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Project aims / NIH initiative
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Goals

Open Lower barriers for hardware and software development
Design Enhancement of tools for acoustic psychophysical research studies
Tools Facilitate translation into hearing aids, cochlear implants, consumer devices
for
Speech
Signal
Processing
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Project aims / NIH initiative
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Goals

Open Lower barriers for hardware and software development
Design Enhancement of tools for acoustic psychophysical research studies
Tools Facilitate translation into hearing aids, cochlear implants, consumer devices

for Approaches and Tools

Speech
Signal

Algorithms that exploit computing power of future hearing devices

Portable acoustic signal processing tools

Processing Reconfigurable real-time speech enhancement software for real-world operation
Open source design principles
Outreach and dissemination activities
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Overview: Open Portable Platform
for Hearing Aid Research
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Research Project (R01)

U ammd
-’V\f} ’mm
nopenMHA

open Master Hearing Aid (openMHA)

Open-source software for hearing aid
algorithm development and evaluation

real-time signal processing
Low-delay (< 10 ms)
programmable in C++
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Small Business Innovation Research (SBIR)
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Portable Hearing Laboratory (PHL)
Mobile hardware platform
Running openMHA under Linux

remotely accessible for configuration on
runtime
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Overview: Project partners

N University of Oldenburg

research
publications
algorithms L openMHA (R01DC015429)
software T H6rTech gGmbh (Oldenburg)
evaluation

hardware design (®)  Batscat SoundLabs (Palo Alto)
enhacement PHL (R44DC016257)
user requests

Casi
¥ Advanced Sensor Integrations
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Target groups
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Audiological researchers

Plug-and play software modules

Easily change processing parameters on high level

mha.overlapadd.mhachain.dc
(plugin: ‘dc’, bilateral

cal pr
camlfit_linear
lineard0
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Target groups
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Audiological researchers ratyion

Plug-and play software modules |
Easily change processing parameters on high level srme s ool

mhalib = mhac

i atgms o FeeRiLterbank de conbinechannels]
s erbenk 1 = [0 312 1620 To00]
mha. FFtFilterbank. ftype

Application engineers

mha. fftfilterbank. fscale = log
mha. Fftfilterbank.phasenodel = mintmal

Set up measurement tools and customize algorithms =i’

mha.dc.chnane = FFtFilterbank_nchannels

Access configuration interface at an advanced level 55;;;:::::115‘

“de. 1
i Canbinachamets obtchannels = 2

o1tb = MHATOIack
t0.con_tn = [systen:capture_1 systen:capture_2]
to.con out = [systen:playback_7 systen:playback_8]

# to.tn = Altce_english.vav
# 1o.0ut = output.u

Thde.gudata < (..
zxasaxmvnvsvvsasxavsngsev )
L1128 026 12.3 12.0 118
7 IRERARREAY
rop 12 Conf[Untx;

6.3 10.7 11.0 11.8
s 11712012312713 1105 11,3 11,0 10,2
6.6 6.4 6.1 5.9

-2016
ng of buffer
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Target groups C‘\
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Audiological researchers

Plug-and play software modules
Easily change processing parameters on high level

Application engineers

Set up measurement tools and customize algorithms
Access configuration interface at an advanced level

Plugin developers

Develop and implement new plugins in the openMHA
framework
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Audiological researchers

Plug-and play software modules
Easily change processing parameters on high level

Application engineers

Set up measurement tools and customize algorithms
Access configuration interface at an advanced level

Plugin developers

Develop and implement new plugins in the openMHA
framework

.. work on one software platform.
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openMHA - structure ( >> CAc¢
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. control applications
Basic framework (e.g., Matlab, Octave)
MHA host application
toolbox with plugins

communication interfaces (control applications, I/O) MHA host

: openMHA

runtime configuration changes ip/glicaﬁ;i
plugins 10

audio backend
(Jack, File, TCP)
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. control applications
Basic framework (e.g., Matlab, Octave)
MHA host application
toolbox with plugins

communication interfaces (control applications, I/O) MHA host

: openMHA

runtime configuration changes ip/glicati‘i
Tools and documentation oo o
Matlab/Octave GUI for hearing aid fitting plugins

manuals for different usage scenarios
example configuration files for algorithms included

audio backend
(Jack, File, TCP)
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openMHA - current status <<=>>
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openMHA is available for algorithm development and test

... under Linux and Mac operating systems.
Hearing aid processing methods, release 4.5.5 (Feb. 14, 2018)
calibration

multi-band dynamic compressor
adaptive feedback cancellation
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openMHA is available for algorithm development and test Lin Rin

... under Linux and Mac operating systems. B8 B JF
calibration
Hearing aid processing methods, release 4.5.5 (Feb. 14, 2018)
calibration ADM l ‘ ADM
multi-band dynamic compressor
adaptive feedback cancellation DC
single-channel noise reduction
adaptive differential microphone Lout Rout
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openMHA is available for algorithm development and test Lin Rin

... under Linux and Mac operating systems. B B JF
calibration
Hearing aid processing methods, release 4.5.5 (Feb. 14, 2018)
calibration ADM l ‘ ADM
multi-band dynamic compressor
adaptive feedback cancellation coherence
single-channel noise reduction
adaptive differential microphone DC

binaural coherence filter

binaural beamforming algorithms Lout Rout
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openMHA is available for algorithm development and test Lin Rin

... under Linux and Mac operating systems. B B JF
calibration
Hearing aid processing methods, release 4.5.5 (Feb. 14, 2018)
calibration ADM l ‘ ADM
multi-band dynamic compressor
adaptive feedback cancellation coherence
single-channel noise reduction
adaptive differential microphone DC
binaural coherence filter
binaural beamforming algorithms Lout Rout

sound source localization
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openMHA - current status ( >> CAc¢
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openMHA is available for algorithm development and test Lin Rin

... under Linux and Mac operating systems. B B JF
calibration
Hearing aid processing methods, release 4.5.5 (Feb. 14, 2018)
calibration What'’s next? ADM ‘ ‘ ADM
multi-band dynamic compressor Windows support, ARM board
adaptive feedback cancellation Y2 AD/DA converter, usability coherence
single-channel noise reduction Y3 More algorithms and tools
adaptive differential microphone Y4 Updates based on Community DC
binaural coherence filter Y5 Further updates and extension
binaural beamforming algorithms Lout Rout

sound source localization
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Hardware platforms CAc¢
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Desktop setup
hearing aids + preamplifier
small-form-factor PC
multi-channel audio interface
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Hardware platforms

openMHA user project
binaural microphones / earphones

single-board computer
(Raspberry Pi)

Audio injector
power bank
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Hardware platforms e\ [@X:
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Self-developed setup
hearing aids + preamplifier
single-board computer
(Beaglebone Black)

open hardware
audio extension board
"Cape4All"
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Self-developed setup
hearing aids + preamplifier
single-board computer
(Beaglebone Black)

open hardware
audio extension board
"Cape4All"

features power supply
for microphones
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Portable Hearing Laboratory - PHL

MOLDENBURG <<<=>>> A§b

03/03/2018

Open Portable Platform for Hearing Aid Research

Hendrik Kayser

1st Generation

|
| I
| Battery |
| - Power and usB ! ARM riex
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Portable Hearing Laboratory - PHL
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1st Generation

— Battery | SA
- Power and usB icro- ARM rtex A I
Uthium\?\ ;;c;t;cg;réi | Mty ‘\ Juse A/E‘MICI’O usB , Co t.e 8 Core
Recé\:trtiisble : 9 Management / : L|nUX enV|r0nment
|
. / / Bluetooth low energy
- 5 || NordicBLE I antenna BLE dul aul
Switch | ueon TI AM335x : (BLE) module module
l—| - :
& /'/' LED C°;"G"-§ZA8 Micro SD ‘/i« s 3 alternative output
| > .
& | Controls 15mm x 15mm socket | Micro 5D interfaces: RIC, BTE,
| I
2x Push ! 1 “/ earbUdS
o A [ rimsh | | oram || Codec AD1938 Codec AD1938 |1 4#
v " 4xADC / 8xDAC 4xADC/ 8xDAC [ Lan
% : em em 9mm x 9mm omm x 9mm |l (eva
Remot,
R e R e
LED m m | Ppre-Amp [ Pre-Amp |
(RICZ,XB‘SrIE??EkaerLSudS) 4x MEMS Microphones 4x MEMS Microphones
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Portable Hearing Laboratory - PHL

1st Generation

= Battery LS
- Power and UsB icro-
umium\f\ ;rotect.on &t | ver an I ./E'M.cm usB ABM Cort_ex A8 Core
Recé‘:trtgeisb'e : anagemen Management ' ? Linux environment
|
: / A /r i Bluetooth low energy
[o] C
Switch | Bugon Az | L—— ! o (BLE) module module
) /:/ Lo [ Cortex-A8 MicroSD |7 [ 3 alternative output
@ i Controls 15mm x 15mm socket ! “Micro sD interfaces: RIC, BTE,
! i buds
L 1 earbu
Buttons ! o H
g Codec AD1938 Codec AD1938 |1 4# 2nd Generation
! ﬂaSh DMRAM 4XADC / 8xDAC 4xADC / 8xDAC || VLAN e
[ Mem em 9mm x 9mm 9mm x 9mm [ (peve Miniaturized form
A | —— R Remote factor
Prog)
LED | pre-amp | | Pre-Amp | .
TIT 5900 Licensed soft core on
2x Speakers own Silicone

(RIC, BTE, Earbuds) 4x MEMS Microphones 4x MEMS Microphones
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PHL prototype hardware
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PHL hardware development platform

Year 1 schedule

Circuit designs & bench
prototype testing
(Hardware & Linux)

Details schematics and
component specifications
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PHL prototype hardware
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PHL hardware development platform Year 1 schedule

Speaker : Circuit designs & bench
; . prototype testing
(Hardware & Linux)

Details schematics and
component specifications

MEMS Mic &
; Amplifier

E RIC Speaker »
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PHL hardware development platform Year 1 schedule

Speaker ; - ) Circuit design_s & bench
Amplifier il . prototype testing

(Hardware & Linux)

Details schematics and
component specifications

Layout

PCBs produced and parts
sourced

Board assembled

PCB 15t version tested
(Hardware, Linux, MHA)

PCB 2" version produced
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PHL specifications
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Volume of the
Beaglebone setup
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Preliminary volume
estimate for PHL

Length: 7cm
Width: 6cm
Thickness: 1cm

(actual form factor and microphone
positioning are still to be determined)

(-75%)
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PHL specifications
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Preliminary volume
estimate for PHL

Basic MHA algorithms to be optimized for A8

Calibration
Length: 7cm STFT filter-bank
Width: 6cm (-75%) Directional microphone (ADM)
Thickness: 1cm FFT-based multi-band compression
(actual form factor and microphone Wind noise reduction

positioning are still to be determined) Binaural coherence filter
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PHL specifications
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Preliminary volume

estimate for PHL Basic MHA algorithms to be optimized for A8
Calibration
Length: 7cm STFT filter-bank
Width: 6cm (-75%) Directional microphone (ADM)
Thickness: 1cm FFT-based multi-band compression
(actual form factor and microphone Wind noise reduction
positioning are still to be determined) Binaural coherence filter
CPU current RT factor headroom
A8 500mA 2.0x 50% 2x real-time execution of basic algorithms
A7 _175mA 1.3x 17% 50% headroom for custom algorithms
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Milestones <<=>>
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Portable Hearing Laboratory
First engineering prototype in a non-final form factor exposing test
Y1 ; ! : :
points and connections for detailed testing
First engineering prototype in the actual form factor ready for initial ot

ve subject testing oUndLobs
Y3 Final Device ready for field testing \_)

Y4 Community testing and modifications
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News and software CAc¢
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openMHA is open source under AGPL-3.0 license =
-’V\f‘) 10010

Code is available here:

It https://github.com/HoerTech-gGmbH/openMHA openMHA)

Latest news:
@ www.openMHA. org

7 http://batandcat.com/newsdownloads-on-open-platform.html

Disclaimer Research reported in this publication was supported by the National Institute On Deafness And Other Communication Disorders of the National Institutes of Health under Award
Numbers R01DC015429 and R44DC016257. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.
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