ZSTACK

Data Analysis for Hyperspectral X-ray Microscopy |maging
v2.1 (5feb 2001)

ZSTACK isasuiteof IDL proceduresfor alignment and analysis of a series of x-ray microscopy images
that have been acquired at different x-ray energies. It operates on Windows, Macintosh, and UNIX
platformsusing IDL v5.0 or later.

ZSTACK was written originally to satisfy my own needs for analysis of STXM spectral image stacks.

The original version was based upon the original STACK code developed by Chris Jacobsen (SUNY -
Stony Brook). It has expanded considerably beyond the initial scope, largely due to my anaysis needs
and feedback from fellow users.

In a collaborative effort with Adam Hitchcock (McMaster University), ZSTACK has been bundled into
his AXIS data analysis package. ZSTACK can aso be used independently of AXIS.

The development of ZSTACK has been an evolutionary process. Please notify me of any bugs, problems,
comments, or suggestions for improvements or new features.

Carl G. Zimba
Photons UnLimited
84 Oxford Street
Arlington, MA
photons@mediaone.net




ZSTACK Buildlist
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List of data files selected for
alignment and analysis
Highlighted file is displayed

Retrieve binary file
of previous saved
stack data

Sare list I
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Read list

Browse ¥ .51 I
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Binary Filename (¥ nch) -

Read % _nch I Browse ¥ nch '
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[ Add first -> 1ast to 1ist ]

Delete from list

hst

List is comnlete ] Number of Files =
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Number of images
Currently in list
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Build list of datafiles
From first fileto last file
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list of feﬁ\_‘

Save or retri

Remove current image
from list of data files

Remove all images
from list of datafiles
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List of datafilesis complete
Go on to next step:
aligning the images




ZSTACK Align

(before alignment)

ZSTACK Align B
.. Align images using : STXM Image Correlation Fn Shifted Image N

Choose the conditions ® Originat dat

. a riginal data
for image alignment : ) -
a () Data as displayed L

Reference image
Edge enhancernmt —>| Reference image for alignment :

Correlation determination

| B

@ Each Preceding Image

O Each Following Image
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| Color bar for images
| —

[ osFEBo22.MC: 281.61 ev, 44028 4 v

Pull-down list of datafiles r/'

Define a sub-region
in the image
to use for alignment
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Constant Image
© i [ Display Previous Image '
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[ Play morie ]
Edge enhancement before alignment:

O Sobel O Roberts

@ Hone

DisElaH Parameters ][ Plot Parameters ]

Cross—correlation determination -

@ Correlation maximum O Center of mass

Maximum image shift (pixels):
Image shift threshold (pixels):
Edgegauss smoothing (pixels) :

Select a subregion for a'lignment

Reset subregion
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Start the auto-alignment . ][\
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Skip aligning the images 7

Go on to extracting spectra
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Skip alignment
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Align the images manually |’/

_._=r Alian images manua'llH I

Alignment Shift Filename (*.aln) : 0SFEEDZ2_093.aln
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Select which image is displayed
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Retrieve existing
alignment shifts
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ZSTACK Align

(after alignment)
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] ] Align images using : STXM Image Correlation Fn Shifted Image 1 j_/’ Subreglon u%d for a“gnment
This now displays the & Original data R : = T
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(DG G LTINS | Correlation function crosshairs:
Reference image for alignment : I’ed fOf Cen'[et’ Of Corra n |mage
@ Each Preceding Image blue for maximum position
() Each Following Image 057eb025.nc: 284.12 eV, 43.639 A 7| \j Red box is edge of corr’'nimage
O Constant image [ Dizplay Previous Image _I
| vl [ Display Next Image ] 1.
( Play movie ) [T Select which image is displayed
Edge enhancement before alignment : 9n T B
O . O et @ hr DiselaH Parameters ' Plot Parameters ' \I and hOW It IS d|$|ayed
Cross—correlation determination :
@ Correlation maximum O Center of mass
Maximum image shift (pixels):
Keep current alignment Image shift threshold (pixels):
Edgegauss smoothing (pixels) : \\, PIO'[ Of a“gnment ShlftS
Cursor position corresponds
( AL © STeCD (7 St ) Alignment Shift Filename (.aln) : to current image and
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p g N - [ Save shifts ' [ Read shifts ' [ Browse *.aln_j CIICkI ng mouse In thye pl Ot
r Keep alignment —— Go to Stack Spectra ] \
Redo the a||gnment I t Discard alignment —— Go to Stack Spectra ] N
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Redo the alignment ¢ = SsyEGr e
keeping the subregion 1] Dz alignment shifts
Manually adjust

the alignment




ZSTACK Tune

Select which image is displayed
and how it is displayed
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DiselaH Previous Image '

4] ZSTACK Tune Alignment HE
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[ Display Next Image _I
[ Play movie ] Close—up Images
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__.J Plot of alignment shifts
—___ Cursor position corresponds
to current image and
can be moved by
clicking mouse in the plot




ZSTACK Spectra

Defineregionsin image
to extract spectra
using Region of Interest
dialog

If desired, retrieve an
10 spectrum
(raw data, *.spc, *.xas)

ISTACKSpectra——+————— @8

I mages shifted after alignment
— —1

Save extracted spectra as
single beam, % transmittance,
or absorbance
in*.spc, *.xas, or *.gif format
with all spectrain
asinglefile or onefile for
each spectrum

Add fiducial points or shapes
to close-up of shifted images

Select Regions for Spectra :

{use Region of Interest dialog window)

Add 10 region I Add | region I

[ Reset 10 ][

Reset last | ]
—

pped Image 1

Shifted Image

=] Shifted images clipped of edges
where there is no longer any

ROI filename :

| OSFEBOZZ_003.rai |

Resetboth 10 & | | [__ Resetan| ]
10 filename : I |I
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I0)=caleplaciong I 1.000 | [ Display Parameters ][ Plot Parameters ]
| Base filename: [ osFEB0ZZ 093 |
| Select type of spectra : vI
| Select type of data file : vl
| Select number of data files - vl
[ Save Spectra ]

— data due to shifting

Select which image is displayed

LU and how it is displayed
— splay

Plot of spectra
Cursor position corresponds
to current image and
can be moved by

\| clicking mouse in the plot

jf Save images
L

[

Get intensity vs position

[ Extract Intensity Profiles ‘14
[ e (] 25 4 ] [ Save Images Menu j¢
- - -
[ Retrieve ¥ roi ] [ Exit ZSTAEK K
r Browse fo_r E roi ]
4] [»

% Finished ? Quit here




Region of Interest

[[] == Region of Interest

Add with left button: drag or click
Femowe with right button

[ Clear ][ Clear All ” New ” Cancel ]
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ZSTACK Profile

Map of intensity
as afunction of
X-ray energy and
position along
the profile axis

(] Image Profile =) =]
l\ Cursor position and
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/ _ Cursor position can
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Save Intens ty @ Intensity range of each image Cl ICkI ng mouse
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Profile base filename : W,/zéozz_ngs | (__Display Previous Prome __J
I\ - [ Display Next Profile ]
Save spectra of i — [ Play Movie of Profile |
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current pixel

Save spectra of I\

each pixel along
profile axis

Select which image
isdisplayed and
how it is displayed

Spectra ba;

/Ame H OSFEBOZZ_093

[ Say/ Atra of Current Pixel as '

4093 _x050_4050 . spe

,(ve Spectra along Profile Line as /
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Cursor position corresponds

K /| /
Plot of intensity along
profile axis
Select which profile Finished ? Plot of spectra
isdisplayed and Return to

how it is displayed

Cursor position corresponds

ZSTACK Spectra to current image and

can be moved by
clicking mouse in the plot

to current position along
profile axis and
can be moved by
clicking mouse in the plot




ZSTACK Save

Specify base filename
and directory
to savefiles

Z5TACK Save

I:-

Select a subregion
of image to save

Base filename : | |[ 0SFEBOZZ 093 Il

Marwin HD:RS1:10L 5.2:atest:98_0SFEE:
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I

Trim images to eliminate |

Save subregion of data 2

O Tes @ HNo

[ Select subregion ][ Reset subregion ]

Shifted Image

Clipped Image

Images shifted

[ o5FEBDZZ WC: 281 .61 ¥, 44028 & |

DisE'IaH Previous Image '

(

Display Next Image ]

(

Play moyie ]

[ Display Parameters ][ Plot Parameters ]

after alignment

Shifted images
trimmed of edges
clipped during
alignment

~— Save data after clipping edges ? @) Yes ) Ho
edges clipped off during
. Save Regions of Interest 2 () Yes & Mo
alignment
Image format - duees [Jewr [T [JPHG
Sa\/e Images ina \\~> ﬂ Current image D All images D Spectra
Va”ay Of formats’ /’ | Orientation vI
optionally including
SpeC'[I’a, ro' D Filename D H-ray Energy D Scale bar
and |egend |nf0 E Spectral Regions of Interest D Color bar
Movie format : [ mrEs I meiF
Save images asamovie, I\-> [ images [ Spectra
optionally including | [_orientation ~|
ectra, roi,
an? Iw;d |nfo D Filenames D #-ray Energies D Scale bar
E Spectral Regions of Interest D Color bar
I\ Binary data format : =51 [1=nce [ = HpF
S e |mage StaCk :> D Header file

asabinary datafile

HNE : Disabled buttons are features that are not fully implemented

[ Save

IDL Sticer - |

Retu_rn to ZSTAEK Spectira N\

/|

/L
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Select which image
is displayed and
how it is displayed

/

Plot of spectra
Cursor position
corresponds to

current image and

can be moved by

clicking mouse
in the plot

/-

Process data
using IDL Slicer3

/\
/ 0\

SE

/N

After specifying ALL the options above,

everything (images, movies, binaries)

Click hereto save

at onetime.

Finished ?
Return to
ZSTACK Spectra




ZSTACK Display

ZSTACK Display Parameters

I mages shifted

Modify zoom
Factors and
movie play rate

Modify
intensity range
for images

:

Modify
scale range
for images

Modify
color scale
for images

YA VA VA VA

\/

= [

Image zoom factor :
Morie delay (sec per frame) :
Closeup image zoom factor :

Profile image zoom factor :

il

Display image intensity using :
O Absolute @ Percentage

Display minimum :

Display images as:

— after alignment
Ll Shifted images
7 trimmed of edges

clipped during
alignment

Display maximum : 100.0

@ Original data

O Images f current image

{3 -log (images/current image)

o Images - current image

() Images / 10 spectrum

() -log (images # 10 spectrum) [Absorbance] | OSFEBD22 NC: 281.61 ¥, 44.028 A vI

O Images - 10 spectrum [ Display Previocus Image ]

D Current stack - reference stack Disn'la! Hext Ima’e j
1 [ Play movie ]

Display Gamma :

[ Reference spectrum :

]

-

i

Scale image intensity using :

Plot Parameters

’\J Select which image

isdisplayed and
how it is displayed

/|

Scale factor :

@ Intensity range of each image

[ Reference image :

O Intensity range of entire image stack

Scale images without 10 region I

4
Abzorbonce

Scale factor :

Reference stack :

Load New Color Table '

Invert Color Table

[ Select Plot Colors

300

J Plot of spectra
Cursor position

N corresponds to

current image and
can be moved by
clicking mouse

Scale factor :

Update Image Display

Close without Update

1]

Nl

Modify
type of image
displayed

Future feature:
Define reference spectrum,
Image, or image stack
For subtraction or ratio

in the plot
Nz
Finished ?
Update or
Discard changes




ZSTACK Plot

= /STACKPlotParameters =———————

Modify
zoom factor
movie play rate
spectrum offset

—

|

Image zoom factor:
Movrie delay (sec per frame)

Spectrum Offset:

Shifted Image Clipped Image

o1 -

Modify options to
display spectra

|

-

Display spectra as:
O Single beam
O % Transmittance

@ Absorbance

| OSFEBDZZ NC: 281.61 e¥, 44 028 A

~]

]

- Images shifted
—— éfteraignment
—/J Shifted images
T trimmed of edges

clipped during
alignment

Display Previous Image I

DisEIaH Next Image I <:—/J

[ Play morie

Modify
scale range
for spectra

i

Plot Scaling :

] I——

Display Parameters

Select which image
isdisplayed and
how it is displayed

—

/|

Modify
color scae
for images

AND
plot colors

\f

Plot of spectra
Cursor position
corresponds to

current image and
can be moved by
clicking mouse
in the plot

% Range : [<] Autoscale
Minimum : 280.000
Maximum : 300.000 B
F
i
¥ Range : [ Autoscale 2
Minimum : 0.000
Maximum : 2.500
[ Update Image Display ]
[ Load New Color Table IR Close without Update |
[ Invert Color Table 1
[ Select Plot Colors ]

0l

|

d
S

Discard changes

Finished ?
Update or




