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RoboSub Info and Venue

“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
mMapping, and sonar localization, amongst many
others.” - RoboNation
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Team Inspiration History

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

Systems engineering is the basis of our robotics journey
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Our Team in the News

Video provided by: CBS 8

Getting the message out to the public ' o
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http://www.youtube.com/watch?v=QiZ_pZrGR3E

2020 Virtual Competition Criteria

Technical Paper
- Under 5 pages
- Should showcase the maturity of the
system and team

Grade

Team Video
- Under15min
- Replacement for the onsite judging
presentation

Q\r Smashz

Team Website
- Should supplement the video and
technical paper
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Competition Results

Overall Standings 33 TEAMS
Ist Place: Team Inspiration

2nd Place: Si Se Puede Foundation & Arizona State University ® Ain Shams University ® Gonzaga University ® Team Inspiration
3rd Place: Tecnoldgico de Monterrey ® Amador Valley High School ® Indian Institute of Technology Bombay ® Tecnolégico de Monterrey
4th Place: San Diego State University @ Arizona State University ® Kasetsart University ® Texas A&M University
Sth Pla cel Carn eqg ieM el | on Unive rSit\/ @ Beaver Country Day School ® Kennesaw State University @® The Ohio State University
6th Place: Unive rsity of Alberta ® California Institute of Technology ® National University of Singapore ® University of Alberta
Video Sta ndings @ California State University, Los Angeles ® North Carolina State University @® University of California at Riverside
Ist Place: Tecnolocnco de Monterrey ® Carnegie Mellon University ® Oregon Institute of Technology @® University of California, San Diego
an P/CJCG.' Team /I’)SDII’GUOI’) @ Duke University ® Robotics Association at Embry-Riddle @ University of Colorado at Boulder
3rd Place: I I’?dla n Institute of TeCh ﬁO|OC1Y Bombay . . ® Ecole de Technologie Supérieure ® San Diego City College @ University of Colorado at Boulder
4th Place: Si Se Puede Foundation & Arizona State University : : :
X N _ ® Federal University of Rio de Janeiro ® San Diego State University @® Vortex NTNU
5th Place: San Diego State University
. . . ® Georgia Institute of Technology ® Si Se Puede Foundation & Arizona State University ® Wroctaw University of Science and Technology
Technical Design Report Standings
Ist Place: Team Inspiration
2nd Place: California Institute of Technology
3rd Place: Si Se Puede Foundation & Arizona State University Being requirement_driven enab|ed us to Win
4th Place: Duke University
5th Place: The Ohio State University
Website Standings
Ist Place: Team Inspiration
2nd Place: Si Se Puede Foundation & Arizona State University
3rd Place: Amador Valley High School S
. Inspiration
4th Place: Tecnolégico de Monterrey

5th Place: Ecole de Technologie Supérieure



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

Our 2020 Robots




COVID-19
Adaptatlons

1, Assigned digital nomad jobs, distributed resources for .
- development Inspiration




External Collaboration
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Digital development enabled us to collaborate remotely 2
Surprisingly, we had more collaboration with professionals due to
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Parallel Prototyping

Independent team members’ concepts

Inspiration



Navigation Software Architecture

Navigation Processes

Integrate
> position by
sampling DVL

Raspberry Pi CV
>  reader/ROS
publisher

CV Programs

tlydrophone

reader/ROS
publisher

Sonar
Reader/ROS
Publisher

Compass
Reader/ROS
Publisher

Physical sensors Processors that
process it, and send
that data over serial to
the Jetson

Receives a mission and all
the localization/perception

Programs that process
intercept sensor data, sensor data on the Jetson.
Data that needs no further
processing is sent to
"reader" programs that
simply read the data from
serial and publish it to ROS

Selectively uses certain
sensors for each mission

Coin Toss
Gate
Buoy
Octagon
Bin
Torpedoes
(Communication, path)

The thruster command process is
tasked with navigating to
waypoints, and utilizing the
direction and distance information
provided by the voting process,
once it is within range of tasks,
while completing them.

data as input, outputs
direction and distance

The flight controller
receives simple
translation
commands and
executes them with
the thrusters

Clear Architecture and Flow Diagrams

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




Vi rtua I Si m u Iation 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.

................

rrrrr

Utilizing Gazebo and ArduSub software-in-the-loop simulation @

: : :  Inspirati
in place of in-water testing .



RoboSub Motion Conceptualization

Visualizing the movement and communication to others Insgion



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

Hydrophones

® Three hydrophones used around Graey 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 ' o
Inspiration




PCB Designs
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Everything is developed in iterations



Network of Online Testing

i! ‘ INTERNET

—
WIFI

VNC connection to access sub ,
computer with SSH access, g

video calling

Video calling

Remote configuration, control & operation

Option 1:

ethernet tether

(SSH)

Option 2:
WIFI (SSH) for
autonomous execution
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In-pool Testing
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Remote testing with in-pool support @
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What Made Our Team Excel

Focus on the competition guidelines
Competitor analysis and research

Capacity

Hard work and dedication

Min Port:

1 1 Cost
ommunication
Maintenance(ease to
open up and debug
sensors etc.)

Iteration and parallel prototyping e

garage With the tools
e have)

Trade studies .
Attention to detail i
Rigor in documentation

Utilizing mentors and vendors

Team work

Availability

Solution oriented

Current
Single Long Hull Configuration Dual Hull
Weight  Dual Enclosure (8in) Box Enclosure (Short 6in) Connected
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Abstrace—Team  Inspiration focuseds on  sensors

perpeal learning and improving.-andVe set We enhanced our image recognition by
ut to improve our sub’s navigation and expand  specifically working on determining e position

our mission capability. Our second year team of

12 middle and high schoolers designed our 2

AUVs for the 2020 RoboSub competition, Grey ~ of the image in relation to the AUV: and image

and Orange (our AUV from last year modified  identification secognition. CV is used to ident

to fit this year’s challenge). Through designing 5

Greey, we learned how 10 use Robot Operating

System;—design—Printed—Cirewit—Boards,  the buoys: and differentiate whether the tasks

hydrophones, —simulation, and machine  comespond to the G-man or Bootlegger
arning—hydrophones, and Solidworks, and  Hydrophones are used to locate the pingers that

design Printed Circuit Boards. After the onset  mark the torpedoes and surfacing tasks. A DVL

of the global pandemic, our team learned  is used to navigate to each task. This way Graey

effective  virtual ~collaboration and remote  can get close enough to the tasks 5o the shorter

operation. Our 2 sub strategy alloweds learning  sanged sensors like the sonar and CV can take

of intersub communication which provideds us ~ over to assist Grey with accomplishing the

an edge in competiion. Our experience i sub  misions. e implemented fulsafes into the

design gave-empowered us with the opportunity  program for redundan

to partmer with educators to create a sub under TWe weed-emmulated Orange’s simpliciee and
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ear, so we kept these processes. only the highest poiats earmed at each atiempted
Commercial Off The task will be counted and each run is ended onl

Shelf (COTS) products where feasible and  after both subs have susfaced. We can gain points
incorporate custom s sovare s e, rough he et commicaton sk e
We cation last  determined the benefits far h




Global Changes In Systems Engineering

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

INn person environments are not necessary to learn and collaborate

Digitization demands speed, accuracy, documentation, and
configuration control

Inspiration




Attributes of a Successful Systems Engineer

Be curious

Requirement driven

Use the systems engineering processes
Plan out system architecture

Observes and adapts

Be flexible

Test, test, test

See both the big and small picture
Trust but verify

Ensure every task moves the team toward the
end goal

Ability to focus on the big picture and adapt accordingly.
System Thinking is Key.

Inspiration




Questlons?

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



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




