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A. | NTRODUCTI ON

EMROTFLT is used to cal culate and pl ot the power spectrum of
I mages with axial symetry and conpute rotationally symetrized
averages. It is a highly revised version of the original MC
program RFILTIM The program finds the best position for the
postul ated rotational symetry axis (in the Fourier transform of
the I MAGE) and then deconposes the transforminto cylindrica
har noni cs about this origin. Those harnonics consistent with the
postul ated synmmetry of the | MAGE are then conbi ned to produce a
rotationally filtered image. The best (and original) literature
reference to this procedure is, Ctowher, R A & Amps, L. A
(1971) "Harnonic Analysis of Electron Mcroscope Images with
Rot ati onal Synmmetry" J. Mdl. Biol. 60:123-130.

Anot her program EM MG (option "J"), which operates in REAL
SPACE, is an alternative to EMROTFLT for applying a rotationa
symmetry to an | MAGE. The advantage of EMROTFLT is that it
i ncludes routines for refining the origin of the symmetry axis,
cal culating and plotting a power spectrum and producing a file
(EMROTFLT. LG which contains the little g's. Also, note that
EMROTFLT produces output in MAP fornmat, whereas option "J" of
EM MG produces output in | M5 format.

EMROTFLT contains a variety of interactive options to provide
maxi mum fl exibility. Mst options have DEFAULT val ues given at
the user pronmpt. WARNING In nmany instances the DEFAULT val ues
(e.g. NROT = 1) are not the best choice.

B. PROGRAM | NPUT

| MAGE FI LENAME (A)

NROT, NANNULI , FFT_STEP, PHI 0, GZERO (21, 2F, | )
NLR, DEL_LR, ASCAL, BSCAL, ELI PX, ELI PY (I, 5F)
| OPT1, | OPT2, | OPT3, | OPT4 (4l)

PwbdE



5. [IF | OPT1=0] 5A. FFT_ORI GX, FFT_ORI GY (2F)
[1F | OPT1=1] 5A. DXM N, DXMAX, DELDX ( 3F)
5B. DYM N, DYMAX, DELDY ( 3F)
5C. NB_STEP (I)
5D. NB_SKIP (1)
6. [IF | OPT2=0] 6A. POWN SCALE (F)
7. [IF 1 0PT4=0] 7A. BESI, BES2 (2I)

7B. MAP_FI LENAME (A)
7C. MAP FI LE HEADER (18A4)
7D. 1 OUT (1)

1. FILE NAME (A)

Nanme of file that contains the | MAGE to be anal yzed.

2. NROT, NANNULI , FFT_STEP, PHI 0, GZERO ( 21, 2F, 1)

NROT is the rotational symetry order that will be searched to
refine the symmetry axis phase origin. It is also the symetry
that is enforced on the data about the symmetry origin (DEFAULT
NROT = 1).

FFT_STEP is the width of each annulus in the transform ( DEFAULT
= 1.0 TPU).

NANNULI specifies the nunber of annuli into which the FFT of
the IMACE is divided (limt = (IDIM2)-1, where IDIMis the
di mension of the FFT). Wth nost data and FFT_STEP = 1.0, NANNUL
should nornmally be set nuch |ower than the DEFAULT (often
DEFAULT/ 2), otherwi se the high frequency noise will bias the
origin refinenent.

PHI O is the angle by which the reconstruction is rotated with
respect to the original (input) inage. A positive angle rotates
the reconstructi on counter-cl ockw se.

G&ZERO det erm nes whether G zero terns are included in the
Fouri er-Bessel calculation of the reconstruction. The DEFAULT
(=0) is to include Gzero in the reconstruction. Oherw se, enter
"1" to conpute the reconstruction with only the azinuthal terns.

3. NLR, DEL_LR, ASCAL, BSCAL, ELI PX, ELI PY (1, 5F)

NLR sets the nunber of radial steps to be conputed in the
reconstruction (DEFAULT = radius in pixels in boxed i nage =
FFT_ORIGX). Set NLR higher than the DEFAULT (and DEL_LR small er
than 1.0) to obtain finer sanpling of the reconstruction.



DEL LR is the size of the radial steps (in pixels) in the
reconstructi on (DEFAULT = 1.0 when the DEFAULT for NLR is chosen).
If a value other than the DEFAULT is used for NLR and nothing is
entered for DEL LR, then DEL LR is automatically set equal to
FFT_ORIGX/ NLR to keep the NCOL, NROWsi ze of the reconstruction
equal to that of the input IMAGE. |If DEL LRis set > 1.0 with NLR
set equal to or less than its DEFAULT val ue, the outer portions of
the particle will be mssing in the rotationally averaged
reconstruction.

ASCAL ands BSCAL are radial weighting factors which nay be used
to artificially increase the strengths of the high frequencies
(DEFAULT = 1.0,0.0). USE ONLY WTH CAUTIONI'!  Annul us nunber IR
is scaled by the factor (ASCAL + | R*BSCAL).

ELI PX and ELIPY are scale factors used to renove or enforce an
elliptical distortion on the data (DEFAULT = 1.0,1.0, for no
distortion). For exanple, if ELIPX > 1.0, then the input IMAGE is
expanded in the horizontal direction before processing. DO NOT
use ELIPX and ELIPY to magnify or demagnify the reconstruction
(with ELI PX = ELIPY); instead, use NLR and DEL_ LR

4. | OPTL1, 1 OPT2,1 OPT3, 1 OPT4 (41)

The foll ow ng programcontrol options are used in the follow ng
way (DEFAULT = 0,0,0,0):

IOPT1 =0 do not refine synmetry axis origin.
=1 refine the symmetry axis origin.
lOPT2 = 0 conpute the power spectrum
=1 do not conpute the power spectrum
IOPT3 = 0 no graphics or file output of the power spectrum
=1 pl ot power spectrum on graphics.
=2 save power spectrumresults in EVROTFLT. TIVP.
=3 pl ot power spectrum and save results in
EMROTFLT. TIVP.
IOPT4 = 0 conmpute the rotationally symetri zed aver age.
=1 do not conpute the rotationally symretrized
aver age.
=2 conpute the rotationally symetri zed average and

save the little g's in EMROTFLT. LG

5. ORI G N REFI NEMENT OPTI ONS:



[IF 1OPT1=0: DO NOT REFI NE SYMVETRY AXI S POSI TI ON|

5A. ORI GX, ORI GY (2F)

Enter the position of the symmetry axis (DEFAULT =
FFT_ORI GX, FFT_ORI GY which are usually the coordi nates of
the center of the boxed | MAGE)

[I1F 1 OPT1=1: REFI NE SYMVETRY AXI S POSI TI ON|

5A. DXM N, DXMAX, DELDX ( 3F)

DXM N, DXMAX, and DELDX specify the range of search in
the X direction relative to ORIGX, and the X step interval
measured in pixels. (DEFAULTS=-2.5,2.5,0.25)

5B. DYM N, DYMAX, DELDY ( 3F)

DYM N, DYMAX, and DELDY specify the range of search in
the Y direction relative to ORIGY, and the Y step interval,
nmeasured in pixels. (DEFAULTS=-2.5,2.5,0.25)

5C. NB_STEP (1)

NB_STEP specifies the nunber of transformannuli to [unp
toget her in bands when conputing residuals for the search
procedure. (DEFAULT = 5: Limts = 1 to NANNULI).

5D. NB_SKIP (1)

NB_SKI P specifies the nunber of bands nearest the origin
of the transformto omt fromthe search procedure
(DEFAULT=0; Limts: O -(NANNULI/NB_STEP)-1. NOTE: The
hi gher the rotational symetry, the further the
corresponding harnonic ternms will be fromthe origin of the
transform Usually NB_SKIP should be set = 1 or higher.

The best ORI GX, ORI GY found by the origin refinenent is
used for the power spectrum and reconstruction cal cul ations.

6. PONER SPECTRUM OPTION [I F | OPT2=0]

POW SCALE is a scale factor used to nornalize the power
spectrum ( DEFAULT = 100.0). Al ternms are normalized with



G zero equal to POWSCALE. Set POW SCALE negative to get
out unscal ed val ues of the power spectrum

7. RECONSTRUCTI ON OPTI ONS

[I1F 1OPT4=0 or 2]

7A. BES1, BES2 (21)

These specify the range of Bessel orders to be included
in the reconstruction. DEFAULT values have a lower limt
of 0 (to include the G zero term and an upper |limt
determ ned by several factors such as the value chosen for
NROT. The user is pronpted with the appropriate upper
limt as a DEFAULT. The upper |imt (BES2) should be
reduced to elimnate higher order terns that nerely add
noi se to the reconstruction. BES2 can be estimted by
di rect inspection of the conputed power spectrum The BES2
limt is calculated according to the foll ow ng
rel ati onshi p:

BES2 = (I NT(2.0*PI*NLR*DEL_LR*FFT_STEP*NANNULI/IDIM +
2.0))

Using reovirus | SVP i mages (127x127 pi xel s) as an exanpl e,
and NLR = 63, DEL LR = 1.0, FFT_STEP = 1.0, NANNULI = 31,
IDIM = 128 (FFT dinension), BES2 = 98. Thus, for |SVP

i mages in which nost particles are oriented along the
characteristic five-fold view (NROT=5), the maxi mum val ue
al l oned for BES2 woul d be 95.

7B. MAP_FI LENAME (A)

Nanme of the file for storing the rotationally
symetrized out put NMAP

7C. HEADER FOR MAP FI LE (18A4)

Type any header information you wish up to 72
characters | ong.

7C. 1OUT (1)

This is used to signal whether MAP output format is
| NTEGER*2 ( DEFAULT | QUT=0) or REAL*4 (I QUT=1).

If 1OPT4 = 2, the values of the little gs are saved in



an output file called EMROTFLT. LG
C. RUNNI NG THE PROGRAM

The programis normally run interactively but may be run in
BATCH node if desired (see FINAL NOTES bel ow).

After the big Gs are conputed for all annuli in the Fourier
transform the power spectrumis listed at the termnal (and in
the file EMROTFLT. TMP if 10OPT3=2 or 3). The val ues of the power
spectrum are nornalized to nake G zero = POW SCALE for positive
val ues of POW SCALE (DEFAULT = 100.0) or are left unscaled if
POW SCALE is entered as a negative value. The %of the total
azi mut hal power in the transformcontributed by the chosen
rotational symetry provides a neasure of the strength of that
symmetry relative to others.

The power spectrum may be displayed on the raster graphics
screen with regular or logarithmc scaling. The absolute scal e of
the power of the n-fold rotational conponent (Pn: ordinate axis)
is plotted as a function of harnonic frequency (abscissa axis).

Fol | ow pronpts to achi eve optimum scaling of the graphics plot.

The resulting filtered data are saved as a MAP file which nay
be further mani pul ated and di spl ayed on the graphics screen using
EMMVAP and EMVAPDSP

D. FI NAL NOTES

1. See [TSB. FOR] EMROTFLT. BCH for an exanpl e BATCH command
procedure such as that shown below. Realize that EMROTFLT can be
run in any of a nunber of different nodes as determ ned by the
val ues of | OPT1-1 OPTA4.

$ SET DEFAULT BERNALZ2: [ TSB. VI RUSES. REQ
$ RUN JUSTEMBDKAO: [ TSB. EXE] EMROTFLT. EXE
BERNALZ2: [ TSB. VI RUSES. REQ EMROTAVG. AVG
5, 31, 1.0, 0.0, O

63, 1.0, 1.0, 0.0, 1.0, 1.0

0, 0, 0, O

63., 63.

100.0

0, 95

[ TSB. REQ| EMROTAVG. ROT

This is a rotational average of an already averaged REO series.
0

$ EXIT



E. FLOW CHART FOR EMROTFLT PROGRAM
kkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkhkkkkk*x
* MAI N *
*  (EMROTFLT. FOR) *
* | -- STRING_UPPER
U Y c o == | | - -
| MG_PACK_BI MGCOM_CLEAR

| -- FI LE_CHECK
*.. | MG_PACK_FIND - | MG_PACK_NRECS
*
.- | MG_PACK_FI LL
*
*.- | MG_FILL
*
*.. FFT_SETDI M_DEF_SAME
*
*.- | MG_FFT
* | -- PIRADDEG |-- STRI NG UPPER
*.. ROTFLT_INFO-|-- FFT_OPEN--|-- FILE_CHECK
*
*.. ROTFLT_MAXBES
*
*.. FFT_TO ATBT -- Pl RADDEG
*
*.. ROTFLT_ORIGI N -- Pl RADDEG
*
*.. ROTFLT_BG -- Pl RADDEG
* | -- Pl RADDEG
*.. ROTFLT_POWSPEC -------- | -- ROTFLT_POWPLT -- [ GRAPHI CS]
* | -- HI TCR
*
* | -- Pl RADDEG
*.. ROTFLT_LG --|-- ROTFLT_FILBES
*
*.. ROTFLT_LGOUT
*
*

-- ROTFLT_FB -- MAP_WRI TE -- STRI NG_UPPER



