
WIR SCHAFFEN WISSEN – HEUTE FÜR MORGEN

SmarGon MCS2: An Enhanced Multi-Axis Goniometer 
With a New Control System

Wayne Glettig ::  Group Leader MX Instrumentation  ::  Paul Scherrer Institute

09.11.2023 MEDSI, Beijing



SmarGon MCS2, MEDSI 2020, Wayne Glettig, 9.11.2023

• Introduction of Smargon
• Problems with the previous version, and solutions
• New control system ‘smargopolo’, system architecture
• Calibration
• Results and Outlook

Overview 
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50um

X-Ray Source 
+ Optics

Protein Crystal Pixel Detector

What is SmarGon?

• SmarGon is a Goniometer for the use at a Protein Crystallography Beamline

PRIGo (Swiss Light Source)Mini-Kappa (Arinax/EMBL/ESRF)
And other Kappa Goniometers

SmarGon (SmarAct GmbH)

Sample size:    ~5um – 100um
Beam Size:         5um – 75um
Beam size is chosen to

match sample size 
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Issues in real-world use
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MX beamlines :
• High throughput, hundreds of samples a day.
• Remotely controlled, now increasingly in 

unattended automatic operation. -> no human 
intervention should be necessary.

• -> Minimization of downtime 
• -> Recovery must be fast 
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Accidents happen…
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• As you must know, fixing broken machines is time consuming.

• If only SmarGon had a control system that could help us avoid this.

We don’t want to break hardware
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SmarGon Controller Rack Unit SmarGon Device

Stepper Motor Card
Quadrature Enc inp

Axis Expansion Board
ACC-24E2S 

Stepper Motor Card
Quadrature Enc inp

Axis Expansion Board
ACC-24E2S 

• High performance
multi-axis servomotor
motion control system

• Real time system
• Complex control loops

possible

• Stick-slip piezo control
& encoder readback

• Low level position
regulation

Old SmarGon Controller

•SmarAct’s encoder Interpolator was sensitive to fast ‘knocks’ 
like robot collision or manual mounting slips. (failed to register 
counts at fast hits.
•Due to inability to use distance coded reference marks, 
initialization took long.
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Ethernet

SmarGon DeviceNew SmarGon Controller

SmarAct MCS2
SmarAct’s Flagship Controller

• Multi axis synchronisation
• Closed Loop control
• Stick-Slip Piezo control
• Made for their positioners

• Referencing Routines
• Device configuration
• Possiliblity for motion streaming

• Distance Coded Reference 
Marks. Fast referencing.

PC
• Trajectory Generation
• IK/FK Geometrical Models
• Calibration/Active

Correction

• Interfacing (RESTapi, 
Web-Interface, redis)

• Logging
• High level control

•Compatible with all SmarAct stages with 
stick-slip piezo drives, hybrid drives, and 
electromagnetic direct drives
•Is able to utilize 
SmarAct’s PICOSCALE Interferometer
•Fast control loop with up to 50 kHz

USB or
Ethernet

SmarAct API

New MCS2 Controller

Monitor, 
Keyboard, 

Mouse

Hand Panel for
low level

control and 
diagnostics
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Controller PC System Architecture
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ROS package ‘smargopolo’

LabJack Exodriver

x86 PC with USB and Ethernet

Ubuntu 20.04.5 LTS (Focal Fossa)

ROS Noetic Ninjemys Python + numpy + flask + flask_restful SmarAct C/C++ SDK
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• ROS (Robot Operating System) is an open-source framework and set of tools to 
build robotic applications. It has widespread use in robotics research and has 
strong community support. 

What is
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5

3D models and motion
planning can be visualized
with RViz
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ROS Microservices architecture & event streams
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Rigid Body Geometrical Model
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Blue Part
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ROS Visualisation Tools

Page 17



SmarGon MCS2, MEDSI 2020, Wayne Glettig, 9.11.2023

Digital Twin
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Rigid Body Geometrical Model
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Calibration
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Measure the residual systematic error, actively correct for it in operation.
(-> using the system’s repeatability to achieve accuracy)

In theory: for every point in the entire workspace, a correction vector must be
known. For SmarGon this means, in 6 dimensional space (3 linear + 3
rotational coordinates) corrections in 6 dimensions need to be known.

In practice we can concentrate on a sub-portion of the workspace:
The workspace coordinates of main concern for the MX application are
the ω and the χ axes. Radial and axial runout of these rotations must be kept
to minimum.
In MX, this performance metric is referred to as the sphere of confusion
(SoC).
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Calibration Tool
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3 paddles with strain 
gauges

By moving 3
SmarAct 
Positioners

Regulate to a given
strain (e.g. F=1g)

Encoders of 
SmarAct give the 
position with nm 
resolution over  
25mm range.

A bit like a 3D CMM 
touch probe.
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• It is possible to do a calibration run within one hour.
• It’s a step-by-step procedure, we can redo measurements, if the results look suspicious.
• So, on a machine day, Tuesday, a broken SmarGon get get back working.

• within an hour we typically get calibration results of:
− SoC of ω: 2 μm 
− SoC of χ : <7 μm

• With more time for data analysis and experimentation we have reached:
− SoC of ω: 1 μm 
− SoC of χ : <5 μm

Calibration Results
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Other Applications
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Align collimator tube (24mm, Din=100μm)
so

50μm X-ray beam 
passes through it

SAS-Tensor Tomography setup evaluated at 
PXI, SmarGon could be re‐purposed to allow 
orientation of the sample along axes 
commonly used in tomography experiments. 
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• SmarGon MCS2 with smargopolo is now reliable enough to be constantly 
operated at all MX beamlines at SLS. Two devices have been in continuous 24/7 
use for two years at beamlines PXI & PXII at SLS, with very satisfactory results. 

• The replacement of PRIGo at PXIII, after 13 years of operation, is planned during 
the SLS 2.0 upgrade. 

• Thanks to the open platform, we are confident to be able to further optimise and 
adapt the design to accommodate emerging applications in the future. 

Conclusion
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Thank you for your attention! - Questions?

My thanks go to

• PSI:
− Dominik Buntschu
− Zac Panepucci
− Meitian Wang

• SmarAct GmbH:
− Alexander Omelcenko
− Stefan Bauroth
− Jörg Sauter & Team
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