L5 Workflows, Manipulate, and Transforms (distance, gradient, watershed)
1 February, 2012

Use data set MAS rotor slice.h5 and bullet

1) Download Moodle Week 3/MAS rotor slice.h5
2) Download Moodle Week 3/Pgm5_manipulate_distance_watershed.nb
3) Download Moodle Week 1/bullet dataset (either bin or HDF5)

4) Launch Image] and Mathematica



A standard workflow

. Import data |
. Orthoslice |

(" )

Histogram &

line plot
A ——

| Isosurface |

HDEFb5 or binary?

Our first look at the
data.

We learn the range
of numbers.

We make a pretty
picture; our first 3D
view of data

We have done once through:

v’ Image]
v' Mathematica
v Avizo

How much more practice
is needed? Some HWs?

= Image]
= Mathematica
= Avizo



Another workflow

Import data

Binarize

_Import data_)
| Binarize ]
| Erode |
| Close holes )
| Dilate )

Close holes

Dilate

.
‘Connected Component

Analysis

\

Morphological

Analysis

This makes a
label field.

From label field, we
can count objects,
sort by size, etc.

We have done once through:

v’ Image]
v' Mathematica
v Avizo

How much more practice
is needed? Some HWs?

= Image]
= Mathematica
= Avizo



Another workflow

| Importdata | Connected Component\
— Analysis
. Binarize |

4 )

| Erode | Morphological
Analysis
. Close holes |

___Dilate ] Today (L5), a Mathematica discussion
[ Distance Transform J of distance, gradient, and watershed transforms.

These are good for grain separations.

| Gradient Transform |
. Watershed Transform |




Another workflow

| Import data | Connected Component\
— Analysis
. Binarize |

-

| Erode | Morphological
Analysis
. Close holes |

[ Dilnte ] Today (L5), a Mathematica discussion
of the Manipulate command.
| Distance Transform | Allows better user interaction for commands
. like binarize, erode, etc.
' Gradient Transform |
| Watershed Transform | Note: Before next Monday, 6 Feb, please watch

the Mathematica video “Manipulate” listed in
Moodle, Week 4.
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In Image]: the distance transform

1) Duplicated one slice and name it “distance”
2) Process/Binary / Make Binary

3) Process/Binary /Distance Map

distance distance

olalal | [» 227x243 pixels; 8-bit (Inverting LUT 227x243 pixels; 8-bit (Inverting LUT

B Qx| <4 ||\ A[A @] o] |omfsu

1407243, 227x243 pikels; 32-bit; 51

227x243 pixels; 32-bit; 215K

.......




In Image]: the watershed transform

1) Duplicated one slice and name it “watershed”
2) Process/Binary / Make Binary

3) Process/Binary / Watershed

distance watershed

B oo~ s+~ [Ala]@] | [m[sw[o]s]a] | [» 227/x243 pixels; a-bit (Inverting LUT 227/x243 pixels; a-bit (Inverting LUT

1407243, 227x243 pixels; 32-bit; 51

227x243 pixels; 32-bit; 215K




Pgmb5_distance_watershed.nb
1 Feb 2012
Les Butler

MAS_rotor.hd {400x400x400 x Real32}
MAS_rotor_slice.hS {400x400x Real32}

= Step 1: Import MAS_Rotor_slice.h5 and plot
= Step 2: Convert to image format, binarize, erode, close, dilate

= Step 3: Distance Transform (without ImageAdjust)

= Step 4: Distance Transform (with ImageAdjust)

= Step 5: Distance Transform (compare with and without ImageAdjust)
= Step 6: Negate the result of the distance transform

m Step 7: Let’s apply gradient to the imageDilate

= Step 8: Let’'s apply watershed to the gradient of the imageDilate

= Step 9: Our first experience with Manipulate



= Step 5: Distance Transform (compare with and without ImageAdjust)

DistanceTransform Updatedin S

735]= gWithout = DistanceTransform|[imageDilate] ;
gWith = ImageAdjust[DistanceTransform[imageDilate] ];
dataWwithout = ImageData[DistanceTransform|[imageDilate] , "Real”];

DistanceTransform|image]
gives the distance transform of image, in which the value of each pixel is replaced by its distance to the

gDataWwithout = ListPlot[dataWwithout[[300, All]], PlotRange - {All, All} ]; nearest background pixel.
dataWwith = ImageData[ImageAdjust[DistanceTransform[imageDilate]] , "Real"];
gDataWwith = ListPlot [datawith[[300, All]], PlotRange - {All, All} ]; DistanceTransformimage, !]

treats values above r as foreground.

GraphicsGrid[{{gWwithout, gWwith}, {gDatawithout, gDatawith}}, ImageSize - 600]

Distance transform of a binary image:

In[1]: Distancc'rransform[-] // ImageAdjust
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= Step 6: Negate the result of the distance transform

n[745]= imageNegateDistanceTransform = ColorNegate[ImageAdjust[DistanceTransform|[imageDilate] ]1];
dataImageNegateDistanceTransform = ImageData[imageNegateDistanceTransform, "Real”];
gDataImageNegateDistanceTransform =

ListPlot [dataImageNegateDistanceTransform[[300, All]], PlotRange - {All, All)} ];
GraphicsRow [ {imageNegateDistanceTransform, gDataImageNegateDistanceTransform)}, ImageSize - 600]
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Conceptionally, the combination of the
distance and negation transforms leads into
the watershed transform.
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Step 7: Let’s apply gradient to the imageDilate

imageGradient = GradientFilter [imageDilate, 1] ;
dataImageGradient = ImageData[imageGradient, "Real"];

gDataImageGradient = ListPlot [dataImageGradient|[[300, All]], Joined -+ True, PlotRange - {All, All)} 1;

GraphicsRow [ {imageGradient, gDataImageGradient}, ImageSize - 600]

~——rrTreerrYrrYrrrrrrTrrr T T orTTT T

GradientFilter Updated in 8

GradientFilter [image, r]
gives an image corresponding to the magnitude of the gradient of image, computed using discrete
derivatives of a Gaussian of pixel radius r.

GradientFilter [image, {r, o}l
uses a Gaussian with standard deviation .

GradientFilter [image, {{(ri, rn}, ...}]
uses 2 Gaussian with radii r; etc. in vertical and horizontal directions.

400 Basic Examples

Gradient filtering of a multichannel image:

In[1]: GradicntFiltcr[ ’ 2] // ImageAdjust




= Step 8: Let’s apply watershed to the gradient of the imageDilate WatershedComponents New in 8

[821)= dataWatershed = WatershedComponents [GradientFilter [imageDilate, 1] ]; WatershedComponents [image]
{Hin [datawatershed] , Max [dﬂtﬂ“&tOtSth] } :::;2Ip:;:sc;rt\:h\:vnaet::s:aesc:nt:nsform of image, returning the result as 2 matrix in which positive integers
gListDensityPlot = ListDensityPlot[dataWwatershed, ColorFunction < "Rainbow",
PlotRange -+ {All, All, All}]; WatershedComponents [image, marker]

uses a binary image marker to indicate regions where basins may be created.

gListPlot = ListPlot [dataWwatershed[[300, All]], PlotRange - {All, All} ];
GraphicsRow [ {gListDensityPlot, gListPlot}, ImageSize - 600]

¥ Basic Examples ()

te2z= {0, 3} Use watershed contours to illustrate the trabecular bone structure:
400 B/
[ _ In[17:~ WatershedComponents 't e/ ] // Image
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= Step 9: Our first experience with Manipulate

29 000]
65535

E28)= imageBinary = Binarizc[imagcslicc,

aumerator

E27)= Manipulate [Binarizc [imachl ice,
65535

], {numerator, 0, 65 535}]

numerator

cd A

o e mAAL T

Manipulate

Out[1]

Manipulate [expr, (U, Wyin s Wpmay b ]
generates a version of expr with controls added to allow interactive manipulaticn of the value of w.

Manipulate [expr, (U, Wiy s WUy, did} ]
allows the value of « to vary between u,,;, and u,,., in steps du.

Manipulate [expr, {{u, W

Pr YManin g Yeax s --- )

takes the initial value of u to be u;;.

Manipulate [expr, {{u, Wi, Wipi}, ..} ]
labels the controls for w with ;.

Manipulate [expr, {u, {u;, w2, ...} }1
allows u to take on discrete values u;, 4>, ....

Manipulate [expr, {u, ...]

. :-" -.
ol g LVyp caal g aae

provides controls to manipulate each of the u, v

J eees

Manipulate [expr, "c," -> {u, ...}, "¢," -> {v, ...}, .

links the controls to the specified controllers on an external device.

Manioulate a continuous parameter:

Manipulate[Plot[Sin[x (1+ax)], {(x, 0, 6}], {a, 0, 2}]
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