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Topics covered in this lecture

» Applications of 3D data stacks.

+ Setting and extracting Properties of 3-
dimensional data stacks.

+ Adding and extracting planes / data volumes.
* Acquiring 3D data stacks.

» Aligning 3D data stacks.

Max-Planck Institut fir Metallforschung Universitat Stuttgart -




Applications

* Image series
— EFTEM series
— Focal series

— Time laps series
(e.g. in-situ, or beam damage experiments)

— Multiple exposure series
(e.g. for post-exposure drift compensation)

* Spectrum maps
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Obtain the size of a 3-dimensional image

Image stack = getFrontimage()

» get3dsize(stack, xsize, ysize, zsize)

« stack.getSize(xsize, ysize, zsize)

Both ways of obtaining the image stack size may be used interchangeably.
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Creation of an image stack

Create a stack of sz real single precision images of size sx x sy:
Reallmage stack := Realimage( “Stack”, 4, sx, sy, sz) ;

Create a stack of sz real double precision complex images of size sx
X Sy:
ComplexImage stack:=Compleximage( “Stack” , 16, sx, sy, sz) ;

Create a stack of sz 2-byte signed integer images of size sx x sy:
Reallmage stack := Integerimage( “Stack”, 2, 1, sx, sy, sz) ;

Create a stack of sz 1-byte unsigned integer images of size sx x sy:
Reallmage stack := Integerimage( “Stack”, 1,0, sx, sy, sz) ;
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Indexing different image planes in a 3D stack

ira test_createStack |'._||'E|E|
FeallItmage stack := Integerimage("stack",1,1,100,100,57

stack[] = irowticol=iplane«_ i
s howi mage (s tack) ... iplane ranges from 0 .. 4

—Fr

iplane=0 iplane=1 iplane=2 iplane=3 iplane=4

These images are of data-type 1-byte signed integer.
Their dynamic range is therefore limited to -128 .. +127
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2 Ways to Acquire a CCD Image

+ Use ‘SSC..." functions
— the old style of image acquisition

* Use the CameraManager (‘CM_...") functions
— a little more flexible
— provides access to the DM Camera dialog settings
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SSC - commands

Command name:

Unprocessed
SSC Darksubtracted Acquire (...) (base)
Gainnormalized
Binned (optional)
Inplace (optional)
Parameters: [img] (the target image, if ‘in place’ in command name)
exposure time  (the exposure time in seconds)
[binning] (the binning, if ‘binned’ in command name)
top (usually 0)
left (usually 0)
bottom (usually height of CCD camera)
right (usually width of CCD camera)

(The last 4 parameters can be used to select sub-regions of the CCD)

Max-Planck Institut fir Metallforschung Universitat Stuttgart




SSC function overview

- <CameraManagerFunctionss

- <5S5C_Functionss

- «S5C_Acquisition>
+ «function name="sscxybinnedacquireinplace" may-throw-exception="no">
<function name="sscgainnormalizedbinnedacquireinplace" may-throw-exception="no">
<function narme="sscgainnormalizedbinnedacquire" may-throw-exception="no"=>
<function name="sscdarksubtractedbinnedacquire" may-throw-exception="no">
zfunction name="sscdarksubtractedacquire" may-throw-exception="no">
zfunction name="sscunprocessedacquire" may-throw-exception="no">
<function name="sscdarksubtractedbinnedacquireinplace" may-throw-exception="no"»
<function name="sscgainnormalizedacquire" may-throw-exception="no">
<function name="sscunprocessedbinnedacquireinplace" may-throw-exception="no">
=function name="sscunprocessedbinnedacquire" may-throw-exception="no"=
<function name="sscgetsize" may-throw-exception="no"=
<function name="sscgetpixelsize" may-throw-exception="no">
<function name="sscgetsizebinned" may-throw-exception="no">
<function name="sscgetdarkreference" may-throw-exception="no"=»
=function name="sscgetgainreference" may-throw-exception="no"=
</SSC_Acquisitionz

+ <5SC_Lowlevel=

</SSC_Functionsz
+ «<CM_Functionsz
+ <ohjects=

P S e SN S SIS S A

(http://hrem.mpi-stuttgart. mpg.de/koch/Vorlesung/Script/DM_PluginFunctions.html)
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SSC command examples

number width,height
number expTime = 1
number binning = 1
image img1,img2

/I find out the size of the CCD camera
SSCGetSize(width,height)

/I Example 1: create a new image with every acquisition
img1 := SSCGainnormalizedAcquire(expTime,0,0,height,width)

/I Example 2: copy the newly read image into an existing image
img2 := Reallmage(“CCD Image",4,width,height)
SSCDarksubtractedBinnedAcquirelnplace(img2,expTime,binning, 0,0,height,width)
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Camera Manager (a few hundred functions)

An example script that acquires 2 images: one in place, on newly created

s CM_example1

Y This script illustrates the use of the Camera manager
Image imgl, imgz

number width,height

Number ex<pTime = 1

"/ find the current camera:
object camera = CM_GetCurrentCameral];

"/ find out whether this camera is inserted:
humber inserted = CM_GetCameraInserted(cameral)

"/ Retrieve the user-set settings for the "RECORD" mode camera setup:
acq_params = CM_GetCamerascquisitionParameterset(camera, "Imaging","acquire","Recard”, 0)
CM_CCD_Getsize(camera, width, height)

"/ Retrieve the exposure time and ask whether this should be changed:

number expTimedld = CM_GetExposure(acq_params] 3 : )
it [!bet?umber("Exposur‘e t'ime",ExpT'irdneD'Id,expT'imejj { ACCGSS Settmgs in DM S
resul t("Image acquisition abortedsyn" i
A A ST T camera interface!

"/ Option 1: create new image with acquisition
imgl := CM_AcquireImage(camera, acq_params)

"/ Option z: in-place acquisition
imgz := RealImage("CCD Image',4,width,height]
CM_AcquireImage(camera, acq_params,imgz)

showImage(img)
chowimage(imgz]

Acquisition of a focal series image stack

This script acquires a focal series of imgCount images with defocus step deltaF

vs CM_focSeries

(... start like the previous script ...) 1

W Ask the user for the number of images:

iT (!getHumber("Humber of different image defoci",imgfount,imglountlld {
result("Image acquisition abortedin"); exitc(o)

1

FAsk the user for the defocus step:

iT [!getHumber("Defocus step (nml",deltaF,deltarF)) {
resulc("Image acquisition abortedyn"); exit(o]

1

"/ compute the initial defocus:
dT = -deltaF*imgCount-17,2]

"/ start acquiring the different defocused images:

img 1= RealImage("CCD Image",4,width,height]

cstack := Realimage("Defocus stack",4,s5x,5y, iMgcount];

Tor (jImg = 0; jImg<imgCount;iImg++) {
EMChangeFocus [d) . L.
Eﬂ‘“ﬁﬁlgﬁr{‘:?e(cmera’ ACq_params, imgl m-place aCQUISItIOI’] — Saves memory

S odinsert the newly created image into the image stack . . .
stack[o,0, jImg,width, height, jImg+1] = img; insert image into stack
result("Recorded image "+jiImg+" with defocus="+df+"nmyn"]|

"/ reset the defocus
dT = -deltaF*imgCount+1),/2]
EMChangeFocus (4T

"/ show the resulting image
chowimage(stack) N




Acquisition of EFTEM stack with variable exposure time

Regquirements for auto-exposure EFTEM series acquisition:

» Only acquire as many dark references as necessary (takes too long

otherwise)

* Do not waist memory
- Use integer arrays

- Only change the exposure time (needs new dark reference after that), if
a lower/upper threshold is exceeded, and then only by factors that are

powers of 2.

* Should be easy to use

-Implement full auto-exposure, for all energies

* EFTEM series should be directly interpretable
-Scale all images by the exposure time factor relative to the first image.
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Acquisition of EFTEM stack with variable exposure time

i recor dEF TEMStack

M_CCD_Getsize(camera, widch,

if (!getnumber("Flease enter
throw("EFTEM acquisition
Jir C!tgetnumber("Flease enter
throw("EFTEM acquisition
if [!lgetnumber("Please enter
throw("EFTEM acquisition
if [lgetnumber"Please enter
throw("EFTEM acquisition
if [lgetnumber("Please enter
throw("EFTEM acquisition

if (1IFSetuplommunication(l)

"/ create the image for holdi
F.ealImage img

A set the energy offset:
E = EO+jImg*dE
SetheltaE(E]

A4 acguire the image

meanInt = meaniimg)

check the awverage intensit

height)

number of images:
cancelled!");
starting energy (evw):
cancelled!");
energy step (evl: ",dE,dEJ]
cancelled!");
Binning in ¥-direction:
cancelled!"y;

Binning: ",biny,biny])]
cancelled!");

Yy imgCount, imgZount)l

"L,EO,EO0)]

" bins, binxd )

f/Initialize energy filter communication:

throw("Energy filter communication failedihn");

ng the current recording

IntegerImage("current image",z,1,width/binx, height/biny)
FealImage stack = IntegerImade(’current image",z,l,width/bin, height,biny, imacount)

Tor [JImg=0;jImg<imgcount;iImg++) {

CM_AcquireInplace(img,camera,processing, expTime, binx, biny,0,0,height,width)

and redo the recording, if necese

CEX

One should replace
these single questions
by a dialog window

ETarH

if [(meanInt < lowThresh) || (meanInt = highThreshll {
A/ increasefdecrease the exposure time by factors that are powers of 2
if [meanInt < lowThresh) expTime *= z¥*+*ceil(log(lowThresh/meanInt)og(z]]

else expTime *= z+**cejl(loalmeanInt/highThreshlAoalz2l)

A4 acquire the image again, this time with a more appropriate exposure time:

CM_AcquireInplace(img, camera, processing, expTime, bin, biny,0,0,height,width)

1

A4 add the current image, normalized to the exposure time to the image stack:
stack[o,0, jImg,width, height, jImg+1l] = img/expTime;

result("Recorded image "+jIMJ+" at energy="+E"ev with exposure time="+expTime+'s. n")




Spectrum Images

+ “Spectrum Image” must be of data type “real”, single

precision

» Spectrum Images have additional tags to be identified by
the EELS/EDX plugins. The following commands should
make a data stack be recognized by Gatan plugins:

- stack. SetStringNote ( “Meta Data:Format” , ” Spectrum image” )
- stack. SetStringNote ( “Meta Data:Signal” , ” EELS” )

» Use script recordEFTEMStackReal.s instead. This incorporates
these features (and produces files that are twice as large!)
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Built-in 3D volume manipulation menu

Menu functions provided by EFTEMSI plugin for manipulating 3D volumes:

i3/ DigitalMicrograph

File Edit ©Object Process Analysis Window EELS FELMI  Microscope DIFPACK NE@iEgE® Camera LineScan  Custom  Filker  FRWR St

Setup...
Acquire 51

Artifact correction

‘Wolume manipulation

Miscellaneous

Delete displayed plane
Delete plane. ..

Extract displayed plane
Extract plane. ..
Extract volume. ..

Insert plane before. ..
Insert plane after...
Insert volume before, .
Insert volume after. ..
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Extracting a volume from an image stack
subStack = stack[left,top,firstPlane,right,bottom,lastPlane+1]

Analysis  ‘Wwindow EELS FELMI Microscope DIFPACK EFTEMSI Camera LineScan Custom  Filker FRWR

Sl Help

riselectSubVolume
number sx,sy,sz,top, left,bottom,right
Image stack,subsStack

if (!GetFrontImage(stack])

throw("Flease open an image stack firstci") Error d|a|0g boX'

if (Getselection(stack,top,left,bottom,right)) {
Get3nsize(stack,sx,5y,52]
subStack = stack[left,top,0,right,bottom,sz
setname(subStack,"seTection ofA"+getname(stack])]

showimage(substack) .
Volume extraction

I
D
Installed function to DM menu

Extracting a spectrum from an image stack

Spectra are horizontal arrays, i.e. their height is always 1!

nalysic  Wwindow EELS FELMI Microscope DIFPACK EFTEMSI  Camera LineScan  Custom  Filker  FRWR 51 Help

‘#5IB: Focal Series

i extractSpectrum

Y/ This script plots the average spectrum of a selection of a 30 stack
number sx,s5y,sz,top, left,bottom, right, count
Image stack,spectrum

1T [lGetFrontImage(stack)
throw("Flease open an image stack first!™)

jiet305ize(stack,sx,5¥,52)
iT no selection was chosen, then take the whole image stack:

iT (lGetSelection(stack,top,left,bottom,right)]) {
top=0; left=0; bottom=sy; right=s=;

spectrum = RealTmage("Spectrum”,4,52,1) ompute average plane by plane
TOr [COUNT=0; COUNT<SZ;CaUNT+4+)
spectrum| 0, count,1, count+l] = mean|(stack[1eft, top,count,right,bottom, count+1])

setname (spectrum, ' spectrum of "+getname(stack]]
showimage (spectrum)

]_ﬁD: spectrum of Focal Series




Script: AddAndAlignStack.s
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Aligning and adding a stack of images

Stack sum

Overlap image

FANN Microscope  DIFPACK EFTEMSI Camera LineScan  Custom  Filter FR

i Statistically Determined Spatial Drift correction

. options | {GET source imaga[s]‘| nothing loaded

. optinns| |
. optinns| |

Output options | ‘
Create comected

CITATION WARE
Automated Spatial Drift Carrection for EFTEM Image Series
B.Schaffer . W.Grogger . G.Kathleitner
2004 ; Ultramicroscopy Yol 10241 pp.27-36

Gz

program version: 6.5 - 02 b ai 2006

GUI written by B. Schaffer
(available within StEM)
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Statistically Determined Spatial Drift (SDSD) correction

1. Image filtering

2. Computation drift between all images

7 N(N-1)/2 cross
I I correlations for
N images

3. Drift = weighted average of all drift
vectors (weighting factor=cross
correlation maximum [0 .. 1])
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Adding new functions to DM menu

Adding a user script to the DM menu (this will be there permanently, or until deleted):
Step 1

i1 DigitalMicrograph
Edit ©Object Process

Open...
Import Data. ..

Mew Script,..

Close

Save As..

Global Infa...

Page Setup...
Print. ..

Install Script
Remove Script...

Exit

Read Image

Generate Function List

Mew. .. Chrl+M
Chel+Or

Chrl+HK

Chel+

Ctrl+P

Window EELS  FELI

S This script
Humber sx,5%,52,
Image stack,sped

if [!GETFrontimg
throw("Please of

et205ize(s tack,

if no selecti
if [lGetselectig
top=0; lefts

spectrum = Reall
Tor (count=0;co
spectrumlo, d

setname (spectrul
showimage(spect

Step 2

prage spectrum of a selection of a 30 stal
Etom,right, count

i/ Install Script

Menu Command I Library I

L M ame of command? extractSpectrum
brd  Which menu? [sem

Optional sub-menu? 30 functi |Und

:

LN 1A L g i

Just leave
“Optional sub-menu”
empty, if not needed
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