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(A) Focus stacking

e Adjust your scanning electron microscope so that the depth of
focus is as low as possible

* Take — using very fine focus steps — a top-down series of

images (‘focus stack’) so that every specimen structure is
sharp at least on one image

* Itis not necessary to tilt the stage
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1. Open the images with PICOLAY

=> File => Add images

2. Select the stacking routine

=> Stack operations

% PICOLAY Version: 2015-02-25 (c) Heribert Cypionka

File Imagelist Stack operations Options Help
670 [X)/L] files in: Q:\cyp\Pap\Heribert \REM3D\S_pyogenesh

clipiPla+Throm S_pyogenes AP1_a.bmp

[%] cliptiPla+Throm S_pyogenes AP1_b.bmp
[%] clipHPla+ Throm S_pyogenes AP1_c.bmp
[X] clipPla+Throm S_pyogenes AP1_d bmp
[¥] clip#Pla+Throm S_pyogenes AP1_e bmp
[X] clip#Pla+Throm 5_pyogenes AP1_f.bmp

PICOLAY Image window X/Y: 314/70

[Full/half screen] [Setto100%] [-] 63% [+]

<- prev.

T PICOLAY Version: 2015-02-25 (c) Herj

File Imagelist |Stack operations |
BOXVLIflesin | ooy ith
[X] cliptPla+Throm
] clip#iPla+T hrom
[¥] clipfiPla+T hrom

[X] clip#Pla+T hrom
[X] clipftPla+T hrom

tions

Set stacking parameters
Colour-based stacking
Average marked images
Insert intermediate images
Auto-align positions & resize
Auto-adjust brightness

Set white balance

Add or subtract 1st image
Set background/flat-field
Divide by 1st image

PICOLAY Ima
[Full/half screen]

[= PICOLAY Version: 2015-02-25 (c) Heribert Cypionka
File Imagelist Stack operations Options Help
6/0 [R)/L] files in: Q:\cyp\Pap‘Heribert\REM3D4S_pyogenesh

[X] clipkPla+Throm S_pyogenes AP1_b.bmp
[X] clipPla+Throm S_pyogenes 4P1_c.bmp
[X] cliphPla+Throm S_pyogenes 4P1_d.bmp
[X] cliptPla+Throm S_pyogenes 4P1_e.bmp
[X] cliphPla+Throm S_pyogenes AP1_L.bmp

Cypionka
Help

Info: Depth maps and 3D views

Info: Change image parameters

ent parameters Strg+F1

F2
F3
F4
F5
F6
F7
F8

cliptPla+Throm S_pyogenes 4P1_a.bmp

=> Set stacking parameters

1

Set stacking parameters
Minimum contrast (0...30) 1

Filter: Smart
Prefer high []7["] low frames:

i

[ Auto-align images Auto-enhance [ 'l* param, sets

Back

PICOLAY Image window X/Y: 1176/5
[Full/half screen] [Setto100%] [-] 63%

[+] <-prev.




... a few seconds later you’‘ll get

F PICOLAY Version: 2015-02-25 (c) Heribert Cypionka

File Imagelist Stack operations Options Help
6/2 [XPL] files in: @:\cyp\Pap\Heribert\REM3D\5_pyogenest

Set stacking parameters
Minimum contrast (0...30) 1 U

L plimapsharp_min1_en bmp
[X] clipttPla+Throm S_pyogenes AP1_a bmp
[¥] ciip#tPla+Throm S_pyogenes AP1_b.bmp
[X] cliphtPla+Thiom S_pyogenes AP1_c.bmp
[¥] cliphtPla+Thiom S_pyogenes AP1_d bmp
[X] cliptPla+Throm S_pyogenes 4P1_e bmp
[¥] clip#Pla+Throm S_pyogenes AP1_f.bmp

Filter: Smait (V]
Prefer high []/(""| low frames

[ Auto-zlign images  [/] Auto-enhance [ | Test 4 patam. sets

ge window X/Y: 617/108
[Setto100%] [-] 63% [+]

PICOLAY: Res ult p#sharp_minl_en.bmp
<-prev. nedt-> Edit Enhance [Mouse =] Rectangle [Full/half screen]  [Setto100%] [-] 63% [+] [Flip view=] Resu

LS
: I

* Two new files in your image list:
“pHsharp_minl_en.bmp® = the sharp stacked image and
“p#mapsharp_minl_en.bmp” = the depth map

 The left window shows an overlay of sharp image and depth map

The right window shows the stacked sharp image



[ PICOLAY 3D display

oo /s

¥ 2 | LenghoiZai [pRoesiohe oee e
= X | [%ofimage height) [V|Stetreo  Viewingangle 3 ° o) Average () Colour
QX ;
i Enlarge pixels 2 [7] Relief Distance 5

3-D rotation parameters

Perspective (%) 0 @ Red-cyan () [RLR] [LAL] [+/-360°) [ Stepwise rotation
% 0 around axis;
Projection based on depthmap (@ [RI+[ L] Rocking gif X @Y 7z
Hologram stacking [RL] [LR] {?Iﬁ} Yo Step Repeats
°
(Back] | Go ) Z0 2 8

PICOLAY: Depth map

[Full/half screen] [Setto100%] [-] 3% [+] [Flipview=] Depth map [Synopsis

Depth map: The six colours from yellow to blue
indicate the layers where sharp structures
were detected in the six pictures.

To generate a 3D image click on
4. 3D view on the right window

A new panel PICOLAY 3D display will
open, and the depth map will be
displayed in the right window.

If necessary, change some parameters as
- Length of Z axis (= specimen depth)

- Viewing angle (e.g., 3° for monitor
viewing, 2° for video presenter)

Select the type of 3D image you want
(e.g., red-cyan anaglyph image)
5. Press Go to get your result...



(% PICOLAY Version: 2015-02-25 (c) Heribert Cypionka

File Imagelist Stack operations Options Help
643 [X)/_] files in: @:\eyp\Pap\Heribert\REM3D\S_pyogenes'

pHiecy zaxd0 perl se? vie3 x0 y0 20 bmp

L] pBtshaip_min1_en.bmp

] pimapsharp_min1_en.bmp

[%] chipBPla+Throm S_pyogenes AP1_a.bmp
[%] clipHPla+Throm S_pyogenes AP1_b.bmp
] chipttPla+Throm S_pyogenes AP1_c.bmp
[x] clip#Pla+Thiom S_pyogenes AP1_d.bmp
[%] clipHPla+Throm S_pyogenes AP1_e.bmp
[%] clip#Pla+Thiom S_pyogenes AP1_f.bmp

Set stacking parameters

Minirmum contrast (0..30) 1

Filter: Smart (¥
Prefer high [ ][] low frames

C

| Auto-slign images V] Auto-enhance [ ] Test 4 param. sets

PICOLAY:Im a g e p#recy_zaxd0_per0_se2_vie3_x0_y0_z0.bmp
[Full/half screen] [Setto100%] [-] 63% [+] <-prev. next-> Edit Enhance [Mouse =]Rectangle

A new image is shown and a
file is added to your image list:
“pHrecy ... .bmp*“ which has
some of the parameters used
in its file name.

Look at it through your
anaglyph glasses...




(B) Interpret a single scanning electron micrograph
directly as depth map

If the electron detector is arranged around the optical axis of
the column of a SEM (in-lens detector), a single SEM
photograph can be used to generate a 3D image. The trick is
based on the fact that upper specimen structures normally give
a brighter signal than those in the depth. As long as brightness
of a specimen structure is correlated to its z-position, a correct
depth map will be generated. Images with the same brightness
at different depth levels might give misleading results.



1. Open a SEM picture with PICOLAY

File => Add image
2. Edit => Copy to result image

[% PICOLAY Version: 2015-02-28 (c) Heribert Cypionka

File Imagelist Stackoperations Options Help
10V files in: B:\cypPapHeribemREM3DNS chwimmpflanzel
[X] 5 chwimmpllanze07_zps8aBbelce jpa

3. With the same image do:
Edit => Copy to depth map

PICOLAY Image window X/¥: 467/0 PICOLAY Imagewindow X/Y: 480/0

[Fittowindow] [-] 100% [+]

i g

<-prev. next-> Enhance [Mouse 5 ctangle
~ X

{ Copyto clipigpa Strg+C */

Paste Strg+V :

Copy to result window

Strg+C
Strg+V

Copy to depth map [k
Draw into larger frame(s)

Copy to depth map
Draw into larger frame(s)

Crop selection Crop selection

Crop all marked images

Crop all marked images

PICOLAY transforms the image into a depth map looking like this:

PICOLAY: Depth mop
[Fullzhalf screen] [Fitto window] [-] 100% ([+] [Flipview=] Depth map [Synopsis=) OFF Edit 3D view
= ; ’ .

\ —




To generate a 3D image click on
4. 3D view on the right window

U+ PICOLAY 3D display o & ==
Yz Length of Z asis Images to be generated Background
- % . (% of image height) [V Stereo Viewingangle 3 ° (g Average Colour
L EnSoeieak] 2 [ Reliet Distance 5 3D rotation parameters
Perspective (%) 0 © Red-cyan O [RLR] ) [LRL) :f-n 3607 | iit%%vﬁz:‘gatien
Projection based on depth map @ J[R}#[L] ) Rocking gif X @Y z o .
Hologram sackin o o OFY YO s e */ A new panel PICOLAY 3D display will
(k] [ G ] ‘| = & open, and the depth map will be
PICOLAY: Depth map displayed in the right window.
[Full/half screen] [Fitto window] [-] 100% [+] [Flipview=] Depth map [Synopsis=]OFF Edit 3D view
P AR T A & ° If necessary, change some parameters as
T j T > ;:"{;'f . . .
,’:\ DA NP AT oS - Length of Z axis (= specimen depth)
AN SR NN - Viewing angle (e.g., 3° for monitor
viewing, 2° for video presenter)
* Select the type of 3D image you want
(e.g., red-cyan anaglyph image)
5. Press Go to get your result...




N

- Y £

4” .o ‘sl'\\-_ -.-. I’

L DI W AT o
4 e .

A new image is shown and a
file is added to your image list:
“pHrecy ... .bmp*“ which has
some of the parameters used
in its file name.

Look at it through your
anaglyph glasses...

© Eckhard Voelcker, Berlin



(C) Combine two SEM pictures taken after
horizontal displacement of the specimen

A third simple method for generation of 3D SEM images is the
overlay of two pictures taken after horizontal displacement of
the specimen. This technique is easy to apply. However, one has
to find out the proper positions, as the results depend on the
localisation of the detectors inside the SEM.



1. Take a SEM picture
2. Move the specimen to the side
3. Take a second picture

Mag= 60X HESE2 Partikel 4 cm_L_01.tif 2 Dec 2014 Mag= 60X  1a HESE?2 Partikel 4 cm_R_01.tif 2Dec2014 |
EHT = 5.00 kV tl—i EHT = 5.00 kV 0

WD = 6.7 mm siu MicSional 02303 Sgnal A= HE-SE2 EsBaad= ov ccpresswe - 00% M. Rohde, HZ |

WD = 6.7 MM sgrro- riers winsgna-os Sgaramncos essona= oy corssse- 00 M. Rohde, H Z 1]

© Manfred Rohde, HZI, Braunschweig

4. Cut out congruent areas of the two pictures (using freeware like
PICOLAY or StereoPhotoMaker)

=> The pictures will differ in a way that allows to generate a 3D image
without using a depth map.



5. Set the red (left pict.) or
the blue and green RGB
channels (right pict.) of the
pictures to zero, and

6. make an overlay of the
resulting images (using
freeware like PICOLAY or
StereoPhotoMaker).

Look at the result through
your anaglyph glasses...
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It‘s that easy.

(Once you do it right it‘ll work.)



