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“Traditional”
Mobile Robots for
the Nuclear
World

» ROVs for tele-presence and
remote manipulation

» Highly specialized to a specific
task or subset of tasks

- Born out of necessity for the
hazardous environments
unique to the industry

“Herman”
Oak Ridge Y-12 Plant

- Full dependency upon highly
skilled human operators



Modern Mobile
Robots

Evolving the Landscape of
Interacting with the World

Atlas™

= Human-level mobility
- Intelligent perception
- Super-human sensors
» All.-assisted manipulation

= Un-tethered operation

= Autonomy, not just repetition
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m Uniting perception and
kinematics

m Abstracting the movement from
the operator

m  Applying what we already know
about kinematics to machine
learning
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Reinforcement
Learning

Stepping is easy, but walking is
hard!

Model predictive controls are

excellent for well-understood

low-dimensional problems
Machine learning agents can

iterate in simulation to build
algorithms quickly

©9 A hybrid system brings the best
°°°°° of both worlds to moving rigid
bodies through the places we go
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Where that Mobility Takes Us

Q9

Navigation Terrain Time on Target Inspection
Heightened High-level Get in close without Getting a better
situational movement going excessively viewpoint can be

direction with the

awareness that the ; slowly around done with a tap,
: robot handling )
robot is able to . challenging rather than
. stairs, obstacles, _ R
leverage without and tripping environments significant amounts
direct supervision hazards of control inputs
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Automation Beyond Repetition

Surface contamination sweeps

9

Detecting and marking locations of alpha
contaminants on walls, containers, and
vehicles

LANL, Framatome

BOSTON DYNAMICS PROPRIETARY AND CONFIDENTIAL

A.l. and data analysis

Visual: Gauge Reading, Valve positions
Acoustic: Anomaly detection, Gas leak detection
Thermal and Radiation trending

Digital twin creation
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https://docs.google.com/file/d/1EWAjeHGM5VWGHnFQ2pqv1e4oK53I_Chh/preview
https://docs.google.com/file/d/1EWAjeHGM5VWGHnFQ2pqv1e4oK53I_Chh/preview
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The digital twin originated as the conceptual

) i How NASA, Apple, goeingam; oI'h:r' “an(‘l,(h;ir.
model underlying product lifecycle :[ e
management (PLM).

®
It was pioneered by the aerospace industry in VIrtuaIIy

their late 90s/early 00s application of f
advanced CAD, simulation, and sensors to Per eCt

their design and operation processes.

V )

Driving Innovative
and Lean Products
through Product
Lifecycle

Management
,-/

DR. MICHAEL GRIEVES




Defining the Site Twin

A site twin is a dynamic, virtual model of an
environment and its assets that reflects,
predicts, and controls the current state of
Its physical counterpart.

Current data is sent to the virtual twin from
the physical twin via real-time data flow
from sensors, and feedback is sent to the
physical twin from the virtual twin via
predictive simulation and real-time control
interfaces.




From Product Lifecycle to Facility Lifecycle

Design & Construction Operations Decommissioning

o
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Twin Components

Physical Environment Virtual Model

Communication Channels

Physical Assets Virtual Assets
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Fixed Sensing/loT

Physical Environment Virtual Model

Communication Channels

T Wa Wie
A A N | g
Fixed Sensors e Ne Nea. Selective Resolution
\7‘ \.jl J : Lo
A I
2 = A A N
§= §= §= §= §= High Frequency
Physical Assets Virtual Assets
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Remote Sensor DaE» 4

BOSTON DYNAMICS ORBIT- admin (Admin): @

~ Missions + o t., 29

Q Ssearch @ Missions > 10 Thermal Inspections

X Thermal inspection f

B Outer hallway o ADJUST IMAGE | 325 1: Region
Temperature Units Max 32.5°C Min 17.3°C Avg 24.4°C
= Pump room valves . @ c O °F
~ Actions | AuToscaLE | 2 Reon

Max 30.9°C Min 18.1°C Avg 24.1°C

" Q Ssearch l

© Pump2
I |

© start

@ start —y

ADD SELECTION +

Ale2: 1.6°C

@ Pump1

© valve2

© Second Boiler | ‘.H
(D Connnn

EXPORT IMAGE

ANALYSIS




Robot Navigation Maps

Chains

Q,

Branches/
Trees
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Autonomous Reality Capture
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https://docs.google.com/file/d/1o9UkpF8GVQhmGyUBEKcLidpuVxQAGmYM/preview

Fixed Sensing/loT

Physical Environment Virtual Model

Communication Channels

T Wa Wie
A A N | g
Fixed Sensors e Ne Nea. Selective Resolution
\7‘ \.jl J : Lo
A I
2 = A A N
§= §= §= §= §= High Frequency
Physical Assets Virtual Assets
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Dynamic Sensing/Mobile loT

Physical Environment Virtual Model
Communication Channels

Holistic Resolution

Dynamic Sensing J
T Wa
A A

(D

BEEEE

Physical Assets Virtual Assets

Adaptive
Frequency
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Dynamic Mapping

Physical Environment

Virtual Model

Communication Channels I
r~ < LY
A i Holistic Resolution &
Dynamic Sensing - z Ua Multi-Dimensional
: jiatt
T Wea Nien i
AN A N i

Virtual Assets

STEEE T A—

Physical Assets
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Select a destination for the robot.
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The robot will navigate to the selected destination.
4 Perform Action "Thermal Inspection - 2°.

o 4

-
[ CANCEL )
. e |
@ = _a'- .. A
. wx-t-l- .




Dynamic Mapping

Physical Environment Virtual Model

Communication Channels i
Reflect § E.?Y?.f' "7..?‘.’7:?7." N i s
:  Holistic Resolution &
Dynamic Sensing &  Multi-Dimensional
p E E;;;;” .:";;;;;;' )

Predict

S EEEE ks

0
--------------------------------------------

Virtual Assets

Physical Assets
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Examples of Applying Robot-Created
Digital Twins to Nuclear Facilities

BostonDynamics



Digital Twins for
Radiation Mapping

- A natural blend of existing
technologies

Localization

Mapping
Dose rate estimation

Source characterization
LiDAR

= Clockwise from top left
Radiographic dose rates
ISFSI dose rate mapping
3D point cloud w/ dose rate
colorization
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Case Study: Dounreay

- UK NDA decommissioning
project of fast breeder
reactor facility

« Entry to various fuel
processing facilities that
have been sealed for
decades

- Surface swabs, visual
Inspection, radiation and
3D digital twin scans

Da
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https://docs.google.com/file/d/1CLbvXrvJB-9LepLY4h686eOpTackoYzJ/preview

Case Study: Dounreay

e
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https://docs.google.com/file/d/1ZZ6rgYPm09C-9dDsU_OwiysZPraZ5erO/preview

Case Study:
Fukushima
Daiichi

Fukushima Daiichi Unit 2 Fuel
Handling Control Room

Visual Surveys
@ Navigational hazards

Route planning

29

4 . Second Floor Operation Room T=PCO

M Confirmation of ceiling board collapse ({5 A ) | Blocked by furniture ‘

> Fragments were collected to perform dose and smear measurements
B OA raise floorboards have been coming loose, creating

navigational hazards (B C)

% Raised floor for network wiring and conduit

=
LA
® ]
N
| :Navigable by Spot
L B :Areas Spot avoided due to
N floor collapse O 4" A\B

{ A~ ;Image shooting ’Blocked by level difference||
locations

2nd floor Operation Room
Cross-Section Schematic

B C captured 7/28

1 1

@%A :Ceiling surface captured 7/22

OA Floor

(40cm above base floor
Rl
base floor

[BI{R B : Floor surface captured 7/22
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Case Study:
Fukushima

Da I I C h I B No major damage to walls, ceilings doors, or stairs@

B The second floor has a higher dose rate thanthe
1st floor, with 4.10 mSv/h at measurement point 6

Reference 4: Situation around the 2nd floor staircase T=PCO

@E

i

® @

Stair Climbing

FHM 2nd floor schematic

@~@® :Dose Measurement Points
E ~G :lmage capture locations

Comprehensive dose rate

assessments Gamma Dose Rate mSv/h
Measurement Points
@ Stair Landing 12.9 11.2
® In front of CR door 36.0 27.2
® Near 2nd fl. CR door 41.0 27.3
@ Near 2nd fl. CR door 36.8 40.1
Near 2nd fl. CR door 31.0 24.6

%1 :Measured at 1500mm above floor
%2 :Measured at 50mm above floor
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Case Study:
Sellafield

31

Spot has moved enough
waste to fill 18 Plutonium
Contaminated Material
(PCM) drums with 12 hours of
work.

14 PCM drums worth of PPE
waste prevented

Phase 2 currently being
developed-scope includes
SPOT using shears to cut up
discarded air hoses




Case Study: US
Nuclear Site

Multi-robot Operation to Conduct
NRC Downposting and
Decommissioning Planning

Highest recorded gamma dose
for Spot w/o interruption: 2000
REM (20 Sieverts)

taken, full radiation digital twin
created.

Hundreds of radiation readings

Supporting other UGVs,

@@ removing debris, surface tests,
dose, visual surveys, and device
retrieval




Thank youl!

LEARN MORE

WWw.bostondynamics.com
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