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Medical Imaging Access

2/ 3 of the world
population don't have
access to diagnostic
imaging

Up to 70% of medical
imaging equipment in
Africa IS never used, due
to infra-structural issues,
rrelevant application
and lack of staff training

source : WHO




Designing a universal,
open source and
affordable medical
echo-stethoscope
(ultrasound probe)
connected to a mobile
device (smartphone) for
diagnostic orientation

MULT IPURPOSE
DIAGNOSIS
ORIENTATION

UNIVERSAL
USAGE



AN Purpose

Allowing the radical

A DISRUPTIVE DIAGNOSTIC TECHNOLOGY transformation of
diagnostic orientation in
- hospitals,
- general medicine
- and medically

underserved areas
IN both southern and
northern countries
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Better Access To Medical Imaging
Anytime, anywhere, any moment
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Faster Diagnosis And Cost Reduction

AN EMPOWERING TOOL

OUR AIM

USing more. accurate
but expensive. medical
im39if\g technoLogieS
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Evequhmg started with a CHALLENGE
o democrahbe the access to quality healthcare . (‘ ’
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AVaVaVa Outcomes

MULTIPURPOSE
DIAGNOSIS
ORIENTATION

1 lab prototype (kit format split into modules)

fully documented

1 high quality transducer

500+ people in the community (1/3 health
professionals)

10 000+ participants in events (workshops,
hackathons)

20 000+ people reached
60 000+ hours of skills given to the project

UNIVERSAL
USAGE

IT WORKS !/
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mid -2016
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end 2019 - ELK (echOpen lab kit)

HARDWARE

A Modular hardware lab
Rit to enable acoustic,
software and firmware
experiments

Ecran LCD tactile 7"

Boitier Carte ultrason

Demo in front of echOpen's
Community on October 10.

Support connectiques

Raspberry Pi 4
e il externe

Carte CNC controle de
moteur

SOFTWARE
Low level Python API to drive all the components
Graphic app to execute experiments

Functional prototype
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What is the “Source” of Open Source Hardware?

Jérémy Bonvoisin®, Robert Mies!, Jean-Frangois Boujut* and Rainer Stark’

The role of digital health in making progress toward Sustainable

What “open source” means once applied to tangible products has been so far mostly addressed through Development Goal (SDG) 3 in conflict-affected populations*
the light of licensing. While this approach is suitable for software, it appears to be over-simplistic for
complex hardware products. Whether such a product can be labelled as open source is not only a question
of licence but a question of documentation, i.e. what is the information that sufficiently describes it?
Or in other words, what is the “source” of open source hardware? To date there is no simple answer to
this question, leaving large room for interpretation in the usage of the term. Based on analysis of public

documentation of 132 products, this paper provides an overview of how practitioners tend to interpret

Yara M. Asi®*, Cynthia Williams”

* Department of Health Management and Informatics, College of Health and Public Affairs, University of Central Florida, Orlando, FL, United States
® Department of Public Health, Brooks College of Health, University of North Florida, Jacksonville, FL, United States

the concept of open source hardware. It specifically focuses on the recent evolution of the open source ARTICLE INFO ABSTRACT

movement outside the domain of electronics and DIY to that of non-electronic and complex open source

hardware products. The empirical results strongly indicate the existence of two main usages of open Keywords: Purpose: The progress of the Millennium Development Goals (MDGs) shows that sustained global action can

source principles in the context of tangible products: publication of product-related documentation as a e e fctfiews wccens. Desplls (he pupecetenies! scevemeny fnhed (i antecneation, mare Cucoone hiflion peopls,
¢ ¥ . ; R many of them in conflict-affected areas, were unable to reap the benefits of the MDG gains. The recently de-

means to support con_mmumty-bgsed prgduct dgvelopment' and to dlssemlr)ate privately developed inno- Fragile states veloped Sustainable Development Goals (SDGs) are even more ambitious then their predecessor. SDG 3 prior-

vations. It also underlines the high variety of interpretations and even misuses of the concept of open SDGs itizes health and well-being for all ages in specific areas such as maternal mortality, communicable diseases,

source hardware. This reveals in turn that this concept may not even be clear to practitioners and calls g:'e',hopmm mental health, and healthcare workforce. However, without a shift in the approach used for conflict-affected

areas, the world’s most vulnerable people risk being left behind in global development yet again. We must
engage in meaningful discussions about employing innovative strategies to address health challenges fragile,
low-resource, and often remote settings. In this paper, we will argue that to meet the ambitious health goals of
SDG 3, digital health can help to bridge healthcare gaps in conflict-affected areas.

Methods: First, we describe the health needs of populations in conflict-affected environments, and how they
overlap with the SDG 3 targets. Secondly, we discuss how digital health can address the unique needs of conflict-
Keywords: open source hardware; open design; open innovation; open source innovation; open source affected areas. Finally, we evaluate the various challenges in deploying digital technologies in fragile environ-
product development ments, and discuss potential policy solutions.

Discussion: Persons in conflict-affected areas may benefit from the diffusive nature of digital health tools.
Innovations using cellular technology or cloud-based solutions overcome physical barriers. Additionally, many
of the targets of SDG 3 could see significant progress if efficacious education and outreach efforts were sup-

for more narrowed down definitions of what has to be shared for a product to be called open source. This
article contributes towards this effort through the definition of an open source hardware lifecycle sum-
marizing the observed approaches to open source hardware.

1 Introduction

In present times, we are witnessing increasing numbers
of initiatives transferring product development and
production from the private sector to the public. Enabled
by the growing accessibility of affordable manufacturing
technology, this is manifested in the expansion of the
so-called “maker culture” which takes action to install
participative production as an alternative to industrial
production (Hatch 2013; Voigt, Montero, and Menichinelli
2016). The emergence of this culture is interwoven with
the phenomenon of open source hardware (OSH), which
transfers open source principles (as defined by Open Source
Initiative 2007) from their origins in software development
to the world of physical objects (Balka 2011: 4). While these
new practices are raising significant attention, they are still
in their infancy and struggle to reveal their full economic,

* Institute for Machine-tools and Factory Management,
Technische Universitat Berlin, Berlin, DE

! Institute for Machine-tools and Factory Management,
Technische Universitat Berlin, Berlin, DE

* Collaborative Design Group, G-SCOP Laboratory, Grenoble
Alpes University, Grenoble, FR

Corresponding author: Jérémy Bonwvoisin, Chair of Industrial
Information Technology (Jeremy.bonvoisin@tu-berlin.de)

social and environmental potential. One of the challenges
they face is that sharing knowledge about atoms is not as
frictionless as sharing bits.

Both practitioners and the scientific community gen-
erally acknowledge that online sharing of a piece of
hardware is more difficult than the sharing of a piece
of software (for example see discussion of this point in
Raasch and Herstatt 2011). Software is digital by nature;
it is made of series of characters—a format that can be
shared and displayed online without specific tools, with
a text editor being enough. Hardware may need to be
described through more complex constructs like 2D or
3D schematics, which may require more specific software
to be edited and displayed. Based on the evaluation of a
pool of 20 OSH projects whose products embedded both
software and hardware components, Balka, Raasch, and
Herstatt (2014) highlighted that hardware components
were generally less documented than the software com-
ponents. This result raises questions in terms of practice.
When a piece of hardware is poorly documented, is it still
open source? What does “less documented” mean? What
are the minimal requirements for labelling a hardware
product as open source?

In the absence of clear guidance on this issue, it is not
easy to draw a line between which piece of hardware is
open source and which is not, even when licensing terms

ported, and digital health in the form of mHealth and telehealth offers a relatively low-resource platform for
these initiatives. Lastly, lack of data collection, especially in conflict-affected or otherwise fragile states, was one
of the primary limitations of the MDGs. Greater investment in data collection efforts, supported by digital health
technologies, is necessary if SDG 3 targets are to be measured and progress assessed. Standardized EMR systems
as well as context-specific data warehousing efforts will assist in collecting and managing accurate data.
Stakeholders such as patients, providers, and NGOs, must be proactive and collaborative in their efforts for
continuous progress toward SDG 3. Digital health can assist in these inter-organizational communication efforts.
Conclusion: The SDGS are complex, ambitious, and comprehensive; even in the most stable environments,
achieving full completion towards every goal will be difficult, and in conflict-affected environments, this
challenge is much greater. By engaging in a collaborative framework and using the appropriate digital health
tools, we can support humanitarian efforts to realize sustained progress in SDG 3 outcomes.

1. Introduction

framework which is for 2015-2030. The MDGs were successful in
achieving many of their targets. Estimates suggest that more than 21

To bring progress to the world’s development targets, the United million additional lives were saved during this period [50]. However,
Nations (UN) has twice agreed to a specific agenda to be achieved by all even early in the MDG period, reports warned that ‘the MDGs cannot be
189-member states. The first agreement was the Millennium achieved without more progress in fragile states’. Early data suggested
Development Goals (MDGs) which were set for 2000-2015; the second that when compared to other low- and middle-income countries
agreement was the Sustainable Development Goals (SDGs), the current (LMIC), fragile states had significantly worse outcomes [28]. At the
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AYAVAVS Documentation

GitHub @ GitBook

O This repository Pull requests Issues Marketplace Explore Type to search
] echopen / echopen_prototyping @uUnwatch~ 5  dStar 2 YFork 14 echopen_prototyping .
echOpen prototyping
<> Code Issues 9 Pull requests 0 Projects 1 Wiki Settings Insights ~ Introduction
. . . . . . About this GitBook This book is made to bring together all information about ongoing prototyping at echOpen !!
Repo hosting the source files of the prototyping gitbook https://echopen.gitbooks.io/echopen_p... Edit gtog deiia B yping R
RO Technical introduction For more details about the project and how to contribute, please read the starter kit
; . Functional analysis . ; :
D 575 commits ¥ 4 branches © 0 releases 22 13 contributors You find here the details about the echOpen laboratory prototype and all ongoing development to
Acoustic basics improve performance and image quality.
Branch: master v New pull request Create new file = Upload files = Find file : . . L . . .
How to contribute As the prototype was splitted into modules, the aim is to spread the kit in various communities to let
) Aurelie-Mutschler Updates introduction/prototyping_gitbook.md - Latest commit d0f81c@ 12 days ago Product backlog anyone contribute in the hardware development as well as the software development.
m assets update mobile app UX sketches 24 days ago Challenges

B backlog correcting typos 28 days ago Stable release V3.0.0
hall Update chall .md 3 th 3 1
s challenges pdate challenges.m b In progress $;§ r<

AITTYNITIT

i followup Updates followup/weekly_meeting.md 20 days ago

References > \/
B8 getstarted Updates references/sigproc/envelope_extraction.md 3 months ago -
Table of references lek's make 1
B8 hacking-guide Updates hacking-guide/algorithms/scan-conversion.md 4 months ago Smaller now... Q)
i} howto Updates stable/hacking_guide.md 2 months ago Followrlp INITIAL TESTING PHASE SOME IMPROVEMENTS WERE MADE
B inprogress update mobile app UX sketches 24 days ago ) ) )
Published with GitBook Today several kits are already installed at:
B introduction Updates introduction/prototyping_gitbook.md 12 days ago
B other contributions cleaning up some folders stuff 3 months ago e ULB (Université Libre de Bruxelles): for more detail, please see their dedicated website
: . e UPMC (Université Pierre et Marie Curie in Paris)
B\ pictures update guide hardware 3 months ago
e Simon Bolivar university (in Colombia)
B references Updates references/sigproc/phantoms.md 3 months ago
e More to come soon.
i stable Updates stable/hacking_guide.md 2 months ago
. . And members of the community are working on it to make it happen !! Follow the signal...
E .gitignore Adding pdf 3 months ago
[E README.md add "set up your own lab" section 4 months ago lllustrations for echOpen CC BY NC ND: Drawings by Barbara Govin / Storyboard by Ermete Mariani
References.md Add bibtex plugin 5 months ago

echOpen common > 200 pages



AN Licences

< Hardware: echOpen license (equivalent
to GPL 3 in Hardware)

Software: BSD 3

) Content: CC BY SA
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Scan conversion benchmark

Polar coordinates samples to cartesian images

SCAN LINE

OBJECT TO BE DETECTED

(REAL SHAPE)

Multiples implementations on mobile app:

W
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| |
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! _

¢ Home-made single threaded C++ scan conversion
10-12 FPS on a 512x512 image

e OpenCV scan conversion
~ 30 FPS on a 512x512 image

e Renderscript

~50 FPS on 512x512 image

Ultrasound line and envelop



NN Software

Transducer benchmark

r PLA, Attenuation, 250mm x 15mm, Step: 1mm x 0.2mm, Speed: 10000mm/min, Scan: 1, 43us, 100V, 3.5MHz, :
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Many more researches applications ...



AYAYA% Contributing

. E.L.K development . Weekly community meetings

. contact@echopen.org
- slack.echopen.org . Open up your facilities

Provide equipment



mailto:contact@echopen.org

THANK YOU!



