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1. Introduction

Introduction

SpaceR

Space Robotics Research Group
The pursuit of space exploration continues to push the boundaries of human understanding, mi.ln | ST

presenting a plethora of challenges that demand innovative solutions.

A pivotal aspect of this endeavor is the emulation of zero gravity conditions and the replication of
Intricate orbital scenarios within controlled laboratory environments.

Such laboratories serve as crucibles for advancing our comprehension of orbital dynamics, spacecraft
interactions, and autonomous systems.

In SnT-University of Luxembourg, we have the Zero-G Lab, an orbital robotics facility we where realize
orbital robotics scenario emulations.

This innovative facility leverages a combination of robotic arms mounted on robotic rails, a super-flat
epoxy-floor, and floating platforms to faithfully replicate microgravity conditions and support a diverse
range of space-oriented experiments and research endeavors.
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Introduction

Fig. 1: The Zero-G Lab

SpaceR

Space Robotics Research Group

uni.ln | SNT

R |

Epoxy floor

Fig. 2. Floating platforms inside
the Zero-G Lab
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6 1. Introduction

Introduction

« The study presents a novel control approach for
managing floating platforms in the unique
environment of a zero-gravity laboratory (Zero-
G Lab) of University of Luxembourg.

» These platforms are pivotal for diverse
experiments and technologies in space. Our
solution combines Model Predictive Control
(MPC) and Proportional-Derivative (PD) control
techniques to ensure precise positioning and
stability.

SpaceR

Space Robotics Research Group
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Fig. 3: Render of the Zero-G Lab
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The MPC algorithm generates optimal trajectories based on predictive platform models, adjusting
paths for minimal effort.

Augmented by a PD controller using feedback from the Optitrack motion system, real-time
adjustments maintain stability by considering platform state, position, and orientation data.

Extensive simulations and experiments within the Zero-G Lab demonstrate the effectiveness of our

approach. The MPC-PD strategy accurately controls platforms, making them resilient against external
disturbances and human interactions.

This strategy holds promise for space exploration, microgravity experiments, and beyond, offering
adaptable control in zero-gravity conditions.

uni.ln | SAT



8 1. Introduction

Introduction

« SpaceR’s floating platform is made of light-weight

string-like Carbon fiber material which increases the
experiment time.

* The floating platform is integrated into

the ROS network, and a ROS-MATLAB bridge
facilitates platform programming using MATLAB,
enabling experimentation and assessment of

its capabilities, including maintaining position
under disturbances and trajectory tracking.
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The national patent application in Luxembourg named
“Pneumatic floating systems for performing zero-gravity
experiments” has been filed and it is still under evaluation
process, the patent application file number is LU503146.
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11 1. Introduction

Control Approach

* The control scheme encompasses two
distinct methodologies: PD control and
integrated MPC-PD control
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12 1. Intro duction

Control Approach

* To translate the continuous analog control commands into
discrete digital signals suitable for the control of the floating
platform, we incorporate a saturation module. This module
efficiently limits the control commands’ amplitude within a
predefined range.

* This approach enhances control accuracy and stabillity,
especially in scenarios where the floating platform operates with
discrete on/off control signals.

uni.ln | SAT



13 1. Intro duction

Integrated MPC-PD Control Approach

 MPC with PD control to enhance the precision and
responsiveness of the floating platform’s control. Within this
framework, MPC is responsible for generating a reference
trajectory tailored for efficient docking.

* The PD controller is then employed to track this reference
trajectory. This integrated approach enhances the control
system’s performance during docking operations.

uni.ln | SAT



1. Introduction

Integrated MPC-PD Control Approach

 MPC entalils the minimization of a cost function that quantifies
the disparities between the state of the floating platform, and the
desired final states, represented, in conjunction with the control
Inputs. This optimization process takes into account system
dynamics and constraints, and it is solved iteratively by MPC to

dynamically adjust control inputs in response to uncertainties
and disturbances
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16 1. Intro duction

The case study / Disturbance rejection

SpaceR

arch Group

Wi \ ST

* The case study consists of three-fold simulations; 1-
Disturbance rejection, 2- Set-point tracking with PD controller, 3
Set-point tracking with PD controller in which set-points
determined by MPC.

* The disturbance value applied to the floating platform is 1 N for
each translational x and y axes, and 1 Nm for rotational z axis.
The floating platform gets back to its initial position [0, O, O] after
the disturbance vector is applied. Since there is no speC|f|c
trajectory generation, MPC does not play a role in this particular

scenario.
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17 1. Introduction

The case study / Disturbance rejection
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18 1. Introduction

The case study / Comparison between “‘set-point tracking with PD controller”
and “set-pointtracking with PD controller in which set-points determined by MPC”.
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1. Introduction

Conclusion

» Our simulations affirm the PD controller’s robustness in mitigating
disturbances.

* When utilizing the trajectory generated by MPC, we observed
reduced overshoot compared to the PD controller, which gives
certain advantages for particular cases, such as contact dynamics,
close proximity, and docking.
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1. Introduction

Conclusion

* These findings hold significant implications for control theory and
applications in space exploration, pointing to the potential benefits
of combining PD and MPC for enhanced precision and reliability in
microgravity control.
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Thanks for listening, questions ?

uni.ln | SAT



» SpaceR

Space Robotics Research Group

uni.ln | AT

NI

References




24

References

[1] P. Tsiotras, "ASTROS: A 5DOF experimental facility for research in space proximity operations," Advances in the Astronautical Sciences, vol. 151, pp.
717-730, 2014.

[2] T. Rybus et al., "New planar air-bearing microgravity simulator for verification of space robotics numerical simulations and control algorithms," in
12th ESA Symposium on Advanced Space Technologies in Robotics and Automation, 2013, p. 8.

[3] D. Gallardo, R. Bevilacqua, and R. Rasmussen, "Advances on a 6 degrees of freedom testbed for autonomous satellites operations," in AIAA
Guidance, Navigation, and Control Conference, 2011, p. 6591.

[4] M. Schlotterer, E. Edlerman, F. Fumenti, P. Gurfil, S. Theil, and H. Zhang, "On-ground testing of autonomous guidance for multiple satellites in a
cluster," in 8th International Workshop on Satellite Constellations and Formation Flying, 2015.

[5] P. Colmenarejo, E. di Sotto, and J. A. Béjar, "Dynamic test facilities as ultimate ground validation step for space robotics and GNC system," 6th ICATT,
2016.

[6] R. C. Foust, E. S. Lupu, Y. K. Nakka, S.-J. Chung, and F. Y. Hadaegh, "Ultra-soft electromagnetic docking with applications to in-orbit assembly," 2018.
[7] X. Li et al., "Emulating Active Space Debris Removal Scenarios in Zero-G Lab," 2022.

[8] X. Li et al., "Exploring NVIDIA Omniverse for Future Space Resources Missions," 2022.

[9] K. Aggarwal et al., "Enabling Elements of Simulations Digital Twins and its Applicability for Information Superiority in Defence Domain," 2022.

[10] X. Li et al., "Nvidia Omniverse for Active Space Debris Removal Missions, an Overview," 2022.

[11] M. AlandiHallaj and N. Assadian, "Multiplehorizon multiple-model predictive control of electromagnetic tethered satellite system," Acta
Astronautica, vol. 157, pp. 250-262, 2019.

[12] M. Ramezani, H. Habibi, J. L. Sanchez-Lopez, and H. Voos, "UAV Path Planning Employing MPCReinforcement Learning Method Considering
Collision Avoidance," in 2023 International Conference on Unmanned Aircraft Systems (ICUAS), 2023: IEEE, pp. 507-514.

[13] N. R. Esfahani and K. Khorasani, "A distributed model predictive control (MPC) fault reconfiguration strategy for formation flying satellites,"
International Journal of Control, vol. 89, no. 5, pp. 960-983, 2016.

[14] A. Richards, L. Breger, and J. P. How, "Analytical performance prediction for robust constrained model predictive control," International Journal of
Control, vol. 79, no. 8, pp. 877-894, 2006.

uni.ln | SAT



25

References

[15] E. N. Hartley, M. Gallieri, and J. M. Maciejowski, "Terminal spacecraft rendezvous and capture with LASSO model predictive control," International
Journal of Control, vol. 86, no. 11, pp. 2104-2113, 2013.

[16] O. Hegrenaes, J. Gravdahl, and P. Tondel, "Spacecraft attitude control using explicit model predictive control," Automatica, vol. 41, no. 12, pp. 2107-
2114, 2005.

[17] M. Amin Alandihallaj, N. Assadian, and K. Khorasani, "Stochastic model predictive controlbased countermeasure methodology for satellites against
indirect kinetic cyber-attacks," International Journal of Control, vol. 96, no. 7, pp. 1895-1908, 2023.

[18] M. AlandiHallaj and N. Assadian, "Soft landing on an irregular shape asteroid using Multiple-Horizon Multiple-Model Predictive Control," Acta
Astronautica, vol. 140, pp. 225-234, 2017.

[19] M. AlandiHallaj and N. Assadian, "Asteroid precision landing via Probabilistic MultipleHorizon Multiple-Model Predictive Control," Acta
Astronautica, vol. 161, pp. 531-541, 2019.

[20] M. A. Alandihallaj, N. Assadian, and R. Varatharajoo, "Finite-time asteroid hovering via multiple-overlapping-horizon multiple-model predictive
control," Advances in Space Research, vol. 71, no. 1, pp. 645-653, 2023.

[21] W. F. Ribeiro et al., "Mobility Strategy of MultiLimbed Climbing Robots for Asteroid Exploration," arXiv preprint arXiv:2306.07688, 2023.

[22] B. C. Yalcin, C. Martinez Luna, S. Coloma Chacon, E. Skrzypczyk, and M. A. Olivares Mendez, "Ultralight Floating Platform: An Orbital Emulator for
Space Applications," presented at the IEEE International Conference on Robotics and Automation 2023 (ICRA), London, 29-5-2023 to 02-06-2023, 2023
[23] "Zero-G Lab." University of Luxembourg https://ism.uni.lu/facility/zero-gravity-lab

[24] The Zero-G Lab: Testing in a Micro-Gravity Environment. Available: https://www.youtube.com/watch?v=kFhv9fGXk8 w&t=1s.

[25] B. C. Yalcin, C. Martinez, S. Coloma, E. Skrzypczyk, and M. Olivares-Mendez, "Lightweight Floating Platform for Ground-based Emulation of On-orbit
Scenarios," IEEE Access, 2023.

uni.ln | SAT


https://ism.uni.lu/facility/zero-gravity-lab

	Intro slide
	Slide 1

	Agenda
	Slide 2

	Content section
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25


