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* ZED2 — Stereo Camera
* Object identification
* Relative positions
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Samarbete med Umea Universitet

Can a deep reinforcement learning controller for a rough terrain vehicle
be trained in simulation and then transferred to a real machine?

Policy C; (real)
© Policy C; (sim)

Robotics and Autonomous Systems 179 (2024) 104731

Contents lists available at ScienceDirect

Robotics and Autonomous Systems

journal Isevier.

Sim-to-real transfer of active suspension control using deep reinforcement e

learning

Viktor Wiberg -, Erik Wallin ?, Arvid Félldin?, Tobias Semberg ¢, Morgan Rossander ¢,

Eddie Wadbro®¢, Martin Servin ®°

= Umed University, SE-90187, Umed, Sweden

® Algoryx Smulation AB, Kuratorviigen 3, SE-90736, Umed, Sweden

< Skogforsk (the Forestry Research Institute of Sweden), SE-75183, Uppsale, Sweden

4 Karlstad University, SE-65188, Karlstad, Sweden

ARTICLE INFO ABSTRACT Bavi

wnvironment
Kepwords We explore sim-to-rcal transfer of decp reinforcement lcarning controllers for a heavy vehicle with active sus- ~Eut s ~ESL real - Sctpoies Lowd ven - Lowd e
Autonomous vehicles designed for traversing rough terrain. While related research primarily focuses on lightweight robots - '
wehices pensions design ing roug primarily ightweig! g : > — . o

Rough terrain navigation with electric motors and fast actuation, this study uses a forestry vehicle with a complex hydraulic driveline 02 / i ol / ol PID }— ECU r "'r.‘\('t lmlur]

Machine "f"“"g and slow actuation. We simulate the vehicle using multibody dynamics and apply system identification to find a1l —— N — | e — ol e panak

:‘[’;‘n;:’:mmk an appropriate set of simulation parameters. We then train policies in simulation using various techniques to 'Y e e e e &/

Heavy weices ¥ mitigate the sim-to-real gap, including domain randomization, action delays, and a reward penalty to encourage - 64 |
smooth control. In reality, the policics trained with action delays and a penalty for erratic actions perform L [l "3
nearly at the same level as in simulation. In experiments on level ground, the motion trjcctorics closely e U g, 2 = 0L Action Observation
overlap when turning to cither side, as well as in a route tracking scenario. When faced with a ramp that G f a2 Rt rghe Mad nghe e W o i | Throttle DRL controller Direction to target
requires active use of the suspensions, the simulated and real motions are in close alignment. This shows that ] d o Ll <l ki 3 lhrottle ‘ Velocity
the actuator model together with system identification yields a sufficiently accurate model of the actuators. We =Sl o s i | % Front waist angle Roll, piech
observe that policies trained without the additional action penalty exhibit fast switching or bang-bang control. r 00 w 6 x Arm cyl pos + P

a " on penalty ¢ Articulation angles

These present smooth motions and high performance in simulation but transfer poorly to reality. We find i% 8 % Atea el
that policies make marginal use of the local height map for perception, showing no indications of predictive i Lo m ('\l ’7"”_‘
planning. However, the strong transfer capabilities entail that further development concerning perception and 5 % 5 = 0 5y = — 5 © G % 6 x.Ground force
performance can be largely confined to simulation. : Tt Height map

L A

Hydrostatic transmission & active suspension System identification & Control system overview
domain randomization
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