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A. | NTRCDUCTI ON

EM MG is a nulti-purpose programfor exam ni ng and/ or
mani pul ati ng | MAGE dat a.

B. PROGRAM OPTI ONS

Thi s program provi des several options driven by a TOUCH KEY
MENU as shown bel ow.

TOUCH KEY OPTI ONS:

A ADD/ SUBTRACT two i mages N Add random NO SE

B Comput e S/ N between 2 i nmges P CARTESI AN --> POLAR

C Conmpute 1D Cl RCULAR aver age R ROTATE i nage

D DI SPLAY on graphi cs device S Get STATI STI CS

F FLI P/ SHI FT i mage T TRUNCATE/ ADD
rows/ col ums

G RESCALE intensities U UNPACK/ PACK dat a

H Pl ot H STOGRAM X Cenerate TEKTRONI X pri nt

I | NTERPOLATE t he i nage

J Apply ROTATI ONAL SYMVETRY @] OPEN new i mage file

K FI X val ues in inmage wW VWRI TE i mage to disk

L Check/ change HEADER paraneters E EXIT program

M | MAGE --> MAP f or mat ? I NFo on runni ng EM MG

progr am

The first option the user nust choose is "O', to OPEN a new
| MAGE file and read in the array of intensity values. Wenever
option "W is chosen to WRITE an I MACGE array to a disk file, the
user nmust EXIT the program ("E") or choose "O', to OPEN anot her
| MAGE file. You may string together several operations before
witing the result to a disk file. Realize that operations are
performed sequentially, thus the only way to fully recover an
"untouched” IMAGE is to reuse option "O'. Also, sone operations,
such as I NTERPOLATION ("I") or ROTATE ("R') result in an | MAGE
array with dinmensions (NCOL x NRON different fromthe origina
array read in with the "O' option.



OPTI ON A: ADDY SUBTRACT two | MAGES

This option allows two | MAGE arrays to be added or subtracted.
A second I MAGE file is opened after the user enters the
appropriate filenane, and the intensity data are read into a
tenporary INTEGER*2 array called TEMP. This routine fails if the
second | MACE array has different dinmensions (NCOL x NRON fromthe
first array (IMSS(FLAG) read in with the "O' option. The user
has the choice to ADD<CR> or SUBTRACT(1l) the two | MAGE arrays with
the result stored in the array | MGS(FLAG . New statistics for
| MGS(FLAG) are then conputed and |isted at the term nal.
Automatic rescaling takes place if the range of data intensities
(IMGMN to MG MAX) falls outside the wi ndow al |l owed for
di spl ays on the raster graphics device (usually 0-255).

OPTION C. Conpute 1D Cl RCULAR aver age

This option circularly averages the data in | MGSS(FLAG . The
user specifies the x,y position for the rotation center
( XCEN, YCEN) about which the circular average is conputed and an
I nterpol ation factor (INTERP) which determ nes how finely the one-
di mensi onal average is sanpl ed. The one-di nensi onal average is
listed at the termnal and, if the user chooses, is stored in an
ASCII file (EMMa TMP). To EXIT this option, enter a negative
val ue for | NTERP

This option does not alter the values in the array | MSS(FLAG) .
OPTION D: DI SPLAY the current | MAGE on the graphics screen

This option displays the current | MAGE on the raster graphics
screen. The user nmay erase the screen prior to displaying the
| MAGE. The | MAGE may be centered anywhere on the screen by
entering values for I CENX, |CENY (Default = 640,512 for the Purdue
LEXI DATA). The | MAGE may be di spl ayed on the screen with either
the x- and/or y-axes inverted. The user also has the option to
surround the IMAGE with an intensity = I MG BKG (to "float" the
I MAGE). There is no provision in this programto "bl eed" | MAGES
as can be done with EM MZDSP

OPTION E: EXIT program

This option term nates the EM M5 program



OPTI ON F: FLIP | MAGE about X and/or Y axis

This option flips the values in the IMAGE array in the
hori zontal (X) and/or vertical (Y) directions. The user chooses
fromthe foll owi ng option nenu:

(1) INVERT X [X,Y = -X Y]
(2) INVERT Y [X,Y = X -VY]
(3) INVERT X AND Y [ XY = -X -]

<CR> No change

After choosing an option the | MAGE data are flipped and
replaced in I MGS(FLAG. New statistics for | MGS(FLAG are then
computed and listed at the term nal.

OPTION G RESCALE | MAGE val ues | NT1_OLD-INT2_OLD to | NT1_NEW
| NT2_NEW

This option is used to rescale intensity data in | MGS(FLAG
fromINT1 OLD-INT2_ OLD to INT1_NEWINT2 NEW Statistics on the
current | MAGE array, | MGS(FLAG, are displayed at the termnal.
The user then specifies the range of values ("w ndow') within
| MGS(FLAG which are to be rescaled (Defaults: INT1_ OD=1M5MN
and INT2_OLD = | M5 MAX) and the new range (INT1_NEWINT2_NEW to
which they will be scaled. After the data values fromINT1l OLD to
INT2_OLD are rescaled fromINT1 NEWto INT2_ NEW new statistics
are conputed for the | MGS(FLAG array and listed at the termnal.

OPTION H Plot histogramof inmage array intensities

This option displays a histogramplot of | MAGE intensities on
the raster graphics screen. The X-axis plots the intensity val ue
(0-255) and the Y-axis plots the nunber of pixels in the | MAGE
array at each intensity value. Currently the screen is conpletely
cl eared before the plot is displayed. The user has the option to
plot the data (Y-axis) on either a linear or logarithm c scale.
The logarithmc scale is especially useful for |arge | MAGE arrays
(eg. 512x512) where there may be several thousand pixels with a
given intensity val ue.

For the plots on a linear scale the user nust specify the range
(I XM N, I XMAX) of intensities to plot, a scale factor for the
overall length of the X-axis (SCALEX = integer value), the range
(I'YMN, I YMAX) of the Y-axis data, a scale factor for the overal
hei ght of the Y-axis (SCALEY = integer value), and the distance
between tic marks on the Y-axis (YTIC_STEP).

For plots on a logarithmc scale the user nust specify the
range (I XM N, | XMAX) of intensities to plot, a scale factor for the



overall length of the X-axis (SCALEX = integer value), the m ninmm
and maxi mum extent of the plot in the Y-direction on the screen
(I'YM N, I YMAX), and the nunber of orders of magnitude (NLOG of the
dat a.

The user has adequate flexibility in replotting the data as
desi red.

OPTION I: Interpolate the | MAGE array

This option generates a new | MAGE array of di nensi ons NCOL_NEW
X NROW NEW by interpolating the current NCOLXNROW array in
| MGS(FLAG . The user can independently scale the two array
di mensi ons using the follow ng option nenu:

| NTERPOLATI ON TOUCH KEY SUB- MENU
Set NCOL_NEW x NROW NEW

Set X-scal e, Y-scale
Perform i nterpol ation

X-scal e toggle swtch: OFF
Y-scal e toggle switch: OFF

. UP/ DOMN Toggl e for X-scal e/ Yscal e
E Return to EM MG mai n nenu

<X~ W>r

Sub-options "A" and "B" are used to enter values for NCOL_NEW
and NROW NEW or X-scale and Y-scale by hand (wthin reasonable
limts: all values nmust be positive and NCOL_NEW and NROW NEW ar e
generally restricted to lie between 1 and 1024). Use the "X' and
"Y' keys to activate/deactivate the use of the "0-9" and "." keys
to interactively change the X-scale and Y-scale factors. The "."
key is used to switch the direction (XDIR YDIR = +/- 1) of changes
made to either X-scale or Y-scale. Wen X-scale or Y-scale are
activated, the magnitude of change is given by:

X-scale = X-scale + XDIR * 0.001*10. 0**(N-1),

where N = the nunber key ("0-9") pressed. Thus, pressing a "1"

wi |l change the scale factor by + or -0.001 dependi ng on the val ue
of XDIR or YDIR Each tine data is entered via sub-options "A" or
"B" or the scale factors are changed using the "X', "Y', "0-9" and

"." keys, the current values for NCOL_NEW NROWNEW X-scale and
Y-scale are listed at the bottomof the term nal screen as shown
in the foll owi ng exanpl e:

NCOL_NEW NROW NEW  X-SCALE  Y-SCALE



Option "I" is selected to proceed with the interpolation
conmput ati on, where the interpolated data are stored in another
| MAGE array which becones the primary | MAGE for further
mani pul ati ons of the EM MG program New statistics are conputed
for this array and |isted at the termnal. At this point, press
the "<CR>" to return to the main EM M5 program MENU. |f you w sh
to exit fromthe interpolation routine without performng the
i nterpol ation, press "E' and return directly to the main program
VENU.

OPTION J: Apply a rotational symetry to the inage data

This option applies an n-fold rotational symetry to the | MAGE
array. The user identifies a center of rotation (XCEN, YCEN) with
the convention that the origin point (1,1) is at the lower |eft
corner of the IMACE array and al so sets the value for NROT (the
rotational symetry order). [If NROT is set > 100, a circularly
averaged I MAGE is conputed. The averaged IMAGE is stored in the
original I MGS(FLAG array. New statistics are conputed for this
array and |isted at the term nal.

OPTI ON K: Mani pul ate i mage data
This routine currently has three sub-options:

(A) Repl ace values inside/outside circle with | DENS
(B) Repl ace val ues outside "wi ndow' wth | MG AVG
(© Reduce the nunmber of grey-levels

In sub-option "A" a circular boundary is set up with the center
at I X;1Y and a radius = IR (I X, 1Y,IR are all | NTEGER nunbers).
Pi xel values either inside or outside this boundary are repl aced
with a newintensity value (IDENS) specified by the user. The
"fixed" inmage is rewitten in | MGS(FLAG, and new statistics are
conputed and |isted at the term nal.

In sub-option "B", density values outside a user specified
wi ndow (LO ,HI 1) are replaced with IDENS (Default = I MG AVG. The
"fixed" inmage is rewitten in | MGS(FLAG, and new statistics are
conputed and |isted at the term nal.

In sub-option "C' the image is divided into a finite nunber of
grey-levels (NLEVELS) set by the user (Limts: 2-256). Please
note that once NLEVELS is reduced bel ow 256, the original inmage
intensities can not be correctly restored by resetting NLEVELS =
256 (i.e. this operation is not reversible).



OPTI ON L: Check/ change header paraneters

In this option the user may change the value of | M5 BKG and the
information in the header record (IM5 TITLE). At present, only
values in the range 0-255 may be entered for IMc BKG This
routine also lists the values for NCOL, NRON IMc MN, | M5 MAX,
| MG AVG and | MG STD. Please note that, if I MG BKG or | M5 TITLE
are changed, option "W nust be used to save these in a new di sk
file.

OPTION M Convert | MAGE data to MAP dat a

This option converts | MAGE data (I NTEGER*2) to MAP data
(REAL*4) which are witten to a disk file in the standard MAP file
format. The user enters a nanme for the output MAP file. This
file can then be exam ned using the EMVAP* type prograns.

OPTION N Add random noi se to i nage data

This option adds random noi se to the | MAGE array. The anpunt
of noise added (NO SE) is specified by the user (Default =
| MG_ STD). At each pixel in the IMAGE array the anmount of NO SE
added i s conmputed using a random nunber generator which generates
values in the range from-NOSE to +NO SE. New statistics are
conmputed for the array and the data may be automatically rescal ed
if the range of densities exceeds predeterm ned bounds (usually O-
255 as set by the range of intensities that can be displayed on
the raster graphics device).

OPTION O OPEN new i nmage file

This option OPENS a new | MAGE file and reads the intensity
values into an NCOL x NROW I NTEGER*2 array, called IM5S(1), for
further manipul ations. Enter the nanme of the file containing the
| MAGE you wish to read in. A switch called IMGFLE 1) is set = 2
to signify that I M5S(1) contains the array to be mani pul ated by
the next operation. Since the program can not mani pul ate arrays
| arger than 1024x1024, if NCOL is greater than 1024, a warning is
gi ven and the user nust read another IMAGE file with option "O' or
EXIT the program ("E").

Option "O' nust also be used iMmediately following a WRITE
operation ("W), otherwi se the user nust EXIT ("E") the program

OPTION P: Convert inmage from CARTESI AN --> POLAR

Thi s option converts | MAGE data from Cartesian to polar. The
Cartesian | MAGE is subdivided into NRADII annuli wth each annul us



sanpl ed NROT tinmes. Enter the number of points/annul us, NROT,
(DEFAULT = 128) and the nunber of annuli, NRADI I, (DEFAULT = the
smal l er of (NCOL/2)-1 and (NROW 2)-1, where NCOL and NROW are the
nunber of colums and rows in the | MAGE). Specify the radius
limt, RAD US, (DEFAULT = NANNULI), and the x,y position (DEFAULT
XCEN, YCEN = (NCOL-1)/2,(NROW1)/2)) defining the center (in the
Cartesian system for conputing the polar | MAGE. The user nust
specify values for NROT and NRADII within defined limts (NROT 1-
1024; NRADI| 1-256). The default for NRADII is the m ninum

bet ween (NCOL/2)-1 and (NROW 2)-1.

For exanple, if you start with a 100 x 50 pixel IMAGE, then, if
default values are used for NRADI I, NROT, RADIUS, XCEN and YCEN
the polar IMAGE will contain 24 annuli, each sanpled 128 tines.
This polar IMAGE will be conmputed fromthe center (49.5,24.5) of
the Cartesian | MAGE out to a radius of 24. You nay, of course,
change any or all of these paraneters within defined limts. It's
up to the user to be sure not to conpute sonething ridicul ous.

OPTION R Rotate an i mge

This option rotates the existing | MG array and stores the
answer in a new I MG array. Enter the angle (ROT_ANG by which you
wish to rotate the | MAGE (positive val ue corresponds to a counter-
cl ockwi se rotation). The user specifies the background val ue
(Default = IMG BKG which fills in the array val ues outside the
boundary i nposed by the rotation operation. Please note that the
"ENTER' key on the nuneric keypad and NOT a "<CR>" nust be pressed
to enter the default value. |If you press <CR> a value of | M5 BKG
= 0 is used.

The size of the rotated array can be restricted to be the sane
size as the unrotated array (NCOL x NRON or it can be allowed to
expand (NCOL2 x NROM2) as necessary to accommpdate the rotated
array (unrestricted). |If the array size is unrestricted, then
NCOL2 and NROA2 are cal cul ated as foll ows:

NCOL2 = | FI X{ | NCOL* COSD{ ROT_ANG)| + | NROW SI ND( ROT_ANG)| }

NROW2

| FI X{ | NCOL*SI ND( ROT_ANG) | + | NROW COSD( ROT_ANG) | }
OPTION S: Conpute statistics on inmage array
This determines the mnimm (IMcGMN), maxinmum (I MG_MAX),

average (I MG AVG, and standard deviation (I M5 STD) of the
intensities in the |MAGE array and lists themat the termnal.



OPTI ON T: TRUNCATE/ ADD rows or col umms

This option allows rows or colums to be truncated from or
added to an | MAGE array. Enter the first and | ast colum and row
nunbers (i.e. COL1l, COL2, ROM, ROMR) fromthe initial array to be
witten to the new array. To add colums or rows to the existing
i mge, the user may specify a range of values (eg. COL1 = -1, CO.2
= NCOL+2) such that the original imge array is "floated" inside a

| arger array. |In this exanple, the new array would be the sanme as
the old array with a two pixel border with intensities = | MG BKG
Note that the user can position all, or a part of the original

image within a new array using appropriate val ues for

COL1, COL2, ROM, ROR. Wien the new I M5 array is larger than the
old I M5 array, the user must specify a value for | M5 BKG

used to fill in the extra pixels. New statistics are conmputed for
the new array and listed at the term nal.

OPTION W WRITE current image to a disk file

This option stores the current I MAGE array in a new disk file
(nane supplied by the user). You may enter a new header if
desired or keep the current one. Any arrays currently open are
deal | ocated, and the switches | MGFLE 1) and | MGFLGE 2) are both set
= 0to signify the arrays are closed. The user mnmust choose either
option "O' to open a new | MAGE file or "E'" to EXIT the program

FORTRAN code: DEXTRO3: [ TSB. FOR] EM MG FOR
Docunent ati on: DEXTRO3: [ TSB. FOR. DOC] EM MG, DOC 27- Nov- 89



