Fovea Pro 4.0 Manual

This document lists the various Fovea Pro 4.0 plug-ins with information on what they do and how to use
them. More information on their various applications, and the ways to use them in typical workflow, can
be found in the accompanying tutorial, the Image Processing Cookbook. In The Image Processing Tool
Kit, the low-cost educational package, most of the menu selections and functions are identical but oper-
ate only on 8 bit per channel images. The plug-ins that are not included in the Tool Kit are identified.

The Fovea Pro plug-in selections are listed in the Photoshop Filters menu, and in corresponding places
in other programs that accept Photoshop compatible programs. The menu entries begin with IP (Image
Processing) and each has a submenu of related functions. They are dimmed out if the imageis not in one
of the modes that they accept, which are generally 8 and 16 bit per channel greyscale, RGB Color or Lab
Color. In most cases the programs can be applied either to the entire image, or to a selection created
within it using the various selection tools. Exceptions and limitations are noted for individual routines as
appropriate. The various routines that display previews of processing operations will display the con-
tents of a bounding rectangle around an irregular selection, but the final results will affect only the se-
lected pixels.

IP*2nd Image b Setup 2nd
Fecall 2nd
Swap with 2nd

Several of the functionsin Fovea Pro require two images. This includes the Math routines (add, subtract,
etc.), aswell as some of the Fourier functions (deconvolution, cross-correlation, etc.) and various others
(e.g., rendering an image as a surface). In all of these cases, the “ second image” is not itself modified.
It's values are read, and used to modify the selected frontmost image according to the nature of the se-
lected function. The second image is designated beforehand by making it the frontmost image and se-
lecting the IPe2nd Image->Setup plug-in. Physically, this copies the current image into a private memory
storage, and written to disk as afile. It isthen not even necessary for the image to remain open when the
subsequent two-image operation is performed. The second image is remembered, unchanged, until a dif-
ferent image is designated as the second image.

-> Setup 2nd

This selects the current active (or frontmost) image as the second image, and writes its contents to a pri-
vate disk file. Note that if an image in one mode (e.g., 16 bit grey scale) is selected as the second image,
and some later use of it requires some other image mode (e.g., 8 bit RGB color), the data conversion is
performed automatically. Also, if the dimensions of the designated second image are not the same as
those of theimage it islater used with (e.g., for subtraction), the common rectangular area at the upper
left corner of the two images is used. Finally, if anirregular arbitrary selection has been made on the
frontmost image when this function is selected, the minimum bounding rectangle around the selection
region is actually saved. When operations such as addition are performed, the region marked on the cur-
rent active (frontmost) image is used.
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-> Recall 2nd

This reads the stored second image file and overwrites the current image with its contents (or, if they are
not the same size, overwrites the common rectangular areain the upper left corner). One use of this
function is to convert image modes, since if the current front image has a different mode than the origi-
nal stored image, the data values are converted automatically.

-> Swap with 2nd
This reads back the stored second image and simultaneously writes the current front image into the sec-

ond image memory. It isprimarily used in creating actions that carry out complex sequences of process-
ing operations.

IF*Adjust b Align With 2nd
AutoLevel, .,
Background Fitting
Background Removal
Best Focus
Contrast,,,
De-interlace
Histogram Shaping. ..
Limits. ..
Mudge. . .

The adjustment routines comprise a variety of functions used to correct various defects that typically
arise in image capture.

-> Align with 2nd

If two images are to be combined, for instance to subtract one from another, it is necessary that they be
aligned. Minor shiftsin camera position, or microscope stage drift, can result in image offset. This rou-
tine uses cross-correlation of the image with the stored second image to detect the amount of that offset
(presuming that they are images of similar structures). The front image will be displaced in X and/or Y
position to the location that best corresponds to the position of the previously stored second image, to
sub-pixel accuracy. This routine does not correct for changes in rotation or scale (see Register to 2nd).

-> AutoL evel

Images with nonuniform illumination (e.g., due to off-axis lighting, optical vignetting, etc.) can be “lev-
eled” in several different ways. The Bright and Dark options are used when the brightest (or darkest)
featuresin the image are well distributed across the image area and should all have the same brightness.
The function finds those features, fits a polynomial function to their brightness values, and uses that
function to level the overall image brightness. Finding both bright and dark features and fitting both
polynomials allows linearly stretching the brightness values between those limits everywhere in the im-
age. This adjusts the pixel values differently at each point so that brightness and contrast are made uni-
form across the image.
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-> Background Fitting

The automatic methods in AutoL evel Bright and Dark assume that either the brightest or darkest features
present in the image should be made uniform, and are uniformly dispersed across the image area. When
that is not the case, it is often possible for the user to manually select some representative regions on the
image (preferably well distributed spatially) that should be uniform. Thisis commonly done either with
the manual outlining tools (lasso, polygon) or with the wand, using the shift key to add additional re-
gions to the selection. When the selections have been made, this function performs the polynomial fit
and saves the data for use in the Background Removal function.

-> Background Removal

Once a background polynomial has been established using the Background Fitting function, the shading
can be removed and the image brightness leveled using this function. The selection used to define the
background regions should be removed (Select->None or Command/Control-D) so that the removal is
applied to the entire image area. The function is saved and can be re-applied to additional images.

-> Best Focus

If two (or more) images are taken with different focus settings, it is possible to combine them to con-
struct an “extended focus’ image. The procedure selects the pixels from two images (the current front
image and the stored second image) keeping whichever isjudged to have the better focus based on the
local variance, and selected pixels from the second image are inserted into the front image. The function
can be repeated with a series of images to construct the final result. The images must be aligned before-
hand.

-> Contrast

This function is very much like the Photoshop Image->Adjustments->L evels function except that the
Auto button also adjusts the Gamma value on grey scale images for optimum contrast (so that the mid-
point of the histogram is set to medium grey). Also, for color images, it operates on the intensity data
while leaving the color (hue and saturation) unchanged, whereas the built-in function operates separately
on the RGB channels and can therefore result in color alterations.

Adjust Gamma
= Auromatic
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St Limits
Cancel
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-> Del nterlace

Standard video cameras scan two “fields’ to build up one “frame,” by aternately scanning the even and
then the odd lines of the image. Either because of camera or scene motion or electronic timing jitter,
these two fields can be dightly offset. This function corrects that by using the same logic asthe “Align
to 2nd” function to find the best alignment of the two fields and apply the shift so that the even and odd
scan lines are best aligned with each other.

-> Histogram Shaping

This function includes several options for i Reindeer Graphics® FoveaPro - Histogram Shaping
adjusting theimage contrast in away that | o
depends on the actual image content. Lin-
ear shaping (classic histogram equaliza-
tion) is similar to the Photoshop Image-
>Adjustments->Histogram Equalization
routine. The other options offer additional

_ Linear (Equalization)
. Bright Emphasis

. Dark Emphasis

®) Canter Emphasis

) Ends Ermphasis

. Match 2nd Image

choices besides a strictly linear cumula- O Adjust power
tive result. Bright and Dark emphasis = ~[L.000 .
produce logarithmic or exponential over- e

al contrast that is particularly useful with —a (50| -
images acquired using linear devices, to .
make the results more film-like. Middle or & Preview

Ends Emphasis are suitable for images . = .

with low or high inherent contrast (they . 1.:.?95 : Cancel |  (HOKS)

correspond to Gaussian and error function

curve shapes). The adjustable power setting corresponds to the exponent of a power law shape for the
cumulative histogram, ranging from 0.25 (dark emphasis) to 3.0 (bright emphasis). Match 2nd Image
adjusts the pixel brightness values so that the histogram matches that of a stored 2nd image.

-> Limits

Set Histogram Limits Thisfunction is primarily useful after the Rank->Top Hat filter, or in
o) R — some instances with Fourier power spectra. It offers a one-click way to
O Brightest - 128 set the brightness limits in the image to the exact end points of the his-
@ 128 - Darkest togram, or to medium grey. For example, applied after the Top at filter,
) ' - this routine can select just the bright or dark features that were selected
Cancel ook ) by the top hat. The same operations can be carried out using the Con-
trast plugin but this plug-in is more efficient, particularly for usein
automated action sequences.
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-> Nudge

Shift Image By placing images into Photoshop’s Layers and adjusting the top layer

(+ pixels = down and right) opacity, it is possible to manually align one image to another. However,
X distance |-4.4 clicking and dragging, or using the keyboard arrow keys, can only move
v R 12.25 - the image in increments of whole pixels. This function allows for sub-

B pixel aignmentin X and Y.
__C_air_el_ oKk )
|
IP*Color b Apply Color Table...

Color Cube

Color Filter..

Color Median

Color Range

Color Space Transform. ..
Normalize Color

Transfer Channel
Tristimulus Correctian,..

Photoshop supports RGB, CMYK, and Lab color spaces. For many image processing purposes, a HSI
(Hue-Saturation-Intensity) color space offers advantages. This menu collects together a number of func-
tions that supplement the built-in routines, and provide specific image manipulationsin HSI space. In
general these functions are inappropriate for grey scale images and cannot be applied to them.

-> Apply Color Table

Photoshop allows an 8 bit grey scale image to be converted to Indexed color mode, and a color table
(CLUT) to be applied so that each of the 256 grey scale valuesis shown as an arbitrary color. Thisfunc-
tion uses those same CLUT files (file type *.act) to be applied in adifferent way. If the grey scale image
(either 8 or 16 hit) isfirst converted to RGB color, and then this function is selected, the CLUT file will
be loaded and used to convert the brightness values to color. The colors are smoothly interpolated for 16
bit images.

-> Color Cube

rh | nt

This function displays the RGB and HS| ™
components of an image in three- "x\ .
dimensional histogram form, as an infor- - -
mational guide. Imagesin which the clus- \ J
ters of color values are well dispersed are ar v i il
usually easier to segment. . I,

L= =

P,
Fad Hug
¢ OK )
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-> Color Filter

Select Color Filter Mode The built-in Photoshop color channels dialog allows selecting the red,
) Red 2 ¥ailoig green or blue channel. This plugin also allows selection of the hue, satu-
Y CCriars - Cyan ration or intensity channel from a color image. In addition, an arbitrary

)} Blue " Magenta  color filter can be selected which is then combined with each pixel in
) ) the image (technically, a vector dot-product is performed between the
pixel color and the filter color). This produces the same effect as placing

" Intensity .
) Hue - Filter afilter of that color in front of the camera. Reducing the image to grey-
) Saturation Wheel scale afterwards produces the same effect as filtering in front of a black-
and-white camera.
Cancel ) (0K )
-> Color Median

The usual median filter, both in Photoshop and in the IPeRank menu, ranks the pixel values according to
brightness in order to select the median. For color images, it is also possible to perform atrue color me-
dian. That selects the median value as the pixel in the neighborhood whose color coordinates lie closest
in avector senseto all of the others (i.e., the sum of the vector distances from its coordinates to all the
othersis minimum). This filter implements that method.

-> Color Range

The usual range filter (under the IPRank menu) cal culates the brightness difference between the lightest
and darkest pixelsin the neighborhood, without regard to their color values. This plug-in instead calcu-
lates the difference between pixelsin avector sense in color space to find the maximum difference. It is
primarily used to find edges or boundaries in images, which may involve differencesin color aswell as
brightness of regions.

-> Color Space Transform
This plug-in converts between the RGB, Lab, HSL (hue-saturation-

Color Space Conversions luminance) and HSV (hue-saturation-value) color spaces. It istypically
TR G B->L*a*b used before selecting the Photoshop Split Channels function to separate
JL*a"b->RCB the color image into three grey scale images. Because Photoshop and
“IRGB->HSV the computer’s display hardware do not know how to display these im-

H5V->RCEB ages with other sets of color coordinates, they still interpret the three
MRCB->HSL channels as though they were red, green and blue. Thisresultsin adis-
JHSL->RGB play that is visually incorrect and distracting, but after separation the

Pocty gemrron Py three channels can be correctly interpreted and processed. The names
---------- — = assigned by Photoshop to the split channels will be red, green and blue,
but the actual values they contain will be those from the selected color
space. After manipulation of these images, it is possible to recombine

them and convert them back from their current color space to RGB for correct display.
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-> Normalize Color

Thisfunction is closely related to the Tristimulus correction listed below. It attempts to find the reddest,
bluest and greenest patches of color in the image (expecting a standard color chart), measures the
amount of cross-channel intensities (e.g., how much green intensity there isin the blue channel), and
calculates and applies the tristimulus matrix in order to make the colors throughout the image correct by
adjusting the red, green and blue values in the color chart patches. In a complex image, it may be neces-
sary to place a selection around the color chart patches so that the plug-in finds the correct colors. Then
Undo the result, select the entire image, and use the Tristimulus function listed below to apply the same
correction matrix (which has been remembered by the software) to the entire image.

-> Transfer Channel

This routine makes it easy to assemble color images or to manipulate

individual color channels. Place a grey scale image in the second image Transfer color plane
memory (IP+2nd Image->Setup 2nd Image) first. Then use this function fram Znd image

to insert those grey scale valuesinto the selected channel of the front i & ki
image. When thisis doneto the red, green or blue channel theresult is Y Gresn Y —
the same as could have been produced in Photoshop by splitting the ) Blue _ Intensity
channels, replacing one by the new data, and then merging them back ) -
together (although this function is much quicker and easier). But the Ganosh o)

plug-in aso makesit possible to directly insert the intensity information

into the hue, saturation or intensity channel of a color image, with the conversion to and from RGB for-
mat occurring automatically.

-> Tristimulus Correction

This routine applies a correction matrix to the red, green and blue

i g components of each pixel. The matrix may be determined from a
Gt i color chart with standard RGB patches (see Normalize Color,
e Ly T o604 | above), or any other set of three known colors by reading the val-

ues of red, green and blue present in each one and constructing a

matrix showing the cross-channel intensities. The inverse of that

matrix is the tristimulus correction matrix, which is remembered

Cancel oK ) from the last use of Normalize Color, or which can be calculated
(e.g., with Excel) and entered by hand.
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IF*Fourier P Apply Filter
Apply Filter and FFT (Inverse)
Convolution
Cross Correlation
Deconvolution
FFT (Forward)
FFT (Inverse)
Generate Bandpass...
Generate Filters. ..
Generate Harmonics
Generate Symmetric Filter
Interactive Deconvolution...
Show Fourier Profile...
Show Fourier Values. ..
Show Phase Data
Show Power Spectrum

The Fourier Transform routines all use a high-precision floating point file the contains the real and
imaginary values that constitute the transform. There is only one such file, and only one such transform,
which is created by performing a Forward FFT (and replaced by performing another one). The display of
the power spectrum is derived from the transform file, but manually editing it does not alter the stored
values. The various filters (or masks) that are created by some of the routines are normal 8 or 16 bit im-
ages in which the grey scale represents areal value from 0 (white) to 1 (black). They can be applied to
the stored transform. Many of the routines require that the image have dimensions that are the same as
the stored transform, and are an exact power of two (e.g., 64, 128, 256, 512, 1024...). Exceptions are
noted.

-> Apply Filter

This routine applies the pixel brightness values in the current front image to the amplitude of the stored
Fourier transform, and displays the resulting power spectrum. Black isinterpreted as 1 and white as O,
with proportional grey scale values. The image must have the same dimensions as the transform. Thisis
typically used to apply filters that are created either manually or using the Generate... routines under this
menu.

-> Apply Filter and FFT (Inverse)

This routine applies the front image as afilter to the stored transform and also performs an inverse Fou-
rier transform to generate the real-space (or pixel-space) image. Thisis equivalent to using Apply Filter
and FFT (Inverse) as separate functions, but is faster and also has the advantage that the stored transform
fileis not modified in the process (allowing other filters to be tried with the original transform data).

-> Convolution

Convolution in Fourier space is equivalent to convolution performed in the pixel domain (e.g., by using
akernel of valuesin the Custom filter). For large kernels, the Fourier-space method is faster. The routine
reguires two images, one of which isthe current front image and the other is the current second image
(which must be set up before using this function). The two images do not have to be the same dimen-
sion, and the dimensions are not restricted to powers of two. The result is a real-space (pixel) image.
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-> Cross-Correlation

Cross-correlation in Fourier space is similar to convolution except for areversal of the phase values of
the complex values. It istypically used to locate features in an image that have a similar pattern of pixel
brightnesses as those in a second image. The routine requires two images, one of which isthe current
front image and the other is the current second image (which must be set up before using this function).
The two images do not have to be the same dimension, and the dimensions are not restricted to powers
of two. The result is areal-space (pixel) image.

-> Deconvolution

Just as convolution is a multi-
plication of the complex val- Decaonvolution
uesin the Fourier transform - -

of theimage by thosein the
Fourier transform of the sec-
ond image, so deconvolution
isadivision. Thisistypically
used to remove the effects of
a convolution, most often one

2nd Image:
Point Spread Function
{Bx)

) . Method:
produced by the imaging sys- i
tem (such as motion or out- P, _ -
: K-Value: |0.

of-focus blur). If an image of : U:E'"” :3 e
the “point spread function”
due to the imaging system is

. . . 100% _ S
available, deconvolution will Cancel ok )

) W Preview W Invert Result
remove the blur from the im- = ' s N

age and restore sharpness.

The amount of blur removal islimited by the noise in the image. There are two ways to deal with this.
One (apodization) omits those parts of the Fourier transform in which the division would produce a nu-
merical overflow. The second (the Wiener constant) adds a constant to the divisor to prevent overflow.
This value can be set interactively in the dialog. Too small a constant will cause noise to dominate the
result, while too large a value will limit the amount of sharpening that can be obtained. The routine re-
quires two images, one of which is the current front image and the other — the point spread function —is
the current second image (which must be set up before using this function). The two images do not have
to be the same dimension, and the dimensions are not restricted to powers of two. The result isareal-

space (pixel) image.
-> FFT (Forward)

This routine calcul ates the Fourier transform of the current image and places the real and imaginary val-
uesinto the stored transform array (overwriting any previous transform). The image must have dimen-
sions that are an exact power of two. Images with other dimensions can be enlarged to the next greater
exact dimensions using the Photoshop Image->Canvas Size selection, or a selection marquee of the cor-
rect size can be placed within the image. The power spectrum of the transform is displayed, with darker
values representing larger amplitudes. The DC term is at the center of the power spectrum, and fre-
guency increases with radius.
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-> FFT (Inverse)

This routine calculates the inverse Fourier transform from the stored transform array and places the re-
sulting real-space image into the front image. The image must have the same dimensions as the stored
transform data. The stored transform is not modified by this procedure.

-> Gener ate Bandpass

Filters (or masks - the terms are used here interchangeably)
can be multiplied by the amplitude of valuesin the stored
Fourier transform array by the Apply Filter function above.
Thefilter is an image (with the same dimensions as the
stored transform array) in which white isinterpreted as zero
(hence zeroing the amplitude of the corresponding fre-
guency term in the Fourier transform), black isinterpreted
asone, and grey values provide proportional control. This
function offers one way to generate afilter. The sliders cor-
respond to different frequencies, much like the “equalizer”
dliders on an audio amplifier. They can be used to generate a
filter that will selectively keep or erase frequencies from the
transform.

-> Generate Filters

Cenerate Filters

Cenerate FT Filters

| () ideal Inverse
: _ Hamming
%) Butterworth 2nd order
50% Cutoff= L L
. 0..13
_ Annulus
Radius (0..1) = [0.50000 d then sl
Breadth (0..1) = |0,10000 Gibbsringing.
) Sector
Angle (0..180) ={0.0
Range (0..180)=|0.0

i Cancel £ oKk )
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FFT BandPass
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0
0
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ol
00
@ v - L] - L L - L Mln

DC <-- wavelength --> 2

Cancel ) £ oK )

This function generates several different kinds of filters, including
a second order Butterworth filter with a user-specified crossover
frequency (expressed as a fraction of the maximum radius),
Hamming and ideal inverse frequency filters, an annular filter
(with cutoffs expressed as a fraction of the maximum radius), or a
sector filter (with cutoffs specified as angles). In some cases, sev-
eral different filters can be created and combined with a Boolean
AND or OR (e.g., to select arange of angles and frequencies),
and then dlightly blurred (with a Gaussian blur) to minimize
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-> Generate Harmonics

Fourier transforms of images containing periodic structures or noise typically produce a power spectrum
with a series of regular spikes. There are several ways to process the power spectrum image (e.g., atop
hat filter) to locate these spikes and produce a filter that will keep or eliminate the periodic information.
However, another method that is often used it to mark the one or two lowest frequency spikes using the
pencil tool (with a suitably large diameter and a black color). Then this routine will locate those marks
and generate the full set of harmonics. These appear as small black dots, which can be thresholded, op-
tionally dilated to cover the spikes, optionally smoothed with a Gaussian blur to reduce Gibbs ringing,
and then used as afilter.

-> Generate Symmetric Filter

The convention used in plotting the power spectrum duplicates the information in the top half with rota-
tional symmetry about the DC point in the center. If manual marking of points to be kept or removed is
performed using a black pen (so that thresholding will produce a suitable filter), it is only necessary to
mark locations in any half of the display. This routine will locate the black points marked and duplicate
them on the other half of the display.

-> I nter active Deconvolution

In cases where an im-

. Interactive Deconvolution Type of correction Paint
age of the point spread - Spread
. . ) Defocus Blur N
function is not available -4 Function
. . =} Motion Blur (2x)
for deconvolution, it is i

often practical to model
it. Defocus blur is typi-
cally modeled by a
Gaussian shape, option-
ally with some astigma-
tism (elongation of the
Gaussian by an arbi-

I".T::non Length G.g -
E'IurEl;adius 0..10 -

Al 0,130 -
trary amount and direc-

|m3g& NﬁEE'E LEUEI K—h’a:ue

typically modeled by a ™ Preview ((Cancel ) (0K
straight line, optionally

with some lateral blur.

This plugin allows the user to interactively generate a model point spread function and observe the result
of deconvolving the image with it. The Wiener K-factor is the same as that described above for the De-
convolution routine. The FFT of the front image is calculated internally and does not overwrite the
stored Fourier transform array, and there is no restriction of the image dimension to an exact power of
two. Interactive deconvolution is not included in the Image Processing Tool Kit.
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-> Show Fourier Profile

This routine plots the average value of the amplitude of the Fourier transform data as a function of ra-
dius (frequency). The plot is displayed and the numerical values are written to atab-delimited ascii text
file on disk which can be opened in a spreadsheet or other data analysis program.

FT Fagnitude
Lo Scale
Plot Power Spectrum Profile A
- 153 826
_ Radial Line
Angle {(deg.) 'A"h‘ Hinimum =
| 000648
@ Circular Average ' L\,.\
S
e o,
[ Cancel ) 0K AL, _—
o) @06 — | =
iR i

Show Fourier Values

Thisfunction is used to access the stored Fourier transform values. Clicking on any point in the power
spectrum display in the preview will show the complex valuesin the transform (expressed as amplitude
and phase). The coordinates of the point clicked are converted to an angle and spacing of the corre-
sponding structure which provides an efficient method to measure structural dimensions from the Fou-
rier transform. This conversion makes use of the image calibration previously established using the

| PeM easure Global->Cali brate Magnification routine.

- 019775 024065 06253
=

05 5554 002780
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016314 015946 007083 005155 006262 0.05788 004322
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-> Show Phase Data

This function displays the phase values from the stored Fourier transform, using the grey scale values
0..255 to represent phase angles from 0 to 2" . It requires that the image have the same dimensions as the
stored array. It is sometimes useful to assign spectrum color values (see |PsColor->Apply Color Table)
to the resulting display to assist in visualizing the phase angles.
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-> Show Power Spectrum

This function displays the power spectrum from the stored Fourier transform. It requires that the image
have the same dimensions as the stored array. Typically, this routine is used after the user has tried creat-
ing several different filters and wishes to see the power spectrum again as a guide to modifying them.
The same power spectrum display is generated by the original Forward FFT function.

IP*Graphics b FI11 Region...,
Frame Region
Generate Fractal Extrusion...
Generate Fractal VYalues...
Generate Random Yalues,.,
Generate Sine Function...
Render [(FPhong Shading)...
Render (Relief Shading)

-> Fill Region

This function will fill the interior of a selection, or the entire im- Fill Region
age if no selection has been made. The choices include the aver- e

age value of the pixels originally there, black, white, and vertical & From edges

or horizontal ramps of grey scale values. It is also possible to fill ) Mean color from region
by smooth interpolation from the edges (analogous to fitting an _) Foreground color
elastic membrane to a hoop). It is important to remember that the ) Black

filling is done using the edge pixels within the region, so in some ™) White

cases it will be necessary after defining a selection to expand it by
one pixe (Select->Modify->Expand) so that the border isin-
cluded. Regions used for this purpose (and most others) should
not have antialiased edges. Cancel ( ok 1}

Horizontal Ramp

_ Vertical Ramp

-> Frame Region

This function colors the edge pixelsin a selection region (or the entire region if no selection has been
made) in the current pencolor. It is similar to the Photoshop Edit->Stroke function except that the latter
routine anti-aliases the line by blending the pen color with the current pixel contents, and the plugin does
not. Thisisimportant because a solid outline is needed for various measurement or thresholding pur-
POSES.

-> Generate Fractal Extrusion

This routine generates a fractal profile with a user-specified dimension,
and then sweeps it across the image in a chosen direction. It provides a
Alpha (0..1) |05 | way to model various types of linear structures or defects, including
scratches.

Fractal Extrusion

Angle (deg.) |30 |
(-45..445)

--Can{EL £ ok )
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-> Generate Fractal Values

This routine generates pixel grey values that have afractal distribution,

with a user-specified dimension. Unlike random pixel values, the fractal f‘spu“ff::fl;”:‘;’fﬂf;”ha}

ones have a spatial correlation (pink noise). Rendering a surface from

such an image produces a realistic topography. I
(0..1)

-> Generate Random Values

Random Noise G t : : . : .
andom ol Lheneratar This function generates random pixel values (either Gaussian or rectan-

gular random functions). Thisis amodel for white random noise. Typi-
cally noise images produced by this and the other generators are
blended with other images

) Uniform
"E‘ﬁ Caussian

(_ Cancel { oK 3

-> Gener ate Sine Function

This function generates periodic, sinusoidal lines with a user-specified
spacing and orientation. Thisisamodel for periodic noise. All of the
four “Generate...” plugins are typically used to generate values that can Period (pixels)  [14 |

Sine Function Generator

then be blended singly or in combination with images. Angle (degrees) | 27 |
Phase (pixels) | 7 |
Cancel |  OK )

-> Render (Phong Shading)

Phong Surface Rendering The brightness values in the image are interpreted as representing
elevation, and the resulting surface is rendered using Phong shad-
Lighting: ing, with user control over the placement of the light source (ele-
Elevation (0..90) vation above the horizon and compass direction) and the specular-
Azimuth (0..360) ity of reflections from the surface (1.0 corresponds to a perfect
metal, 0.0 to a perfectly diffuse scatterer, 0.5 to something like
Surface plaster).
Specularity (0..1)
Cancel £ ok )
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-> Render (Relief Shading)

Thisfunction is similar to the Photoshop “embossing” function, producing bright and dark shadows ad-
jacent to steps in brightness so that the image has a three-dimensional appearance. If theimageisfirst
changed to RGB Color mode, the embossed relief appears in the intensity channel while the original
brightness values are represented by hue. Thisis particularly useful for range images in which brightness
represents elevation.

IF*Lines and Foints b Counting Grid...
Cycloid Grid..
Hough Transform (Forward)
Hough Transform (Inverse)
Line Grids...
Magni fication Bar
Mark Centroids
Farallel Lines, .,
Foint Grids..
Foint Sampled Intercepts...
Fadial Lines...

-> Counting Grid

Unbiased feature Thisroutine draws a stereological counting grid (with exclusion lines) on the
EOUNKInG gUE.. image using the current pen color and reports the areain the current calibra-
apdcing tion units. The correct unbiased procedure for counting number per unit area

P isto include featuresthat lie partially or entirely within the marked region but

Cancel | £ OK )  \which do not touch the exclusion line. Typically this grid would be used with
manual marking by selecting a unique pen color and using the pencil tool with
a diameter that makes visible but not overlapping marks to place amark on or
next to each feature to be counted. Then select IPsMeasure Features->Count to count the marks.

-> Cycloid Grid

This routine draws cycloids on the image using the current pen color and re- Cycloid Grid
ports the total line length. The orientation of the cycloids corresponds to roll-

. . . . . .. Radius= |35

ing the generating circle along a horizontal line, which is correct for the usual

image orientation with the vertical direction of sectioning vertical on the Spacing=[50___|
screen. The user can select the diameter of the generating circle and the spac- ™ Continuous
ing between lines, and whether to draw continuous lines or disconnected arcs. EEE' ok

The usual criterion is that the lines should be sparse enough to not sample the
same stereological feature multiple times. These lines are typically used either
for manual marking and counting, or for automatic counting by combining the
lines with feature outlines using a Boolean AND and counting the intersections.

-> Hough Transform (Forwar d)

The linear Hough transform is atool for finding alignments of features or points. This function works
best with a small number of points, so after thresholding, the ->Mark Centroids routine may be useful to
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mark each feature with a single point. Before using this routine, place the image into the second image
memory (IP=2nd Image->Setup) and create a new image of whatever size is needed to provide the de-
sired precision. Then select the function, which will draw a sinusoid in the Hough space image for each
point in the original. These sinusoids add together, so the crossing points can be detected either by image
processing or manually.

-> Hough Transform (I nver se)

This routine reconstructs the linesin real- or pixel-space that correspond to points in Hough space. After
the crossing points in the Hough space image have been thresholded or marked so that they are black
(value = 0), place the Hough space image into the second image buffer. Then either select the original
pixel image (or aduplicate of it) and run the routine. For each exactly black point in the Hough space
image, the corresponding line will be drawn onto the real space image, showing the linear arrangement
of features.

-> LineGrids
Line Grids This routine draws various line grids onto the image using the current pen
Random Lines color, and reports their total length in the current calibration scale. The user
3 Square Line Crid can select a square grid, concentric circles or agrid of circles, or random
Circle Array lines. The “spacing” value controls the density of lines (except for the random
oncentric Clrcles case). Theselines are typically used either for manual marking and counting,
Spacing or for automatic counting by combining the lines with feature outlines using a
\plxels) Boolean AND and counting the intersections,
Cancel ) (10K )
-> M agnification Bar
Draw Magnification Bar This routine draws and labels a magnification bar in the

lower right corner of the image that corresponds to the
current calibration units and scale. It is sometimes con-
venient to do thisin anew blank image or layer so that
Line Width (pixels) [ | <7D ~ the resulting marks can be copied and pasted in the loca-
by |1_| Jpa— . tion desired on the orlglnall. The qlefaulF IngFh of the bar
: depends on the size of theimage in which it is drawn.

Bar Length |70.0000) prn

Line length (pixels) = 53

Background © Sans-Serff O Senf The user can control the line length and thickness, the
Transparency 8 [S0 | <€ @ I+ size of the lettering and the degree of transparency. The
Cancel oK current pencolor is used.
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-> Mark Centroids

This routine can be applied to a thresholded binary image to mark the centroid location of each individ-
ual feature present (afeature is defined as a touching set of non-white pixels). Since the features are
erased in the process, it is often convenient to apply this function to a duplicate image or duplicate layer.
The centroid locations can be used for avariety of measurement or processing procedures. Note that the
centroid of anon-convex feature may not lie within the feature itself. The IPPEDM->UIltimate Points
routine marks points that are within the feature boundaries, in cases for which that is required.

-> Parallel Lines

This routine draws sets of parallel line grids using the current pen color, and Grid Lines
reports their total length in the current calibration scale. The user can select Vertical
horizontal or vertical lines, or enter an arbitrary orientation angle, and can also Horizantal
specify the line spacing (in pixels). These lines are typically used for auto- @ Angle = I ]

matic measurement by combining the lines with thresholded binary features
using a Boolean AND and measuring the line segments.

Cancel | 0K

-> Point Grids
Paint Crids Thisroutine places agrid of points onto the image using the current pen
color, and reports the exact number of points. The user can select ran-
) Regular Array dom or regular grid arrays and the requested number of points. For the

regular arrays, the actual number may be less than the requested number

P , . N : -
*) Random Points as required by the shape and dimension of the image. These points are

Number = 200 typically used for automatic stereological measurement by combining

(approx.) the lines with thresholded binary features using a Boolean AND and
&l Points counting the number of hits. For manual marking and counting, itis
ik |

usually preferable to have the routine mark small circles instead of

_ : points, so that the image information at the exact point location isvisi-
Cancel t oK ) ble.

-> Point Sampled I ntercepts

Thisfunction is used for the stereological point-sampled intercept

measurement procedure. It generates aregular grid of points with the Point-Sampled Intercepts
user-specified spacing, and for each point that falls on a feature (any Point Spacing (pixels) [E00 ]

non-white pixel), it draws aline to the edge of the feature. These lines
are drawn at angles that are either uniformly distributed or have sine-
weighted distributions (appropriate for vertical section images) as se- Cancel £ oK
lected by the user. The length of each line from the originating grid )

point to the feature edge is determined, and the mean value of the cube

of this“radius’ isreported in the current calibration units. For procedures such as determining the vari-
ance of afeature size distribution, this value should be multiplied by (4" /3) to obtain the volume-
weighted mean volume.

_ Sine-Weighted Orientation
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-> Radial Lines

This routine draws sets of radial line grids using the current pen color, and re-

Radial Line Grid ports their total length in the current calibration scale. The user can select the
@ Uniform number of lines to draw and whether they should be spaced uniformly in an-
Sine-Weighted gle, or sine weighted. The latter case appliesto vertical sectionsin which the
sismber of Lidas vertical sectioning direction is vertical on the screen, and produces lines for
(3..30) which the sine of the angle increases by a constant increment. These lines are

cancel | £ ok 1 typically used for automatic stereological measurement by combining the lines
—with the outlines of thresholded binary features using a Boolean AND and
counting the intersections. The uniform lines may be used for these applica
tions with random sections, or by combining the lines with binary features in order to measure the
lengths of the segments.

IF*Math 2 hdd
Divide

Multiply

Subtract

Absolute Difference
Blend with 2nd. ..
General Boolean. ..
General Math, ..

Keep Darker Values
Keep Lighter Values
Mask by 2Znd

Select Features by 2nd

All of the math routines make use of a previously stored second image (IP=2nd |mage->Setup). The sec-
ond image is never modified by these operations and will stay in effect until another image is selected
and copied into memory. If the second image and the front image have different image modes (8 or 16
bit per channel depth, RGB color or Greyscale), the second image values are converted automatically. If
the two images have different dimensions, the common rectangle in the upper left corner is processed.

-> Add

This routine adds together the pixel values in the frontmost image and the previously stored second im-
age (which is not modified), and autoscales the result so that the smallest and largest values are black
and white with no clipping.

-> Divide
Thisroutine divides the pixel valuesin the previously stored second image (which is not modified) into
those in the current image, and autoscal es the result so that the smallest and largest values are black and

white with no clipping. To prevent division by zero problems, a constant offset of 1.0 is added to the
pixel values (0..255)

Fovea 4.0 User’s Manual Page #18



-> Multiply

This routine multiplies the pixel valuesin the previously stored second image (which is not modified)
times the current image, and autoscales the result so that the smallest and largest values are black and
white with no clipping.

-> Subtract

This routine subtracts the pixel valuesin the previously stored second image (which is not modified)
from the current image, and autoscales the result so that the smallest and largest values are black and

white with no clipping.

-> Absolute Difference

This routine cal cul ates the absol ute difference between the pixel valuesin the previously stored second
image (which is not modified) and those in the current image, and autoscales the result so that the small-
est and largest values are black and white with no clipping.

-> Blend with 2nd

Percent of Primary Image

|
Ty 325 Cox)

]

This routine adds together the pixel valuesin the frontmost image and the previously stored second im-
age (which is not modified), and autoscales the result so that the smallest and largest values are black
and white with no clipping. It isidentical to the -> Add function except that the percentage of the two
images is adjustable by the user.

-> General Boolean

Ceneral Boolean This routine allows combination of the
Operations previously stored second image with the
™ Show Preview current image using any of the Boolean
@ 1st AND 2nd operators (AND, OR, Exclusive-OR) plus
") 1st OR 2nd the ability to invert the valuesin the sec-
) 1st Ex-OR 2nd ond image (NOT). It is expected that the
() 15t AND NOT 2nd images will both be black and white bi-
) 1st OR NOT 2nd nary images. White is interpreted as
O 1st Ex-OR NOT 2nd background or OFF, and any non-white
oy =) = (Cancel ) @0 pixel is considered to be ON.
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-> General Math

Thisroutine implements all of the arithmetic operations for com-

bining two images, and thus duplicates the Add, Subtract, Multi- ) Add

ply, Divide, Absolute Difference, Lighter and Darker routines ) Subtract
listed separately. However, whereas they require no user dialog ) Multiply
and always autoscale the resulting data, this plug-in allows the ) Divide

user complete flexibility in scaling the results by entering a multi-
plier and offset. Thisistypically useful when the pixel brightness
values have been calibrated, e.g. for densitometry, when autoscal-
ing would destroy the calibration. It is also possible to select “no
action” and use the entered multiplier and offset on the image data.

i Absolute Diff.
T Darker Value
_ Lighter Value
: Mo Action

Uivide B
1, 0000

Add Constant:
0.0

| Autoscale

| Cancel

- {m'}

-> Keep Darker Values

This function combines the previously stored second image with the current image keeping at each pixel
location whichever of the two original valuesis darker.

-> Keep Lighter Values

This function combines the previously stored second image with the current image keeping at each pixel
location whichever of the two original valuesis lighter.

-> Mask by 2nd

This function combines a previously stored binary image with the current image so that any pixel that is
white (background) in the second image is erased to white in the current image, but any other pixels are
left unchanged. Thisis particularly useful when athresholded binary image has been processed (e.g.,
with awatershed segmentation) and is then combined as a mask with the original grey scale image so
that the features are separated but retain their original pixel values.
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-> Select Features by 2nd

The General Boolean routine listed above provides the AND, OR, EXOR and NOT functions for com-
bining two images pixel-by-pixel. This routine provides a feature-based Boolean AND. It is different
from the conventional Boolean operations in that it functions at the feature level. Also, unlike the Gen-
eral Boolean routine, the order of the images isimportant. One image, usually called the marker image,
is placed beforehand into the second image memory (where it is not modified). Then this function will
find any feature in the front image that has any pixel within it touching any of the markersin the second
image. Features that do touch the second image markers are colored in the foreground color and those
that do not are colored in the background color. The principal use of thisfunction isto allow markers,
including skeletons and outlines, to be used to select features for measurement. Both the marker image
and the processed image are expected to be thresholded binary images, and any non-white pixel is
treated as being part of a black feature.

IF*Measure Features b Color by Value...
Count.,..
Lakel Features. ..
Measure A1l Features...
Heasure Regions...
Flot (Distribution). ..
Flot (Scatter)...
Eeject Features, ..,
Select Features, .,

Feature measurement operates on an image in which white pixels are interpreted as background and any
non-edge-intersecting (except as noted) group of touching non-white pixels are interpreted as being a
feature. If anon-rectangular area has been selected, this routine counts and measures features in the full
bounding rectangle around the selection. Most of the feature measurement routines measure a common
set of parameters on the features. Sometimes they are al measured and the data written to disk or used to
generate graphics, sometimes the user is asked to select one or two parameters for measurement. The list
of parametersis displayed in a hierarchical dialog shown below.

Select a group and parameler Select a group and parameter Select a group and parameter
for measurement for measurement for measurement
GCroup Parameter GCroup Parameter Group Parameter
W 5ize Area Size No. of Holes Size Total Skeleton Length
I Shape FilledArea " Shape = Formfactor Shape ) No. End Points
Skeleton ™ Convexdrea Skeleton Roundness f® Skeleton No. Branch Points
Intensity J Length Intensity Aspect Ratio Imtensity Mean Ext. Branch Len
Position dreadth Pasition Solidity Position Mean Int. Branch Len
_ Dther Equivalent Diameter Other Convexity Dther Mean Fiber Width
nscribed Radius Symmetry Fiber Width Variation
Circumacribed Radius Hale Fracton
Perimeter _| Radius Ratio
_ External Perimeter Elangation
Convex Perimeter Fractal Dimension
| ¥-Feret
Y-Ferat
Cancel R & Cancel - ok 3 Cancel oK
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Select a group and parameter Select a group and parameter Select a group and parameter

for measurement for measurement for measurement
Croip Parameter Croup Parameter Group Parameter
Size Mean Red Value Size X-Centroid Size ) Featiure Numbser
Shape Mean Creen Value Shape Y-Centroid Shape Adjusted Count
Skeleton Mean Blue Value Skeleton Moment Angle Skeleton Class
) intensity Maan Hue Value Imtensity Weighted X-CG Imtensity
Position Mean Saturation Value =) Pasition Weighted Y-CC Pasition
Other @ Maan Intensity (Lum.) Other X-Geametric Center ™ Other
Max. Intensity Y=Leometric Center
Min. Intensity %) Nearest Mbor Dist
Intensity Std. Dev. Nearest Nbor Dir
Calibrated Density Nearest Mbor 1D
nteg. Optical Dens Min.Separation Dist

Min. Separation 1D
Adjacent Feat.Count

Cancel ! oK ) Cancel oA Cancel L. |

-> Color By Value

This routine measures all of the features present and color codes them according to the magnitude of a
selected parameter, with red being the smallest numeric value and proceeding through yellow, green,
cyan and blue to magentafor the largest. If the imageisin grey scale rather than color mode, the fea-
tures will be assigned grey scale values that increase in brightness in proportion to the numeric value of
the measurement.

-> Count

This routine simply counts the number of separate features present in the image that have the same color
as the current pencolor. This makesit possible to use manual marking with the pencil tool in aunique
color to indicate human-recognized features or stereological events, which are then counted (after which
adifferent color can be used to repeat the operation for a different type of feature or event, and then fi-
nally the entire image can be saved with the marks as a record). This routine includes features that touch
the edges, so the Reject Features function may be applied beforehand to erase features that touch two or
four edges, depending on the purpose of the count.

-> Label Features

This function measures all of the features present and labels the image with the numeric value of the se-
lected parameter for each feature. The labeling uses the current pencolor and erases a small surrounding
rectangle to the current background color. Note that the labels are actually written into the pixels of the
image, so it is usually wise to perform this operation on a duplicate image or a duplicate layer.

-> MeasureAll Features

This function measures all of the features for all of the parameters and writes the datato adisk file. The
fileistab-delimited ascii text that can be read by most spreadsheet or data analysis programs. It isalso
possible to append the data to an existing file to build up alarge data set from multiple images. In case
some of the measured parameters are not of interest in a particular instance, the user can delete those
columns of values (e.g. using an Excel macro).
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-> M easure Regions

Unlike the other functionsin this menu, which measure features as defined by consisting of contiguous
non-white pixels, this function uses the region-of-interest outlines to define the features to be measured.
The regions are actually held internally within Photoshop in an alpha channel, which can be displayed
by converting the marquee outlines around the regions to a Quickmask mode that shows a colored over-
lay on the image. When the apha channel is shown in this mode, it can be processed using any of the
tools appropriate for binary images (e.g., morphology, watershed segmentation), and then converted
back to the region outlines. Also unlike the other functions in this menu, the Measure Regions function
will measure regions that abut to the edge of the image. The data are written to afile, exactly the same as
for Measure All Features.

-> Plot (Distribution)

Thisfunction Distribution
measures a” Of ert Seafe (Count) =20, Tofal=104 207

the features pre- ] Select Parameter
sent for the se- E—
Ie(i;ec(jj palram?:]er MNumber of Bins
and displaysthe :
resultsin the form [ ]
of adistribution

Minimum Value

or histogram plot. RIBTE
The default limits — I:I
of the plot are the ]

minimum and — Maximum Value

maximum meas- Iﬂl

ured values, but

both these and the Reset Limits
number of binsin =
the histogram (up | W Edge Correction

to 30) can be set Min=0.01216, Max = 061007, (m), 20 bins

Parametar: Equiv Diam o
_by the user. !f the Mean = 0.19088, Std, Dev =0 14920 { Done )
image contains all Skew = | 22668, Kurtosis = 3 57037

of the featuresin

the popul ation of

interest within its borders then no edge adjustment is needed, but if the image is one field of view in a
larger sample and some features intersect the edge of the image (so that they cannot be measured) then
selecting edge correction instructs the program to make a statistical correction for the fact that large fea-
tures are more likely to touch the edges than small ones. The graph aso shows some simple statistics for
the distribution. If logging isin effect when thisroutine is selected, the graph and data are saved to an
html file that can be read with any browser.

Fovea 4.0 User’s Manual Page #23



-> Plot (Scatter)

This function measures all of the

Scatterplot features present for two selected
Select ¥ Parameter | ( Select X Parameter | parameters and dI.Sp| ays the results
v as a scatterplot with each point
Yertical axis: Formfactor .
osiEss k. = .5 a° representing the values for one
Re SN R feature. A best-fit regression lineis

also computed and the r-squared
value indicating goodness of fit is
shown. If logging isin effect
when thisroutine is selected, the
graph is saved to an html file that
can be read with any browser.

0.09807

001216 061007
Horizontal axiz: Equiv. Diam., (m)

Regression Equation: ¥ = =1, 37423 %X + 092515

R-squared = 0.61577, for 90 pointa

( Done )
-> Reject Features
Remove smaller than This function is used to eliminate small or edge-touching features from
pixels. abinary image before measurement. The user can enter alimit for fea-
. . ture size (areain pixels) to regject small bits of noise. It is aso possible
Remove particies touching to eliminate features that touch any edge (and so cannot be measured)

- any edge.
#) top & left edges.
_lgnore edges.

or that touch just two edges (which provides unbiased counting of num-
ber per unit area). The rejected features are colored in the background
color, while those that are kept are colored in the foreground color. If
Cancel | £ ok ) thesecolorsarethe default black and white, this resultsin the erasure of
the rejected features.
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-> Select Features

Thisfunction is used to select features based on the numeric values of a selected parameter. A distribu-
tion of the measured values is shown and limits can be entered to select the features to be kept. The se-
lected features are colored in the foreground color, while those that are not selected are colored in the

background color.

= 100% E Preview

Parametar: Formfactor

27790 Selected

Minimum

s
S 0.64858

( Parameter | | Reset

= - Cancel ) —ok—)

IF*Measure Global

T
»

Area Fraction,..
Brightness. ..
Calibrate Density. ..

Calibrate Magnification,..

Clustering

Fractal Dimension
Grain Size (ASTM)
Histogram, .,
Intercepts. ..
Orientation...
Profiles. ..

Tangent Count,,.
Total Line Length. ..

The functions in this group perform a variety of measurements on the entire image or on a selected re-

gion.
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-> Area Fraction

Global Measurement Results This function reports the area fraction of non-white pixelsin the image,
Area Eraction = 37.7537 % or the selected region. The area of the region is also reported using the

established magnification calibration.
Image Area =790.897 sq.um

¢ ok )
-> Brightness
This function reports the average brightness or color Mean Area Color Values

components of the pixelsin the image, or the selected Red= 165.207 +/- 29.2416 Hue=11.0683
region. If adensity calibration isin use, the calibrated Green=117.015 4/- 24,1984  Sat= 92,9193
result is also shown. Blue= 105.007 +/- 15.7125  Val= 165.207

Density 0.10070 «+ /= 0.02809
Area (pixels)s= 63232
Area (sg.pm)= 270.488

€ ok )

-> Calibrate Density
This function allows the user to es-

Pixel Diensity Dansity Calibration Units = exp_fact tablish a calibration curve between
z4.0000 _ [Jz.00000 pixel brightness (0..255 values are
f ,:“;,E ; f:';fz : import used for both 8 and 16 bit per chan-
T TR T o ey nel images, the latter allowing for
626000 |.00000 : e additional precision) and some
£3.3000 12.0000 : meaningful parameter such as den-
43;; ”53}3 p ' sity. The typical procedure for es-
YT LI _ tablishing such acurveisto acquire
753,800 48,0000 ¥ Images of standards, measure the
Dens: Min = -3.54251, Max = 48,0000 Cancel brightness of the appropriate re-

8 Least-Squares Fit ® Linear ¢ @y  gions and accumulate alist of at

_ Interpalate . Log 1 S 4

least 2 (up to 10) intensities for
known standards. These values are
entered into the table in the dialog presented by this plugin. A calibration curve can be fit through these
points either by least squares fit or point-to-point interpolation, using either a straight line or log curve
(which corresponds to Beer’s law absorption). The resulting calibration curve can be stored on disk in a
named text file for reloading and using as appropriate, and remains in effect until cleared or replaced by
another calibration.
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-> Calibrate M agnification

This function allows the user to establish a magnification calibration. Theuser is ——. i
asked to mark two points on an image (usually an image of aknown standard or p —=*>

scale), and to enter the distance between them (selecting appropriate units). This kil
calibration can be saved to disk in a named text file, and recalled as appropriate.

| 1209 m
L y

It istypical for alight microscope with fixed magnifications to store and recall @ ym h
calibrations for each objective lenses, for example. The magnification calibra- S B
tion isused for all measurements on all images, until it is changed. The magnifi- m

km

cation value is not saved with each image. Note that the magnification calibra-

tion used by the Fovea Pro plug-ins does not interact with the units used by Pho-
toshop for measurements shown in the Info window, which istypically set to { e
pixels but may also be in inches, etc.

import

Cancel

-> Clustering
Thisroutineis applied to an image of
Reindeer Graphics® FoveaPro - Measure Clustering multiple features (non-white pixels) on a
Thi i Taass) white background. The mean nearest
neighbor distance for neighbor distance (centroid-to-centroid)
; 100 features is for the features is compared to the value
: __ 1.0B8B2 um, as for arandom spatial distribution of the
W~ compared to 1.79211  same number of featuresin the image
B um for a random area. If the observed mean is less than that
Tl b distrioution. for arandom distribution it indicates clus-
o =, tering, while a greater value represents

|'f . self-avoidance. The dialog also shows a
i rose plot of the nearest neighbor vectors,
| ok ) which can indicate nonuniformity and
preferred orientation.

-> Fractal Dimension

This routine measures the fractal dimension of all of the boundariesin a binary image. It is not the same
calculation as the feature-specific measurement that reports a value for each feature within the image,
and is appropriate for dispersions of features, boundaries that extend across the image and off the edges,
etc. (Placing arectangular region around a specific feature can be used to measure just one feature.) The
method used is based on the EDM, which is the most accurate procedure for fractal dimension meas-
urement. (The feature-specific routine uses the slope of a Richardson plot for each feature.)
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-> Grain Size (ASTM)

Thisroutine is specifically intended for the measurement of metallic grains shown in a binary image.
The result isreported on an arbitrary logarithmic scale that corresponds to the ASTM standard for grain
Size measurements, and has no units. The method employed is the linear intercept procedure, as speci-
fied in the ASTM standards. The image must be calibrated in inches, mm, cm or micrometers for the cal-
culation to be performed. Note that the term “Grain Size,” although in use for more than a century, isa
misnomer, and that from a stereological point of view the measurement is not the size of the grains but
rather isrelated to the grain boundary surface area per unit volume.

-> Histogram

This routine measures the brightness his-
togram for the image (or within a selected
region). Thisis similar to the Photoshop
histogram display but also saves the data
to a tab-delimited text file that can be
opened in a spreadsheet or other program
for further analysis. The display allows
the vertical scale to be changed, and can
show either the brightness or RGB com-
ponents for a color image. In addition to
the conventional histogram plot (number of pixels as afunction of brightness value), the display also
shows the cumulative histogram. Thisisthe integral of the histogram, which rises from 0 to 100%.

drdows Craphea® FénmiPro - limlogren

-> I ntercepts

Ruse Plot of Intercept Length Several stereological procedures are based on the measurement of
intercept lengths on binary images of structures. This routine per-
forms an exhaustive procedure for determining intercept length
information. A grid of parallel linesisANDed with the image and
the lengths of the individual intercepts measured, and thisisre-
peated as the line grid is rotated in 10 degree steps. The mean in-
tercept length and the mean inverse intercept length are reported
in the calibrated magnification units, and the variation with angle
is shown. The data are also saved in atab-delimited text file for
subsequent analysis.

MHesn Intercept Length =4.62874
Mean Imverse 'cept =0 35030
Azpect Fatio =1, 97269

Rum. lcepts =1 1416 Unita = um

£ ok )
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-> Orientation

Thisfunction isintended to be used after the I PeProcess->Orientation function has represented the orien-
tation of the local brightness gradient by agrey scale value at each pixel location. It displays a histogram
of those values and saves the data. The same data can be shown with the ->Histogram routine above,
except that this routine also alows plotting the data combining the lower and upper halves of the histo-
gram (to show values appropriate for the 0 to 180 degree range rather than 0 to 360 degrees), and to
show the values as arose plot. The “spikes’ that occur at exact multiples of 45 degrees are an artefact of
the edges of the square pixel grid and provide a useful built-in calibration scale.

Orientation
Histogram
Yot
\ R ™ 1
B 1] Orlentation 3 ! ! f
rlentatior _:ky,s i
Histogram - ".-._z
Polar H-“? % Palar
_.i {# |
® p-360 = L 7 0-360
0-180 / -~ 0-180
. (™ [y
I‘{"""'":-"" \\
« ok ) ok )

-> Profiles

f There are five modes available for plotting intensity profiles from
images. All of them save the datain a tab-delimited text file for
a il subsequent analysis, and all of them plot the data both as raw in-
— User-specified Line tensity data and using any density calibration in effect.

" | Horizontal (averaged vertically)

# Vertical (averaged horizontally) The Horizontal profile measurement is applied to arectangular

Measure Intensity Profile

region, averages the pixel values vertically and plots the results
as afunction of horizontal position. The Vertical profile meas-
Circular (vs. Angle) urement routine is similar, but plots the results as a function of

(o) P vertical positi(_Jn, with averaging in the horizor_ltal di recti_on. Both

— Bt are useful for images of samples such as protein separations, X-

ray diffraction films, cross-sections of layered structures, etc., in
which there is one important direction of intensity variation.
Measuring the intensity profile along a user-specified arbitrary line produces the same data format as the
horizontal profile, but measures the intensity values along a straight line (or line segment) which the user
selects by marking two end points on the image in a preview. The measured line is drawn onto the image
afterwards for reference. By appending the data from this measurement to a previous measurement, it is
possible to extend the measurement line and follow an irregular arbitrary path across the image.

Radial (averaged circularly)
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The Radial profile routine measures the

average radial intensity (not the color in- Pixel Values
formation) from the center of the image. Bange 053
The intensity values are averaged over all

directions, so thisroutine is most suitable N __.-"‘.1 Na B sicne

for images of structures that have radial / T o iy IP I = 145022
symmetry (e.g., electron diffraction pat- f\‘ ,I/L\ A Vo ANNO, R | imeDeazs
terns, tree rings, etc.). In many cases the i it v ~/ " e |Widthe

user can efficiently specify the location of R /4 46.4m

the measurements by using the Photoshop R = i S rce
rectangular or circular region selection, I HSL
holding down the option/alt key to draw oK)

from the center, and the shift key to con-
strain the dimensions to acircle or square,
and drawing aregion starting at the center of the pattern. That center point will then become the origin
for the radial measurement.

The Circular profile routine is similar but instead plots the intensity as a function of angle going around
the circular or elliptical path specified by the region selection line (the pixels marked by the edge of the
circular or elliptical path are measured; if arectangular region is marked, the inscribed ellipse is meas-
ured). The angle range is 0-360 degrees, starting at the right side and proceeding counterclockwise
(standard engineering coordinates). If the circleislarge, many points will be averaged at each angle,
whileif it isvery small the plot will show interpolation between the measured points.

-> Tangent Count

Tangent Count Thisroutineis applied to binary images of features (groups of non-
Tt Olope f Troanhie 304 white pixels on a white background) to determine the net tangent count.
T- {splits & metges) = 109 Positive (convex) and negative (concave) tangents are counted and the

Total area = 1.30744e+4 sq.um total value reported for stereological interpretation.

ok

-> Total Line Length

This routine measures the total length of skeleton lines, or any other Skeleton Measurement
single-pixel wide lines (e.g., feature outlines produced by the RodEcaints B8
| PeM orphol ogy->Ouitlines routine). The measurement uses the same Etiats 70

super-resol ution procedure as the feature perimeter measurements. The
reported value is given in the current calibrated magnification units. If
the subject image contains a skeletonized result produced by the

| PeM orphol ogy->Skel etoni ze routine, the number of end and branch ; :
pointsis also shown. P

Total Line Length = 1146.80 pym
Area = 1,30744e+4 5q. pm
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IF*Morphology P Classic Morphology.. .
EDM Marphology. ..
Euclidean Diztance
Fill Holes
Limit Dilation with 2nd
Outline
Pruned Skeleton
Skeletonize
Skeletonize and Trim Branches..
Thicken Skeleton
Ultimate Foints
Watershed Segmentation

|

This group of functions provide classical morphology routines (erosion, dilation, opening and closing,
and related operations that consider each pixel’s neighborhood). They should be applied to binary (black
and white) images, and interpret any non-white pixel as part of afeature, and white pixels as back-
ground. Note that there are also morphological routines under the |PeRank menu for dealing with color
or grey scale images, which also offer erosion, dilation, opening and closing.

-> Classic M or phology

This routine performs classical
erosion, dilation, opening (erosion
e - followed by dilation) and closing
Coefficient [3° | (diilation followed by erosion).

- — The number of iterations does not
terations |1 |7 correspond exactly to the distance
B ; of the erosion, because classical
procedures compare the pixel only
_ Erode to itsimmediate neighbors. The
Dilate “Coefficient” value is the number
# Open of neighbor pixels that must be
.} Close exceeded for the central pixel to

change it color from black to
i Show Preview white or vice versa. If this coeffi-
cient is set to zero, theresult is
traditional erosion or dilation (the
pixel changesif it is adjacent to
any opposite colored neighbor). Higher values provide more control over the process; avaue of 7 (re-
quiring all 8 neighbors to be opposite on color) resultsin the removal of only isolated single pixels. Note
that Fovea Pro includes four sets of routines that perform morphological erosion, dilation, opening and
closing. The EDM-based routines are more isotropic than classical methods. Grey scale and color ero-
sion and dilation deal with pixelsthat have values other than black or white and are found under the
| PeRank menu.
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-> EDM Mor phology
Fovea Pro includes four different
methods for performing the mor-
.. phological functions of erosion,
Depth |18 1. dilation, opening and closing.
Classical morphology appliesto
binary images but produces ani-

| Erod _ ; ‘
n : sotropic resultsin which feature
ilate i
M Open shapes change with repeated ap-
p plication. Grey scale and color
i 58

morphology (under the |PeRank
menu) apply to images whose pix-
els have either brightness or color
information rather than binary
W Show Preview (black and white) definition of
thresholded features. EDM-based
morphology is applied to binary
images (any non-white pixel is
considered part of afeature), is much faster than classical morphology, and isisotropic, preserving shape
information. The “Depth” distance entered into the dialog is not restricted to integer values, asfor clas-
sical morphology, but can accept real numbers that correspond to actual pixel distances.

-> Euclidean Distance

This routine assigns the distance values as grey scale values for all of the non-white (feature) pixelsin
the image, representing the distance from that pixel to the nearest white (background) pixel. Because of
the range limits of the image format, the maximum value is 255 pixels.

-> Fill Holes

Thisroutinefillsin al holes within features using the current foreground color. A hole is defined as
white pixels that have no continuous path to any edge of the image. Background pixels are considered
connected only if they share an edge (4-connectivity), whereas features (black pixels) are considered
connected if they share either an edge or a corner (8-connectivity).

-> Limit Dilation with 2nd

This function performs classical dilation of features in the current image, but only within those regions
that correspond to featuresin a previously stored second image. This procedure can be useful in dilating
eroded seeds of features to reconstruct the features without merging. It can aso be used as away to ac-
complish marker selection of features (although it is less efficient than the IPeMath->Select Features by
2nd method).

-> Qutline

This function erases the interior of features leaving just those edge pixels that are adjacent to (touch) the
white background. The outlines are used for various stereol ogical measurements, and also can be used as
markers to select adjacent pixels or objects.
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-> Pruned Skeleton

This series of menu items includes three skeletonization routines. All of them remove pixels from the
edges of features leaving the midlines as 8-connected continuous lines. This routine then removes all
branches that terminate within the image area, leaving only the lines that extend across the entire image
and form a continuous tessellation. Thisis particularly appropriate for grain boundary or cell boundary
images, and networks.

-> Skeletonize

This function thins the features to their midlines. It also marks the branch points (or nodes) and the end
points of the skeleton so that they can be counted (see |PsMeasure Global->Total Line Length) or selec-
tively thresholded (see IPeThreshold->Select Skeleton Components).

-> Skeletonize and Trim Branches

Cutoff Skeleton End Branches This function performs the same skeletonization as the Skeletonize rou-
Sharter than |25 |Pixels (1.0gy  tine, followed by removing those terminal branches (branches that end
= within the image area) whose length is shorter than a user-entered value.
Cancel | £ 0K The result of the function isto grey-code the short branches with a
unigue value so that the |PeThreshold->Select Skeleton Components
function can keep or remove the short terminal branches.

-> Thicken Skeleton

As noted above, the skeleton produced by all of the skeletonization proceduresis an 8-connected linein
which pixels are considered to be connected if they touch each other’s sides or corners. Thisis the con-
vention used for al feature connectivity. Background connectivity (as noted above) is 4-connected (pix-
elsare connected if they touch along their sides, not their corners). This difference isinherent in a square
pixel grid. If askeleton isto be used subsequently to separate features (by removing it with aBoolean
operation, or by inverting the skeleton image) it must be converted from 8-connected to 4-connected.
This function accomplishes that conversion, by thickening the 8-connected skeleton to make it 4-
connected.

-> Ultimate Points

The peaksin the EDM correspond to the centers of features that would be separated by the Watershed
Segmentation routine, and their value of each corresponds to the radius of an inscribed circle within the
feature. The ultimate points can be used to mark locations within features for various measurement pro-
cedures (unlike the feature centroids, which may lie outside of a concave shape, the ultimate point is a-
ways within the feature). Also, a histogram of the values of the ultimate points is a direct measurement
of the number and size distribution of the features present.

-> Water shed Segmentation

This function generates and uses the EDM of a binary image to find the lines of separation between con-
vex touching features and erases them so that the features are separated for measurement.
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IP*Multichannel P Compute FCA Transform
Apply FCA (Forward)
Apply PCA (Inverse)
Channel Thresholding
Colocalization Plots

These routines operate on color (RGB, Lab, etc.) and multichannel images to perform principal compo-
nents analysis. They are not included in the Image Processing Tool Kit. Note that multichannel images
cannot be displayed in color except by selecting individual channels or converting them to standard
color images, which may hide some of the channels. Before using the PCA transformationsit is neces-
sary to select al of the channels of interest in the channels window. Thisis facilitated by a*“script” that
should be installed in Photoshop (place thefile “IP_SelectAllChannels.js’ in the Adobe Photoshop CS2 /
Presets/ Scripts). Select this function as File-> Scripts -> |P_SelectAllChannels. The script (writtenin
Java) selects and turns on for display all channelsin a multichannel image.

-> Compute PCA Transform

After selecting some or al of the multiple channelsto be used in the PCA procedure, this function per-

forms the computation of the eigenmatrix, which is stored on disk (file tupe *.pca). The covariance ma-
trix, including the significance of each new channel, is also displayed and written to the html log file if

oneisin use.

-> Apply PCA (Forward)

This routine applies a previously calculated Principal Components Analysis eigenmatrix to the multi-
channel image, transforming the current channels to values along the principle axes. The file for the ma-
trix can be selected by the user. The pixel values in the channels are remapped according to the trans-
formed axes, autoscaled to the range of the actual datain the image. For a standard color image (RGB,
Lab, CMYK) thisresultsin adisplay in which the first channel has the most significant variation, the
second has the next most significant, and so on.

-> Apply PCA (Inverse)
This routine applies a previously calculated PCA eigenmatrix to a previously transformed multichannel
image, to recover the original channel values. In most cases the transformed channels will have been

modified (e.g., by noise reduction) or one or more will be eliminated e.g., by filling the channel with an
average value) so that the recovered channels will be atered.
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-> Channé Thresholding

Thresholding of multichannel images (including RGB images as well as multichannel images that have
been transformed using PCA) can be performed using this function. The dialog allows setting upper and
lower threshold levels on each channel, either to include or exclude pixels that lie within the selected
intensity range. The preview can show either the results of the selection on the current channel or an
AND that applies al of the active channel selections. The final thresholded result combines all active
channel selections to produce a binary image of the selected pixels.

Reindeer Graphics® FoweaPro - MultiChanne| Threshold

Highlight Color

" Red .
_iCyan

& Oither...

Qutput
_ Binary image
) Mask

H_“ Preview

_ Cwurrent Channed
iy Compasite

Channel! Fed =

| Inactive
# include Range
_ Exclude Range

Limiit Ramge: Eancel
111

&+
*
l.._.'t.'_ ) 0

-> Colocalization plots

’ : Used after performing a principal components transformation on an im-
. ’ age, this function displays plots of the distributions of pixel values
‘ ; along the new transformed principal axes. The channels are numbered
‘ sequentially in order of significance, although the names still corre-
spond to the original axes unless they are changed by the user. This
function can also be applied to multichannel images that have not been
. transformed by principal components analysis, for example to compare
* the localization of red, green and blue values.

X Channgl |1 1 ¥ Channel
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IP*Process b Adaptive Equalization...
Condi tional Smoothing. ..
Convolve, .,

Custom. ..

Difference of Gaussians
Find Edges...

Gaussian Blur, ..

Local Equalization...
Orientation (Sobel)
Sharpen Steps...
Texture (Fractal)...
Texture (Spatial)...
Yariance, ..

The processing routines operate on grey scale or color images and produce a modified grey scale or
color image in which some details (e.g., random noise) are suppressed while others (e.g., edges) are en-
hanced. Some of these routines have more than one use, depending on the nature of the image and the
size of the neighborhood. Most of them operate on color images by internally converting the RGB val-
uesto HSI space and process the intensity values, leaving color information unchanged (exceptions are
noted).

-> Adaptive Equalization

This function isamore general ver-
sion of the ->Local Equalization
routine, below. In addition to the
basic procedure of comparing each
pixel to its neighborhood and mak-
ing pixels darker than their sur-
roundings darker still (and vice
versa), this routine weights the
neighborhood pixels in importance

as away to adapt to the local con-
trast, and has a user-adjustable con-
trol to non-linearly increase the
amount of local contrast added. Noise
typically frustrates efforts at local detail enhancement, and this routine has provision for noise suppres-
sion.

* Adaptive Neighborhood Equalization

Fbegmn Center WElgh'tlnq m
Cunrraﬂ Expansion

o 50000
Nmse Rejection BBEIGCI

Add Fr-eu:'ln:m of Original m
_ Cancel E )
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-> Conditional Smoothing

Edge Preserving Classical methods for noise reduction in-
Smoothing clude neighborhood averaging and me-
. ; dian filtering within a user-defined neigh-
’fb"ﬁ;"‘* e = borhood size. This routine modifies the
Q) Threshold ce neighborhood by excluding pixels that are
SRR = | . very different in brightness from the cen-
) Mean tral pixel, based on a user-entered thresh-
f5_~u Median old. This prevents the neighborhood from

crossing boundaries, keeping the bound-
Cancel ) 0K ) ary sharpness and preserving fine lines.

-> Convolve
Results Scaling Options This routine operates like the ->Custom routine using a stored array of
Tiscale by [L5  |&add [127. | weight values (either integer or floating point values). The array must be
) Use coefficients as-is atab or space delimited file with a square array having an odd dimen-
" Scale by positive sum sion, up to 47 x 47. The user can choose various ways to adjust the re-
@ Autoscale (Black. White) sulting product to keep the numerical results of the procedure within the
Cancel) GO 0..255 range without clipping.
-> Custom

Thisroutine is similar to the built-in Photoshop Filter->Custom routine that applies a kernel or array of
weight values to an image, which can be used for noise reduction, edge delineation, embossing, and
many other purposes. It can, in fact, import Photoshop kernel files (*.acf files), as well asloading kernels
in the tab- or space-delimited text format supported by the Convolve routine. The important differences
are 1) the array islarger (7x7 vs 5x5); 2) the weight values as well as the scale multiplier and offset
value can be real numbers rather than being limited to integers; 3) the calculation is applied to the inten-
sity channel of color images, leaving the color information unchanged (the Photoshop routine is applied
separately to the RGB channels which can produce color shifts); 4) the result of the calculation can op-
tionally be autoscaled so that the data fit exactly into the 0..255 range with no clipping of values occurs.
Note: for Photoshop versions 7.0 and prior, the built-in Custom routine operates only on 8 bit images,
but like all Fovea Pro plug-ins, this routine works on 16 bit per channel images in Photoshop 4 and later.

w = Custom Conwvolution Filter
T 0.4 0.0 ~0,1000 |[-0.2560 |[-0.1000 |[0.0 lo0
' g 0.0 0.2000 |[-1.0000 |[-2.1000 ||-10000 |[-0.2000 |l0.0
-0.1000 ||-1.0000 |[-0.8000 [[3.5000 ||-0.8000 |[-10000 ||-0.1000

[~0.2500 |[-2.1000 ||§.53-:-u |[2.2000 |jz.5000 ||-z.1000 |[-0.2500 |
[-0.1000 ||-1.0000 ||-0.8000 |[3.5000 ||-o.8000 [|-1.0000 [-0.1000

0 0.0 -0.2000 |[-Lo000 |[-2.1000 |[-1o000 |[-0.2000 |[-0.1000

£ ™ [Fleo 0.0 -0,1000 |{-0.2500 |[-0.1000 |[o.0 Jlo.o
Scale Facror Add Constant _ Autoscale
Save | Load | Reset Cancel | E_ﬂﬁ-—_‘)
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-> Difference of Gaussians

Difference of Gaussians Thisroutineis pri mar”y used asa
detail and edge enhancement tool
for noisy images. Based on princi-
ples of human vision, it calculates
the difference between two copies
of the image, one smoothed by a
small amount to remove the random

Subtraction Percent i
s .[1000 |  noise, and the second smoothed by

Smoothing Sigma
e

Sharpening Sigma
4 E3

4 alarger amount to remove the im-
portant detail. Thisis equivalent to
a band-pass filter performed in Fou-
rier transform space. Typically the

ratio of the two smoothing radii is

between 3:1 and 8:1. The user can aso determine the amount of the subtraction (the classical difference
of Gaussians corresponds to 100%, after which the result may be added back to the original image).

S Ganoet

-> Find Edges

There are a great many edge-finding
algorithms used in image process-
ing. This routine implements sev-
eral of the more common and afew

Edge Operators

" Sobel
of the less common but very power-
ful methods. The dialog allows se- 0 @ Canny
lection of the method with a pre- ) Kirsch
view. The Sobel is the magnitude of Frei & Chen

the brightness gradient vector based s aAsERY ik
on a 3x3 neighborhood; the gradient

vector method is similar but alows X - i
the user to adjust the neighborhood s

radius. The Kirsch method is an + 100% =

older technique that finds the M Preview (Cancel)  (COK)
maximum of the derivative in eight

directions. The Canny uses a gradient

vector method but refines the result to keep just the local maximato define the precise edge location.
The Frei and Chen technique applies 7 local kernels to each pixel to detect edges with less sensitivity to
noise and to the absolute brightness values. All of these except the basic Sobel operate on the intensity
information without affecting colors. The Sobel operates on the individual RGB channels, similar to the
Photoshop built-in Find Edgesfilter.

1R
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-> Gaussian Blur

Thisroutine is similar to the built-in Photoshop Filter->Smooth-
>Gaussian blur routine and has similar uses. The differenceis that
the processing is applied to the intensity channel without affecting
color information, while the Photoshop routine operates on the
individual RGB channels. Also, in Photoshop versions prior to
7.0, the built-in function worked only for 8 bit per channel im-
ages, but like al Fovea Pro plug-ins, this routine works on 16 bit
per channel images in Photoshop 4 and later.

Smoothing Sigma
" =

o | 250

( Cancel | 0K

-> Local Equalization

This function performs classical loca his-
Local Equalization togram equalization within a circular
neighborhood with user-defined radius,

© Contrist but keeps the new pixel brightness value
oA Ao only for the central pixel. This makes pix-
Radius (2..7) els dightly darker than their neighbors

. e darker still and vice versa, increasing con-
trast for local detail. Alternately, the rou-
Blend (Percent) tine can equalize the local pixel variance,
: - which produces similar results but is
somewhat more resistant to random noise.
(Cancel) (EIOKD) The user can blend in a proportion of the
origina image with the equalized result.

-> QOrientation

This function uses the Sobel local gradient method but rather than saving the magnitude of the gradient
vector (asin ->Find Edges), it keeps the angle. The angle values are scaled to the 0..255 range, so that
one step in brightness corresponds to an angle of about 1.4 degrees. This method is commonly used to
measure the orientation of structure, and a histogram of orientations in the resulting image may be
measured with the |PsMeasure Global->Orientation routine. It is aso sometimes useful to color code the
orientation values using a spectrum of hues.
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-> Sharpen Steps
Max, Likelibood Edge Reconatnuchion
This function modifies pixel values adjacent to steps so that the

. . . Meighborhood Size
steps become more abrupt and hence easier to visualize and lo- *

cate. The underlying method is a maximum likelihood recon- i
struction using statistical tests in a user-adjustable neighborhood. : :“:f"s - 2
) Radius =

It is also possible to select a post-processing step that anti-aliases
the step edges by smoothing in adirection parallel to the local

edge orientation.

-> Texture (Fractal)

Texture
{Hurst Fractal)

Max Radius:
(2..7 pixels)

" Slope
@ Intercept

E Preview

# Anti-Aliased Edges

E Prewview

There are two procedures that detect tex-
tures in images and convert them to grey
scale differences to enabl e thresholding.
This routine calculates the local fractal
dimension of the brightness values by
constructing aplot (on log-log axes) of
the brightness range as afunction of ra
dius. The user can adjust the maximum
radius, and select whether to use the slope

([ Cancel 3

or the intercept of the plot.

€ ok )

-> Texture (Spatial)

This texture extraction routine operates on
the pixel values using a co-occurrence
matrix. The terminology for the various
methods follows the Haralick definitions.
For the entropy calculation, the size of the
neighborhood is user-adjustable.

Fovea 4.0 User’s Manual

Texture Operators

_ Angular Second Moment
@ O contrast

" Inverse Difference Moment

@ Entropy (Radius 1..4)

& [32d |
w
100% = .
@ Preview ( Cancel ) 0K )
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->Variance

T

\ =
N
o oy
I
\

Lecal Variance

m Neighborhood
Radius (1..7)

ok )

—

Cancel

This procedure calculates the statistical
variance of pixel brightness valuesin the
user-adjustable neighborhood. This tech-
nique can be used for either edge or tex-
ture detection depending on the image
characteristics and neighborhood size.

IP*Rank b

Colar Morphology. ..

Grey Scale Morphology. ..
Hit Or Miss,,.

Hybrid Median.. .

Median

Neighborhood Rank,
Range. ..

Rolling Ball...

Top Hat...

|

All of the routinesin this group operate by ranking the pixelsin alocal neighborhood, after which vari-
ous results may be selected such as brightest, darkest, median, etc. Most of them operate (except for the
color morphology routine) on grey scale brightness values, and for color images will process the inten-
sity while preserving color information. If it is desired to operate on the individual RGB channels, they
can be selected in the Photoshop Channels window and processed individualy.

-> Color Morphology

Color-based Ranking
(Morphology)

" Erode
. Dilate
 Open
I Close

Iterations:

e[

Cancel ) 0K

Fovea 4.0 User’s Manual

This routine performs morphological op-
erations on color images. The user should
select the color of interest beforehand us-
ing the eyedropper. The plug-in then
ranks the pixelsin the neighborhood in
terms of their similarity to the selected
color. Dilation is accomplished by keep-
ing the neighboring pixel value most like
the pencolor, while erosion keeps the
value most different from the pencolor.
Opening isan erosion followed by adila
tion, and closing is the opposite. The
number of iterations can also be adjusted.
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-> Grey Scale M orphology

This routine performs morphological op-
erations on grey scale images (applied to
abinary image, it is equivalent to classical
morphology with a coefficient of zero;
applied to acolor imageit is equivalent to
the color morphology plug-in using black
asthe color of interest). The plug-in ranks
the pixelsin the neighborhood in terms of

& Grey Scale
Marphology

'ET Show Preview

C.] Iterationss=

their brightness. Dilation is accomplished @ Eﬂri?iz

by keeping the darkest pixel value, while ~ Open

erosion keeps the brightest value. Open- ™ Close
ing is an erosion followed by adilation, v =

and closing is the opposite. The number —
of iterations can also be adjusted. (_Cancel ) 0K)

-> Hit or Miss

Meighborhood Rank Pattern:  Most ranking operations function with a circular neighborhood in or-
S der to achieve isotropic results (unlike the Photoshop Filter->Noise-
————— >Median, Filter->Other->Minimum and ->Maximum routines,

DEoEOQ which use a square neighborhood). Sometimes it is advantageous to
OO OO design a specific neighborhood shape if the nature of the image and
sl =N its defects is known (e.g., scratchesin a particular direction). This

= S=s SL= = function allows the user to specify the neighborhood positions that
————— are to be included in the ranking procedure, after which the median
value can be selected, or the result of an opening (lightest followed
by darkest) or closing (darkest followed by lightest).

-> Hybrid Median

The classical median filter isavery widely used and effective noise reduction filter, and does not shift
edges. However, it can round corners or eliminate narrow lines. The hybrid median preserves corners
and lines by performing multiple rankings in different directions at each position. The user can select the
size of the neighborhood, up to aradius of 6 pixels (at larger sizes, the preview may be slow to update).

-> Median

Thisroutine islike the built-in Photoshop Filter->Noise->Median filter except that it uses a neighbor-
hood that is a5 pixel wide circle (the Photoshop routine uses a square neighborhood).
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-> Neighbor hood Rank

This routine performs ranking in a user-adjustable circular neigh- General Purpose Rank Function
borhood, after which various pixel values (minimum, maximum, ) Beick st
median, etc.) can be kept. The built-in Photoshop Median, Mini- - 2:’13 Bright Neighborhood

mum and Maximum routines use square neighborhoods and limit Radius (pixels)

) . . @ Median —
the size selection to integers. B el Bk

) Darkest (1-3.9)
_ Range
Cancel ) !f OK )

-> Range

This function ranks the pixel vaues in a user-adjustable circular - :
neighborhood and keeps the difference between the brightest > “ Radius (1.7
4 a2
-

and darkest values. This may be used for edge or texture finding,
depending on the size of the neighborhood and the nature of the

image. 1 ".

= .
£ b W Preview
B i W e
iy
’ . .
Cancel ) DK~
r. LY ‘ .ﬁ —_—
-> Rolling Ball
This function uses the logic of the top hat filter (below) but replaces any Rolling Ball
pixel whose value falls outside the limits set by the brightest and darkest {Noise Remover)
valuesin the surrounding neighborhood, with the mean value from that
outer region. This can be an effective way to remove localized (“ shot”) inner adius;
noise, dust, etc. The user can adjust the radii for the inside and outside {0..Outer-1)
of the surrounding annular neighborhood. Outer Radius
(1.47)
Cancel | (0K
->Top Hat
Thisfunction is used to locate bright or dark features of known size.
Top Hat (Peak Detector): The pixel brightness values are ranked in two neighborhoods, an inner
circular region and a surrounding annulus (both user-adjustable in size).
If the maximum in the inside is less than that in the outer surround, and
inner Radius: _ the minimum in the inside is greater than that in the outside, the pixel is
(0..Cuter-1) gt to 128 (medium grey). Otherwise the difference between the inner
Outer Radius: | 7 and outer maxima or minima are kept. The result is an image in which
(1.47) local bright and dark spots are kept and can be thresholded. This routine

is particularly useful for locating spikesin Fourier power spectra.
Cancel €0k )
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IF*Surface Measurement P# Fourier Fower Spectrum
FPeaks...
Ferimeter vs. Area,, .,
Section Frofile,..
S1gma vs. Area. ..
S1it Island..,
Sterepo Pair Measurement
Surface Statistics...

This group of functionsis used to measure range or elevation images in which grey scale values repre-
sent elevation (such images are produced by interference microscopes, scanned probe microscopes, €tc.).
In most cases these will be 16 bit images. Severa of the routines measure fractal dimension of surfaces
using different methods (which are not numerically the same). Surface fractal dimensions have values
between 2.0 and 2.999... There are also tools to measure conventional surface roughness parameters,
either for range (surface) images or cross-sections. These functions are not included in the Image Proc-
ng Tool Kit.

-> Fourier Power Spectrum

Thisfunction is used after the IPeFourier-
>FFT (Forward) function has been used
to obtain the Fourier transform values.
1 ' i The plug-in analyzes the complex datato
1 . show several plots that can be used to
' U, cheracterize surface roughness. The plot
| of log(amplitude) vs. log(frequency) is
| J e | averaged over dl directions; alinear plot
/ [Phase histogram indicates a fractal surface, provided that
1 . - ;,.,pe . p—— the phase information is random (as
s 160899 (0K ) ghownin the phase plot). The slope and
intercept of the log(amplitude) vs.
log(frequency) plot are shown as a function

Log :-'%1:\5 fetig: Rifatll] ||

of direction to reveal anisotropy in the surface.
-> Peaks

This function reports the number of distinct peaks and valleys on the surface, Surfoce Peak Analvais
and the mean height difference between the five highest peaks and five lowest ————— d,:J

valleys. The latter value is given in terms of the pixel values (0..255) and 1413

should be converted to real units with the elevation calibration information Ml Of Yall oo Bare

Total lmage drea =
for the surface. i
(sq, pum)
Sz { Five-Peak Range)-
236500
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-> Perimeter vs. Area

This function applies one of several methods that
measure the fractal dimension of surfaces. The image
isthresholded at several heights and the perimeter and
area of each feature is measured. A log-log plot of the
perimeter vs. area of the features is constructed and
the least-squares slope is calculated and reported.
Thisisrelated to the fractal dimension of the surface
as Fractal Dimension =15+ 2 * [dopeg|.

-> Section Profile

Profile Measurement Results

Unifs = Hm

Max-Min = 52.09086

Rz = 43,4442

Ra = B.0o412

Ag = 10.6373

Skew = 0.03648

Kurtosis = 2.19615 fect.

ok )

-> Sigmavs. Area

This function applies one of several methods that
measure the fractal dimension of surfaces. Randomly
located areas of different sizes are measured to deter-
mine the variance of the elevation values. A log-log
plot of the standard deviation vs. areais constructed
and the |east-squares slope is calculated and reported.
Thisisrelated to the fractal dimension of the surface
as Fractal Dimension = 2 + slope.

Fovea 4.0 User’s Manual

Dimensional Analysis

" & Graph display:

¥ert: Log{ Perim)
from: 207944
to 480402

Horiz: Legldrea)
from: 304452
to 5823610

Slope =
D EE94T
£ L 1-sigma)
0.0593%1
FD=15+ 2 * |zlope]

€0k )

Thisfunction is used with a specific type of image - avertical cross section
through a surface or coating oriented so that the elevation profile is presented
as abinary image. If necessary, the image should be rotated so that the profile
isoriented in the horizontal direction. The plug-in measures the elevation
profile from this image and reports a number of industry-standard surface
roughness measurements. Values are given using the spatial calibration in ef-

.
i
Q
o
o
=
o

Fractal Dim.=
253674

f oK )
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-> 9lit Island

This function applies one of several methods that . 81t Isfand Box Count
measure the fractal dimension of surfaces. The image i s

is thresholded and the box-counting or Kolmogorov i to 3716
method is used to determine the fractal dimension of % Ve

the boundaries produced. A log-log plot of the number o e 1%

of squares occupied by the thresholded ilands vs. the o Slope =

size of the grid is constructed and the | east-squares N, ro= i boteel
dlopeis calculated and reported. Thisis related to the R

fractal dimension of the surface as Fractal Dimension -

=1+ |dopg). - o

-> Stereo Pair M easurement

This function is used to measure the elevation of points as revealed by their parallax or displacement in
stereo pair images. Two images, aligned and at the same magnification, but viewing the same surface
from dightly different angles are required. The images must be rotated so that the viewing angleis hori-
zontal (corresponding to the usual way that stereo pair images are viewed). One of the two images
should be placed in the second image memory and then this function applied to the other image. Cross-
correlation is used to locate matching pointsin the two images, and the horizontal shift (which islinearly
proportional to elevation) is represented by the grey scale value assigned to the pixel. This technique
usually produces a noisy result in which some points are not matched or are incorrectly matched, and
variationsin lighting can exacerbate these problems. A median filter is typically applied afterwards with
alarge enough neighborhood to erase the outlying values. Converting the grey scale values to absolute
€l evation measurements can be done by knowing the tilt angle between the images and constructing a
“density” calibration curve for the grey scale.

-> Surface Statistics

Vert Scale= This function is used to measure a range image
?;3: of asurface. It usesthe histogram of the image
Eﬁfjj (which is the Abbott-Firestone curve since the
133,526 values are elevations) to report the statistical
Do values for the surface (industry standard surface
T roughness parameters). The values are given in
Kurtosis= terms of the pixel values (0..255) and should be
E{;JT:;E pey = CONvertedto real units with the elevation cali-
23.7244 bration information for the surface.

£ ok )
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IF*Surface Processing b Find Extrema
Flatten Surface
Generate Anaglyph Stereo
Isolines. ..
FPlot 2nd as SurTace. ..
Eeconstruct SurTace W/ Overlay

Range images can be processed effectively with several of the general image processing functions. A
median filter isuseful for eliminating dropout points, and a Gaussian filter (or Difference of Gaussians,
or Bandpass filter in Fourier space) can be used to perform the typical filtering procedures to separate
form, waviness and roughness. The functions grouped here are those that are typically used only for
range images. Except for the two surface plotting routines, these functions are not included in the Image
Processing Tool Kit.

-> Find Extrema

This function locates and grey scale encodes the ten highest peaks and ten lowest valleysin the image.
Differences in the shapes of peaks and valleys indicate asymmetry in the range data and are related to
the physical effects that formed the surface. Spatial clustering of peaks and valleysis aso diagnostic.
The peaks (ranked light grey values) and valleys (ranked dark grey values) are shown with the rest of the
area set to medium grey. It is often useful to perform this operation on a duplicate layer so that the corre-
sponding surface regions can be viewed or selected.

-> Flatten Surface

This function fits a general purpose second degree polynomial to the elevation data and subtracts it from
the values. This removes slope and curvature from the data so that correct roughness information can be
obtained.

-> Generate Anaglyph Stereo

It is often useful to view surfacesin stereo. This function generates an anaglyph stereo image (to be

viewed with colored glasses, red for |eft eye, green, cyan or blue for right eye) from the elevation data. It
is necessary for the imageto first be converted to RGB Color before the function is selected.

-> | solines
Draw Iso-Brightness Lines Surface elevation is often represented by topographic maps using
W Grey Scale S iso-elevation contour lines. This function converts the range im-
.51 Cancel . . i
W™ White Bkgnd . age to a contour map. The lines may be drawn in black on the cur
How Mariy? P \ rent image, or on awhite background, or can be drawn with their
(1...19) 14 | @€ ok elevation (grey scale) value on awhite background. The user can

select the number of lines, which are uniformly spaced between

maximum and minimum values. Note that the IPThreshold-
>Contour Lines routine can also be used with arange image to draw an iso-elevation line at a selected
height value.
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-> Plot 2nd as Surface

Displaying surface elevation data as a perspective-corrected 3D ren- Piot Surface Display
dered plot can be an important aid to visualization. This plugin provides

several modes for generating the display. First, the range image should Spacing.
be placed in the second image memory. Then anew window of arbitrary ] Draw '-’”?5

size should be created to hold the rendering, and the plug-in selected. surface Shading

The user can choose to have agrid of lines drawn on the surface in the ) None

| Remove Hidden Lines
%) Elevation

) Slope

: PhotoRealistic

current pencolor, or just the surface itself, and the surface can be shaded
according to elevation, local slope, or the product of the two (for photo-
realistic rendering of the brightness). If the new window is created in
RGB Color mode, the user is given a choice of rendering a stereo pair

rather than using color for elevation. In the stereo pair mode, an ana- = Srered (Red-Lyan)
glyph image is created in which two views of the rendered surface are ( Cancel ) B0

produced, to be viewed with colored glasses.
-> Reconstruct Surface with Overlay

This function uses the same modeling of a perspective-corrected 3D view of the surface as the function
above, but rather than rendering the image according to local elevation or slope, it appliesthe grey scale
values from the current image. Thisistypically used to apply shading such as Phong-rendering, or local
detail enhancement produced by image processing of the surface, to the 3D surface model. The proce-
dure is to place the range image containing the elevation data into the second image memory, select the
processed image (which must have the same dimensions as the range image), and then apply the func-
tion.

IP*Threshold P EBilevel Threshelding...
Colar Tolerance. ..
Contours. . .
Histogram Percent...
Isolate Fen Color
Select Skeleton Components...
Threshold HSI...
Threshold Levels...

Thresholding is the process by which agrey scale or color image is reduced to a binary image, usually
black for features and white for background, that delineates the structures or features of interest for
measurement. These functions provide different manual and automatic tools for selecting the colors and
grey scale values that correspond to those structures. It is expected that prior processing will be applied
to correct problems such as shading, and convert edge steps or texture to grey scale, so that thresholding
can be performed. Additional morphological processing after thresholding may also be needed.

In addition to the routines presented in this category, the IPeSurface Processing -> Isolines and the
|PeMultichannel -> Channel Thresholding routines also provide thresholding capabilties.
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-> Bilevel Thresholding

am geometry. Fan-beam projaections are
nangle § and sampling angle a.

success varies with different applications.
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Performing 2 cl
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'(_"'r
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P | =

fir. @)=

Highlight Colar

) Red
JCyan

1 Cther..,

Image SEatistics
Darker=7.23%
Brighter=92_76%

Theashald Alganthm
O Manual Adjustrment
1 Trussakl
-.H hdiditional Methods:
) Ot
i Pun
: apur
II:;"‘jl:\uh.:nm.i*r:
iShannon
. Yager
. Bittler

Lancel

o)

o , Limit

B O TFT I
Similar to the built-in Photoshop Image->Adjustments->Threshold routine, this function divides the im-
age into bright and dark pixels. The user can adjust the position of the threshold by reference to the his-
togram, and the area fractions of the image thus selected are shown. Originally developed for images of
print on paper, the “auto” button applies a statistical test (t-test) to determine an optimum position for
the threshold. The assumption is that the image consists of just two classes of pixelsthat are to be distin-
guished based on brightness. Optionally, the user can also access a selection of alternative automatic
thresholding algorithms (named for the authors of the original publications). These differ in the assump-
tions they make about the distributions of brightness values and the statistical tests that are applied; their
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-> Color Tolerance

Thisfunction is used primarily with RGB
color images. Either the pen color, or a
color selected from the image can be se-
lected as the target color. The dialog re-
ports this color (as hue, saturation and in-
tensity) and allows setting tolerances
separately on each of those parameters to
define the structure. Thisfunctionisan
efficient way to implement HSI threshold-
ing once the nature of the colorsin the
image is well understood, for instance by
using the Threshold HSI function. It aso
provides for interactive selection of fea-
tures based on their colors.

-> Contours

This function draws from 1 to Contour Levels...

4 isobrightness lines on the
image at brightness values
selected by the user by posi-
tioning markers on the histo-
gram. Isobrightness lines are
particularly useful because
are continuous and frequently
correspond to boundaries
around structures or features.

-> Histogram Percent

Threshold percentage
of image area:

Area Percent

") Brightest
@ Darkest

( Cancel ) EEK)

Fovea 4.0 User’s Manual

Arndear Grapheu® Fovealeo - Thredhald Colar Toletands

—

Higmiight Coles

) Red
& Cyan
iDaher....

Gl B ALl
2 Pen Color
H: gt
5
(ke )

8 Artnary Cotor

[ =

Grey Levels:

This function allows selecting pixels that represent the brightest or
darkest fixed percentage of the image. It is most commonly used in
automatic actions on FFT power spectra, or on Top hat filtered images
(particularly after the Adjust->Limits function has been used) to select a
consistent fraction of the pixelsin the frame.
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-> | solate Pen Color

Thisfunction istypically used after drawing lines or marks on an image which are to be counted or
measured. It converts pixelsin the current pen color to black and erases al others, so that the lines are
isolated for measurement. It is equivalent to using the Color Tolerance function with the tolerances set to
zero. In many cases, a good procedure isto duplicate the original image in a layer before applying this
function, so that the resulting lines and marks can be seen as an overlay on the original image.

-> Select Skeleton Components
Keep labeled skeleton This function should be used after the IP«M orphol ogy->Skel etonize or

COMpOnEnts: ->Skeletonize and Cutoff plug-in has been applied to an image. Those
procedures code the pixels in the skeleton with unique grey scale values

Y i‘*‘-‘ P that distinguish the end points, branch points, and (if Cutoff was used)
[ | Cutoff Segments . .
™ End Points the cut-off branches and end points from the main body of the skeleton.
] Cutoff End Points This function makes it easy to select which of those components are to
| Nodes be kept and which are to be removed, so that counting or measurement,
= ) or use of the features as markers can be performed.
( Cancel ) 0K

-> Threshold HSI

Relndeer Craphicyd FoveaPro - Threshald HSI

o (aA) (i)

2

: Compute Area B | = 15.25%

Highlight Cetor
) P
& Cyan
 Ciher,,
m- B-l-'l:h'll.lﬂ'"!!-‘ (T Ganeai )
: = e | B19 | .

Color images are generally easiest to threshold when represented in hue-saturation-intensity space rather
than by their RGB values. This plugin generates a histogram of the HSI valuesin which the hue and
saturation are shown on a circular color wheel, and the (adjustable) darkness of each cell in the wheel
represents the number of pixels, along with atraditional histogram for brightness. It is possible to select
arbitrary, even disconnected regions of the H-S wheel by marking the corresponding cells, aswell as set-
ting the usual limits on the brightness values. As an aid to understanding the color representation, click-
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ing on any point in the image preview will mark the corresponding HSI points on the histograms. Also,
the preview shows the thresholded pixels in a user-selected color.

-> Threshold Levels

Aeindeer Craphics® FovedPro - Theeshold Levels

Highlight Colar

= Rog
_Eyan

N Osher..,

Diutput
'?' Binary Image
. Mask

Image Statistics
Dlarfoers B0, 445
Selpcted =30, 55%
Brighter=0.000%

2000
s Agto-Threshold Mode
7 Mone
= Perimeter ()
) Area (A)
_ Mipiiemea (M)
Middle Phage {3}
Limits Cancel
L n
143 - s
=2 & = . F—_ﬂ.-.—-}
e 255 z i

This function shows the brightness histogram of the image with two user-adjustable sliders. These mark
the upper and lower limits of the brightness slice that is selected, and the dialog displays the area frac-
tions each slice represents. The preview can be selected to show the selected pixelsin color, or to erase
the unselected pixels. There are several buttons that can be used to modify the user selection. The Area,
Perimeter and Minimum buttons will move the threshold settings by up to 16 grey levels from the user-
selected position (unless the current position is exactly at one of the ends, where it isleft unchanged)
according to the selected criteria. The Perimeter button chooses the point at which the perimeters of the
features are smoothest. The Area button chooses the point at which the features have the most consistent
areas. The Minimum button finds the point at which the histogram is lowest. The 3-Phase button applies
an analysis of variance criterion to select the three bands of brightness that have the highest statistical
probability of representing three different populations. All of these methods presume that the user has
independent knowledge of the specimen on which to base a selection of the proper technique.
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IP*Util1t1es

» Freferences...
Log Mew Line
Memory Clear All
Memory Recall N...
Memory Store N...
Setup Log File.,.
Setup Eecipes File,..
Show Values, ..

The utility functions are mostly routines pertaining to automation and used with Photoshop actions. Ex-
cept for the Preferences function they are not included in the Image Processing Tool Kit.

-> Preferences

This plugin is used to enter the serial number for
the software. If no serial number is entered, the
plug-ins will function for 20 days after installa-
tion. Serial numbers can be obtained from Rein-
deer Graphics Inc. (The A= number, which serves
as a machine identification, is needed to obtain a
valid number.)

Thisfunction is also used on the PC (but not on
the Mac) to specify the location for scratch files
used by the plug-ins. The default location for
temporary files, preferences, etc., isthe C:\ drive
on the PC, but can be redirected elsewhere if nec-
essary (e.g., to allow the C:\ drive to be protected
from write access or to use a drive with more
available space than the boot volume). Select a
location and enter the name for any file there (the
actual name is not used, just the path).

Accessto afadt, local drive is necessary. Note
that this does not affect the location used by Pho-
toshop for its scratch files (selected with Prefer-
ences -> Plug-ins and Scratch Disks).

->LogNew Line

Reindeer Graphics® FoveaPro - Preference:
Regiter Foveafio 4.0
Enter the senal number provided with the software in the zpace below

A = 0000

Wode: if youn do not have & senal numbesr, you map puichase one by
wiling of caling Fendesr Graphics. Inc,

PO Box 220
Ashewilie, HC 28802, IS4

Tel +1 (319] 242 0209 Faw +1 [919) 342 0210

coce

Reindeer Graphics® Preferences

Thiz software i registerad OO X000 00030000
Lear more about it at hitkpe /sy ReindestGraphics. com

Prath fior bempoarasy fikes 15
d\Temph

| Select MewPath |

When logging is turned on (see Setup Log File, below), this function writes the current filename and the
current date and time to the file, and then writes a carriage return. Thisistypically used at the end of an
action so that when it is applied to a batch processing of afolder full of images, the data file will consist
of one line of datafor each image, arranged in columns and suitable for spreadsheet analysis.
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-> Memory Clear All
->Memory Recall N
-> Memory StoreN

For automation purposes it is sometimes useful to have access to temporary storage other than that
which can be accomplished by duplicating images or image layers. Running actions in batch mode can
open images only from one folder, and each open command accesses the next image in the list. Selecting
between multiple open images or layers requires knowing their exact current order. The use of separate,
explicitly addressed image memories allows keeping grids available, preserving intermediate results,
and comparing one image to prior images (e.g., for serial section anaysis such as the disector). Fovea
Pro provides ten explicit image memories, numbered 1 through 10, that can be used for these purposes.
The contents of the memories are preserved when exiting Photoshop as they are stored to disk. The
menu functions clear all memories, store an image in any one of the memories (which need not be filled
in any particular order), and recall an image from any memory (a dialog shows the image contents for
the memoriesin current use). If the stored image is a different size or mode (grayscale vs RGB, 8 or 16
bits) than the current image, the data are converted to the current mode and the common rectangle at the
upper left corner is used. Note that these image memories are entirely separate from and have no rela-
tionship to the “second image” storage used for two-image operations such as mathematics functions.

-> Setup Log File

Plug-in Data Logging: This function alows the selection of alog file (or turning off the log-
ging function). When turned on, logging saves the various measurement
results, with labels, to a tab-delimited text file that can later be opened
: in a spreadsheet or data analysis program. Thisistypically used with
- Append to existing log file Ayl processing of images using an action, but can also be useful for
- accumulating data from various measurements without having to write
i £0K ) down the information displayed in measurement dialogs. Logging also
saves afolder containing an html file (index.html) that can be read with
your web browser, and includes the graphics from those measurement
routines that report graphicsin dialogs (which are also saved asindividua * .tif files).

 Turn logging off

) Create new log file

-> Setup RecipeFile

This function allows the selection of arecipefile. Thesefilescon-  Classification Recipe File:
tain the parameter names and numeric limits that define multiple

classes for feature identification. The files are tab-delimited text J Disable Feature Classification
filesthat can be created with a spreadsheet or word processor. (®) Select Classification Recipe File...
C;ncel_ { 'l_:!l(_ 3
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-> Show Values

Thisfunction is like the Photoshop info display and shows the grey scale or RGB values for pixels se-
lected in the preview window, as well as their coordinates (in the current calibrated units) from the upper
left corner of the image. The built-in function shows only integer 0..255 values, which cannot represent
the full precision of 16 bit per channel images. This plug-in corrects that limitation, and also makesiit
possible to record the values to the log file.
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