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Crash Testing ResultsRobots – Could be a risk for humans

Current regulations:



Safety Metrics in
Social Navigation





Paez-Granados, D., & Billard, A. (2022). Crash test-based assessment of injury risks for adults and children when colliding with 
personal mobility devices and service robots. Nature Scientific Reports, 12(5285), 1–13. DOI:10.1038/s41598-022-09349-9

https://doi.org/10.1038/s41598-022-09349-9


• Impact Simulation for Head Injuries

*Accounting for a pedestrian speed of 1.5 m/s

Still within speed limits!

Robots – Could be a risk for humans
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• Collision at Legs
Robots – Could be a risk for humans



Robots – mitigating risks for humans

Ø You could limit the speed.
Ø You could reduce the mass.

Ø You could use compliant hulls.

But most importantly, you do want to avoid collisions!

To avoid collisions, robots need to understand their environments.

Paez-Granados, D., Billard, A. Crash test-based assessment of injury risks for adults and children when colliding 
with personal mobility devices and service robots. Nature Scientific Reports 12, 5285 (2022). DOI:10.1038/s41598-022-09349-9





Smart robots that can interact with humans safely

Understanding the crowd!

Illustrations: Laura Cohen



Model the behavior and types of pedestrians

Smart robots that can interact with humans safely

Illustrations: Laura Cohen



Bystanders variety: pedestrians, bicycles, scooter, wheelchairs, vehicles

Smart robots that can interact with humans safely



Cannot model the obstacle’s behavior

Has no model of what exists beyond what it sees. 

Can see obstacles

Smart robots that can interact with humans safely

What is the Level of robot’s understanding?



Real time Robot’s Egocentric view:

Can see obstacles Can estimate their velocity

Smart robots that can interact with humans safely



Understand the Crowd!

Smart robots that can interact with humans safely



Predict with limited visibility

Smart robots that can interact with humans safely



Metrics in Social 
Navigation
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Paez-Granados, D., Gupta, V., & Billard, A. (2022). 
Unfreezing Social Navigation : Dynamical Systems 
based Compliance for Contact Control in Robot 
Navigation. IEEE International Conference on 
Robotics and Automation (ICRA), 1(1), 1–7



Unified 
Framework for 
pre- and post-

Collision Control

Paez-Granados, D., Gupta, V., & Billard, A. (2022). 
Unfreezing Social Navigation : Dynamical Systems 
based Compliance for Contact Control in Robot 
Navigation. IEEE International Conference on 
Robotics and Automation (ICRA), 1(1), 1–7
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Unified 
Framework for 
pre- and post-

Collision Control

Paez-Granados, D., Gupta, V., & Billard, A. (2022). 
Unfreezing Social Navigation : Dynamical Systems 
based Compliance for Contact Control in Robot 
Navigation. IEEE International Conference on 
Robotics and Automation (ICRA), 1(1), 1–7



Number of tests compared:
• MDS: 15 / 18
• RDS: 20 / 30
• Shared control (SC): 17 / 45

CONTROLLER CONTRIBUTION MOTION JERK

Autonomy versus shared control

ANOVA results
* à p < 0.1
** à p < 0.05
*** à p < 0.05



Number of collisions:
• MDS: 2
• RDS: 2
• Shared Control (SC): 3

AGREEMENT HIGH-LEVEL FLUENCY

ANOVA results
* à p < 0.1
** à p < 0.05
*** à p < 0.05

Autonomy versus shared control



Number of tests compared:
• MDS: 15 / 18
• RDS: 20 / 30
• Shared control (SC): 17 / 45

Autonomy versus shared control

Measurable from egocentric data

Paez-Granados, D., He, Y., Gonon, D., Jia, D., Leibe, B., Suzuki, K., & Billard, A. Pedestrian-Robot Interaction on Crowd 
Navigation: Reactive Control Methods and Evaluation. [Under Review] (2022)



Grzeskowiak, F., Gonon, D., Dugas, D., Paez-Granados, D., Chung, J., Nieto, J., Siegwart, R., Billard, A., 
Babel, M., & Pettré, J. (2021). Crowd against the machine: A simulation-based benchmark tool to evaluate 
and compare robot capabilities to navigate a human crowd. IEEE International Conference on Robotics and 
Automation (ICRA-2021). https://doi.org/10.1109/ICRA48506.2021.9561694

https://doi.org/10.1109/ICRA48506.2021.9561694


Density 



Crowd Type and Density



USER AGREEMENT

ANOVA results
* à p < 0.1
** à p < 0.05
*** à p < 0.05

CONTROLLER CONTRIBUTION

Crowd Type and Density

Paez-Granados, D., He, Y., Gonon, D., Jia, D., Leibe, B., Suzuki, K., & Billard, A. Pedestrian-Robot Interaction on Crowd 
Navigation: Reactive Control Methods and Evaluation. [Under Review] (2022)



VIRTUAL COLLISIONS

ANOVA results
* à p < 0.1
** à p < 0.05
*** à p < 0.05

Crowd Type and Density

Number of real collisions:
0 3 0

Paez-Granados, D., He, Y., Gonon, D., Jia, D., Leibe, B., Suzuki, K., & Billard, A. Pedestrian-Robot Interaction on Crowd 
Navigation: Reactive Control Methods and Evaluation. [Under Review] (2022)



Crowd Type and Density

Min Distance to Pedestrians TIME TO THE GOAL

Paez-Granados, D., He, Y., Gonon, D., Jia, D., Leibe, B., Suzuki, K., & Billard, A. Pedestrian-Robot Interaction on Crowd 
Navigation: Reactive Control Methods and Evaluation. [Under Review] (2022)



Autonomy versus shared control

Paez-Granados D., He Y., Gonon D., Huber L., & Billard A., (2021), “3D point 
cloud and RGBD of pedestrians in robot crowd navigation: detection and 
tracking." IEEE Dataport, doi: https://dx.doi.org/10.21227/ak77-d722. 

Recorded Data

Recordings 250k frames of 2 x 
3D point clouds

Tests 120 recordings

Time ~ 5 hours of data
Traveled 
distance

~ 12 km 

Total raw data ~1.2 Tb

https://dx.doi.org/10.21227/ak77-d722


How to measure autonomy?
Brain-Machine Interface

Not ready yet!

Robots understanding of their 
surrounding too limited

Social Navigation on crowds needs to understand their behavior

We need to evaluate robot’s behavior for each applications and society 

We need to agree on egocentric feasible metrics for real applications

Smart robots that can interact with humans safely

ISO- 18646 - Robotics — Performance criteria and related test 
methods for service robots —
ISO/DIS 22737 - Intelligent transport systems — Low-speed 
automated driving (LSAD) systems for predefined routes 
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