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Building projects for flight and space 
is one of the most popular areas in 
recent times. From building mini 

satellites to setting up weather balloons that 
fly to what is termed as near space, open 
source hardware and software solutions are 
driving the poor man’s space program.

“Learning to develop engineering skills 
is like learning to lift weights. You should 
start with an empty exercise and then keep 
adding challenges,” explains Eben Upton, 
founder of the Raspberry Pi Foundation, in 
a recent interview on the eve of Raspberry 
Pi 2 launch. Open source hardware tools are 
built to do just that. 

Arduino, one of the earliest and most 
popular lines of open source hardware tools, 
has had a growing toolset since 2005. Hav-
ing withstood the test of time, it now enjoys 
a passionate following of engineers, tinker-
ers and hackers who use it to prototype 
products and test project designs. In 2015, 
we now have a vast collection of open hard-
ware developer platforms to choose from.

Over the past decade, we have seen 
open hardware being used for a variety of 
projects, including fun projects like build-
ing a radio-controlled (RC) car, utilitarian 
projects like implementing a home media 
centre or server, all the way to setting up 
serious industrial automation systems that 
can control a building. But is that all?

Up above the world so high
Aerospace. That is where the excitement 
lies these days. During the interview, Upton  
talked about his favourite kind of project. 
“I am a big fan of space-style projects, and 
Dave Akerman is the one who has been do-
ing some fascinating work in sending Rasp-
berry Pi up in weather balloons.” The latest 
iteration of the device features radio telem-
etry, slow scan digital video (SSDV) images, 

a 3G link for video and backup telemetry. It 
sends a live video stream as well.

Aerospace projects are no more some-
thing that governments alone can do. For 
instance, SpaceX and Elon Musk have 
made the sector hot from both a com-
mercial and passion standpoint, with its 
ultimate goal stated to be that of enabling 
people to live on other planets.

Would you like to...
Let us take a look at how open source so-
lutions have helped build cool aerospace 
projects, and how you can leverage the 
same for your aerospace project.

... perform space experiments
Setting up experiments that can be run in 
the International Space Station (ISS) is not 
far-fetched anymore. Explore some of these 
cool open hardware solutions that will let 
you do just the thing.

ArduSat
This is probably one of the most famous 
projects to have taken the humble Arduino 
and ridden it to space. It is built to the 
specifications of CubeSat, which was devel-
oped by Stanford University, the USA, and 
California Polytechnic State University, the 
USA, back in 1999. CubeSat specifications 
basically call for a 10cm cube that fills up 
to a volume of exactly one litre, and can 
weigh up to 1.33kg.

Equipped with cameras, sensors and 
radios, the project is built to be an open 
source platform that will enable others to 
run experiments in space without having to 
send up a satellite of their own.

ardusat.com is a very good source for 
learning resources. Set up with the aim to 
expand science, technology, engineering 
and maths (STEM) innovation to space, it 

Dilin Anand is a senior 
assistant editor at EFY

To Go Boldly Where No 
Board Has Gone Before 

EmbEddEd    

36 April 2015 | ElEctronics For You www.EFYmAg.com



EmbEddEd     

37www.EFYmAg.com ElEctronics For You | April 2015

features everything from the basics 
to features that enable you to under-
stand the numerous sensors that can 
be placed on satellites and how to 
use these. It also makes individual 
space kits available, which include 
Arduino Uno, lessons on remote 
sensing, a collection of sensors and 
other components.

Astro Pi
Would you rather explore the  
universe on the earthly-named Rasp-
berry Pi? The Raspberry Pi Founda-
tion recently announced that they 
have teamed up with British Euro-
pean Space Agency (ESA) astronaut 
Tim Peake to send Raspberry Pis  

to space, where these 
will be connected to 
the Astro Pi board. How 
cool is that!

Once in the ISS, 
these Raspberry Pi com-
puters will be connect-
ed to Astro Pi boards, 

which come loaded with a collection 
of gadgets and, of course, sensors.

Astro Pi systems will be deployed 
in a number of different locations 
on board the ISS, where these will 
collect the generated data and down-
load it to Earth, where these will be 
distributed to the teams.

Astro Pi allows students the 
chance to devise and code their own 
experiments or apps to run in space. 
The Astro Pi board or hardware at-
tached on top (HAT) comes with a 
gyroscope, magnetometer sensor and 
an accelerometer, as well as a suite of 
sensors that can detect temperature, 
humidity and barometric pressure. 
There is also a camera module and 

an infra-red camera module attached 
to it.

The foundation also set up a  
competition to promote code de-
velopment, which is set under five 
themes, namely, spacecraft sensors, 
satellite imaging, space measure-
ments, data fusion and space ra-
diation. This event has several space 
agencies involved, such as the UK 
Space Agency, European Space Agen-
cy, ESERO-UK, Airbus DS, National 
Nuclear Laboratory and the National 
Physical Laboratory.

ArduLab
Created by Manu Sharma, co-founder 
of Infinity Aerospace, ArduLab is an 
ATmega2560-powered platform that 
enables NASA-approved experiments 
to be run inside the ISS. The result 
is a kit that is to space experiments 
what Arduino is to electronics experi-
ments. It comes with all necessary 
features and interfaces to kick-start 
experimenting on the ISS. Atmel 
claims, on their website, that Ardulab 
has been used by both school stu-
dents and NASA-JPL researchers for 
experimenting.

While it used to retail at more 
than ` 120,000 per kit, the good 
people at Infinity Aerospace later 
open sourced the entire project so 
that you can build it yourself. Their 
website ardulab.com has detailed 
plans that will help you to build 
the three main components of the 
system; the chassis, electronics and 
software (Ardulab OS). It also in-
cludes a kit that comes with some 
basic programs in Arduino Sketch 
File format (*.ino). Ino is a com-
mand line toolkit for working with 
Arduino hardware.

Now that you have all your space 
experiments set and ready, all you 
need to do is build a rocket to see 
how high you can get it.

I would like to die on Mars,  
just not on impact” — Elon Musk, 
CEO of SpaceX, at SXSW 2013 

Rockets: Possible design path
1. Design a basic rocket to launch from the ground (alpha)
2. Make it more powerful (beta)
3. Remove the fins and control via thrusting (candle)
4. (Dreamer?)

—Courtesy: openautics.com

ArduSat 

Astro Pi ArduLab 
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Gravity development board
Designed to help reduce the cost 
of space-tolerant electronics, Blaze 
Sanders designed a board to with-
stand the harsh environments of 
space. Some claim this board to be 

a good alternative for Arduino Uno, 
which has been the other preferred 
prototyping environment. The grav-
ity development board (GDB) started 
life as the high-power driver for Lu-
nar Wombot, which its creator was 

working on for NASA. “We needed 
a small embedded system that could 
drive Firgelli L16 linear actuators and 
act as the control and communication 
system for the entire Lunar Worm-
bot,” he states in an article about the 
board.

Some of the challenges that face 
an electronic board designed for space 
include its ability to handle the vibra-
tions of launch vehicles, heat distribu-
tion in a weightless atmosphere (con-
vention does not work in space) and 
redundancies to prevent single-event 
upsets caused by radiation. 

The GDB is designed for begin-
ners and experts, and can be pro-
grammed in four languages, including  
12-blocks GUI, SPIN, C and assembly. 

The board comes in three forms:
1. E series for Earth based applica-

tions where size and ease of develop-
ment matter,

2. M series for Mars or planetary 
based applications and

3. S series for free space based 
applications where rad-hard com-
ponents are a must. This type also 
comes with Xilinx Virtex-5Q field 
programmable gate arrays (FPGAs), 
allowing reconfigurable hardware. 

Would you like to be RocketMan
Ever seen the movie RocketMan from 
1997 where an engineer gets to ride  
a rocket to planet Mars? Well, you 
could start working for your chance 
at it too, by building some of these 
electronics projects designed to help 
control your rocketship.

Altus Metrum
Although they have a collection of 
open hardware and software designs 
available at their website, TeleMetrum 
and TeleMega are the ones at the top 
of the line. Powered by ST Micro’s 
STM32L151 ARM Cortex M3 based 
microcontroller (MCU), these both 
come with TI’s CC1120 RF transceiv-
ers, u-blox’s MAX-7Q GPS receivers 
and Freescale’s MMA6555 inertial 
sensor, among other components. 
These boards were designed using the 
open source gEDA (an open source 

How to select a developer board
If one has to implement simple logic based algorithms using simple control loop structures 
of programming, a MCU based developer kit would be apt. “Arduino and its variants would 
be easy to learn and quickly prototyped. Most MCUs have embedded C based programming 
interfaces, although in recent times we have seen Java/.net cross compilers for MCUs. 
However, C based interfaces are stable and remains the most widely used,” explains Darshan 
Virupaksha, systems engineer, Altiux Innovations and co-organiser of IoTBLR.

Computing and power. He adds that if one has more computational requirements like 
image processing and intends to have faster communications interfaces, Raspberry Pi, 
Beaglebone or UDOO boards are useful.  High-level languages are very well supported on 
any of these Linux platforms. Since these platforms run some flavour of Linux, prototyping 
becomes simpler. Hence, for use cases involving all media processing, machine leaning 
algorithms and faster connectivity, one could use the above-mentioned Linux platforms.

All MCU based boards can easily run on battery power. Although Raspberry Pi can 
be technically supported with just a battery, it is not a viable option. While a MCU based 
board would support low power requirements (0.3W), the latter would need around 10W 
of continuous power. Hence it makes more sense to have a MCU based board, like Arduino 
in these cases.

Cost. Boards like Raspberry Pi are cheaper since their production numbers are quite 
high. This allows the company to minimise manufacturing cost due to economies of scale, 
and pass on the savings to the end customer. “It is also much easier to integrate an open 
source board rather than developing your own PCB from scratch,” adds Upton.

“I started my son off with Snap Circuits, and he has moved on to Lego Mindstorms 
in his local robotics club at school. I would like to see accessibility improve with lower 
prices, and many boards from major semiconductor companies are already subsidised. 
But for the best marriage of accessible (that is, low cost) hardware and information, I think 
Arduino has that nailed,” explains Lynnette Reese, technical team lead, Mouser Electronics.

Reduced time to market. “Open source boards have been a great tool for prototyping 
and R&D, because the boards were well documented and as a result offered much better 
support compared to proprietary boards,” says Eben.

He adds that engineers would also always want to figure out a way to get things done 
as quickly as possible. Additionally, even with the help of a board, there is still plenty of 
hard work left in the form of integration.

“Using such platforms is advantageous for product developers as the complete 
hardware design, firmware, open source OS and reference projects are already available 
and give them a head start in their product development. The developer will have to only 
focus on developing the application and ID design (look and feel) to take the product to 
market,” suggests Selvaraj Kaliyappan, vice president - PES Engineering, Mistral Solutions.

Community. “I am a big fan of Arduino and it is kind of the original developer board. 
It is also good to see that they are diversifying into new kinds of boards,” adds Eben. It is 
also very powerful because it has a very big community, a good flow and also helps with 
figuring out how to get Atmel chips integrated into your product. Arduino can help you get 
past these kinds of problems. 

The community following is not limited to the Arduino’s and Raspberry Pi’s of the 
world though. There are numerous maker groups, organisations and communities doing 
their own things too. You can meet up with most of them at EFY’s Electronics Rocks 
branded conferences in Bengaluru. The next one is scheduled for January 11-13, 2016, 
to be held concurrently with EFY Expo 2016 in Bengaluru.

Ganesh Kumar, country sales manager, Atmel, says, “Due to the nature of our MCUs 
being deployed in a wide spectrum of applications and industries, we have accustomed to 
servicing not just a few large customers, but long-tail customers, among them many are 
makers or start-ups. We believe that these currently small players will eventually play a key 
role in shaping the up-and-coming Internet Of Things (IoT) revolution. According to Garner, 
50 per cent of the IoT solutions by 2018 will be provided by start-ups that are less than 
three years old. We believe that many such key IoT players will emerge from the makers.” 
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electronic design automation tool) for 
schematic capture and PCB layout.

TeleMetrum is recording dual-de-
ploy altimeter for high-power model 
rocketry with integrated GPS and bi-
directional telemetry link. It features 
a 70cm ham-band receiver for telem-
etry downlink and integrated support 
for electronic ignition of pyro stages.

TeleMega is  a vers ion of 
TeleMetrum, which is designed 
for high-power rockets. Although 
it sounds like it uses an ATMega 
chip, it actually runs on ST Micro’s 
MCU. In addition to the features of 
TeleMetrum, TeleMega also makes 
it possible to configure pyro events 
with up to six pyro channels, and can 
be based on time and various flight 
events as well as status-like angles 
from vertical and more.

TeleMega firmware runs on an 
operating system called AltOS, which 
provides features like flight monitor-
ing, post-flight analysis, device con-
figuration and firmware updation. 
AltosUI, through which these features 
can be accessed, runs on Linux, Mac 
OS X and Windows as well.

Rocket Mega
Designed by OSAerospace to be a 
low-cost open source platform for 
development and experimentation 
in rocketry and other aerospace ap-
plications, the Rocket Mega project is 
based on Arduino hardware.

What it essentially contains is      
a Rocket Mega shield, code and an  
Eagle CAD library that contains cus-
tom parts and footprints. Complete 
details on how to build the board, 
including bill of materials and sche-
matics are available at opensource-
aerospace.com

The R1 version is a shield  
designed to work with Arduino Mega 
board. The R2 version comes with 
several improvements, yet still man-
ages to keep the same price point 
in raw parts. Improvements include 
using MOSFETs rather than relays for 
controlling the pyro channels, apart 
from shifting to ceramic capacitors, 
improved routing and fewer indi-
vidual parts.

TI’s MSP430 LaunchPad + 
CC430 kit rocket launch 
controller
TI’s aptly named LaunchPad devel-
opment kit combined with a CC430 
low-power wireless development kit 
provides for a good base to build a 
remove model rocket launch control-
ler with streaming video support.

Digi-Key website’s video library 
has a good video showing the sys-
tem in action, where CC430 controls 
the current to the rocket ignition 
system by using an optically-isolated 

MOSFET. Another laptop-
connected kit controls a 
servo that supports video 
equipment.

Autopilot
The APM Autopilot suite 
is an open source auto 
pilot solution that includes 
hardware, firmware and 
software to run an autopi-
lot vehicle. The firmware 

is what contains the skill-set code, 
which configures the system for the 
kind of vehicle that you are going to 
be running. Examples are ArduPlane 
that allows you to give a fixed-wing 
plane full autonomous capability and 
ArduRover that does the same for an 
unmanned ground vehicle. APM’s 
APM:Rover won the 2013 and 2014 
Sparkfun Autonomous Vehicle Com-
petition too, so that gives good cred-
ibility to the system.

The hardware that you can opt from 
for this system includes 3DR Pixhawk, 
which features an advanced processor 
and sensor technology from STMicro-
electronics and comes with a NuttX real-
time operating system (RTOS).

APM 2.6 is another piece of hard-
ware that can be integrated for imple-
menting autopilot features onto the 
board. It is Arduino compatible but 
requires a GPS unit and a compass 
module for full autonomy.

One small step
Do not wait. You are in the golden age 
for developers, with access to a ton of 
code and hardware that has already 
enabled others to develop amazing pro-
jects. Start tinkering with these boards 
to build your dream project. Hopefully, 
one of these might let you touch base 
with space: the final frontier.  

PX4 flight management unit (FMU) I/O kit 

Rocket Mega revision 2 
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