EMFFT. DOC

(last update Mar 5, 1992)

A. | NTRCDUCTI ON

EMFFT is used to exam ne and/or mani pul ate FFT data. Filtered
FFT data nmay be output to a disk file with the normal FFT format
or it may be back-transfornmed ("B") to produce a filtered | MAGE
stored on disk (normal IMAGE file format). Note that use of two
or nore options nmay produce additive or nultiplicative effects on
an FFT.

NOTE ON TERM NOLOGY: the term TSU (transform sanple unit)
denotes a unit of reciprocal space neasure. Each TSU corresponds
to a single step in the transform For exanple, for a | DM by
IDIM2 transformin which | D M=IDI M, each TSU wi Il represent
1.0/ (I DI ML*pi xel size). Thus, if ID M=512 and the pixel size =
0.51nm then each TSU is (1.0/261 nm. Because the right, left,
top, or bottomlimts of a 512x512 transformare at 256 TSU, the
resolution limt at these extrenes is 256*(1.0/261 nm = (1.0/.981
nm, or 2.0 pixel resolution, consistent with the Wittaker-
Shannon sanpling restrictions.

B. PROGRAM GPTI ONS

EMFFT provi des several options which are selected froma TOUCH
KEY MENU as shown bel ow.

TOUCH KEY OPTI ONS

A Miltiply two FFTs (CCF) M FFT --> MAP for mat

B BACK-transformthe FFT S Get STATISTICS

C Conpute ClI RCULAR average

D DI SPLAY on graphics device O OPEN new FFT file

F FILTER the FFT R READ and transform
| MAGE dat a

G Extract structure factors W WRITE current FFT to
di sk

K *FI X values in FFT E EXIT program

L LATTI CE refinenent ? | NFO on EMFFT program

PF1 Spawn to VM5S DCL conmands

PF2

PF3 Turns main MENU option |ist OV COFF
PF4 G aphics routines

* Option not yet avail abl e



The first option the user nust choose is either "O', to OPEN a
new FFT file and read in the array of structure factor data, or
"R', to READ in an IMAGE file which is then Fourier transforned.
Whenever option "W is chosen to WRITE a FFT array to a disk file,
t he user nust again choose either "O" or "R', or else EXIT the
program ("E"). You nmay string several operations together before
saving the result in a disk file. Realize that operations are
performed sequentially, thus the only way to fully recover an
"untouched" FFT is to reuse option "O' or "R'.

OPTION A Multiply two FFTS

This allows one to multiply the current FFT data w th anot her
FFT. The filenanme for the second FFT is entered by the user.
Note that it is possible, using this option, to produce either an
auto-correlation or cross-correlation FFT which can be back-
transforned using option "F' to produce the correspondi ng auto- or
cross-correlation inmage as is acconplished using the program
EMCOR.

OPTION B: BACK transformthe current FFT

This option will take the current FFT, including any filter
masks that have been applied, and back transforns it to produce a
"filtered" IMAGE. |If an FFT that has had no mask applied is back
transforned, then an unfiltered I MAGE identical to an origina
boxed I MAGE Wi ll be the result. The only input required by this
option is a filenane for storing the resulting | MAGE and an
opti onal HEADER  To do anything with the back-transfornmed | MAGE
you nust exit EMFFT ("E" or touch PF1 and run, for exanple,

EM M) .

OPTION C. Conpute Cl RCULAR aver age

This option will produce a circular average of the FFT
anpl i tudes (DEFAULT) or intensities that can be displayed on the
graphi cs screen and/or dunped to an ASCII file (FFT_1D. TMP). This
option is simlar to the "C' option of EM MG

First decide what interpolation factor to use (type a negative
nunber to exit the routine). |If you plan to use the FFT_1D. TMP
data file to produce a plot on one of the personal conputers wth,
for exanple, a programlike LOTUS FREELANCE, etc., then just use
an interpolation of 1.0. Choose whether you want to display
anplitudes <CR> or intensities (1), whether or not you want to see
a display on the graphics device (DEFAULT=N), and whet her or not
you want to create the FFT_1D. TMP file (DEFAULT=N).



If you display the circul ar average on the graphics screen, you
will then be able to use the data tablet puck to pick points and
get a readout of the radial distance (in TSU) fromthe origin.

Hit the GREEN button to exit this routine and either start over
with a new interpolation factor, or exit the "C' option by setting
the interpolation value to a negative nunber.

OPTI ON D: DI SPLAY the current FFT

"D'" is used to display the FFT anplitudes or intensities,
scaled in a variety of ways. The scaled FFT val ues are displ ayed
with a black & white Col or Look-Up Table, CLUT, using the | owest
6-bit planes of the graphics nenory. Several display options are
avai |l abl e as specified in the foll ow ng touch-key nenu.

FFT_DSP TOUCH KEY MENU Val ues

A AWPS/ | NTENSI TY toggl e anps/ | NTENSI TI ES
C CLEAR displ ay

D DI SPLAY the FFT

M MAGNI FI CATI ON ( FFT si ze) 512 X 512
L/R Portion of FFT displayed LEFT/ RI GHT
T/B Portion of FFT displayed TOP/ BOTTOM

P  POSITION center of display 320 256

S  SCALI NG net hod LI NEAR/ | og/ non- | i near
% Threshol d FRACTI ONS 0.000 0.005
E EXIT

SUB- OPTI ON A:  AMPS/ | NTENSI TY toggl e
This toggl es between a choice of whether anplitude or
intensity FFT data are used.

SUB- OPTION C. CLEAR the display screen
"C' erases the entire graphics display screen.

SUB- OPTI ON D: DI SPLAY the current FFT
"D' will display the FFT with the current settings given in
the right half of the touch-key nenu.

SUB- OPTIONS L/ R/ T/ B: Sel ect portions of the FFT for display

These keys sel ect/desel ect portions of the FFT for display.
The initial DEFAULT is to have LEFT/ Rl GHT/ TOP/ BOTTOM al |
selected so the entire FFT is displayed. Certain options are
di sal l owed (e.g. TOP and BOTTOM or LEFT and RI GHT cannot both
be desel ected si nul taneously).




SUB- OPTION M Toggl e FFT di spl ay MAGNI FI CATI ON

"M is used to toggle through different size displays (if
allowed). The initial DEFAULT is to display the FFT at
maxi mum si ze al |l owed by the graphics device (1024x1024 for the
LEXI DATA in B-141 and 640x512 for the LEXIDATA in B-403). The
di spl ay can be no SMALLER than the actual dinensions of the
FFT (I DI M, | DI M).

SUB- OPTI ON P. Sel ect center POSI TION for display

Choose "P" to select a new center position (21 FORVAT) for
the FFT display. The initial DEFAULT (either 640,512 or
320, 256) depends on whi ch graphics display device is being
used. Anytinme you input a new center position, that becones
the new DEFAULT. Note that this routine permts FFTs to be
di spl ayed with a portion outside the graphics screen
boundary.

WARNI NG EMFFT options such as "L" assune that the FFT is
Di spl ayed EXACTLY centered in the graphics screen, otherw se
they wll not work properly.

SUB- OPTI ON S:. Toggl e SCALI NG net hod

"S" is atoggle switch that selects how the FFT data are
scaled. Linear scaling is the initial DEFAULT node, but the
data can al so be displayed on logarithm c or non-I|inear
scal es. DEFAULT thresholds (see sub-option "% below are
automatically selected each tinme you switch to a different
node of scaling. These DEFAULTS can be overridden with the
"0 option. Non-linear scaling produces an asynptotic CLUT
whi ch depends on two paraneters, K and S, set using the "%
opti on.

SUB- OPTI ON % Sel ect threshol d FRACTI ONS

The "% key is used to select threshold FFT val ues
(FRACT_M N and FRACT_MAX, given in fractional units of the
maxi mum scal ed FFT val ue) so that val ues bel ow FRACT_ M N*FM N
are displayed with the lowest CLUT intensity (usually 0) and
val ues above FRACT MAX*FMAX are di splayed with the highest
CLUT intensity (usually 63). DEFAULT threshold val ues are
used whenever the linear or logarithm c scale nbdes are
selected but a different schenme is used if non-linear scaling
Is selected (see bel ow). The DEFAULTS for |inear and
| ogarithm c scaling nodes are set as foll ows:




Scal e Mode FRACT_M N FRACT _MAX
Li near FAVG FMAX ( FAVG+FSTD) / FMAX
Log LOGLO( FMAX) * FAVG FMAX  LOGLO( FMAX) * ( FAVG+ESTD) / FMAX

where FAVG FMAX, and FSTD are the average, maxi num and
standard devi ations of the FFT anplitudes or intensities
(dependi ng on the current choice selected by "A").

If "% is chosen when non-linear scaling is chosen, two
paraneters, K and S, are specified. K fixes the m dpoint of
the CLUT (range = 1.0-255.0) and S effectively sets the sl ope
(contrast) of the CLUT. The initial DEFAULT val ues for K and
S are set as foll ows:

K
S

255. 0* ( FAVG+FSTD) / FMAX
0.25

The value for Sis set initially to 0.25 although this may
need to to be changed. Hi gher val ues give a steeper curve

(hi gher contrast) whereas | ower values give a flatter curve
(lower contrast). Beware that very small or |arge values of S
can and probably will lead to overflow or underfl ow probl ens
and will crash the program The value of K w Il al npst
certainly have to be adjusted fromthe DEFAULT setting. If the
screen appears totally white, Kis too snall (and S nay be too
small). If the screen is totally black, Kis probably too

| arge. Qbviously, to get non-linear scaling to work properly
requires nuch operator intervention and experience. The
linear and | ogarithm c scaling nodes should suffice for nost
“normal " circunstances.

Once K and S are set, the CLUT value for a given FFT
intensity or anplitude is remapped as foll ow ngs:

CLUT_VALUE = 255.0*(1.0/((10.0**(S*(K-VALUE-1.0)))+1.0))
where VALUE = (F*(LUTH -LUTLO/FMAX) + 5.5 and LUTLO and LUTH
are nornmally set equal to 6 and 63 for the conpressed bl ack
and white FFT CLUT.

OPTION F: FILTER the FFT
"F' is used to generate filter masks to nultiply the FFT data

by. There are currently two separate sub-options in the foll ow ng
t ouch-key nenu:



EMFFT_FI LTER TOUCH KEY OPTI ONS
A Apply low and/or hi-pass filter
B Apply 2D reciprocal lattice mask
C Apply 2D | ayerline mask

E EXIT routine

SUB- OPTION A: Apply I ow and/or high-pass filter (Resolution
cut of )

Enter values for RES M N, RES MAX, CUT_M N, and CUT_MAX (4F
FORMVAT) to identify the inner and outer radii in the Fourier
transform (in TSU) for the H -PASS (RES_ M N) and LOW PASS
(RES_MAX) filters. CUT_MN and CUT_MAX specify hard (0.0) or
soft (>0.0) edges.

For exanple, for H -PASS filtering, the FFT is zeroed out to
RES MN-CUT_MN, and rises exponentially up to full weight
(1.0) at RES MN. A LOPASS filter has full weight out to
RES MAX and drops exponentially to 1/exp at RES MAX+CUT_MAX (i f
CUT_MAX=0.0, the FFT is zeroed beyond RES MAX). To produce a
sinple lowpass filter (i.e. with no high-pass filtering), set
RES M N=0.0. For sinple high-pass filtering, set
RES M N=RES _MAX>0.0. Use CUTM N or CUT_MAX = 0.0 to apply a
sharp cutoffs with no Gaussian falloff.

SUB- OPTION B: Apply 2D reciprocal lattice nmask

This is used to produce a mask with circular "holes" at the
positions of an ideal, 2D reciprocal lattice. The vector
coordi nates of the two principal lattice dinensions (a* and b*
given in TSU) may be entered by hand (4F FORVAT) or read in
directly fromthe FFTLAT.DAT file produced after refinenment of
the reciprocal lattice by use of EMFFT option "L".

Specify the radius for all circular holes (in TSU). You
may create holes with "soft" or "hard" edges. For holes with
“hard" edges, points inside the hole are given full weight and
poi nts outside are set equal to zero. |In "soft" holes, points
inside the hole are scaled with a Guassi an wei ghting function
with the weight determ ned by the relative distance of the
point fromthe center of the hole: points at the hole edge are
down wei ghted by 1/exp of their original value. "Soft" holes
are generally made using a slightly larger radius than is
appropriate for "hard" hol es.



SUB- OPTION C. Apply a 2D | ayerline mask

Thi s produces a nask consisting of a series of parallel
slits (rectangular holes). Specify values for ANG.E, SPACE and
FALLOFF (3F FORVAT). ANGLE (in degrees) specifies the
orientation of the slits with respect to the horizontal (X)
direction of the FFT (a positive value is neasured as a
counterclockwi se rotation fromthe X-axis). SPACE is the
di stance between slits in TSU  FALLOFF determ nes the
"softness" of the slit edges: sanple points a distance FALLOFF
fromthe center line of the slit are downwei ghted by 1/exp.
There is currently no provision to construct "hard" edge hol es
as is allowed in sub-option "B". Also, the paranmeters ANGLE
SPACE, and FALLOFF nust be entered by hand.

OPTION G Extract structure factor

This allows one to extract structure factors fromthe FFT of
the image of a 2D crystalline specinen. This is usually run after
runni ng option "L" which conputes refined paraneters for the 2D
reci procal lattice (AX AY,BX BY in TSU), for a* and b*, the two
principal lattice vectors). The lattice coordinates are nornmally
stored in the file FFTLAT. DAT, which is read back by this routine.
It is thus | MPERATI VE that the correct FFTLAT.DAT file be read in.
You al so have the option of entering the reciprocal l|attice
coor di nat es by hand.

Alternatively, this option can be used after usi ng EMCORAVG
(correlation averaging) if one wants to feed into the Fourier-
based software routi nes. EMCORAVG DAT contains the required
reci procal |attice coordinates. Because EMCORAVG is often run in
t he node which forces the reciprocal space lattice coordinates
to occur at integer transform sanple unit positions, (enabling
peaks of the reflections to be exactly sanpled in the FFT), this
routine uses the ORIGA NAL refined lattice coordinates for
deternmining a*, b*, c*, al pha*, beta*, gamm*, d*, etc., but uses
the "enforced" coordinates to extract the structure factor
measurenents. The ORIG@ NAL |l attice dinensions are retained in the
header records of the structure factor file in order to override
the distortions inposed when forcing the reciprocal lattice to
exact TSU positions.

Begin by specifying a filenane and header text for the SF
output file.

Structure factors are conputed in one of two ways:

1) Transformintensity data, obtained within a circular or



elliptical window, which is centered about the idea

reci procal lattice position for each reflection, are

| NTEGRATED wi t h each transform sanpl e point weighted by a
Gaussi an functi on whose nmagnitude is proportional to the
di stance fromthe calculated lattice position

to the sanple point as given bel ow

The intensity at each sanple point is weighted by W*2, where

( -d*d )
W = exp (--------- )
( 2.0*r*r )

=
~—+
>
o
I

di stance (in TSU) of the sanple point fromthe
ideal lattice position.
radi us of the wi ndow (in TSU)

_.‘
I

For exanple, with r = 1.00

d = 0.00 0. 50 1.00 1.50 2.00
w = 1.00 0. 88 0.61 0. 32 0.14
W=*2 = 1.00 0.78 0.37 0.11 0.02

Choose the w ndow shape (DEFAULT=circul ar) and RADI US
(DEFAULT=1.0 TSU. this nust be |l arge enough to include the entire
spot) and set the cutoff variable, CUT (DEFAULT=2.0). CUT
determ nes the actual dinensions of the w ndow used for
I ntegration and background cal cul ations. |Intensities are
integrated inside a window with a radius = RADI US*CUT and
background neasurenents are determ ned fromw thin an annul us
whose inner and outer radii are RADI US*CUT and 2* RADI US* CUT
respectively. |If you choose not to subtract backgrounds, CUT is
set automatically = 2.0. Applying the background correction to
the structure factor neasurenents hel ps to reduce the noise,
especially for the higher resolution data. The background val ue
at each lattice point is estimated fromthe average intensity in
an annul ar regi on outside the integration w ndow. WARNI NG Choose
RADI US and CUT with care to avoid artifacts produced when peaks of
nei ghbori ng spots are erroneously included in the background area.

The structure factor anplitude is conputed as the square root
of the (weighted) integrated intensity. Measurenents are then
scal ed down by an arbitrary factor of 1000.0 to hel p avoid
overflows in the fornmatted output file.

The structure factor phase for each reflection is obtained by
i nterpol ation of the four sanple points adjacent to the cal cul ated



| attice position. Phase neasurenents cannot be conputed by
integration of all the sanple points inside the reflection w ndow
mai nl y because the phase term shows |arge fluctuations across and
just outside the the reflection peak due to the SIN(X)/(X)

i nfluence fromthe edges of the boxed (and floated), digitized

m crogr aph.

2) Structure factor anplitudes nmay be conputed by interpolation
as is done to obtain phases. |If this option is used, there
is no need to set a wi ndow shape or size, and the option to
subtract backgrounds is not available. This optionis
mai nly useful for extracting structure factor data from
nodel s or fromthe Fourier transforns of inage averages
after running the correl ation analysis procedures (where
there should be little or no noise surrounding the
refl ections).

Specify the MIler indices of the two principal lattice vectors
(DEFAULTS = 1,0,0 and 0,1,0). This option is really only
i mportant for correctly identifying the spot indices for a three-
di mensi onal data set such as fromseveral tilt series from
ort hogonal sections of a Three-di nensional crystal. The [hkl]
indices for the two principal lattice vectors in the two-
di mensi onal projection data provides a transformation matri x which
is used in subsequent prograns (eg. EMSF2DBT) to identify the
orientation of the data when processed. For exanple, assune we
had an [hOl] projection such that the c* direction was hori zont al
and a* was vertical in the FFT. Since the lattice refinenent
routines ("L" option) use the convention a* = near horizontal
vector and b* = near vertical vector, then the two principa
|attice directions would be identified as [hkl] = 0,0,1 for a* and
[hkl] =1,0,0 for b*. Thus, to transformfromthe 2D h'k' indices
used in option "L" to 3D [hkl] indices output by this routine, the
follow ng transformation matri x al gebra i s perforned:

hkl = h'k' * T where T = |all al2 al3]

| a21 a22 a23|
Thus, h = h'*all + k'*a2l
= h'*al2 + k' *a22

k
I h'*al3 + k'*a23



Exanmple for T = |
|

The SF output file contains information on the unit cel
paraneters, the transformation matrix, and the structure factor
data (anplitudes and phases) in the format given in
[ TSB. FOR] EMPROGS. DOC. The SF data can be refined usi ng EMSFREF
and back transfornmed using EMSF2DBT (or EMSF3DBT) to produce NMAP
files which can be displayed with EMVAP

This routine al so generates a tenporary file (FFTSPT. TMP) whi ch
contains a listing of several of the paraneters used to conpute
the structure factors as well as the structure factor data.

You al so have the option (DEFAULT=N) to create a file
(FFTBOXES. TMP) that lists the 9 by 9 arrays of anplitudes and
phases for each spot, in a format simlar to that used in the
EMFFT option "L" (sub-option "B"). Be sure to print out the file
on the line or laserprinter in LANDSCAPE ( NOT PORTRAI T) node,
ot herwi se nmuch of the file will not print out on the page. The
data as printed out in the FFTBOXES. TMP file may differ slightly
fromthe data output in the structure factor and FFTSPT. TMP files
because sone paraneters (e.g. RADIUS=1.0; CUT=2.0) are fixed.

OPTION K: Fix values in FFT

Option not yet avail abl e.
Docunent ati on needs to be witten.

OPTI ON L: LATTICE refinenent

"L" allows you to refine two-dinensional crystalline |attice
paraneters. Before running this option, you nust be sure that you
have di splayed the FFT to maxi mum si ze on the graphi cs device.

You are given one of the two follow ng warni ng nessages dependi ng
on whi ch graphi cs device you are using:

WARNI NG FFT nust be di splayed at 1024x1024 size and centered
at 640,512

WARNI NG FFT nust be displayed at 512x512 size and centered
at 320, 256



"L" currently has provides two separate sub-options in the
foll ow ng touch-key nenu:

EMFFT_LATREF TOUCH- KEY OPTI ONS

A Use overlay grid to refine lattice
B Least squares fit of individual spots
E EXITroutine

SUB- OPTION A. Use overlay grid to refine lattice

This allows you to select two spots of known indices with the
data tabl et puck and the programthen draws a reciprocal lattice
net over the displayed FFT. You can then reenter either or both
spots and keep redrawing the lattice net until you are satisfied
that the net accurately fits the lattice reflections. This nethod
i s somewhat nore subject to error than sub-option "B" (bel ow)
whi ch does a | east squares fit on the basis of as many input spots
as you care to identify.

First enter the densitoneter pixel size in nanoneters
( DEFAULT=0. 51nm whi ch corresponds to 25 m cron sanpling of a
m crograph at 49,000 magnification). This is only used for giving
real -space lattice statistics while you are fitting the net.
Thus, if you aren't interested in accurate real -space paraneters,
you can just ignore this by hitting the <CR> key. Next enter the
MIller indices for the two spots, [Hl, Kl] and [H2,K2], you plan to

select with the tablet puck (41 FORVAT). If you m sindex these
spots, the reciprocal lattice net and lattice paraneters will be
incorrect and you will be unable to build a proper filter mask

with option "F', for exanple. Choose the R G B color of the
overlay grid (31 FORVAT: DEFAULT=150, 150, 150=Iight grey). At this
poi nt control is transferred to the data tablet puck and the
foll owi ng nmenu appears on the term nal screen:

Mark two spots with tablet cursor

YELLOW = enter new position

VWH TE = keep ol d position

BLUE = turn grid on/off

GREEN = EXIT

ASTAR BSTAR GAMSTR ADI M BDI M GAMVA

Carefully select the positions of the [HL, K1] and [H2, K2] spots
(in that order) with the YELLOW puck button. After entering these
two positions, the overlay reciprocal lattice net is drawmn. Use
the BLUE puck button to toggle the net off and on. To change the
lattice, you nust always enter two spots. Use WHI TE to accept the



previ ous position and YELLOWNto select a new position. Ht GREEN
to exit fromthe selection process after which you are allowed to
restart or finish the session. |f you choose to restart, the
routine will again pronpt you for the pixel size, grid overlay
color, etc. as before.

If you want to exit the routine conpletely, you have the option
to save the reciprocal lattice paraneters in the file FFTLAT. DAT
(DEFAULT=N). This file stores the X and Y coordinates (in TSU)
for the [1,0] and [0,1] lattice vectors. These two vectors can
then be used in subsequent EMFFT routines such as "F" to build
filter masks with holes positioned at the points of an idea
| attice defined by these principal vectors.

SUB- OPTI ON B: Least squares fit of individual spots

This option helps deternine the |attice paranmeters of
diffraction patterns. The LEXI DATA TABLET cursor is used
to pick out spots for a | east-squares determ nation of a
crystalline lattice. The optional end product of the routine
is a file (FFTLAT. DAT) contai ning the coordinates (in transform
sanple point units) of the [10] and [0l1l] lattice vectors.

CRYSTAL LATTI CE REFI NEMENT STEPS
1. Choose a cursor type and col or.

2. Mrk tw reference spots wth the Lexidata tablet cursor and
enter the H K index for each. Be certain that the two spots
do not both lie on a line which intersects the origin of the
diffraction pattern. WARNING the indexing nmust conformto
usual crystall ographic conventions in order for certain
options in the refinement program"EMSFREF" to work correctly.
Also, it is highly recommended that you choose two reference
spots whi ch have reasonably high indices (i.e. don't just mark
the [10] and [01] spots) since this will give a better initial
estimate of the reciprocal lattice paraneters. |If you are
somewhat sloppy at this step, the indexing of high resolution
spots may be wong due to the magnification of small errors
made when | ow resol ution spots are used as reference.

3. Choose the maxi num nunber of contour intervals (default
NC = 25; range = 5-25) and the maxi num contour val ue (default
CLIM= 999.0; range = 0.0-999.0) to scale the contoured
anplitude displays. |[If the anplitudes cover a |arge dynamc
range, it is best to set NC = 25 and CLIM < 999., otherw se
sonme of the weaker, high resolution spots that are inportant
for accurate lattice refinement may not show up in the display
because they won't be contoured at the | owest |evel.



4. Pick spots using the YELLOW puck button. 9x9 anplitude and
phase arrays will be displayed at the termnal and a contour
di splay of the anplitude array will be appear on the LEXI DATA
(the diffraction pattern will disappear fromthe graphics
screen at this point).

5. Place the tablet cursor over the spot center and hit the
YELLOW button to accept the position. WARNING Try not to be
overi nfluenced by sharp peaks; mark the center of gravity of
the WHOLE spot. DX, DY, listed at the ternminal, identifies the
position you have chosen, neasured in coordinates relative to
the center of the 9x9 array (+X to the RIGHAT and +Y UP)

If you wish to bypass the spot, hit either the WHI TE, BLUE or
GREEN but t ons.

6. After a mninumof two spots have been successfully entered,
the current values for the lattice paraneters can be obtained
by hitting either the WHI TE, BLUE or GREEN button. After the
| attice paraneters are listed, you have the option (Y, Wor B)
to del ete neasurenents by hand, or to continue (G. To delete
spots, type the H Kindex (21 format) for each spot followed
by a <CR>. A second <CR> will return you to the program where
you may then EXIT the routine or start entering additiona
spots. Please note that, depending on which option you choose
at this part of the routine, you may be required to enter
subsequent options either fromthe data tablet puck or from
the term nal keyboard. Thus, if you hit the GREEN button to
bypass del eting spots by hand, then your next option is
answered t hrough the puck, NOT at the term nal keyboard. This
hel ps insure that you don't have to needl essly keep noving
your hand fromthe tablet puck to the term nal and vice versa.
Li kewi se, if you hit Y,Wor B to delete spots, then your next
option will be answered fromthe term nal keyboard unl ess you
resunme picking out new spots for refinenent.

7. \Wien the routine is exited, you are given the option to store
The x,y coordinates (in transform sanple point units) of the
[10] and [01] lattice vectors in the ASCI| file FFTLAT. DAT.
This is then used by EMFFT option "G'.

ADDI TI ONAL NOTES: Experience wth sanples such as catal ase
crystals and gap junction nenbranes indicates that the lattice
paraneters should be considered valid if at least 10 or nore well
resol ved spots can be refined so that none deviate nore than .75-
1.0 transform sanple point fromthe ideal lattice. Treat with
cauti on any spots that deviate nore

than 1 sanpl e point.



OPTION O OPEN an existing FFT stored on disk
"O' allows you to read in an FFT stored on di sk.
OPTION R READ and transform | MAGE data

"R'" allows you to read in an | MAGE and Fourier transformit for
use by the renmai ning EMFFT options. The DEFAULT size of the FFT
will be the smallest power of two in each dinension with a m ni num
size limt of 128 by 128. Thus, if your IMAGE is 63 by 513 pixels
(NCOL, NROW, then the DEFAULT FFT size is 128 by 1024. You nay
| NCREASE ei t her FFT di nension up to a maxi num of 1024 TSU.

OPTION S: CGet FFT STATI STICS

"S" is used to obtain the current values of FFT_AVG FFT_STD,
and FFT_MAX

OPTION W WRITE the current FFT to disk or line printer

"W allows you to save the current FFT (including any changes
that have been applied) to a disk file with the standard FFT file
format (DEFAULT) or a file that is ASCII formatted for dunping to
the lineprinter ("1").

The lineprinter-type output file contains the FFT anplitudes
and/ or phases in a format suitable for dunping to a lineprinter or
| aserprinter. Currently, the output is restricted to the centra
128 TSU, centered about the Y-axis (neridian) of the FFT. This is
conpl etely adequate for displaying 128x128 up to 256x1024 FFT
files, but may | eave out significant data from FFT data with
| DI ML>256. W th this option you can output anplitudes and/ or
phases. |If you output phases, you nmay change the FFT origin
(FFT_ORIGX, FFT_ORIGY) if you wish. The anplitudes are nornmalized
to a LOXR scale wwth a nmaxi mum value of 9. Phases are coded using
the characters 0-9,A-Z to represent 0-360 degrees in 10 degree
st eps.

After using "W, you MIST select "O'" or "R' to continue.

The FORTRAN code for EMFFT is in
JUSTEMBDKAQ: [ TSB. FOR] EMFFT. FOR, . SUBS.

Thi s docunmentation is in JUSTEMSDKAO: [ TSB. DOC] EMFFT. DOC 5- Mar - 92



