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Outline
1. Spatial interaction in HRI - proxemics

2. Motion planning for human-populated environments

3. Motion planning for humanoids 
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Action and perception for social HRI

Perceive / display.

● verbal interaction - speech
● nonverbal interaction

○ gaze
○ facial expressions
○ gesture
○ touch
○ posture
○ …

● location - proxemics…  
● emotion

Fig 3.3 in Bartneck, C., Belpaeme, T., Eyssel, F., Kanda, T., 
Keijsers, M., & Šabanović, S. (2020). Human-Robot 

Interaction: An Introduction. Cambridge University Press.
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Proxemics 
● How people take up space in 

relation to others and how 

spatial positioning influences 

attitudes, behaviors, and 

interpersonal interaction.  

(Bartneck et al. 2020, Ch. 5)

● Culture-dependent.

4

Human-Human Personal Space Zones
(Hall 1966; Lamberts 2004)

(northern Europeans)
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Spatial interactions in HRI
● Mobile robots and obstacle avoidance.

○ Corridor scenario (Bartneck et al. 2020, 5.2.2). 

■ Robot and human walking against each other in a corridor. If robot treats human as an 

obstacle, it may avoid it in the last moment. Very unnatural!

○ Most mapping techniques for robots only provide geometrical maps, where people are 

considered obstacles. They do not contain information on which direction people are facing, if 

they are having a conversation or just standing close to each other, or how people are moving.

5

Ch. 5 in Bartneck, C., Belpaeme, T., Eyssel, F., Kanda, T., Keijsers, M., & Šabanović, S. 
(2020). Human-Robot Interaction: An Introduction. Cambridge University Press.
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Kaiser, F. G., Glatte, K., & Lauckner, M. (2019). How to make nonhumanoid mobile robots more likable: Employing kinesic courtesy cues to promote 
appreciation. Applied ergonomics, 78, 70-75.
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Factors that may affect “comfortable” distance
● who is approaching whom

● robot look… / level of anthropomorphism

● robot size

● personality traits (human)

● context
○ task - e.g. handover

○ communication / perception

7

See also 
● Table 2.2 in Rojík, A. (2021), 'Personal Spatial Zones in Human-Robot Interaction Scenarios', Bachelor 

thesis, Faculty of Electrical Engineering, Czech Technical University in Prague. [link to thesis page][pdf]

https://dspace.cvut.cz/handle/10467/92799
https://dspace.cvut.cz/bitstream/handle/10467/92799/F3-BP-2021-Rojik-Adam-BS_Thesis_Adam_Rojik.pdf?sequence=-1&isAllowed=y
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Robot with mechanistic appearance

8

Walters, M. L., Dautenhahn, K., Te Boekhorst, R., Koay, K. L., Kaouri, C., Woods, S., ... & Werry, I. (2005, August). The 
influence of subjects' personality traits on personal spatial zones in a human-robot interaction experiment. In ROMAN 
2005. IEEE International Workshop on Robot and Human Interactive Communication, 2005. (pp. 347-352). IEEE.

● 40% of people came very close to the robot; why?
● Did not treat the robot as a social entity.
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Modulators of interpersonal distance in HRI

9

Walters, M. L., Dautenhahn, K., Te Boekhorst, 
R., Koay, K. L., Syrdal, D. S., & Nehaniv, C. L. 
(2009). An empirical framework for 
human-robot proxemics. Procs of new frontiers 
in human-robot interaction.
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Fig. 5.6 in Bartneck, C., Belpaeme, T., 
Eyssel, F., Kanda, T., Keijsers, M., & 
Šabanović, S. (2020). Human-Robot 

Interaction: An Introduction. Cambridge 
University Press.

Mead, R., & Matarić, M. J. (2016). Perceptual models of human-robot proxemics. In 
Experimental robotics (pp. 261-276). Springer, Cham.
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Robot in a crowd 

Crowdbot.eu

http://u4y.fed.myftpupload.com/data-sets-softwares/  

11

Chen, C., Liu, Y., Kreiss, S., & Alahi, A. (2019, May). Crowd-robot 
interaction: Crowd-aware robot navigation with attention-based deep 
reinforcement learning. In 2019 International Conference on Robotics 
and Automation (ICRA) (pp. 6015-6022). IEEE.

http://crowdbot.eu/
http://u4y.fed.myftpupload.com/data-sets-softwares/
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Human or robot spatial zones?
● Most literature is concerned with the comfort of the human, i.e. robots not 

inappropriately invading human spatial zones.

● Do people also care about the robot’s personal space?
○ Do they expect it to scale with the robot size?

○ Do they expect the robot to protect it / signal that it is not comfortable with his space being 

invaded?

12
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Robot personal space

13

https://youtu.be/gvICAkfK2CA

Lehmann, H.; Rojík, A. & Hoffmann, M. (2020), Should a 
small robot have a small personal space? Investigating 
personal spatial zones and proxemic behavior in 
human-robot interaction, in 'CognitIve RobotiCs for 
intEraction (CIRCE) Workshop at IEEE International 
Conference On Robot and Human Interactive 
Communication (RO-MAN)'.

https://youtu.be/gvICAkfK2CA
http://www.youtube.com/watch?v=gvICAkfK2CA
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Scaling of personal space to robot size?

14

intimate space
personal space

Rojík, A. (2021), 'Personal 
Spatial Zones in Human-Robot 
Interaction Scenarios', 
Bachelor thesis, Faculty of 
Electrical Engineering, Czech 
Technical University in Prague. 
[link to thesis page][pdf]

https://dspace.cvut.cz/handle/10467/92799
https://dspace.cvut.cz/bitstream/handle/10467/92799/F3-BP-2021-Rojik-Adam-BS_Thesis_Adam_Rojik.pdf?sequence=-1&isAllowed=y
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Experimental setup

15

Rojík, A. (2021), 'Personal Spatial Zones in Human-Robot Interaction 
Scenarios', Bachelor thesis, Faculty of Electrical Engineering, Czech 
Technical University in Prague. [link to thesis page][pdf]

https://dspace.cvut.cz/handle/10467/92799
https://dspace.cvut.cz/bitstream/handle/10467/92799/F3-BP-2021-Rojik-Adam-BS_Thesis_Adam_Rojik.pdf?sequence=-1&isAllowed=y
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Perceiving the distance

16

Lehmann, H.; Rojík, A. & Hoffmann, M. (2020), Should a small robot have a small personal space? Investigating personal spatial 
zones and proxemic behavior in human-robot interaction, in 'CognitIve RobotiCs for intEraction (CIRCE) Workshop at IEEE 
International Conference On Robot and Human Interactive Communication (RO-MAN)'.
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Results - distance from the robot where people stopped

17

PepperNao

● people do not scale robot 
personal space with its size

Rojík, A. (2021), 'Personal Spatial Zones in Human-Robot Interaction 
Scenarios', Bachelor thesis, Faculty of Electrical Engineering, Czech 
Technical University in Prague. [link to thesis page][pdf]

https://dspace.cvut.cz/handle/10467/92799
https://dspace.cvut.cz/bitstream/handle/10467/92799/F3-BP-2021-Rojik-Adam-BS_Thesis_Adam_Rojik.pdf?sequence=-1&isAllowed=y
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Leaning back to signal intrusion of personal space

18
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Group spatial interaction dynamics

19

Bartneck, C., Belpaeme, T., Eyssel, F., Kanda, T., Keijsers, M., & Šabanović, S. (2020). Human-Robot Interaction: An Introduction. Cambridge University Press.
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Distance in sHRI and pHRI
Expectable motion unit 

Kirschner, R. J., Mayer, H., Burr, L., Mansfeld, N., 
Abdolshah, S., & Haddadin, S. (2022). Expectable Motion 
Unit: Avoiding Hazards From Human Involuntary Motions in 
Human-Robot Interaction. IEEE Robotics and Automation 
Letters.

https://ieeexplore.ieee.org/abstract/document/9690007/medi
a#media 

20

https://ieeexplore.ieee.org/abstract/document/9690007/media#media
https://ieeexplore.ieee.org/abstract/document/9690007/media#media
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Motion planning - what you already know
Robotika (B3B33ROB1) - Motion planning (Vladimír Petrík) / 

Autonomous Robotics (B3M33ARO) - Vojtěch Vonásek

● configuration space (vs. task space) 

● path vs. trajectory

● sampling-based motion planning (RRT, RRT*, PRM)

21
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V. Vonásek: ARO, Motion Planning III - sampling-based motion planners, slides 12-13 

https://cw.fel.cvut.cz/b212/_media/courses/b3m33aro/lectures/planning-sampling2.pdf 

https://cw.fel.cvut.cz/b212/_media/courses/b3m33aro/lectures/planning-sampling2.pdf
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V. Vonásek: ARO, Motion Planning III - sampling-based motion planners, slides 14-15 

https://cw.fel.cvut.cz/b212/_media/courses/b3m33aro/lectures/planning-sampling2.pdf 

https://cw.fel.cvut.cz/b212/_media/courses/b3m33aro/lectures/planning-sampling2.pdf
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Next: path/trajectory not to scare people! 

24

V. Vonásek: ARO, Motion Planning I - 

basic concepts, slide 48

https://cw.fel.cvut.cz/b212/_media/co

urses/b3m33aro/lectures/planning-ba

sics.pdf

https://cw.fel.cvut.cz/b212/_media/courses/b3m33aro/lectures/planning-basics.pdf
https://cw.fel.cvut.cz/b212/_media/courses/b3m33aro/lectures/planning-basics.pdf
https://cw.fel.cvut.cz/b212/_media/courses/b3m33aro/lectures/planning-basics.pdf
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Object hand-over

25

Dehais, F., Sisbot, E. A., Alami, R., & Causse, M. (2011). Physiological and subjective evaluation of a human–robot object hand-over task. 
Applied ergonomics, 42(6), 785-791.

What is being optimized?

legibility (here ~ visibility) safety

physical 
comfort
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Planning around humans
● Navigation - humans are not obstacles.

○ Need to consider:
■ interpersonal social zones
■ gaze
■ context

● Motion should be:
○ safe, i.e. that does not harm the human,
○ reliable and effective, i.e. that achieves the task 

adequately considering the motion capacities of the 
robot,

○ socially acceptable, i.e. that takes into account the 
comfort of the human as well as his/her preferences 
and needs; and that expresses the intention of the 
robot clearly (~ legible, which also adds to safety)… 

○ Sisbot, E. A., Marin-Urias, L. F., Broquere, X., Sidobre, D., & Alami, R. 
(2010). Synthesizing robot motions adapted to human presence. 
International Journal of Social Robotics, 2(3), 329-343.

26

Shomin, M., Vaidya, B., Hollis, R., & Forlizzi, J. (2014, 
September). Human-approaching trajectories for a 
person-sized balancing robot. In 2014 IEEE 
International Workshop on Advanced Robotics and its 
Social Impacts (pp. 20-25). IEEE.
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Sisbot, E. A., Marin-Urias, L. F., Broquere, X., Sidobre, D., & Alami, R. (2010). Synthesizing robot 

motions adapted to human presence. International Journal of Social Robotics, 2(3), 329-343.
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Sisbot, E. A., Marin-Urias, L. F., Broquere, X., Sidobre, D., & Alami, R. (2010). Synthesizing robot 

motions adapted to human presence. International Journal of Social Robotics, 2(3), 329-343.
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Sisbot, E. A., Marin-Urias, L. F., Broquere, X., Sidobre, D., & Alami, R. (2010). Synthesizing robot 

motions adapted to human presence. International Journal of Social Robotics, 2(3), 329-343.
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Planning for humanoids 

“C-space of 4 dimensions is already 

considered high-dimensional.”

V. Vonasek: ARO - Motion Planning I - basic concepts. 

https://cw.fel.cvut.cz/b212/_media/courses/b3m33aro/lectures/

planning-basics.pdf

30
Ficht, G., & Behnke, S. (2021). Bipedal humanoid hardware design: A technology review. Current Robotics Reports, 2(2), 201-210.

https://cw.fel.cvut.cz/b212/_media/courses/b3m33aro/lectures/planning-basics.pdf
https://cw.fel.cvut.cz/b212/_media/courses/b3m33aro/lectures/planning-basics.pdf
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Decomposition: upper body: manipulation; lower body: walking

31

Yoshida, E., Kanehiro, F., & Laumond, J. P. (2017). Whole-body motion planning. Humanoid Robotics: A Reference, 1575-1599.
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Task-driven local whole-body motion generation

32

Yoshida, E., Kanehiro, F., & Laumond, J. P. (2017). Whole-body motion planning. Humanoid Robotics: A Reference, 1575-1599.
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Motion planning for dynamic environments

33

 https://youtu.be/A9Por3anPJ8 
Nguyen, P. D.; Hoffmann, M.; Roncone, A.; Pattacini, U. & Metta, G. (2018), Compact real-time avoidance on a humanoid robot for human-robot 

interaction, in 'HRI ’18: 2018 ACM/IEEE International Conference on Human-Robot Interaction', ACM, New York, NY, USA, pp. 416-424.

https://youtu.be/A9Por3anPJ8
http://www.youtube.com/watch?v=A9Por3anPJ8
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Fast heuristic Cartesian space motion planning

34

Nguyen, P. D.; Hoffmann, M.; Pattacini, U. & Metta, G. (2016), A fast heuristic Cartesian space motion planning algorithm for many-DoF robotic 
manipulators in dynamic environments, in 'Humanoid Robots (Humanoids), 2016 IEEE-RAS 16th International Conference on', IEEE, pp. 884-891.
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Fast heuristic Cartesian space motion planning algorithm

35

Nguyen, P. D.; Hoffmann, M.; Pattacini, U. & Metta, G. (2016), A fast heuristic Cartesian space motion planning algorithm for many-DoF robotic 
manipulators in dynamic environments, in 'Humanoid Robots (Humanoids), 2016 IEEE-RAS 16th International Conference on', IEEE, pp. 884-891.
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Nguyen, P. D.; Hoffmann, M.; Pattacini, U. & Metta, G. (2016), A fast heuristic Cartesian space motion planning algorithm for many-DoF 

robotic manipulators in dynamic environments, in 'Humanoid Robots (Humanoids), 2016 IEEE-RAS 16th International Conference on', 

IEEE, pp. 884-891.

36

https://docs.google.com/file/d/11vAmSZaJWSzDjfH2m-HKJW1LzJ03TakD/preview
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Fast heuristic Cartesian space motion planning 

37

Nguyen, P. D.; Hoffmann, M.; Pattacini, U. & Metta, G. (2016), A fast heuristic Cartesian space motion planning algorithm for many-DoF robotic 
manipulators in dynamic environments, in 'Humanoid Robots (Humanoids), 2016 IEEE-RAS 16th International Conference on', IEEE, pp. 884-891.
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Fast heuristic Cartesian space motion planning

38

Nguyen, P. D.; Hoffmann, M.; Pattacini, U. & Metta, G. (2016), A fast heuristic Cartesian space motion planning algorithm for many-DoF robotic 
manipulators in dynamic environments, in 'Humanoid Robots (Humanoids), 2016 IEEE-RAS 16th International Conference on', IEEE, pp. 884-891.

Asymptotically optimal planner
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Some take-home messages
1. Spatial interaction in HRI - proxemics

a. Humans are not obstacles.

2. Motion planning for human-populated environments
a. Not optimal, but safe, socially acceptable, and legible behaviors.

3. Motion planning for humanoids 
a. There are many DoFs.

b. And many constraints (e.g. balance).

39
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Further reading and resources

● Books / book sections
○ Bartneck, C., Belpaeme, T., Eyssel, F., Kanda, T., Keijsers, M., & Šabanović, S. (2020). Human-Robot 

Interaction: An Introduction. Cambridge University Press.
○ Yoshida, E., Kanehiro, F., & Laumond, J. P. (2017). Whole-body motion planning. Humanoid Robotics: A 

Reference, 1575-1599.
● Articles

○ Sisbot, E. A., Marin-Urias, L. F., Broquere, X., Sidobre, D., & Alami, R. (2010). Synthesizing robot 
motions adapted to human presence. International Journal of Social Robotics, 2(3), 329-343.
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