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OUTLINE

• Subaperture stitching algorithms

• Stitching software - PyLOSt

• Simulations studying software performance

• Comparisons with commercial stitching softwares

• Conclusions
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STITCHING SOFTWARE - PYLOST

• X-ray mirror apertures are typically larger than optical metrology 

instruments

• Subaperture stitching is frequently used for large optics

• E.g. Stitching Fizeau, micro-stitching interferometry (MSI), SHARPeR

• Universal stitching software for synchrotron mirrors 

• For an European collaboration project ‘Metrology on One-Nanometer-Precise Optics 

(MooNpics)’ as part of the CALIPSOplus European project

• Python & PyQt based Large Optic Stitching software (PyLOSt)

• Continued within LEAPS-INNOV Superflat European project

• Stitching data with different algorithms developed in PyLOSt

• Progressive Stitching

• Matrix Overlap Error

• Global Optimization
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STITCHING SUBAPERTURE PROCEDURE

• Stitching procedure with an optical instrument moving over a long mirror with 

overlapping sub-apertures
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STITCHING ALGORITHMS

• Progressive stitch (developed in discussions with Francois POLACK from SOLEIL)

- Sub-apertures are successively joined

• Matrix overlap errors (based on algorithm provided by Josep NICOLAS from 

ALBA)

• Global optimization

• Optimize global error function of overlap errors (for all pixels)

(least-squares optimization of pitch / roll / piston)
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STITCHING SOFTWARE – PYLOST 

• Implemented using Orange Data Mining software platform

• The stitching workflows are managed with various widgets connected on 

an orange canvas
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STITCHING SOFTWARE – PYLOST 
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Load subaperture files



STITCHING SOFTWARE – PYLOST 
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1. Apply mask

2. Remove reference from average of subapertures

3. Stitch with progressive stitching



PYLOST SOFTWARE FEATURES

• Stitching with different algorithms of 2D heights / slopes from various 

metrology instruments

• Easy to incorporate new stitching algorithms

• Widgets for data masking, polynomial / ellipse fitting, visualization etc.

• MetrologyData  astropy.Quantity  numpy.ndarray

• Data: numpy array

• Parameters: unit, detector dimensions, pixel size etc.

• Various instrument file readers included, Zygo MetroPro dat/datx, Veeco 

OPD etc.

• Easier inclusion of new file readers

• Ability to perform wide range of tasks in combination of widgets

• Saving data to hdf5 and python pickle formats, saving and sharing 

workflows

• Open source code distributed under MIT License.
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STITCHING AN ELLIPTICAL MIRROR

• A 70 mm long elliptical mirror is measured by Zygo Fizeau interferometer 

in 72 sub-apertures with 0.789 mm step along tangential direction

• The mirror is also measured by ESRF LTP

• The Fizeau sub-apertures are stitched using PyLOSt global optimization

• A best fit ellipse is removed from the stitching as well as LTP as shown 

in the following workflow

• Specified ellipse parameters p = 183.5 m, q = 0.1 m, theta = 14.4 mrad
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STITCHING AN ELLIPTICAL MIRROR
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Rms:  Fizeau (2D) = 3 nm, Fizeau (central line) = 0.57 nm, LTP (1D) =  0.23 nm

q:       Fizeau = 0.0993 m, LTP = 1.004 m

Theta: Fizeau = 14.1282 mrad, LTP  = 14.6161 mrad

Stitching results



COMPARISON TO ZYGO METROPRO STITCHING

• A 100mm long flat mirror is measured with Zygo Fizeau interferometer in 

47 sub-apertures with step 1.4 mm along tangential direction

• The subapertures are stitched with Zygo MetroPro and PyLOSt global 

optimization and both the results are compared
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COMPARISON TO ZYGO METROPRO STITCHING
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Rms pylost = 0.34 nm, rms metropro = 0.33 nm

Rms difference = 0.095 nm
Stitching results

pylost

metropro



STITCHING EXAMPLE – SHARPER SLOPES (2D)

• The same 100 mm long flat mirror is measured by SHARPeR instrument in 32 bi-

directional scans, having 77 subapertures with a step of 1.2 mm.

• SHARPeR stitched results are post processed and compared to Zygo Fizeau 

stitching, both using the same PyLOSt global optimization method
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STITCHING SHARPER DATA
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Rms: sharper (2D) = 0.19 nm, Fizeau (2D) = 0.28 nmStitching results



POWER SPECTRAL DENSITY (PSD) WIDGET

• Power spectral density in 2D, 1D lines, 1D line average (sagittal)

• Workflow comparing PSD of different instruments
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PSD COMPARISON
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PSD comparison for measurements on flat mirror, by LTP, Zygo Fizeau stitching, 

Veeco MSI stitching, SHARPeR stitching 



SIMULATIONS IN PYLOST

• Simulation widget is used to generate different mirror subapertures

• Different shapes: flat, cylinder, sphere, ellipse etc

• Shape or shape error by given equation, e.g. ℎ𝑒𝑖𝑔ℎ𝑡 𝑒𝑟𝑟𝑜𝑟 = sin(100 ∗ 𝑦 ∗ 𝑥2)

• Fixed / random motor step in x and y to generate subapertures

• Simulate 2D mirror surface 

→ generate subapertures 

→ stitch subapertures with different algorithms 

→ compare mirror to stitch surface
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SIMULATIONS IN PYLOST – CYLINDRICAL MIRROR
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• Generate a cylindrical mirror with parameters shown in the figure

• Stitched height errors with Global optimization

Radius (tan) = 7.9951, Radius (sag) = 255.1366

Rms height errors = 0.56 nm 



SIMULATIONS IN PYLOST – CYLINDRICAL MIRROR

Page 20 l Subaperture stitching algorithms for X-ray mirror metrology l 06-04-2022 l Bharath Reddy Adapa

• Stitching with progressive, matrix 

overlap error and global 

optimization.

• Stitched surfaces subtracted from 

simulated mirror surface.

• The difference is 0.11 nm rms for 

all methods



RESOURCES

• The source code is available at 

• https://gitlab.esrf.fr/moonpics_stitching_2018/orange-pylost

https://gitlab.esrf.fr/moonpics_stitching_2018/PyLOSt

• Orange-pylost has all the widgets and PyLOSt has some core functions like stitching and 

fitting

• Installation instructions are available in the gitlab page

• Documentation is available in a help widget in the orange-pylost 

software

• Installation and documentation is also available at

• https://leaps-superflat.eu/pylost/

Page 21 l Subaperture stitching algorithms for X-ray mirror metrology l 06-04-2022 l Bharath Reddy Adapa

https://gitlab.esrf.fr/moonpics_stitching_2018/orange-pylost
https://gitlab.esrf.fr/moonpics_stitching_2018/PyLOSt
https://leaps-superflat.eu/pylost/


CONCLUSIONS

• New stitching software (PyLOSt) based on python is developed for X-ray 

mirror metrology

• Different stitching algorithms developed for height / slope data from 

different instruments

• Simulated mirror data is used to validate stitching algorithms

• PyLOSt stitching provided similar results on test data compared to 

commercial stitching softwares like Zygo MetroPro

• Easy installation of software using source code available on ESRF gitlab
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