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VRAS: Nasi roboti
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VRAS: DARPA SubT Challenge: Motivace

Motivation -« New Challenges: from automated
rescue missions (TRADR) to
autonomous

* Put UAV underground

* Traversing terrain on steroids
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VRAS: DARPA SubT Challenge: Motivace

Tunnel Environment Urban Environment Cave Environment

DARPA SubT challenge
22018-2021

Sub-Domains ' e
Tunnel Systems e Urban Underground e Cave Networks exp|ore

Competition Tracks find
Systems Track e Virtual Track

Revolutionary Vision
Create breakthrough technologies and capabilities Learn More at
for underground operations www.darpa.mil
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VRAS: DARPA SubT Challenge: Urban Circuit (2. kolo)
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T. Routek et al.: DARPA Subterranean Challenge: Multi-Robotic Exploration
Environments, MESAS 2019
Martin Pecka (CVUT FEL)
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VRAS: DARPA SubT Challenge: Finale

True detections: 1

@@@) False detections: 2

Mission time: Command: path follow
Prize round Status: explore area
<oz topm

T. Routek et al.: System for Multi-Robotic Exploration of Underground Environments
CTU-CRAS-NORLAB in the DARPA Subterranean Challenge, Field Robotics 2022
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VRAS: DARPA SubT Challenge: Finale

CTU-CRAS
$200,000°° |

=1

M. Petrlik et al.: UAVs Beneath the Surface: Cooperative Autonomy for Subterranean Search and Rescue
in DARPA SubT, IEEE T. on Field Robotics 2024
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VRAS: Pohyb v naro¢ném terénu
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VRAS: Pohyb v naro¢ném terénu: Aktivni odhad mapy

Sparse measurements Reconstructed map Ground truth

_

K. Zimmermann et al.: Learning for Active 3D Mapping, ICCV 2017
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VRAS: Pohyb v naro¢ném terénu: Aktivni odhad mapy
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M. Pecka et al.: Controlling Robot Morphology from Incomplete Measurements, |IEEE TIE 2017
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VRAS: Pohyb v naro¢ném terénu: Aktivni segmentace

T. Pet¥itek et al.: Simultaneous Exploration and Segmentation for Search and Rescue, JFR 2019
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VRAS: Priimyslové nasazeni: Prlizkum plynového potrubi
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https://youtu.be/DAURGa8qJug

Technologicky demonstrator pro GasNet s.r.o.
Martin Pecka (CVUT FEL)
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VRAS: Priimyslové nasazeni: Prlizkum plynového potrubi
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VRAS: Priimyslové nasazeni: Priizkum plynového potrubf

Technologicky demonstrator pro GasNet s.r.o.
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VRAS: Simulace

By OpenRobotics

CREDITS

ENDURANCE | ]
AGILITY

SPEED

ACUITY

RANGE

SCOPE

Simula&ni modely pro Gazebo
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VRAS: Simulace
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Metrics: Sum of positional and angular errors from real trajectory

M. Pecka et al.: Fast simulation of vehicles with non-deformable tracks, IROS 2017
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VRAS: AktudlIni projekty: XSCAVE

EU Horizon projekt s Tampere U (Fl), Aalto U (FI), Ume3 U (SE), FZI (DE), Toshiba Europe (UK)
Algoryx Simulation (SE)
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VRAS: Aktudlni projekty: Kolibriq

EVUT podepsal
spolupraci s
Lockheed Martin

Projekt s Lockheed Martin a VZLU Praha
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PINN

Physics-Informed Neural Network
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PINN: Motivace

Cile:
@ Spolehliva navigace v nestrukturovaném venkovnim prostfedi
@ Odhad chovéni robota na komplexnim terénu jen z palubnich senzori

@ Model pouzitelny pro mnoho riiznych tloh

S
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: Myslenka

Goal: robot-terrain model

_camera image
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PINN: Myslenka

Goal: robot-terrain model

_camera image

model |-
4

multiple
control
sequences
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PINN: Myslenka

Goal: robot-terrain model

_camera image

model

~

multiple
control
sequences
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Dva hlavni sméry:

@ White-box modely
@ Black-box modely
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PINN: White-box modely

heightmap

—p Reality is often different

=P | heightmap

V. Salansky et al.: Pose Consistency KKT-Loss for Weakly-supervised Learning of Robot-Terrain
Interaction Model, IEEE RA-L 2021
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PINN: Black-box modely

- x*
B estim. trajectory
camera
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J. Malik et al.: Learning Visual Locomotion with Cross-Modal Supervision, ICRA 2023
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PINN

Stfedni cesta
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PINN: B&Zné pfistupy (cca od 2023)

Bva T¥i hlavni sméry:
@ White-box modely
o Black-box modely
e Grey-box modely (PINN)
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PINN: Ptiklad: Balisticka k¥ivka

K¥ivka je definovdna diferencidlni rovnici a po¢ate¢nimi podminkami:
i=—plviv-g

1= 0.03; % = (0,0); v = (200, 200)

Martin Pecka (CVUT FEL)

15. listopadu 2024



PINN: Ptiklad: Balisticka k¥ivka

Neexistuje closed-form ¥eSeni pro vypolet s;, je nutné pouzit numerickou
integraci.
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To zvladne neuronka!
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PINN: P¥iklad: Balisticka k¥ivka: Black-

loss = ||5 — seain|?

Training step 0
* U
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Exact solution
— PINN soluticn
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PINN: P¥iklad: Balisticka k¥ivka: Black-

loss = ||5 — suainl® + Z w2

Training step 0

Exact solution L
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PINN: P¥iklad: Balisticka kfivka: Grey-box

Loss = [[§ = suminll? + 3 [13 = (4|77 — &)1

Training step 0
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loss = 97.677

Terrain friction coefficient i
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R. Agishev et al.: MonoForce: Self-supervised Learning of Physics-aware Model for Predicting
Robot-terrain Interaction, IROS 2024
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PINN: MonoForce

Architecture detail
Substantial geometrical + physical priors

VMonoForce Predictor VPhysics Engme

W yisual mmd

ray-dep s B2 %1
camera image D‘ed‘cuons (ea;h\'

ol real

—_ . i trajectory
! ! : : — . robot
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deqecnon estimation

forces | R=wxR

Geometry
loss

=37 Y pxfix|z )

‘ control M, J,p; Tmodel

End-to-end differentiable

R. Agishev et al.:

MonoForce: Self-supervised Learning of Physics-aware Model for Predicting
Robot-terrain Interaction, IROS 2024
Martin Pecka (CVUT FEL)
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PINN: MonoForce

Architecture detail
Substantial geometrical + physical priors
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GPU: 1M x realtime (1k traj/ms)

R. Agishev et al.: MonoForce: Self-supervised Learning of Physics-aware Model for Predicting
Robot-terrain Interaction, IROS 2024
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PINN: MonoForce

What do we offer to robotics community?

https://github.com/ctu-vras/monoforce

camera model parameter control, RL
recalibration identification learning  planning
K.R,t P 6, 6, u
e CNG N e
end-to-end differentiéble,lo6 x real time, lIx = x*|
onboard image conditioned simulation > —>

camera

Interpretable * k\ #\ * " *k

Intermediate: helghtmaps xforces R contacts‘ terraln propertles
Outputs s~ .

. real robot trajectory
*

X
=l estim. trajectory *
X

Sl *s..  s._self-supervision

R. Agishev et al.: MonoForce: Self-supervised Learning of Physics-aware Model for Predicting

Robot-terrain Interaction, IROS 2024
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PINN: MonoForce

radarize.rviz - RViz
Ele panels Help
tyinteract

3105 RGB camera

IDSRGB camera | Views  Displays

R. Agishev et al.: MonoForce: Self-supervised Learning of Physics-aware Model for Predicting
Robot-terrain Interaction, IROS 2024
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PINN: MonoForce

E els_Help.
3 image Left. 3 Image Rear

CameraFront | Image Front.

R. Agishev et al.: MonoForce: Self-supervised Learning of Physics-aware Model for Predicting
Robot-terrain Interaction, IROS 2024
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PINN: MonoForce

loss = 51.981 loss=71.514

h

Terrain friction Stficient Terrain friction coefficient
0.500 0.571 0.643 0.714 0.786 0.857 0.929 1.00 0.500 0.571 0.643 0.714 0.786 0.857 0.929 1.00

loss = 30.137 loss = 42.593

Terrain friction coefficient Terrain friction coefficient
g 041302100786 0 287 0020 1 p 92009 064302100736 0 287 0020

R. Agishev et al.: MonoForce: Self-supervised Learning of Physics-aware Model for Predicting
Robot-terrain Interaction, IROS 2024
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ROUGH Dataset
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https://cyber.felk.cvut.cz/vras

Fakulta elektrotechnickd CVUT
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50§37+ B © o streds, 26, Gnora, 13908

. iddle-Click: Move X/Y. Right-Click: Move 2. Shift: More options.
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Fakulta elektrotechnickd CVUT

Martin Pecka
peckama?2@fel.cvut.cz

Martin Pecka (CVUT FEL) 15. listopadu 2024 411


https://cyber.felk.cvut.cz/vras

Fakulta elektrotechnickd CVUT

Martin Pecka
peckama?2@fel.cvut.cz

Martin Pecka (CVUT FEL) 15. listopadu 2024 411


https://cyber.felk.cvut.cz/vras

Fakulta elektrotechnickd CVUT

Martin Pecka
peckama2@fel.cvut.cz

By OpenRobotics

CREDITS

Performance

ENDURANCE
AGILITY
SPEED
AcurTy
RANGE

SCOPE
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