =L GND PB7 (PCINT7XTAL2TOSC2)

L e S * ENline is the enable input

150 = * 1 for enable, O for disabled
B ® T N B ' i
TR || ot s | [ e PR e Getssignal from BAT _LOW line from

—I 1654 UsBDM P DEE o - IIoTE Fuel Gauge DeteCtOr

a2
Fir
USEDP CTS foyg-
[l
26

|
I
o0

e

B

eom &

B a4
s

¥

Header 2

— VDPM  VTSB

vee
veelo
g2

Il
il
]

RESET CBUSO
osc CBUS2

‘L'd J,’G

05C0
s
=

2
GND-l“ﬁu TEST




BQ27510 — Fuel Gauge Detector
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BQ24210 — Battery Charger
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Fretboard LE
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Pitch Detection Hardware

*6 independent channel (hexaphonic) output
* To be placed in the sound hole of an
acoustic guitar for prototyping

» Using the CM108AH chip (on right), we
e feed each line into the Windows PC

Hexaphonic
Pickup

CMW 108AH (4)

USB Sound Card (CM108AH)
Hexaphonic Pickup




Embedded Hardware Mockup

OLED 128x64

Power Switch

LEFT

Rotary Encoder
wi/ Knob

E Waolume Potentiometer

Rotary Encoder w) Knob

Audio Jack

=B Mini B

Power Switch

CLED 128x64

ISE Mini B

Audio Jack
RIGHT

OLED 128x64

Rotary Encoder
wi Knob

LISB Mini B J

L Audio Jack

Yolume

TOP




Embedded Hardware Mockup

OLED 125x64

Rotary Encoder
with Knob

Power Switch




Prototyping

* Elegant™ first electric prototype shown on right
* Polyphonic pitch detection.
* Drop Ctuning pictured in console output below
* Out of order because windows arbitrarily orders audio devices



Prototyping (cont’d)

* First acoustic prototype shown on right
e Custom 3D-printed clamping mechanism shown below




Project Roadblocks

* Latency issues with audio pass-through

* Form factor / hardware minimization
* Placing hexaphonic pickup under guitar strings and independent right/left height adjustment
* Fitting fretboard LEDs under strings
* 1 USB sound card per channel, can’t find cheap ones with input only

* Advanced tablature feature parsing
* Attempting to parse PowerTab ASCIl exports makes some assumptions and is thus not 100% accurate

* Embedded pitch detection
* Issues working with Tl ezDSP boards, lots of time wasted.

* Embedded solutions are expensive and underpowered

* Primary embedded Microprocessor
* Usability and program memory size issues with TI MSP430



Project Successes

 Software-only subsystems have been successful and reliable

* Basic polyphonic pitch detection. Only needs minor improvements.
* Initial DSP prototyping has shown feasibility

* Time management:
 Staying ahead of things
* Overall progress

* Morale is high and Hilton reservations have not been made



Expenses to date
“

TMDX5535EZDSP (Tl ezDSP chip) $115.53 $115.53

TSSOP-56 to DIP Adapter 2 14.99 $29.98
TSSOP-20 Breakout / Male headers 1 $28.58 $28.58
I/O Expander / MSP430G2553 / LEDs 1 $48.00 $48.00
Radxa Rock Light 1 $69.99 $69.99
USB sound card 8 $8.26 $66.10
568-1455-5-ND Analog Mux 3 $2.18 $6.53
USB 2.0 slim hub 2 $5.99 $11.98
Edimax EW-7811Un 1 $8.99 $8.99
5V 2A micro USB wall charger 1 $7.99 $7.99
8GB micro SDHC card Class 10 2 $6.99 $13.98
ODROID-C1 1 $36.95 $36.95
Total: $444.60



Budget — Current Iteration Bui\d Materials
__

Hex Pickup $60.00 (Salvaged) $60.00
Charging Circuit ICs 3 $4.00 $12.00
/O Expander / MSP430G2553 / LEDs 1 $48.00 $48.00
USB sound card 6 $8.26 $49.58
USB 2.0 slim hub 2 $5.99 $11.98
Printed Circuit Board 1 $100.00 $100.00
Ribbon Cabling 1 $45.00 $45.00
Lithium lon Battery 1 $4.95 $4.95
Surface Mount LEDs 36 $0.56 $20.16
Total: $351.67



Progress

Completion

Pickup Interface T 50%
Fretboard LEDs (R 15%
Fretboard Visualizer MY 85%
Tab Parser MY 75%
Schematics Ty 70%
pce M 25%
Prototyping I 30%
Hexaphonic Pickup I 30%
Note Detection M 50%
Total Y 53%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

B Completion




Going Forward

* Untethered Mode
* SD Card support on PCB

 Battery/charging prototyping

* Software Improvements
* Tab complexity support
* DSP cleanup -- noise reduction and signal isolation
* Usability and interface tweaks

* PCB Development
* Get initial Altium designs printed and tested
* |terate as necessary



