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lowa State University Introductions

CATERPILLAR

Denise
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STUDENT BENFITS

* Why you should want to compete in this competition.
* How this competition can benefit you as a busy student.

* What skills can you gain from being in a club

LUNABOTICS




Student Benefits — lowa State University

Technical Industry Career
Skills Training Building

Manufacturing Interdisciplinary Industry
Computer aided collaboration connections
design m Critical thinking Resume content

Coding . Adaptability Space
.+ C++ § HROS Punctuality community




Student Testimonial — Jacob Mosier




Student Testimonial




» Technical skills | T L e S |
o Failure analysis, mechanlcalde3|gn manufactunng, part sourcmg

o PCB design, electrical box layout, power sizing
O Codlng, computerV|S|on autonomy |

" Professional skllls
o _Presentatlons de3|gn rewews
o} Leadershlp, prOJect management

0 Networklng
o= I.nternshlps
= Research .
= FultTime Jobs

~« Community



Junior Year
President

G

Sophomore Year
Treasurer

Freshman Year
Ex-Dep Member + VIP. -

Class 26
Mechanical
Engineering




Intern for Solar Turbines -
Test Engineering — Full Time Test

ook

Lunar Tire R&D Htern for Goodyear

2026 Purdue Engineering Fellow
Top 0.05% of the School of Engineering
Receives $25,000 after.graduation

Tanmaee Ledalla and Sofia Velarde

named Purdue Engineering Fellows



TEAM STRUCTURES

* How do you organize a community of different sizes.
* What structure do other teams use.

* What roles are required in a team.

LUNABOTICS




Growrng vourteam | |
~* Founded in 2012 over 13 years i contlnuous development

¢ Grown from a small 10- member team to thr|V|ng organlzatlon of 120+ student

. ® Recrultment Strategles |

o Club Callouts + Campus Farrs 2

o Engaglng with certain majors

o Personal Connectlons + Peer Recommendatlons

. Retentlon ;

O Retalnlng Members can be challengrng structure IS key R |
o Establish clear onboardlng prOJects to bultd basrc sklll ‘wi . ' ff ; n i" 1
- Strong subteamleadershlp Lo alaglh - A A o Fra &S !!' §§ 2




l

Lunar Construchon Rover(s)

L

¥

l

l

Treasurers

Excavation

Deposition

Drivetrain

Power &
Hardware

v

Business

v

Fabrication

AffiganDUh',

R LUNABOTICS




President [Highly Recommended] . s A e R T Y Ty
- Primary Contact for Team ' A i '
- - Oversee Recruitment

: o e ' -fl L o S o okt Vice
- Team Loglstlcs, Sched.ul.e., Planning LR . by : President Sresldon:
- Responsible for submitting and meeting - _ o % 2

competition deliverables/requirements

Vice Presrdent [Opt/onal] : i ; Lot % L Treasurers oeriHons
- ASS|stthePre3|dent|ngeneraldut|es RS e

-- Plan outreach and social events
- Assistin coordlnatmg team dellverables and trips-
Treasurer [ Optional]

B Iy cal : ( Systems Fabrication
- Work with PreS|denttoach|reand managefunds. Sy -

Operations [Opt/onal]

- Business qperations (merchandlse SOC|almed|a corporate relatlons)
- Ensure systems engineering standards and competition deliverables
- Manage asSembly space, training,_ and equipment

\I il

PUI\DUL

Q LU NABDT!ES
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Robot Design Team + ' Chief Engineer — overall technical lead and

s i s s .~manages all the technical subteam leads

. Excavé’tibn Lead -in charge of

robot’s mining system’ Previously -

~ Ex-Dep

 Deposition Lead - in charge of
depositing/dumping regolith from excavation

. Drlvetram Lead —in Chafgepf frame and wheels, incorporating every system on one base

« P&H Lead -in charge of the'P&H box thatvdiStri'butes + 'supply poWer to systems -

Af’iEGhUUL'

{LUNA-BWES

. Software Lead in charge of Autonomy + programmlng of robot



Team Structures — lowa State University

[ President ]

—

[ Treasurer ] [Vice— President] [ Systems Lead ] [ Safety Officer ]

[ Mechanical Lead ] [ Controls Lead ]

—

[ Mobility] [Collection] [ Hopper ] [Electrical] [Software]

e

CSivi



LEVERAGING SYSTEM ENGINEERING

* What tools are used to build a system out.
* How is systems leveraged to improve the robot.

Note: There will be links to supporting tutorials on NASA’s
System Engineering process in the UK Lunabotics Guidebook.

LUNABOTICS




Leveraging System Engineering — lowa State University

[ Systems Definitions ]

NASA Systems Engineering

Handbook

EE EE K.

NASA Life-Cycle Approval for Approval for

[ Arena Environment Berm ] Phases Formulation FORMULATION Implementation IMPLEMENTATION
. Project Life-Cycle Pre-Phase A: Phase A: Phase B: Phase C: Phase D: Phase E: Phase F:
NF;S X} o Phases Concept Studies Concept and Preliminary Design Final Design and System Assembly, Operations and Closeout
[ Operators Comme Telemetry/Health Data ] Technology and Technology Fabrication Integration & Test, Sustainment
Laptop Client Development Completion Launch & Checkout
Ground Support Energy Consumption Project Life- KDP A KDP B KDP C KDP D KDP E ; KDP F
Equipment to handlers Cycle Gates, FAD / }i \ FA
Documents, and | preliminary Project /|  Preliminary Q Baseline LaunclA End of I'\:1issi0rﬁ3 Final Archival
Major Events Requirements *  Project Plan Project Plan of Data
[ S Hi h Agency Reviews @
stems Hierarc Human Space A VA /\ /\
y y Flight Prlfject A AA A A VAL VAN
Life-Cycle MCH SRR SDR PDR CDR/ SIH ORR FRR PLAR CERR* DR DRR
Reviews'? A A A PRR Inspections and | .
LANCE-1 . Re-enters appropriate life-cycle Refurbishment End of Flight
Re-flights phase if modifications are A
Robotic Mission needed between flights B ' PFAR
Project Life Cycle A AA A A A AN AN AN
- Reviews'?2 MCH SRR MDR® PDR CDR/ SIH ORR MRRPLAR CERR* DR DRR
. PRR?
Other Reviews SAR® SMSR,LRR (LV), FRR (LV)
[ Storage } [ Wireless Mining Supporting i ! 2
Reviews A Peer Reviews, Subsystem PDFs, Subsystem CDBS, and System Reviews A
(Lot [ 2o — :




Preliminary Design Review — lowa State University

[

CAD Concepts

]

[ Trade Study ]
Weighting  Gravity Conveyor
Controlled Controlled

Weight 3 S 1
Offload Speed 6 S S
Volume 9 1 1
Power
Consumption 3 S -1
Offload Control 9 S 1
Total Weighted
e 33 9 12

CSIVI



Leveraging System Engineering — Purdue University

SYSTEMS ENGINEERING. ..

* Provides structured accountab|l|ty - i v : DELIVERABLES WHEN ITEMS ON LEFT DO NOT SUCCESSFUL

DEUVERE%!; gﬁg ngERWISE DELIVERABLES
. Slmpllfles communication between subteams
, SAFETY SAFETY

* Creates framework for successfulintegration . = - Sk IR
This is very impartant with 120+ members! = - . ST svsTew

' : ) ; : § : e : SPECS VERIFICATION
METHODOLOGY EVO LUTION" gl e rop-1ve

: DESIGN INTEGRATION

¢ 2022: Created Systems subteam (tasks previously fellto - -

COMPONENT

~executive leadership) : S , Osrecs VERIFICATION

» 2023: Started standardlzmg Systems processes,

COMPONENT

introduced Integration Plan and Risk Assessment > IMPLEMENTATION

e 2024: Str-eamllned. Stakeholder Requirements into RSRs

* 2025: Added,’tw'o' review gates, introduced umbrella | The Systems Engineering V diagram
subteam o_f Operations (Fa_bfrication + Business + Systems) (above) depicts our overall process




MAINTAINING ACCOUNTABILITY REVIEW GATES,

* - Year-In-Review [Optional]
* Usefulforrefreshing on prrordlscoverres

System Requirement Review (SRR) -[Option_al]
* Assigning deadlines and broad yearly goals

 System Desrgn Review (SDR) [nghlyRecommended]

e [nitial system |nS|ghts and overall robot theorres

X PrellmrnaryDeS|gn ReV|eW(PDR) [H/ghlyRecommended]

* Major desrgn demsrons flnallzed generalCAD completed

* . Critical Design Rewew (CDR) [nghlyRecommended]

¢ Allrobot designs finalized Ready to begin manufacturrng

* Test Readiness: Review (TRR) [Opt/onal]
* Endof manufacturmg

e DecommrssronrngRewew [Opt/onal]

* Enableusto better prepare forand track each step of engrneerlng
design cycle ~

The Eng/neer/ng Llfecycle D/agram shows
a t/mel/ne of our process

PDR

Rulebook Released

I Competition I

4 PURDUE" .
¢ LUNABOTICS




CREATING SYSTEMS ENGINEERING METHODOLOGY: GENERAL ADVICE
Do research on existing approaches (NASA and otherW|se) |

o In 2023, we complied documentation from various engmeenng companles to create an Integratlon Plan and Risk
Assessment (stlllcurrentlyln use) s ‘

It's really easy to overcompllcate—but also to overS|mpl|fy
o Systems Englneenng should be flexible and ready to adapt based on situation ‘ A
o If somethingisn't working, you probably don't need to push it > either investigate how to adapt it or get rid of it

o We added a lot more opportunities for holistic review this year by addmg Year-In-Review, Decommissioning Review,
and Weekly smaller—scale Techmcal Interchange Reviews to fill our team s need for better/smoother integrations

. Documentatron""

0. 99% of Systems Englneerlng is Just communrcatlon > take comprehenswe notes at deS|gn reV|ews keep an
updated calendar checkin weekly about updates and deC|S|ons etc. |
/ﬁnuu -

o Much eaS|er if you have solid system documentatlon
ﬁ QL LUNABOTICS




ROBOT DESIGN

* What components make up a robot.

* Best practices to develop a component.

LUNABOTICS




* Bucket ladder for excavation
o Easy for automation, relieb5le'

18mins

~+ Conveyor belt deposrtron bin: %
o Low power extremely rellable g

. .200W brushless stepper motors

« 3D prrnted coversto protect from
dust T

c Prlmary materlals alumlnum PLA
* 55 kg (80 kg max)

QX LUNABOTICS



+  Reliability is key! |

o Doesn't jam with small rocks
o Repeatable motlons :

¢ Mitigate- dust -

o Protect key components/systems (belts,
‘chains, electronlcs etc) '

o Use shrouds to generate less dust

44 ] -

. .
Weight Efficiency Tractio Mobilit B Terrain Versatility

- General trend of
sacrificing traction for
mobility.

- Compliance increases
efficiency and terrain
versatility at the cost of
weight. .

g

* Simple | is betterwthan complex |

* Always be thlnklng about cost, art
manufacturmg, assembly ' mDUE' ‘

et LUNABOTICS




18mins

Design Evolution:
* [Improving Bucket Elevator
* Deposition |
Experimentation

Jg"

2024-2023

& PURDUE"
Q. LUNABOTICS

| —

B

12022-2021




* Four-wheel skid steering i L <8 ' |
e Twomotors,chain'drives . >
* Boxtubes bolted together
| ‘o Strong, easy routing, . |
» Grousers for increased traction
o Flaps onthe outer diameter -~
» Turningis the bigchallenge
3 Other'optit)n's;_‘.; A g
o Beltvschain & sprocketvs 4 motors =~
o Steering system, suspension (rocker bogey)
o Tankt_r'ea.d.'.s'l- " e e : |

QX LUNABOTICS



- Bucket ladder éystem"
. Llnear actuators to ralse/lower -
. Tarp cover to mltlgate dust |

~* Bolt-driven tensioner e
. Prlmarlly flat plate + L; channels _' %
. leed mlnlng angle

e Other options: .
o Four-bar actuation = .
o Front loader/backhoe = = R
o Rotating bucket drums =~ e

’ o LU NAB‘DTIDS



¢ Other optlons

Deposmon
~ * Nylon eonveyor belt
e Slopes to keep regollth on belt

. Pulleys made from plpe + |nserts

o
‘ <

* Low- torque low power system
. Crowned pulleys to center belt

o Dump truck
o Integrated excavatlon/dep03|t|on

& PURDUE" .
QX LUNABOTICS




Electrical System — Purdue University

Electrical Box D‘esign
* Fully removable box
. Custom DeS|gned

Battery

o 24V L|Po 350Wh
O ngh Energy DenS|ty

* Battery Prot_ectlfon .Clrcuit

= MANUAL
T
|

UPEN .
it 2 MMM

il .
; 0000000}
#

Q

(O)

@

i .) Bur .*g O
& N + &

Power Meter

ower Distribution Board




Compute

- We Use: |

~+  Jetson Orin Nano
Teensy 4.1 _‘
 Others Also Use:

+ Laptop Computer

. Raspberry Pi -

’ >
e Mini PC
- : .'-' . - 'i -"‘.
% v . 5 M \J
R ; iy g 8L
A

Sensors

t 'We Use:

Current Sense

e Encoders

 Load CeIIS'

- Others Also Use:
« Distance Sensors
® - BeamBreak

= Limit Switch

l/?65M£.

QX LUNABOTICS



Robot Design — lowa State University
Design Philosophy

e Start with System Engineering!
o Mathematical Analysis
o ldentify gaps in knowledge
o Testyour hypothesis

o Assign Requirements
 Maximize Second Moment of Area 2023
« Account for regolith infiltration MARS VI

* Use whatyou are used to and build off knowledge
* ldentify correct motor and gearbox requirements

[ { 2017

R5: 2015 d Space

W% % HERMES | Ketchup
%25 = & Space

Mustard




Robot Design — lowa State University

® STUDENTCOUNCIL

ENGINEERING




Robot Design — lowa State University
Mobility System

* Motor mount position
 Contactsurface area




Robot Design — lowa State University

Excavation

« Staggered buckets
« Belt driven
« Spring suspension
 Throw angle




Robot Design — lowa State University

Deposition

* High angle of repose needed

* Shorten actuators

* Double usage of axles

* Offload skirt to reduce spread

* Understand system at different fill and
tilt states




Controls Breakdown — lowa State University

Collection
e .

Hopper

P liows

CSIVI



Robot Power — lowa State University

Constraints:

* Mass

* High Transient Current Draw

* Power Distribution
 Mechanical interface constraints
 Controls interface constraints

Results:

* Higher Voltage is better

* Li-Pos are great!

* Watch your VDI (~5% drop max)

 Coordinate on motor choices

 Watch the differences between BLDC and BDC motor

( CSV




Robot Communications — lowa State University

Constraints:

1))

* Mass

* Power Consumption
* Latency

* Bandwidth

* |nterference
e Packet loss

Results:

* All802.11 hardware is not the same!

e Compressionis your friend

* Wireless Bridge / Travel Router

* Theinterference caused by 50 robot teams in a room is not insignificant!

( CSIV




Robot Processing — lowa State University

Constraints:

* Mass

* Power Consumption

* Real time compute requirements
* |Orequirements

* Restrictive software distribution

Results:

* ARMi s efficent, but most SBCs are not quite enough

*» X86-64 is less power efficient, but you hit thermal dissipation problems

* GPU sounds great, but GPU code is fairly specialized

* Building from source comes with challenges

* Industrial applications tend towards Linux, High School level robotics parts tend towards Windows, MAC
is hard

* Off robot compute is constrained by latency and bandwidth considerations

CSIVI




Robot Autonomy

* How to approach autonomy.

* Example systems.

LUNABOTICS




Autonomy - lowa State University

* Simple tasks are trivial, advanced/full autonomy is exponentially difficult to achieve

e (Considerations:

o Consistencyis key
o Resilience in edge cases
o Functionality over speed/algorithmic efficiency ("if it works it works")

* Advice:
o Development takes 10X longer than you think it will, R&D takes 100X longer...
o Planned Abstraction
o Simpler systems --> less bugs




Autonomy — lowa State University

Example: CSMC Controls Architecture

Robot Controller (LattePanda)
Client (Laptop) = -
Dashboard/GUI /
/ | |
Connection Watchdog /
Robot Operation Publisher

Actuator
Drivers

Control Logic

I\

Robot State/Transform
HID Manager Sensor
(Joystick)

/‘ / Drivers

Perception
Stack

Publisher

19UJ9Y10

wireless link (wifi)

Main Router

Travel Router C S M



| ROS (Robot Operatlng System) E | |

* Provides a method for dn‘ferent programs to access shared data and |
communicate - -

* Allows us to aceess ERER array of I|brar|es to quu:kly add functlonallty

Gazebo Slmulatlon | .
. Physms -based S|mulat|on of our arena to aIIow for qwcker development

Languages |
 Python
* C,C++ L

fP/URD.UE ‘

Q I_LJNAB‘DTIBS




AprilTag S0 £, | Behavior State
Processing ~ Machine

Depth RGB + Depth
Cameras Images, IMU Position

‘ {  Occupancy Grid
Point Clouds ' Obstacle A |

Detection

Path Planner

Sensor Data

Ex-Dep

Controllers Path Follower

Manual : If Teleoperated =~ e Motor - .
Controls . = : Commands If Autonomous

v el . ' ' 4 e R, ' A : Drive : ' Linear/Angular
Controller y Target Velocities

Motor Control Firmware



. . . . .
2 . . )
. .
. . . .
. .
) 5 . i . . J .

* Perception '- e Drive Controller
o Depth Camera - IntelRealSenseD455 hivitive) leferentlalDrlveMath
.-_O LIDAR UniTree L2 _ ‘@ Beha\"or '

e Locallzatlon+Mapplng i ._'.  RS o State Machine |
e RTAB Map SR bt Rl O »Ind‘ividu‘alControllers e
* Path Planner ~_* Firmware

o D wa i e e » | e TeensyDriVe'r_NOde'k |

e PathFollower™ .. '/ '~ .l .70

O Point to Point
o Pure Purswt'

mmuh.
~¢QLUNABDT|GS




Misc Advice | e e T
* NEED a Mechanlcally Con3|stent Robot
e Plan forAutonomy |

« Test Test Test ~ _ |
* Use eX|st|ng llbrarles to start
- Start with mlnlmum viable produCt S
» Do processingontherobot |
* Be readyto fix code at competltlon ‘ art

+ Askforfielp. B eomcs




Operations

* How to prepare for competition.

» Best practices for success.

LUNABOTICS




.Fundlng
University & Departmental Support
Corporate Sponsorships - Industry Partners
Licensing & Technical Sponsorshlps
- Space Partnerships - Workshops + Offloes
Corporate Mentorshrps Professronal Gurdance & Networklng

‘BudgeUng

O Have ) total operatlng budget for the year
= Each subteam can creates an estlmated budget |

O Update the budget monthly | , _
m Important to understand how this money will carry over next year

Total Robot Costs can range from $5k-10k
~ Total Operatlng Costs can range from $2k-10k

O 0 O O O

QX LUNABOTICS



Setup o | S L |
* 1 person desrgnated to talk to Judges

e -2 people from software to run autonomy/drrve |
J Laptop and Portable Monrtor for vrsualrzatron and monltorrng
Competmg S |
> Know the rules and what oounts for pomts | |

* Know when to abort autonomy | |
. Be ready to plan around Issues and fallures

& PURDUE" .
'QQLUNABDTIBS




Preparing for Competition — lowa State University @

Systems:

* Create a mission plan:
o Pre-run checklist
o General strategy
o Operation order and time allocations
o Contingency plan(s)

Controls:

* Automate EVERYTHING - in the heat of the moment you may not remember everything

» Consider what telemetry you need to see and how you will display it _| run_client.sh
o Advice: "Third person" >> "first person" (data visualization / camera placement)

* Prepare to log telemetry and sensor data —this is useful for future development! 1 run_frappe.sh

Mechanical:

* Bring spare parts (anything and everything can break) 1 run_mocha.sh

Driving:

* Choose drivers who are cool under pressure, and/or know your robot really well | strategem.txt

* Know the rules!
* Practice (hopefully)

CSIVI



Competition — lowa State University

Advice:

* Don't panic

e Stick to your checklist no matter how obvious it may be

e Start by trying autonomy and revert to teleoperated operation
if needed

* Prepare toimprovise

* Be aware of system constraints - and which can be bent

* Take a breather as needed

* Debriefimmediately




FACULTY GUIDANCE

* What is expected of a faculty advisor.
* How can you best support students.

* Benefits of being an advisor for a team.

LUNABOTICS




Faculty Guidance — lowa State University &

Key Elements of Leading a Student Team -

1) Getthe team set up with elected leadership — President (or Chair),
Vice President (Asst. Chair), Treasurer, System Lead, Mechanical
Lead, and Controls Lead.

2) Stay alert to competition key dates and deliverables, make sure team
leadership is aware of what is due and how it is to be submitted.




Faculty Guidance — lowa State Unlver3|ty

Supporting the Student Team
* Have regular meetings with team leadership
to cover status of:
* Funding from sponsors and grants
* Systems engineering progress
* Manufacturing progress (including training
for shop safety).

CSIVI



.‘ Advising 3 strongly student dnven/large team

o Likely some correlation
. mdependence“sme
" clubvs. class.

e However many student clubs at Purdue‘are fiercely ind‘ep'endent

o Purdue also has in place facilities and procedures that may make it less necessary to
be a mlddleman or relied upon or mtegra

lost touch |

W|th a team S week to

"easier"onanadvisor | e week actiti

Extra mile

more important to attend unrequired |
activities and read club documentation

/’P/URDUEQ
QA LUNABOTICS




- Beneflts o}i attendlng unrequwed act|V|t|es etc '

o Earn trust or next- level respect the more you'
| = show up-and/or . :
» show your mterest through communrcatlon/questlons

o Flexibility or range in Where you prowde mput to the team |

* Input Strategy

@) Safety ISSUGS fII’St and fOI’emOSt (Regolith, Fabrlcatron Assembly, Construction)
o Wea knesses |

* Input Mechanlcs'- R e
oGeneralMeetrngs I i
oEmarls-'»' e el

e Specrally Called_.mee‘ting (important vehicle)

& PURDUE" .
'QQLUNABDTIBS




» Benefits of earning trust/respect
o Students reaching out

e Certain areas of interest or concern (Me regollth safety, Students: university computlng
resources) , . .

* Club members: in-person approaches >> emalls
o Easierto help the team'succeed == Retain club experlences -— Av0|d remventmg the wheel
o Strong(er) connections with students -

* Overall benefits of being a L'un:abo'tics advisor
o Small part of the future of space exploration
o Work with highly talented and dedica‘ted students

o Develop strong(er) connections Wlth
= Students - : &
= Across universities and organlzatlons

O Opportunlty to learn outS|de your dlsc:lpllne ROS, NASA systems, etc.) /
- PURDUE " .
ﬁ QL LUNABOTICS




After the Launch

* How Is Discord used by US teams

* You Are Invited!

* Ability to continue to engage with US
teams and ask questions going forward.

- Lunabotics Worldwide Discord

LUNABOTICS
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