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Customer Needs

▪ There is a need to 
simultaneously 
record multiple 
individual audio 
signals.

Goal Statement

▪ The goal is to 
design and 
develop a multi-
track digital 
audio recorder 
that can 
simultaneously 
record multiple 
individual audio 
signals by the 
end of Spring 
Semester 2019.

Objectives

▪ Develop a 
management strategy

▪ Research and design: 
▪ Audio input 

subsystem

▪ Audio signal 
conditioning 
subsystem 

▪ Data storage and 
recording subsystem

▪ Audio output 
subsystem

▪ User interface 
subsystem

▪ Power subsystem

▪ Enclosure for the 
system

Final Deliverable

▪ A fully functional 
multi-track audio 
recorder prototype 

▪ Presentation at 
student expo on 
April 11th, 2019

▪ A project report, 
including but not 
limited to design 
documentation, 
project 
management, test 
results, performance 
specifications test, 
that could be used to 
recreate the 
recorder
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Statement of Work

▪ The contractor shall create a management strategy to organize the sense in which our team collaborates and assign roles 
to team members. It shall be accomplished through the Project Management documents.

▪ The contractor shall design an audio input subsystem to deliver a functional method of receiving signals into the system. 
The subsystem performance will be validated through simulation and later demonstrated through hardware.

▪ The contractor shall create an audio signal conditioning system to prepare the signal for the next block in the system. 
The subsystem performance will be validated through simulation and later demonstrated through hardware.

▪ The contractor shall design a recording subsystem to develop a method for the conditioned signal to be digitally written 
onto a storage device. The subsystem performance will be validated through simulation and later demonstrated through 
hardware.

▪ The contractor shall design an audio output subsystem to develop a method for the audio signal to be heard. The 
subsystem performance will be validated through simulation and later demonstrated through hardware.

▪ The contractor shall design a user interface subsystem to allow the user to interface with the file storage system and 
recording system. The subsystem performance will be demonstrated through compilation and effective use of code. 
Furthermore, the contractor aims to design the user to interface for hardware controls of all other subsystems. The 
subsystem design will be demonstrated through modeling software. 

▪ The contractor shall design a power subsystem to provide power to the rest of the subsystems and their components. 
The subsystem performance will be tested using a multimeter and oscilloscope.

▪ The contractor shall design a human machine interface for users to control the device. The performance of the enclosure 
will be determined through research of its environmental stability.
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Functional

▪ The recorder shall support 4 
electrical input signals

▪ The recorder shall have a playback 
output

▪ The  recorder shall support a 
headphone jack

▪ System shall be able to supply 
phantom power

▪ The recorder shall have an internal 
data storage system

▪ The recorder shall have a digital user 
interface

▪ The recorder shall support 
simultaneous recording and 
playback

▪ The recorder shall have a power 
supply

Performance

▪ The digital signals shall 
be digitized to at least 16 
bits 

▪ The digital signal shall be 
at least 44.1 KHz

▪ The phantom power shall 
be +12V

▪ The saved files shall be 
uncompressed RAW files.

▪ The power supply for the 
system shall support 
120V AC input

Operational

▪ 120V AC power shall be 
available

▪ The system shall operate 
in an indoor office/home 
environment
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▪ It was found when testing our signal conditioning PCB, that our output signal was nosier than 
expected

▪ According to https://www.pcbcart.com/article/content/defeat-interference-in-PCB-
design.html PCB interference can manifest through the layout, stacking, or routing of the PCB 
components. 

▪ Combined with that fact that our breadboard test did not give us this noisy result, it was 
originally thought that the layout of our components on the PCB caused the unwanted noise in 
our signal

▪ After testing the second PCB, it was found that this signal was clean, and that the cause of the 
noise on the first PCB was likely due to a faulty board and/or soldering 

▪ Originally it was thought this was due to either a bad filter 
design or misplaced components on the board

▪ After speaking with Jared Schlicher, it was discovered this was 
more likely due to poor PCB design
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▪ The input signal goes through multiple signaling 
conditioning stages before any data is recorded

▪ The attenuation pad puts an upper limit on the amplitude 
of the input signal

▪ The instrumentation amp is used to eliminate the need for 
impendence matching

▪ The high pass filter eliminates any unwanted low 
frequency noise

▪ The low pass filter eliminates any unwanted high 
frequency noise

▪ The pre-amplifier increases the gain of the signal for 
naturally low instruments

▪ The summing amplifier converts the voltage levels from 
bipolar to unipolar to prepare the signal to be accepted 
by the next stage: the analog to digital to converter
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Phantom Power

Attenuation Pad
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Instrumentation Amp

High Pass Filter
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Low Pass Filter
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▪ Teensy 3.2 with Audio Adaptor Board

▪ Allows for digital storage of audio 
files onto a compact SD card

▪ Color 320x240 TFT Touchscreen with 
ILI9341 Controller Chip

▪ Provides the user accessibility to the 
storage, recording, and playback 
systems

Data Storage Subsystem

User Interface Subsystem

13



14



▪ Purchased a case to fit components

▪ Although it came with a metal plate, we could not find the resources to mill it, and went 
with a  3D printed option instead

▪ The plate was recreated in Solidworks and printed with PLA on a Prusa i3 MK2

▪ Many buttons/knobs/HMI components were missed on ordering or we choose 
incompatible parts, so we made do with what was in the lab
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▪ 3D printed plate makes for less durable user interface (can withstand less tensile 
stress than before)

▪ Holes for Neutrik jacks were not sized appropriately so massive amounts of 
industrial hot glue were used to help secure them

▪ Solder joints on HMI components repeatedly kept getting ripped off when trying to 
assemble everything into the tightly spaced casing
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▪ Designed for 120V U.S. standard wall outlet power (based on NFPA 70)

▪ Used ASME Y14.5 standard for geometric dimensioning and tolerancing of the 3D 
printed plate and case assembly

▪ 1206 Surface Mount for PCB components

▪ C++ Programming

▪ SPI communication between Teensy and Digipots, Audio Shield, and Touchscreen
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Breadboard 

Preamp

Breadboard 

Summing 

Amp

VDC +/- 5.0 V +/- 5.03 V

Frequency 1 kHz 1 kHz

Vsig-gen 50 mVpk-pk 150 mVpk-pk

Vin 1.58 V 3.12 Vpk-pk

Vout 3.60 V 7.12 Vpk-pk

2.27 gain 2.56 V 

difference

Preamp transfer function:

𝑔𝑎𝑖𝑛 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 = 1 +
𝑅1

𝑅2
=
10𝑘Ω

10𝑘Ω
= 2

compared to:

𝑔𝑎𝑖𝑛 𝑎𝑐𝑡𝑢𝑎𝑙 =
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=

3.6𝑉

1.58𝑉
= 2.27

Derived transfer function for 

summing amp:

𝑉𝑜 =
−𝑉1𝑅2

𝑅2 + 𝑅1
+

−𝑉2𝑅2

𝑅2 + 𝑅1
= 2.5 𝑉

Compared to actual value of 

𝑉𝑜 = 2.56𝑉
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Signal 

Conditioning 

PCB1

Signal 

Conditioning PCB2

VDC +/-4.06 V +/-4.06 V

Frequency 1 kHz 1 kHz

Vsig-gen 1 Vpkpk 1.06 Vpkpk

Vin 2 Vpkpk 2.06 Vpkpk

Vafter-filters 1 Vmax 1.06 Vmax
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▪ High pass 10dB decrease occurs around 25.5 kHz

▪ 3dB cutoff frequency occurs at f=13.4 kHz (on breadboard testing) although we expected 
about f=20kHz

▪ Calculated by Vsigout/√2 = 373mV which occurs at f=13.4 kHz

▪ Gain calculated = 2 and gain actual = 2.27

▪ Summing amp difference calculated  = 2.5 V and actual = 2.56 V

▪ High pass 10dB decrease occurs around 25.5 kHz

▪ 3dB cutoff frequency occurs at f=13.4 kHz (on breadboard testing) although we expected 
about f=20kHz

▪ Calculated by Vsigout/√2 = 373mV which occurs at f=13.4 kHz

▪ PCB interference created a much nosier filtering system than we had designed for
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▪ The transfer function was derived specific to using basic circuit theory (KVL, KCL, 
Ohm’s Law) and then used to test the actual versus calculated values for 
verification of working circuits

▪ The filters were designed around the communications standard for 3dB cut-off 
frequency

▪ Hardware systems were first built and tests in Multisim, then breadboards, then 
moved off to PCB to ensure fluency in the design
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Were the technical design 
requirements met? 

▪ Our requirements were 
reduced from 4 channels 
to only 2 channels

Were the project 
objectives achieved?

▪ Our objectives were met, 
however our 
requirements were not

Were there any alterations 
and/or deficiencies? 

▪ Our design was not 
finalized by the end of 
Fall semester, causing a 
massive fall back for 
Spring

▪ Many alternations 
occurred throughout the 
Spring semester causing 
multiple versions of the 
design to be floating 
around
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▪ BOM reflects $243.88

▪ Additional purchases not accounted 
for throughout Spring semester 
including:

▪ Power supply

▪ Case

▪ PCB

▪ Microphone and cables
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User 

Interface, 

$15.99 

Signal 

Conditioning, 

$162.22 

Power, 

$15.64 

Software, 

$50.03 

COST BREAKDOWN



▪ Fall semester:

▪ FPL  meetings every Wednesday at 12pm

▪ Weekly meetings every Friday at 12pm

▪ Spring semester:

▪ FPL  meetings every Thursday at 12pm

▪ Changed to Fridays at 12pm

▪ Minimal team availability required division of projects to be completed individually or in 
smaller groups

▪ We made strong utilization of meeting during class time – all team members were expected to 
always be there during that time

▪ Average of 260 hours per team mate (Spring semester only)
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Summary

▪ Completed individual subsystems

▪ Software enables recording and 
saving for two channels using a 
touchscreen interface

▪ PCB signal tested and conditions an 
analog signal close to designed 
specifications

▪ Power subsystem properly powers 
all subsystems in the design

▪ Integration between software and 
hardware still incomplete

Completion Estimate
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▪ Include a second audio shield for two more channels

▪ Include dynamic file naming scheme

▪ Incorporate external signal level indicators

▪ Work on user interface to be more visually pleasing

▪ Allow the system to transmit data through a USB connection instead of an SD card to 
make the system compatible with software like Logic and Ableton 
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Countless items can be listed here but just to name a few:

▪ Make use of down time

▪ Don’t wait for people to come to you – go to them

▪ Researching skills are super important

▪ Everything takes more time than anticipated

▪ Knowing your teammates is valuable – we worked very well together!
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