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I) Overview


The purpose of this document is to instruct a novice user on how to use routines in the AXIS package to analyze image sequences - primarily STXM or PEEM X-ray microscopy. The procedures to convert a raw data set to a properly aligned, energy calibrated, binary stack file in optical density units are outlined. This procedure is called stack_analyse.  Once this binary file is generated, it can then be used, along with appropriately energy and intensity calibrated reference spectra, to generate component maps - a quantitative map of the amount of  each components in the imaged region.

Optical density scales for images or spectra are derived from Beer-Lambert's law: OD = ln (Io/I), where for a given X-ray energy, Io is the incident x-ray flux, I is the transmitted flux through the sample, and ln is the natural logarithm. The OD is related to the sample properties by 

OD =  µ(E). .t 

where µ(E) is the mass absorption coefficient at X-ray energy E,  is the density and t is the sample thickness. The mass absorption coefficient is derived from the NEXAFS spectra (also called reference or model spectra) of the pure material, usually recorded separately from the image sequence (in some cases, the imaged area might contain regions of one or more of the pure material, which could then be used to generate an internal reference). 

In many cases, successive images in an as-recorded sequence are misaligned.   In STXM misalignments arise due to lateral mis-positioning of the zone plate as it is moved to maintain focus at different photon energies.  In PEEM, charging can give rise to drift of image position. In both techniques thermal drift may also occur. Whatever the origin of the misalignment, it is important that the images are aligned through the energy range of the stack in order to have a valid spectrum at each pixel in the area imaged.

SOURCE of code

The original stack_analyze code was written by Chris Jacobsen (Physics, Stony Brook). All other routines are derivative of this code. The code behind 

Stack_analyze~AXIS (*) is APH revisions of Jun-98 Jacobsen code

Stack_analyze~axis_binary - is a reader for binary stacks which uses the APH code.

Stack_analyze~zimba is the code written by Carl Zimba (Photons Unlimited). The current version is from Feb-00

Ultimately the goal for AXIS is to use only ZIMBA code but there are still features that are only available through the combination of the three sets of codes.

(*) These indicate the command in AXIS, with the ~ symbol separating levels of the pull-down menu.

COMMANDS
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The commands required to carry out this procedure are found at the top of the main menu of AXIS  and in subsequent submenus.

II) FLOW DIAGRAM

The main steps required to carry out the stack_analyze procedure are depicted in the following flow chart. Each is described more fully below.
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Fig. 1  Flow chart for  preparing an aligned stack in binary format from ALS STXM data

III) Example: Analysis of #355 C 1s STXM data set (355wow - Nov-99; Ivo)
Data analysed is the sequence 91113020.im1 to 91113120.im1. This was run out-of-order: (45-101; 20-44; 102-120)
1. Conversion to *.nc format
Purpose: convert the sequence of images (listed in the *.lst file) to NetCDF format (*.nc) files. Each file is an image at a specific energy. The output *.nc filenames are listed in a stack list (*.sl) file.  ALS STXM - *.im1 files; ALS PEEM *.tif files 

NB This step is NOT NEEDED for nsls STXM image sequences recorded in the old format (*.nc).

Commands: Stacks~convert format~ALS to netCDF, file or TIF to netCDF,file

Step # 

prompted for:


answer:
1.

get file (*.lst)


91113019.lst

2.

bin



1
3.

dE(real-meas, eV)

(ENTER)

4.

stack_list file


D:\stxm\9911\355-wow\355-wow.sl

2. Stack Alignment 
Purpose:  The images, a different image for each energy of the spectrum file, must all be aligned such that the spatial features can be accurately superimposed from one image to the other.  A mis-aligned stack results in erroneous spectral information.

There are a variety of methods to align a stack; it is often necessary to iteratively use a combination of several methods to properly align. The automated methods are based on 2 dimensional Fourier transform cross-correlation techniques. 

In general the Zimba alignment routine is the most reliable and should be used first. Selection of a sub-region which includes high contrast features aligned along both x and y usually makes the alignment more successful. Experimentation with the various parameters (region; reference image; correlation maximum versus centre of mass; etc) is often needed to find the combination that works best for any given stack. The nature of these various parameters is discussed below. In a good alignment the correlation image (central image of the three images in Fig. 2) should be a intense single peak with the alignment cursor located at the maximum. In cases where alignment fails the correlation image is usually multi-peaked. Manual alignment to tweak individual images which are poorly aligned is strongly recommended.
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Fig. 2  Interface panel for ZSTACK_Align, alignment procedure in AXIS

Command: Stacks~Stack_analyse~Zimba

Step # 

prompted for:


answer:
1.
Please Select a File for Reading (*.sl)
91113019m.sl

2. 
Select a File for Reading (*.aln)
CANCEL  

3.
Zoom




1

4.
Reference image for alignment

Constant Image

5.
Edge enhancement before alignment
None

6.
Cross-correlation determination

Correlation maximum

7.
Maximum image shift (pixels)

10

8.
Image shift threshold (pixels)

0.01

9. 
Edgegauss smoothing (pixels)

3


10. Select a subregion for alignment


11.
Start auto-alignment

12.
Exit 
Zstack_align and Zstack_analyze.

NOTE: For the following section, in order to read an *.aln file, it must not contain any alpha characters in the file names. If this is the case (PEEM names have alpha; one can write out image files from a binary stack using an alpha name), one must edit the *.aln file to remove the alpha part, leaving only the numerical part of the filename.  Otherwise the alignment shifts will not be read in.

3. Displaying and manipulating an aligned image sequence 
Purpose: to visualize an aligned stack and perform selected operations including:

· conversion of transmission images into optical density scales.

· Display in transmission or optical density representation

· Extraction of spectra, movies, region-of-interest files, and images

· Manipulation of the stack by subtraction of an image, spectrum or another stack

· Generation of the binary stack file
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Fig. 3 Panel for Stack_analyze
Commands: Stacks~Stack_analyse~AXIS

Step#

prompted for:



answer:
1.
Please Select a File for Reading (*.sl)

91113019m.sl

2.
Please Select a File for Reading (*.aln)

91113019m.aln 
3.
 Zoom

1 
Press play. Is the alignment satisfactory? 

Yes, but there is some residual misalignment, in particular a step after 288 eV. One can try to improve alignment using the manual mode with Stacks~Image alignment~stretch/shift
3a Manual alignment of a stack
Purpose: To use an image-by-image procedure to identify 2 fiducial points on each image which are used as the basis to align with a linear distortion function. This is often necessary in studies of elastic polymers where mass loss can lead to significant shrinkage of the polymer in the course of a stack. In addition there are documented examples where the piezo scan stage has a time-dependent response.

Command: Stacks~Image alignment~stretch/shift

   (NB buffers 5-9 must be empty ! - see axis.pdf manual)

prompted for:




answer:
 first file of sequence (*.im* or *.nc)
test_008.nc
 last file of sequence 
test_062.nc

ON FIRST IMAGE

Click feature 1
select fiducial point 1


Click feature 2
select fiducial point 2
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Select xmin


Select xmax
common region for all images
Select ymin



Select ymax

size of pixels (nm)
50  

            (data  meshed to a common size to account for stretch)

bin
1  (for statistical improvement if desired)
ON SUBSEQUENT IMAGES


Click feature 1
select fiducial point 1


Click feature 2
select fiducial point 2
Save “aligned”  file
 aest.sl
Read into stacks~stack_analyze~AXIS 
(see below)
write as a binary stack
aest.ncb
In this case, the result turned out to be worse than the auto-alignment using Zimba,  91113019.ncb. C'est la vie !

3b Generate binary stack file

Purpose: to generate a compact version of the aligned image stack, typically after incident flux normalization and conversion to OD space (for STXM), which has removed unwanted features such as the misaligned edge regions (greyed) or damage at start of line scans.

In order to write a *.ncb binary stack, write a file name, then click on Stack ".ncb" 
prompted for:




answer:
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Default to




keep columns<
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remove grey areas
keep rows>




10

keep rows<




130

4. Display and inspect quality of binary stack
Purpose: to check that the binary stack is as desired, suitable for other analysis procedures such as stack-fit and SVD component mapping.

Commands: Stacks~Stack_analyse~AXIS binary

prompted for:




answer:
Please Select a File for Reading (*.ncb)
91113019.ncb

Please Select a File for Reading (*.aln)
Cancel The stack should already be aligned

Zoom
1

The alignment is satisfactory and the edges have disappeared.

IV) Detailed explanation of the command sequence
This section revisits the above steps and expands on the meaning of commands as well as describes the analysis parameters.

1. Conversion to *.nc format
1.

get file (*.lst)


91113019.lst

The user is prompted for a *.lst file (it is also possible to convert only one file, or many, by selecting the first and last file of a sequence). Here, for example, let us use 91113019.lst (the file names are determined according to the year (9 for 1999), the month (11, for November), the day (13 for the 13th day of November) and the following three digits correspond to the first *.im1 file contained in the *.lst file. Also, all other types of files follow this naming fashion.

2.

bin



1

For large data sets (often met in PEEM), it is often preferred (and sometimes necessary)  to reduce the size of the converted *.nc files by binning adjacent points. The *.nc files are typically x2 or x3 larger than the *.tif source files. A full ALS-PEEM image is 2 Mb.  Stack analyze requires all of the data to be in memory at the same time (and for Zimba_analyze, there are 3 sets of arrays, each of the full size of the data. This means one can easily exceed the upper limit on an analyzable data set, which is about 30 Mb (computer dependent).  Either binning or selection of a sub-region of the images is implemented in the format conversion process to handle this issue. One strategy for large stacks is to drastically reduce the image size by binning heavily in the first analysis.  This will give a sense of how much space the data set takes, which can be used as a scale factor to decide the limits for binning and (x,y) truncation that can be tolerated. For STXM data, bin of 1 will often work. 

3.
dE(real-meas, eV)


(to get calibrated energy)

(ENTER, for STXM data, the energy scale should be calibrated prior to stack acquisition. E-scale errors more than ~0.5 eV result in out-of-focus conditions after ~20 eV). 

4.
stack_list file



E:\9911\355-wow\91113019.sl

(directory and file name where the user wishes to write the file).Then the conversion proceeds and a 

message in the AXIS message box reads :

2. Stack Alignment
Use Zimba's alignment routine

Command: Stacks~Stack_analyse~Zimba

Step # 

prompted for:


answer:
1.
Please Select a File for Reading (*.sl)
91113019m.sl

This is a file edited using NoteTab with the *.nc files in ascending order of energy comprised within the energy range above.

2. 
Select a File for Reading (*.aln)
CANCEL  (give filename.aln later).

3.
Zoom




1  

(THIS IS only a USER PROMPT in stack_analyze_AXIS!)

The zoom number is chosen to enlarge the alignment and analysis windows in order to better see the image's features. A value of 1 is often sufficient. NB To change the size of the display windows you must choose Display Parameters on the ZSTACK_Align or ZSTACK_Analyze screens (Fig. 2 and Fig. 3) . The interface shown in Fig. 4 will appear.

Fig. 4 ZSTACK display parameter interface. Use this to change properties of other ZSTACK widgets.

4.
Reference image for alignment

Each Preceding Image (or







Each Following Image or







Constant Image)

For the first alignment, one should use the highest contrast image (thus use "constant image") such that these features dominate the alignment, then in a subsequent alignment, "each preceding image" can be used to allow smooth alignment through the whole energy range.

5.
Edge enhancement before alignment
Sobel, Roberts, or None

Start with none, then compare with one of the other two to see the effect it may have on the quality of the alignment

6.
Cross-correlation determination

Correlation maximum, or Center of mass







Use default Correlation maximum

7.
Maximum image shift (pixels)

10

This is the maximum number of pixels by which each image is allowed to shift

8.
Image shift threshold (pixels)

0.01

9. 
Edgegauss smoothing (pixels)

3


11. Select a subregion for alignment



To select a subregion, one uses ctrl-right button to stretch the box edges until it is located over the optimum region.  This region should contain high contrast variation in both x and y, and be present through the whole stack.

11.
Start auto-alignment

At the end of the alignment procedure, one should write the Alignment Shift Filename (*.aln): in the box provided. For example: 91113019m, ENTER, then click on Save shifts. In the IDL message box, there should be a message which says: Wrote pixel shifts to file "91113019m.aln"

12.
Exit 

Zstack_align and Zstack_analyze.

NOTE: For the following section, in order to read an *.aln file, it must not contain any alpha characters in the file names. If this is the case (PEEM names have alpha; one can write out image files from a binary stack using an alpha name), one must edit the *.aln file to remove the alpha part, leaving only the numerical part of the filename.  Otherwise the alignment shifts will not be read in.

3. Displaying and manipulating an aligned image sequence
Commands: Stacks~Stack_analyse~AXIS

Step#

prompted for:



answer:
1.
Please Select a File for Reading (*.sl)
91113019m.sl

2.
Please Select a File for Reading (*.aln)
91113019m.aln 
3.
 Zoom
1 


                      (larger values can be chosen for better visibility)

Press play. Is the alignment satisfactory? If it is, an image feature will not move over the course of the display. 

4.
OD


In order to convert the stack in OD (optical density), it is necessary to either choose an internal I0 region if it is a STXM image sequence with a hole, or read in an Io  file ( a spectrum collected with no sample in front of the detector). See APPENDIX B to find out how to obtain a correct Io file for the specific stack.

5.
Selected Spectral Generation

One can choose various features to generate the spectra of the system's different components.  This is done by clicking on Add I region, then select a region with the left mouse button and okay with right button. Following the selection of an I region, press OD to convert the images to optical density. 

 Rescale-ing may be helpful to see the image features properly. 

3a. Generate selected regions spectra
Purpose: to obtain model spectra for further analysis of the data. 
 To write a file containing the spectrum of a selected region, one must write the appropriate path and press ENTER within the path box, write a file name and press ENTER, and then press Spectrum ".txt"

3b Generate binary stack file

In order to write a *.ncb binary stack, write a file name, then click on Stack ".ncb" 
prompted for:




answer:

The first time, it would be a good idea to ENTER at each of these questions to find out how many columns and rows there are.

keep columns>



5







keep columns<



195

keep rows>




10

keep rows<




130

4. Display and inspect quality

Commands: Stacks~Stack_analyse~AXIS binary

prompted for:




answer:
Please Select a File for Reading (*.ncb)
91113019.ncb

Please Select a File for Reading (*.aln)
Cancel The stack should already be aligned

Zoom
1

V) Some often encountered problems with data sets 

What if my data set is too large to fit into Zstack_align?
Zimba's code requires that at least 2 and maybe 3 arrays of full data set size (the STXM Image, the Correlation Fn and the Shifted Image one sees in Zstack_align, shown on the next page) be in memory simultaneously.  For a computer with 64 Mb RAM, the number of images x the size of each image x 3 must be less than 64 Mb, otherwise the routine will not work.

1) Use a smaller number of *.nc files in the *.sl file. Use NoteTab to edit this file. 

The energy range chosen should contain all the important spectral features for the components of the system.

2) Re-convert the files, this time binned more heavily and keep the whole energy range. 

This time, using bin 2, all files are 55 kb (instead of 213 kb) and should all be readable into Zimba simultaneously (for 64 Mb RAM). 
How can I get an Io file which is right for the stack?
There are three ways of obtaining Io spectra. 

1) Internal Io: The image may contain a region where there is no sample (seen as white spot, total transmission).  If this is the case, then one can select such a region and write the spectrum in the same manner as the  model spectra are written.  This spectrum can then be read is as an Io file.

2) Point Spectra: Prior to, and/or after acquisition of the stack, a spectrum of the incident flux Io measured with the same detector and optical path but with the sample out of the beam is acquired.  Since the photon flux decays with time, it is preferable to take the average of the two. This is done by:

 Commands: Read~Spectra~ALS STXM

On the window below: ALS spectral read-in


prompted for:




answer:
Browse




*.xas

Read in:




sample







GO









Fig. 5  Interface panel for reading in ALS STXM spectral data

Read in the second spectrum, as was the first.

Then:

Commands: Spectra~Add~Buffer

prompted for:




answer:
get_num scale for first buffer 

1.0000

IDL Choose Buffer
click on the number of the buffer containing one of the spectra

get_num scale for second buffer 

1.0000

IDL Choose Buffer
click on the number of the buffer containing the second spectrum

Copy
puts the result into an empty buffer


Commands: Spectra~Gain~Divide

select Gain-Divide by
 


2.0000
Then, this averaged spectrum must be corrected for dwell time. This is done by multiplying it by the dwell time of the stack (for example, 0.4 msec) since the spectrum is recorded in counts/msec.

 List of commands: Spectra~Gain~Multiply

select Gain-Multiply by
 

0.4000

To check if this Io is appropriate, one should read it into Stacks~Stack_analyse~AXIS and then select an I region.  The OD should be a small positive value before the onset of core-level absorption.

3) Linescan: Linescans are images which correspond to the transmitted photons over the set of energies (eV) scanned along a line ((m) drawn on an image in the field of view of the microscope. This line is used to see gradients of chemical composition across an image feature. One can select an area within the image (total transmission, all white) in order to obtain the Io spectrum. Linescans are used to calibrate the energy of intense transitions.

Commands: Read~Images~ALS STXM~ linescan

Please Select a File for Reading 

*.xa1

List of commands: Linescans~Add lines~horizontal

With the mouse, define two horizontal lines (by right clicking) in an area where there is no dark vertical line. 

Choose Buffer



one that is empty or contains not needed data.
get_text (label)



name it appropriately

To check if this Io is appropriate, one should read it into Stacks~Stack_analyse~AXIS and then select an I region.  The OD should be very close to 0 before the beginning of absorption.

What other ways can I try if Zimba alignment does not work?
1. Try stack_analyze~AXIS - there are occasionally cases where the Jacobsen code works better than Zimba code .

2. Manual alignment - in AXIS see section 3.a for a detailed description of the stretch-shift procedure. An analogous stretch procedure also exists, which is simply a manual version of the auto- or manual shift procedures in ZSTACK_Align.

3.  Manual alignment - in ZSTACK_Align

Note that in this example the data was not recorded in increasing energy sequence, in order to record the damage sensitive regions first. The file numbering is not in a numerical order, to re-order the data in an incrementing energy order. This was done by  editing the *.sl files.













YES


Stack_fit





4. Display and inspect quality


Stacks~Stack_analyse~AXIS binary





OK ?





3. Generate binary stack file


Stacks~Stack_analyse~AXIS





More alignment required


Retry with different parameters.


     OR


Manually align using


     Stacks~Image alignment


      ~ shift or ~stretch/shift





2.  Stack Align


Stacks~Stack_analyse~Zimba





1. Convert to *.nc format


Stacks~convert format~


ALS to netCDF
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