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€, Statistical Quantities
origin

X 0.0 um :‘ px
Y 0.0 pm E‘ px

Size
Width B0.0pum (300 |4 px

Height 80.0 um |300 |, px

Masking Mode
|0l Exclude masked region

[ Include only masked region

"] Use entire image (ignore mask)
Options

[ Instant updates

Parameters
Ayerage value:
Minimurm:
Maximum;:
Median:

Ra (sa):

Rms (Sq):
Skew:
Kurtosis:
Surface area:

Projected area:

Inclination &:
Inclination ¢

16.141 pm
14.201 pm
18,663 um
15,660 im | ) ” O H x ‘
1.027 um
1.275 um
0.438
-0.917
7.19608 x 1077 m?
6.40000 x 1072 m?
0.4 deg
33.5deg
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sis and processing of SPM data



Introduction

® Gwyddion is a free software developed by two
researchers from the Czech Metrology
Institute (http://www.cmi.cz), dedicated to the
analysis and the processing of SPM data

® \Website : http://gwyddion.net

® Main developers:

— David Necas (Yeti)
— Petr Klapetek

® Current stable version (April 2012) : 2.27

® Available languages: Czech, English, French,
German, ltalian, Russian, Spanish



http://www.cmi.cz/
http://gwyddion.net/

Introduction

® Gwyddion is available for the following
operating systems:
— Linux
— Windows
— Mac OS X
— FreeBSD

® The latest beta binaries are updated daily for
Windows and for Ubuntu-based distributions
via a PPA: ppa:gwyddion-spm/gwyddion-svn

® Sources are also updated daily



Development

® Developers are always ready and open to add
new features :

— New processing module

— Import of unsupported formats (if you provide
enough documentation and example files)

— You should suscribe to the user list for that:
» https://lists.sourceforge.net/lists/listinfo/gwyddion-users

® Of course, you can also participate by creating
new processing or import modules


https://lists.sourceforge.net/lists/listinfo/gwyddion-users

File formats

® One of the main goals of Gwyddion is to allow the import
of as much formats as possible

— More than 90 file formats are currently supported

— Unsupported text and binary files can be manually
Imported

® Several exported formats are available

— Gwyddion native: saves all channels, curves, spectra
— Gwyddion simple field : single-channel format

— 1S0O 28600:2011

— Some SPM formats

— Usual image formats : BMP, PNG, JPEG...

— ASCII text file



Interface
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® Gwyddion is very intuitive and simple
to use

® [he main window comprises:

— Menus to access all functions
— Display buttons (zoom, 3D view)

— Basic processing functions (levelling,
artifact correction...)

— Graph fitting functions
— Data analysis tools



Data display

il chip.gsf [Topography] 1:1 (Gwyddion)

® Gwyddion can display
data using various
color gradients

17.0

16,0

— Right click on the scale
will display the
gradients list

W codew

£, Data Browser o ‘ T h e ava i I a b I e
cobalt_stripes.mdt i‘;};pp_mnm Channels in a given file

Channels | Graphs Spectra

=
o
o
m

=7 can be managed with
the data browser

[ Fill area by Average (2)

[7] 3 Order surface subtra...




5,0 pm
1,0 pm

1,0 um

5,0 pm
1,0 um

® 3 display modes are
avaible:

— Gradient: uses the
same gradients as in
the 2D view

— Lighting: uses a more
or less diffusing
texture

— Overlay: uses a
gradient or an image
over a texture



Color scale

" cobalt_stripes.m...] 1:1 (Gwyddion) - o x

® Several color ranges
are available:

— Full range

¢, Color Range

— Partial range,

= &8 manually defined

M_ — Automatic range with
Hini.mum nm OUtIierS eXCIUSion
assmm — Non-linear range

{13.75 pm, 9.75 puml: -0.7 nm
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® Modifies the
height range so
that the
minimum value
equals zero




(1 nrm. 297 nml: 0,630 nm

= ®Allows to resize an
= Image, using various
~ = interpolation types

¢, Scale - O x
Scale by ratio: = |4.DDD +| |Z| proportional
New width: = 336 5| px
Mew height: — 324 | px
Interpolation type: lBSpIine v |

| Beset I ® Cancel ]| W QK




(36,7 um, 72,7 um): 18,256 pm

(75,3 wrm, 8,4 um): 14,201 pm

® The image can
be rotated using
an arbitrary angle

¢. Rotate

Rotate by angle: ——— - 45,5 v deqg

Interpolation type: | Linear ¥ |

[ Expand result to fit complete data

l Beset | ® Cancel | o DK




¢, Correct Rotation

Assume: | Sguare

Correction: -27.77 deg

Interpolation type: | Linear v
Beset

e =]
Structure
Detected: Rhombic
LA

MR B 9

® [he image
orientation can
be corrected
taking into
account the

‘
el
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ﬂ_?'ﬂ\ i
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(19,49 um, 16,39 um); 656,6 nm

10 |15 20
[ L1 L]

| N WAL . Symmetrles

. present in the
data

g| wrlqg
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'U‘m 2w

(9,82 um, 11,27 pm): 6554 nm

|~r|

9'[| 0T
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® Tilt can be
removed In two
ways:

ﬁ.m..l] '

— Subtracting
the average
plane

— Using facet
(plane zone)
analysis

(3,60 um, 1,92 pm): 3649 07 nm (35,9 um, 79,3 um); 18,246 um




w= m1 ori.par [Z...:1 (Gwyddion) - o x

| 0Opm | 0,25 10,50 |0,75 [1,00] (118,3 nm
100,0

80,0

g5z'0 | wrl g

|60,0

40,0

20,0

0o0'T| S£'0| 0Ss'0
11 |¢

STE

(0,517 pm, 0,511 pm): 100.2 nm

.- ml _ori.par [Z...:1 (Gwyddion) - o x
p | O pm 25 0,50 | 0,75 |1.00] [81.4 nm

70,0

60,0

20,0

40,0

30,0

00'T| s£'0| 05'D| 5€'0| wrp

22,3

(0,271 pm. 1,077 pm): 38,21 nm

¢, Correct Data x

-
1D EFT Filtering...

2D FFT Filtering...
Compensate Drift...
Correlation averaging...

Mark Scars...

Mask of Outliers

Match Line Correction

Median Difference Line Correction
Median Line Correction

Modus Line Correction

Folynomial Distortion..,

Femowve Scars
Step Line Correction

Unrotate...
—_———

® Median line
correction Is
directly avaible

® Other methods
are available in
the Data
Process —
Correct Data
menu



can

€, Mark Scars

" Hard threshold, =——

be easily

removed

® One can also
mark them using
Correct Data —
Mark scars

Maximum width: =

Minimum length:

Soft threshold: =-¢

Scars type:
[} Positive

=[] Negative

(0 Both

Mask color: | e

|4 Instant updates

| Reset H ® Cancel J|

=
=~

=]

w

8] [oN]
%)

k| ] (] [
=
x

® Linear artifacts

=
S

A XH
= =
w

W DK J




® | ocal defects

Threshold by

|&2] Height: —

|| Slope:

(grains) can be
marked based

on.

— Relative height
— Curvature
— Slope



41.5, 0.5): 0.991

4%, Untitled 3 [Gener...] 1:1 (Gwyddion) - o x

i
L
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I||
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£, Mark Grains by Watershed

Grain Location

JEENE

Mumber of steps: ==/

Drop size: q-

Threshold: B

Segmentation

o Iv

Mumber of steps: =

Options
|&] Invert height

Mask color: e,

I .Qgpdate“‘ I Beset H 6gancelnj I « QK .

e
G Tiee

Drop size: J | %

® \Vatershed allows

marking of grains
or other areas on
more complex
surfaces



® [nverse function of
grain marking

® One can remove
marked areas
based on relative
height or area

[ Instant updates

I Reset I ® Cancel | W DK




Basic operations: grain distributions

(3,60 um, 2,60 um): 365047 nm

£, Surface area

Graph Data | Curves

5_
- [& surface area]
4]
£ 3
| —
3 7
-
2
o
IIIIIIIII|IIIIIIIII|IIIIIIIII
A 110713 md
I @ @ ' E 22,8571 10°1% m?, 1.8698

¢, Grain Distributions

+ Position

+ Value

-/ Area
Projected area
Surface area
Equivalent square side
Equivalent disc radius
Area above half-height

+ Volume

+ Boundary

+ Slope

+ Curvature

User

Options
["] Export raw data

|| Plot graphs

[7] Exres: =

| €A Clear I ® Cancel H

" OK

® Provides
statistical data of
the marked areas:

— Height
— Surface
— Volume



Basic operations: shadow

® Creates a
shadow effect
on the data

| Il ¢

;)

£, Shading




Leveled'ata

|| Independent degrees

Horizontal polynom degree: ===~ | E :|
Vertical polynom degree: =-F = 3 _:|

|ti| Same degrees

[] Limited total degree

[ ] Extract background

l

Background

Beset H ® Cancel ]I o DK ‘

F llllll

® Background
can be
removed
based on a
polynomial

® This feature
allows an easy
removal of tilt
and curvature
of the data




(2,45 prm, 3,98 prnl: 3650,00 nm

® |[nterpolates data
under the mask

® Useful to remove
hot spots or
artifacts present
on an image



|’ chip.gsf [Topography] 1:1 (Gwyddion)
20 40 60

®

N 2 W [H

=

o

gl & %

it x* B 5
Q 8

¢, Read Value .

11.6 pm
28,4 um

® Simple tool that
displays the height
at a given point on
the image

® The « Set Zero »
button allows to
define the zero level
of the image




Tools: distances

I’ chip.gsf [Topography] 1:1 (Gwyddion)

- .~ @)z u ®Displaysthe
t =l Lk distance and height
% ff“i & difference between
= 16.0 x W N B .
e | o g o two points

(76.4 um, 0.1 pm); 16.368 um

¢, Distance - 0 x

n Ax [um] | Ay [pm] ¢ [deg] R [pm] Az [um]
1 14.1 0.5 2.2 141 1.394
2 8.3 -9.6 49,3 127 2.515
3 17.3 0.8 2.6 17.4  -0.044
0 0
I €1 Clear J I Hide




Tools: profiles

B (=) i One can display as

ga NS much profiles as
=~" desired
% ¥ (M=
&0 2 ® Shift key allows to
orient the lines
1 every 15°
TEEE ® The « Apply »
button exports the
profiles to a new
window

l € Clear Jl Hide + Apply




Tools: point spectroscopy

" m71_ori.par [Z (F..] 1:1 (Gwyddion) - = «x

¢, Point Spectroscopy

o) ® This tools displays
2 2 the spectra present
M " in the data

I |
= ®The position of

each spectrum is
given on the data

I B &
Q 8l

I

n  x[nm] |y [nm] G
4_
4 10.0  26.0 23
£ .03
7 647 17.3 = 3
23
9  £9.0 10.0 3
r =
- Options -4—3
=
mgeparatespectra IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII
4 3 -2 1 0 1 2 3 4

[7] fwerage spectra

l

Hide |[ « Apply




Tools: statistics

® Statistical data
can be computed

on all or a part of
the data

2 M D
ol & 8 e

M

N

¢, Statistical Quantities

Origin Parameters

X 0.0 nm * px Average value: 0.567 nm ® TWO bUttonS aIIOW

Minimum: -1.016 nm

y 0.onm [0 % px Maximum: 3.202 t d
Size M:zlirg::m 0.791 :m @ Copy an save
width 100.0 nm |256 |,| px Efnista;;]: g:ggg :m the data

Height 100.0 nm |256 |, px Skew -0.303

. Kurtosis: -1.05
M_asklng Mode Surface area: 12,2155 % 103 m2
|Cl| Exclude masked region Projected area: 10,0000 x 10°15 m2
[ 1 Include only masked region Inclination &: 0.7 deg
. Inclination : -63.5 deg
[ | Use entire image (ignore mask)
Options
|t Instant updates

9 O




Tools: distributions

® \/arious types of
distributions can

_ be computed:

_ Height distribution

Origin 4

X 0.000 pm | 2 px ] |— Height distribution |

G — Auto-correlation
Width 3.249um (484 |, px ]
Height 3,253 um | pX E — PSD

Height distribution v ]
- Options ] e
£
— (=1
|| Instant updates
[] Fix res.: =
1 —

Linear

]
Masking Mode ]
["] Exclude masked region 0 ]
|||||||||||||||||||||||||||||
0 1 2
Z [nm]

["] Include only masked region 5
|0 Use entire image (ignore mask)

I Hide ] [ + Apply




Tools: row/column statistics

£, Row/Column Statistics

Quantity | Median ¥

Average: (15,93 = 0.4186) um

- Options

|&3] Instant updates

[ Eixres.: =

|| Rows
[ Columns

X 0.0 um CD pX
) 0.0 pm Eﬂ px
Siz

Width 80.0pum (300 [, px
Height 80.0 um | pX

ER
N "’
o (@

y [Hm]

15—

14 7

10

20

30

TTTT T T T T I T T T T[T T T IT T I I T T T T T I T[T TIT T 7T
40 50 60 70 80

X [um]

l Hide ‘ I + Apply

® Computes basic
data for each line
or column:

— Minimum
— Maximum

— Mean
— RMS




Tools: roughness

=R - R =R T

3 3

SSSSS

5* L

(1.75 prn, 2.52 pm): 1.620 nm

Amplitude
Roughness average

0.169 nm

Root mean square ro 0,195 nm

ugh...
Maximum height of the r... 0.728 nm

Maximum roughness vall... 0.321 nm

Maximum rou ghness pea... 0.407 nm
Average maximum height... 0.454 nm | |
Average maximum rough... 0.219 nm
Ayerage maximum rough... 0,235 nm
Average third highest pe... 0.502 nm

Avera

Aver

olation type: | Linear

ge third highest pe... 0.000 nm
age maximum height... 0.386 nm
- €
o o i
Textu v J
— 007

I« B 5 &
Q EH I

D

«®
N '

O]

3 3
E%\/Qmu
§ — Wavin
2
3 — Rough
13
DEW
13
||||||||| | 1T T 17T T T T
0 1 2
]
3]
2_—
1
||||||||| | T 1T 1T 17T T T T T
0 1 2
]
| acd || hide |« 4pply

Provides roughness
data according ISO
4287 standard

he analysis is
done along a linear
selection

The cut-off
parameter adjusts
the separation
between waviness
and roughness




£, Three Point Level - o x

n x [um] |y [um] Value [nm]

® This tool allows to
define the points to

s

1 0.75 3.43
2 1861 0,45
3 318 1.565

fveraging radius:

] Instant apply

[ ] set plane to zero

l €A Clear I

Hide

3611.9
36551

[| «apply |

(0,23 pm, 3,77 um): 35914 nm

x5
D &

@rn

put at the same
level

7
12 5

] & %

Md

® An area can be
defined to get rid
of the noise

i1 o=
Q %
AN

(0,21 prn, 3,88 uml: 3638,04 nm



Tools: path levelling

® This tool Is

roen B B 2 IR] 2 H M similar to the line
o3 \_ & !9 :
correction, but
=)V '
n ¥ X (o here one can
Thickness: =——— -/ | pK g o p';; define the Zones

[ agdesr |[ e [ o eopy | to correct using
linear selections

w= m1 ori.par [Z...:1 (Gwyddion) - o x

e | Opm | 0,25 |0,50 0,75 [1,00] (118,3 nm
]

ﬂﬂpm 0,25 |0,50 [0,75 |1,00] |78,0 nm
LELEEEE e e
T

| g5z'n | wrl g
AT
0'T| S£'0] 0S'0 glzl'tllHulﬁl

00'T| s£'0| 0S'0
(]
(=]
=

=
[
o]

(0,391 um, 1,163 pml: -70,7 nm (0,820 um, 0,757 pmi: -11,7 nm
— e T _—]



¢, Polynomial

origin

X 0.000 pm | px
Y 0.000 pm 0 | px
Size

Width 1.200 pm 210 || px
Height 1.200 pm 210 |4 px
Fiting Mode

Type: | Fit cubic v |

|| Horizontal direction

[ wertical direction

[ Exclude area if selected
(otherwise it will be used for fitting)

| Hide ][ o Apply |

(0,854 pm, 0,614 um): 93,6 nm

NP s

L0680 wm, 0,986 um): 0,64 nm

® Another method
to correct the
steps between
lines, using a
polynomial with
an adjustable
order




Tools: crop

® Extracts a part of

4 M an image
2 ISO

It B =
Q M-

¢, Crop - O x

arigin

X 3.187 pm 331 [3] px
¥ 3.605 pm 374 |3/ px

Size

Width 0.529 pm 56 |3 px
Height 0.674 pm 71 (3] px

[ ] Keep lateral offsets

|ti| Create new channel

l € Clear J[ Hide “ + Apply

-
(423 nm, 625 nm): 0,748 nm




Tools: mask editor

=

® The mask can have
different goals:

73
o

m] & 3

— Mark specific details
(grains, facets)

— Mark defects (scan
artifacts, hot pixels)

A — Mark the « no data »

|0 Drawing Tool .

o G a0 p_omts used by some
Redus: | o file formats

FCEIIT:USEH Hgﬂamave“ B Fll ” Fill Woids ]

Grow/Shrink
| W Grow I :-:Shrinl_cl

Amount: =¢ 1 . pX

[ Shrink from border

|ti| Prevent grain merging by growing

Hide |




Tools: grain measuring

2
N

2 . .
L 150 ® Displays grain

N " characteristics
N Pl
o = ® Just select the

_,' rain Measure - O x deSi red m a rked
Grain number id 1zl grea to get itS

gaas_nanowhiske...] 1:1 (Gwyddion) - o x [RIEECENEY

LY

n n
]| ezl n0gtjON, SUrface
_EJ 3,69 Centery position ¥ 2,040 pum ) )
: 2 value volume
[ B B |
3.68 ~ Area
Projected area Ay 19,44 %1015 m2
3.67 Surface area A, 2912 %1015 m2
Equivalent squar... 8.q 1329.4 nm
3,66 Eguivalent discr.. rq 78.66 nm

Area above halfh.. 4, 8366 x 101° m2
65

+ Volume
+/ Bounda
3,64 v
(2,47 um, 2.67 um): 3646,30 nm */ Slope
User

l € Clear Jl Hide




Tools: grain removal

¢, Grai..ove - o x

Remowve:
(] Mask

(] Data
| Both
Interpolation method:

lLapIace solver ¥

Hide |

3,69

3,68

= L

3.8E

i

3,64
(2,72 um, 2,20 pm); 3651,92 nm

gaas_nanowhiske...] 1:1 (Gwyddion) - o =x
3,70 pm

i B =

B S

5
o & 3

a

M D

s

7]
o

nv

(1,34 um, 3,98 uml: 3648,61 nm

® This tool removes
the mask and/or the

underlying data

gaas_nanowhiske...] 1:1 (Gwyddion) - o =x

3,70 pm

3,69

3,68

= L

3.8E

i

3,64




Tools: defect removal

- gaas_nanowhisk...,7:1 (Gwyddion) - o x

¥
o

=
=|

® | ocal correction of
~ M the data using
-ﬁ = various interpolation

o

% (B) algorithms

T| s£'0| 0s'0| sz'o|wrlg
I|I |I |I |IIII|

o

-

= 4

(0,74 pm, 1,08 pm): 3650,47 nm

I B & &
Q %M <

gaas nanowhisk...,7:1 (Gwyddion) - o =x

e || Opm 3,72 um
e
=_
33 3,70
i
o | ¢, Remove Spots - o x
= 3.68
o= Options
=)
i Interpolation method:
=7
o = | Hyperbolic flatten M|
= '
oF 3.65
(0,51 pm, 1,14 pm): 3650,496 nm
==
=
33
it
[
U1_
=
[l
D_
—
H
o= | €Clear || Hide || < Apply |

0'T

(1,03 pm, 0,83 pm): 3647,350 nm




Tools: filtering

o ome ® This tool provides
: W 2 & M some classical
H;ight 21:9 t: [E; : w B R ﬁlte IS.
Filter E N ﬁ
Type: | Gaussian v 3 ﬁl ';M‘,J & — Gaussian
- T | (e .
| €@clear ][W][ « Apply | — Med|an

® The filter can be
applied on a
selected area

(33,7 um, 4.4 pm): 16,072 pm




Tools: selections

¢, Selection Manager - o x

MName Type Objects

® This tool displays the

rectangle Rectangles 1

pointer Foints 1 DS"E 13 *‘& M ] .

b e s o N [ 10 §electlons (points,
= W lines, rectangular
B ¥ (X

Distribute | | | to all files -*—:!*J areaS) used by the

other tools

[ Hide ‘[ €1 Clear J

|’ chip.gsf [Topography] 1:1 (Gwyddion)

G B ® The « Distribute »
= I button applies the
selections to the
other channels or
. files

ot

09

(60,1 um, 78,3 wm): 17,065 um



(11,46 pum, 13,30 pm): 655.6 nm

¢, Fit Graph

Graph curve: IProﬁIe 1

v

Function: I Step height (negative) ¥ ]
3w
X %3
2w/3 w 2w/3
Y1
h
' g ¥z
2w/3 2w/3 2w/3
Parameter Error
h=-96.732nm + 0.87nm
¥1= B56.50nm = 0.81 nm
¥o= 559.77nm = 0.33nm
Hi= 31917 pum = M.A
Ha= B,9948um = N.A,
Range: |0.000 | te|12.477 | pum

y [um]

- 0O X
0.70
] — Profile 1
— Fit
a Y S
0.65—
D.ED—_
0.55 7 T -
IIIIIIIII|IIIIIIIII|IIIIIIIII
0 5 10 15
¥ [Hm]
l £ Fit H O; Save H ® Cancel Jl W QK J

® [he critical
dimension tool can
compute the width
and/or the height of
a step or an edge
profile




Curve fitting: functions

Sans titre 18 [Ge...] 1:1 (Gwyddion) o x
150

® Profiles can be

fitted using various
A functions:

— Gaussian

(25,5, 253,5); -1.398

— Lorentzian

Fit Graph - o x

Graph curve: IHeight distribution v I 4 7 — Height distribution EXpO n e n ti a I
Function: IGaussian v I E — At
) = vy + @ expl—(x — x;)%b?] 5 B P I . I
Fix Parameter Error Initial 7 O ynOI I lla
[ %y=-39123%x 1023 = 0.B3x 102 — |-0.00795088 .
[ ¥g= 89475 %103 + 14x10% = |0 ]
Q_2_ —
[] a= 3.3554 £ 23x10% = [3.64931 ] e
[ b=0.16673 + 1.5x10% - |0.33153 ]
¥? result: 0.0056 .
1 —]

+  Correlation Matrix i
Range: |-0.46743 | to |0.47029 | 0 . )
- Plotfullrange IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

0.8 -0.4 -0.2 -0.0 0.2 0.4 0.6

Instant: |3 estimate |[oi| plot z

[ £ Fit H Estimate H Plot Inits H O; save H ® Cancel H W 0K




Other features: FFT filtering

® Correct Data — 2D FFT
Filtering

® This tool displays the FT and
the result of the filtering

€. 2D FFT Filtering

- 0 X
Filter Mask
e = Undo
P ™ = OO ]
lgﬁemovej

|| Snap to origin
l Bl |

Preview Options

Display:

|C| EFT mask editor

[ original image

[ Filtered image

[71 Image difference

Zoom: O 1x []4x [] 16x
Output Options

Output type:

|t3| Filtered image

["1 Image difference

[ Filtered FFT modulus

| Reset I ® Cancel Jl + DK

(0,648 um, 2,725 um): 1,273 nm




Other features: presentations

B etched_silicon.m...] 1:1 (Gwyddion) - o x oA presentation IS a
2" | layer applied over the
data, giving a better

rendering of some

0 LLm = 10
o IHl||||||||||||||||||||||"‘F"'|

wrl o
e B e

9 details in the image:
e — Edge detection
DE — Logarithmic scale

3,00 um, 10,15 um): 1,670 pum

e

etched_silicon.m...] 1:1 (Gwyddion) - o = f}'"‘; etched_silicon.m...] 1:1 (Gwyddion) - o =




Other features: surface synthesis

® \Varning: this set of features can be fatal to
your productivity...

® Different synthesis types are available:
— Noise
— Linear noise
— Pattern: ridges, steps, holes
— Objects: spheres, pyramids, gaussians...
— Particles
— Spectral: PSD-based random surface

® \/arious options are available for each type



£, Random Objects

1

|| Instant updates

Random seed: |309844583 |-

|&4] Randomize

-

New |

- o x
Dimensions | Generator |
Shape: [Spheres v j
0
Coyerage: === |m= [1.000 E|
209 obj.
Size
s e [0 [
20.000
Variance: e |0.000 ‘]
Aspect Ratio

sevet et i [r 5
= |0.000 |
Height

Height: =——:=== |1.0000 El

[&) Scales with size

Variance:

Mariance: |z 10.000 "
Truncate: ————=-} (1.000 ,‘
Variance: |z |0.000 k|

Orientation

Orientation: =—=-F=—= \ deg
|- [0.000 |

I Peset H ® Cancel H o 0K

\ariance:

€, Spectral Synthesis

|&] Instant updates

Random seed: (1953785419 |4 |New |

|td] Randemize

= | |
Dimensions | Generator

RMS: = |1.0000 :I
A

Minimum frequency: (= — V | px?
0.00000

Maximum frequency: — 4,443 -5 px'l
4,44288

[T Enable Gaussian multiplier

..... — —
[& Enable power multiplier
FPower: - |].500 i:_i
Beset ] l ® Cancel J W 0K

® Objects

— One can modify the
aspect ratio and the
orientation of the
objects

® Spectral

— The power multiplier
generates a fractal
surface



And much more...

- -
Blind Estimation... Extract Mask

Certainty Map... Invert Mask
Dilation... Mark With...

Model Tip... Bemove Mask

G statistics___« W' Corect Data .
.|

-
1D EFT Filtering...
2D FFT Filtering...
Compensate Drift...

FEractal Dimension... . .

) Correlation averaging... .
PSDF Section... ) Surface Reconstruction...
= Fractal Correction

]
cton. Multidata
slope Distribution Mark Scars.. (Glevel  x “
-

20 sutocorrelation
Angle Distribution...
Facet Analysis...

———
-
Mask of Qutliers Arithmetic
m Match Line Correction Curvature... Ernss-tcrrelatinn...

-4 Median Difference Line Correction Facet Level ;nmerse Detail
Correlate... Median Line Correction Fit Sphere... -Mask: by CcrreI;tliDn
Distributions... Modus Line Correction Fix Zero aerge
Level Grains... Polynomial Distortion.., Level Rotate autuaill;:rcp
Mark by Edge Detection... Remove Data Under Mask Median Level... —
) tep e Con i
Mark by Watershed... Step Line Correction Polynomial Background... = g

= -
Remove by Threshold.. Unrotate. . Revolve Arc... Dimensions and Units
. —— —————| =4
statistics... Zero Mean Value Flip Both
_"——— E
Calibrati Flip Horizontally
: dallpracion - . .
 Integra...nsforms ; synthetic ~ [INRLR LIS

“ Apply to Data - Invert Value
Attach Presentation... = ; i Limit range
Edge Detection - 2D W Lreate.. Lm-e oise. NJI Offsegtsm
- - 2D DWT... Get Simple Errop Map... Noise... =
Extract Presentation 5D FFT. ohiact Rotate by Angle...
Gradient . Lt Load From Text File. ., <bJects... Rotate C| _m.
= Convolution Filter.., Particles.., ate Clockwise
Local Contrast... s o Rotate Counterclockwise
] | DWT Anisotropy.. € Indentor x Battern... =
Logscale Hough... ; Spectral... Scale...
E.EFFID\.-'E Presentatiﬂln ———— —————r SE]L.IEFE Samphﬂs
shading... il S Tilt...




