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Introduction
Teaching planetary science using a spherical projector to show the sky and the planets’ surfaces is a
very effective but usually very expensive idea. Whatsmore, it usually assumes the availability of a
dedicated space and a trained user.
Planets in a room is a project made by the non‐profit association Speak Science to build a low cost
version of a small spherical projector and planetarium that teachers, museum, planetary scientists and
other individuals can easily build and use on their own, to show and teach the planets and the stars.
Planets in a room was funded by the Europlanet Outreach Funding Scheme in September 2016 with
half of the initial budget requested. The sum was considered to be enough to reach some of the main
objectives in a rescheduled one year project and activities have begun in September 2016, to be
considered KO of the project.
After one year of activity, Speak Science is releasing this document, “Planets in a Room”, a DIY low‐cost
kit, 1st Year Report with the results, together with a prototype of the hardware and software system,
that has been presented at EPSC2017 Congress in Latvia.

Background and literature
The idea of developing a low‐cost DIY spherical projector was first born as a spin‐off of the educational
activities that Speak Science has been organizing for the Italian schools in collaboration with research
and educational institutions.
In the last years we experienced the very efficient use of a planetarium as an educational tool,
collaborating with the Astrogarden Planetarium of the Roma Tre University (Dipartimento di
Matematica e Fisica). A self‐built full dome projector was built as a thesis by Tommaso Bosco (1) and
used with a 7m inflatable dome in Italian schools to teach planetary science (2).
In the last 2 years we have also successfully collaborated with INAF‐IAPS using a commercial >1m
system for spherical projection built by 3Des (3) in a number of educational and public outreach
activities. In the last year, with this system we have organized 10 lessons for schools at INAF‐IAPS, in
Rome and participated to different public events at Roma Tre University (like “Researchers Night” and
"Eyes on Jupiter") for a total audience of thousands of visitors (4).
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An image of the Astrogarden Planetarium of Roma Tre University and of 3Des sphere lesson
during Researchers' night.

For both projects we produced original educational material (images, videos and storyboards) involving
planetary scientists in the production, test and finalization of contents and working in close
collaboration with teachers and educational experts.
We got to the conclusion that spherical projection (both on a sphere and in a dome) is a great tool to
teach astronomy, planetary science and earth science in the spirit of hands‐on education.
This conclusion, clearly stated in reference literature on the topic (5), has been applied and studied for a
long time in the use of planetarium and navigation celestial software as educational tools (6).
We decided that a portable, cheap spherical projector that can easily be built and used by teachers,
students, librarians, by anyone ‐not just experts‐ coupled with clear and effective educational content
on planetary science could be a very good tool for planetary EPO.
The first step was to approach the topic from a physical point of view, finding as a good starting point
the spherical projection theory proposed by Paul Bourke (7). All the existing configurations can be very
easily deduced from the optical scheme explained by Bourke, with the use of two lenses, one of which a
fisheye.
Next step of this project was to understand what already existed (on the market and freely distributed).
There are many different commercial spherical projectors on the market: the first one is the one we
have been using, Sfera Didattica XL by 3Des (3). Other good examples are Magic Planet, sold in the USA
by GlobalImagination (8), and the bigger system for museums Science on a Sphere, developed by the
NOAA, National Oceanic and Atmospheric Administration (9).
These products are commercial systems that require a budget of thousands of euros (see websites for
pricing) that many schools cannot afford. Also, they are not studied to be transported easily (even if
transportation is in some cases possible) and difficult to use for non‐trained users. These systems
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cannot be used to project on a dome as in a planetarium system. What smore, these systems are
closed, meaning that final users will not play any part in the building and setting phases of the tool, nor
in the production of educational contents.
Among open projects to build spherical projectors, we found the experience of a very small and cheap
pico spherical projector, made using a laser projector and a single lens (10). This approach has been
tested in our first test, but the approach seemed to be too tentative and not to produce the awaited
professional results.
Wanting to develop a system that could project on a sphere but that could be also used as a
planetarium full dome projection, we checked the experiences developed and distributed by amateur
astronomers.
The projector built for the Astrogarden planetarium of the Roma Tre University was taken in account as
a starting point (1) as well as other simple and open access systems, freely distributed online. The first
one is the Lhoumeau Sky System Open project (11). Others, as Domebase, propose alternative building
solutions, for example using photographic systems to optimize the system (12). All these projects
distribute online plans to build different d.i.y. full dome projectors meant for amateur astronomers.
They all use nonstandard auto‐built pieces and lenses and materials not always easy to find on the
market. They are made for a motivated and skilled target audience, such as amateur astronomers, and
need to be optimized and simplified for a larger and less skilled audience (like teachers).
For what concerns the software interface, there is a vast community of programmers and users that are
working on panorama, 360° images to be used and distributed with commercial and noncommercial
virtual reality interfaces. A parallel effort is made by the community of amateur and professional to
develop software to produce and modify images for free dome projection. The starting point for
developing software for spherical projection is the dedicated wiki project where all kind of open source
tools are being distributed (13) including the scripts that we used to work with images and videos.
Among these, we acknowledge the rect2dome script distributed by Andrew Hazelden (14).
For the lessons and contents to be used with Planets in a room, we mainly produced original contents
with the collaboration of researchers and scientists, using images and data distributed by NASA and
ESA. But we must also acknowledge educational material for planetarium or spherical projectors freely
produced and distributed by research institutions. Such as the planetarium free shows distributed by
ESO (15) or the educational datasets developed by NOAA for the Science on a Sphere system and freely
distributed (16). All these sources are extremely useful in producing educational material. They will also
be a very powerful tool to involve the Planets in room community.
Also, the future implementation of free software usually used in a planetarium to navigate the sky, such
as Stellarium (17), will be taken in account for future development of the Planets in a room project.
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Results 1° year Project: Planets in a Room prototype at EPSC2017

Two images of Planets in a Room presented at EPSC2017 in Latvia.

All these projects of spherical and dome projectors, both concerning hardware and software, were
taken in account to build the hardware and software of Planets in a Room‐prototype presented in
September 2017 at EPSC (18).
In this first year of the project we have been developing a first prototype of the system building both
hardware and software. This prototype has a very simple optical scheme studied to obtain a good‐
resolution and clear projection that covers more than 90% of a sphere and that can also be used in a
dome projection configuration in a small planetarium. It is a DIY kit studied to be as low cost as
possible, being complaint with a <500euro limit and using external and not dedicated PC and
projectors.
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Planets in a room‐prototype : In the photos above the kit working in planet configuration and in dome
configuration. In the drawing below, a schematic representation of the two configurations of Planets in a room.

The building scheme of this first prototype can be seen in the diagram in next page. The system was
studied to be easily reproduced by the final user, buying the requested pieces and following the
instructions.
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It uses external PC (1) and an
external projector (2) that are not
dedicated and that can be quickly
removed from the system to be
used elsewhere. The kit itself (3) is
made from 3d printed pieces and
off the shelf pieces bought in a
hardware store. It includes 2 lenses
(5) and (6) and a diagonal (4).
In this configuration it projects on a
30cm plastic sphere bought in a
hardware store (7). For more
details on the pieces, please see
annex 1.
From an optical point of view, the
two lenses that represent the best compromise are a standard F=50 mm F/D 1,4 working as image
condenser and a Fisheye: F=8 mm F/D 3,5. The distance between the 2 lenses, being of about 84 mm.
The Planets in a room‐prototype is also made of a software interface to be installed on the PC, with an
HTML interface for the projection and navigation of the images that needs to be optimized for the final
kit. In the prototype, the calibration procedure is manual and will be optimized including a Script in
python in the final kit.
We have also been producing educational material to be used in Italian schools (from elementary to
high school) in planetary lessons, working in the direction of defining a standard format that can be
used by teachers in classroom. The materials produced until now are organized in lesson plans and
storyboards to be internally used and need some additional work to be optimized, translated and
widely distributed. We are delivering with Planets in a room‐ prototype a simplified first lesson called
Introduction to the Solar System that was on display during EPSC2017.
The idea is to distribute Planets in a Room as a kit to a large, international community. This second
phase of the project will be presented at EPSC2018
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Annex 1: Manual of Planets in a Room ‐ver1 (10/09/2017)

In the image a photo of all parts of the Planets in a room ‐ver 1 kit.
Piece

Material

Produced by

1
2

Computer
Projector

3

4

Kit (3d printed pieces,
off the shelf pieces from
a hardware store)
Diagonal

ASUS (or other)
ACER P1500 (or
other)
Speak Science

5

Fisheye lens 8mm f3.5

Solomark
(Model
explorer)
Belomo

6

Lens 50mm f1.8

7

30 cm plastic sphere

Total cost

Cost
(approx.)
‐
‐

Notes
Not dedicated
Not dedicated

€ 130,00 (to
build it on
your own)
€ 90,00

Easy to build. Plans and
manual will be distributed in
Objective 3, through website
Can be bought on Amazon

€ 216,7

Can be bought at peleng8.com

Yonguo

€ 48,42

Can be bought on Amazon

leroy merlin (or
other)

€ 13,9

It is the sphere of a street
lamp

€ 499
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Annex 2: Example of materials developed and tested with Planets in a room
In the following document we are attaching some pages of the storyboard of the lesson “Discovering Jupiter”.
On the left column of the storyboard, you can see the images that are projected during the lesson on the
sphere.
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