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1. Introduction

This document describes the Competition Rules for the Final Event of the DARPA Subterranean
(SubT) Challenge. This document supersedes the SubT Challenge Competition Rules Cave
Circuit document dated July 30, 2020. Significant revisions in this document are indicated by blue
text. Teams are encouraged to closely review the entire document. The intent of this document is
to provide participants guidance on competition design and scoring objectives to inform their
development efforts in preparation for the Final Event. This document is subject to change and
may be superseded by later versions. The latest official versions of all documents are posted on
the SubT Challenge website (www.subtchallenge.com) and the SubT Community Forum
(https://community.subtchallenge.com/).

With the exception of minor revisions, this document serves as the final Competition Rules (Final
Event) that will be enforced in the Final Event.

The DARPA SubT Challenge Chief Judge has the final authority to make any decisions related to
the rules or scoring. All decisions made by the Chief Judge are final.

The primary goal of the DARPA SubT Challenge is to discover innovative solutions that can
rapidly and remotely map, navigate, and search complex environments, including human-made
tunnel systems, urban and municipal underground infrastructure, and natural cave networks. The
challenge elements and the competition structure itself are intended to address the secondary
goal of increasing the diversity, versatility, cost-effectiveness, and robustness of relevant
technologies and systems capable of addressing the myriad needs of a wide range of
environments rather than single-purpose or specifically tailored solutions. The third goal of the
competition is to establish a collaborative community by bringing together multi-disciplinary teams
and cross-cutting approaches across disparate fields to address the autonomy, perception,
networking, and mobility needs of the subterranean domain.

2. Overview

The DARPA SubT Challenge is organized into a Systems Competition and a Virtual Competition.
Teams in the Systems Competition are developing physical systems to compete in live events on
physical, representative subterranean courses. Teams in the Virtual Competition are developing
software and algorithms using virtual models of systems, environments, and terrain to compete
in simulation-based events. The Systems Competition focuses on discovering innovative
breakthroughs in integrated physical systems that can successfully operate in real-world
environments while the Virtual Competition focuses on developing software-driven innovations
and a broader exploration of the capability trade space by leveraging the library of virtual models
in the SubT Virtual Testbed. The two competitions are designed to cross-fertilize and accelerate
development across both Systems and Virtual Competition participants. The objectives, rules,
and events for the two competitions are closely related, but provide different avenues for
development of innovative approaches and technologies.
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The Systems and Virtual competitions will each hold coordinated challenge events to include

three Circuit Events and a Final Event, each motivated by an illustrative vignette that will provide

context and constraints for the mission scenario. The three Circuit Events (a.k.a. the Tunnel

Circuit, Urban Circuit, and Cave Circuit) each focused on one of the three subdomains, and were
intended to promtesteompegeenitébaiidns within and
teams. The Final Event will combine elements of all three subdomains into an integrated

competition course to demonstrate the versatility of solutions developed.

3. SubT Challenge Schedule Overview

The DARPA SubT Challenge is organized into three stages as illustrated in Figure 1. In the
Development Stage, teams had approximately 12 months to complete their baseline design,
development, integration, and testing of their proposed solutions. In the Circuits Stage, teams
participated in the three Circuit Events that were approximately 6 months apart. In the Finals
Stage, teams will finish their development, refinement, and testing to compete in their respective
Systems and Virtual Final Events.

Development Stage Circuits Stage Finals Stage

]
=
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g. DARPA-funded teams 2
g (S
() T

£
E é DARPA-funded teams O
'& TraCk B <> Systems Final
u;f Self-funded teams — Event

Self-funded teams
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. 1
8§  TrackC Q@ g & A
g. DARPA-funded teams g B §
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§ F § g
O S £ E! DARPA-funded teams
3 X X 0
@ Track D Q 19 Virtual
s Self-funded teams — = Final Event

Self-funded teams

‘ end: oDﬁRPAContrart <> Prlzel

Figure 1. Program structure and schedule for the DARPA Subterranean Challenge

Systems Competition Date Virtual Competition Date
SubT Integration Exercise April 5-11, 2019 June 10, 2019
Tunnel Circuit August 15-22, 2019 October 30, 2019
Urban Circuit February 18-27, 2020 February 27, 2020
Cave Circuit T November 17, 2020
Final Event September 21-23, 2021 September 21-23, 2021

Table 1: Schedule of DARPA-organized SubT Challenge events
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4. Prizes and Funding

Teams are charged with pursuing high-risk, high-reward approaches to meet and exceed the
objectives of the challenge events, and are motivated by the potential for winning monetary prizes
and/or pursuit of funding. Monetary prizes are awarded for both the Systems Competition and the
Virtual Competition at each of the Circuit Events and Final Event as shown in Table 2. All teams
are eligible for prizes in the Final Event.

Tunnel Circuit Urban Circuit Cave Circuit Finals
Track A (not eligible) (not eligible) (not eligible)
S2M (1st)
S1M (2nd)
500K (1st) N/A $500K (3rd)
Track B $200K $250K (2nd)
(due to COVID)
$100K (3rd)
Track C (not eligible) (not eligible) (not eligible) $750K (1st)
$500K (2nd)
$250K (1st) $250K (1st) $250K (1st) $250K (3rd)
Track D $150K (2nd) S150K (2nd) $150K (2nd)
S100K (3rd) $100K (3rd) $100K (3rd)

Table 2: Prize Structure for the Circuit and Final Events per Competition Track

A team may register for both the Systems and Virtual Competitions. DARPA-funded Track A
teams are eligible to compete as Track D teams in the Virtual Competition, and Track C teams
are eligible to compete as Track B teams in the Systems Competition.

The Government's obligation for prizes under the DARPA SubT Challenge is subject to the
availability of appropriated funds from which payment for prize purposes can be made. No legal
liability on the part of the Government for any payment of prizes may arise unless appropriated
funds are available to DARPA for such purposes.

To be eligible for prizes, teams must first be registered (see Section 5). The award process
requires recipients to furnish information that may trace or identify recipients either individually or
as an organization (e.g., Social Security Number or Tax Identification Number). The primary
contact of each registered team is responsible for providing the award information necessary for
prize disbursement. DARPA will reach out by email to the primary contact of each registered team
to either confirm their vendor status or request the required forms. DARPA is not responsible for
disbursement of prizes to any team members other than the primary contact/organization. Prizes
will only be issued in U.S. dollars and require the bank of the prize recipient to accept U.S. dollars.
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5. Team Registration

Teams may register their interest in participating and receiving informational updates by
completing the Team Registration form at www.subtchallenge.com/register.aspx. Team
registration is required prior to qualification and prior to event-specific enrollment. Registered
teams will receive important competition-related updates and notices of information releases.
Team registration is open on a rolling basis, but teams are encouraged to register early to avoid
missing important updates.

6. Qualification

Prospective teams are required to demonstrate baseline performance and utility capabilities (e.qg.,
safety measures for Systems, simulator usage for Virtual), to be eligible to participate in events.
All teams (DARPA-funded and self-funded) in both competitions (Systems and Virtual) must
gualify for each event including the SubT Integration Exercises, Circuit Events, and Final Event.

The latest revision of the SubT Challenge Qualification Guide will always be posted on the SubT
Challenge Website and SubT Community Forum. Team Qualification submissions for the
Systems Competition must be submitted by April 21, 2021 to be eligible to participate in the Final
Event. Team Qualification submissions for the Virtual Competition must be submitted by June 29,
2021 to be eligible to participate in the event. The specific qualification deadlines for each event
are provided in the SubT Challenge Qualification Guide.

DARPA may adjust the qualification rules for each event. DARPA does not anticipate issuing
qualification waivers for the Final Event.

DARPA reserves the right to disqualify any team that is found to violate either the rules or
applicable laws and regulations.

7. Competition Guidelines

7.1. lllustrative Scenario

The primary scenario of interest for the competition is providing rapid situational awareness to a
small team of operators preparing to enter unknown and dynamic subterranean environments.
Potential representative scenarios involve rescue efforts in collapsed mines, post-earthquake
search and rescue in urban underground settings, and cave rescue operations for injured or lost
spelunkers. Additional scenarios include a range of missions in which teams of systems could be
sent in advance of service members to perform rapid search and mapping in support of follow-on
operations. These scenarios present significant dangers that would preclude employing a human
team, such as collapsed and unstable structures or debris, presence of hazardous materials, lack
of ventilation, and potential for smoke and/or fire.

Each team is envisioned to deploy its systems to provide rapid situational awareness through
mapping of the unknown environment and localization of artifacts (e.g., survivors, electrical
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boxes). As the systems explore the environment, these situational awareness updates are
provided via reach-back to a Base Station in as close to real-time as possible. Given the large-
scale nature and complexity of subterranean environments, the courses could include small
passages, sharp turns, stairs, rails, large drops/climbs, mud, water, and other mobility-stressing
terrain features and obstacles (see Section 7.2). Challenge participants should expect, for
example, both constrained areas with human-crawlable cross sections as well as larger
underground open spaces that could include large ledges or vertical shafts. No breaching,
burrowing, or use of explosives is permitted.

7.2. Technical Challenge Elements

The Circuits and the Finals competition courses are intended to assess performance across
various challenge elements, including: austere navigation, degraded sensing, severe
communication constraints, terrain obstacles, dynamic terrain, and endurance limits (illustrated in
Figure 2). These challenge elements are also encoded into the SubT Virtual Testbed (described
in Section 7.4) to the fullest extent possible.

1. Austere Navigation: The competition courses include features such as multiple levels,
inclines, loops, dead-ends, slip-inducing terrain interfaces, and sharp turns. Such
environments with limited visibility, difficult terrain, and/or sparse features can often lead
to significant localization error and drift over the duration of an extended run.

2. Degraded Sensing: The courses include elements that range from constrained passages
to large openings, lighted areas to complete darkness, and wet to dusty conditions.
Perception and proprioceptive sensors need to reliably operate in these low-light,
obscured, and/or scattering environments while having the dynamic range to
accommodate such varying conditions. Dust, fog, mist, water, and smoke fall under this
challenge element.

3. Severe Communication: Limited line-of-sight, radio frequency (RF) propagation
challenges, and effects of varying geology in subterranean environments impose
significant impediments to reliable networking and communications links. The physical
competition courses as well as the SubT Virtual Testbed environments are designed to
include these severe communications constraints.

4. Terrain Obstacles: Systems are required to demonstrate robustness in navigating a
range of mobility-stressing terrain features and obstacles. Terrain elements and obstacles
include constrained passages, sharp turns, large drops/climbs, inclines, steps, ladders,
and mud, sand, and/or water. The environments may include organic or human-made
materials; structured or unstructured clutter; and intact or collapsed structures and debiris.

5. Dynamic Terrain: Terrain features and obstacles include dynamic elements, such as
mobile obstacles, moving walls and barriers, falling debris, and/or other physical changes
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to the environment that test the agility of the system autonomy to reason, react, and
potentially recover from the possibility of a changing map.

6. Endurance Limits: The courses are designed such that successful systems need to be
capable of a team-aggregated endurance of 60 minutes to be mission-relevant. This
aggregate endurance requires novel deployment concepts, energy-aware planning,
heterogeneous agents of varying endurance, energy harvesting or transfer technologies,
and/or a combination of various approaches to overcome the various challenge elements.

O e
&= & g M )

Figure 2: SubT Course Challenge Elements may include: (top row) light/darkness, particulates,
water, mud, uneven terrain; (bottom row) inclines, steps/ledges, vertical shafts, dynamic
obstacles, constrained passages

7.3. Artifacts

The main scoring objective is the need to search for, detect, and provide spatially referenced
locations of artifacts relevant to each of the three subdomains. These artifacts vary in their size,
guantity, and detection signatures (e.g., visual, thermal, chemical).

For the Systems Competition, it is expected that each run in the Preliminary Round will have 20
artifacts and the total number of allowed artifact reports for each run will be 25. It is expected that
each run in the Prize Round will have 40 artifacts and the total number of allowed artifact reports
for each run will be 45.

For the Virtual Competition, it is expected that all scenarios in the Final Event will have 20 artifacts
and the total number of allowed scored reports for each run will be 25.

The perception problems of interest in the SubT Challenge are focused on the difficulties of
sensing in low-/no-light, obscured, and/or scattering environments. The detection and/or
recognition tasks may benefit from multimodal sensing approaches. Various sensor modalities
and combinations are allowed, including but not limited to: visual, light detection and ranging
(LIDAR), thermal, acoustic, radio frequency (RF), and multi-gas sensors. For example, the
detection of a survivor could potentially be made using a combination of visual, thermal, and/or
auditory cues.
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Three artifacts are common to all three subdomains and appeared in all three Circuit Events
(a.k.a. the Tunnel Circuit, Urban Circuit, and Cave Circuit). Two additional artifacts were specified
for each Circuit Event that are event-specific and did not appear in the other Circuit Events. Thus,
each Circuit Event had a total of five artifact types: the three common artifacts and two event-
specific artifacts.

The Final Event will include a total of ten artifact types: the three common artifacts, all six event-
specific artifacts, and a new artifact that will be announced at a later date.

The SubT Challenge Artifacts Specification document provides specifications and descriptions for
each of the artifacts. The latest revision of the SubT Challenge Artifacts Specification document
will always be posted on the SubT Challenge Website and SubT Community Forum.

7.4. SubT Virtual Testbed

DARPA is investing in the development of a SubT Virtual Testbed, illustrated pictorially in Figure
3, comprising the (1) SubT Tech Repo, described below; (2) SubT Simulator, an extensible
Gazebo-based simulation environment; (3) automated testing and assessment tools; and (4)
associated software support infrastructure. This suite of simulation tools is intended to support
teams in both the Systems and Virtual Competitions as they develop and evaluate their
approaches.

Competitor

=
B 8 —» Log .
Team K
Configuration B —~— »
Control p y Score
Code ", GAZEBO

Scenario
Configuration|

? LOCAL
—» Log
Local ~~ Score

Resources GAZEBO

o
Figure 3: SubT Virtual Testbed Workflow

The SubT Tech Repo is an online catalog of virtual subterranean technologies including models
of Government-developed, team-developed, and/or commercial off-the-shelf (COTS) systems.
The SubT Tech Repo is continuously updated as hew models are made available and validated.

The SubT Tech Repo also includes a catalog of scenarios made up of virtual environments and
their associated configurable parameters. Some of the scenarios are distributed to teams in
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advance of the events to provide representative environments in which to develop and evaluate
their solutions. Other scenarios will serve as the competition scenarios and will not be released
until after the respective event has been completed.

Teams are able to compose a virtual Team Configuration comprising models selected from the
SubT Tech Repo; load their own respective software-based innovations (e.g., algorithms for
mapping, navigation, and search); and complete simulated runs in the virtual scenarios from the
SubT Tech Repo. The simulations can be run either locally or in a cloud-based Ignition Gazebo
environment. The simulations enable teams to evaluate how their systems and solutions perform
in the selected scenario and generate a Run Score and Logfile which can be used to compare
performance against other teams on the SubT Challenge Leaderboard.

7.5. Systems Competition Courses

Teams in the Systems Tracks are developing physical systems to compete in live competitions

on physical, representative subterranean courses. Figure 4 shows a notional workflow and data

sharing for the competition events. The competing team will set up and begin their run in the

Staging Area, which will be outside of a known entrance. At the beginning of a run, teams will

deploy their systems into the course where they will explore, map, and search for artifacts.

Rel evant observation dat a BaselStatiobvehichwilldnrtusnpprovideed t o t
regular map updates and artifact reports to the DARPA Command Post where the reports will be

automatically evaluated and scored. The DARPA Command Post will provide score updates back

t o t he BaseStatiod.s

An Interface Control Document (ICD) and reference implementation detail the mechanism for
providing artifact reports and map updates to DARPA. The latest revision of the SubT Challenge
Interface Control Document will always be posted on the SubT Challenge Website and SubT
Community Forum.

Instrumentation
Data -

Test Course <
DARPA
Command Post
Staging Area
Map Updates
_—— Artifact Reports

Score Updates

Figure 4: SubT Challenge Systems Competition Workflow
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7.6. Mapping

Systems Teams must provide real-time 3D volumetric map updates to the DARPA Command
Post at a minimum frequency of one update per 10 seconds. Virtual Teams will be asked to
provide updates via a virtual Base Station, which is expected to provide both artifact reports and
map updates to the DARPA scoring interface. These map data updates are expected to be in the
same DARPA-defined reference frame that is used for artifact reports. The Interface Control
Document (ICD) provides details on the supported map representations and data types, which
were selected with the goal of keeping the computational and implementation burden on teams
low.

Each tmwmowidedrmap will be used to visual isszaedewwlnale val i da
the teamdébs perception and mapping capability. Bot
opinions about the qual it i§smapfrepmsentaticamés sol uti on b

8. Systems Competition Rules

8.1. Event Operations

8.1.1. Competition Format
Prospective teams are required to demonstrate baseline performance and utility capabilities, as
described in Section 6, to qualify for the Final Event. It is anticipated that up to 15 teams may
successfully qualify for the Final Event. The Final Event includes two competition days as the
Preliminary Round and a third competition day as the Prize Round.

Qualified teams will be eligible to participate in the Preliminary Round which will consist of two (2)
scored runs, each 30 minutes in duration. The total score for the Preliminary Round will be
determined based on trimscoesum of a teambs t wo

Up to six (6) teams will advance to the Prize Round which will consist of one (1) scored run, 60
minutes in duration. The final ranking will be determined based solely on the Prize Round run
score.

8.1.2. Competition Courses
The Final Event courses will combine elements from all three subdomains into integrated
competition courses, designed to assess the versatility of the developed technologies. The
courses will be divided into three distinct subdomain sectors with multiple connections and
crossover points between subdomains.

8.1.3. Staging Area
All systems will be required to start in the Staging Area behind the Starting Gate at the course
entrance. No systems will be permitted to operate above ground or outside of the competition
course boundaries except within the Staging Area.
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8.1.4. Course Access

Systems are allowed to enter, exit, or reenter the competition course at any time within the
duration of the run. All human operators and personnel must stay within the Staging Area. No
manual physical intervention or entry by any (human) team member on the course will be
permitted. A system may only be handled or retrieved if it has crossed back into the Staging Area
past the front face of the Starting Gate. Once a system has partially or completely crossed into
the Staging Area, team personnel are permitted to handle the systems as long as the personnel
stay within the Staging Area and do not pass the front face of the Starting Gate. Only authorized
DARPA personnel are allowed to enter the course preceding, during, and following the run.

8.1.5. Run Termination
A scored run terminates upon any of the following conditions:

1 Time Expiration: The scored run time expires before another termination criterion is met

1 Run Completion: The deployed systems successfully report all artifacts, and successfully
exit the course

1 Run Cancellation: Competition Staff cancels the run due to an external factor such as
weather, including lightning, rain, snow, or wind

1 Emergency Stop: Competition Staff initiates an emergency stop because of an unsafe
condition

1 By Request: The Team Lead requests an end to the run

8.1.6. Terminated Runs
A team may be eligible for an additional attempt if a run is canceled or stopped due to an
emergencyor external factor o ufTeiCde Judgé wil réview dligghemd s c o1
cases and determine the course of action. The Chief Judge has the final authority to make any
scoring-related decisions.

8.1.7. Prior Knowledge
The spirit and intent of the SubT Challenge is to develop technologies to rapidly and remotely
explore unknown subterranean environments. While the use of prior knowledge from prior runs is
not expressly prohibited, teams that align their solutions to these goals will be significantly more
likely to succeed in the competition.

DARPA intends to take multiple approaches to limiting the viability of using prior knowledge:

9 Course Access: Once the event site is announced, teams are not allowed to access the
competition site for any reason other than completing their scored runs.

1 Course Layout: DARPA intends to significantly alter the competition course to add
sections, block passages, add obstacles, and/or move artifact locations. The layout and
accessibility of the course segments is expected to significantly vary from run to run.

1 Sequestration: Team personnel and systems may be sequestered from garage and
observer areas until they have completed their scored run to prevent gaining knowledge
from another teambs run.
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1 Staging Area Monitors: Competition Staff will be present in the Staging Area during each
run to observe the Base Station, Human Supervisor, and other Pit Crew personnel.

DARPA reserves the right to disqualify any team that is found to violate either the rules or the
intent of the rules. The Chief Judge has the final authority to make any rules-related decisions. All
decisions made by the Chief Judge are final.

8.1.8. Score Disputes
Dispute Cards are intended to provide teams a mechanism to submit a formal dispute or request
for review by the Chief Judge. The Dispute Card must be completed and delivered by the Team
Lead to the relevant Course Official, Team Garage Coordinator, or Chief Judge. The Dispute Card
must be submitted within 30 minutes of the completion of the run in question. All submissions will
be reviewed by the Chief Judge in a timely manner. All decisions made by the Chief Judge are
final.

8.2. Personnel Guidelines

Teams are permitted up to five (5) personnel in the Staging Area. Figure 5 provides a detailed
workflow for how data may be shared between the systems, team Base Station, team personnel,
and DARPA Command Post. For the sake of this discussion, two categories of data are
delineated: status data and course data. Status data is primarily derived from proprioceptive
sensors for the purposes of calibration and internal health monitoring. Status data may also
include exteroceptive sensor measurements that are collected within the Staging Area for the
purposes of calibration. Course data is primarily derived from exteroceptive sensors that acquire
information directly or indirectly from the competition course. Course data specifically includes
any information related to mapping and/or artifacts.

Figure 5: SubT Challenge Systems Competition Detailed Workflow
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