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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.
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Why did the older Spirit
and Opportunity
Rovers use differential
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The first major OSR version (2017-2023)




One of the most starred _ _
Open-Source Hardware Y9 Fork 1.3k v 7 Star 8k
projects of all time

Apr 1 - 2018 — Oct 7, 2023 Contributions: Commits v

Consistently active
for 6 years

Active people in your workspace

See how ople are a 1eaning they posted a message or read
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i Open Source Robots for Learning Robotics ¢
(Comprehensive list of ROS 2 resources:

Blog- ["dhttps://Inkd.in/feN4a-3qe

Video- ["dhttps://Inkd.in/eEupZs8W)

Discover open-source robots across various categories:
& Rovers and Cars:

awppy Rover - 3D-printed Mars rover model: https://Inkd.in/dz53vB-yp
J DonkeyCar - DIY self-driving platform: https://Inkd.in/d7XDNJ45
{4 MORPH - Affordable robotics platform: https://Inkd.in/dwBrPzPA
{4 Linorobot - ROS-compatible ground robots: https://lnkd.in/dBsm4J6m
%4 MuSHR - Al research platform: https://lnkd.in/dsB2uTSu
{% SCUTTLE - Low-cost mobile robot: https://Inkd.in/dWaGJVPv
{4 Mars-Rover - Open hardware and software: https://Inkd.in/d8EuJSVD
{%d openRobot - Smartphone-controlled car: https://Inkd.in/dMGXJjxZ
{4 OpenMower - RTK-GPS mower: https://Inkd.in/d_UUWDpV
& Robot Arms:
{%4 Dexter - Industrial robotics arm: https://Ilnkd.in/d543ie9F
{%d Reachy - Bio-inspired robotic arm: https://Inkd.in/ds46CVVC
{%d Faze4 - 3D-printable 6-axis arm: https://Inkd.in/dcPghi23
4 Quadrupeds:
{%4 OpenDog - Quadruped robot: https://Inkd.in/d9SnJj6r
{4 stanford Doggo - Agile research robot: https://Inkd.in/dgR-6FDj
{%4 mjbots quad A0 - Small dynamic quadruped: https://Inkd.in/dq__7ypD
{4 stanford Quadruped (Pupper) - Low-cost quadruped:
https://Inkd.in/dEBSBhH6D
{%4 Open Dynamic Robot Initiative - Modular Robot Architecture:
https://Inkd.in/d2rRrTc8
& Open Source Sensors:
("4 OpenMYV - Low-cost machine vision modules: https://openmv.io/

h ilir Aliu - 2nd + Follow -
Robotics & Al: simplified by sharing tutorials, projects
1w @

20 Open-Source Robotics Projects L

- ON GITHUB -

Here are 20 fascinating projects to accelerate your robotics knowledge and
unlock valuable learning experiences:

1. ROSbot 2.0: An open-source mobile robot platform

https://husarion.com/

2. Magni: An affordable robotic mobile base with a 100kg payload
https://Inkd.in/fePXB-RZN

3. Bobble-Bot: A demonstration robot for learning principles of real-time
control
https://lnkd.in/eM-XBNs2

4. ANYMal C: An autonomous four-legged robot
https://www.anybotics.com/

5. Stanford Doggo: An open-source quadruped robot
https://Inkd.in/eWYQcdPw

6. JPL Open Source Rover Project: An open-source 6-wheel rover based on the
rovers on Mars
https://lnkd.in/feJg7WXNq




Perspective: other popular open-source robots

Q openrov-software | Public Q openrov-hardware ( Public

Meta project for all of the OpenROV Software projects Hardware for OpenROV. Include lasercut parts arg

Y416 % 188

A openDogV3 -

Porane | P O

R Wbt st o

o reonees
openDogV3
[T TSTRR———

anyting oo

Q documentation  Public
iCub Tech Docs
Ruby v¥23 % 31

Scar e siand st by 12mm

PP —

Spot_mini_mini: “Note:
development for this project

was haulted in November
2020 to respect my NDA with
my employer.”

w193 % 116

] cad-mechanics-public | Public

®Watch 52 ~ % Fork 103

- Y7 Star 105 -

Repository containing open parts of the CAD for mechanical design

@Roff Y15 %4

ELEGOO-Smart-Robot-Car-Kit-V4.0
ELEGOO Smart Robot Car Kit V4.0

wie %3

turtlebot

Public

The turtlebot stack provides all the basic drivers for runningfand\usiftga
TurtleBot.

@cC+ Yr282 %313

< Code - | About

The iCub Main Software Repository

& Mars-Rover Owach 35~ | | ¥ Fox 88 | - | ¢ swr s | -
P master + | P 1branch ©0tags Goto file Addfie~ [X>'Code ~| About
3D printed and driveable
@ jakkra CAD: Fixes #27, unhide the arm in the model.

8562303 00 Oct 29,2022 D 6Scommis  Curiosity/Perseverance inspired Rover

H LEGO-Robotics ( Public

Mindstorms (RCX, NXT, EV3), SPIKE (Essential, Prime, Robot Inventor),
BOOST, WeDo 2«o#tTer LEGO robotics platforms

@ Pythan A3 259 12

&1 turtlebot3 | Public
ROS packages for Turtlebot3
(] Python {? 12k % 931
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OSR System Modeling Platform by OML

Preface

Base Model

Analysis Tools
11 OML + Gradle + SPARQL
+R

11 OML + Gradle + SPARQL +R

This page introduces one way to seamlessly connect openCAESAR processes using the R.

OML projects created by openCAESAR are Gradle projects that have OML analysis tools configured as Gradle tasks in a build.gradle

script. A user can invoke Gradle tasks from a console/terminal session using the Gradle Wrapper Command-Line Interface (e.g.,
./gradlew owlLoad). The supported OML editors such as OML Rosetta and OML Luxor allow invoking those Gradle tasks using a UL.

In the MBSE practice using openCAESAR, the vocabularies are described to answer analysis questions. Typically, the process is
iterative. Build OML vocabularies and descriptions, write queries in the SPARQL language for analysis, and modify the model based on
the query results in an exploratory manner.

We introduce two packages to improve the reproducibility of the exploratory modeling process with documentation tools such as R
Markdown and Quarto.

e omlhashiR
o We use a package omlhashiR as a wrapper to run Gradle tasks of OML projects from R.

e tansakusuR

> We use a package tansakusuR as a wrapper to send SPARQL codes to the endpoint of OSR M

By using the “omlhashiR” and “tansakusuR” packages, workflows can be seamlessly connected.

library(omlhashiR) library(tansakusuR)

OML Fuseki Server SPARQL R

Vocabulary —— > Description ————  OWL Query ——— > Visualize ——

de s identical.



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




Ingredient 1

excitement
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How do you get there?

e Give talks, show live demos, and show what you

could build
e Always be launching some new feature, mod,

update

AWS JPL OPEN SOURCE ROVER CHALLENGCE

aWS, ’ Jet Propulsion Laboratory

e » o ¥
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JPL's Open Source
Build-It-Yourself Rover



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

ai\!

Today,s Iaunch| 9 Achille Verheye ~ % . 1\7 ‘\\\\\\\jﬁﬁ Wl
. @ et - 1w s swwawy| 1
This just in: This Mars Rover is fed up with looking at more rocks . : ", ”,’ ,/I,I‘\\\\¢ \\\\\\\j "

v

it wants to contribute to society for real and do something useful - so I'm
teaching it to do the laundry with its new roof rack . Unlike the
Perseverance rover | don't want it to drop 'samples' on its way to the laund
room though .= &|

». HACKADAY

HOME BLOG HACKADAY.IO TINDIE HACKADAY PRIZE SUBMIT ABOUT Octa

OPEN SOURCE ROVER
GETS AN UPDATE FOR
EASIER BUILDING

by: Lewin Day ® 9 Comments

fYYé i September 16, 2023




#034 WALL-BB

TYPE:

WALL-BB IS ONE CUTE LITTLE
ROBOT. HE IS CLEAN AND LIKES
TO LOOK AFTER HIMSELF.

#0355 WALL-e

TYPE:

WALL-E IS AN ADVANCED VERSION
OF WALL-BB, WITH A MUCH
HIGHER A.I, IT CAN WORK ON
MORE COMPLICATED TASKS.

#036 WALL-Z

TYPE:

WALL-Z IS INCREDIBLY STRONG,
ABLE TO LIFT UP TO 300 TONS
OF HEAVY MATERIAL WITHOUT
TROUBLE, WITH A HEIGHT OF 7
METERS, WALL-Z IS TRULY THE
ULTIMATE FORM.

RY-SPIRIT

#037 ev.1

TYPE: /IN¢
EV.1 IS CONSTANTLY LEARNING
' NEW THINGS, ALWAYS EAGER
TO IMPROVE HERSELF AND BE
THE BEST VERSION SHE CAN.

#038 eve

EVE IS DEDICATED TO HER TASK.
SHE WOULD SACRIFICE HER OWN
LIFE TO COMPLETE A MISSION.

$#039 eVANGeLIeN

TYPE:

EVANGELION HAS ALL THE
NECESSARY PARTS TO WORK AS
THE PERFECT PROBE DROID. HIGH
TECH SCANNERS. INCREDIBLE FLIGHT
SPEED, ARMED WITH A POWERFUL
PLASMA CANNON THAT CAN
DESTROY ANYTHING IN HER PATH.




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...




Weather
proof(able) design

Top plates hinged
for easy access Aluminum body:

strong and light Compact, quality
high-torque metal

High payload gear servo motors

enables various
attachments

Wires detachable
from PCB for easy

Cost reduction by
access and rover

over $1000 .
folding
ROS2 support
S ble wheel " ' » _ Fast, strong,
wappable wheels %V A : high-quality metal
of various sizes &“ planetary gear DC

possible motors

Attach anything to
mounting pattern
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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

e Lower resistance to change

o Someone posts a question on Slack — many replies — suggest creating a PR for solution
m Lead the way

o  Offer contributors with track record to join maintainer team

o Pull requests: eternal balance in speed vs quality for larger improvements
m  Make tickets for future work

e Maintainer meetings

o Massive speedup + accountability
o Keep them light and fun

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



Ingredient 3

this one weird trick will
surprise you




Relentless focus on docs

Use a multimeter to test the voltage between test points T4 ("swt_out") and T2 ("Batt-"). This shoi
power supply/battery (14.8V)

DIGITAL MULTIMETER

1 2000 Counts/Autorange

Figure 3.8: Testing the voltage between T4 and T2

Also check the voltage shown by the multimeter. This should show the same voltage as well.

o

Include plenty of pictures
Include testing practices and common
mistakes

subassembly
wheel

wheel
comer
comer
comer
comer
comer
rocker-bogie
rocker-bogie
rocker-bogie
rocker-bogie
rocker-bogie
rocker-bogie
rocker-bogie
rocker-bogie
rocker-bogie
body

body

body axis
body axis
body axis
hinges
hinges
hinges

hinges

1

length
10

10

10

10

10

10
60r8or10
12
100r12
8

60r8

8

10
100r12
20 or 22
6

16

16
18.0r 20
60r8

6

6or8
6or8
140r16

10

type
either
button
button
button
either
either
button
socket
socket
socket
socket
socket
socket
socket
socket
button
socket
button
socket
button
either
button
either
either

button

purpose
motor - channel

bracket - vert. extrusion
vert. extrusion - low channel
low channel - servo shaft
servo bracket - rocker
servo bracket - rocker
servo - channel
rocker-bogie joint
rocker-bogie joint - extrusion
rocker-bogie - body-axis
rocker-bogie - diff pivot
rocker-bogie joint
rocker-bogie joint

diff pivot - rocker-bogie
turnbuckles

diff pivot shaft - bearing
structure

body plates

axis - body

bearing - channel

axis cap

multiplier
6
6

4

Instructions down to
the screw level

total

Step-by-step assembly



Combining good docs and ever-improving is hard

PUpESY. =R 2= D ) . .
e A <00 ISR = 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. RPiinstall




What building one looks like: ordering parts

Parts for corner assembly

e Order parts from GoBilda e o i

e Upload component list to Digikey oo 2

o Ordor POB (grouporder!) [T LT

e Order laser cut parts for body or
cut yourself = s o

e Order specialty components: =

battery, Raspberry Pi, gamepad

e Optionally get tools you don’t have
access to: soldering iron, crimper,
hex keys, multimeter




What building one looks like: wiring

3p DuPont 2x bullet

g 4p puPont 11 / 3'5 DuPont

3p DuPont

4p,DuPont

Already attached to motor

Diagram

DuPont

DuPont male

Corner Encoder Extension Cable (x4)

w1

ax

22 AWG

36.0 cm

DuPont:1:5V

1:RD

Encoder-JST:4:5V

Encoder-JST

JST-XH female 4-pin

DuPont:2:GND

2:BK

Encoder-JST:3:GND)|

DuPont:3:EnA
—

3.8V

Encoder-JST:2.EnA

DuPont:4:EnB

4WH

Encoder-JST:1:EnB

Dupont Pinout

Bill of Materials

d | Description

Unit

Designators

Cable, 4 x 22 AWG

em w1

Connector, DuPont, male, 4 pins

DuPont

Connector, JST-XH, female, 4 pins

Encoder-JST

{2

JST-XH Pinout




ing

PCB assembly & solder

looks like

ing one
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What building one looks like: mechanical assembly




What building one looks like: software

1.

© N O 0N

Installing Ubuntu on the Raspberry Pi

a. Other distros may also work - at your own
risk - minimize instructions and simplify
support

SSH into the RPi

Installing ROS 2

Compiling the code

Testing 12C/serial connections
Calibrating and configuring your rover
Running!

Systemd service

Setup ROS build environment

First we'll create a ROS workspace for the rover code.

# Create a colcon workspace directory, which will contain all ROS compilation and
# source code files, and navigate into it
mkdir -p ~/osr_ws/src && cd ~/0Sr_ws

# Source your newly created ROS environment. IT you get "No such file or directory", eithe
source /opt/ros/${ROS_DISTRO}/setup.bash

Clone and build the rover code

For this section, you'll be working with the version control software git . Now's a good time to read up on
and make a GitHub account! In the newly created colcon workspace you just made, clone (download) this

sudo apt install git
cd ~/osr_ws/src
git clone https://github.com/nasa-jpl/osr-rover-code.git

Now we will install the denendencies 118ina rosden



Profit!

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

— just the start
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Ingredient 4

teach others



viLeciry(e)

e

viscirs)
o codee

commanded linear
velocity vs measured
middle wheels velocity

RADIANS 7 SEC

resinoa(e)

commanded angular
velocity vs front left
wheel angle



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

\‘
-

PR
o 2t

]

Wheel odometry is
rotating as wheel
is drifting ‘ ,W!
==\ 1
at® ‘ 4

W
Fused odometry matches )

real state of robot
IMU+Wheel Odometry

Sensor Fusion



/CMD_VEL
GEOMETRY_MSGS/TWIST

LINEAR 10

04

©
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meters / soc -~

METERS 7 SEC

REPORTED LINEAR VELOCITY
Sodom

X
fomd vel

DRIVE MOTOR ENCODERS

408

an

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

0

R

o

S0s

AN

353

o

0o

2% /suwmpe) - - -





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

-] T el 100

Base frequency:
17 Hr
Fine tuning:
16 170 e 1%
Duty cycle:
O#f 38.2ms 3% 205ms On
[ | steady ON tength

e, D
[ usescreen | superdim



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

profit




@jerrydon1085 1 month ago 1& KT
GUREY

Great video! Ordering Parts now... Silly Digikey is importing the "Index" field as the "Quantity" for the BOM. Thanks for
version!

y GF "r;';. Reply

v f’ * 2replies

@mohamedmostafasadeckS 1 month ago
wow, that's awsome

GoAhead 4 ¥ &
5 G YQ-:, Reply

@chubbyzombie666 1 month ago

13 subscribers and I'm the first one to click LIKE. This robot is super cool, | just subbed and hope you got links below. . v i ‘
elogoo smart car parts and sheets of plexy glass. Thoughts? K ?

51 P T ey

Mr Roboto says:

Hey Achille, just wanted to drop by and say | hope I'm not causing too many headaches with the myriad suggestions and git
issues I've opened &2 September 16, 2023 at 10:48 am

The OSR is the kind of project I've wanted to sink my teeth into for years, so I've been very excited as I've been working on
building mine, seeing all kinds of potential upgrades and improvements

My kids and | built an equally capable one for “$100.



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)

MISSION
REPORT.

THERE'S NOTHING
OUT THERE.
JUST ROCKS.

YOU'RE CALLED
"ROCK ANALYSIS
ROROT."

YEAH, WERE
HERE TO
ANALYZE

THE ROCKS.

THIS CHANGES
EVERYTHING.




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!
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