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The European Synchrotron Radiation Facility (ESRF)
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ID31 Beamline
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Optical Hutch 2

Optical Hutch 1

Experimental Hutch



Scientific Examples
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Tomography Experiment Scanning Experiment



ID31 Positioning Stage: The Micro Station
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50kg Payload capability

Stacked Stages:

• High Mobility

• Limited accuracy (≈ 10μm)



New Positioning Needs: From μm to nm
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Better Focusing Optics

3𝑟𝑑 Generation Light Source

Expected focus spot size on ID31:  
200nm (y) x 100nm (z)

Need to increase the positioning 
accuracy of the ID31 Micro-station

4𝑡ℎ Generation Light Source

Smaller Light Source



Nano Active Stabilization System (NASS) - Concept
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Goal: Keep the PoI of the sample on the beam 
(200nm x 100nm), as the micro-station is 

performing scans



Challenges for the design of the NASS
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Outline - Design Strategy
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Conceptual Design Development
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Uniaxial Model
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Soft active platform

Less coupling with the 
micro-station dynamics

Better isolation from 
micro-station vibrations

Better Performances



Rotating Model
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Regained unconditional IFF stability with 𝑘𝑝
Stiff Active Platforms less impacted by Ω

T. Dehaeze and C. Collette.
“Active Damping of Rotating Platforms Using Integral Force Feedback”.
In Engineering Research Express 2021



Micro-Station – Modal Analysis
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Marc Lesourd
Solid Body Assumption



μ-Station Compliance
Micro-Station – Multi-Body Model
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Multi-Body Model

Solid bodies connected
by springs and dampers

Simulink/Simscape Software

Compliance Measurement



Active Platform – The Gough-Stewart Platform
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Multi-Body Model

Approximate Kinematic



Control Architecture
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Effect of Payload Mass

Nano Active Stabilization System - Dynamics
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𝑘 = 0.01 𝑁/𝜇𝑚 𝑘 = 1 𝑁/𝜇𝑚𝑘 = 1 𝑁/𝜇𝑚

Effect of Rotational Velocity



Validation of the Concept
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1kg 25kg 50kg



Detail Design
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Mechanical Architecture – Optimal Geometry ?
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Université Libre de Bruxelles

University of Wyoming

Cubic Architecture

Fully
Decoupled



Modified Cubic Architecture
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The NASS needs to handle 
various payloads inertia

Active Platform Geometry



Component Optimization – Hybrid Modeling
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Multi-Body
Model

FEM

CMS

Reduced Order 
Flexible Body

400k 
DoF

100
DoF

P. Brumund and T. Dehaeze.
“Multibody Simulations with Reduced Order 
Flexible Bodies Obtained by FEA”. In MEDSI 2020

IFF

Philipp Brumund



Choice of Actuators and Design of Flexible Joints
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Specifications APA300ML

Stroke > 200 μm 304

Stiffness ≈ 1 N/μm 1.8

Height < 50 mm 30

Force Sensor Collocated
Voice Coil

Piezoelectric 
Stack Actuator

Amplified Piezoelectric Actuator (APA)

Specifications FEM

Axial Stiffness > 100 N/μm 94

Bending Stiffness < 100 Nm/rad 5

Torsion Stiffness < 500 Nm/rad 260

Bending Stroke > 1 mrad 25

APA300ML Flexible Joint Geometry



Obtained Design – The “Nano Hexapod”
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Julien Bonnefoy Damien Coulomb

700 Hz



Sensor Fusion and Complementary Filters
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How to design 
complementary filters by 
specifying their norms?

𝐻1 𝑠 + 𝐻2 𝑠 = 1

Complementary Filters



Shaping of Complementary Filters
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T. Dehaeze, M. Verma, and C. Collette.
“Complementary Filters Shaping Using H-Infinity Synthesis”. In ICCMA 2019



Closed-Loop Shaping using Complementary Filters
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M. Verma, T. Dehaeze, G. Zhao, J. Watchi, and C. Collette.
“Virtual Sensor Fusion for High Precision Control”. In MSSP 2020



Experimental Validation - Strategy
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Amplified Piezoelectric Actuator – APA300ML

29

Dynamical “repeatability”
Axial Displacement Force Sensor

Tuning of the 2DoF Model
Force Sensor

Axial Displacement



Flexible Joints – Measured Bending Stiffness
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Struts

31

Conclusion:
Encoders should not be 

fixed to the struts

FEM with 
misalignment 
≈ 10μm



Nano Hexapod
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Nano Active Stabilization System – ID31
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Short Stroke Metrology
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Plant Dynamics
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Model
Identification

After
Alignment

Dynamics from u𝑖 to 𝑒𝐿𝑖

Comparing the measurements with the 
model can help detect potential issues 



Effect of Payload Mass
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Integral Force Feedback 
should be robust to the 

change of payload

Dynamics from u𝑖 to 𝑒𝐿𝑖 Dynamics from u𝑖 to 𝑉𝑠𝑖



Effect of Rotational Velocity

37

Dynamics not affected 
by the rotation

Validates the control 
kinematics



Decentralized Integral Force Feedback (IFF)

38

Root Locus: Estimation of obtained damping

0kg 13kg 26kg 39kg

Modeling of dynamical coupling



High Authority Controller (HAC)
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Loop Gains

Characteristic Loci

Damped Plant Dynamics



Tomography Experiments
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Cumulative Amplitude Spectrum



Tomography Experiments – Robustness to Change of Payload
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Lateral Scans
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Closed-Loop Shaping with Complementary Filters
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Complementary Filters Formula Different Bandwidth Highest Achieved Bandwidth



Conclusion
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Perspectives

45



Acknowledgments


