
How to build a 
mars rover for 

earth

achille.fyi



What is it?

A build-it-yourself, scaled down replica of the 
Curiosity/Perseverance Mars Rovers, designed with 
(earth-based) education, academia, and hobbyists in mind.

2016: >$5k all custom, 2017: $3k, mostly off-the-shelf 
→open-sourced, 2023: $1.5k

It is not an accurate replica. In fact it’s purposefully different.

bogie

rocker

Source: https://alicesastroinfo.com/2012/07/mars-rover-rocker-bogie-differential/



Why did the older Spirit 
and Opportunity 
Rovers use differential 
gears?



The first major OSR version (2017-2023)



Thousands of 
monthly visitors

Consistently active 
for 6 years

One of the most starred 
Open-Source Hardware 

projects of all time



Other open source hardware projects



Perspective: other popular open-source robots

Spot_mini_mini: “Note: 
development for this project 
was haulted in November 
2020 to respect my NDA with 
my employer.”

PRICEY

INDOORS ONLY

NO DOCS



Who cares?
Also: out of stock or discontinued parts, newer or cheaper 
components, code improvements, support for other builders
Stars matter: why share something no-one’s going to use?



Recipe for an active & 
thriving open source 
(hardware) community

SAUT-A (Wall-E)



Ingredient 1
excitement



How do you get there?

● Give talks, show live demos, and show what you 
could build

● Always be launching some new feature, mod, 
update

Always Be Launching

http://www.youtube.com/watch?v=35Wq8aBiUIA
http://www.youtube.com/watch?v=caqx-S-_gv8


Today’s launch!



Ingredient 2
continuous improvement



Open-Source Means Ever-improving

The current design:

● Is awesome and a great starting point + many lessons learned!
● Pricey: ~$2,500
● Many vendors, sourcing parts is long and arduous
● Requires off-the-shelf parts, machining, and 3D printing
● Hard to access electronics inside
● Not weatherproof → can’t drive on sandy, wet,                                       

dirty ground
● Assembly is long and complicated
● imperial…

2021



Compact, quality 
high-torque metal 
gear servo motors

Aluminum body: 
strong and light

Attach anything to 
mounting pattern

Swappable wheels 
of various sizes 

possible

High payload 
enables various 

attachments

Cost reduction by 
over $1000

Fast, strong, 
high-quality metal 
planetary gear DC 

motors

ROS2 support

Weather 
proof(able) design

Top plates hinged 
for easy access

Wires detachable 
from PCB for easy 
access and rover 

folding







Redesigned PCBs

● 2 boards: motor and brain board → reduced board 
complexity + future proofing

● Detachable connectors rather than screw terminals
● Added INA260 (blue) to monitor battery input 

current
● Various LEDs for voltage bus status, serial RX/TX 

activity with the motor controllers
● 4x GPIO outputs from the RPi
● Servo controller has spare outputs available (more 

LEDs?)



http://www.youtube.com/watch?v=exHqc_Vuifw


Keeping the change going

● Lower resistance to change
○ Someone posts a question on Slack → many replies → suggest creating a PR for solution

■ Lead the way
○ Offer contributors with track record to join maintainer team
○ Pull requests: eternal balance in speed vs quality for larger improvements

■ Make tickets for future work
● Maintainer meetings

○ Massive speedup + accountability
○ Keep them light and fun

● Cheerleader to rally the troops
● Everyone’s a volunteer



Ingredient 3
this one weird trick will 

surprise you



Relentless focus on docs

Include plenty of pictures
Include testing practices and common 
mistakes

Step-by-step assemblyInstructions down to 
the screw level



Combining good docs and ever-improving is hard

Design for less documentation.

Use tooling like OnShape. Still 
have pictures of the real result 
but we need fewer.
Point to external instructions, 
e.g. RPi install



What building one looks like: ordering parts

● Order parts from GoBilda
● Upload component list to Digikey
● Order PCB (group order!)
● Order laser cut parts for body or 

cut yourself
● Order specialty components: 

battery, Raspberry Pi, gamepad
● Optionally get tools you don’t have 

access to: soldering iron, crimper, 
hex keys, multimeter



What building one looks like: wiring



What building one looks like: PCB assembly & soldering

over 60 
pictures!



What building one looks like: mechanical assembly



What building one looks like: software

1. Installing Ubuntu on the Raspberry Pi
a. Other distros may also work - at your own 

risk - minimize instructions and simplify 
support

2. SSH into the RPi
3. Installing ROS 2
4. Compiling the code
5. Testing I2C/serial connections
6. Calibrating and configuring your rover
7. Running!
8. Systemd service



Profit!

→ a gentle intro to full stack robotics in just a few weeks

→ just the start



Ingredient 4
teach others



+

commanded linear 
velocity vs measured 
middle wheels velocity

commanded angular 
velocity vs front left 
wheel angle



SLAM:
Build a map of our 
environment so we 
can navigate in it



Is my robot actually going as fast as I told it to?



https://docs.google.com/file/d/1AmBXUbZWNhBSpYbdKc4D5IcjbgozlSof/preview


https://docs.google.com/file/d/1JNpyP2nvagMxk0mhJk6wdiwaohr83pKv/preview


Result
profit





It’s not all 
sunshine and 

roses
spending cuts, no obligations, slow 

progress, parts unavailable or 
discontinued, unresponsive partners, 

frustrating dead ends, thanklessness, …



What will you 
build?

Autonomy
Robot arm for picking trash

Remote teleoperation
Combine with a UAV

Head/display
Run F-prime on the OSR

Build kits (3D printing)



Maintainers
Meet fortnightly, answer questions, design next-gen 
rover, make improvements, fix bugs, …

Why become a maintainer? Learn from others, help 
others, build out your resume

● @ericjunkins: made the first version of the OSR 
as an intern at JPL, mostly electrical & 
mechanical

● @Achllle: mostly mechanical & software
● @dcschooley: mostly electrical
● @apollokit: mostly electrical & software
● @abust005: new member!
● Lan Dang: JPL liaison and builder

All in their spare time

Join us!

● Marketing, social media
● Researchers in outdoor or space robotics
● Builders & hobbyists
● Documentation wizards

Thank you!



This just in!



Congrats, Eric!


