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Draper Overview

* Independent, not-for-profit lab

«  Mission:

— Applied research and development
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Apollo Guidance Orion Reentry

— Technology transition: turning technologies into Computer Guidance

capabilities

— Advanced technical education
- Headquartered in Cambridge, Massachusetts
«  >$660 million in fiscal 2020

— 1,900 employees
— 1,200 technical

Strategic Guidance Systems
DRAPER
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Draper’s Autonomy Solutions Span the Air, Space, Undersea, and
Terrestrial Domains

Autonomy for TRN & Hazard Avoidance Autonomous

ed strategy:
"Bounce ball off the two
walls closest to target”

Autonomy for Group

Aerial Autonomy for
Autonomy for Unmanned Autonomy Competency Aware CBRN Missions
1+ UAVs Underwater Vehicles for Mobile Machine Learning for
DRAPER' Manipulators
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Autonomy is a Confluence of Technologies
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Autonomous Mission Management

/ Requirements \

5

. Ability to quickly reconfigure to
\address various missions types /

Ability to take high level operator
mission definitions

Ability to plan complex missions in
real-time

Ablility to monitor mission execution
and re-plan as necessary

Ability to integrate with various
sensor modalities & platform types
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Autonomous Mission Management

/ Requirements

1. Ability to take high level operator
mission definitions

2. Ability to plan complex missions in
real-time

3. Ability to monitor mission execution
and re-plan as necessary

4. Ability to integrate with various
sensor modalities & platform types

5. Ability to quickly reconfigure to
\address various missions types

DRAPER

Y ADEPT Mission Manager \

Missions are made up of functional blocks
that abstract low-level autonomy functions
Hierarchical mission decomposition
enables fast planning times for even most
complex & long-duration missions
Closed-loop planning via OODA loop
enables mission monitoring & re-planning
Implementation separates autonomy
function from sensor & platform interfaces
Each autonomy functional block is

reusable across missions, enabling fast
reuse




Draper Autonomous Mission Management:
All Domain Execution & Planning Technology

1. Hierarchical task decomposition
Allows user to specify high level goals which are broken down into low level simple tasks the system can execute

2. Sense-reason-act paradigm of intelligence

3. Modular, re-usable object oriented software

Plan

Most Detailed

| Plan

Simple tasks facilitate re-use

Each functional block is implemented in a closed loop fashion, allowing for dynamic re-planning as needed

Plan/Execute/Monitor/Diagnose

Sensor and platform abstraction layers allow for easy re-use

LeastDetailed @

Firstto Last to Execute
Execute

Monitor Diagnose
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2019-2020 and Beyond

ADEPT Mission Manager Codebase History

!

UGV for precise

2014
Small autonomous UGV

CBRN UAV Counter UAS

human intervention

L5 ]

CBRN hazards

- navigation of complex Autonomous search and  ~qunter drone
— environments with no i . )
/ \ contour mapping of interceptor with onboard

radar seeker

l : .
2015 UAV for 1 iOlQI_Robotéc autonomy
recision R N aseline code
Emplacement et For general use
) [
4 2017
' — = Low SWAP UAS X ,
Counter drone [ — '} . -
interceptor i —»[ UAS Program ] Indoor obstacle avoidance, Legged Platform
_ f \ GPS-denied localization,  Integrate mission manager
B >~ 1N B - 2018 and 3D mapping onto legged UGV

e 2018 Counter UAS
2015 Squad-X- UAV & UGV UAV for autonomous

UAV for precision

Counter drone interceptor tracking and geolocation

Human-Machine Cooperation with net launching system

DRAPER
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ADEPT In Action

Transit to work area, do wide
area search, notify me if red
cars are found

,7/"-" Cal

nition File

Perform
ISR Mission

Mission Planning

Mission Info
Search Area
Flight Boundaries

1

Landing Sites

Launch Site

y 1 1
Flight Altitudes and Speeds
ransit f le 1 un

Environmental Conditions
W | f N

Transit to Get ISR Transit to
work area data rendezvous
I |
Transit to
Startup Take-off waypoint
| i |
Heading & Heading & Heading &
Speed Speed Speed
{3 E*@ : Command Command Command

Mission Monitoring & Re-

planning

CONTAMINATED
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Nominal ROS Architecture

«  Architecture flexible and dependent on platform and/or system requirements

Onboard Mission Computer

|:| Interfaces

Platform T State |bEllrcunczn'-:ss
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Manager > [ {lInkz) Depth
Platform " J and i | Senpsor
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Moding
» Motion / <_| cmd
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| FERLS B Recognition st
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Telemetry Bag mas v
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Logger ¥ ot
| > Network Sgggor
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I
v

| " Encrypted
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%w‘w L| At:yy sg;t%s ;Ilc)at Englllzepr;lgg Test User Interface
|:|L099ing (Optlonal) (Opt|0nal)

Testing Infrastructure Only
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Onboard mission computer with
Ubuntu OS runs ROS.

NO m | N al ROS ArC h |teCtu e - Functional blocks represent

one or more ROS nodes

Examples:
«  Architecture flexible and dependent on platform and/or system requirements * Intel NUC
* NVDIA Jetson TX2
Onboard Mission Computer * NVDIA Jetson Xavier
Blattorm T State Bl * Qualcomm Snapdragon
—— —— s Controller Est Manager — CoR * ModalAl Voxl
] Interface Mode H SarEar Interfaces “T] Camera ¢ Odroid XU4
L’ \ \ T C"I"ji. Mission  |e Data * Raspberry Pi 3B+
= = Cmds Planner & :
Platform Manager ¥ Mapohg | || Depth
< A Sensor
Controller TTL to USB State |_ Navigation
Serial Connection | Cmds Moding
L Motion / Cmd
| —> Trajectory | state Cmds Object
Planner N Recognition
I Miss | | Stereo
- ission icgi T
! Tolomety | Ba Status G i
I i | State b3
il - = Sensor
I > Network
| Connection Data
D Sensors/Hardware I T
|:| Interfaces I I -_ _Encr_ypt;j _— _I
|:| High Level Autonomy v 1 Wireless Comms v
|| i evet Autonomy Safety Pilot Engineering Test
|:|Low Level Autonomy (Optlo’nal) Laptop Us(g |{i](t)enraf.la)ce
|:| Logging (Optional) p

Testing Infrastructure Only
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Onboard mission computer with
Ubuntu OS runs ROS.

NO m | N al ROS ArC h |teCtu e - Functional blocks represent

one or more ROS nodes

Examples:
« Architecture flexible and dependent on platform and/or system requirements " Intel NUC
* NVDIA Jetson TX2
Onboard Mission Computer * NVDIA Jetson Xavier
SETE T State Process *  Qualcomm Snapdragon
—— —— s Controller Est Manager — CoR * ModalAl Voxl
L Interface Mode H SarEar Interfaces “T] Camera ¢ Odroid XU4
// \\ T il P Data « Raspberry Pi 3B+
- A Cmds Planner & :
Platform Manager > M&ﬂ‘c:”g - | |  Depth
” i Sensor
Controller TTL to USB State |_ Navigation
Serial Connection | Cmds Moding
L Motion / Cmd
I —> Trajectory | state Cmds Object
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| Missi || Stereo
| Platf 20 15510N Mission Camera
Tel?err?;?:y Bag Status Cmds K I}
| Logger ¥ ! = < o
I > Network ensor
I Connection pata
|:| Sensors/Hardware I T
[] ertaces I |~ = " Encrypted |
|:| Y v Wireless Comms v
High Level Autonomy
Safety Pilot i i : :
[ s vt vy ( Opti&({) nal) E"Q'"Lzep';'gg Test User Interface User interface running on ATAK
B v v oy Optional Loz, device or laptop for mission
0 (Op )
Logging

planning, monitoring, and/or C2
over encrypted connection

Testing Infrastructure Only
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Testing Infrastructure Only

Nominal ROS Architecture -

Onboard mission computer with
Ubuntu OS runs ROS.
Functional blocks represent
one or more ROS nodes

DRAPER

Engineering laptop for
debug information during
developmental testing

Examples:
«  Architecture flexible and dependent on platform and/or system requirements * Intel NUC
* NVDIA Jetson TX2
Onboard Mission Computer * NVDIA Jetson Xavier
rI— T State Process * Qualcomm Snapdragon
—— —— s Controller Est Manager — CoR * ModalAl Voxl
L [N Mode H SarEar Interfaces “T] Camera ¢ Odroid XU4
L’ \ \ T C"I"ji. Mission  |e Data * Raspberry Pi 3B+
= = Cmds Planner & :
Platform Manager ¥ Mapohg | || Depth
< A Sensor
Controller TTL to USB State |_ Navigation
Serial Connection | Cmds Modin
g
L Motion / Cmd
| —> Trajectory | state Cmds Object
| Planner [ Recognition Sterco
| Platform RO NS"ts'iiD" Mission | Camera
Telemetry Bag ats Cmds v
| Lo | l State ®
= ; Est Sensor
I > Network
| Connection Data
|:| Sensors/Hardware I T
|:| Interfaces I I —_—— _Encr_yptaj — = _I
|:| High Level Autonomy Y W Wireless Comms v
Mid Level Autonom: Safet P'Iot i i . .
Ewwmmmmyy (Opti{mal) E"Q'"Lzep':gg Test User Interface User interface running on ATAK
s (Optional) (Optional) device or laptop for mission

planning, monitoring, and/or C2

over encrypted connection
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Onboard mission computer with
Ubuntu OS runs ROS.

NO m | N al ROS ArC h |teCtu e - Functional blocks represent

one or more ROS nodes

Examples:
Architecture flexible and dependent on platform and/or system requirements * Intel NUC
* NVDIA Jetson TX2
Onboard Mission Computer * NVDIA Jetson Xavier
rI— J State Process * Qualcomm Snapdragon
—— —— s Controller Est Manager — CoR * ModalAl Voxl
'-L__a—',_ 2 Interface ‘_IWI)de ) censor | Interfaces “T1 camera * Odroid XU4
/ [ \\ T ‘e Data « Raspberry Pi 3B+
- Ta Cmds Planner & | :
Platform Manager » Mapping | | Deptn
Controller Lo UsB State |_ Navigation enser
Serial Connection | Cmds Moding
L Motion / Cmd
| —> Trajectory | state Cmds Object
Planner [ Recognition
I | | Stereo
| Platform ? “gﬁi{?sn Mission Camera
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level control if needs to take! | Newwork et
onnection
over from autonomy. ONLY ! 7
FOR TESTING ' I
I | Encrypted |
v v Wireless Comms v
sg;t%sggt E"Q'"Lzep':gg fest User Interface  User interface running on ATAK
(Optional) Loz, device or laptop for mission

Engineering laptop for planning, monitoring, and/or C2

debug information during over encrypted connection
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Onboard mission computer with
Ubuntu OS runs ROS.

NO m | N al ROS ArC h |teCtu e - Functional blocks represent

one or more ROS nodes

Examples:
«  Architecture flexible and dependent on platform and/or system requirements * Intel NUC
* NVDIA Jetson TX2
Platform controller handles stabilization onboard Mission Computer * NVDIA Jetson Xavier
4 low level ol SEe J State Process *  Qualcomm Snapdragon
and low level contro N >| Controler | i Manager p— - «  ModalAl Voxl
Examples: ‘ — Interface ™ ade ‘_f Sensor | Interfaces “T1 camera +  Odroid XU4
«  Pixhawk 2.1 /_/ \_\ T 1% I mission Data + Raspberry Pi 3B+
. — = Cmds Planner &
ﬁlli{boeBlue Platform Manager | e B - Depn
* = S S
« Custom UGV Controller o TLtoUSB S |_ b zife Mol i
eral Lonnecuon mas :
controllers ) Motion/ e oy
I —> Trajectory | state Cmds Object
| Planner 1= Recognition .
| D Mission Mission | camera
. . TZ'EE—?Q?PY B Stalus LR
Safety pilot has direct low | Logger | | ste &
level control if needs to take! | Newwork Data
onnection
over from autonomy. ONLY ! 7
FOR TESTING ! 0 __
I | Encrypted |
v v Wireless Comms v
sg;t%sglc)at E"Q'"LZTJTQE == User Interface User interface running on ATAK
(Optional) (Optional) device or laptop for mission

Engineering laptop for planning, monitoring, and/or C2

debug information during over encrypted connection
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Example Mission: CBRN Hazard Mapping

Multirotor UAV for autonomous search for and
mapping of chemical or radiological hazards to
protect dismounted forces and fixed sites

Integrated sensors:

— Chemical & Radiological sensors for CBRN
mapping

— EO camera for ISR

— Anemometer for improved chemical searches

User defined search area drives generic lanes or
“lawn mower” search until hazard is detected

Intelligent smart search drives hazard contour
mapping or source localization

Custom ATAK Plugin provide rapid mission
planning, monitoring, and semi-autonomous user
control

Extensive field testing with chemical and
radiological sources

DRAPER



Example Mission: Low-SWAP ISR

» Advanced perception and navigation of low-SWAP UAS
 QOutdoor and indoor operation
* Included technologies:
— GPS-denied localization in unknown environments
— Depth perception to known/unknown obstacles
— Reliable motion planning and safe avoidance
* Ensure full on-board processing
* Intuitive Graphical User Interface (GUI)

User
Interface
1
1
1

1
|
\

Localization & Motion
3D Mapping Planning
___________ & Control

DRAPER




Example Mission: Counter-UAS

| Phase 3: Acquisition I

Phase 2: Fly-out | Phase 4: Track & Pursuit |

- izt = a
i & See;:on\\
/- - = ..
e - , '
e s kY
/ N\ Target Drone i pS

\y Predicted Seeker Tracks

Acquisition Point
(PAP)

Phase 1: Ascend

v’

Lynx Radar Mission

Pursuit -
Prep for
Acquisition

Radar Detections

Target Tracks ®
Ground Station Tgt Est @

B T e "
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Draper’s Mission-Level Autonomy
Software Capabilities

» Technology

— Suite of autonomy modules built upon a ROS architecture

— Capabilities include GPS denied Nav, 3D Obstacle
Avoidance, Dynamic Mission planning/management,
Target recognition/tracking, 3D Mapping, and ATAK
human-system interfaces

— Emphasis on modularity and reusability
» Technology Insertion

— Integration/demonstration on a number of platforms:
Snapdragon, Theiss Hex, Ascent Spirit

— Tigershark, BlackHornet Nano, Vantage Vesper

Mission Planning

Aims at decomposing high-level mission

Least
Detailed Plan

Motion Planning

Aims at planning an obstacle-free path

Dense Mapping

Aims at creating a dense tri-dimensional
map of the ex plored environment

Automatic Tgt ID & Tracking

Aims at detecting, identifying and tracking tgt of interest

Explainability in Al

Aims at producing understandable Al solutions

GPS-denied Localization

Aims at estimating UAS location at frame rate
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Questions?

Camila Francolin
Email: cfrancolin@draper.com
Phone: 617-519-6938
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