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About Gwyddion

Gwyddion is software for SPM (scanning probe microscopy) data analysis. A few basic
characteristics:

» Free and Open Source — it is not
only free of charge but the full
source code is available, can be
studied, modified, redistributed, etc.
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> Multiplatform — it works on I
GNU/Linux, Microsoft Windows, e

Mac OS X and FreeBSD operating e
systems on common architectures. L

» Modular — consists mainly of many
small pieces that provide individual
functions, are rather independent
and can be developed
independently by third parties.

http://gwyddion.net/

Gwyddion is mainly focused on 2D raster data (image) analysis. However, it offers also
some functions for 1D (curve) and 3D (volume) data.

D. Necas and P. Klapetek, Gwyddion: An open-source software for SPM data analysis, Cent. Eur. J.
Phys. 10 (2012) 181-188, doi:10.2478/s11534-011-0096-2
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History
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Development started in 2003, originally motivated by the lack of sufficiently transparent
data processing software for metrology purposes.

The project was founded by two fresh Masaryk University graduates. Nowadays it
supported by the Czech Metrology Institute and being developed by a diverse group of
people from around the world. So far 40+ contributors from 12+ countries have participated
in the project.

After a dozen years Gwyddion includes support for more than 120 data formats and all the
typically used processing routines for SPM data processing, as well as many not so typical
algorithms.



Basic usage David Necas

Overview
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What we usually want to do:
Toolbox 1. Open AFM data.

2. Visualise, inspect and explore.

3. Apply levelling and/or corrections.

4. Measure and characterise.

5. Save the results.




Opening AFM files
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Opening an AFM file is simple. Just use File — Open and select the data file(s).
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B bipm-drift.tar.bz2 2.9MB 20/12/08
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Preview of
file contents

V

Line correction
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Use File — Open Recent — Document History to load files we opened before.
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Toolbox

Complete function menu
/ » ‘set parameters & run’ kind of functions
» organised according to data types

» applied to the active data of corresponding type

a Process

Graph
Volume Data
XYZ Data

7 View » may be insensitive if they require e.g. a mask
PDBPQ

£ LRE) Shortcut buttons

EE » quicker access to common functions
HEomMm » subset of functions in the complete menus
< Graph » can be customised using Edit - Toolbox
A A @
A A TaTD Tools

jE] &la V » functions you use directly in data windows
‘MB %03 » one is active at a time

& W o 5 » each has an associated tool window

il B /o » select or measure something interactively

Menus and buttons that are not encircled perform some built-in basic functions:
Information, zoom and 3D view, undo & redo, file management, resource settings.
Everything else are functions provided by modules — we will see later what it means.
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Image window

@ Pixelwise Square aspect ratio menu
) Physically Square

colour palette menu | B B
[ = Digitalis
N caribbean [ Gold
S cold [ = ¥ Gray
BE W oRit m Bl ) Gray-double
- Gray > | o Gray-inverted
S Groy-inverted [ Green
B Guyddionnet -_ green1
O Green-Cy: 2
M Haleyon-copy I ) Grecn-tripes-4
I Maple HE O Greenwviolet
sl [ O Greenvellow
I D spectral | ¥ Gwyddion.net
More... — | - ] Haleyon
|
R | (O ines
— ) maple
B W O vetropro
82 pum, 13.20 pm): 0.149 NTMET
522 um, 520 um):0.145 — O
— . N meoj ~
quick position and value information colour mapping details
Fczero are controlled by
Plane Level curbiL Colour Range tool 1 D
Zoom 1:1 -
Metadata Browser... shift+Ctrl+8

image menu | viewtog..

Right-clicking on the basic data window accesses various common functions and settings.
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Data processing

The image functions are in Data Process menu.

Apply levelling and/or corrections

>

>

>

mean-plane subtraction Level — Plane Level
predominant-plane subtraction Level — Facet-Level

three-point plane subtraction Tools — Three-Point
Level

polynomial levelling Level — Polynomial Background
smart base plane flattening Level — Flatten Base
row correction Correct Data — Align Rows

Measure and characterise

>

>

v

>

simple measurements Tools — Read Value, Distance
profile extraction Tools — Profile

statistical parameters Tools — Statistical Quantities
statistical distributions Tools — Statistical Functions

Many of these functions are tools.

iy

David Necas

Basic Operations
Calibration

Correct Data
Distortion

Grains

Integral Transforms
Level

Mask

Multidata

Plug-Ins
Presentation
Pygwy Console
Pygwy Examples
SPM Modes
Statistics
synthetic

Test

Tip and Indentation

shift+Ctrl+

VYV V Y Y YT v v v v Y Y Y Y v v
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Using tools

R /1 i
N 3£ 8 &

1. Select the Profile tool
in the toolbox.

<7 Tools
4. pressing Apply creates —
the resulting profile graph

we can use graph functions.

3. Select line(s) in the data window
adjust parameters in the tool window.

2. The Profile tool window appears
with a preview.

<) Profile
noaon e Y, 07
1 36 37 364 356
0.6
< options 053
Mode: Linear profiles &

(prove Draction] (mprove &l
Thickhess: 12 [ §

& Number lines

[ Separate profiles

‘ 023
Interpolation type: Round ¢
Target graph: | New graph <
014
Masking Mode.
® Exclude masked region
include only masked region oo : -
Use entire image (ignore mask) ° s 10 13
* fuml
?clear || Hide < apply
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Graph window

Rrofiles) CUELES €] ProperticslANENX:
Graph,, Data | Curves [Frame thickness: (S}
10°3 — \ [ Reversed layout
4 — Profile 2
E et )\ l 3¢ Close ‘
05 Key properties
-
= ]
> ] i<} ICUrvelProperties) CUEIE
003 e | Plotstyle: | Line ™
E Plot colour: (< ] [ —)
s 1 Point type: | O square o
T T w )m Point size: (8 Elex
Line type: [ —z
== ‘ @‘ 350 = [l ‘19_50“ S \ Line thickness: A Fex
———— Label Text
/ \ :
_ — & Aign [Profile 2 ]
bt o B et iensen FYTITREY PR
@ ] £ 00s Spectrum B sod| ] taiic| Sy subscript | S superscript
AApha ¢ ||Add symbol | &3 Export Bitmap Preview
A =[] Export Postscript Profile 2
B sod| ] talic| Sy subscript | S superscript g;:z:n T::t e e
Preview M Filter ‘ 44 Prev ‘ [ PP Next ] ‘ 3¢ Close ‘
= il Find Peaks...
— \7 Fit FD Curve... Curve properties
[ X Close A Fit Function...
#4 Level
AXxis properties Logscale Transform... .
statistics... Graph menu, the same as in the toolbox

Curves can be dragged and dropped from Curves tab to other graphs.
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OpenGL 3D view

<l [EREprE—y

B 3D view mouse
13444
» R (rotate)
w0 [[ag » S (scale)
f¢ » V (value-scale)
I caribbean 0.8 .
——p Y » L (light source)
R R oFit 1.3 um 06
S Gray 0.0 um =
W Gray-inverted
W Gwddonnet 04
Halcyon-coj
Mapi " *9%,,, 02
sk
B D spectral 00

Switch to Color Gradient Mode
Switch to Lighting Mode

Togale light expand/collapse
i< EDRSEReDn — ey controls
(SR »

Basic | Light & Material | Labels

1.3Um | g (Gighting
00HM | & Gradient
5 Overlay
) Overlay - no light
Material:
g L Cyan-Rubber
B Light g: (347 2] deg
N 5ress B Light 8: [-60 2] deg .
— Coolish-white set current view
B Cyan-Plastic . .
— e Do (with all settings)
B Folished-Gold as the default
I Red-Rubber X: 20 ym
I Silver | saRy set as Default

—
Switch to Color Gradient Mode
Switch to Overlay Mode
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Saving results

Processed data e s
. x onm [ [2)px Minimum: 0.0nm
> Always save to GWY files (. gwy). : o 1 PR
H H size Median: 164.1 nm
They can contain all data types, selections, ... o o e oo
T t t :e\gY:. i Zs7nm 384 2] px F;Lnesvigram—w\se) 39§§;§:
ext expor TR e mmosmia
.. idude on\ymaskez region vaected area:  444.4 x 1015 m?
> Scalar results (statistics or tables) — Copy or o s e mae grre sk VTSEN:sot4 a0
Save buttons Diyeeupia e iode
Inclination @: 11.3 deg

» Graph curves — use Graph — Export Text &

» Image data (single) — Save with .txt extension =

E ~ory
Image export O Export as 16 b rey scala

asic | Lateral Scale |Valuas | Selection prasets

» Images — Save with an image B ]

extension: .png, .pdf, .svg,  — =
» 3D rendering — use the Save = o=
button e o=

[Tk length: [0 [

» Ctrl-C copies window contents ey
to the clipboard oo 30 um

Colours

Line and text calour: - ik [whe

 Tansparent background

| geser @cancel | [ ok
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Data types and management David Necas

Browsing data

What is the last window shown in the overview? It is called Data Browser.

1<) B CuEFl [ DatalBrowser! cuEwesl [l DatalBrowse cuEhes (Ml B PG | 'DatalBrowser’ CuEsal
chiplm.2fr % | topographyguy 3 | | default 20147eb05-134456 STM-.. 3¢ | | blend_anmdata.000.pfc | grid_octave2d order7_octavess 5. 3¢
Images | Graphs | Spectra | volume | xvz. Images | Graphs | spectra | volume | X1z images Graphs Spectra | volume | X1z Images | Graphs | Spectra | Volume | xvz. Images | Graphs | Spectra | volume [ XYZ
n1w 7 .
| | |omm
| Profles 3 i
. ) Retract 128 O Errorsignal 66305
J H o cons
—
G ] & ® o ® [ s | ® = &) ® [5 2 ®

What it can do?

» show all the various data in the current file and information about them
(M/P/C image flags, number of curves in graphs and spectra, volume data levels)

» show, hide, rename, duplicate and delete individual data
» drag and drop data to another file
» close entire files

If we lose the data browser Info — Show Data Browser shows it again.
When all data (images, graphs, etc.) of a file are closed the entire file is closed.

When a file is imported from non-GWY format only the first data found in the file is shown.
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Data kinds

Images (height fields, height maps, data fields) — the main kind of data in Gwyddion. Most
functions work with images. Images can have various other kinds of data associated
with them: masks, presentations, selections, ...

Graphs — usually the result of some data reduction, but can also be loaded directly. A
bunch of functions is available in the Graph menu.

Single point spectra (SPS) — F-D, |-V or other curves measured at specific coordinates.
The cannot exist standalone in Gwyddion; must be merged with the corresponding
image files. The Spectro tool extracts SPS to graph curves.

Volume data — usually spectra measured in each image point. A few basic operations are
available, together with several functions to fit F-D volume data or extract data of
lower dimensionality.

XYZ data — data fields measured in irregular point sets. The newest addition so far; only a
few functions are available.

Missing: It seems XYZ spectra, i.e. curves measured in irregular point sets are the future in
SPM. However, taming this beast is tough.
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Masks, presentations and selections

While correcting or analysing images, we often make use of auxiliary data.

Three important kinds of auxiliary data that can be attached to an image in Gwyddion are
masks, presentations and selections.

The first two are images; the last are geometrical shapes ‘drawn’ on the data with mouse.

mask of marked grains  [SEEL SR | composed data view

e iy

7 shading presentation

underlying data

all data processing
operations use the data

points (with radii) rectangle lattice lines (with widths and numbers)
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Metadata and logs

The last auxiliary pieces of information we
mention are metadata and logs.

Metadata

>

any additional parameters or information we
can read from the SPM file

there can be none at all, or hundreds of
structured items

entirely instrument and file format specific

editable — we can add our own items (or
even change existing)

the record of all performed operations
contains name of the operation, parameters
and time

can be removed and/or disabled if we do not
like it

Both are accessible from the right-click menu of
images and volume data (graphs and spectra do
not have them).

David Necas

Name value E]

EC Pot None

Engage Setpoint 0.95

Engage step size 0.138889

Engage X offset o0nm

Engage X Pos -19783.4um

Engage Y offset o0nm

Engage Y Pos -421513um H

Engage Z avg 10

Engage Z delay 05

Engage Z sens 1255

Extended Current sens 1 pAN

Extended offset der 9.10804

Extender MNone

FalseDefl Scan DitheringBits 3 &)

[a 1)
& Export H | | New ” ® Delete ” 3¢ Close ‘

oglofesensoniGyddion))

CRENES

Type | Function

Parameters Time

file  nanoscope filename... 2014-12-10 10:38:58.4814
builtin duplicate 2014-12-10 10:39:04.8037
tool  GuyToolLevel3 height=2... 2014-12-10 10:39:43.888¢
proc  grain_mark isheight=".. 2014-12-10 10:40:27.8964
proc  mask_remove 2014-12-10 10:40:52,292¢
tool  GwyToolPathLevel height=2... 2014-12-10 10:42:45.4892
builtin undo 2014-12-10 10:42:53,4062
tool  GwyToolPathLevel height=2... 2014-12-10 10:43:31.1572
builtin undo 2014-12-10 10:43:43,3222
tool  GwyToolPathLevel height=2... 2014-12-10 10:44:39.9912
builtin undo 2014-12-10 10:44:47,8281
tool  GwyToolPathLevel height=2... 2014-12-10 10:45:06.7568
tool  GuyToolLevel3 height=2... 2014-12-10 10:45:19.049¢
proc  grain mark isheight=... 2014-12-10 10:47:04.0845|~]
G 0 )
k| Export ” 7 Clear H 3¢ close ‘
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Common features

Standard SPM data processing features:
» 2D and 3D views and graphs
» value and profile reading
» geometrical transforms
> image merging
> line levelling
» plane and polynomial levelling
» three-point levelling
» denoising filters
> statistical characterisation
> roughness measurement
> slope distribution
» grain marking and measurement
» Fourier transform
» wavelet transform
» edge detection

David Ne¢as

Exclude Inear skew
Plt drit graph

Previews
cor

Soopsee || e | @cancel

Box

Blhep

ayif02069 | [oms2 | [o2s00

03104 | [03174

efine o5

yiom]_ length [nm] angle [dag]

42446
98,006

550

18/33



Functions & features

Uncommon features

Some uncommon and odd features:

» processing of data under arbitrarily

shaped masks, including:
value reading
profile extraction
statistical quantities
value & slope distributions
ACF, HHCF, PSDF, ...
plane & poly levelling
filtering

v

artificial data generation
frequency space synthesis
deposition models
regular patterns
Ising-like models
various noise types

feedback loop simulation

v

v

lateral force simulation
tip modelling and blind estimation
> tip convolution and erosion

v

David Necas

s
sdate) @ progressive preview
Random sasd; (1001339297 2] [iew]

@ Fandomise

et ¢
% oupur options
’ g oo [

output type:
0o

Continuous inibitor &

o time step: (0,119 [&) xa02

Like Current mage

Beset @concel || ¢Jox

@ closed curve

(6]

—

Supdate | @concel || ¢Fox |
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Uncommon features (continued)

» various curious statistics:

Minkowski functionals
entropy
area scale graph

» angularly averaged profiles

» affine distortion correction

» drift correction

> lattice vector measurement

» calibration and uncertainty calculation
» force-distance curve fitting

» volume spectra processing

» XYZ data processing

Teorance: 2200 % dag
Mask color: 88

[@lhep wark | [ reset || @concel || gBox

Taring | Paramsters | Networks
vodel Bl vposrsphy Lot .
il o Woctecton eft -

Reinitalze
Maan diference: 0,818V
king Mo

» facet analysis

» correlation search, cross-correlation
» MFM modelling

» point spread function estimation
» neural network data processing

Glre @ cnce || Fox
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Basic structure

Main Gwyddion components:

» Libraries, providing basic and advanced
data processing routines, graphical user
interface elements and other utility
functions and objects.

» The program, quite small and simple,
serving primarily as a glue connecting the
other components together in a common
graphical interface.

» Modules, technically run-time loaded
libraries, that provide actual user-facing
functionality. They are well-separated and
can be developed by third parties. They
often extensively use library methods.

Gwyddion relies heavily on a set of open source libraries from the GTK+ stack:

» the GLib system library for portability, GObject object system and various utility
functions

» GTK+ toolkit for the graphical user interface (while adding a fair number of new
widgets for data visualisation)

Plus FFTW is used for FFT, compression and file format libraries for file handling, . ..
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Module information

= modules i< Gl TN
o Module Version | Auther [a]
— & Pygwy.so maskcor 1.7 petr Klapetek <klapetek@gwyddion.net=>
_;‘ file maskedit 38 Yeti <yeti@gwyddion.net>
) maskops 1.5 Yeti <yeti@gwyddion.net>
= apedaxfile.so merop 0.3 Daniil Bratashov <dn2010@gmail.com>
sz gwyfile.so measure_|attice 1.0 Yeti <yeti@gwyddion net>
. median-bg 1.4 Yeti <yeti@gwyddion.net=>
& 15028600.s0 merge 3.0 Petr Klapetek <klapetek@gwyddion.net=, Yeti <ysti@g
s2 Nanoscope.so metropro 1.2 Yeti <yeti@gwyddion.net=>
microprof 05; Yeti <yeti@gwyddion net=>
LA miffile 0.3 Yeti <yeti@gwyddion.net>
+— & process
. . mulfile 0.2 Yeti <yeti@gwyddion.net=>
g arithmetic.so nanoeducator 0.6 Yeti <yeti@gwyddion net=
= basicops.so nanomagnetics 1.2 Sameer Grover <sameer.grover.l@gmail com=> [~]
@ \ B
g level.so Name-Version: mifile-0.15
sz otsu_threshold.so File: fhomefyetijopt/gwyddion/lib/gwyddion/medules/filejmifile.so
Registered functions:  filezmifile
= o Authors: Chris Anderson <sidewinder.asu@gmail.com=>
— Copyright: Chris Anderson, Molecular Imaging Corp.
— & graph Date: 2006
L - Description: Imports Molecular Imaging MI data files.
&
— 3 tool . .
L e We can see the list of modules in Info — Module Browser.
s ...
L volume There is approximately a bazillion of them because essentially

L_p= . every function or data format is provided by its own module.
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Constructing the toolbox

3 modules
File
£ PYgWy.so it
. Data Process
— il file Graph
| & apedaxfile.so it
— = gwyfile.so L
<7 Basic Ops
L 4 5028600.50 AR Em
— s nanoscope.so < correct
— [ EER
— B2 process B E 2
th t < Mark
— = arithmetic.so — E %O
+ il
— == basicops.so < Synthetic
— == level.so
— = otsu_threshold.so
—
_E graph P Tip
L w
— 22 tool
L
B = o &
—
— = volume (you do not actually need to edit some tl /o

L .. XML files, just use Edit - Toolbox) custom t0olbox
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User directory

Where the ui/toolbox.xml file lives?

In the Gwyddion user directory:
> ~/.gwyddion in Unix systems
> Some\Kind\0f\User\Directory\gwyddion in MS Windows

It contains various things:
» definitions of toolbox and keyboard shortcuts (in ui)
> settings, i.e. remembered values of all adjustable parameters
> resources, such as user false colour gradients
» presets, i.e. named parameter sets for instance for image export

LN

This can be useful when we want to send some of these thing to a colleague or transfer
them to a new computer.
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Opening a file

One customization possibility is writing new —_— e
modules. This is an specialised topic. We will
just demonstrate how modularity works. o vz wames|R reEa.,

 oaomast Seaike 2onas

What happens when we open a file? 8 amovsctsa s Yoo soiam
» The program calls function e p ié’,iiZEH
€ program calls functio B cnavti o Sovte sonod e
gwy_file_open() for the file. O o110 aonans

I amg-selgmy.
I Aurs0U B ZFR ss27k8 201208

» All 120+ file modules are asked: Can you [T SO G

15 bz .o 2onams
T

load this file? i e | L
» Each file module examines the file D e e Aremtcalydettnd
v | (R ora ] [@ormn

contents and returns a score.

» Higher score means the module is more
confident it can load this file.

> A winner is chosen.
» This module is finally asked to load the file.

» |t loads all the importable data and returns
something called GwyContainer.

» From this point everything is as if we -
opened a Gwyddion GWY file. s |

» In fact, this is how we load GWY files too.

e Go Help

<| @ yeti] opt | gwyddion | b | guyddion || modules | FilE

o [ omicrc

3 oldmdasso

Dokso
) ometifso

ducatorso (Jomicronso  [1 thkesm
) nanomagnetics.so () omicronfiatso [ rhksp

116 tams (8.5 M), Free space: 145.3 GB.
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What is in a GWY file?

David Necas

The data browser shows the content of a GWY file as some images, spectra, graphs, etc.

We know the file can also contain masks, presentations, selections, metadata, false colour

mapping settings, 3D view settings, logs, etc.

Actually, we might not talked about some of these but they are there anyway. ..

When we save data to a GWY file and

open it later, all these things are restored.

Understanding the data organisation is
also very useful for scripting.

So what is really inside?

At the top level, a GWY file consists of
something called GwyContainer.

It contains all the various pieces of data.
They are identified by names looking
exactly like (Unix) file paths.

GWY files are binary. However, there is a
useful program gwydump that can print
their contents in a human-readable form.

gwydump -v -t -d 1 file.gwy

Header GWYP

"" object=GwyContainer
"/0/data" object=GwyDataField
"/0/data/log" object=GwyStringList
"/0/data/title" string="Topography Left"
"/0/data/visible" boolean=TRUE
"/0/mask" object=GwyDataField
"/0/mask/alpha" double=0.499992
"/0/mask/blue" double=0.0321813
"/0/mask/green" double=1
"/0/mask/red" double=0
"/0/meta" object=GwyContainer
"/0/select/pointer" object=GwySelectionPoint
"/1/data" object=GwyDataField
"/1/data/log" object=GwyStringlList
"/1/data/title" string="Topography Left"
"/1/data/visible" boolean=TRUE
"/1/mask" object=GwyDataField
"/1/mask/alpha" double=0.499992
"/1/mask/blue" double=0.0321813
"/1/mask/green" double=1
"/1/mask/red" double=0
"/1/meta" object=GwyContainer
"/1/select/pointer" object=GwySelectionPoint
"/1/select/rectangle" object=GwySelectionRectangle
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What is in a GWY file?

The data for the first image is called "/0/data". gwydump -v -t file.gwy
Header GWYP

""" object=GwyContainer

The data for the second image is called
"/1/data".

The mask for the first image is called "/0/mask".

Some of the naming rules may seem odd. The
reason is compatibility. Somewhat odd data names
are better than breaking compatibility with older
versions.

If we look in more detail, again using gwydump, we
can see that an image has again some named
components. And some of the components have
their own components. ..

Altogether, a GWY file is a tree.

Unlike the coarse view, this level of detail is seldom
useful, even in scripting.

If we want to read or write GWY files in a
standalone program, there is a library for that —
libgwyfile.

"/0/data" object=GwyDataField

"xres" int32=256

"yres" int32=255

"xreal" double=5e-05

"yreal" double=4.98047e-05

"si_unit_xy" object=GwySIUnit

"unitstr" string="m"

"si_unit_z" object=GwySIUnit

"unitstr" string="m"

"data" double array of length 65280
"/0/data/log" object=GwyStringList

"strings" string array of length 8
"/0/data/title" string="Topography Left"
"/0/data/visible" boolean=TRUE
"/0/mask" object=GwyDataField

"xres" int32=256

"yres" int32=255

"xreal" double=5e-05

"yreal" double=4.98047e-05

"si_unit_xy" object=GwySIUnit

"unitstr" string="m"

"si_unit_z" object=GwySIUnit

"unitstr" string=""

"data" double array of length 65280
"/0/mask/alpha" double=0.499992
"/0/mask/blue" double=0.0321813
"/0/mask/green" double=1
"/0/mask/red" double=0
"/0/meta" object=GwyContainer

"AcAmpl" string="2"

"AcEnable" strin

"AcFreq" strin

"Angle" string="0"

"Mode" string="Contact"

""SampBias" string="5.960465E-07"

"SetPoint" string="0.8000305"
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Python scripting, called pygwy for short — it is
also the name of the Gwyddion module which
adds the Python scripting capability.

In fact, it can refer to three different things.

Pygwy console — allows running Python scripts
inside Gwyddion, executing various program
functions, mixing manual data processing and
automation.

Standalone scripts — Python programs that run o

outside Gwyddion, import gwy and utilise its
functions to process SPM data. Pygwy console with a script

Loading a file can be as simple as:

import gwy
data = gwy.gwy_file_load(’somefile.afm’)

Of course, we are now running Python, not Gwyddion. So while we still have lots of
functions available, some things only make sense only inside Gwyddion itself.

The last option is to write Gwyddion modules in Python. This is a bit more involved —
nevertheless simpler than in C (which is the norm).
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Using Gwyddion functions

When doing any of the above things, we must distinguish two styles (shown as C code for a
change but it translates directly to Python):

Using library functions — happily poking in our images or other data, not caring in the
least about Gwyddion, the program:

GwyDataField *datafield = gwy_data_field_new(400, 400, 3e-6, 3e-6, FALSE);
gwy_data_field_fill(datafield, 3.0);

Pretending to be Gwyddion — running functions from modules and generally managing
data like Gwyddion does.
This may be the only way to utilise some functionality provided by modules.

However, it is less straightforward:

gwy_container_set_enum_by_name (settings, "/module/facet-level/mode",
GWY_MASK_EXCLUDE) ;

gwy_app_data_browser_select_data_field(data, id);

gwy_app_run_process_func_in_mode("facet-level", GWY_RUN_IMMEDIATE);

With some care we can mix and match the two styles.
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Driving custom built instrumentation

We can employ Gwyddion’s data format handling,
data processing, visualisation and other utility
functions in other tasks.

Instrumentation development at CMI & CEITEC:

>

>

voice coil based large area SPM instruments
nanoindentation devices

spectroscopic digital reflectometry

special metrology SPM system (with ISI ASCR)
large area low cost system (with ISI ASCR)

David Necas




Beyond SPM data analysis David Necas

Driving custom built instrumentation

GwyScan is a simple SPM control software based on Gwyddion libraries, compatible with
our voice coil, piezoelectric, stick slip and PiezoWalk based SPMs.

All the hardware related functionality is only a single file with less than 1000 lines of code.
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EreEE aceraueranneie
Xresolution: [3000 [Jpixeis O X position _

A 1L PZT <@l ¥ resoluton: [3000 Bleo D1V positan Kosil. | KO o o <ga: YU
X range: 150000 +x80 nm [ Rotation EpEHim 230 =
Viange [0 [oheonm Oxrsquies E;‘ZZ:‘:“ ‘ I ‘H |
Speed: 10.00 [<]rel u. OV required. O Xrequired e l l ‘ i
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PZT/PL j0.00 [*ret. u. O Error Long PZT 3 ‘ ‘
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Integral 1000 Fret u Osmz st
Dervative:  [0.000 [l u Osm3 S ;:2
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oc oea 0%

(1,003 mm, 0.933 mm): 3.950 um

Get feedback| P

Hide

This approach has various

Benefits: Lightweight libraries, most data handling in the application, versatile system
applicable virtually to anything, open-source licensing.

Drawbacks: No direct support for data acquisition (like in Labview), no direct support for
any SPM instrumentation related tasks (like in GXSM).
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Something completely different

Image list image list
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Uncharted is a imaging spectrophotometry data visualisation software used in our
CEITEC group.

It uses Gwyddion widgets for visualisation.

The data are fitted using another Gwyddion-based program (command line, nothing to
show here).

Parameter maps are written in the Gwyddion GWY file format.
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Conclusion

Conclusion:
» Use Gwyddion for your SPM data analysis.

Thank you!
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