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Introduction

Welcome to the RoboSub Competition!

This Team Handbook contains information negétb compete at the RoboSub Competition. It includes
task descriptions, rules, and requirements, and other guidance and specifications. Teams are
encouraged taead this document for a thorough understanding of wisatecessary to compete
effectively.

Why compete in RoboSubRoboSubs an international student program established to generate,
cultivate, and enhance a community of innovators by challenging new generations of engineers.
Student teams tackle fundamental challenges in the design of ocean systems, while gettingphands
experience by designing, building and testing a fully autonomous underwater vehicle (AUV). By
providing a venue and mechanism to share knowledge and innovate, students are primed for jobs in
developing, testing and managing staiéthe-art systems. Teamsuust also document their designs.

The nominal winners are those teams that have scored the most points. The real winners are all those
participants who have learned something lasting about working together to create an autonomous system
that accomplishe challenging mission in a complex environment.

Why robotics competitions?The goals of the RoboNation student competitions are to provide
opportunities for students to experience the challenges of system engineering, to develop skills in
accomplishig realistic missions with autonomous vehicles, and to foster relationships between young
engineers and the organizations developing and producing autonomous vehicle technologies. The
objective is to produce the people who will push the envelope in thereut Competitors gain an
appreciation for the tradeoffs inherent in any system design and the lessons learned in transitioning
from a working bench prototype to operating reliably in the real world.

Maritime autonomoudechnology is critical tononitoring and healing ousceans. Developing the
humanresource to expand this effortésen moresessential.
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The2023 RoboSulCompetitionis hosted by RoboNatigiin collaboration wittNavallnformation
Warfare Center (NIWC) Pacific and the U.S. Office of Naval Research (ONR)

V2.0(June2023) nation Pagel of 48

=}


http://www.robosub.org/
http://www.robosub.org/

s rObOSUD

Table of Contents

RoboSut2023 www.robosub.org
SECTION 1: RODOSUD OVEIVIEW. .......cceiiiiiiiiiiiiiee e, 4
1.1 Dates & Venue 4 1.4 Eligibility 4
1.2 Mission and Theme 4 1.5 Point of Contacts 4

1.3 Competition Structure 4
SECTION 2: ComMPetitiQm........cccvuuiieeieiiieeceie e ee e e e e e e e 5
2.1 Competition Schedule 5 2.5 Task Descriptions 12
2.2 Design Documentation 6 2.6 Autonomy Challenge Sequence of Events
2.3 Autonomy Challenge 10 -
2.4 Mandatory Activities 11
SECTION 3: Scoring & AWardS........ccuoveeiiiiiiiecieiieeeeie e 25
SECTION 4Rules & ReqUIremMents.........ccovvvvieiieiiinieeine e 29
4.1 Rules 29 4.3 Vehicle Requirements 31
4.2 Safety 30 4.4 Competition Specifications 33
SECTION 5: HOW to COMPELE.....couiiiiiieiiiieeeeimeee e 34
5.1 Register and Intent to Compete 34 5.4 Logistics & Travel 36
5.2 PreCompetitionRequirements 34 5.5 Communications 38
5.3 Timeline 36 5.6 Data Sharing 38
SECTION 6: Glossary & ACrONYMS......cccuuuiieieeiineereineeeeeennneeeennnns 39
Appendix A: Competition Schedule.........c..c.ocevvciiiivvieeeevevinnnnn 40
Appendix B: Technical Design Report (TDR)...........c.c.ocoevveiiiennn. 42
Appendix C: Acoustic Pinger Specificatians.............ccooeeeveveieeeenen. 48

V2.0 (June2023) 3.3 robonation Page2 of 48


http://www.robosub.org/
http://www.robosub.org/

freg ™

e r0bosub

Version Updates

RoboSut2023 www.robosub.org
Version Changes Date
V1 First release of RoboSub 2023 Team Handbook. 21 April 2023
V2 Updated sections 2.1, 2.2.2, 2.5, 3.1 and Appendix A. 18 June2023

Tablel. Document Version Log

V2.0(June2023) ﬁﬁ robonation Page3 of 48


http://www.robosub.org/
http://www.robosub.org/

é robosub SECTIOMN RoboSul®verview

SECTION IRobd&SubOverview
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1.1 Dates& Venue
The2023RoboSub CompetitiofRoboSut2023) will be held 31 Julyg 06 AugusR023at the NIWC
Pacific TRANSDEC Fadititgan DiegoCalifornia USA

1.2 Mission and Theme

The TV serieStagate SG1 first aired inL997 (26 years ago) and was based off the film Stargate (1994).

[ 2t 2y St WOl - QbSIAYE FHWWRAIKIAAWH D] a2y {FYIFIYyadKI [/ F NI
the mysteries of the StargateSG1 is an elite United States AiofEe special operations team, one of

about 20 teams from Earth, who explore the galaxy and defend Earth against alien threats such as the

D21 Qdzf R GKS wSLIX AOFI{i2NA YR (GKS hNAO®

The fundamental goal of the mission is for an AUV to demonstrate its autonomy by interacting with
various tasks. Orangeath markers help direct thé&UVto the beginning tasks. Acoustic pingers guide
the AUV to the remaining taskEhe AUVisable to inteact with these tasks:

{ Oh for cying out loud(Coin Flip) 1 Location(Bins) 1 D2 Qdzt RTorpeilaey O]

9 Destination(Gate 9 Start DialingBuoyg 1 Engaging Chevrod<DHD(Octagon

1.3 Competition Structure
RoboSub includes th@) Autonomy Challengthat demonstratesautonomous performance anshfety;
and(2) Design Documentatiothat LINB & Sy ia SIF OK GSIFYQa 62N] FyR @SKAC

1.4 Eligibility
Student teams from anywhere in the world are eligible to participate. All teams must build an AUV to
compete andnayenter one or twovehiclesin the competition*

*Firstyear teamsare eligible to participate in RoBoibwithout an AJV. These teams arpgected to
participate in Desigh Documentation and send representativesiterat the event as a learning
experience. Firgtear teams are expected to indicate this option in thegistration form

1.4.1 Eligibility Details & Team Composition
9 Teams must be comprised of 75% or moretintle students. Student members are expected to
make significant contributions to the engineering development cycle of their AUV.
1 The majority of tam members must be college or high school students. Teams may also include
middle school students. Interdisciplinary teams are encouraged.
1 Teams may be comprised of 25% or less alumni, industry, academic or government partners.

1.5 Point of Contacts

RoboSub Questions: Registration Questions:  Technical Questions:  On-Site Logistics/Safety:
autonomy@robonation.org support@robonation.org  robosub.org/discord events@robonation.org
850.642.0536
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SECTION 2: Competition

RoboSut2023 www.robosub.org

This section includes general competitidetailsincludingcompetition schedule,designdocumentation
andautonomy challenge.

2.1 CompetitionSchedule
The competition includes:
1 Design DocumentationTeams present a variety of desidocumentationprior to and during the
competition.
1 Autonomy Challenge
1 Qualifying Round:Teams assemble and test their AUV, participate in initial safety
inspections, practice, and qualify for Sefimals in the water onne of the courses.
1 SemiFinals RoundQualified fams complete runs to qualify for the Finals Round.
71 Finals RoundQualified eams complete runs on theinals Course.

SeeAppendix A: Competition Schedue the detailed competition schedule.

Date Event ~ Location
16 June DesignDocumentation(prior to onsite competition) Orine
31July TeamCheckin / Orientation The Dana on
(afternoon) All teams are required tattend with at least one representative.| Mission Bay
1-3 August Vehicle Assembly + Safety Inspections

Practice &Qualification Attempts

Design Presentations + System Assessments TRANSDEC
4-5 August SemiFinals Round. Wild Card Facility
6 August Third Chance / Finalist Practice Runs

Finals Round

Awards

Table2. RoboSub Schedule
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2.2 Design Documentation

Prior to the onsite competition, teams provide a variety of desigh documentation. During the
competition, teams provide an oral presentation and their Abldssessed by subject matter expert
judges.

2.2.1 Delivered Prior to OrSite Competition
The follaving design documentation @elivered prior tothe on-site competition How to submit
deliverablescan be found irSection 5.2 Pr€ompetition Requirements

Team Website
Teams are required to submit a website in English that documents their team, vehicle design, and
competition approach, addressing the following areas:

1) Website Content: Layout and detailed contents ofwebsite are left for the teams to develop;
however, the team website must include:
1 Current team name and contact information
1 Nameand picturefor each contributing member
1 Vehicle photos and/or videos
1 Supporting media, which may include:
o Instructional/Informative videos
0 Procedures (text, images)
o Design decision documentation (text, images, videos)
0 Blogs for historical records of build progress
9 List of sponsors with logos

2) Website Quality: Websites are often the first impression of gggtoPotential supporters such as
supervisors, sponsors, or advisors must find the website visually appealing and easy to navigate.
Development of the website should include careful consideration of user experience, including:

Written in English, or Engh translation provided

Clear prioritization of key content

Site search functionality

Basic design elements: contrast, repetition, alignment and grouping to organize/highlight content
User accessibility, as defined by M&8C Web Accessibility Initiativeww.w3.org/WAI

Cross browser compatibility for modern web browsers (Chrome, Firefox, Safari, MS Edge)

A mobile friendly display

= =4 =4 =4 -8 -8 -9

The website submission is worth a total of 206ints. Below are the scoring metrics the judges are
LINE OARSR (2 S@lIfdza G6S G4SIYyaQ gSoariasSao
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Team Information Scoring Metrics (Maximum Points: 50)

¢SIY 6S0aAdS AyOfdzRSa | £t NBIj dzAi NER

31-50 points and contact infomation, and a list of team members and sponsors. All mention
the vehicle are relevant to the current competition year.
. Team website provides a brief introduction on the team, team members and
16-30 points e . . .
sponsors. There is limited supporting mediathe vehicle.
1-15 points Team website introduces the team. There is no mention of the vehicle.
0 points The required team information is not included on the website.

Vehicle Design Documentation Scoring Metrics (Maximum Points: 75)

Vehicle development and testing process is thoroughly documented with
instructional and informative supporting media and historical recording. This ¢

SL-75 points include: photographs, diagrams, videos, procedures (text + images), design
documentation (text + image+ video), or blogs for historical records.

26-50 points Vehlcle_developmgnt and tgstmg process is briefly documented. Limited
supporting media is accessible.

. Few pictures or videos of the vehicle, but no instructionahtormative

1-25 points o
documentation included.

0 points No visuals or documentation of the vehicle is available on the website.

Website Quality Scoring Metrics (Maximum Points: 75)

Website places a heavy emphasis on human factors. Layeisuilly appealing,

51-75 points Sraixte YIySd@SNIoftST IyR R2Sa |y Sk
relevant content.
26:50 DoiNts Website considers some user experience. Layout does an acceptable job of
P RN} 6Ay3 dzaSNRa | {aSy i mefyidmost dfSrindtionO |- y
. Layout and/or design makes it difficult to find information. Website does not h:
1-25 points . -
a user friendly display.
0 points Website is busy and difficult to read; no guidance on maneuvering site.

TechnicaDesignReport(TDR)
Teams are required to submittachnical design repoiih English that describes the design of thdiNVA

autonomy systems, propulsion system, and control systems, as well as strategies for their approach to

the tasks.This paper should incledthe rationale for their design choic&Suidelines and scoring metrics
for this report are available iAppendix B: Technical Design Report

Team Introduction Video
Teamsare required to create a video introducing their team members and highlighting their team

personality. This video is meant to be a creative showcase of what makes each team unique, such as, the

mission of the team or the team culture.

FormatRequirements:
1. Video must be conducted in English or include subtitles in English.
2. Video must be no more than three (3) minutes in length.
3. Video may include graphics, vehicle performance, and/or simulation.
4. Videos must be hosted by team:

V2.0 (June2023)
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OPTIONL: 23 G0SR 2y GSIFYQa ,2dz¢dzoS / KIFIyySt o
M Videos shared on thRoboNation YouTube Channel

1 Must follow YouTubeRules & Policiesncluding appropriate music copyright management.
OPTION 2: Host/Embed on Team Website.

The team introduction video submission is worth a total of 18hs. Below are the scoring metrics the
2dzR3ISa INBE LINPOARG®R (G2 SOIfdd adS GSIyYaQ

Formatting Scoring Metrics (Maximum Point$0)
All formatting guidelinesre followed.Video is conducted in English or includes

10 points English subtitlesyideo is no more than 3 minutes in length, and video is hosted
0KS 0SIYyQa 6So0aAilsS 2N, 2dz¢dzoS OKI yy
0 points Videodoes not follow formatting requirements.

Video Quality Scoring Metrics (Maximum Poinb)
Visuals immediately draws attention. Overall, the video is solid in frame (not

. shaky), correctly lighted, in precision focus, appropriately segmented, and vist
23-30 points . D

clear in all respects. Traitisns between segments are clear and smooth. The

video is less than 3 minutes total runtime.
Good visual impression. Majority of video is clear, adequately lit, and places
people and objects in recognizable scale and perspective. g@tpoents are

9-22 points generally of the appropriate length, transition well, and are related to each oth
Use of video effects is good. Runtime is less than 3 minutes.
Frames and segments are shaky, distracting or poorly lit. Some segments arg

1-8 points of focus. Some heavy shadows are obscuring viewpoint. Visual effects are
distracting rather than informative. Video exceeds 3 minutes in length.

0 points No focus on visual quality. Video exceeds 3 minutes in length.

Information Organization Scoring Metrics (Maximum Poing&0)
Video is a complete introduction of the team makeup including team memberg
21-30 points subteams, activities, mentors, and major sponsors. Organization of video
information is logical and congling.

Video information is scattered throughout video, leaving the viewer lacking

11-20 points complete understanding of project.
. Video provides incomplete information regarding the team members, activitieg
1-10 points . . : . .
progress. Thanformation presented is extraneous, confusing, or low quality.
0 points No organizational strategy is apparent.

Clear and Effective Communication Scoring Metrics (Maximum PoB(k:

Effective and compelling use of video mediunttnmunicate the introduction of
21-30 points the team. Easy for netechnical viewer to understand and support. [You're left
wanting to learn more.]

Exhibits moderately compelling use of video medium to communicate the
introduction of the team. Strongqgtential, moderately compelling, mostly
understandable to noftechnical viewer. [You're left strongly considering to lear
more.]

11-20 points
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Exhibits some ability to use video to attempt to introduce team and project
1-10 points overview. Difficult for viewer to urerstand and/or was not compelling. [You're
left unenthused.]

Poorly used video medium to convey team introduction. Information was as n
clearly understood and was not compelling. [You're left with little information.]

0 points

Creativity Scoring Metrics (Maximum Point85)
Team creativity and enthusiasm is clearly evident in the video. Appropriate us
KdzZY2NJ Ad dzy RSNRGIGSR yR 6Stft R2ySc

21-30 points diminishing or obscuring the inforrtian delivered. Effects of careful post
production editing are clear.
. Some creativity has been used throughout video. The visual style and tone ar
11-20 points ) ;
consistent throughout video.
. Little attempts made to include creative or imaginative ideas in video. Poor vi
1-10 points . .
effects and enthusiasm for the project.
0 points Little imagination or creativity is evident in production. Information is presente

lacking enthusiasm.

2.2.2 Delivered DuringOn-Site Competition

Design Presentation

Teams give a design presentation to a panejulfject matter experjudges.Each team must present

what they plan to do on the course, and how that plan impacted their design and selections.alhis or
presentation must be conducted in English and may include visual aids. Teams must provide their own
computer and adapters for an HDMI connecter to use the presentation display mohiams receive

an assigned Hminute presentation time.

Thispresentation includes:
1 Team presentatiomg 10 minutes
f WdzR3IS&aQ | dzSa d5ngnytest y R | ya g SNJ

After the presentation, teams should make themselves available for a team pRlgtase find the latest
presentation schedule hergobosub.org2023

The design presentation is worth a total of 200 points. Below are the scoring metrics with guidance
provided to the judges during evaluations.

Scoring Metrics (Maximum Points: 200)

Competition The team demonstrates a good understanding of rules, requirements, and
Strategy autonomy challenges, and explains how the team developed their competition
0-60 points strategy. Team effectively describes metrics of success for the competition.

¢CKS GSIFYQa RSaA3ay I LIWINRIF OK Of S NI @&
subsystem, and component testing as well as lessons learned are applied
throughout the system development process.

Design Rationale
0-60 points
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Effective
Communication &
Professionalism

Presentation materials and team member knowledge effectively support the
team's message. Team members are engaging, respectful, and professional \
interacting in a positive manner with the judges and each other.

0-40 points

JudgeQuestions . . . .

& Dialogue The team effectively uses evidence, experience, and research from project to
; inform responses to all questions and discussion.

0-40 points

System Assessment

WdzR3ISa Ay a LIV and askeSs techdita¥d@sign, craftsmanshipnieal innovation, and

visual impact of the design. Team members should be present to answer technical questions posed by
the judges during this inspectiolieams receive an assigngbminute assessmentime, following their
presentation.Please find théatestassessmenschedule hererobosub.org/2023

The system assessmen$ worth a total of150 points. Below are the scoring metrics with guidance
provided to the judges during aluations.

Scoring Metrics (Maximum Point4:50)

Design and implementation of systems and subsystems are well aligned with

Technical Design X . . . ) .
team's strategy, design decisions, and engineering principles. For example,

-7 in . . . ! .
0-70 points consideration has been gindor ease of troubleshooting and operation.
System demonstrates creative and innovative solutions. Innovation may inclu
Innovation applying existing technology in novel ways within the system, using existing
0-50 points technology in greviously unintended way, or creating new technology or

products incorporated into the system.
System is assembled with care and attention to detail and aesthetics. Constry
Craftsmanship and improvisations are neatly executed to mainthigh levels of functionality,
0-30 points durability, and adherence to the team's design philosophy. Any vehicle adornf
demonstrates creativity, originality, etc.

2.3 Autonomy Challenge

These challenges showcasBVperformance through autonomousehaviorsdesigned to represent

research and realorld applicationsL y (G KS ySEG aS0iAz2ya 2F (KA& R2
mandatory activities to demonstrate the ability to safely operate your A2J¥), task description$2.5),
andhow to practice and qualify fosemifinals and finals round@.6).

Mandatory Activities
Prior to entering any of the Autonomy Challenge courses, teams are required to demonstrate their
ability to safely operate theihUV.

Qualifying Round

Multiple courses are available for teams to practice, demonstrate proficiency, and qualify for the Semi
Finals Round. Each course includes all tasks. Teams may schedule times to practice or qualify on these
courses. $ection 2.6 Autonomy Challenge Sequence of Eyents
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SemiFinals Round

Teams that qualify for the SerRinalsgainaccess to the Senkiinals Courses. Teams operating on the
SemiFinals Courseasill earn points toward entry into the Finals Round. During the Sé&tinials Round,
teams may attempt tasks in any order and must operate autonomously for the entir¢Saation 2.6
Autonomy Challenge Sequence of Evgnts

Finals Round

During the Finals Round, successful completion of the full Finals Course requires the AUV to use
information from multiple task elements. During the Finals, teams many attempt tasks in any order and
must operate autonomously for the entire ru¢gection 2.6 Autonomy Challenge Sequence of Eyents

2.4 Mandatory Activities

Prior to entering any of the Autonomy Challenge courses, teams must demonstrate their ability to safely
control their AUV.

StaticSafety Inspection
Prior todeploying in the waterthe AUVmMust meet all safety requirementsAt a minimum, the
following areasare checked:

1 Emergency Stop System (locatioroafboard Killswitch)

1 Safety issues related to propelfoor hazards

1 All systems are properly secured

Each vehiclés physically inspected by the
Technical Director (TIDTheTDmay disqualify
any vehicle that they deem to pose an
unreasonable safety hazard to the host facility.
Thesystem requirements arkistedin Section
4.3.1AUVRequirements

Weight Measurement

While suspendedh air, vehicles are weighed
before eachsemifinalsandfinals run

Table3: Vehicle weight in air with Bonus or =
Penaltiesshows the bonuses and penalties Figurel: Example/ehicleWeight Measurement
Faa20A1F GSR 6AGK | @SKAOEfSQAa ¢SAIAKAG Ay | AN
Table3: Vehicle weight in air with Bonus or Penalties

PENALTY

AUV Weight > 125 I§6.7 kg)

MHp foa x ! [3&kgP { N/A
Bonus
yn foa x ! | £2kgHA 2%(84-1b) N/A
4.4%(38- kg)
Bonus
I+ 28A3KG X nyd 80 + (48.5 Ib) N/A
80 + 2.2*(22 kg)
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2.5 Task Descriptions

This section provides details of the Robo3uwitonomy Challenge tasks. Teams are encouraged to
develop a strategy approaching these tasks that best suits their AUV. The launch point, gate, or any of
the tasksare placed such that no three elements a®ng a line.

(drawing not to scale)

Figure3: Depth Profile
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Figure4: Practice and Senfinals Layout
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