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Chapter 4

BUILDING

GREAT

DOCUMENTATION

Professor at the School of Industrial
Engineering, Grenoble Institute of Tech-
nology, and leader of the collaborative
design group of the G-SCOP Laboratory.
Boujut has extensive knowledge of OSH
design and is one of the originators of
the OPENNEXT project.

Associate Professor at the School of
Industrial Engineering, Grenoble Institute
of Technology, and a research fellow

at the G-SCOP Laboratory. Pinquié’s
research focuses on design processes
and methods and tools for complex
engineered systems.

How can an OSH project 1improve, scale
and drive innovation 1if there 1is little
or no information about it available?
Documentation 1is essential to making

an OSH project available to all; great
documentation is what will bring momen-
tum. This chapter acts as a guide for
OSH practitioners looking to create and
facilitate comprehensive project documen-
tation. The methodological foundation and
structure for documentation presented 1in
this chapter enable both the recording
and the retrieving of information in OSH
projects and can be used to catalyse and
streamline mass participation.



With great OSH
comes great
documentation

Documentation in OSH is not only tightly linked to
the development process itself; itis inherently a
part of it. However, documentation itself is not an
easy task. Often, a project manager or a company
is faced with the dilemma of wanting to document
information without having the resources or know-
how. In OSH, where the sharing of information is at
the core of both design principles and practices,
this becomes a much largerissue. More often than
not, the information pertaining to an OSH project
has been written with a specific aim in mind,
which may not match the motivation of the reader
or their purpose of use. The detail and accuracy of
a product’s design information and purpose vary
greatly from one project to another, creating both
frustration and missed opportunities.

This chapter explains the financial and strategic
benefits of investing time and effort into ensuring
proper documentation. Furthermore, through
the establishment of a more comprehensive
documentation structure for general use, readers
will be provided with a set of guidelines for good
documentation supported by examples of well-
documented hardware projects from successful
OSH initiatives. This chapter seeks to create a
unanimous language for makers, entrepreneurs
and OSH practitioners to use when producing
and retrieving information in OSH development.
One that enables anyone to easily select and

sort relevant knowledge, as well as document it,
thereby enabling any and all users to study, make
and further develop OSH.

45 https://www.oshwa.org/definition/ (accessed 8 November 2023).

Why document OSH
at all?

The release of documentation is the first criterion a
piece of hardware must meet in order to qualify as
open source.® This includes design files that allow
for modification and redistribution. When the entire
world is invited to participate in a project, docu-
mentation becomes the essential language guiding
both project managers and participants through the
process, making endeavours publicly known and
enabling a project or product to gain momentum.
The better the documentation of an OSH project

is, the more likely it also is to receive contributions.
People within the DIY and prototyping maker move-
ment in particular seek out projects with adequate
documentation to learn from and contribute to.

In other words, documentation enables a project

to reach a wider set of skills through an expanded
audience, and potentially enable new projects and
collaborations in the long run.

Proper documentation also makes it possible for an
OSH project to become immortal. With proprietary
product development, where designs and innovati-
ons are kept hidden, both knowledge and progress
risk being lost when a company or project collapses.
For a company, opening up a product and providing
proper documentation means that an idea, design
or vision can live on even when the brand does not.
Although the stakeholders of an OSH project may
have different motivations for creating, using and
maintaining good project documentation,* their
activities complement each other to ensure the
longevity of a project even after completion.

Practically speaking, documentation is vital for the
success of an OSH project, as it enables the con-

46 Makers might be interested in documenting the development process to understand how and why iterations came about, whereas a company
might not find this information useful, let alone relevant, once the actual product has been commercialised.
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veying of knowledge to users and other developers,
allows for a design to be reused or a part or system
to be replicated, and enables product use, repair
and recycling. The requirements for documentation
depend a lot on the aim and maturity of a project.

Learning is often the primary motivation for users
seeking out documentation, and knowledge sharing
has always been a key dimension and an important
motivation for the open source movement.*’ Furt-
hermore, reusing design information is a core feature
of industrial product development, and modular
approaches and product data management systems
have been implemented successfully for many
decades to reduce redesign efforts. In OSH, the
ability to reuse an existing solution along with the
possibility to improve it are key features. Therefore,
an important motivation for documentation should
be to allow anyone who has the required technical
skills to understand what has been created and how,
in order to use it, improve it and potentially contribu-
te to increasing the quality of the overall system.

Within the maker movement, replication of existing
design is a key motivator for participating in OSH
projects, and being able to build a functioning
version of a system based on information provided
by a third party is one of the fundamental freedoms
claimed by the Open Source Hardware Association
(OSHWA\). To be able to benefit from this freedom,
individuals should be able to access the minimum
amount of information necessary to perform

the technical tasks of replication. In other words,
without the information, participants cannot benefit
from the freedom.

Assembly or disassembly instructions are part of
the standard information made available by open
source projects today. However, using a product
also requires some basic information in order to

operate it. A user manual is an example of readily
available documentation that is often included

with electronic devices or project kits. Projects may
also provide some information about replacing
parts or maintaining the product, although this is
rare outside the open source community. A good
practice is to document OSH with post-use included.
This empowers users to recycle or reprocess the
hardware rather than simply throwing it away.

Lastly, documentation fulfils the freedom to study
and the freedom to make,*® which are essential
elements of human flourishing and enjoyment.
The freedom to study implies the accessibility of
technical information, such as the native source
files, the requirements, the functional models, etc.
The freedom to make refers to all the information
related to the replication of the product, including
manufacturing files, bills of materials and assembly
instructions. While the freedom to make is common-
ly enabled by the relevant information in a project’s
repositories, supporting the freedom to study can
be a lot harder to achieve.

Nice to
know about
documentation

To fully understand and leverage the power of
documentation, some software and / or coding
knowledge is essential. A company or project
manager looking to develop OSH should first and
foremost be prepared to either acquire some basic
knowledge of code or allocate staff or resources

to understand the digital aspect of OSH develop-
ment. Although hardware refers to physical
objects, as digital connectivity and the online

47 Bessen, J., &Nuvolari, A. (2011). Knowledge sharing among inventors: Some historical perspectives. LEM Working Paper Series, No. 2011/21,

Scuola Superiore Sant’/Anna, Laboratory of Economics and Management (LEM), Pisa.

48  https://www.oshwa.org/definition/ (accessed 8 November 2023).
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sharing of source code are the starting points of
open source, there is no way around the world
of software. The documentation guidelines have
been developed specifically to enable anyone to
begin structuring documentation in a way that
allows the information to be used for multiple
purposes and according to the motivations and
aims of the user retrieving it.

Currently, there are not many software options on
the market whose central function is the genera-
tion of documentation. Most online users make
use of GitHub and develop their documentation
directly using Markdown formatted files. Mark-
down is a coding language similar to HTML that
allows formatted text to be edited using plain text
editors. This makes it possible to enable text on
different platforms regardless of formatting. Other
types of software, like Sphinx* or DocuBricks,*" are
specifically dedicated to easing document gene-
ration and management. GitHub is a highly useful
platform for structuring and providing access

to the source documents in native formats (e.g.,
.docx, .pdf, excl. and so on), as well as for managing
access to the latest versions and iteration history.
Sphinx, on the other hand, is a document gene-
rator that translates files from various Markdown
formats into HTML or PDF layout. It is a convenient
way to translate GitHub-based Markdown files into
fully standalone documentation for use outside of
the platform. As such, GitHub and Sphinx can be
seen as complementary, as together they enable
widespread documentation, and the sharing and
retrieving of information. In the example below,
the documents necessary for replicating hardware
and the requirements for doing so are shared on a
Sphinx-based website, with direct access provided
through a simple GitHub link. Other alternatives,
such as HedgeDoc, a collaborative platform for
editing with Markdown, are also used frequently

49 https://www.sphinx-doc.org/en/master/ (accessed 16 November 2022).

50 http://www.docubricks.com/ (accessed 16 November 2022).
51 https://hedgedoc.org/ (accessed 16 November 2022).

by open source practitioners. HedgeDoc’s highly
collaborative and easy-to-use interface makes it
even easier for both individuals and teams to use
Markdown files to create documentation. As such,
thereis no one unique, mandatory tool to support
documentation, but rather many modes and
options to mix and match. When choosing which
option and platform to go for, the project team
and / or company should first clarify the goal of the
documentation.

EXAMPLE

STR@M project - translating
documentation into diffe-
rent formats

The documentation for the STROM
project from Lyd by Dissing has been
written using the Sphinx documentation
platform. Sphinx is a document
generator that translates files from
reStructuredText or Markdown

format into HTML or PDF layout.

Itis a convenient way to translate
GitHub-based Markdown files into

fully standalone documentation. It

can also be enriched with blog posts.
The documentation as shown below is
generated from the project

repository on GitHub.

Find also more
information here:
https://github.
com/LydByDissing/
stroem.

Building Great Documentation

Figure 4.1

Lyd by Dissing ApS, CC BY-SA 4.0, https://creativecommons.org/licenses/by-sa/4.0/, Strem speaker in
conifer linoleum and blue fabric on the soft top, https://stroem.readthedocs.io/en/latest/#
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Choosing a platform: GitHub or
Wikifactory?

Software and platform are two inseparable factors
that enable appropriate documentation. GitHub

is perhaps the most well-known and celebrated
platform among the open source community and
the most widely used among makers for accessing
and sharing documentation relating to OSH. As

a documentation management platform, GitHub
allows users to implement a change management
and version control system based on what is refer-
red to as a pull-request mechanism. This function
allows a contributor to fork a project (i.e., split it
into two separate processes) and create a branch
for the contribution. The iteration is then commu-
nicated to the project owner via a pull request. The
project owner may then choose to integrate the
modification or new piece of documentation into
the project. On GitHub, the latest version of the
project’s documentation is always displayed. From
the project management point of view, the issue
tracking system allows for a very open distribution
of tasks to be achieved, including documentation.
However, there is currently no standardised format
or structure for the documentation on GitHub,
making it time-consuming and highly difficult for
users to find their way in a profusion of files.

An alternative to GitHub is the distributed
manufacturing platform Wikifactory. Wikifactory
provides great visibility to open source projects
and an optimised skill-matching and search engine
interface (see Chapter 6 for further benefits). This
enables the participation of several people at
once and functions to connect designers, makers,
entrepreneurs and other users who may contribu-
te towards the project. Wikifactory is not an open
source platform per se, as a user profile is required
in order to make contributions to a project. Itis
not mandatory to make a project open source

in order to have it hosted on the platform. All

of these things in combination may limit the
accessibility of an OSH project for contributors.
However, Wikifactory greatly compensates for this
by specifically focusing its purpose and software
on identifying and connecting competencies, thus
enabling a company to more easily find and attract
the right skills to a project. The platform also
provides an online CAD and manufacturing tool,
as well as support, templates and guides for best
development practices, including the documenta-
tion guidelines that were developed as part of the
OPENNEXT project.

A project may benefit from both platforms. Essen-
tially, this depends on the goal of the project, and
in relation, the purpose of documentation.

DIN SPEC 3105: Requirements for
technical documentation

A major breakthrough for OSH viability is the DIN
SPEC 3105 standard.*” DIN SPEC 3105 provides a
single initial definition of documentation that is
fully compliant with the practice of OSH contribu-
tors and explicitly references the OSHWA definition
of OSH described earlier. Furthermore, the
standard defines technology-specific documenta-
tion criteria (TsDC) that make the documentation
more searchable. The standard provides practi-
tioners with the basic requirements for content
and accessibility of the documentation, and also
includes the aspect of licensing (see Chapter 5).
The standard also adopts a product life cycle ap-
proach, acknowledging that documentation is not
only about making a product, but also about the
usage and subsequent processing of materials and
components. As such, it is highly recommended to
follow this standard through the documentation
process.

52 https://wiki.opensourceecology.org/wiki/DIN_SPEC_3105 (accessed 12 November 2022).
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One OSH structure to rule them all

The process of documentation in OSH is tightly
linked to the development process. As such, it may
vary greatly depending on the motivation of the aut-
hor and / or practitioner. The recommended best
practice is ongoing step-by-step documentation
that follows the progression of the project. Although
OSH is often more iterative than conventional pro-
duct development, here we adopt a documentation
structure that follows a linear development process
familiar to most fields and industries, as shown in
Figure 4.1. The model example

is composed of five steps that
correspond to five important
stages a development project
goes through in order to converge
and generate a satisfactory outcome.
This type of development process follows a
progressive and cumulative approach to the
documentation process, enabling users to more
easily identify which documentation section(s) to
address. This process has been adapted to fit with
the principles of open source, namely in Step 5, with
Replicate being specific to open source practices.

Introduction

Specification

Assembly Use

Figure 4.3: Documentation structure
Grenoble INP / SODAQ

Figure 4.2 shows the eight-step model we specifi-
cally developed for OSH by expanding the model
shown in Figure 4.1 and adjusting it based on OSH
best practice examples. The following subsections
address these eight steps one by one. Each step
can be dealt with individually, allowing for both
new and existing OSH projects to qualify and
complete documentation according to how far
they are in the development process.

1. Idea Generation

4

2. Specifications

4
$

3. Concept Development

4. Product Development and Prototyping

$

5. Replication

Figure 4.2: Model example of a hardware development
process, with Step 5 adjusted for open source

Design

Disposal

Maintenance

Building Great Documentation 17
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Step 1: Project introduction

Like any good book, movie or TV series, a proper
introduction is essential in order to engage, attract
and manage the expectations of potential contri-
butors. An introduction must provide an overview
of the project goal and relevant context. Often an
introduction may also include news relating to

the project (i.e., developments, product enhan-
cements, etc.) and a code of conduct. All of these
components enable the reader to understand the
motivations of the project and which stakeholders
(e.g., participants and sponsors) are or have been
involved in its creation. The context also provides
information on the technical choices made by the
project, including decisions related to compliance
and desired impact. Authors may also provide
here information on the type of licence(s) applied
to let participants know the level of openness
granted. Finally, a section on how to contribute

is recommended in order to encourage contribu-
tions and to provide guidance for the process of
doing so. Ideally, an introduction should be able to
fully explain the project without the need for visual
aids, such asimages, although including them will
only benefit the understanding.

Chapter 4

EXAMPLE

Manyone - an augmented
reality projector

The Minimax AR Projector project by
Manyone is an example of a well-docu-
mented introductory section explaining
the motivation and aim of the project.
The authors provide a concise and clear
picture of their approach, followed by
sections detailing motivation, goals and
the required skills to contribute.



Tillmann Toben from Manyone, CC BY-SA 4.0, https://creativecommons.org/licenses/by-
sa/4.0/, Minimax AR - by Manyone‘s webpage, https://wikifactory.com/+opennext/manyone

Figure 4.4

Approach

“How can we use the power of open collaboration to design the experience-enhancing
devices of tomorrow?

We believe that a new type of augmented reality experience can be unlocked by combining
the functionality of a projector with a portable controller. With this project, we aim to explo-
re that opportunity space by developing an interactive handheld device. Using projection
enables this new type of augmented experience centred around play, exploration, creation
and sharing.

The resulting product will be for everyone in the consumer market aged between 8-70 years.
We will realise the open source development by applying collaboration, rapid prototyping
and field testing.”

Tillmann Toben from Manyone, CC BY-SA 4.0, https://creativecommons.org/licenses/by-sa/4.0/,

Minimax AR - by Manyone‘s webpage, https://wikifactory.com/+opennext/manyone

Figure 4.5
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Step 2: Specifications

Specifications describe a product with a black
box-like external view that captures the input-
output interactions the product has with its
environment (i.e., the users, makers, the external
interfaces with other devices, etc.), and any type
of constraint related to usage or operation. This

is part of the elicitation of the context in a more
formal way and serves to elucidate the product
requirements. It is generally a tricky task to
capture product specifications, and, as a result,
examples of hardware documentation that provide
clearly described specifications are scarce. When
specifications are provided, they are most often
limited to technical aspects of the product.
Without functional specifications, users are unable
to scratch under the surface and understand the
context and rationale underlying the technical
specification, which limits the potential for further
development and innovation. In addition, the

way specifications are formatted varies greatly
depending on the type of technology embedded
in the product. For example, designers who come
from a systems engineering background tend to
use block diagrams (as shown in the first example
below), while mechanical engineers often prefer
lists of specifications with performance indicators
(as shown in the second example below). In

order to attract contributors and foster relevant
contributions, it is therefore highly recommended
to give equal attention to technical specifications
and functional specifications during the documen-
tation process.

Chapter 4

Step 3: Design

In this section of the documentation, readers
should be able to find all the relevant technical
information related to the structure of the
product, as well as native files and formats that
allow for modification (e.g., editable CAD files). As
this section focuses specifically on information
relevant to the design of a product, electrical,
mechanical and software are usually the three
sub-repositories found here. Sometimes it is re-
levant to insert behavioural models that simulate
the behaviour of relevant aspects of the product. If
the intention is to facilitate the modifiability of the
product as opposed to allowing completely free
and unguided modifications, behavioural models
are an important aspect to consider.

ir/blob/master/LICENSE.md, abstract-readme-

/assets/abstract-readme-standard.jpg

for-lif

ir/blob/master/r

Valerian Saliou, Public domain, https://github.com/mak
£ |

standard, https://github.col

Figure 4.6
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EXAMPLE
A specification block diagram by MakAir

The MakAir project has well-documented system architecture that
includes a functional analysis, a logical and a physical architecture.
Here, functional specifications are represented in the form of block
diagrams, as shown above, showing also how the product functions
based on interactions. This architecture has been created using open
source model-based systems engineering (MBSE) software, in this case,
Capella. Various other formats can be used depending on the product,
level of maturity, skills of the makers, etc. There is no particular need
to use very complex representations or formats to convey functional
information.

To draw inspiration on the specifications documentation from the

MakAir project, see here: https.//github.com/makers-for-life/makair/
tree/master/docs/Architecture.

Building Great Documentation

Valerian Saliou, Public domain, https://github.com/makers-for-life/makair/blob/master/LICENSE.md, [SAB] Structure, https://

github.com/makers-for-life/makair/blob/master/docs/Architecture/export/%5BLAB%5D%20Structure.jpg

Figure 4.7
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The examples below show a repository in which
CAD files are available. OSH projects are encoura-
ged to provide this information as it dramatically
increases the openness of the project. While the
vast majority of open source projects provide CAD
files, very few tend to go beyond this and provide
simulation models of the behaviour of the product,
which is recommended for greater facilitation on
part of the project lead or company.

Notably, the electronic aspects of a product’s
behaviour are usually more fully documented than
mechanical ones. Arguably, this is due to the fact
that open source development grew out of the
software industry but remains less explored in

the aspect of hardware manufacturing. As more
hardware companies and developers adopt open
source principles, it is likely we will see an increase
in documentation files pertaining to the mecha-
nics of the design.

Some projects can benefit from the use of indus-
trial approaches such as model-based system
engineering (MBSE), as in the previous MakAir
example, where Capella® open source software
has been used to design the system. The MBSE
approach is very efficient in addressing the design
of mechatronic objects where the product is made
of both mechanical structures and electronics,
and controlled with software.

53  https://www.eclipse.org/capella/arcadia.html (accessed 8 November 2023).
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EXAMPLE

Specification list from
SatNOGS Rotator

Thebibre Space Foundation’s method for
doctimenting functional and technical
specifications for its SatNOGS Rotator is
asimple list that eliminates the need for
complex software.

Figure 4.8

SatNOGS Wiki, CC BY-SA-3.0, https://creativecommons.org/licenses/by-sa/3.0/, SatNOGS Rotator v3,

https://wiki.satnogs.org/File:vV3jpg

Figure 4.9

Building Great Documentation

SatNOGS Wiki, CC BY-SA-3.0, https://creativecommons.org/licenses/by-sa/3.0/, SatNOGS* webpage,

https://wiki.satnogs.org/SatNOGS_Rotator_v3#Specifications
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EXAMPLE

JPL Open Source Rover Project

The JPL project provides a repository on
GitHub that contains the mechanical,
electrical and software subsystems, source
CAD files for modifying the assembly,
specifications and technical attributes,
schematics, Arduino codes, images and so
on. CAD files and other general source files

allow the modifiability attribute of open
source to remain active.

Step 4: Manufacturing

Manufacturing instructions mean full
descriptions and instructions concerning raw
materials, operating conditions and pro-
cesses to be employed for the manufacture
and assembly of the product. As such, the
purpose of manufacturing documentation

is to provide guidance for the process of
replicating the product. Here, companies or
project leads may also provide the standard
files necessary to operate manufacturing devices
such as 3D printers and laser cutting machines.
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nasa jpl- open-source-rover, Apache License 2.0, http://www.apache.org/licenses/LICENSE-2.0, https://github.com/nasa-jpl/open-source-rover

EXAMPLE
PSLab behavioural model

Documenting a product’s behaviour can also be important for
allowing more users to interact with and understand the OSH
project. A good example of this is the behavioural analysis of the
PSLab oscillator. PSLab’s OSH device can be connected to a great
number of sensors and measuring devices, and the software
interface allows the collection, storage and analysis of the

data. The example below displays a simulation of the system’s
behaviour.

Figure 4.11

Figure 4.12
wavicles-Pocket-Science-Lab, GNU General Public License v3.0, https://www.gnu.org/licenses/gpl-3.0.html, Figure 3,
https://github.com/wavicles/Pocket-Science-Lab/blob/master/experiments/Coupled-Pendulum/coupledpendulum.md

wavicles-Pocket-Science-Lab, GNU General Public License v3.0, https://www.gnu.org/licenses/gpl-3.0.html, The waveforms

generated using DC motors after amplification
Coupled-Pendulum/coupledpendulum.md

, https://github.com/wavicles/Pocket-Science-Lab/blob/master/experiments/


http://www.apache.org/licenses/LICENSE-2.0
https://github.com/nasa-jpl/open-source-rover
https://www.gnu.org/licenses/gpl-3.0.html
https://github.com/wavicles/Pocket-Science-Lab/blob/master/experiments/Coupled-Pendulum/coupledpendulum.md
https://github.com/wavicles/Pocket-Science-Lab/blob/master/experiments/Coupled-Pendulum/coupledpendulum.md
https://www.gnu.org/licenses/gpl-3.0.html
https://github.com/wavicles/Pocket-Science-Lab/blob/master/experiments/Coupled-Pendulum/coupledpendulum.md
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EXAMPLE

JPL - Skills and manufacturing roadmap

The JPL Rover repository provides both an overview of skills nee-
ded for manufacturing, necessary tools and a roadmap detailing
assembly from creating the parts to putting the rover together.
JPL Rover also provides CAD files, an online 3D model and a
collection of other users’ successful builds and modifications.

Figure 4.13

Poppy projects forked from Jan T. Sott, CC BY-SA 4.0,
https://creativecommons.org/licenses/by-sa/4.0/, ErgoJr,
https://github.com/poppy-project/poppy-docs/blob/
master/en/assembly-guides/ergo-jr/img/ErgoJr.jpg

form

Chapter 4

Step 5: Assembly

Whilst manufacturing carries
greatimportance in OSH, as most
hardware products involve various
materials that cannot all be 3D
printed, another crucial element

of the replication process is how a
product is put together. Assembly
instructions guide the readers in
this process, whilst also giving tips
on how to disassemble the product
again. The steps necessary for cons-
tructing the product are most often
explained pedagogically with visual
materials, such as photos or videos.
In addition, the necessary parts are
listed via bills of materials in the

EXAMPLE
The Poppy Ergo Jr robot

Information on all steps required to
assemble a Poppy Ergo Jr is available on
GitHub and includes:

1. Bill of Material (BOM)
2. Electronic assembly
3. Motors configuration
4. Mechanical construction

The assembly sequences are also illustra-
ted by numerous photos and videos that
make the process more friendly.

Visit the project here: https.//docs.poppy-
project.org/en/assembly-guides/ergo-jry.


https://docs.poppy-project.org/en/assembly-guides/ergo-jr/
https://docs.poppy-project.org/en/assembly-guides/ergo-jr/
https://creativecommons.org/licenses/by-sa/4.0/
https://github.com/poppy-project/poppy-docs/blob/master/en/assembly-guides/ergo-jr/img/ErgoJr.jpg
https://github.com/poppy-project/poppy-docs/blob/master/en/assembly-guides/ergo-jr/img/ErgoJr.jpg

of lists and tables.
These lists include
the parts referen-
ces, providers and
sometimes prices.

creativecommons.org/licenses/by-sa/4.0/, step_1-2, https://github.com/

poppy-project/poppy-docs/blob/master/en/assembly-guides/ergo-jr/

Poppy projects forked from Jan T. Sott, CC BY-SA 4.0, https://
img/assembly/steps/step_1-2.jpg

Figure 4.14

Step 6: Usage

The user guide consists of information
that allows end-users to operate the
product properly and allows non-tech-
nical individuals to pinpoint and solve
simple problems without requiring expert
assistance. In most cases, these user
guides can be found on the website of
the projects rather than on the repository
platform. Troubleshooting chapters can
be very useful if a significant community
starts to grow around the project.

EXAMPLE

Assembly -dinstructions from SatNOGS
Rotator

Most parts for the Libre Space Foundation’s
SatNOGS Rotator can be fabricated by 3D printing
and laser cutting, whereas the other parts are
made from standard aluminium profiles. The
assembly instructions are presented in the form of
technical drawings with a very precise step-by-step
sequence.

SatNOGS Wiki, CC BY-SA 3.0, https://creativecommons.org/licenses/by-sa/3.0/, SatNOGS
Rotator v3‘s webpage, https://wiki.satnogs.org/SatNOGS_Rotator_v3#Build_Sequence

Figure 4.15



https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://github.com/poppy-project/poppy-docs/blob/master/en/assembly-guides/ergo-jr/img/assembly/steps/step_1-2.jpg
https://github.com/poppy-project/poppy-docs/blob/master/en/assembly-guides/ergo-jr/img/assembly/steps/step_1-2.jpg
https://github.com/poppy-project/poppy-docs/blob/master/en/assembly-guides/ergo-jr/img/assembly/steps/step_1-2.jpg
https://creativecommons.org/licenses/by-sa/3.0/
https://wiki.satnogs.org/SatNOGS_Rotator_v3#Build_Sequence
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PSLab user documentation

This PSLab OSH electronics kit includes all the
necessary information needed to build and further
develop the electronics components. Due to the
diversity and size of PSLab’s community, it is important
to have a consistent set of user instructions so that
relevant information on how to operate the product
properly can easily be retrieved from the community. In
the example below, the authors have provided a highly
detailed and pedagogical description of the step-by-
step operations needed to run the different devices of
the kit.

Visit PSLab to discover more: https.//docs.pslab.io/
tutorials/oscilloscope.html.

© Kevin Sheppard, All rights reserved, https://github.com/bashtage/sphinx-material/blob/main/LICENSE.md, Pocket

Science Labs Documentation‘s webpage, https://docs.pslab.io/tutorials/oscilloscope.html

Figure 4.16


https://docs.pslab.io/tutorials/oscilloscope.html
https://docs.pslab.io/tutorials/oscilloscope.html
https://github.com/bashtage/sphinx-material/blob/main/LICENSE.md
https://docs.pslab.io/tutorials/oscilloscope.html

EXAMPLE

Poppy Station user forum and
troubleshooting

In extensive communities and projects, it can be
highly valuable to split the information amongst seve-
ral channels. Poppy Station has chosen to develop a
website for their OSH robots where both user manuals
and the history and solutions of troubleshooting are
recorded. Furthermore, the website includes a forum
for topical discussion, allowing for direct interactions
and dynamic cross-fertilisation among the users.

For troubleshooting, appropriate structure and
logical wayfinding can make the user experience
highly proactive. Poppy Station has chosen to add
its troubleshooting log and results as part of its FAQ
section on the website, making it easier for users to
discover in online searches and via the website.

Visit the forum for more details: https.//
poppy.discourse.group/about.

Step 7: Maintenance

Maintenance is a key element of product
performance. A company’s ability to
ensure the correct operation of a system
can be crucial to the safety of the users
and others interacting with a product.
Specifically, this aspect is an important
factor of success for products that have

a significant mechanical dimension and
that operate in demanding environments,
such as exposed outdoor areas. A website
forum can sometimes fulfil this need

by providing troubleshooting sections
forand by users. This, in turn, helps
individuals to understand the process

of modifying a system or componentin
order to either correct faults, improve
performance and other attributes, or
adapt to a changing environment.

Figures 4.17

Poppy Forum, CC BY-NC-SA 3.0, https://
creativecommons.org/licenses/by-nc-sa/3.0/deed.

group/about

en, Poppy Forum‘s webpage, https://poppy.discourse.
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https://poppy.discourse.group/about
https://poppy.discourse.group/about
https://creativecommons.org/licenses/by-nc-sa/3.0/deed.en
https://creativecommons.org/licenses/by-nc-sa/3.0/deed.en
https://creativecommons.org/licenses/by-nc-sa/3.0/deed.en
https://poppy.discourse.group/about
https://poppy.discourse.group/about

Step 8: Disposal

With the pending climate crisis calling for more
circularity and sustainability practices in hard-
ware, the end-of-life of an open source product
becomes a key consideration for companies to
include in both development and documentation.
This section of the documentation enables users
to understand the process of discarding all or part
of the product after it has reached its end-of-life or
is no longer needed. This aspect is often forgotten,
and, when addressed, end-of-life considerations
often focus on what comes after the design
process, rather than looking at the design process
itself. EXAMPLE

The FarmBot project
Although some projects are developed specifically
to leverage hardware production waste, such
as Precious Plastic®* (which builds and enables
the development of plastic recycling machines),
seeking to minimise waste and create more
environmentally friendly products as part of the

FarmBot hardware has reached a maturity
and level of compliance that allows it to be
manufactured, shipped and sold all over the

world. Besides providing source files for the
product and instructions for operating it,

90

initial design process remains a marginal practice
in OSH like in other industrial contexts. As such,
this final step of the documentation practice aims
to provoke and influence designers into antici-
pating the end-of-life of their

products, which may result

in iterations to materials or

practices from the beginning

to the end of the design

process. Key elements to take

into consideration are whether

the product is recyclable or not,

under what conditions and

assessment of environmental

impact.

54 https://preciousplastic.com/
(accessed 8 November 2023).
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the project also includes
a maintenance guide.
The FarmBot forum
allows users to interact
and share use cases, as
well as tips and tricks for
product longevity.

Visit the forum to find out more:
https.//genesis.farm.bot/v1.5/
Extras/maintenance.



https://preciousplastic.com/
https://genesis.farm.bot/v1.5/Extras/maintenance
https://genesis.farm.bot/v1.5/Extras/maintenance

FarmBot, CCO 1.0, https://creativecommons.org/publicdomain/zero/1.0/, Farmbot's

webpage, https://genesis.farm.bot/v1.5/Extras/

html

Figure 4.18

Figure 4.19

Fiction Factory, CC BY 4.0 - rearranged, Wood waste Toolkit by Fiction Factory,
https://wikifactory.com/+fictionfactory/wood-waste-toolkit/file/WoodWasteToolkit.pdf

WOOD WASTETOOLKIT ™

YOU NEED PEOPLE
TO KEEP THE BALL
ROLLING!

SUSTAINABILITY )
HANDBOOK

USE THE LEFTOVER SPACE

FICTION SUSTAINABLE FILES eate o Juct for own use
[COMING SOON] .
A PRINCIPLES Q
: ;EssEsGlg!;‘DOI':iTERIALS DESIGN
- DESIGN FOR Y - Small i products _—
- ROUND IS NOT CIRCULAR - Design from waste
- Material driven design SHOUTIT
00T LOUD! ~
WHAT WE MADE - Wtk
FIGTION STUFF N
- Connectors - Wikifactory
- Stools - Github
- Clips

NESTING 1.2 -

HUMANS VERSUS MACHINES

- How good is your nesting software? “p“‘d 7 Qb\ ¥/’

- Can you nest better than the software? \ ”l% Where to improve?

- Can you nest quicker than the software? % - Training & updates on the software
- Open source software
- Software engineers

EXAMPLE

The wood waste tool kit by Fiction Factory

Fiction Factory studied their wood waste and leftovers from production projects to
understand how to make production practices even more circular, more efficient
and to reduce the quantities of leftover materials. This resulted in the creation of a
wood waste toolkit to help designers and craftsmen operating on CNC machines to
reduce the wood waste during production. The toolkit is a software that works by

analysing the leftover space digitally before production of an already defined pro-
duct template and using the analysis to define new and smaller parts that can be
nested along with the original template. The smaller parts themselves become a
new design developed for the occasion and based on the particular leftover space.

For more information: https.//www.fictionfactory.nl/.



https://www.fictionfactory.nl/
https://creativecommons.org/publicdomain/zero/1.0/
https://genesis.farm.bot/v1.5/Extras/maintenance/general-maintenance.html
https://genesis.farm.bot/v1.5/Extras/maintenance/general-maintenance.html
https://wikifactory.com/+fictionfactory/wood-waste-toolkit/file/WoodWasteToolkit.pdf
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Documentation 1in
practice

Documentation is an iterative process that accom-
panies the development process and continues
during the life cycle of the product. As open source
projects are often open-ended endeavours, unlike
industrial projects that may have a fixed duration,
itis important to recognise that the motivation

for documentation is related to the motivation

to participate in the project itself. Recent work

has shown that participation in OSH projects is
motivated by reputation and learning,*® as well as
the fact that most OSH participants are often users
of the products. These are positive factors that
advocate for the increased use of documentation.
Nonetheless, the process of documentation
remains painful and cumbersome in the eyes of
many OSH participants, and, as a result, many are
reluctantto doit.

The methodology below offers an easy and
comprehensible point of entry to the process of
documentation that allows both project managers
and participants to facilitate contributions. This
methodology in combination with the eight-step
structure makes up the OSH documentation tool
that this chapter explores.

Define the aim of documentation

The documentation process should be motivated
by a specific goal. This goal can evolve along the
design process and may act as a compass for the
authors of the documentation. For example, at the
initial stage of the project, a company or a project
initiator may be interested in collecting ideas and
concepts from contributors by publicising the

project. The documentation should then contain
the problem definition and the context, along
with some technical elements in the form of a
functional analysis that allows the potential con-
tributors to generate ideas in the form of sketches,
simplistic 3D models or simple text descriptions.
As the project progresses, the interest may shift
towards attracting expertise in a specific technical
domain to strengthen the development of the
product or help to solve a technical issue. Then,
clear documentation explaining the problem and
detailing the requirements can be good practice.
In other words, the evolution of the focus for the
documentation closely follows the evolution of the
project.

Additionally, the openness of a project (and
consequently the level and type of documenta-
tion) is directly linked to the business model. For
example, if a company develops and commercia-
lises a proprietary product design with the desire
to open up certain aspects of the hardware, the
documentation must take this factor into account
and concentrate on the information related to the
open part of the product. Therefore, it is important
to have a clear vision of the aim and current stage
of the project before structuring documentation,
looking at openness, desired contributions and
long-term development goals.

55 Hausberg, J. P, & Spaeth, S. (2020). Why makers make what they make: motivations to contribute to open source hardware development.

R&D Management, 50(1), pp. 75-95.
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Uncover the current design step

The documentation follows the logical flow of

a design process flow, and, as such, if starting a
new project from scratch, it is useful to first clarify
what step of the design process the project has
reached. Itisinconvenient to create a user manual
before having designed and tested the product,
for example. However, if a company is planning

to wait with opening up a product until after the
design and prototyping phases, it is worth asking
how to document previous phases (especially

the functional ones) according to the objectives
of opening up. A company can also envisage a
reverse documentation process by starting from
the current stage of the project development and
retracing previous phases.

To sum up, with a relatively clear understanding of
the aims and objectives of the project, as well as
the current phase of the development, it is more
feasible for a company to clearly scope and plan
the documentation process.

Specify the appropriate sections to
document

The choice and usability of the activities for a
company or a community differ according to the
aim of the project, the level of maturity (i.e., the
design phase) and the business model envisaged.
It is therefore unrealistic for practitioners to engage
in arigid step-by-step documentation process.
Rather, there are important sets of development
activities that correspond to different levels

of maturity of the projects (see list below). For
example, if a project s still in the ideation phase,
itis more likely that the documentation will only
cover the Project Introduction and Specification.

In comparison, if a project is at “Step 3: Concept
Development” of the model development process
introduced earlier (see Figure 4.3), it isimportant to
allow technical contributions to be documented by

including the Project Introduction, Specification,
Design, Manufacturing and Assembly sections.

The standard activities listed below have been
defined based on an analysis of OSH projects
coupled with best-practice design models from
conventional engineering. They are displayed
according to the development steps proposed in
Figure 4.3:

1. Ideation

> Problem description: 1. Project Introduction,
2. Specification

> Idea contribution: 1. Project Introduction,
2. Specification, 3. Design

2. Specification

> Functional specification and requirement collec-
tion: 1. Project Introduction, 2. Specification,
3. Design

3. Concept development

> Technical contribution: 1. Project Introduction,
2. Specification, 3. Design, 4. Manufacturing,
5. Assembly

4. Product development and prototyping

> Prototyping and testing: 1. Project Introduction,
2. Specification, 3. Design, 4. Manufacturing,
5. Assembly

> Customisation: 1. Project Introduction, 2. Specifi-
cation, 3. Design, 4. Manufacturing, 5. Assembly

5. Produce and replicate

> Replicate / Produce: 1. Project Introduction,
4. Manufacturing, 5. Assembly

> Using the product: 1. Project Introduction,
6. Usage

> Service /Maintenance: 3. Design, 4. Manufactu-
ring, 5. Assembly, 7. Maintenance

> Dismantle for recycling or disposal: 4. Manufactu-
ring, 5. Assembly, 8. Disposal

Building Great Documentation
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How to populate the
documentation sections?

Once the most important and relevant documen-
tation sections have been identified, the next step
is to write and develop the documentation itself.
Two main principles inhabit OSH development,
namely transparency and replicability. These

two overarching purposes define and categorise
the documentation steps, making it clearer for
OSH practitioners what steps to focus on when
addressing one or the other.

Transparency

Full transparency is necessary to ensure that new-
comers and contributors can study and modify
the content of the design. The modification can be
either a contribution to the initial design or a reuse
of the design for another purpose. The presence
of the following three sections should therefore be
included in a project’s documentation guidelines
when seeking out transparency:

6. Introduction
7. Specifications
8. Design

Replicability

The freedom of replicability and the right to repair
are undeniably linked to OSH. Consequently, in order
to ensure replicability without necessarily allowing
for modifications, it is important that the following
sections are present in the documentation:

9. Manufacturing
10.Assembly
11.Usage
12.Maintenance
13.Disposal



Outro:
Prosperity
through paper
trails

As readers will find, documentation is highly
relevant to the success of an OSH project, and, as
such, this chapter cannot stand alone. Documen-
tation will undeniably be connected to the motiva-
tion and aim of the project, but more importantly,
it will be ruled by the business model and the
openness strategy of the project. Opening the
source of a project is often seen by project owners
as a potential threat to their activities. However,
this is necessary when looking to invite collabora-
tion into a project, as outlined in Chapters 6 and

7. The adoption of open source should be part of
a clear strategy that takes into account the value
added by mass participation and open access to

a product’s documentation. A company or project
owner should therefore design the documentation
so that the amount of available information is
consistent with the strategic approaches defined
in the project’s business model (as specified in
Chapter 3). Furthermore, whilst documentation is
relevant to ensuring the adaptation and innova-
tion of a product, the question of how to licence it
holds equal importance (as described in Chapter
5), and should be compliant with the strategic
approaches. In other words, companies should not
forget that licensing and business development
make up the strategic purpose of the documenta-
tion. Documentation can therefore be seen as the
consequence of the two.

Building Great Documentation
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