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Data over Sound
Chirp: SDK & (defunct) company

Operates at 18-20 kHz spectrum (most smartphones operate 20Hz-20kHz). 
Transmission includes: Chirp start signal bits + payload length + actual payload data 
+ CRC error detection code + Reed-Solomon error correction code. Incubated 2011, 
launched a UK company in 2012 and acquired by Sonos in 2020.


• Shuttl: Bus aggregator company in India where Chirp is used for boarding 
process; customer’s phone app generates an audio used by driver’s phone app 
to confirm booking/boarding.


• EDF Heysham 1 Nuclear Power Plant: Transmit sensor reading data (50 
meters over 12 hours) RF ban due to fear of interference with older tech 
predating RF legislation & standard shielded cables too bulky/costly.


Ggwave: Open Source Project

Each time slice sends 3 bytes of data. Split 3 bytes into 6 4-bit chunks. 16 possible 
values per chunk * 6 chunks = 96 values represented as distinct equally-spaced 
frequencies over a 4.5kHz band that can start at 1.875kHz or 15k Hz


Google Tone

Google Chrome Browser extension to transmit URLs using a computer’s speaker 
(transmitting) and microphone (receiving)




Data over Sound

https://www.youtube.com/watch?v=mNhKk7F3hMU


Comparing communication protocols

Features Chirp QR NFC Bluetooth Wifi

Max Data Rate
1 kilobits/s 3kb/image 424 kilobits/s 2 megabits/s 


(Latest spec: Bluetooth 5.3)
2.4 gigabits/s


(Latest spec: Wifi 6)

Typical Max Range
100 meters 1m image size 


per 10 m distance
10 cm


(ISO 15693 can 

extend this to 1m)

Class 1: 100 meters (industrial)

Class 2: 10 meters (Bluetooth 5 

spec increased possible 

range to 243 meters)

Most popular frequencies: 
2.4GHz @45 meters

5Ghz @15 meters

2-way communication ✅ ✅ ✅ ✅

1-to-many broadcast ✅

Can operate without line of sight ✅ ✅ ✅

Frequency Spectrum
20Hz-20kHz (most speakers/

microphones designed for this 
spectrum; 17-20kHz better for 

human imperceptability)

N/A, visual 13.56MHz 2.45GHz Most popular frequencies: 
2.4GHz (longer range, worse 
perf) & 5GHz (shorter range, 

better perf)



Comparing communication protocols

Features Chirp QR NFC Bluetooth Wifi

Can operate without setup ✅ ✅ ✅

Can operate with minimal power ✅ ✅ ✅ ✅

Can be confined within a room/
walls ✅ ✅ ✅

Can transmit with cheap 
electronics ✅ ✅ ✅ ✅

Can receive with cheap 
electronics ✅ ✅

Can operate with RF restrictions ✅ ✅ ✅



Modulation: digital to analog transmission

Notice if: ggwave used 5-bit chunks instead of 4-bit chunks (and given 

<= 96 frequencies constraint), 96/2^5 = 3, so we can only send 3 5-bit

chunks instead of 6 4-bit chunks. Smaller chunks while being able to send more 

data, might require more complex demodulators which might not be able to 

process and reconstruct sent data as quickly.


With 5-bit chunks, 15 total bits sent each time

With 4-bit chunks, 24 total bits sent each time (more bits sent with 

same amount of frequencies)



Demodulation: analog transmission to digital



x86, ARM & RISC-V processors

Intel-originated x86 processor 
architecture & AMD x64: 64-bit 
extension to x86

ARM processor architecture

RISC-V open-source 

processor architecture

• Intel owns original x86 architecture 
patent & AMD owns the 64-bit 
extension patent to x86. They cross-
license to each other (duopoly)


• x86/x64 - a complex instruction set 
architecture: instruction/opcode can 
take multiple cycles to execute. 
Architecture with many complex 
opcodes that are more analogous to 
higher-level languages. Born out of time 
when memory was expensive and 
compilers were simple.

• ARM licenses processor architecture/ISA licenses as well as 
modification rights. They however, do not manufacture actual 
processor hardware. Customers: Nvidia (Nvidia Grace CPU), 
Apple (M1, M2), Qualcomm/Nuvia (Oryon CPU), etc


• RISC: instruction/opcode takes 1 cycle to execute. Preference for 
much less and much simpler opcodes. With cheaper memory and 
advancement of compilers, RISC architectures unburdened of 
supporting complex operations, can focus on more registers, 
larger cache and things like performance per watt.

• Open-source consortium of processor 
architecture/blueprints: Google (US), 
Qualcomm (US), SiFive (US), Syntacore 
(owned by Yadro, Russia), ICT (China), 
Andes Technology (Taiwan).


• Published 2 ISA specs: 2019 & 2021. 
Much simpler ISAs than ARM.


• Moved from being headquartered in US 
to Switzerland in 2019. Permits 
unrestricted use of ISA for hardware/
software design. Cue chip war & CHIPS 
and Science Act legislation



Digital Signal Processing on x86

SIMD: Processing Vectors of ints/real numbers & Smart Loops

Digital Signal Processing algorithms often work with multiple chunks of transmitted 
for a given timestep (for ex: ggwave’s 6 4-bit chunks sent out across 96 known 
frequencies. We can do parallel processing across 96 frequencies at a given 
processor clock cycle (timestep)! These processors can consume 100-500 watts.


MMX (1996, Intel) & 3DNow! (1998, AMD): Can pack either 2 32-bit, 4 16-bit or 8 8-bit integers 
into 1 of 8 floating point units (same units used for floating-point calculations) of an Intel Processor. 
As such, using MMX for integer-valued vector operations prevented processing of real numbers at 
the same time and also cleared FPU. AMD’s 3DNow! can deal with real-valued vectors.


SSE (1999, Intel): SSE1 Can pack 4 32-bit floats into 1 of 16 dedicated registers. SSE2 (2001) can 
pack either 4 32-bit, 2 64-bit floats, 16 8-bit integers, 8 16-bit integers, 4 32-bit integers or 2 64-bit 
integers. SSE3 (2006) had more instructions and support for operations between values in same 
registers. SSE4.2 (2008) brought more instructions and by end of 2008/2009, Intel/AMD CPU SSE 
hardware handled MMX operations.


AVX (2008, Intel): Can pack either 8 32-bit or 4 64-bit floats into 1 of 16 dedicated registers. AVX 
can also work with operations between 3 vectors at the same time. AVX2 (2013) brought fused 
multiple add: one opcode to calculate operation a + (b x c) given real-valued vectors a, b and c. 
AMD’s added improvement: not replacing one of 3 registers with the result, storing it into a 4th. 
However, AVX has to downthrottle CPU speed to 80% because of overheating issues!

Audio Editing

Audio Compression on Desktop:

160kbps, 128 kbps web on Free

320kbps, 256kbps on Premium



Digital Signal Processing on ARM/RISC-V
ARM Cortex M for Microcontrollers, ARM Cortex A for mobile

In general, ARM with its RISC architecture targets performance/watt and prefers lower 
energy consumption than raw performance. Also with simpler overall architecture than 
x86 and licensed patent rights allows other companies to make modifications (design 
their own cores/submodules of the processor).


ARM Cortex-M55 (with Helium DSP extension announced 2019): Much like x86 MMX, no dedicated registers 
for SIMD - floating point unit 128-bit registers hardware are reused for SIMD instructions. Support for 
operating on 8-bit integer/fixed point, 16-bit integer/fixed-point, 32-bit integer/fixed-point, 16-bit half-
precision floating point and 32-bit single-precision floating point. 1 clock cycle to load first 64-bit half of 
128-bit vector. On next clock cycle, operation on this first 64-bit half with another register (like MAC - 
multiply/accumulate: vector dot product) can be done. Interleaved memory access. 

ETH Zurich and University of Bologna, using open-source RISC-V architecture, has 
developed PULP (parallel ultra low power) Digital Signal Processing extensions on the 
RV32IMC - a single-core 32-bit RISCV architecture. 


Andes Technology has developed advanced 64-bit processors with multi-core and DSP 
capabilities. It comes with 130 DSP instructions. Support for 31-bit/15-bit/7-bit fractional 
(-1<x<1) numbers, 32-bit/16-bit/8-bit integers as well as 16-bit/8-bit SIMD instructions

Arduino M0 using ARM Atmel Cortex M

0.2 to 1 watt power consumption

Orange Pi 5 with 8 64-bit cores

4x ARM Cortex A55 @1.8GHz (energy cores)


4x ARM Cortex A76 @2.4GHz (perf cores)
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