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A. | NTRODUCTI ON

ORAVG conput es an averaged | MAGE usi ng real -space procedures.
The cross-correlation pattern (DEFAULT nane CCOR | M3 conputed
using EMCOR i s exam ned by EMCORAVG to | ocate regions in a MAIN
(unfiltered) I MAGE that best correlate with a REFERENCE | MAGE.
The program provides flexibility in selecting optim zed paraneters
to identify areas in the unfiltered I MAGE which are to be used to
conmpute the real -space average. The MAIN IMAGE is generally a
raw, unfiltered | MAGE and the REFERENCE | MAGE is usually either a
smal | portion of the MAIN | MAGE or a portion froma MAIN I MAGE
whi ch has been pre-filtered, for exanple by Fourier processing
t echni ques.

The REAL- SPACE AVERAGE nay be conputed using two nethods,
whi ch, when used together, produce optinal results. A brief
description of each of the two nethods is given below, followed by
specific instructions on the interactive use of the program

B. COMPUTI NG THE REAL SPACE AVERAGE
METHOD 1: AVERAG NG W THOUT UNBENDI NG

In this method the positions of the highest correlation peaks
are identified and rectangul ar wi ndows fromthe correspondi ng
| ocations in the MAIN | MAGE are sumed to conpute an aver age
i mge. The nunber of w ndows summed is set by the user by
thresholding the correlation pattern to identify the strongest
areas of correlation between MAIN and REFERENCE | MAGES. W ndows
fromthe MAIN | MAGE are averaged in order of decreasing strength
of the correlation peaks. This nethod of averagi ng snears out
| ocal distortions of the individual unit cells in the crystalline
lattice. Thus, this nmethod is best used for reasonably coherent
| attice structures or as a prelimnary cycle producing an initia



filtered inmage to be used as reference for further cycles of real-
space aver agi ng.

In typical applications of this program for exanple with a 512
x 512 pixel MAIN I MAGE in which the unit cells are about 20 x 20
pi xels in size, a 64 x 64 REFERENCE | MAGE i s boxed froma centra
region of the MAIN | MAGE. After conputing the cross-correlation
pattern between the MAIN and REFERENCE i mages, EMCORAVG is used to
conpute an initial real-space average (64 x 64 pixels), sunm ng
wi ndows fromthe MAIN | MAGE at the 50-100 hi ghest correlation
peaks. This averaged i mage, when used as a new REFERENCE
produces a correlation pattern with stronger and nore sharply
defi ned peaks than were found in the original pattern. The
| ocation of peaks will also be | ess biased by the initial choice
of REFERENCE | MAGE. The second average image can be used in
anot her round of averaging, but further rounds are generally
unnecessary. Another hel pful procedure is to reduce the size of
the wi ndow after each cycle of averaging to allow nore of the
| ocal distortions in the crystal lattice to be followed. Wth
noi sy image data, if the initial REFERENCE | MAGE is too snal
(covering an area of only a fewunit cells), the correlation
pattern may be too noisy to successfully interpret.

Wth very noisy data it is sonetines helpful to pre-filter the
MAI N | MAGE using standard Fourier filtering techni ques (EMFFTFLT)
in order to obtain a better, initial REFERENCE | MAGE. This, when
cross-correlated with the unfiltered MAIN I MAGE, will give a
cl eaner and nore easily interpreted correlation pattern.

METHOD 2: AVERAG NG W TH UNBENDI NG

Thi s procedure renoves or conpensates for |localized distortions
in individual unit cells in the crystal lattice. EMCORAVG
cal cul ates the average unit cell dinmensions based upon the user's
initial determ nation of the principal A and ???? B unit cel
vectors using the raster graphics display. Using this initia
determ nati on, EMCORAVG then refines the real -space lattice
paraneters using the cross-correl ation peaks thensel ves. After
this, individual unit cells are excised fromthe MAIN | MAGE file
and are re-interpolated into the average or ideal unit cel
di mensions. For this procedure to work properly, there nust be a
| ar ge enough nunber of strong cross-correl ati on peaks present such
that all four unit cell corners are identified in a suitable
nunber of individual unit cells.

C. RUNNI NG THE EMCORAVG PROGRAM



The program begins by reading in the cross-correlation pattern
(DEFAULT name given by EMCOR is CCOR I M5 . Positions of the
hi ghest peaks in the correlation pattern are used to identify the
best areas in the MAIN I MAGE for averaging. A threshold value
(LOALIM is used to screen for peaks in the correlation pattern
(pixels with values greater than LOALIM. A value of LOAIM nmay
be entered interactively and changed until a suitable nunber of
pi xels are found > LOALIM At this point it nmust be stressed that
the nunber of pixels surviving this test is generally nuch greater
than the nunber of "independent peaks"™ in the correlation pattern
since each "peak" usually includes several pixels with intensities
> LOALIM The pixel data are reduced to a set of discrete peaks
by specifying a wi ndow (radius) within which there can be only one
correl ation peak. In general, the radius of the w ndow shoul d be
no larger than one-half of the smallest lattice dinension (in
pi xel s) of the crystalline specimen. EMCORAVG sorts all pixels >
LOALI M and then tests each pixel (in decreasing order of pixel
intensity) to elimnate all but a single pixel within any single
wi ndow. The remai ning "peaks" identify integer positions in the
correlation pattern. EMCORAVG then determ nes a nore accurate
(floating point) estimate of the position for each peak by
| ocating the center-of-gravity of a 3x3 pixel w ndow centered on
each "peak" pixel in the pattern.

It may be hel pful to determi ne the value of LOALIM by choosi ng
the option, which interactively uses the raster graphics display
of the correlation pattern. The strategy is to use the keypad
TOUCH- KEY controls to raise or |lower the value of LOAIMwhile
pixels in the correlation pattern < LOAIM are bl anked out. Wth
sonme experience it is easy to judge the level at which LOAIM
all ows a suitable nunber of correlation peaks to be identified.

If LOALIMis set too |ow, the nunber of pixel values > LOALIM w ||
exceed programlimts (currently 1500 pi xels can be handl ed).
Several other TOUCH KEY options, whose function ought to be

obvi ous, are available to help set LOAIM

After LOALIMis set, the nunmber of distinct peaks nust be
determined. Specify a distance (RADIUS, in pixels) to define what
the m ni num separati on ought to be between peaks. The program
checks, in descending order, the list of pixels wth values >
LOALI M and fl ags those pixels which are closer than RAD US to
anot her pixel of equal or greater intensity. The nunber of "peak"
positions (NPEAK) in the correlation pattern is then |isted. The
val ue for RADI US should at |east be a few pixels to assure that

mul tiple pixels are not found for a single "peak". However,
RADI US shoul dn't be made too large (i.e. greater than the snaller
of the two unit cell lattice spacings) otherw se adjacent unit

cells inthe lattice can't be averaged. The best way to judge



whet her LOALI M and RADIUS are correct is to use the option that
di spl ays graphically the chosen peak positions in the correlation
pattern on the TV screen.

At this point the user has the choice to conpute the average
i mage using either METHOD 1 or METHOD 2 as outlined bel ow.

D. COVPUTI NG THE AVERAGE | MAGE
METHOD1: AVERAG NG W THOUT UNBENDI NG

After LOALI M and RADI US are set, enter the nane of the
REFERENCE | MAGE file to allow the programto set the size of the
averaged I MAGE (can't be > 128 x 128). Note that the REFERENCE
| MAGE is not actually used in the program except to deternine a
DEFAULT size for the averagi ng wi ndow. The user has the option to
i ncrease or decrease the size of the wi ndow (and final average).

Enter the filename of the MAIN | MAGE from which the average
wi Il be obtained (currently limted to 512 x 512 or snaller). The
filtered | MAGE i s conputed by sunm ng areas fromthe MAIN | MAGE
fromlocations identified by the peak positions. The areas are
sumed i n decreasing order according to peak strength. Thus, the
first few areas averaged are those that correlates best with the
REFERENCE | MAGE. You nmy average as nany areas as you wish up to
the total nunmber of peaks found. You may al so produce independent
suns of the "odd" and "even" nunbered areas to nmake statistica
conpari sons of independent averages and determ ne the | evel of
reproduci ble detail (resolution) in the data.

If you wish, you nmay choose the option to interactively display
the internediate results on the graphics screen as the program
sequentially builds up the average image. Both the current
average and the current area being added are displayed to the left
and right of the center of the graphics screen. This option
consi derably sl ows execution tine, although it can be informative
and useful for debuggi ng purposes.

METHOD 2: AVERAG NG W TH UNBENDI NG

After LOALI M and RADI US are set, enter the approxinate lattice
coordi nates either interactively wth the graphics tablet cursor
or by identifying the appropriate file containing them Wen the
graphics option is chosen, use the tablet cursor to select two

di agonal | y opposite corners outside the boundary of the
correlation pattern displayed in the center of the graphics screen
(e.g. at 640,512 on the 1280x1024 LEXI DATA graphi cs devi ce).

Note: in order for this option to work properly, the correlation



pattern MJST be displayed in the center of the screen. Now choose
a correlation peak with the tablet puck as an origin point for the
real space lattice. At the termnal, enter the indices for two
peak positions to determne the A and B vectors. Finally, you
must mark the |l ocations of the two spots designated in order to
generate the lattice. Upon doing this, you nmay either exit using
t he GREEN button, or you may continue to mark the A and B spots as
you wi sh. Wen the lattice is satisfactorily defined, you will be
pronpted for an OQUTPUT file to store these coordi nates so that
they may be entered using the data file option instead of
redefining themconstantly. |If the data file option is used,
sinply enter the nane of the file of a previously created lattice.
Next, you will be pronpted for the filenanme of the MAIN | MAGE
data. This will be the inage data that will be used in the
sunmmat i on process.

Refinenent of the lattice follows. This procedure is done to
cal cul ate the average unit cell dinensions. You should enter a
percent error margin which will be used to determ ne what error
will be allowed in the calculation of the average unit cell. The
first percentage error displayed designates how distorted the
actual unit cells were with respect to the coordi nates entered by
the user. The second percentage error display designates the
final distortion of the actual unit cells fromthe cal cul ated
average unit cell dinensions. Then, you should enter the
magni fication desired for the unit cells. Either the natural
magni ficati on may be kept <CR> or any other magnification may be
speci fi ed.

The next section of the program asks you to specify how the
data shoul d be analyzed. The calcul ated and refined i mage may be
"forced" to the follow ng specifications:

(1) The image produced is such that every unit cell falls upon
exact pixel locations so that there are no "interpol ation
errors" and that every unit cell |ooks identical to al
others. Note that this may slightly distort the i mage from
its real configuration. This is a FORCED REAL SPACE | MAGE.

(2) The inage produced is such that its calculated FFT falls upon
exact pixel locations. Note that this also may slightly
distort the image fromits real configuration, and that every
unit cell wll deviate slightly fromall the others due to
"interpolation errors”". This is FORCED RECI PROCAL SPACE
| MAGE.

(3) The inmage produced is unforced and left in its native



configuration. Note that each unit cell will also be slightly
different than all the others due to "interpolation errors".
This is an UNFORCED | MAGE.

Upon specifying the type of imge to be produced, the resulting
nodi fi ed coordinates of the lattice will be stored in the datafile
EMCORAVG. DAT. After displaying the total nunmber of unit cells to
be sumred, enter the START, END, and | NCREMENT of the series of
unit cells to be sutmmed. After this is done, decide fromthe
foll owi ng opti ons how you wi sh the sunmati on process to be

di spl ayed:

NO <CR>:
This option allows the programto sumat its fastest rate and
no gr aphi cs di splay concerning the summati on process is
shown.

FULL | MAGE <1>:

This option displays the entire MAIN | MAGE and identifies the
i ndividual unit cells in the order in which they are sunmed.

UNI T CELL <2> :
This option displays the boundaries of each unit cell nagnified

on the graphics screen. This option is mainly used to show how
much distortion is present as the unit cells are selected and

summed. This option will display the average unit cell in bold
outline on the graphics screen and then as each unit cell is
"pi cked off and sunmed", it will display the outline (fainter) of

these unit cells. Thus you can easily see how distorted the unit
cells are.

E. NOTES

It is inportant to realize that if this option is chosen, it
will only display the naturally occurring distortions if the inage
produced is UNFORCED!'! If any FORCED i mage sunmati ons are
di spl ayed, then the average unit cell shown is al so FORCED and
thus the distortions will not be accurately depicted.

If option #2 is selected, you will first be shown the | ength
and width (in pixels) of the average unit cell. Then you wl|l
first be asked to enter a scale factor. This scale factor wl|
magni fy the outline of the unit cells so that they can nore easily
be seen (format F). Then you will be pronpted for the radius of



the unit cell points thenselves (format 1). These two
specifications are purely for cosnetic reasons and will enhance
the display of the unit cells. After each unit cell is

di spl ayed, you nust hit the =SPACE= bar to continue with the next
I mage.

After the display options are selected, you will be pronpted
whet her or not the cells are to be sutmmed wth different weights.
If you wish to do a weighted summati on, the programw || wei ght
the unit cells according to their distortion fromthe average
cell. Enter the weight to be applied to the cells with the
| argest distortion.

After the summation is conplete, you have the choice of saving
the averaged UNIT CELL as an IMAGE file or creating a |arger
"crystal" by splicing together several cells and saving this as an
| MAGE

The FORTRAN code for EMCORAVG is in [ TSB. FOR] EMCORAVG
Thi s docunmentation is in [ TSB. DOC] EMCORAVG DOC 21-Jul - 87



