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Team Inspiration History

2011 - FIRST Lego League (FLL) 2020 - RoboSub Champion 
12 middle/high schoolers

Systems engineering is the basis of our robotics journey



RoboSub Info and Venue

2019 
images

“RoboSub is an international student 
competition. Student teams from around 
the world design and build robotic 
submarines, otherwise known as 
Autonomous Underwater Vehicles (AUV). 
The behaviors demonstrated by these 
experimental AUVs mimics those of 
real-world systems, currently deployed 
around the world for underwater 
exploration, seafloor mapping, and sonar 
localization, amongst many others.” 

- RoboSub official website

2021 is the 24th annual RoboSub competition



Technical Paper 
- Under 5 pages
- Should showcase the maturity of the 

system and team

Team Video 
- Under 15 min
- Replacement for the onsite judging 

presentation 

Team Website
- Should supplement the video and 

technical paper

2020 Virtual Competition Criteria

Criteria drive our team objectives



Competition Results

Being requirement-driven enabled us to win

Overall Standings
1st Place: Team Inspiration
2nd Place: Si Se Puede Foundation & Arizona State University
3rd Place: Tecnológico de Monterrey
4th Place: San Diego State University
5th Place: Carnegie Mellon University
Video Standings
1st Place: Tecnológico de Monterrey
2nd Place: Team Inspiration
3rd Place: Indian Institute of Technology Bombay
4th Place: Si Se Puede Foundation & Arizona State University
Technical Design Report Standings
1st Place: Team Inspiration
2nd Place: California Institute of Technology
3rd Place: Si Se Puede Foundation & Arizona State University
4th Place: Duke University
Website Standings
1st Place: Team Inspiration
2nd Place: Si Se Puede Foundation & Arizona State University
3rd Place: Amador Valley High School
4th Place: Tecnológico de Monterrey

https://team11128.wixsite.com/main
https://www.desertwave.us/
http://www.vanttec.mx/
https://www.sdsumechatronics.org/
https://tartanauv.com/
http://www.vanttec.mx/
https://team11128.wixsite.com/main
http://www.auv-iitb.org/
https://www.desertwave.us/
https://team11128.wixsite.com/main
http://crt.caltech.edu/
https://www.desertwave.us/
https://duke-robotics.com/
https://team11128.wixsite.com/main
https://www.desertwave.us/
http://avbotz.com/
http://www.vanttec.mx/


● Focus on the competition guidelines
● Competitor analysis and research
● Hard work and dedication  
● Communication  
● Iteration and parallel prototyping
● Trade studies
● Attention to detail  
● Rigor in documentation
● Utilizing mentors and vendors
● Team work
● Availability
● Solution oriented  

What Made Our Team Excel

Because we are solution oriented COVID is not a blocker



RoboSub Progression

From sea perch to blue rov to orange



Systems Engineering “V” is an Enabler

V
Self-Awareness

Modular & Parallel 
Development

Component Testing 
Reflection

Mission Exploration

Planning

 Competitor Research, 
Industry Survey

Requirement Development

Design Review

Subsystem Testing

System Testing

Best practice with focus on reflection and self-awareness



Competitors Research & Industry Survey
● Learn from competitors

○ Survey RoboSub teams from last five years

○ Identify equipment usage

○ Identify lessons learned

○ Ask for advice

○ Study their subs 

○ Learn from industry professionals

○ Systems engineering process proven at 
TRW, NASA JPL, Northrop Grumman

○ Marine industry products

○ Interview professional from Scripps Institute 
of Oceanography

10
Learn from the experts

https://www.youtube.com/watch?v=gckPwYrcjDQ


Planning

● Draft schedule at Kick-Off – schedule focus

● Develop schedule backward from goal with 
contingency

● Long lead material procurement – RoboSub 
components

● Rapid prototype – weekly increments

● Parallel and modular development

● Early testing – start from the beginning

● Multiple decision milestones 

11

Week Agenda
16-Mar Kick off – RoboSub team research
23-Mar RoboSub team research – refine requirements – assign role

30-Mar
Identify/procure long lead items – Select computer – 
prioritize requirements

6-Apr Connect benchtop vehicle – test component
13-Apr Identify all equipment
20-Apr program remote control
27-Apr put together simple underwater vehicle – first prototype
4-May Experiment first prototype in water
11-May Progam autonomous
18-May Experiment with IMU and depth sensor
25-May Experiment with computer vision
1-Jun Draft technical paper
8-Jun Review draft – Experiment with second prototype
15-Jun Final technical paper
22-Jun Submit technical paper
29-Jun Experiment sonar
6-Jul Experiment with final vehicle

13-Jul
Data correlation with vision input
Pre-qualification

20-Jul Refine autonomous programming
27-Jul Pack robot for competition
Jul 29 - Aug 4 Competition at NIWC PAC TRANSDEC

Plan with flexibility and contingency



Requirement Development

● Understand systems requirements

○ Flow down to mechanical, software, 
test, operation

● Understand interface

○ HW-HW, SW-SW, HW-SW, user

● Prioritize requirements
30% Team capability

25% Schedule

20% Cost

10% Risk

15% Performance

100% Weighted Criteria

Understand team capability is a major risk mitigation



Self-Awareness (2019)
● Team members capabilities and resource

○ Printed circuit card development (knowledge, resource 
& schedule)

○ FPGA (knowledge, resource & schedule)

○ Artificial Intelligent (knowledge & schedule)

○ Neural network (knowledge & schedule)

○ Machine milling part (cost)

○ Complex sensors (cost & complexity)

○ General robotics knowledge

○ Integration

○ Programming

○ Garage lab and pool

○ Systems engineering

○ Teamwork

○ Dedication

○ Passion and drive

○ Mentors

Aware of limitation – prioritize and seek help



RoboSub Motion Conceptualization

Visualizing the movement and communication to others

http://www.youtube.com/watch?v=jntqR0Tak-A


Digital development enabled us to collaborate remotely. 
Surprisingly, we had more collaboration with professionals due 

to COVID-19.

External Collaboration



Design Review
● Design review is critical to align the team 

direction and awareness

● Trade study allows better decision 
making

● Rapid prototyping allows concept 
validation

● Weekly status review provides valuable 
feedback

Review to solicit input and cross train



● Modular development allows team 
members to tackle multiple payload 
investigation simultaneously

● Parallel breadboard, simple vehicle, 
remote control vehicle testing allow 
timely design concept verification to 
identify development shortfall

○ Lessons learned are incorporated into the 
final vehicle development

● CAD and 3D printing allow quick 
modeling and testing of the design

Parallel Prototyping

Modular and parallel development – amazing time multiplier



Independent team members’ concepts

Parallel Prototyping



Planning for larger enclosure

Electronics Enclosure



Independent team members’ concepts

Torpedos



From simple to advanced materials 

Material Evolution



Vacuum Pump

Currently no good solution to determine if watertight



Using Wet Connectors

How would you suggest to integrate?



Hydrophones

● Three hydrophones used around Græy in the vertices of the largest possible equilateral 
triangle that fit in our design

● Sampling at 200 kHz at a 12-bit resolution allowing for precise signal processing

● The signal processing takes place on single custom designed PCB which offloads the 
amplification, noise isolation, and frequency selection to a hardware based solution, 
freeing resources on the processor.

● The algorithm takes into account the Differences in the Time of Arrivals (DTOA) of each 
signal to calculate the approximate heading of the pinger. 

Algorithm development



PCB Designs for Hydrophones

V1

V2

V2.1

Everything is developed in iterations 



 

PCB Designs

V3

● Low-Cost

● Maintainable

● Ease of use

● Future Expandability

Everything is developed in iterations 



Localization/perception 
programs interpret data 
from hardware, and 
produce information 
about env. or location

Sensor fusion program 
combines localization 
programs’ data to 
produce estimate of 
location and env.

Sent to thruster cmd 
process which controls 
motors based on 
information provided by 
the sensor fusion 
program

Navigation Software Architecture

Clear Architecture and Flow Diagrams



Virtual Simulation

Utilizing Gazebo and ArduSub software-in-the-loop simulation 
in place of in-water testing

A software in the loop (SITL) 6DoF simulation that 
simulates our flight controller runs in an Ubuntu 
virtual machine. SITL is linked with Gazebo to 
provide a 3D model/visualization. Gazebo also 
provides information like coordinates/heading 
which we can use to verify simulation results. We 
model sensor inputs using the position and 
velocity information Gazebo gives us.



Breadboard testing starts in the second week 
is key to shorten the development life cycle

Remote-control vehicle testing allows 
observation to incorporate features into the 
final design

Incremental testing allows rapid lessons 
learned

Early subsystem and system level testing 
allows us to improve the design and 
development weekly similar to the agile 
process

Testing, Testing, and More Testing

Test to understand and discover the limitation



INTERNET

WIFI

Option 1: 
ethernet tether 
(SSH)

WIFI
WIFI

Network of Online Testing

VNC connection to access sub 
computer with SSH access, 
video calling

Option 2: 
WIFI (SSH) for 
autonomous execution 

Video calling

Remote configuration, control & operation



Remote testing with in-pool support

In-pool Testing 



Know the mission – understand the problem to solve

Keep It Simple Silly

Reliability

Passion

Teamwork
Fail quickly

Teach

Keynotes

Systems thinking is applicable to any project and any level
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Supports
Mentors

Sensors - beacon, FOG, hydrophone

Tooling - CNC, laser cutter, …

Software - simulator, ...

Test equipment - 

Funding - Travel



Questions?

Website: https://team11128.wixsite.com/main 
Email: 11128inspiration@gmail.com 

https://team11128.wixsite.com/main
mailto:11128inspiration@gmail.com




● 2020 International RoboSub world champion
○ Ranked 1st out of 33 teams in Technical Design Report
○ Ranked 1st out of 33 teams in Website
○ Ranked 2nd out of 33 teams in Video

● 2019
○ 2nd in US and 3rd in the world for static judging of technical paper, technical 

presentation, video, and pre-qualification
○ 7th in US and 12th in the world for overall robot performance
○ Most Inspirational Team award
○ IEEE Innovation award

● FIRST robotics
○ 2017 7th ranking in the world robotics championship
○ 2018 39th ranking in the world robotics championship
○ 2019 Winning Alliance and 3rd place Inspire in San Diego Regional (state)

● Robocar
○ Multiple awards in local competitions

● Coaches multiple award winning teams and mentors
○ 2017 Team Benin ranked 7th in the FIRST Global World competition, 1st in Africa
○ 2018 FIRST Global Best Mentor (Team Benin) in the world

37

Accomplishments

Results of systems engineering training





Orange Graey

Our 2020 Robots

Parallel Prototyping



● Team Inspiration’s Mission
○ To Learn, To Share, To Innovate, To Inspire

● Robotics Involvement
○ Learning robotics since 3rd grade

○ Compete in FLL, FTC, Robocar and RoboSub

○ Host robotics events in local communities since 2012

○ Host robotics events in global communities in 2019

○ Advisory team for FIRST Global

● STEM teaching since 2017
○ Weeklong robotics camp 

○ Guide local/global robotics teams and coaches

○ On average, weekly STEM teaching

40

FIRST Global 2019 nations
Contributor of Mentor Guide for FIRST Global, 175 nations
Coach Teams Benin, Bolivia, Paraguay and Togo 

About Team Inspiration

Team focus:  Leadership, systems engineering, global impact

https://first.global/2019-nations/


Our Team in the News

Video provided by: CBS 8

Getting the message out to the public

http://www.youtube.com/watch?v=QiZ_pZrGR3E


COVID-19 Adaptations

Design review

Assigned digital nomad jobs, distributed resources for 
development



Accurate diagram of our robosub

NOT ORANGE
DEFINITELY GRAEY



Sharing and teaching are keys 
to team learning

Benin Robotics Training
● Team Inspiration co-hosted a robotics training/competition in Benin with 

US Embassy, Team Spyder, femCoders’ support 
● Our goal is to have STEM classes in every high school in Benin and 

replicate the success model worldwide
● The event attended by: 

● 13 Benin schools  

● Representatives from Nigeria and Togo

● Benin Minister of Education, Minister of Economic Development, and US Embassy Public 
Affairs officers

● The team met with US Ambassador to discuss STEM initiatives



● Everything is accelerating
● Scrum allows to meet the demand 
● Systems Engineering and planning becomes paramount 
● Online collaborative environments allows designers and collaborators to see the big 

picture
● In person environments are not necessary to learn and collaborate

Global Changes In Systems Engineering   

Digitization demands speed, accuracy, documentation, and 
configuration control


