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Robotic vehicles are(?) all around

• https://aiforgood.itu.int/event_tags/robotics/  


• agriculture (yet <<<< than normal machines)


• what they can do, now?


• what they will do, tomorrow?

SPOT ARM

    SALES@BOSTONDYNAMICS.COMWWW.BOSTONDYNAMICS.COM     

GRASPING, PICKING, PLACING
Manually or semi-autonomously grasp, lift, 
carry, place, and drag a wide variety of objects, 
including valve handles, door knobs, tools, etc.

CONSTRAINED MANIPULATION
Semi-autonomously manipulate objects with 
constrained movement (e.g. turn valves, pull 
levers, open drawers, etc.).

DOOR OPENING
Semi-autonomously turn handles and open 
standard push and pull doors. 

JOINT-SPACE CONTROL
• Specify joint angles and velocities
• Move to predefined configurations

END-EFFECTOR CONTROL
• Specify position, velocity, and force 

trajectories in Cartesian space
• Point the end-e!ector at a point in the world
• Perform tasks in contact with the 

environment (e.g. drawing, wiping, etc.)

TABLET BEHAVIORS

API OPTIONS

https://aiforgood.itu.int/event_tags/robotics/


robotic delivery - Starship

https://www.starship.xyz/



robotic delivery Amazon Scout

https://www.aboutamazon.com/news/transportation/meet-scout



transportation
https://auve.tech/



Mercedes Self Driving Bus Official Commercial Mercedes Future Bus 2016 Autonomous Bus



very long history
History of self-driving cars. (2022, August 23). In Wikipedia. https://en.wikipedia.org/wiki/History_of_self-driving_cars



Autonomous verhicles are all around  
… 

YouTube



What you mostly see 
…





What you mostly do 
not see …





Real deployments still 
very limited



Goal-directed system
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Figure from http://www.cybsoc.org/gcyb.htm
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Robot: hardware AND software

(our) AI in robotics - goal-directed system



Me/You:  
How would you know your system is good (or not)? 

Agency/Government:  
What is the current State of the Art?



DARPA Urban Challenge 2007

DARPA Grand Challenge 2004, 2005 DARPA Robotics (humanoid) challenge 
2012-2015



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

`

DARPA SubT challenge 
2018-2021

explore 
find















Rules of the game
• take up from the garages, move to site entrance


• 30 mins for set-up at the entrance (unpack robots, 
displays, laptops, get the coordinate systems aligned)


• 60 mins for the mission - go in, find/reognize and locate 
objects and report to the DARPA evaluation system


• only 1 person allowed to “talk” to machines (if possible 
at all) and report 



Time: T-45 mins



Time: T-35 mins



Time: T-32 mins



Time: T-15 mins



Time: T-10 mins



Time: T-05 mins



Time: T-01 mins



Mission: 60 minutes



DARPA SubT Urban Circuit, 02/2020









mapping exploration detection

high-level control

communication



3D Mapping



3D LiDAR maping, ICP++
https://norlab.ulaval.ca

https://robotics.fel.cvut.cz

UGV Mapping

● Characteristics:

● Lidar-based, using LSLIDAR C16 and OS0-128 sensors

● Incremental mapping without global optimization

● Design choice to keep it lightweight

● The environment allowed it.

● Available https://github.com/norlab-ulaval/norlab_icp_mapper_ros

● Based on the PointMatcher library

● https://github.com/ethz-asl/libpointmatcher

https://norlab.ulaval.ca

https://norlab.ulaval.ca


UGV mapping - SubT-specific modifications
https://norlab.ulaval.ca

https://robotics.fel.cvut.cz

UGV Mapping – SubT-specific modifications

● Specific properties for SubT:

● The spatial drift improved by constraining the ICP algorithm by the gravity 

vector information

● Computational complexity bounded by splitting the global map into large voxels

● Possible to offload them to a hard drive

● Initial alignment based on total-station measurements

https://norlab.ulaval.ca

https://norlab.ulaval.ca




Exploration, autonomy 
Where to go next?



Denser maps, elevation, traversability, …
https://comrob.fel.cvut.cz 

Dense Mapping

⌅ Elevation mapping
⌅ Quadtree representation with local area update.

Bayer J., Faigl J.: Speeded Up Elevation Map for Exploration of
Large-Scale Subterranean Environments, MESAS, 2019, 190–202.

⌅ Traversability estimation

Bayer J., Faigl J.: On Autonomous Spatial Exploration with Small
Hexapod Walking Robot using Tracking Camera Intel RealSense
T265, ECMR, 2019, 1–6.

UGV Autonomy, presenting: Jan Bayer DARPA SubT Summit 2021 3 / 7

https://comrob.fel.cvut.cz


Multi-robot coordinationMulti-robot coordination

⌅ Decision at a crossroad. ⌅ Deployment during the post event testing

Bayer J., Faigl J.: Decentralized Task Allocation in Multi-robot Exploration with Position Sharing Only, DARS-SWARM2021, 2021.

UGV Autonomy, presenting: Jan Bayer DARPA SubT Summit 2021 7 / 7



Object detection and 
3D localisation



Runs on each robot, multicam setups





object 3D position combining camera and LiDAR data



Communication



Wire, WiFi, and beyond …Used communication technologies

⌅ Ubiquity AirMAX (5GHz)
⌅ Bandwidth: approx. 100Mbit s�1.
⌅ Range: tens of meters.
⌅ System start-up and monitoring from staging area.

⌅ Mobilicom 4G+ Mobile MESH (2.4GHz)
⌅ Bandwidth: 8Mbit s�1 for the whole network.
⌅ Range: hundreds of meters on surface.
⌅ Based on precise time-division multiplexing.
⌅ Sharing mission data such as maps and images.

⌅ RFM69HCW-based Breadcrumbs (915MHz)
⌅ Bandwidth: 1 kbit s�1 per robot.
⌅ Range: hundreds of meters on surface.
⌅ Based on custom flood-routing protocol that creates

ad-hoc mesh.
⌅ Each robot is equipped with at least one module.
⌅ Small deployable units (up to 8 units per ugv).
⌅ Lower-power – last up to 8 h.
⌅ Telemetry data (robot pose) and control commands.

Communication, presenting: Petr �íûek DARPA SubT Summit 2021 2 / 7



Communication BreadcrumbsCommunication Breadcrumbs – RFM69HCW-based

⌅ Low-power 150mW with approx. 1 kbit s
�1 per robot.

⌅ Packet-based communication with 64B packet payload.
⌅ Flood-network routing protocol with constrained random-

ized arbitration of the wireless media access.
⌅ Periodic transmission of robot status and commands.
⌅ Network scales to hundreds of modules.
⌅ Throughput given by the network topology.

⌅ 280m long part of the Bull rock cave has been covered with
six modules.

⌅ In SubT Finals environment, all robots have been reachable within the explored area.

Communication, presenting: Petr �íûek DARPA SubT Summit 2021 6 / 7



Operator console











Mobile robots on the 
verge

• Ground mobile robots have entered the market


• Mostly semi-automatic - teach and repeat


• (few) Companies selling robots and robots as service


