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PART I: OVERVIEW INFORMATION

Federal Agency Name — Defense Advanced Research Projects Agency (DARPA),
Tactical Technology Office (TTO)
Funding Opportunity Title — Robotic Autonomy in Complex Environments with
Resiliency (RACER)
Announcement Type — Initial Announcement
Funding Opportunity Number — HR001121S0004
Catalog of Federal Domestic Assistance Numbers (CFDA) — 12.910 Research and
Technology Development
Dates

o Posting Date: October 21, 2020

o Abstract Due Date and Time: November 4, 2020, 4:00pm Eastern Time

o FAQ/Questions Due Date and Time: November 20, 2020, 4:00pm Eastern Time

o Proposal Due Date and Time: December 18, 2020, 4:00pm Eastern Time
Concise description of the funding opportunity — The goal of the Robotic Autonomy
in Complex Environments with Resiliency (RACER) program is to develop and
demonstrate new autonomy technologies that enable ground combat vehicles to maneuver
in unstructured off-road terrain at speeds that are no longer limited by the autonomy
software or processing time, but only by considerations of sensor limitations, vehicle
mechanical limits, and safety. At a minimum, performance at par with a human driver, or
a tele-operated vehicle should be achieved. RACER will demonstrate game-changing
autonomous unmanned ground vehicle mobility focused on speed and resiliency using a
combination of simulation and advanced platforms.
Total amount anticipated to be awarded — The anticipated total Phase 1 budget is
approximately $19.5 million.
Anticipated individual awards — Up to three awards are anticipated.
Types of instruments that may be awarded — Procurement contract, grant, cooperative
agreement or other transaction.
Any cost sharing requirements — None.
Agency contact

o Points of Contact

The BAA Coordinator for this effort can be reached at:
HR001121S0004@darpa.mil

DARPA/TTO

ATTN: HR001121S0004
675 North Randolph Street
Arlington, VA 22203-2114
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PART II: FULL TEXT OF ANNOUNCEMENT

L. Funding Opportunity Description

This publication constitutes a Broad Agency Announcement (BAA) as contemplated in
Federal Acquisition Regulation (FAR) 6.102(d)(2) and 35.016 and 2 CFR § 200.203. Any
resultant award negotiations will follow all pertinent law and regulation, and any negotiations
and/or awards for procurement contracts will use procedures under FAR 15.4, Contract Pricing,
as specified in the BAA.

The Defense Advanced Research Projects Agency (DARPA) is soliciting innovative
proposals to expand the knowledge base, development environments and operational capabilities
for future autonomous ground vehicles. The goal of the Robotic Autonomy in Complex
Environments with Resiliency (RACER) program is to develop and demonstrate new autonomy
technologies that enable unmanned ground vehicles (UGVs) to maneuver in unstructured off-
road terrain at the limit of the vehicle’s mechanical systems and at, or beyond, human speeds and
efficiencies. RACER will demonstrate game-changing autonomous ground vehicle mobility
using a combination of simulation and advanced platforms.

Proposed research should investigate innovative approaches that enable revolutionary
advances in science, devices, or systems. Specifically excluded is research that primarily results
in evolutionary improvements to the existing state of practice.

A. Program Background and Overview

RACER seeks to advance autonomous UGV off-road performance to overcome current
limitations, and use platform-based development environments to accomplish such.

The self-driving car industry is making rapid advances in on-road autonomous mobility
of commercial cars; however, military off-road autonomy algorithms and capability development
has lagged due to the increased complexity of the off-road problem. On-road autonomy
algorithms operate in well-structured and highly predictable environments with limited obstacle
classes. They are also able to leverage the availability of large structured data sets, including
highly detailed and labeled maps and highly accurate localization (from sensed and external
sources). As a result, on-road autonomy algorithms are based on relatively simple two-
dimensional (2D) navigation tasks that require minimal contextual understanding of their
environment beyond classification of nearby objects, such as vehicles, traffic signals and
pedestrians. In addition, the self-driving car industry has developed extensive field-testing
capabilities, and has conducted millions of hours of testing to gather data, train algorithms, and
improve reliability.

In contrast, the military off-road environment is more challenging and complex, with
three-dimensional surfaces, hundreds of obstacle classes, lower fidelity or limited mapping data,
and no defined road networks or driving rules. The RACER off-road motion-planning problem is
continuous and must be executed in an online adaptive manner. While current on-road autonomy
does not directly transfer to the off-road domain, the sensors, processing approaches, perception
algorithms and other methods from on-road autonomous vehicles are applicable. RACER seeks
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to leverage these advances to apply them in the off-road domain and generalize them to novel
environments.

Prior DoD UGV autonomy solutions have relied primarily on geometric and manually
tuned autonomy approaches to perception and path planning. These approaches were limited to
2.5 m/s average autonomous speed in complex off-road environments. As a result, military
autonomous vehicles lack the speed and resiliency to be operationally relevant or support
battlefield Operational Tempo (OPTEMPO). The DoD has not funded the magnitude of off-road
autonomy development to generate thousands of kilometers on off-road autonomy systems, to
advance algorithms and algorithm approaches, and as a byproduct, generate the volume of data
needed to facilitate development and training of the enhanced off-road algorithms required for
RACER.

B. Program Goals

The RACER program seeks to reinvigorate off-road autonomy capability development
and fielding. The program will encourage frequent field testing and simulation environment
maturation to drive research and accelerate algorithm development. RACER will progressively
mature capabilities over increasingly complex and diverse terrain to demonstrate the ability to
resiliently operate at speeds that are no longer limited by the autonomy software or processing
time, but only by considerations of sensor limitations, vehicle mechanical limits, and safety. At
program completion, RACER will deliver autonomy algorithms, a code repository, and results
from off-road testing in relevant environments to support further autonomy advancement on
future UGVs.

The emphasis of RACER is for UGVs to develop autonomy algorithms that allow high
speeds in both open and complex terrain, with minimal interventions across multi-kilometer
courses.

In Phase 1, performers will focus on developing, maturing, and demonstrating algorithms
in platform-development environments on Lightweight Tactical All-Terrain Vehicles (LTATV).
There will be three required DARPA-hosted field experiments at approximate 6-month intervals
to assess technical progress.

In Phase 2, performers will continue maturing technology, and increasing system speeds
over longer off-road course distances, and more complex maneuver terrain with fewer
interventions. In Phase 2, performers will redirect their autonomy implementation focus onto a
large-scale demonstration platform, which is more representative of a combat-scale vehicle,
while continuing to use the LTATV for algorithm maturation, and participate in five required
DARPA-hosted field experiments at 6-month intervals. A point-of-departure example for a Phase
2 large-scale demonstration platform of interest is the Autonomous Performance Demonstrator
(APD) UGV. Reference specifications for both LTATV and large-scale demonstration platforms
are shown in Figure 1.
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Specification Phase 1 - LTATV

Configuration 4 wheel, Ackermann steering 6 wheel, zero-pivot skid-steer
Weight 1.3T 9T

Overall Length 3.6m 5m

Overall Width 1.5m 25m

Mobility Power 42 kW 150 kW

Mobility Configuration Parallel hybrid-electric Series hybrid-electric to
via electric shift CVT 6 independent wheel stations

Figure 1. Point-of-Departure UGV Examples

In this solicitation, Government furnished information and/or Government furnished
equipment, test support services or range access will be abbreviated and referred to as GFX.

For all program phases, DARPA anticipates that performers will conduct continuous field
test and simulation development and interim demonstration events at performer field test sites.
To ensure that performer activities are focused on algorithmic approaches and to enable early
field testing and system simulations, DARPA will provide, as GFX, LTATVs equipped with a
sensor suite, computing resources, an optional baseline autonomy stack, vehicle and sensor
models, and initial data sets from Government vehicle collects. A detailed description of this
GFX is provided in Section VIII.C.

DARPA recognizes that this solicitation is focused on part of the broad off-road
autonomy problem, which is maximizing speed and resiliency from on-board perception,
planning, and control. To complement this solicitation, DARPA intends to solicit separately
approaches to tactical global planning and simulation-environment solutions for off-road
autonomy development.

DARPA is not interested in solutions that require significant platform or sensor
development. For this reason, DARPA will provide the baseline vehicle, sensors, and computer
hardware that will be used by all performers. The emphasis of this program will be on autonomy
developments that make best use of the government-provided hardware. Performers are
encouraged to leverage existing development tools. DARPA strongly encourages platform and
sensor agnostic approaches and non-proprietary interfaces that enable reuse and portability to
multiple platforms. To maximize opportunities for transition, performers will deliver their
complete autonomy stack and all algorithm source code to a Government-furnished code and
data repository.



HRO001121S0004

FY21 FY23 FY25
Q2 Q4 Q2 Q4 Q2 04 Q2 Q4 Q2 Q4
Anticipated Anticipated Phase 2
BAA Period Kickoff Solicitation Anticioated Phase 2
O—O nticipated Phase
< < g Kickoff
RACER
Phase 1 (18 months) N\ Phas’e 2 (Notion’al — 30 months)
/. /. /’ /. ," ,’13-Month Phase 1 option for Selecteesr T
M / / / \ Capstone
Field Field Field Field Field Field Field Field
Experiment 1 Experiment 2 Experiment 3 Experiment 4 Experiment 5 Experiment6  Experiment 7 Experiment

Figure 2. RACER Program Schedule

C. Program Acquisition Strategy

DARPA anticipates a 4-year, two-phase RACER developmental effort. DARPA will
review the results of all Phase 1 activities after DARPA-hosted field experiment 3 and make a
decision if the program should continue to Phase 2.

This BAA solicits proposals for Phase 1. Phase 1 shall comprise: an 18-month Phase 1
base period and a 3-month Phasel option. The Phase 1 base effort will culminate in DARPA-
hosted field experiment 3. The Phase 1 option will be a 3-month continuation effort that DARPA
will exercise if needed to eliminate a gap in Phase 1 and Phase 2 performance. It is expected that
the option period pace of activities and level of effort will be similar to the final 3 months of
Phase 1.

Proposers shall also provide a Rough Order of Magnitude (ROM) cost for a 30-month
Phase 2.

Phase 2 performers will be limited to Phase 1 prime contractors.

D. Program Metrics and Performer Evaluation

DARPA has established program metrics that will enable comparison of RACER
performance to manned vehicle performance. Table 1 illustrates metrics that allow DARPA to
assess performer technical progress throughout the program. Program speed metrics were
developed that:

e Maintain maneuver with manned combat vehicles at their OPTEMPO speeds,
specifically the M1 Abrams main battle tank.
e Push UGVs to achieve high sustained speeds in both open and complex terrain.
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Table 1. Program metrics

Metrics Phase 1 Phase 2
Complex terrain, long distance runs 5m/s 8 m/s
Average Autonomous Speed (18 km/h) (28.8 km/h)
Track 1 Open terrain, short distance runs 10 m/s 20 m/s
rac Autonomous Maximum Speed Runs (36 km/h) (72 km/h)

Interventions/km 0.5 0.1
Size 1.25 m3 (5% volume)

RACER Autonomy SWaP | Weight 200 kg (2.5% weight)
Power 7 kW (5% power)

Average autonomous speed is a measure of autonomy over a full experiment run.
Interventions per kilometer tests autonomy’s ability to stay “online” over a set time/distance with
minimal human assistance and tests how well a UGV remains self-directed. Interventions take
the form of any interaction with the system, such as a UGV calling for help, an operator
intervening in a UGV stuck state, any code resets or adjustments made during a run, or an
operator emergency stop (e-stop) to avoid potential UGV damage.

The program metrics listed in Table 1 are considered to be minimum performance
objectives. DARPA will more favorably assess proposers who are able to credibly exceed these
minimum objectives in a variety of terrains.

The program metrics listed in Table 1 are based on courses in two performance classes.
For Phase 1:

1. Complex terrain, long distance courses: intended to be ~5km long or less (for Phase 1),
generally trail-less off-road natural terrain with vegetation, slope, discrete obstacles, and
ground surface changes. These courses are intended to highlight non-stop autonomous
movement/maneuver

2. Open terrain, short distance courses: intended to be ~2.5km long or less (for Phase 1),
generally intended to highlight speed performance of autonomy in off-road terrain. Trails
with less dense and fewer encounters of vegetation, slope, discrete obstacles, and ground
surface changes. These courses are intended to highlight autonomy to the maximum
extents of platform performance.

In Phase 2, complex terrain, long distance courses are planned to be 15-30 km or longer
and open terrain, short distance courses are planned to be 4-5km or longer.

Courses will be made up of waypoints spaced 500m-1000m apart. DARPA will structure
courses at each DARPA-hosted field experiment such that multiple routes between waypoints
will exist that can achieve RACER speed metrics when driven by a human driver.

Phase 1 metrics will be assessed using the LTATV platform. Phase 2 metrics will be
assessed using the LTATVs and the large-scale demonstration platform.
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The program metrics in Table 1 will be assessed based on a performer’s best run from
both of the two course performance classes from DARPA-hosted field experiment 3.

Overall Phase 1 performance will be based on the assessment of program metrics
combined with evaluations of progress against the performer’s RACER Development and
Demonstration Plan (RDDP) and the quality of program deliverables. The RDDP is described in
Section IV.B.2.a.II1.B. The deliverables are described in Section .E.2.

Evaluation of progress against the RDDP includes reducing risks, achieving proposer-
defined Key Performance Parameters (KPPs), executing the field test approach, and meeting
DARPA-hosted field experiment objectives.

DARPA plans to select one or more performers to continue on to Phase 2. Updated
proposal guidance and requests for Phase 2 proposals will be provided toward the end of Phase 1.

Poor progress toward meeting program metrics at field experiments, poor progress
against the performer’s RDDP, or poor quality deliverables could be grounds for program
elimination at any point.

E. RACER Development

1. Objectives

The self-driving car industry has made rapid advances via a vehicle platform-based, agile
develop-test-develop-test model that has accumulated data to help train algorithms and refine
approaches. DARPA seeks to foster a similar approach for military off-road UGVs.

Performers are expected to develop autonomy software and algorithms for ground
vehicles and to demonstrate the performance of their autonomy on LTATVs in the field.

For Phase 1, DARPA will specify goal points, waypoints and course boundaries that are
specified by GPS coordinates. For Phase 1, proposer’s approaches may utilize non-WAAS GPS
(accurate to +/-10m maximum and not guaranteed to be available at all times) and/or a pre-
loaded 1:50,000 topological map (such as those from the National Geospatial-Intelligence
Agency (NGA) or the U. S. Geological Survey (USGS)). No additional GPS or pre-loaded
information may be used. Nor shall performers be allowed to rely on data or maps from prior
runs. This puts the onus on performers to develop algorithms that rely primarily on vehicle
sensing and perception to maximize average autonomous speed.

The autonomy software and algorithms must be capable of operating in multiple off-road
environments and in novel terrains. The autonomy software and algorithms must also be resilient
enough to adapt to environmental and/or naturally-occurring field testing conditions typical of
prototype field testing, such as dusk/dawn, moderate dust, moderate rain/snow, light fog, natural
shadows, lighting changes, and possibly exposure to night conditions.
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To enable cost effective field-based demonstrations as rapidly as possible, the
Government will provide three LTATVs to each performer in Phase 1. In Phase 2, the

Government will provide up to three additional LTATVs and a large-scale demonstrator platform
to each performer. The Government will also provide a baseline sensor package, autonomy stack

and initial data sets. GFX is summarized in Figure 3, Figure 3, and Section [.G. GFX is detailed

in Section VIIIL.C.
Stereo camera pairs (e.g. = —— - " T
Carnegie Robotics S21B); two Honeyv'\.%]i Network Timing
pair in front and rear, one pair / HG1930) (e.9., GMR-1000)
. on either side. - . /
' .‘ ; : . -— w"‘ i

] | LIDAR: (e.g., Velodyne 32E,
i QOuster 0S1/0S2); two in

‘e ‘ front, one in rear. wrl!taw

GPU Processing Stack/Network

Radar Arrays (e.g. NXP 4-6 Nuvo 7160GCs

TEF810x) — multiple arrays

Figure 3. Anticipated LTATV GFX Platform and Sensors

RACER GFX Fleet RACER Code Repository
\ _ _ J J
Fleet RACER Development Data
Platforms Sensors :
Support Environment Store
\ J p,
Data Sets
Baseline Autonomy Stack

Figure 4. Anticipated RACER development environment.

Performers are permitted to request modifications or enhancements to the GFX baseline.
Should DARPA approve a request, the modifications or enhancements will be applied to the
GFX of all performers. However, DARPA reserves the right to deny requested modifications to
the baseline due to cost, schedule, availability of parts, or other factors. Performers are not
allowed to make their own upgrades to the vehicle frame, suspension, tires, or to the sensors and
computer on the vehicle.

DARPA envisions that performers will design and implement rapid development
approaches founded on continuous, evolutionary field demonstrations. To supplement the

10
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DARPA-hosted field experiments, DARPA envisions that performers will have their own field
test site(s) to enable constant code development and live-platform testing throughout the
program. These plans should be discussed in the proposal.

Performers must overcome numerous technical challenges to achieving higher speeds in
the off-road environment, including but not limited to:
e Adequate off-road sensing and fusion at speed in all terrains
e Scene interpretation, algorithm auto-tuning, and localization
e Adaptive cost assessment and path planning
e Fast computation of vehicle dynamics, controls and mechanical limits

At the completion of Phase 1, performers must demonstrate off-road speeds and
intervention performance both for short-distance, complex terrain and long-distance, simple
terrain as outlined in Table 1.

2. Deliverables

DARPA requires a kickoff meeting within one month after award. The purpose of the
kickoff meeting will be to review the performer’s technical approach and RDDP and for the
RACER Government Team to provide feedback on the proposal.

DARPA requires an initial Technical Interchange Meeting (TIM) within three months
after award. The objective of this TIM is to assess progress toward field readiness for DARPA
Experiment 1.

DARPA requires bi-weekly teleconferences with the RACER Government team to
communicate program status, enable the Program Manager to stay abreast of emerging technical,
cost or schedule issues, and receive Government team feedback. It is expected that the biweekly
agenda will vary and be established at the prior biweekly call based on current program
priorities.

Performers are also required to participate in DARPA-hosted field experiments at
approximate 6-month intervals. The objective of the DARPA-hosted field experiments is to
measure program metrics on Government-selected courses. Routes and corridors will be
provided for the courses. Performance will be assessed by the RACER Government Team as
performers attempt to navigate these courses.

DARPA requires a field experiment results and analysis report within 30 days of the
completion of a DARPA-hosted field experiment that contains a summary of the performance on
the field experiment courses, as well as other practice courses they have used, identifies field
experiment successes, challenges, and plans to address the challenges, and documents progress
against the RDDP and KPPs.

DARPA requires the complete autonomy stack and all algorithm source code be provided
to the RACER Code Repository. DARPA requires executable code along with data and

11
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application programming interfaces be provided for computer software when development was
paid for entirely at private expense.

Monthly Technical and Financial Status Reports should track and report on KPPs and
milestones to communicate status and assist DARPA in assessing proposer progress and
demonstration readiness.

Performers will be expected to provide the deliverables listed in Table 2 at a minimum.
Deliverables may be provided in the proposer’s format. Proposals should specify the content for

deliverables and may include additional deliverables.

Table 2. Program Deliverables

Deliverable Schedule
Phase 1

Phase 1 Kick-Off Ay
Initial Technical Interchange Meeting 3 MAA
DARPA-Hosted Field Experiment 1 Results and Analysis Report 5 MAA
DARPA-Hosted Field Experiment 2 Results and Analysis Report 11 MAA
DARPA-Hosted Field Experiment 3 Results and Analysis Report 17 MAA
Complete Autonomy Stack and All Algorithm Source Code 18 MAA
Phase 2 (Notional)

Initial Technical Interchange Meeting 21 MAA
DARPA-Hosted Field Experiment 4 Results and Analysis Report 24 MAA
DARPA-Hosted Field Experiment 5 Results and Analysis Report 30 MAA
DARPA-Hosted Field Experiment 6 Results and Analysis Report 36 MAA
DARPA-Hosted Field Experiment 7 Results and Analysis Report 42 MAA
DARPA-Hosted Field Experiment 8 (Capstone Demonstration) 48 MAA
Results and Analysis Report

Complete Autonomy Stack and All Algorithm Source Code 48 MAA
Monthly Technical and Financial Status Reports Monthly
Frd e ol

F. DARPA-Hosted Field Experiments
DARPA will host a series of field experiments to assess performer technical progress and

development achievements against the program metrics. The RACER DARPA-hosted field
experiments will be based on terrain of interest inside military bases and/or military training

12
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areas. For proposal purposes, performers should assume the field test site locations and schedule
shown in Table 1Table 3.

Table 3. DARPA-Hosted Field Experiments

Tentative Locations Duration Schedule

Phase 1
. . 5 Months After Award
Experiment 1 Fort Irwin, CA 10 days (MAA)
Yakima Traini t A

Experiment 2 akima Training Center, W 10 days 11 MAA
Experiment 3 Fort Irwin, CA 10 days 17 MAA
Phase 2 (Notional)
Experiment 4 Fort Carson, CO 10 days 24 MAA
Experiment 5 Fort Drum, NY 10 days 30 MAA
Experiment 6 Yuma Proving Grounds, AZ 10 days 36 MAA
Experiment 7 Fort Benning, GA 10 days 42 MAA
Experiment 8 Fort Irwin, CA 10 days 48 MAA

The Government reserves the right to change sites and dates depending on award timing,
weather/environment, availability, and overall logistics.

Proposers should bring their platforms, code, and field test and support teams and
equipment to all DARPA-hosted field experiments. Performers should plan to operate and
support their UGVs at the DARPA-hosted field experiment sites similar to performer field test
sites.

For proposal purposes, the following infrastructure and general operational
considerations can be assumed for each DARPA-hosted field experiment site:
e DARPA-hosted field experiment areas will constitute several square kilometers of natural
maneuver terrain
e DARPA will establish a “RACER Cantonment Area” of base support for both the
RACER Government Team and the performers
e [tis anticipated that DARPA will provide the following operational infrastructure for a
team of up to 20 on-site personnel per performer:
o A single-wide mobile office trailer for each performer
A 20’ x 20’ event tent with sides
Adequate electrical service and HVAC for performer facilities
Adequate external internet connectivity
Restroom facilities
Coordination of shipping/receiving of performer platforms and equipment
Coordination of access for personnel

O O O O O O

13
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o Range and personnel support for testing operations with the host base (access,
safety requirements, etc.)

e DARPA currently envisions the following general 10-day on-site experiment
demonstration approach. Performers may recommend alternative test approaches for
consideration.

o Five days for shakeout and system training in a general terrain “sandbox”

o Five days for DARPA evaluation runs of a performer’s capability over multiple
DARPA courses

e [Evaluation infrastructure is currently envisioned to include:

o A boundary terrain corridor identified by GPS coordinates

o A course consisting of waypoints separated by 500-1,000 meters

o A DARPA safety vehicle with both a government and a performer rider/e-stop
operator

o A multi-megabit per second wireless network for RACER connectivity across the
entire test area, anticipated to be a commercially available field mesh network

o An Operations Area near each test course (within radio connectivity to the
vehicle) where the RACER Government Team and the performer will monitor
and interact with the vehicles during test runs.

o A performer operator station

o A low bandwidth, standard set of telemetry messages to be exchanged between
DARPA and performer platforms.

e For cost and efficiency purposes, the Government reserves the right to overlap
performers during the DARPA-hosted field experiments

e Practice courses will be available for performer testing during the DARPA-hosted field
experiments.

DARPA reserves the right to adjust infrastructure and general operating considerations as
necessary.

G. RACER GFX Summary

To ensure performer activities are focused on algorithmic approaches and to enable early
field testing, DARPA is providing substantial GFX in the following categories. Details of the
GFX can be found in Section VIII.C

l. Small-scale demonstration platforms

2 Large-scale demonstration platforms

3. Baseline Sensor Package, Compute, and Autonomy Stack
4 RACER Code Repository

a) RACER Data Store
b) RACER Development Environment

5. Initial Data Sets

14
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1I. Award Information

A. General Award Information

Up to three awards are anticipated. The amount of resources made available under this
BAA will depend on the quality of the proposals received and the availability of funds.

The Government reserves the right to select for negotiation all, some, one, or none of the
proposals received in response to this solicitation and to make awards without discussions with
proposers. The Government also reserves the right to conduct discussions if it is later determined
to be necessary. If warranted, portions of resulting awards may be segregated into pre-priced
options. Additionally, DARPA reserves the right to accept proposals in their entirety or to select
only portions of proposals for award. In the event that DARPA desires to award only portions of
a proposal, negotiations may be opened with that proposer. The Government reserves the right to
fund proposals in phases with options for continued work, as applicable.

The Government reserves the right to request any additional, necessary documentation
once it makes the award instrument determination. Such additional information may include but
is not limited to Representations and Certifications (see Section VI.B.4, “Representations and
Certifications”). The Government reserves the right to remove proposals from award
consideration, should the parties fail to reach agreement on award terms, conditions, and/or
cost/price within a reasonable time, or the proposer fails to provide requested additional
information in a timely manner. Proposals identified for negotiation may result in a procurement
contract, grant, cooperative agreement, or other transaction, depending upon the nature of the
work proposed, the required degree of interaction between parties, whether or not the research is
classified as Fundamental Research, and other factors.

Proposers looking for innovative, commercial-like contractual arrangements are
encouraged to consider requesting Other Transactions. To understand the flexibility and options
associated with Other Transactions, consult http://www.darpa.mil/work-with-us/contract-
management#OtherTransactions.

In accordance with 10 U.S.C. § 2371b(f), the Government may award a follow-on
production contract or Other Transaction (OT) for any OT awarded under this BAA if: (1) that
participant in the OT, or a recognized successor in interest to the OT, successfully completed the
entire prototype project provided for in the OT, as modified; and (2) the OT provides for the
award of a follow-on production contract or OT to the participant, or a recognized successor in
interest to the OT.

In all cases, the Government contracting officer shall have sole discretion to select award
instrument type, regardless of instrument type proposed, and to negotiate all instrument terms
and conditions with selectees. DARPA will apply publication or other restrictions, as necessary,
if it determines that the research resulting from the proposed effort will present a high likelihood
of disclosing performance characteristics of military systems or manufacturing technologies that
are unique and critical to defense. Any award resulting from such a determination will include a
requirement for DARPA permission before publishing any information or results on the
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program. For more information on publication restrictions, see the section below on Fundamental
Research.

B. Proposals and Awards

Proposers shall prepare full proposals in accordance with the proposal format instructions
detailed under Section I'V to address Phase 1 (including options) and a ROM for Phase 2.

DARPA will provide updated proposal guidance and requests for Phase 2 proposals
toward the end of Phase 1. Submission of full proposals for Phase 2 is optional and associated
proposal preparation costs will not be reimbursed under Phase 1 awards. Performers who choose
not to submit full proposal for Phase 2 will not be considered for Phase 2 awards. Continuation
of the program beyond the Phase 1 contract is the decision of the Government and will be based
on Phase 1 results, Government need, the availability of funds, the determination that performers
have made sufficient progress towards meeting program performance objectives, maturing the
required technologies and addressing risks, and scientific review of the Phase 2 proposals.
Evaluations of full proposals for Phase 2 will be based on evaluation criteria to be specified in
the Phase 2 proposal request.

C. Fundamental Research

It is DoD policy that the publication of products of fundamental research will remain
unrestricted to the maximum extent possible. National Security Decision Directive (NSDD) 189
defines fundamental research as follows:

‘Fundamental research’ means basic and applied research in science and
engineering, the results of which ordinarily are published and shared broadly within the
scientific community, as distinguished from proprietary research and from industrial
development, design, production, and product utilization, the results of which ordinarily
are restricted for proprietary or national security reasons.

As of the date of publication of this BAA, the Government expects that program goals as
described herein may be met by proposed efforts for fundamental research and non-fundamental
research. Some proposed research may present a high likelihood of disclosing performance
characteristics of military systems or manufacturing technologies that are unique and critical to
defense. Based on the anticipated type of proposer (e.g., university or industry) and the nature of
the solicited work, the Government expects that some awards will include restrictions on the
resultant research that will require the awardee to seek DARPA permission before publishing
any information or results relative to the program.

Proposers should indicate in their proposal whether they believe the scope of the research
included in their proposal is fundamental or not. While proposers should clearly explain the
intended results of their research, the Government shall have sole discretion to determine
whether the proposed research shall be considered fundamental and to select the award
instrument type. Appropriate language will be included in resultant awards for non-fundamental
research to prescribe publication requirements and other restrictions, as appropriate. This
language can be found at http://www.darpa.mil/work-with-us/additional-baa.
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For certain research projects, it may be possible that although the research to be
performed by a potential awardee is non-fundamental research, its proposed subawardee’s effort
may be fundamental research. It is also possible that the research performed by a potential
awardee is fundamental research while its proposed subawardee’s effort may be non-
fundamental research. In all cases, it is the potential awardee’s responsibility to explain in its
proposal which proposed efforts are fundamental research and why the proposed efforts should
be considered fundamental research.

ITII.  Eligibility Information

A. Eligible Applicants

All responsible sources capable of satisfying the Government's needs may submit a
proposal that shall be considered by DARPA.

1. Federally Funded Research and Development Centers (FFRDCs) and
Government Entities

a)  FFRDCs

FFRDC:s are subject to applicable direct competition limitations and cannot propose to
this BAA in any capacity unless they meet the following conditions. (1) FFRDCs must clearly
demonstrate that the proposed work is not otherwise available from the private sector. (2)
FFRDCs must provide a letter, on official letterhead from their sponsoring organization, that (a)
cites the specific authority establishing their eligibility to propose to Government solicitations
and compete with industry, and (b) certifies the FFRDC’s compliance with the associated
FFRDC sponsor agreement’s terms and conditions. These conditions are a requirement for
FFRDCs proposing to be awardees or subawardees.

All proposers are expected to address transition; transition is part of the evaluation
criteria in Section V.A. However, given their special status, FFRDCs should describe how and
when a proposed technology/system will transition to which Non-FFRDC organization(s).

b) Government Entities

Government Entities (e.g., Government/National laboratories, military educational
institutions, etc.) are subject to applicable direct competition limitations. Government Entities
must clearly demonstrate that the work is not otherwise available from the private sector and
provide written documentation citing the specific statutory authority and contractual authority, if
relevant, establishing their ability to propose to Government solicitations and compete with
industry. This information is required for Government Entities proposing to be awardees or
subawardees.

) Authority and Eligibility

At the present time, DARPA does not consider 15 U.S.C. § 3710a to be sufficient legal
authority to show eligibility. While 10 U.S.C.§ 2539b may be the appropriate statutory starting
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point for some entities, specific supporting regulatory guidance, together with evidence of
agency approval, will still be required to fully establish eligibility. DARPA will consider FFRDC
and Government Entity eligibility submissions on a case-by-case basis; however, the burden to
prove eligibility for all team members rests solely with the proposer.

2. Non-U.S. Organizations and/or Individuals

Non-U.S. organizations and/or individuals may participate to the extent that such
participants comply with any necessary nondisclosure agreements, security regulations, export
control laws, and other governing statutes applicable under the circumstances.

3. Classified Proposals

For classified proposals, applicants will ensure all industrial, personnel, and information
systems processing security requirements are in place and at the appropriate level (e.g., Facility
Clearance Level (FCL), Automated Information Security (AIS), Certification and Accreditation
(C&A), and any Foreign Ownership Control and Influence (FOCI) issues are mitigated prior to
submission. Additional information on these subjects can be found at http://www.dss.mil.

B. Organizational Conflicts of Interest

FAR 9.5 Requirements

In accordance with FAR 9.5, proposers are required to identify and disclose all facts relevant to
potential OCIs involving the proposer’s organization and any proposed team member
(subawardee, consultant). Under this Section, the proposer is responsible for providing this
disclosure with each proposal submitted to the BAA. The disclosure must include the proposer’s,
and as applicable, proposed team member’s OCI mitigation plan. The OCI mitigation plan must
include a description of the actions the proposer has taken, or intends to take, to prevent the
existence of conflicting roles that might bias the proposer’s judgment and to prevent the proposer
from having unfair competitive advantage. The OCI mitigation plan will specifically discuss the
disclosed OCI in the context of each of the OCI limitations outlined in FAR 9.505-1 through
FAR 9.505-4.

Agency Supplemental OCI Policy

In addition, DARPA has a supplemental OCI policy that prohibits contractors/performers from
concurrently providing Scientific Engineering Technical Assistance (SETA), Advisory and
Assistance Services (A&AS) or similar support services and being a technical performer.
Therefore, as part of the FAR 9.5 disclosure requirement above, a proposer must affirm whether
the proposer or any proposed team member (subawardee, consultant) is providing SETA, A&AS,
or similar support to any DARPA office(s) under: (a) a current award or subaward; or (b) a past
award or subaward that ended within one calendar year prior to the proposal’s submission date.

If SETA, A&AS, or similar support is being or was provided to any DARPA office(s), the
proposal must include:

e The name of the DARPA office receiving the support;
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e The prime contract number;
e Identification of proposed team member (subawardee, consultant) providing the support; and
e An OCI mitigation plan in accordance with FAR 9.5.

Government Procedures

In accordance with FAR 9.503, 9.504 and 9.506, the Government will evaluate OCI mitigation
plans to avoid, neutralize or mitigate potential OCI issues before award and to determine whether
it is in the Government’s interest to grant a waiver. The Government will only evaluate OCI
mitigation plans for proposals that are determined selectable under the BAA evaluation criteria
and funding availability.

The Government may require proposers to provide additional information to assist the
Government in evaluating the proposer’s OCI mitigation plan.

If the Government determines that a proposer failed to fully disclose an OCI; or failed to provide
the affirmation of DARPA support as described above; or failed to reasonably provide additional
information requested by the Government to assist in evaluating the proposer’s OCI mitigation
plan, the Government may reject the proposal and withdraw it from consideration for award.

C. Cost Sharing/Matching

Cost sharing is not required; however, it will be carefully considered where there is an
applicable statutory condition relating to the selected funding instrument. Cost sharing is
encouraged where there is a reasonable probability of a potential commercial application related
to the proposed research and development effort.

For more information on potential cost sharing requirements for Other Transactions for
Prototype, see http://www.darpa.mil/work-with-us/contract-management#OtherTransactions.

IV.  Application and Submission Information

A. Address to Request Application Package

This announcement, any attachments, and any references to external websites herein
constitute the total solicitation. If proposers cannot access the referenced material posted in the
announcement found at https://beta.sam.gov/ or www.darpa.mil, contact the administrative
contact listed herein.

B. Content and Form of Application Submission

All submissions, including abstracts and proposals must be written in English with type
not smaller than 12-point font. Smaller font may be used for figures, tables, and charts. All hard
copies must be on 8'2 inch by 11 inch paper with 1” margins. Copies of all documents submitted
must be clearly labeled with the DARPA BAA number, proposer organization, and proposal
title/proposal short title. Electronic copies of the submissions shall be provided in a searchable
PDF format. Proposers are encouraged to provide source documents to facilitate extraction of
graphics and tables.
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NOTE: Non-conforming submissions that do not follow the instructions, formats, or page
counts specified herein may be rejected without further review.

1. Abstract Format

Proposers are strongly encouraged to submit an abstract in advance of a proposal.
Abstracts should follow the same general format as described for proposals (see Section IV.B.2,
“Proposal Format”) but include ONLY Sections I and II of Volume I, Technical and
Management Proposal. The cover sheet should be clearly marked “ABSTRACT,” and the total
length should not exceed 5 pages. The maximum page count excludes the cover page in Volume
I, Technical and Management Proposal, Section I, and official transmittal letter but does include
any figures, tables, and charts. Official transmittal letter is not required.

Areas to be addressed are:

o Key elements of the envisioned technical approach including how the approach
can achieve the program metrics, highlighting novel technologies, algorithms or
other capabilities that enable the RACER vision

o RACER development and test approach and how that will be implemented in
performer-hosted demonstrations and at DARPA-hosted field experiments

o Envisioned approach for rapidly establishing a field test capability including
performer field test site and availability date, approach for assessing metrics,
staffing, and other relevant information

o Relevant qualifications and experience of the proposer and potential teaming
partners, including ability to rapidly stand up a field test team

o Top level schedule, including DARPA required events and performer defined
events, as well as envisioned goals for each event.

2. Proposal Format

All proposals must be in the format given below. Proposals shall consist of two volumes:
1) Volume I, Technical and Management Proposal (composed of three parts), and 2) Volume II,
Cost Proposal. The maximum page limit for Volume I is 40 pages. Bracketed numbers before
each section denote recommended page limits.

Ensure that each section provides the detailed discussion of the proposed work necessary
to enable an in-depth review of the specific technical and managerial issues. Specific attention
must be given to addressing both risk and payoff of the proposed work that make it desirable to
DARPA.

a) Volume I, Technical and Management Proposal

Section I: Administrative (not included in page count)
A. Cover Sheet to include:
(1) BAA number (HR001121S0004);
(2) "RACER Volume 1, Technical and Management Proposal”;
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(3) Lead organization submitting proposal;

(4) Type of organization, selected among the following categories: “LARGE
BUSINESS,” “SMALL DISADVANTAGED BUSINESS,” “OTHER SMALL
BUSINESS,” “HBCU,” “ML,” “OTHER EDUCATIONAL,” OR “OTHER
NONPROFIT”

(5) Proposer’s reference number (if any);

(6) Other team members (if applicable) and type of organization for each;

(7) Proposal title;

(8) Technical point of contact to include: salutation, last name, first name, street address,
city, state, zip code, telephone, fax (if available), electronic mail (if available);

(9) Administrative point of contact to include: salutation, last name, first name, street
address, city, state, zip code, telephone, fax (if available), electronic mail (if available);
and;

(10) Date proposal was submitted.

B. Official transmittal letter

Section II: Summary of Proposal

A. {3} Executive-level summary of technical rationale, technical approach, and constructive
plan for accomplishment of technical goals in support of innovative claims and
deliverable creation. The summary should also include a top-level schedule that outlines
the proposer’s overall approach to executing proposed system development through
demonstration testing. The summary should address the proposer’s overall RACER
program technical approach and vision, initial RACER concept, initial RACER
Development and Demonstration Plan (RDDP).

B. {1} Innovative claims for the proposed research. This section is the centerpiece of the
proposal and should succinctly describe the uniqueness and benefits of the proposed
approach relative to the current state-of-art alternate approaches.

C. {1} General discussion of other research in this area.

D. {1} A clearly defined organization chart for the program team which includes, as
applicable: (1) the programmatic relationship of team member; (2) the unique capabilities
of team members; (3) the task responsibilities of team members; (4) the teaming strategy
among the team members; and (5) the key personnel along with the amount of effort to be
expended by each key personnel during each year, expressed in percentages. DARPA
requires key personnel identified in the proposal to be assigned as proposed, and the
resulting contract/agreement will indicate no substitution shall be made without prior
approval of the Government.
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Section III: Detailed Proposal Information

A. {8} Technical Approach

Describe the proposer’s top-level RACER architecture and technical approach to
developing algorithms that will enable UGVs to achieve the RACER program metrics.
Highlight key elements of the proposed approach along with key technical challenges.
Present substantiating data or analysis that indicates the potential feasibility and
effectiveness of the approach for meeting the metrics. Describe how the proposer plans to
leverage the DARPA provided GFX in their development approach. Describe the
proposer’s systems engineering process to develop RACER system requirements that are
traceable to the program metrics and objectives as well as portability to additional
vehicles. Address the overall software development process, including how they will
develop interfaces, track configuration, and assess progress. Include a discussion of the
performer-hosted demonstration environments, the development tools the proposer plans
to use and their experience using those tools to address relevant problems. Include a
comparison with other ongoing research indicating advantages and disadvantages of the
proposed effort. Include a discussion of proposer’s previous accomplishments and work
in closely related research areas. Proposers are encouraged to outline in detail their
specific approach to using simulation and how it contributes to field testing and achieving
program metrics.

B. {8} Initial RACER Development and Demonstration Plan (RDDP)

Provide an initial RDDP, describing the plan for maturing RACER functionality and
executing a compelling progression of RACER demonstrations, including performer-
hosted demonstration and DARPA-hosted field experiments. Describe the schedule and
activities required to achieve first live field demonstration, as well as the content,
objectives, and timing of subsequent demonstrations. Describe the approach to
decomposing the system-level requirements and metrics into component-level/technical
requirements. Describe the program risks and how they will be reduced over the RACER
development schedule in Phases 1 and 2. Describe the envisioned objectives for
performance and functionality at DARPA-hosted field experiments and performer-hosted
demonstrations to illustrate how the proposed progression will accomplish the Phase 1
technical approach and achieve the program metrics. Describe the data collection
approach. Describe approach to the GFX maintenance and repair.. It is envisioned that
the RDDP will include a more detailed description of Phase 1 activities than Phase 2
activities, and will be updated to provide more details on Phase 2 risk reduction activities
with the Phase 2 proposal. The RDDP should establish performer-defined Key
Performance Parameters (KPPs) to supplement the formal program metrics. The RDDP
should describe how the KPPs supplement the formal program metrics. These KPPs
should reflect the proposer’s approach for managing and assessing technical and schedule
progress throughout the program. The Government envisions these KPPs may include
interim metrics at various schedule points, vehicle functionality milestones, sprint
objectives, or test milestones. The Government expects the progress against the KPPs
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and RDDP plans to be updated as part of the Results and Analysis Report delivered
following DARPA-Hosted Field Experiments.

. {3} Phase 1 Management Plan

Provide a detailed discussion of the proposed management approach for successfully
accomplishing Phase 1 objectives, deliverables and success metrics. Describe
organizational responsibilities and authority for the development effort. Describe the
approach, management processes, and tracking measures to be used for assessing and
reporting technical progress, schedule, and financial status. Describe how key system
knowledge acquired during the program will be captured.

Describe how activities will be managed and integrated across geographically and/or
organizationally separate team elements. Describe the proposed approach to
subcontractor management, quality control, and safety.

. {3} Phase 2 Initial Program Plan and Initial Schedule

Provide an initial program plan and initial schedule for Phase 2. The Government is not
expecting a detailed plan for Phase 2, but rather seeks confidence that the proposer
understands the major technical hurdles for continuing maturation to more complex
environments and higher speeds as well as porting the Phase 1 system to a second vehicle
type. This preliminary Phase 2 information should also substantiate that the proposer
understands the full scope of the program objectives and can reasonably expect to
complete the overall program through Phase 2 within budget and schedule.

{3} Program Team

Substantiate the ability of the proposed team to execute all phases of the RACER
program, including implementation of a performer-hosted demonstration environment.
Describe relevant program experience on technically challenging, software development
and field test based programs, including ability to successfully execute within schedule
and budget. These capabilities can be substantiated by a combination of the team’s
corporate experience and proposed key personnel experience. Describe proposed
teammates, their competencies, experience, and proposed role. Provide evidence that
their proposed team has adequate experience and staffing to rapidly stand up their field
test team. Provide resumes and qualifications of key personnel, including the proposed
Program Manager, Chief Engineer, Chief Software Systems Engineer, and System Test
Lead (or equivalent based on the proposer’s management terminology), as well as other
functional area leads as defined by the proposer’s team organization. Describe key
personnel roles and responsibilities, along with the percentage time commitment of each
of these key personnel. DARPA requires key personnel identified in the proposal to be
assigned as proposed, and the resulting contract/agreement will indicate no substitution
shall be made without prior approval of the Government. Detail support, including formal
teaming agreements which are required to execute this program.
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F. {2} Description of the facilities that would be used for the proposed effort.

Describe their performer field test site(s) and the facilities that would be used for the
proposed effort.

G. {1} Security Management Architecture and/or Approach

Proposers must provide a description of the security management architecture and/or
approach that would be used for the proposed effort.

Complete, assembled autonomy stack software code that is developed under the RACER
program and data collected from the complete, assembled autonomy stack software code
that is developed under the RACER program will both be FOUO and restricted to US-
persons.

Proposers who intend to include non-US persons, should specify if they currently have
the ability to segregate the work of non-US persons or include a description of how they
would meet a requirement to segregate the work of non-US persons.

A portion of the work in Phase 2 may potentially be classified at the SECRET level.
Proposers must specify if they currently have the ability to perform classified work at the
SECRET level, or include a description of how they would meet a requirement to
perform classified work at the SECRET level in Phase 2.

See the RACER Security Classification Guide for Security classification guidance. A
copy of the Security Classification Guide may be requested by emailing
HRO001121S50004@darpa.mil with “Requesting RACER Security Classification Guide”
as the subject line.

H. {1} Description of Technology Transfer

Provide a description of the results, products, transferable technology, and expected
technology transfer path to supplement information included elsewhere in the proposal.
This should also address transitioning intellectual property for U.S. military applications,
if applicable. See also Section IV.B.3.1 of this BAA, “Intellectual Property.”

I. Statement of Work (SOW) {not included in page count}

Do not include any proprietary information in the SOW.

In plain English, clearly define the technical tasks/subtasks to be performed, their
durations, and dependencies among them. The proposer shall employ a common work
breakdown structure (WBS), or other detailed project organization structure, for
numbering all activities in the SOW, IMS, and cost proposal. Major hardware and
software component development and test activities shall be detailed to Level 3 or below
such that there is a direct correlation between material purchases and individual items,
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understanding of individual test composition and cost, etc. A less detailed WBS
breakdown is acceptable for level-of-effort type tasks such as program management,
program control, etc. The page length for the SOW will be dependent on the amount of
the effort.

Level 1 of the WBS should be at the system level. Level 2 of the WBS should be at the
subsystem level. Level 3 of the WBS should be at the component or activity level.

For each task/subtask, provide:

o A general description of the objective (for each defined task/activity);

o A detailed description of the approach to be taken to accomplish each defined
task/activity;

o Identification of the primary organization responsible for task execution (prime,
subcontractor, by name, etc.) by work breakdown structure (WBS) element;

o The completion criteria for each task/activity, such as a product, event, or
milestone that defines its completion; and

o A definition of all deliverables (reports, data, software, documentation, hardware,
demonstration system element, multimedia, etc.) to be provided to the
Government in support of the proposed research tasks/activities. Include expected
delivery date for each deliverable.

o Clearly identify any tasks/subtasks (to be performed by either an awardee or
subawardee) that will be accomplished on-campus at a university, if applicable

o Clearly identify any tasks/subtasks (to be performed by either an awardee or
subawardee) that will be performed by or include non-US persons.

Integrated Master Schedule (IMS) {not included in page count}
Do not include any proprietary information in the IMS.

Provide an IMS detailing the specific tasks to be accomplished, their interrelationship,
and time sequencing. The IMS must provide at least the same level of WBS detail as the
SOW. The IMS should include a critical path that contains all major events leading up to
the first vehicle field demo as well as subsequent activities culminating in the final Phase
1 DARPA-hosted field demonstration. The IMS should provide details on critical
activities such as key processes, developments, or activities that will pace the
development schedule.

. Government Furnished Material {not included in page count}

Proposers must identify any required Government-furnished facilities, equipment, data,
manpower, additional facility improvements over existing facility capabilities, and
equipment to support the proposer’s Phase 1 RACER development and demonstration
approach that is beyond the GFX specified in the BAA. This list should include rationale,
ROM cost, and dates needed. The cost of any additional Phase 1 Government Furnished
Material will count against the total Phase 1 funding available.
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Proposers may identify additional quantities of the GFX items specified in this BAA
(e.g., additional vehicles, sensors, etc.) that they identify are needed to support the
proposed testing approach. Proposers should provide justification for any additional
quantities of the GFX items specified in this BAA.

Proposers may specify the desired levels of long lead spares they identify are needed to
support the proposed testing approach.

. Intellectual Property {not included in page count}

Discuss the proposed data rights approach for the entire program, including deliverables.
The Government seeks to transition RACER technologies to multiple platforms and
therefore desires a maximally open architecture without proprietary claims. If the
proposer intends to assert proprietary claims, they must provide rationale for the claim(s)
(e.g., potential commercial follow-on applications or use of Section 845), describe why it
is in the best interest of the Government, and describe why it will not hamper the
transition potential for RACER. If no restrictions are intended, this should be stated.

. Limited Data Rights {not included in page count}

Proposers must submit a separate list of all items, such as technical data or computer
software, that will be furnished to the Government with other than unlimited rights. The
Government will assume unlimited rights if proposers fail to identify any intellectual
property restrictions in their proposals.

Include in this section all proprietary claims to the results, prototypes, intellectual
property, or systems supporting and/or necessary for the use of the research, results,
and/or prototype. If there are no proprietary claims, this should be stated.

Include in this section all demonstration systems, deliverables or systems supporting
and/or necessary for the use of the research, results, demonstration systems and/or

deliverables that will be provided with other than unlimited rights.

Include in this section the rights, if other than unlimited rights, for computer software that
is developed with a combination of private expense and Government funds.

For forms to be completed regarding intellectual property, see Section IV.B.3.1 of this
BAA.

. Resumes {not included in page count}

Proposers may submit resumes of personnel identified in the organization chart. Resumes
for key personnel are encouraged. Resumes are limited to three (3) pages each.
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b) Volume II, Cost Proposal
All proposers, including FFRDCs, must submit the following:

Cover sheet to include:

(1) BAA number (HR001121S0004);

(2) ”"RACER Volume II, Cost Proposal”;

(3) Lead Organization submitting proposal,

(4) Type of organization selected among the following categories: “LARGE
BUSINESS,” “SMALL DISADVANTAGED BUSINESS,” “OTHER SMALL
BUSINESS,” “HBCU,” “MIL,” “OTHER EDUCATIONAL,” OR “OTHER
NONPROFIT”;

(5) Proposer’s reference number (if any);

(6) Other team members (if applicable) and type of organization for each;

(7) Proposal title;

(8) Technical point of contact to include: salutation, last name, first name, street address,
city, state, zip code, telephone, fax (if available), electronic mail (if available);

(9) Administrative point of contact to include: salutation, last name, first name, street
address, city, state, zip code, telephone, fax (if available), and electronic mail (if
available);

(10) Date proposal was submitted;

(11) Award instrument requested: cost-plus-fixed-fee (CPFF), cost-contract—no fee, cost
sharing contract — no fee, or other type of procurement contract (specify), grant,
cooperative agreement, or Other Transaction;

(12) Total funds requested from DARPA, and the amount of cost share (if any);

(13) Total proposed cost separated by basic award and option(s) (if any);

(14) Period(s) of performance separated by basic award and option(s) (if any);

(15) ROM cost for Phase 2;

(16) Place(s) of performance;

(17) Name, address, and telephone number of the proposer’s cognizant Defense Contract
Management Agency (DCMA) administration office (if known);

(18) Name, address, and telephone number of the proposer’s cognizant Defense Contract
Audit Agency (DCAA) audit office (if known);

(19) DUNS number;

(20) TIN number;

(21) CAGE Code;

(22) List of Subawardees; and

(23) Proposal validity period (minimum 180 days).

Additional Cost Proposal Information

A. Supporting Cost and Pricing Data
The proposer should include supporting cost and pricing information in sufficient detail

to substantiate the summary cost estimates. The proposal should include a description of the
method used and the basis of estimates used to estimate costs and supporting documentation. The
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realism of the total cost estimate should be addressed. This may be shown by a comparison to
previous efforts that were of a similar size, scope and complexity, or by outlining the approach
that was used to establish the total cost of the program. The realism of the total cost estimation
should be substantiated, where possible, by showing the as-bid cost and schedule as well as the
at-completion cost and schedule of previous science and technology development efforts of
similar size, scope, and complexity. Allocations for tasks in the cost proposal should include a
task-level basis of estimate. The Government requires that tables included in the cost proposal
also be provided in an editable (e.g., MS Excel) format with calculation formulas intact to allow
traceability of the cost proposal numbers across the prime and subcontractors.

B. Cost Breakdown Information and Format

Detailed cost breakdown to include:

(@)
(@)

O O O O

Basis for total cost estimate

Assessment of realism of the total cost estimate by comparison to efforts of
similar size, scope, and complexity, or by other means described in the proposal
Discussion of other cost estimation techniques used

Total program costs separated by Phase 1 and Phase 1 Option then broken down
by task and further broken down by major cost items (direct labor, including labor
categories; subcontracts; materials; other direct costs; overhead charges, etc.).
Major program tasks by fiscal year

A summary of projected total program funding requirements separated by Phase 1
and Phase 1 Option broken down by month

A ROM cost for Phase 2 based on the Phase 2 initial program plan and initial
schedule

The source, nature, and amount of any cost-sharing

An itemization of major subcontracts

An itemization of major equipment purchases

Documentation supporting the reasonableness of proposed major equipment,
major materials and major other direct costs (vendor quotes, past purchase
orders/purchase history, detailed engineering estimates, etc.).

An itemization of any information technology (IT) purchase, as defined by FAR
2.101 — Documentation supporting the purpose and reasonableness of the
proposed equipment costs (vendor quotes, past purchase orders/purchase history,
detailed engineering estimates, etc.) shall be provided, including a letter stating
why the proposer cannot provide the requested resources from its own funding for
prime and all sub-awardees.

Identification of pricing assumptions of which may require incorporation into the
resulting award instrument (e.g., use of Government Furnished
Property/Facilities/Information, access to Government Subject Matter Experts,
etc.)

Tables included in the cost proposal should be in editable (e.g. MS Excel) format
with calculation formulas intact. NOTE: If PDF submissions differ from the Excel submission,
the PDF will take precedence.
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Per FAR 15.403-4, certified cost or pricing data shall be required if the proposer is
seeking a procurement contract award per the referenced threshold, unless the proposer requests
and is granted an exception from the requirement to submit cost or pricing data. Certified cost or
pricing data are not required if the proposer proposes an award instrument other than a
procurement contract (e.g., a grant, cooperative agreement, or other transaction.)

a. Subawardee Proposals

The awardee is responsible for compiling and providing all subawardee proposals for the
Procuring Contracting Officer (PCO)/Grants Officer (GO)/Agreements Officer (AO), as
applicable. Subawardee proposals should include Interdivisional Work Transfer Agreements
(ITWA) or similar arrangements. Where the effort consists of multiple portions that could
reasonably be partitioned for purposes of funding, these should be identified as options with
separate cost estimates for each.

All proprietary subawardee proposal documentation, prepared at the same level of detail
as that required of the awardee’s proposal and that cannot be uploaded with the proposed
awardee’s proposal, shall be provided to the Government either by the awardee or by the
subawardee organization when the proposal is submitted. Subawardee proposals submitted to the
Government by the proposed awardee should be submitted in a sealed envelope (or submitted
electronically via BAAT separately from the prime) that the proposed awardee will not be
allowed to view. The subawardee must provide the same number of copies to the PCO/GO/AO
as is required of the awardee. See Section IV.B.4.b of this BAA for proposal submission
information.

b. Other Transaction Requests
The Government may award either a Federal Acquisition Regulation (FAR) based
contract or an Other Transaction for Prototype (OT) agreement for prototype system

development.

All proposers requesting an OT must include a detailed list of milestones. Each milestone
must include the following:

o milestone description,

o completion criteria,

° due date, and

J payment/funding schedule (to include, if cost share is proposed, awardee

and Government share amounts).

It is noted that, at a minimum, milestones should relate directly to accomplishment of
program technical metrics as defined in the BAA and/or the proposer’s proposal. Agreement
type, expenditure or fixed-price based, will be subject to negotiation by the Agreements Officer.
Do not include proprietary data.
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3. Additional Proposal Information
a) Proprietary Markings

Proposers are responsible for clearly identifying proprietary information. Submissions
containing proprietary information must have the cover page and each page containing such
information clearly marked with a label such as “Proprietary.” NOTE: “Confidential” is a
classification marking used to control the dissemination of U.S. Government National Security
Information as dictated in Executive Order 13526 and should not be used to identify proprietary
business information.

b) Security Information
(1) Program Security Information

Proposers should include with their proposal any proposed solution(s) to program
security requirements unique to this program. Common program security requirements include
but are not limited to: operational security (OPSEC) contracting/sub-contracting plans; foreign
participation or materials utilization plans; program protection plans (which may entail the
following) manufacturing and integration plans; range utilization and support plans (air, sea,
land, space, and cyber); data dissemination plans; asset transportation plans; classified test
activity plans; disaster recovery plans; classified material/asset disposition plans
and public affairs/communications plans.

(2) Classified Submissions
(a) Classified Proposal Markings

At this time, DARPA anticipates that proposals submitted in response to this BAA may
generate or involve access to classified information. Classified submissions shall be transmitted
and marked in accordance with the following guidance. Security classification guidance via a
Security Classification Guide (SCG) and/or DARPA DD Form 254, “DoD Contract Security
Classification Specification,” will be provided as an attachment to the BAA or may be provided
at a later date.

If a submission contains Classified National Security Information or the suspicion of
such, as defined by Executive Order 13526, the information must be appropriately and
conspicuously marked with the proposed classification level and declassification date.
Submissions requiring DARPA to make a final classification determination shall be marked as
follows:

“CLASSIFICATION DETERMINATION PENDING. Protect as though
classified (insert the recommended classification level, e.g.,
Top Secret, Secret or Confidential)”
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NOTE: Classified submissions must indicate the classification level of not only the submitted
materials, but also the classification level of the anticipated award.

(b) Classified Submission Requirements and
Procedures

Proposers submitting classified information must have, or be able to obtain prior to
contract award, cognizant security agency approved facilities, information systems, and
appropriately cleared/eligible personnel to perform at the classification level proposed. All
proposer personnel performing Information Assurance (IA)/Cybersecurity related duties on
classified Information Systems shall meet the requirements set forth in DoD Manual 8570.01-M
(Information Assurance Workforce Improvement Program). Additional information on the
subjects discussed in this section may be found at http://www.dss.mil.

Proposers choosing to submit classified information from other collateral classified
sources (i.e., sources other than DARPA) must ensure (1) they have permission from an
authorized individual at the cognizant Government agency (e.g., Contracting Officer, Program
Manager); (2) the proposal is marked in accordance with the source Security Classification
Guide (SCG) from which the material is derived; and (3) the source SCG is submitted along with
the proposal.

When a proposal includes a classified portion, and when able according to security
guidelines, we ask that proposers send an e-mail to HR001121S0004(@darpa.mil as notification
that there is a classified portion to the proposal. When submitting a hard copy of the classified
portion according to the instructions outlined below, proposers should submit six (6) hard copies
of the classified portion of their proposal and two (2) CD-ROMs containing the classified portion
of the proposal as a single searchable Adobe PDF file.

See the RACER Security Classification Guide for Security classification guidance and
guidance on the DD Form 254, “DoD Contract Security Classification Specification. A copy of
the Security Classification Guide may be requested by emailing HR001121S0004@darpa.mil
with “Requesting RACER Security Classification Guide” as the subject line.

Confidential, Secret, and Top Secret Information

Use transmission, classification, handling, and marking guidance provided by previously
issued SCGs, the DoD Information Security Manual (DoDM 5200.01, Volumes 1 - 4), and the
National Industrial Security Program Operating Manual, including the Supplement Revision 1
(DoD 5220.22-M and DoD 5200.22-M Sup. 1), when submitting Confidential, Secret, and/or
Top Secret classified information.

Confidential and Secret

Confidential and Secret classified information may be submitted via ONE of the two
following methods to the mailing address listed in the contact information in Part I of this BAA:
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e Hand-carried by an appropriately cleared and authorized courier to the DARPA
Classified Document Registry (CDR). Prior to traveling, the courier shall contact the
DARPA CDR at 703-526-4052 to coordinate arrival and delivery.

OR

e Mailed via U.S. Postal Service (USPS) Registered Mail or USPS Express Mail. All
classified information will be enclosed in opaque inner and outer covers and double-
wrapped. The inner envelope shall be sealed and plainly marked with the assigned
classification and addresses of both sender and addressee. Senders should mail to the
mailing address listed in the contact information herein.

The inner envelope shall be addressed to Defense Advanced Research Projects Agency,
ATTN: DARPA/TTO (Stuart Young), with a reference to the BAA number.

The outer envelope shall be sealed with no identification as to the classification of its
contents and addressed to Defense Advanced Research Projects Agency, Security & Intelligence
Directorate, Attn: CDR.

Top Secret Information

Top Secret information must be hand-carried by an appropriately cleared and authorized
courier to the DARPA CDR. Prior to traveling, the courier shall contact the DARPA CDR at
703-526-4052 to coordinate arrival and delivery.

Sensitive Compartmented Information (SCI)

SCI must be marked, managed and transmitted in accordance with DoDM 5105.21
Volumes 1 - 3. Questions regarding the transmission of SCI may be sent to the DARPA
Technical Office Program Security Officer (PSO) via the BAA mailbox or by contacting the
DARPA Special Security Officer (SSO) at 703-812-1970.

Successful proposers may be sponsored by DARPA for access to SCI. Sponsorship must
be aligned to an existing DD Form 254 where SCI has been authorized. Questions regarding SCI
sponsorship should be directed to the DARPA Personnel Security Office at 703-526-4543.

Special Access Program (SAP) Information

SAP information must be marked in accordance with DoDM 5205.07 Volume 4 and
transmitted by specifically approved methods which will be provided by the Technical Office
PSO or their staff.

Proposers choosing to submit SAP information from an agency other than DARPA are
required to provide the DARPA Technical Office PSO written permission from the source
material’s cognizant Special Access Program Control Officer (SAPCO) or designated
representative. For clarification regarding this process, contact the DARPA Technical Office
PSO via the BAA mailbox or the DARPA SAPCO at 703-526-4102.
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Additional SAP security requirements regarding facility accreditations, information
security, personnel security, physical security, operations security, test security, classified
transportation plans, and program protection planning may be specified in the DD Form 254.

NOTE: All proposals containing Special Access Program (SAP) information must be
processed on a SAP information technology (SAP IT) system that has received an
Approval-to-Operate (ATO) from the DARPA Technology Office PSO or other applicable
DARPA SAP IT Authorizing Official. The SAP IT system ATO will be based upon the Risk
Management Framework (RMF) process outlined in the Joint Special Access Program
Implementation Guide (JSIG), current version (or successor document). (Note: A SAP IT
system is any SAP IT system that requires an ATO. It can range from a single
laptop/tablet up to a local and wide area networks.)

The Department of Defense mandates the use of a component’s SAP enterprise system
unless a compelling reason exists to use a non-enterprise system. The DARPA Chief
Information Officer (CIO) must approve any performer proposal to acquire, build, and
operate a non-enterprise SAP IT system during the awarded period of performance. Use
of the DARPA SAP enterprise system, SAVANNAH, does not require CIO approval.

SAP IT disposition procedures must be approved by the DARPA Senior Authorizing
Official, or SAPCO, IAW the OSD SAPCO Memorandum, “Disposition of DoD Special
Access Program Information Technology Devices,” July 27, 2017.

3) Unclassified Submissions

DARPA anticipates that submissions received under this BAA will be unclassified.
However, should a proposer wish to submit classified information, an unclassified e-mail must
be sent to the BAA mailbox requesting submission instructions from the Technical Office PSO.
If a determination is made that the award instrument may result in access to classified
information, a SCG and/or DD Form 254 will be issued by DARPA and attached as part of the
award.

4) Both Classified and Unclassified Submissions

For a proposal that includes both classified and unclassified information, the proposal
may be separated into an unclassified portion and a classified portion. The proposal should
include as much information as possible in the unclassified portion and use the classified portion
ONLY for classified information. The unclassified portion can be submitted through the DARPA
BAA Website, per the instructions in Section IV.B.4.b below. The classified portion must be
provided separately, according to the instructions outlined in the ‘Classified Submission
Requirements and Procedures’ section above.

c) Disclosure of Information and Compliance with Safeguarding
Covered Defense Information Controls
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The following provisions and clause apply to all solicitations and contracts; however, the
definition of “controlled technical information” clearly exempts work considered fundamental
research and therefore, even though included in the contract, will not apply if the work is
fundamental research.

DFARS 252.204-7000, “Disclosure of Information”

DFARS 252.204-7008, “Compliance with Safeguarding Covered Defense Information
Controls”

DFARS 252.204-7012, “Safeguarding Covered Defense Information and Cyber Incident
Reporting”

The full text of the above solicitation provision and contract clauses can be found at
http://www.darpa.mil/work-with-us/additional-baa##NPRPAC.

Compliance with the above requirements includes the mandate for proposers to
implement the security requirements specified by National Institute of Standards and Technology
(NIST) Special Publication (SP) 800-171, “Protecting Controlled Unclassified Information in
Nonfederal Information Systems and Organizations” (see https://doi.org/10.6028/NIST.SP.800-
171r1) that are in effect at the time the BAA 1is issued.

For awards where the work is considered fundamental research, the contractor will not
have to implement the aforementioned requirements and safeguards. However, should the nature
of the work change during performance of the award, work not considered fundamental research
will be subject to these requirements.

d) Human Subjects Research (HSR)/Animal Use

Proposers that anticipate involving human subjects or animals in the proposed research
must comply with the approval procedures detailed at http://www.darpa.mil/work-with-
us/additional-baa, to include providing the information specified therein as required for proposal
submission.

e) Approved Cost Accounting System Documentation

Proposers that do not have a Cost Accounting Standards (CAS) compliant accounting
system considered adequate for determining accurate costs that are negotiating a cost- type
procurement contract must complete an SF 1408. For more information on CAS compliance, see
http://www.dcaa.mil/. To facilitate this process, proposers should complete the SF 1408 found at
http://www.gsa.gov/portal/forms/download/115778 and submit the completed form with the
proposal.

f) Small Business Subcontracting Plan

Pursuant to Section 8(d) of the Small Business Act (15 U.S.C. § 637(d)) and FAR
19.702(a)(1), each proposer who submits a contract proposal and includes subcontractors might
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be required to submit a subcontracting plan with their proposal. The plan format is outlined in

FAR 19.704.

g) Section 508 of the Rehabilitation Act (29 U.S.C. § 749d)/FAR

39.2

All electronic and information technology acquired or created through this BAA must
satisfy the accessibility requirements of Section 508 of the Rehabilitation Act (29 U.S.C. §

749d)/FAR 39.2.

h) Grant Abstract

Per Section 8123 of the Department of Defense Appropriations Act, 2015 (Pub. L. 113-

235), all grant awards must be posted on a public website in a searchable format. To comply with
this requirement, proposers requesting grant awards must submit a maximum one (1) page
abstract that may be publicly posted and explains the program or project to the public. The
proposer should sign the bottom of the abstract confirming the information in the abstract is
approved for public release. Proposers are advised to provide both a signed PDF copy, as well as
an editable (e.g., Microsoft word) copy. Abstracts contained in grant proposals that are not
selected for award will not be publicly posted.

i) Intellectual Property

All proposers must provide a good faith representation that the proposer either owns or
possesses the appropriate licensing rights to all intellectual property that will be utilized under

the proposed effort.

(1

For Procurement Contracts

Proposers responding to this BAA requesting procurement contracts will need to
complete the certifications at DFARS 252.227-7017. See http://www.darpa.mil/work-with-
us/additional-baa for further information. If no restrictions are intended, the proposer should state
“none.” The table below captures the requested information:

Technical Data Summary of Basis for Asserted Rights | Name of Person
Computer Intended Use in Assertion Category Asserting
Software To be | the Conduct of Restrictions
Furnished With the Research
Restrictions
(LIST) (NARRATIVE) | (LIST) (LIST) (LIST)
(2) For All Non-Procurement Contracts

Proposers responding to this BAA requesting a Grant, Cooperative Agreement,
Technology Investment Agreement, or Other Transaction for Prototypes shall follow the
applicable rules and regulations governing these various award instruments, but, in all cases,
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should appropriately identify any potential restrictions on the Government’s use of any
Intellectual Property contemplated under the award instrument in question. This includes both
Noncommercial Items and Commercial Items. Proposers are encouraged use a format similar to
that described in Paragraph (1). above. If no restrictions are intended, then the proposer should
state “NONE.”

All proposers responding to this BAA must submit a separate list of all contract
deliverables, including technical data or computer software that will be furnished to the
Government with other than unlimited rights. The Government will assume unlimited rights if
proposers fail to identify any intellectual property restrictions in their proposals. Include in this
section all limited data rights or Government purpose rights, or proprietary claims to the results,
data, reports, prototypes, software, or systems supporting and/or necessary for the use of the
research, results, and/or prototype. If there are no proprietary claims, this should be stated.

In support of integration and future transition opportunities, DARPA expects to receive,
at a minimum, Government Purpose Rights for all hardware, software, interfaces, Application
Programming Interfaces (APIs), algorithms, models, intellectual property, prototypes, support
and test systems and equipment, sensor interfaces, data streams, analysis, and results developed
under this program and/or that are necessary for the use of the research, results, and/or
prototypes from this program.

i) System for Award Management (SAM) and Universal
Identifier Requirements

All proposers must be registered in SAM unless exempt per FAR 4.1102. FAR 52.204-7,
“System for Award Management” and FAR 52.204-13, “System for Award Management
Maintenance” are incorporated into this BAA. See http://www.darpa.mil/work-with-
us/additional-baa for further information.

International entities can register in SAM by following the instructions in this link:
https://www.fsd.gov/fsd-
gov/answer.do?sysparm_kbid=dbf8053adb119344d71272131f961946&sysparm_search=KB001
3221.

4. Submission Information

All times listed herein are in U.S. Eastern Time. Proposers are warned that submission
deadlines as outlined herein are strictly enforced. When planning their response to this
solicitation, proposers should take into account that some parts of the submission process may
take from one business day to one month to complete (e.g., registering for a DUNS number or
TIN).

DARPA will acknowledge receipt of all submissions and assign an identifying control
number that should be used in all further correspondence regarding the submission. DARPA
intends to use electronic mail correspondence regarding HR001121S0004 Submissions may not
be submitted by fax or e-mail; any so sent will be disregarded.
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Submissions will not be returned. An electronic copy of each submission received will be
retained at DARPA and all other non-required copies destroyed. A certification of destruction
may be requested, provided the formal request is received by DARPA within 5 days after
notification that a proposal was not selected.

Note: Proposers submitting a proposal via the DARPA BAA Submission site MUST
complete all submission activities (including selecting the “Finalize” button and allowing
sufficient time for all files to upload) prior to the deadline. Failure to do so will result in a late
submission.

For abstract and proposal submission dates, see Part 1., Overview Information.
Submissions received after these dates and times may not be reviewed.

The proposal must be received at DARPA/TTO, 675 North Randolph Street, Arlington,
VA 22203-2114 (Attn.: HR001121S0004) on or before, December 18, 2020, 4:00pm Eastern
Time, in order to be considered during the initial round of selections; however, proposals
received after this deadline may be received and evaluated up to six months (180 days) from date
of posting on the System for Award Management, Contract Opportunities
(https://Beta.SAM.gov) or Grants.gov (http://www.grants.gov). The ability to review and select
proposals submitted after the initial round deadline specified in the BAA or due date otherwise
specified by DARPA will be contingent on availability of funds. Proposers are warned that the
likelihood of available funding is greatly reduced for proposals submitted after the initial closing
date deadline.

a) Abstract Submission

Proposers are strongly encouraged to submit an abstract in advance of a proposal. This
procedure is intended to minimize unnecessary effort in proposal preparation and review. The
time and date for submission of abstracts is specified in Part I., Overview Information. DARPA
will acknowledge receipt of the submission and assign a control number that should be used in
all further correspondence regarding the abstract.

For Abstracts Being Submitted Using the DARPA BAA Website:

Unclassified abstracts sent in response to this BAA may be submitted via DARPA's BAA
Website (https://baa.darpa.mil). Please refer to the Proposal Submission section below for
additional details. All abstracts submitted electronically through the DARPA BAA Submission
website must be uploaded as zip files (.zip or .zipx extension). The final zip file should only
contain the document(s) requested herein and must not exceed 50 MB in size. Only one zip file
will be accepted per abstract; abstracts not uploaded as zip files will be rejected by DARPA.

Refer to Section VI.A.1 for how DARPA will respond to abstract submissions.
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b) Proposal Submission

Refer to Section VI.A.2 for how DARPA will notify proposers as to whether or not their
proposal has been selected for potential award.

(1) For Proposers Requesting Grants or Cooperative Agreements

Proposers requesting grants or cooperative agreements must submit proposals through one of the
following methods: (1) electronic upload per the instructions at
https://www.grants.gov/applicants/apply-for-grants.html; or (2) hard-copy mailed directly to
DARPA. If proposers intend to use Grants.gov as their means of submission, then they must
submit their entire proposal through Grants.gov; applications cannot be submitted in part to
Grants.gov and in part as a hard-copy. Proposers using Grants.gov do not submit hard-copy
proposals in addition to the Grants.gov electronic submission.

Submissions: Proposers must submit the three forms listed below.

Form 1: SF 424 Research and Related (R&R) Application for Federal Assistance, available on
the Grants.gov website at https://apply07.grants.gov/apply/forms/sample/RR_SF424 2 0-
V2.0.pdf. This form must be completed and submitted.

To evaluate compliance with Title IX of the Education Amendments of 1972 (20 U.S.C. § 1681
et.seq.), the Department of Defense (DoD) is collecting certain demographic and career
information to be able to assess the success rates of women who are proposed for key roles in
applications in science, technology, engineering or mathematics disciplines. In addition, the
National Defense Authorization Act (NDAA) for FY 2019, Section 1286, directs the Secretary of
Defense to protect intellectual property, controlled information, key personnel, and information
about critical technologies relevant to national security and limit undue influence, including
foreign talent programs by countries that desire to exploit United States’ technology within the
DoD research, science and technology, and innovation enterprise. This requirement is necessary
for all research and research-related educational activities. The DoD is using the two forms
below to collect the necessary information to satisfy these requirements. Detailed instructions for
each form are available on Grants.gov.

The Research and Related Senior/Key Person Profile (Expanded) form will be used to collect the
following information for all senior/key personnel, including Project Director/Principal
Investigator and Co-Project Director/Co-Principal Investigator, whether or not the individuals'
efforts under the project are funded by the DoD:
e Degree Type and Degree Year.
e Current and Pending Support, including:
o A list of all current projects the individual is working on, in addition to any future
support the individual has applied to receive, regardless of the source.
o Title and objectives of the other research projects.
The percentage per year to be devoted to the other projects.
o The total amount of support the individual is receiving in connection to each of
the other research projects or will receive if other proposals are awarded.

(@]
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o Name and address of the agencies and/or other parties supporting the other
research projects
o Period of performance for the other research projects.

Additional senior/key persons can be added by selecting the “Next Person” button at the bottom
of the form. Note that, although applications without this information completed may pass
Grants.gov edit checks, if DARPA receives an application without the required information,
DARPA may determine that the application is incomplete and may cause your submission to be
rejected and eliminated from further review and consideration under the BAA. DARPA reserves
the right to request further details from the applicant before making a final determination on
funding the effort.

Form 2: Research and Related Senior/Key Person Profile (Expanded), available on the
Grants.gov website at
https://apply07.grants.gov/apply/forms/sample/RR_KeyPersonExpanded 2 0-V2.0.pdf. This
form must be completed and submitted.

Form 3: Research and Related Personal Data, available on the Grants.gov website at
https://apply07.grants.gov/apply/forms/sample/RR_PersonalData_1_2-V1.2.pdf. Each applicant
must complete the name field of this form, however, provision of the demographic information is
voluntary. Regardless of whether the demographic fields are completed or not, this form must be
submitted with at least the applicant’s name completed.

(1) Grants.gov Submissions: Grants.gov requires proposers to complete a one-time
registration process before a proposal can be electronically submitted. First time
registration can take between three business days and four weeks. For more information
about registering for Grants.gov, see http://www.darpa.mil/work-with-us/additional-baa.

(2) Hard-copy Submissions: Proposers electing to submit grant or cooperative
agreement proposals as hard copies must complete the SF 424 R&R form (Application
for Federal Assistance,) available on the Grants.gov website
http://apply07.grants.gov/apply/forms/sample/RR_SF424 2 0-V2.0.pdf

(2) For Proposers Requesting Procurement Contracts or OTs and
Submitting to a DARPA-approved Proposal Submissions
Website

Unclassified proposals sent in response to this BAA may be submitted via DARPA's
BAA Website (https://baa.darpa.mil). Note: If an account has already been created for the
DARPA BAA Website, this account may be reused. If no account currently exists for the
DARPA BAA Website, visit the website to complete the two-step registration process.
Submitters will need to register for an Extranet account (via the form at the URL listed above)
and wait for two separate e-mails containing a username and temporary password. After
accessing the Extranet, submitters may then create an account for the DARPA BAA website (via
the "Register your Organization" link along the left side of the homepage), view submission
instructions, and upload/finalize the proposal. Proposers using the DARPA BAA Website may
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encounter heavy traffic on the submission deadline date; proposers should start this process as
early as possible.

All unclassified concepts submitted electronically through DARPA’s BAA Website must
be uploaded as zip files (.zip or .zipx extension). The final zip file should be no greater than 50

MB in size. Only one zip file will be accepted per submission, and submissions not uploaded as
zip files will be rejected by DARPA.

Classified submissions and proposals requesting grants or cooperative agreements should
NOT be submitted through DARPA's BAA Website (https://baa.darpa.mil), though proposers
will likely still need to visit https://baa.darpa.mil to register their organization (or verify an
existing registration) to ensure the BAA office can verify and finalize their submission.

Technical support for DARPA's BAA Website may be reached at
BAAT Support@darpa.mil, and is typically available during regular business hours, Eastern
Time.

For a proposal that includes both classified and unclassified information, the proposal
may be separated into an unclassified portion and a classified portion. The proposal should use
the unclassified portion to the maximum extent reasonable. The unclassified portion can be
submitted through the DARPA BAA Website, per the instructions above. The classified portion
must be mailed separately, according to the instructions outlined in the “Security Information”
section above. If a classified proposal may not be partitioned into classified and unclassified
portions, then submit according to the instructions outlined in the “Security Information” section
above.

When a proposal includes a classified portion, and when able according to security
guidelines, we ask that proposers send an e-mail to HR001121S0004(@darpa.mil as notification
that there is a classified portion to the proposal. When sending the classified portion via mail
according to the instructions outlined in the “Security Information” section above, proposers
should submit an original and six (6) hard copies of the classified portion of their proposal and
two (2) CD-ROMs containing the classified portion of the proposal as a single searchable Adobe
PDF file.

Please ensure that all CDs are well-marked. Each copy of the classified portion must be
clearly labeled with HR001121S0004, proposer organization, proposal title (short title
recommended), and Copy _of .

(3) For Proposers Requesting Procurement Contracts or OTs and
Submitting Hard Copies

Proposers may submit hard copies of their proposal. Proposers opting to submit hard
copies must submit an original and six (6) hard copies of the proposal but no more than nine (9)
of the proposal and two (2) electronic copies of the proposal [in PDF (preferred)] on a CD-ROM.
Each copy must be clearly labeled with HR001121S0004, proposer organization, proposal title
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(short title recommended), and Copy _ of 2. All hard copies must be submitted in compliance
with Section IV.B of this BAA.

5. Funding Restrictions

Preaward costs will not be reimbursed unless a preaward cost agreement is negotiated
prior to award.

6. Other Submission Requirements

DARPA will post a consolidated Frequently Asked Questions (FAQ) document. To
access the posting go to: http://www.darpa.mil/work-with-us/opportunities. Under the
HRO001121S0004 summary will be a link to the FAQ. Submit your question/s by e-mail to
HRO001121S0004@darpa.mil. Questions must be received by the FAQ/Questions due date listed
in Part I, Overview Information.

V. Application Review Information

A. Evaluation Criteria

Proposals will be evaluated using the following criteria, listed in descending order of
importance:

1. Overall Scientific and Technical Merit

The proposed technical approach is innovative, feasible, achievable, and complete.
The Government will review the proposed program approach to assess the extent to which the
proposal demonstrates understanding of the RACER program vision and the technical and
programmatic challenges.

The Government will review the proposed RACER technical approach to assess the
extent to which the proposed approach meets or exceeds overall RACER program objectives.
The Government will review the proposer’s vision for addressing the RACER challenges and the
unique features in the proposed approach towards addressing program objectives.

The Government will also evaluate the proposer’s high-level architecture and technical
approach to autonomy algorithm development. This evaluation will include the key elements of
the proposed approach, associated challenges with these elements and how they are expected to
be overcome.

The Government will review the analysis, data and other substantiating information
regarding the proposer’s RACER concept to assess the technical maturity, effectiveness and
feasibility of the proposed RACER concept and development approach to achieve the proposed
Phase 1 demonstrations. The Government will assess the extent to which the proposer can
rapidly develop a performer field test site to enable rapid development and assessment of
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RACER autonomy algorithms. The Government will also review how the proposer intends to
leverage the DARPA provided GFX in their development approach.

The Government will review the proposer’s approach for independent assessment of
performer-hosted demonstrations to assess the adequacy and fidelity of the approach to meeting
or exceeding the program metrics and the extent to which the proposal information substantiates
the capability to do so.

The Government will review the RDDP and KPPs to assess the extent to which the plan
adequately addresses all key risk areas for the proposed RACER approach. The Government will
assess the extent to which the proposer has defined a plan that meets the Government vision for
rapid cycle testing. The Government will assess whether the RDDP provides a robust basis for
tracking system maturation and risk throughout the program. The Government will assess
whether key risk reduction activities and demonstrations are appropriately defined and
adequately validate technologies and metrics. The Government will also assess whether the
proposer-defined metrics are well defined, achievable, and adequately capture the necessary
development to achieve program objectives. The Government will also address whether the
proposer’s test approach indicates that the proposer has adequate understanding of the unique
test challenges, test environment, and data collection and validation needs.

The Government will review the Phase 1 program plan, event schedule and deliverables to
assess whether they are consistent with the Phase 1 Statement of Objectives, are clearly defined,
and provide adequate insight into technical progress of the program at appropriate intervals.

The Government will assess whether the management approach includes a robust plan for
software development management, tracking program technical and schedule progress, program
control, subcontractor management and integration, and other key management elements.

The Government will also assess whether the Phase 1 SOW is credible, executable, and
addresses the Phase 1 objectives, deliverables, and program metrics. The Government will assess
the extent to which the SOW sufficiently details activities and are traceable to the cost proposal.

Lastly, the Government will review the extent to which initial Phase 2 program plan is
feasible, addresses Phase 2 metrics, and can be accomplished within Phase 2 schedule objectives.
The Government will assess whether the proposer has an adequate understanding of and has
addressed their ability to port the Phase 1 LTATYV to a large-scale demonstration platform in
Phase 2.

2. Proposer’s Capabilities and/or Related Experience

The proposer's prior experience in similar efforts clearly demonstrates an ability to
deliver products that meet the proposed technical performance within the proposed budget and
schedule. The proposed team has the expertise to manage the cost and schedule. Similar efforts
completed/ongoing by the proposer in this area are fully described including identification of
other Government sponsors.
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The Government will review the capabilities and expertise of the proposed team to assess
whether the team has adequate expertise across the range of disciplines required to successfully
perform the RACER program, including previous experience on programs with a similar level of
complexity and in key risk areas. The Government will assess whether the proposal provides
evidence of strengths in the technical areas required to develop their system level solution
including, as appropriate: software development, autonomous systems development and
integration, software- and hardware- in-the-loop simulation, test environments, field experiments
with autonomous systems, and autonomous decision frameworks. Specifically related to
autonomous systems development, the Government will assess the proposer’s capabilities and expertise
relating to field robotic perception, planning, control and implementation of recent machine learning
and artificial intelligence approaches, and the ability to develop novel solutions in these areas related to
RACER objectives. The Government will also assess the extent to which the proposed team has
facilities and corporate resources to accomplish Phases 1 and 2.

The Government will review the qualifications and relevant experience of key personnel,
including at a minimum: the Program Manager, Chief Engineer, Autonomy Lead, Software
Development Lead, System Integration, Test Lead and functional area leads, such as Perception
Lead, Planning Lead, and Controls Lead as proposed. The Government will assess whether key
personnel expertise and proposed level of effort are consistent with their proposed role on the
program. The Government will also assess the extent to which key personnel have direct
experience on the programs cited as the team’s experience base.

3. Potential Contribution and Relevance to the DARPA Mission

The potential contributions of the proposed effort are relevant to the national technology
base. Specifically, DARPA’s mission is to make pivotal early technology investments that create
or prevent strategic surprise for U.S. National Security.

The Government will review the proposed RDDP to assess the extent to which the
proposed program is consistent with DARPA’s program vision and isrelevant to a future
operational RACER capability. This assessment will consider the maturity of the capability
planned to be achieved in Phase 1, the military utility and transition potential of the envisioned
Phase 2 products, and the scope of additional development that would be required to achieve an
operational capability. The Government will also assess the scalability and extensibility of the
proposed RACER capability to additional vehicles, and more complex environments, and
scenarios.

This evaluation will take into consideration the extent to which the proposed intellectual
property (IP) rights will potentially impact the Government’s ability to transition the technology
to the research, industrial, and operational military communities.

In addition, this evaluation will take into consideration the extent to which computer
software with less than unlimited rights will be used in this program and the rights proposed for

computer software that is developed with a combination of private expense and Government
funds.
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4. Realism of Proposed Cost and Schedule

The proposed costs are realistic for the technical and management approach and
accurately reflect the technical goals and objectives of the solicitation. The proposed costs are
consistent with the proposer's Statement of Work and reflect a sufficient understanding of the
costs and level of effort needed to successfully accomplish the proposed technical approach. The
costs for the prime proposer and proposed subawardees are substantiated by the details provided
in the proposal (e.g., the type and number of labor hours proposed per task, the types and
quantities of materials, equipment and fabrication costs, travel and any other applicable costs and
the basis for the estimates).

The proposed schedule aggressively pursues performance metrics in an efficient time
frame that accurately accounts for the anticipated workload. The proposed schedule identifies
and mitigates any potential schedule risk.

The proposer substantiates that they can realistically complete the proposed work within
the cost and schedule provided in the proposal.

The proposer’s Phase 2 ROM are consistent with the proposer's Phase 2 initial program
plan and initial schedule and reflects a sufficient understanding of the costs and level of effort
needed to successfully accomplish the proposed technical approach.

It is expected that the effort will leverage all available relevant prior research in order to
obtain the maximum benefit from the available funding. For efforts with a likelihood of
commercial application, appropriate direct cost sharing may be a positive factor in the
evaluation. DARPA recognizes that undue emphasis on cost may motivate proposers to offer
low-risk ideas with minimum uncertainty and to staff the effort with junior personnel in order to
be in a more competitive posture. DARPA discourages such cost strategies.

Government Furnished Property (GFP) costs are itemized and appropriately
substantiated, where the GFP is in addition to the RACER GFX.

B. Review of Proposals

1. Review Process

It is the policy of DARPA to ensure impartial, equitable, comprehensive proposal
evaluations based on the evaluation criteria listed in Section V.A and to select the source (or
sources) whose offer meets the Government's technical, policy, and programmatic goals.

DARPA will conduct a scientific/technical review of each conforming proposal.
Conforming proposals comply with all requirements detailed in this BAA; proposals that fail to
do so may be deemed non-conforming and may be removed from consideration. Proposals will
not be evaluated against each other since they are not submitted in accordance with a common
work statement. DARPA’s intent is to review proposals as soon as possible after they arrive;
however, proposals may be reviewed periodically for administrative reasons.
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Award(s) will be made to proposers whose proposals are determined to be the most
advantageous to the Government, consistent with instructions and evaluation criteria specified in
the BAA herein, and availability of funding.

2. Handling of Source Selection Information

DARPA policy is to treat all submissions as source selection information (see FAR 2.101
and 3.104), and to disclose their contents only for the purpose of evaluation. Restrictive notices
notwithstanding, during the evaluation process, submissions may be handled by support
contractors for administrative purposes and/or to assist with technical evaluation. All DARPA
support contractors performing this role are expressly prohibited from performing DARPA-
sponsored technical research and are bound by appropriate nondisclosure agreements.

Subject to the restrictions set forth in FAR 37.203(d), input on technical aspects of the proposals
may be solicited by DARPA from non-Government consultants/experts who are strictly bound
by the appropriate non-disclosure requirements.

3. Federal Awardee Performance and Integrity Information (FAPIIS)

Per 41 U.S.C. 2313, as implemented by FAR 9.103 and 2 CFR § 200.205, prior to
making an award above the simplified acquisition threshold, DARPA is required to review and
consider any information available through the designated integrity and performance system
(currently FAPIIS). Awardees have the opportunity to comment on any information about
themselves entered in the database, and DARPA will consider any comments, along with other
information in FAPIIS or other systems prior to making an award.

VI Award Administration Information

A. Selection Notices and Notifications

1. Abstracts
DARPA will respond to abstracts with a statement as to whether DARPA 1is
interested in the idea. If DARPA does not recommend the proposer submit a full proposal,
DARPA will provide feedback to the proposer regarding the rationale for this decision.
Regardless of DARPA's response to an abstract, proposers may submit a full proposal. DARPA
will review all conforming full proposals using the published evaluation criteria and without
regard to any comments resulting from the review of an abstract.

2. Proposals

After the evaluation of a proposal is complete, the proposer will be notified that (1) the
proposal has been selected for funding pending award negotiations, in whole or in part, or (2) the
proposal has not been selected. These official notifications will be sent via email to the Technical
POC and/or Administrative POC identified on the proposal coversheet.
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B. Administrative and National Policy Requirements

1. Meeting and Travel Requirements

There will be a program kickoff meeting and all key participants are required to attend.
Performers should also anticipate regular program-wide PI Meetings and periodic site visits at
the Program Manager’s discretion.

2. FAR and DFARS Clauses

Solicitation clauses in the FAR and DFARS relevant to procurement contracts and FAR
and DFARS clauses that may be included in any resultant procurement contracts are
incorporated herein and can be found at http://www.darpa.mil/work-with-us/additional-baa.

3. Controlled Unclassified Information (CUI) on Non-DoD Information
Systems

Further information on Controlled Unclassified Information on Non-DoD Information
Systems is incorporated herein can be found at http://www.darpa.mil/work-with-us/additional-
baa.

4. Representations and Certifications

In accordance with FAR 4.1102 and 4.1201, proposers requesting a procurement contract
must complete electronic annual representations and certifications at https://www.sam.gov/.

In addition, all proposers are required to submit for all award instrument types (i.e.,
procurement contract, cooperative agreement, grant, and Other Transaction for Prototype)
supplementary DARPA-specific representations and certifications at the time of proposal
submission. See http://www.darpa.mil/work-with-us/reps-certs for further information on
required representation and certification depending on your requested award instrument.

5. Terms and Conditions

For terms and conditions specific to grants and/or cooperative agreements, see the DoD
General Research Terms and Conditions (latest version) at http://www.onr.navy.mil/Contracts-
Grants/submit-proposal/grants-proposal/grants-terms-conditions and the supplemental DARPA-
specific terms and conditions at http://www.darpa.mil/work-with-us/contract-
management#GrantsCooperativeAgreements.

C. Reporting

The number and types of reports will be specified in the award document, but will
include as a minimum monthly technical and financial status reports. The monthly status reports
must include documentation of progress toward accomplishing program metrics. The reports
shall be prepared and submitted in accordance with the procedures contained in the award
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document and mutually agreed on before award. Reports and briefing material will also be
required as appropriate. A Final Report that summarizes the project and tasks will be required at
the conclusion of the performance period for the award, notwithstanding the fact that the
research may be continued under a follow-on vehicle. At least one copy of each report will be
delivered to DARPA and not merely placed on a SharePoint site.

D. Electronic Systems

1. Wide Area Work Flow (WAWF)
Performers will be required to submit invoices for payment directly to
https://wawf.eb.mil, unless an exception applies. Performers must register in WAWF prior to any
award under this BAA.

2. i-Edison

The award document for each proposal selected for funding will contain a mandatory
requirement for patent reports and notifications to be submitted electronically through i-Edison
(https://public.era.nih.gov/iedison).

VII. Agency Contacts

For information concerning agency level protests see http://www.darpa.mil/work-with-
us/additional-baa#NPRPAC.

Administrative, technical, or contractual questions should be sent via e-mail to
HRO001121S0004@darpa.mil. All requests must include the name, e-mail address, and phone
number of a point of contact.

The BAA Coordinator may be reached at:
HRO001121S0004@darpa.mil
DARPA/TTO
ATTN: HR001121S0004
675 North Randolph Street
Arlington, VA 22203-2114

VIII. Other Information

A. Collaborative Efforts
Collaborative efforts/teaming are encouraged. Interested parties should submit a one-page
profile with their contact information, a brief description of their technical capabilities, and the

desired expertise from other teams, as applicable.

B. Standard Cost Proposal Spreadsheets

The Government strongly encourages that proposers use the provided MS Excel™ DARPA
Standard Cost Proposal Spreadsheet in the development of their cost proposals. A customized
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cost proposal spreadsheet may be an attachment to this solicitation. If not, the spreadsheet can be
found on the DARPA website at http://www.darpa.mil/work-with-us/contract-management
(under “Resources” on the right-hand side of the webpage). All tabs and tables in the cost
proposal spreadsheet should be developed in an editable format with calculation formulas intact
to allow traceability of the cost proposal. This cost proposal spreadsheet should be used by the
prime organization and all subcontractors. In addition to using the cost proposal spreadsheet, the
cost proposal still must include all other items required in this announcement that are not covered
by the editable spreadsheet. Subcontractor cost proposal spreadsheets may be submitted directly
to the Government by the proposed subcontractor via e-mail to the address in Part I of this
solicitation. Using the provided cost proposal spreadsheet will assist the Government in a
rapid analysis of your proposed costs and, if your proposal is selected for a potential
award, speed up the negotiation and award execution process.

C. Government Furnished Equipment and Information (GFX)

To ensure performer activities are focused on algorithmic approaches and to enable early
field testing, DARPA will provide as GFX LTATVs equipped with a sensor suite and computing
resources, an optional baseline autonomy stack, vehicle and sensor models, and initial data sets
from Government vehicle collects. Information on the intended GFX is provided below. The
Government reserves the right to alter the GFX as needed.

Performers are permitted to request modifications or enhancements to the GFX. Should
DARPA approve a request, the modifications or enhancements will be applied to the GFX of all
performers.

1. Small-Scale Demonstration Platforms

DARPA intends to provide three LTATVs to each performer in Phase 1. DARPA intends
to provide each performer with one vehicle at contract award and deliver two additional
LTATVs at approximately two-month intervals. DARPA intends to provide up to 3 additional
LTATVs to each performer in Phase 2. As a point of departure example, a Polaris MRZR-X
platform is referenced.

Each LTATV will be equipped with a baseline sensor package, computing resources and
autonomy stack. The sensor package will include an inertial measurement unit (IMU), radar
arrays, stereo camera pairs, and lidars. The computing resources will comprise networked GPUs
populated with a basic “drive by wire” vehicle management system to execute driving
commands (e.g., accelerate, break, turn). The autonomy stack will consist of functioning,
integrated components demonstrated by the Government on current research efforts and includes
perception, localization, symbolic planning/execution, and metric planning/execution elements.
The referenced LTATYV vehicle package is shown in Figure 3.

The performer shall be responsible for LTATV maintenance and repairs. All replacement
parts must match the original part or match form, fit and function. DARPA understands that
vehicle operations will require taking risks that may result in significant damage to the LTATVs.
To help mitigate this risk, DARPA intends to have a limited inventory of long lead spare parts.
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The cost of these parts will be tracked. DARPA will not guarantee the availability of any part,
nor will it provide any consideration in test dates based on the availability of parts or the
completion of repairs. Performers should consider repair timelines and parts availability in their
planning, and in conducting their testing and field experiments. Restoring the vehicles to allow
them to continue to be used in testing will be the responsibility of the performers. DARPA does
not require the vehicles to be refurbished at the end of the program. DARPA will identify
resources who can provide technical help with repairs to LTATV vehicles and equipment.
Performers should anticipate at least 90 days for the return of severely damaged vehicles.
DARPA may choose, at its sole discretion, to loan performers one of DARPA’s LTATVs while
the performer’s vehicle is being repaired.

2. Large-Scale Demonstration Platforms

DARPA will provide approximately one large-scale demonstration platform to each
Phase 2 performer. Similar to the LTATV, each large-scale demonstration platform will be
equipped with a baseline sensor package, compute, and autonomy stack.

3. Baseline Sensor Package, Compute and Autonomy Stack
a) Baseline Sensor Package

The following list identifies the planned components of the sensor suite. Figure 3 shows
approximate sensor locations. DARPA seeks to select a sensor suite that balances state of art
with reliability and robustness to withstand the multi-year RACER effort.

e Scanning Lidars (2x front, provision for 1x rear): These sensors will provide 3D
point-cloud data at approximately 10 Hz, with a total forward vertical Field of View
(FOV) of approximately 70 degrees. Data of this type are familiar to many autonomy
teams. After the initial dataset for kick-off, an enhanced dataset will include a backward-
looking scanning lidar to provide a view of the scenery behind the platform. These data
will be especially useful to performers for assessing the quality of predictions made using
forward-looking data, and for retrospectively assessing the quality of autonomous test
runs.

e Stereo Cameras (3x front, provision for 1x rear): Stereo cameras provide full-frame
3D without the “smearing” often seen in scanning lidars on moving vehicles. We
anticipate using large-baseline (27 cm) ruggedized stereo cameras capable of providing
15 Hz 2MP depth data with aligned color imagery. After the initial dataset for kick-off,
an enhanced dataset will include a backward-looking stereo camera will be added to
provide a view of the scenery behind the vehicle. These data will have similar value to
the rear-facing lidar data, but without the strong radiation signature of lidar.

o Long Wave Infrared (LWIR) Camera (provision for 1x front): Provides thermal
imagery at lower resolution than the attached stereo cameras, but provides
complementary information without radiation signature, and allows long-range vision at
night. This sensor data will not be part of the initial data set, but will be part of an
enhanced dataset.
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¢ Forward-Looking Radar: This sensor may be used for identifying and tracking dynamic
obstacles, but has significant radiation signature in the millimeter wave band. Radar is
particularly suited to detecting and tracking moving objects because Doppler
measurements can allow objects to be resolved based on their motion relative to the
sensor.

e Steer Angle, Throttle Position, Brake Effort, Gear Selection, and other control
inputs: These are all part of the MRZR Drive-by-Wire (DBW) package. Recording these
control inputs may help performers understanding the human operator actions, so that
autonomy software can be taught to duplicate (and eventually surpass) those actions.

o Inertial Sensors: Accelerometers and gyros allow tracking of vehicle position and
orientation, assessment of driving smoothness, detection of crashes and other events.

e GPS: Non-WAAS GPS accurate to +/-10m maximum and not guaranteed to be available
at all times.

e  Wheel/Driveline Encoders: will be included in an enhanced data set, after kick-off.
Wheel rotation is an essential input to many motion tracking algorithms. These data are
fused with accelerometer and gyro data to measure vehicle motion, wheel spin, and
traction.

e Suspension Travel Sensors: will be included in an enhanced data set, after kick-off.
Along with vehicle pose these sensors provide visibility into control impact and vehicle
physical state. Suspension motion is a good indicator of terrain type/condition and
permissible torque levels.

In addition to the sensors described above, provisions for synchronization (via Precision
Time Protocol, 1PPS, and CAN AUTOSAR, as appropriate for each sensor) and logging of the
incoming sensor data will be provided.

b) Baseline Compute

The planned compute available on the demonstration platforms is GPUs in the quantity
and class of 4-6 Nuvo 7160GCs using <1000W of power consumption.

¢) Baseline Autonomy Stack

The RACER baseline stack of autonomy software is an autonomy architecture that is
based on packages and components implemented with the Robotic Operating System (ROS) to
enable reproducibility and modularity. Reproducibility derives from package metadata (ROS
package.xml) and build system (catkin-tools). The baseline stack considers modularity at two
scales: both individual algorithms/nodes and clusters of nodes that provide capability. The
architecture depends on the TF library and adheres to the ROS Enhancement Protocol. Central to
the world model and representations of the architecture is the adoption of pose-graph-based
solutions to the simultaneous localization and mapping (SLAM) problem for GPS-denied or
degraded localization. That is, representations of the world consume a list of frame correction
(e.g., map to odometry) in order to process observations in a consistent frame (e.g., map).
Finally, the baseline stack assumes a federated world model - the location and communication of
data is in the hands of the system designer. The baseline autonomy stack also includes a
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simulation environment that uses the Unity game engine using a custom interface to pass data
between the Robot Operating System (ROS) and the simulation engine.

The RACER baseline stack of autonomy software provides an implementation of the
architecture described above and will be provided as GFX to RACER performers at program
kickoff to be used to accelerate their development as desired. It consists of four major
capabilities:

1. Perception pipeline: Takes sensor data, e.g., RGB images and point clouds, and
processes to symbolic observations. Components include object detection, per-pixel
image classification, object position/pose estimation based on lidar, etc.

2. Simultaneous Localization and Mapping (SLAM): Using sensor data and perception
pipeline products, formulates the SLAM problem as a pose-graph optimization and
solves. Includes components for point cloud alignment (iterative closest point, ICP),
pose-graph optimization (GTSAM), caching/data-association/fusion of symbolic object
measurements, renderers of terrain classes/occupancy grids/point clouds.

3. Metric Planning and Execution: Uses a metric model of the world to achieve metric
goals, e.g., waypoint navigation. Includes components for global planning (e.g., lattice-
based motion planning), local planning (e.g., trajectory optimization), and an executor to
sequence planning and control.

4. Symbolic Representations: Creates and uses symbolic models of the world to achieve
symbolic goals.

4. RACER Code Repository

The RACER Government Code Repository consists of a data store and a development
environment, and is where performers will also have access to a baseline autonomy stack
described above.

a) RACER Data Store

DARPA will provide performers with access to a RACER data store populated by the
DARPA collected data sets, and available for performers to augment with their collected data
sets. Central to the RACER goal of advanced off-road autonomy will be algorithms that learn
from expert human operator behavior at the strategic, tactical and operational level. The data
store will capture the human-operated off-road data, organize, and curate for ease of use. The
data store will include sensory input (e.g., cameras, lidars, inertial sensors), contextual and prior
knowledge (e.g., mission type/tempo), human control outputs, tags and labels and metrics (e.g.,
speed, observability, acoustic signature).

The RACER data store is intended to enable performers to catalyze and launch their
software development efforts without the traditional time-intensive efforts of data collect testbed
design and fabrication, calibration, collection, troubleshooting, data organization, and
preparation. As such, the RACER data store will be populated with a robust and large set of data.
The Data Store will allow performers to privately collect, upload, organize, and analyze their
own data without building their own cloud infrastructure.
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The RACER data store is built, mindful of what machine learning and Al researchers will
need from the Data Store to help them move as fast as possible.

RACER data store focuses on the following items:
e Large, multi-sensor data sets comprised of high-fidelity data:
o Dedicated communications for each high-rate sensor
o Raw data captured with lightweight RLE encoding where appropriate to
maximize use of bandwidth without compromising performance. Additional
lossless compression in the cloud.
o Defer processing for off-board operations to limit need for on-board compute
e Easy framework to log, store, retrieve, and play back large datasets:
o Designed for secure over-air updates, firewalled performer data, and appropriate
cross-team learning
e Time synchronization:
o Leverage IEEE 1588, 1PPS, and CAN AUTOSAR as appropriate per sensor to
maintain synchronized communications on the vehicle
o Leverage GNSS timestamps to off-vehicle
e Visibility into sensor calibration:
o Includes default calibration
o Includes calibration datasets to enable performers to perform their own intrinsic
calibration if needed
o Includes extrinsic calibration daily during data collection to verify that sensors
haven’t moved
e Registration with existing maps:
o Includes GPS position when available
o Includes pose/motion estimates
o Provides raw inertial and vehicle data

The RACER data store is designed with careful attention in several key areas:

o Scalability: data store design will anticipate the amount of storage required to
support the program through four years of operation, and will include facilities to
identify stale and unused logs, group logs based on likelihood of future use,
suggest logs for deletion or demotion to cold storage, etc. Additionally, the Data
Store is extensible for performers to use for logging and storing test data, tagging
and indexing the collection of logs, and spring boarding their own cloud
development efforts.

o Ease of use: log data upload ingest strategies automatically capture and record
diagnostic data from the fleet, match uploaded bulk logs to test events, and lay the
groundwork for service and support activities later in the program. In addition to
avoiding human error and mislabeled logs, these tools remove logistics burden
from engineers, freeing resources to push forward on autonomy development.
Other ease of use features will include tagging and searching of uploaded logs to
identify “interesting” events, as well as tools for organizing data so that it is
possible to drill down and locate a specific test event, even when that test event is
camouflaged by many other similar log files.
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o Data enrichment: supports extensions to progressively augment logged sensor
data through post processing. This post processing may add classifications or
labels to the logged data, filtered pose estimates, etc., to increase their usefulness
as a training source for data-driven autonomy modules.

o Security: Performers can have confidence in the integrity and privacy of their
uploaded data. The RACER Government Team will select key management
approaches, along with authorization and authentication best practices to allow
each performer control of — and access to — their own portion of the data store for
performer-specific logs.

b) RACER Development Environment

The goal of the RACER Development Environment (RDE) is to provide a standardized

suite of tools to support the development, maintenance, testing, and oversight of the progress of
the RACER program efforts in order to promote program success, establish proper security
postures, and to enhance transition to the Army. The intention is that these are provided as a
Government-managed environment and tied to program deliverables.

The RDE will include the following features:

Git repository hosting and developer tools: Government-furnished software and
performer deliverables will be in the form of Git repositories. The repositories will
feature common developer tools such as issue tracking and merge requests in order to
facilitate distributed development; these tools will be used by the RACER Government
Team during program development and execution, and they will be made available to
performers for their internal project efforts if desired.

Large volume data storage: Government-furnished data, such as labeled environment
training data, will be distributed through RDE and is expected to grow from terabytes
(TB) to several petabytes (PB) over the course of the program. Additionally, performers
may be required to submit progress videos and representative datasets through RDE
storage.

Program workflow management: Workflow management (e.g., JIRA) will be used to
coordinate and track program development efforts for the RACER Government Team
and will be made available to performers to track internal program progress if desired.
Continuous integration/deployment: The program efforts and government deliverables
will require continuous integration (i.e., build-testing) of Government-furnished and
performer software and the ability to create and host deployment artifacts (e.g., docker
images) to facilitate fleet management and experimentation. These CI/CD services will
be linked to the Git repositories and development tools and will be automated to the
greatest extent possible.

Web-based chat or discussion forum: To facilitate low-latency technical support and
interaction in a shared medium, the RDE will provide for an archived web-based system
for seeking and receiving technical support and enabling technical interchanges between
performers. This may be real-time (e.g., mattermost, slack) or topic-based (e.g.,
discourse).

Tiered account access: The RDE will support access controls that allow for two
categories of content: accessible by any RDE user (e.g., the Government-furnished
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software, unclassified data, and documentation); and accessible only to one performer
(e.g., team-specific development). There will be a “super user’” account class for
Government users who can access any content on RDE in support of program
management. Individual performers should have clear indications about who is able to
access their data, and will have the option to individually control access.

o [Established onboarding process tied to security oversight: The program will span a
range of security postures, from data and software that is considered sensitive and will
only be accessible to trusted US persons, to data and software that can be accessed by
trusted persons, whether US or foreign. Performers and stakeholders may come from
Government, industry, and academia, and teams may consist of both US citizens and
foreign nationals. The RDE will be able to account for this range of users in its access
control structure, and there will be a clear and streamlined onboarding process for
establishing and elevating access as security allows.

5. Initial Data Sets

The RACER Development Environment (RDE) will provide performers with an initial
data set at RACER program kickoff and will be accessible by performers in the RACER Data
Store. The initial data set will come from an LTATYV data-collect vehicle, outfitted with an initial
data collection kit that has been piloted through a series of off-road driving runs by an expert
human operator. After kickoff, the initial dataset will be enhanced through a series of test runs
over approximately 5 terrain types. The resulting enhanced dataset, anticipated to total more than
500 miles of collected data, will be uploaded to the RACER Data Store for use by performers.

Data collected during these runs will serve as initial training data for performers. The
initial ingested logged data will include initial curation and tagging. Performers will be able to
access at minimum the following data for each test run of the initial dataset:

e Raw perception data (cameras, lidars, etc.)
Raw proprioceptive data (inertial, suspension, etc.)
Mission type (fast, covert, tempo)
Geographic knowledge and weather conditions (maps, etc.)
Control output (steer angle, throttle, brake, gear/traction settings, suspension settings,
etc.)
e Time to complete course

In addition to the hardware updates described above, the DARPA RACER Government
Team will log the data with an accurate measurement of local motion based on at least inertial
data and wheel encoders. This effort will include developing an initial dynamic model of the
vehicle.

The resulting pose estimates from the data are anticipated to be accurate for low-speed
driving, however the first implementation of this filter may lose accuracy during high-speed
driving because it will not accommodate wheel slip, such as when a high-speed driver drifts
around a corner.
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