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A. | NTRCDUCTI ON

EMVAP is a multipurpose programfor exam ning and/or
mani pul ati ng 2D or 3D MAP data. Options preceded with a '-' are
unavail able at the current tinme.

***D1SCLAIMER***

Pl ease note that at the nonent EMVAP is still under
devel opnent, so there nost assuredly WLL be bugs that haven't yet
been ironed out. In many cases there are separate progranms still

avai l able to carry out desired operations. For exanple, option
"X' exists as a program call ed EMVAPPR] whi ch can be invoked using
the EM master program Eventually, nost of these prograns will be
phased out when EMVAP works. To check which prograns exi st
separate from EMVAP, type ?MAP<CR> in the EM programto get a |ist
of the avail abl e EMVAP* type prograns.
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PF4 = EXIT program

PF3 = switch for nenu option |ist
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docunent ati on not checked/fi ni shed yet



The first option the user nust choose is "O', to OPEN a new
file to access MAP data. You may perform several operations
sequentially before saving the result in a disk file using option
"W. Since operations are performed sequentially, the only way to
fully recover original MAP data is to reuse option "O'. Al so,
sone operations, such as | NTERPOLATION ("I") or ROTATE ("R")
create new MAP data with dinensions (NCOL x NRON different from
the original data read in using the "O' option.

OPTI ON A1 ADD two 2D MAPS t oget her

Use this option to add or subtract two two-dinmensi onal MAPs.
A MAP file with the array MAPL nust already be open (with option
"O'). If NSECis not 1, a warning is printed, and the user nust
re-enter the option. The subrouti ne MAPMOD MAPADD is called, and
within this subroutine the user enters the nanme of the MAP file
containing the second array MAP2. The result is stored in the
scratch file, and the user can save the results by choosing option
"W to wite out the scratch file to disk.

OPTION B: Conpute depth-cue and shaded MAPS

This routine is simlar to the separate program naned
SURFACE. It is used to conmpute depth-cued and surface-shaded
representations of three-dinensional density maps.

There are two separate options to this routine. The first
conmput es dept h-cue maps fromthe input 3D map and the second
appl i es shading to the depth-cue maps. Please be aware that the
shading algorithmis NOT STRICTLY CORRECT when the |light-source is
not coincident with the viewdirection. Chris Ho has witten a
routi ne (PLOT3D) which conputes a mathematically correct shading
(allowing for nmultiple light sources as well), but this routine is
many tines slower the one described here. Consequently, this
option is still useful for quickly getting an idea of
what the 3D structure | ooks |ike when shaded.

TOUCH KEY SUB- OPTI ON A: Produce dept h-cue MAP(S)

Enter the sections you wish to use to conpute the depth-
cue map (DEFAULT = 1, NSEC). For exanple, if NSEC = 35 and
you want to scan the top half of the map, enter 17, 35.
Currently you do not have the ability in EMVAP to specify
PH , the projection (or viewing) angle. Thus, PH = 0.0
(i.e. viewdown the Z-axis). |If you wish to conpute a depth-
cue MAP with a view other than at PH = 0.0, use the SURFACE
program



Enter values for SURF_DENS, SURF _DENS DELTA and
SURF_DENS NUM SURF_DENS, which specifies the surface contour
| evel , nust be between MAP_M N and MAP_MAX. SURF_DENS DELTA
and SURF_DENS NUM are used only in the initial stages of
computi ng surface shaded views of 3D data. They allow the
user to produce a series of depth cue MAPs, stored as a 3D
MAP such that each "section" of the output MAP contains a
dept h cue MAP conputed using a different value of SURF_DENS.
SURF_DENS _NUM specifies the nunber of depth cue MAPs to
cal cul ate and SURF_DENS DELTA specifies the difference in the
val ue of SURF_DENS used to cal cul ate each of the depth cue
MAPs. |f SURF_DENS DELTA and SURF_DENS NUM are ignored (i.e.
set = 0.0, 0), then a regular 2D depth cue MAP file is
pr oduced.

Enter a filenanme for output of the depth-cue MAP. The
dept h cueing can be performed on the 3D MAP as is or after
the contrast is reversed (i.e. all MAP values are nultiplied
by -1). Choose whether or not to reverse the MAP contrast
when conputing the depth-cueing. This option acconmopdates
t he
handl i ng of 3D MAPs of frozen-hydrated speci nens where the
MAP has negative values for specinen (e.g. protein) and
positive values for the ice background. The val ue entered
for SURF_DENS refers to the density contour |evel AFTER
reversing the MAP contrast.

TOUCH KEY SUB- OPTI ON B: Conput e shaded surface from
dept h-cue MAP

This option will take ANY 2D or 3D MAP file and create a
Shaded representation. It is usually used with 2D depth-cue
files produced using OPTION "A". Set the |LLUM NATI ON ANGLES
with respect to the viewing direction (i.e. +X illum nates
fromthe "EAST", -Y fromthe "SOUTH', etc.).

WARNI NG Currently this option only produces a
"correctly" shaded inmage for X, Y = 0.0,0.0, i.e.
"FRONTLI GHTI NG'. Shading fromthe side nmay | ook great, but
it 1s NOT mathematically correct. Next set the MX factor to
change the enphasis of SHADE |ighting verses DEPTH CUE
lighting. Usually 0.5 < MX < 1.0. A certain anount of
trial-and-error is required for success.

A new option (Feb 87) has been added to allow for
splitting up the shading into two intensity ranges (0-127 and
128-255) according to a specified radius. Al values within
the specified radius (neasured froma specified x,vy,z



position) are assigned intensities in the range 0-127 and
those outside the radius are assigned intensities between 128
and 255. Answer "1" to the user pronpt to then enter val ues
for CENX, CENY, CENZ and RADI US. CENX, CENY and CENZ refer to
the x,y,z position fromwhich the radius is checked. CENX
and CENY are neasured in the plane of the depth-cue MAP and
CENZ refers to the hei ght above the base plane of the depth-
cue MAP. This option proved extrenely useful for separately
identifying, using different color-tables, the capsid and
chromatin core regions of the frozen-hydrated SV40 t hree-

di mensi onal reconstruction.

Lastly, enter the nanme of the output file for storing
t he SHADED surface map

Use EMVAPDSP to display both the depth-cue and shaded
MAP files produced by this option.

OPTION C. COWPUTE circul ar or spherical average

In option C, the 1D circul ar average of a 2D map or the 1D
spherical average of a 3D map is conputed. The user is pronpted
first for the center about which averagi ng occurs. (For an odd-
sized, 3D image reconstruction the center of the map coincides
with the center of the particle.) Next, the interpolation factor
(INTEGER) is entered. This factor determ nes the sanpling
interval. Generally, the smaller the interpolation factor the
snoot her the 1D curve will appear. To exit the routine, a factor
< 0 nmust be entered. Finally, the user is given the choice of
di spl aying the 1D curve on the LEXI DATA graphics device. The
routine then conputes the average and wites it out to an ASC I
file, nanmed by the user.

CAUTI ON: The spherical average conputed froma half map gives
slightly different results than those conputed froma full mp
(unfixed bug!).

OPTION D: Display 2D or 3D MAP data on the graphics screen

This operates essentially the sane as the program EMVAPDSP
except that currently there is no provision for producing contour-
type di spl ays.

OPTION E: EXIT program

This term nates the EMVAP program



OPTION G Rescal e values in 2D or 3D MAPS

Sel ect a range of MAP values (M N _OLD, MAX OLD) that fal
wi thin the bounds MAP_M N to MAP_MAX, and specify the new range
(M N_NEW MAX_NEW .

The formula for converting an existing MAP value (OLD) into a
rescal ed value (NEW is given by:

( ( MAX_NEW M N_NEW )
NEW= MNNEW + ( (OLD-MN_OLD) * ==vc-cccccmmmomnn- )
(MAX_OLD-M N_OLD) )

Note that contrast in a MAP can be inverted by specifying a
value for MAX NEWwhich is < MN NEW For exanple, in the
si npl est case one mght set M N _NEW= MAP_MAX and MAX_ NEW =
MAP_M N

OPTION K- Fi x values inside 2D or 3D MAPS
Two types of manipul ati ons are currently avail abl e:

(A) Repl ace val ues inside/outside sphere(circle) or
oct ant .

(B) Replace values inside/outside the range LOH GH with
DENS.

(C Rewei ght 3D MAP secti ons.

In sub-option (A), for a 2D MAP, only the val ues inside or
outside a circular boundary can be set reset. The user specifies
the x,y coordinates of the center of a circular boundary of radius
r, and a density DENS to reset all MAP val ues either inside or
out si de the defined boundary. x,y = 1.0,1.0 for the | ower |eft
corner of the MAP and FLOAT(NCOL), FLOAT(NROW for the upper right
corner. For exanple, for a 67x72 pixel MAP, to specify a circle
of radius r at the center,x,y = 34.0, 36.5.

For a 3D MAP, the user has the option of resetting val ues
ei ther inside/outside a sphere or inside an octant vol une.
Specify the x,y,z coordinates for the center of the sphere or
octant, and the radius, r, if a sphere is chosen, and the new
density val ue ( DENS)

In sub-option (B), all values inside or outside the user
specified range LOH GH are reset to the density specified by the
user (DEFAULT = MAP_AVG).



In sub-option (C), different weights can be applied to
separate sections in a 3D MAP. Specify nunbers identifying the
first and | ast sections to reweigh (SEClL, SEC2), as well as
begi nni ng and endi ng wei ghts for the range of sections (W1, W2).
If SEC2 > SECL1, internedi ate sections are wei ghted according to a
sinple linear scal e between WI'1l and W2.

OPTION L: Check/ change header paraneters

This option calls the subroutine MAPMOD HEADER. This routine
di spl ays the values of each of the header paraneters, and allows
the user to change the paraneter values. The new val ues are
witten to the output file when the user enters "W.

OPTION M Convert NMAP data to | MAGE dat a

The user may convert a 2D MAP data file or a section froma
3D MAP to IMAGE format. This can be used to allow MAP type data
to be displayed using EM MEDSP, or for that matter, to be
processed using any EM M3 program

Pl ease be aware that, if the MAP is non-orthogonal (i.e. the
two cell axes are not perpendicular, MAP_ABANG not = 90) then the
| MAGE Wi || appear distorted when displayed using EM MGDSP. Recal
that EMVAPDSP has built in provisions for conputing data
i nterpol ati ons and skewing to display MAP data with correct
geonetry, but EM MEDSP just displays the IMAGE as is. Also, if
the ratio of the two cell axes (AOVERB) in the MAP is not =
NCOL/ NROW (normal ly it will be), then the I MAGE data will be
distorted. This will only happen if the MAP data are not
sanpled equally in the two directions.

For conversion of 2D MAP data to | MAGE format the user nerely
has to specify an output file name for the | MAGE data. For 3D MAP
data the user nust identify which sectionis to be converted
before the IMAGE is witten to a disk file.

OPTI ON N:. Add random noi se to the MAP data

This option allows the user to add a specified anount of
random noi se to 2D or 3D MAP data. The user enters a value for
the paraneter NO SE (DEFAULT = MAP_STD) which limts the range of
noi se added. The anobunt of noise added to each MAP data point is
a random nunber in the range -NO SE to +NO SE. New val ues for
MAP_ M N, MAP_MAX, MAP_AVG and MAP _STD are determ ned. The user
may use option "G' to rescale the MAP data val ues after the noise
I s added.



OPTION O OPEN new MAP file

Enter the name of the file containing the desired MAP dat a.
Any files currently open are closed. If the MAP data are 2D, the
array of data values are read into an NCOL by NROWN REAL*4 array.
If the MAP data are 3D then the data val ues are handl ed
di fferently dependi ng on subsequent options selected. |If NCOL or
NROW are greater than LIM (at Purdue LIM = 1024), the user
receives a warning that the size of the MAP exceeds program
limts, and the user nust use a different data file or exit the
program entirely.

OPTION P: Convert 2D MAP from CARTESI AN --> POLAR

This option converts 2D MAP data from Cartesi an to pol ar
Cartesian MAP is subdivided into a nunber of annuli (NRADII),
where each annulus is sanpled an equal nunber of tinmes (NROT).
Enter the nunber of points/annulus (DEFAULT = 128) and the nunber
of annuli (DEFAULT = the smaller of (NCOL/2)-1 and (NROW 2)-1,
where NCOL and NROW are the number of columms and rows in the
MAP). Specify the radius |imt (DEFAULT = NANNULI), and the x,y
posi tion (DEFAULT XCEN, YCEN = (NCCOL-1)/2,(NROW1)/2)) defining
the center (in the Cartesian system) for conputing the polar NAP
The user must specify values for NROT and NRADI I w thin defined
limts (NROT 1-1024; NRADII 1-256). The default for NRADII is the
m ni mum between (NCOL/2)-1 and (NROW 2) - 1.

For exanple, if you start with a 100 x 50 pixel MAP, then, if
default values are used for NRADI I, NROTI, RADI US, XCEN and YCEN
then the polar MAP will contain 24 annuli, each sanpled 128 ti nes.
This polar MAP will be conputed fromthe center (49.5,24.5) of the
Cartesian MAP out to a radius of 24. You nmay, of course, change
any or all of these paraneters within defined [imts. It's up to
the user to be sure not to conpute sonething ridicul ous.

Option S: Get statistics on 2D or 3D MAP
This determ nes the m nimum (MAP_M N), maxi mnum ( MAP_NAX) ,
average (MAP_AVG and standard deviation (MAP_STD) of the data

values in the 2D or 3D MAP and lists themat the term nal

Option T: Truncate/add sections/rows/colums fromto a 2D or 3D
MAP

This option may be used to cut out part of a MAP or to add
density val ues outside the existing boundary. |[If, for exanple,



you have a 99x99x99 3D MAP and wi sh to save only the top 50
sections, then enter values for SECl, SEC2 = 50,99 and use the
default values (99,99) for COL1, COL2 and ROM, ROR. If you w sh
to add a 2 pixel border to each section, then enter COL1, COL2 = -
1,101 and ROM, RO = -1, 101.

| MPORTANT NOTE: Currently this option ONLY WORKS | MVEDI ATELY
after opening a file with option "O'. Thus, you cannot open a 3D
MAP and use anot her EMVAP option before running option "T" or
serious problens will ensue. Also, the option won't work yet for
2D MAP fil es.

Option U REVERSE the order of 3D sections

This option is used to reverse the order of sections in a 3D
MAP and may be used, for exanple, to reverse the hand of the 3D
dat a.

Option V: Conpute AREA/ VOLUME at defined density |evels in MAP

This deternmines the fraction (area/volune) of MAP data val ues
above various equal |l y-spaced cutoff values. The conplete range of
data val ues (MAP_M N - MAP_MAX) are sub-divided into NBIN equal -
sized levels. The user specifies a value for NBINin the range 2-
1000 (DEFAULT = 100). At each level, starting with the | owest
| evel (i.e. density values in the range from MAP_MN to
MAP_M N+( ( MAP_MAX- MAP_M N)/ NBIN)), the TOTAL FRACTION of density
values in the MAP which are H GHER than the val ue

representing the current level is listed at the termnal. Thus,
the first level will have 100% of the data with val ues which are
hi gher and the |ast level wll have 0% hi gher.

This routine is useful for establishing the surface density
val ue used by option "B" or the program SURFACE to conpute shaded
representations of 3D MAP dat a.

Option W WRITE out the current MAP to disk

The current MAP data are stored in a new disk file (name
supplied by the user). A new header may be entered or the
exi sting one may be kept. You may continue processing the
exi sting data using other options or choose to process new data
with the "O' option.

Option Y: Miultiply MAP with envel ope

This option is used to nultiply a MAP array with an envel ope
array. The user enters the nane of the envelope file, and if the



MAP file and the envelope file are not the sanme size, a warning is
printed and the subroutine ends. Oherwise, the MAP file data is
mul tiplied by the envelope file data, and the new val ues are
witten to the scratch file.

Option ?: Type HELP file on running the EMVAP program
Thi s provi des HELP-FI LE i nformati on on how the EMVAP program

is used. Note that the KEYPAD keys nmay be used to skip forward or
nmove backward through the HELP file.



