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to extract the morphological parameters, using the simple computational algorithms previously described
(Table 5.1).

Parameter Measured Value

Average Number of Pores per Slice 15
Average Porosity 38.5%
Void Space Ratio 37.4%
Pore Circularity 0.44+0.24
Pore Roundness 0.55+0.16
Pore Equivalent Diameter (mean) 16.3 um
Pore Equivalent Diameter (mode) 3.8 um
Pore Equivalent Diameter (min) 3.6 um
Pore Equivalent Diameter (max) 77.8 um

Table 5.1 Measured values of the shape descriptor parameters obtained by image processing of the CARS 3D
reconstruction of the PHBHYV-gel scaffold.

A collagen-based scaffold has been also characterized immersed in culture medium using SHG microscopy
technique. A water immersion 40x objective (LUMPLFLN 40XW NA=0.8, W.D.=3.3mm, Olympus) was used
to focus excitation sources on the sample, while a 20x objective (UPLSAPO 20x objective NA=0.75, W.D.=0.6
mm, Olympus) was used to collect SHG signal in forward detection. A scaffold volume of about 353x353x65
um? (Fig. 5.21) was then analyzed to extract the morphological parameters (Table 5.2).

Ex. lens 40x WI NA=1
Col. lens 20x NA=0.75

Fig. 5.21 Three-dimensional view of a collagen-based scaffold acquired using SHG microscopy.
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Parameter Measured Value

Average Number of Pores per Slice 11
Average Porosity 90.8%
Void Space Ratio 85.3%
Pore Circularity 0.38+0.19
Pore Roundness 0.57+£0.19
Pore Equivalent Diameter (mean) 79.2 um
Pore Equivalent Diameter (mode) 9.5 um
Pore Equivalent Diameter (min) 6.3 um
Pore Equivalent Diameter (max) 358.5 um

Table 5.2 Measured values of the shape descriptor parameters obtained by image processing of the SHG 3D
reconstruction of the collagen-based scaffold.

Optical attenuation and distortion phenomena in microscopy could lead to measurement artifacts that
depend on the sample characteristics. A comparison between CARS and TPEF microscopy techniques has
been done imaging the same scaffold simultaneously with the two techniques. The K-BC2000 scaffold was
chosen for this experiment and it was stained with cyanine3 fluorophore (Cy3, Cyanine Technologies) in a
way it could be imaged also using TPEF with the same wavelength of the pump signal used to excite CARS
process. The scaffold was immersed in a solution of high concentrated cyanine3 (about 1 pmol/mol) and
staining was obtained leaving the molecules to penetrate the scaffold and to deposit on its surface until the
fluorophore solution was completely evaporated.

800x600x140 pm

800x600x140 um
N [N

Forward Detection

Ex. lens 20x NA=0.75
Col. lens 10x NA=0.4

Epi Detection

Ex. lens 20x NA=0.75
Col. lens 20x NA=0.75

Fig. 5.22 Comparison between 3D reconstructions obtained using CARS (left image) and TPEF (right image) of a
portion of KBC2000 scaffold stained with cyanine3.

A 3D imaging of dried stained K-BC2000 scaffold was performed acquiring a volume of about 800x600x140
um?® using a 20x objective lens (UPLSAPO 20x objective NA=0.75, W.D.=0.6 mm, Olympus) to focus the
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excitation sources and the same objective lens was used to collect the back propagating TPEF signal while a
10x objective lens (UPLSAPO 10x objective NA=0.4, W.D.=3.1 mm, Olympus) was used to collect the
forward propagating CARS signal. It is possible to see that the images of the scaffold acquired with the two
techniques (Fig. 5.22) do overlap each other even if some slight differences can be easily recognized. A
morphological analysis was conducted using the simple computational algorithms previously described to
extract the morphological parameters for data collected with both techniques (Table 5.3).

Parameter Measured Value Measured Value
from CARS Images from TPEF Images
Average Number of Pores per Slice 6 15
Average Porosity 86.6% 82.6%
Void Space Ratio 89.6% 87%
Pore Circularity 0.3 £0.14 0.17+0.1
Pore Roundness 0.54+0.19 0.57+0.16
Pore Equivalent Diameter (mean) 140.8 um 53.6 um
Pore Equivalent Diameter (mode) 6.3 um 6.3 um
Pore Equivalent Diameter (min) 6.3 um 6.3 um
Pore Equivalent Diameter (max) 749.5 um 739.5 um

Table 5.3 Measured values of the shape descriptor parameters obtained by image processing of the CARS and
TPEF 3D reconstructions of the fluorophore stained KBC2000 scaffold.

The shape descriptors extracted from the CARS and TPEF images show different values above all for such
regards the average number of pores per acquired slice, the pore circularity and pore equivalent diameter.
The differences between the images acquired with the two techniques could be related probably to the
different collector lenses used (CARS signal was detected with a lower NA objective), the excitation and
generated signals attenuation after passing through the material and the wavefront distortion that could
affect the CARS phase matching [140,141]. These phenomena led to different segmentation profiles
increasing the number of pores per acquired slice in the TPEF images with respect to the CARS ones and
reducing the average equivalent diameter in the TPEF images with respect to the CARS ones.

To measure the volume occupied by the scaffold and the volume occupied by a culture medium using the
chemical contrast of CARS microscopy, a thin slab of K-BC2000 scaffold immersed in culture medium was
also imaged tuning the excitation sources to visualize the scaffold at about 2920 cm™ and the culture
medium at about 3175 cm™. A water immersion 60x objective (LUMPLFLN 60XW NA=1, W.D.=2mm,
Olympus) was used to focus excitation sources on the sample, while a 20x objective (UPLSAPO 20x
objective NA=0.75, W.D.=0.6 mm, Olympus) was used to collect CARS signal in forward detection. Two sets
of Z stack images related to the scaffold and the water solution respectively were acquired in succession
and then merged in a RGB Z stack using the red channel for the scaffold and the blue channel for the water
solution.

A volume of about 235x235x175 um® was reconstructed and visualized using the ImageJ plug-ins 3D viewer.
In Fig. 5.23 shows this 3D reconstruction and it demonstrates that regions of culture medium just under the
scaffold are not displayed correctly. These artifacts could be due to attenuated transmission of the
excitation source and/or to a wavefront distortion of the sources after going through the scaffold.

Although it has been shown that multimodal microscopy creates some artifacts that should be taken into
account during scaffold characterization, this kind of microscope gives the chance to image without
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damages living samples in time-lapse experiment. This exceptional feature could be used to investigate
possible interferences between the scaffold morphology and the cellular behaviors, improving the
understanding of the interactions between cells and scaffold.

Fig. 5.23 Three-dimensional view of the KBC2000 scaffold (in red) immersed in culture medium (in blue)
acquired using CARS microscopy.

To show the feasibility of this kind of experiments using multimodal CARS/SHG/TPEF microscopy, a time-
lapse experiment during two days of culture of human mesenchymal stem cells (hMSCs) on a PHBHV-gel
scaffold has been conducted. In collaboration with the department of clinical science of UNITO (group of C.
Giachino), hMSCs have been seeded on a PHBHV-gel scaffold and stained with green calcein AM in our lab.
After one day in culture, a 48 hours time-lapse experiment has been done measuring part of the scaffold,
every 30 minutes during the first 12 hours, and every hour for the remaining time.

PHBHV-gel scaffold was imaged using CARS at 2936cm™ in forward detection, while hMSCs were imaged
simultaneously using TPEF in epi-detection. A water immersion 60x objective (LUMPLFLN 60XW NA=1,
W.D.=2mm, Olympus) was used to focus excitation sources on the sample and collect the back propagating
TPEF signal, while a 20x objective (UPLSAPO 20x objective NA=0.75, W.D.=0.6 mm, Olympus) was used to
collect CARS signal in forward detection. The cells seeded on the scaffold were immersed in culture
medium inside a Petri dish and placed in the custom-made incubator that kept the dish temperature at
around 37° C. Culture medium together with calcein AM was added each 12 hours, to compensate
evaporation and fluorophore bleaching estimated at about 100 pl per hour, using the intravenous cannula
piercing the lattice. In each measurement a stack of 66 images of 512x512 pixels Kalman averaged 2 times
with a Z step of 1 um were collected in around six minutes. At the end of the time-lapse experiment all the
Z stacks were converted in a 3D view using 3D viewer imageJ plug-ins. All these 3D views related to
different periods of the time-lapse experiment were converted in images and thus in a frames succession in
order to have a global vision of the cells on the scaffold dynamic, part of them are displayed in Fig. 5.24.
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It is possible to observe that hMSCs preferred to lie inside the channels of the micro-structured PHVHV-gel
scaffold, although they still had a pronounced mobility. In this 48 hours experiments some cells proliferated
while other disappeared probably due to apoptosis processes. It is clearly understandable the cell positions
with respect to the scaffold can be clearly identified during the full time-lapse experiment and no cells

seem to be under the scaffold.

Fig. 5.24 Three-dimensional views representing the PHBHV-gel scaffold (in blue) and the hMSCs stained with
calcein AM (in green) acquired using respectively CARS and TPEF microscopy techniques during a two days
time-lapse experiment. In the figure the sample measurements are displayed with a time frame of six hours from
each other.

Conclusion

Multimodal CARS microscopy has been demonstrated to be a useful tool for high 3D resolution scaffolds
characterization. Multimodal microscopy offers observation of live cells behavior on the scaffold itself. This
allows a better understanding of what scaffold properties can influence cells behavior and how they do
influence the cells. This information can be fed back to improve the scaffold. However, measurement
artifacts that can affect 3D scaffold imaging have been observed. Techniques to correct (all or part of) these

artifacts are to be addressed and require further study.

This work has been submitted for publication and presented in the European conference on nonlinear
optics spectroscopy ECONOS [148] and the microCARS2012 international workshop [149].
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6.Conclusions

In this thesis has been developed and realized an advanced multimodal CARS-SHG-TPEF microscope able to

perform 3D imaging of living samples with low invasiveness.

A detailed description of the experimental setup has been reported, analyzing the best configurations of
the adopted optical filters according to the spectral region of interest during the measurements.

Part of the work has been dedicated to the software development in order to control the measurement
tools like the optical spectrum analyzer and the OPO excitation wavelengths, to perform automatic
spectroscopy and microscopy measurements and enabling also remote control of the microscope using
remote desktop applications.

Moreover, some physical modifications of the microscope used have been designed and realized in order to
achieve also forward imaging, realizing a PMT and filters holder that reduces stray light detection and an
objective lens holder with all the degrees of freedom for precise optical alignment. A particular attention
has been also paid for the realization of an external aluminum shield to cover part of the optical table and
the microscopy stage, in order to minimize further the stray light from the ambient during the

measurements.

A metrological characterization of the microscope is described with a theoretical study of the main sources
of uncertainty of the measurements, separating the aspects related to the quantification of the amount of
substance, from those related to the spatial localization and the microscope spatial resolution.

A specific algorithm has been developed to process images acquired using CARS microscopy and to
extrapolate equivalent diameter of the reference beads analysed. This parameter has been compared with
other geometrical parameters extrapolated using the Analyze Particles tool of Imagel. Furthermore, in this
thesis is presented a study on the influence of the threshold level choice during image processing, analyzing
also the Imagel autothresholding methods in function of beads diameter and images quality.

A fundamental part of this thesis has been the realization of novel biological applications using these

microscopy techniques:

* To study the collagen production from fixed histological sections of human dermal fibroblasts
cultured in fibrin gel scaffold using CARS and SHG techniques

* To study the collagen production by live human fibroblasts and mesenchymal stem cells cultured in
fibrin gel scaffold using CARS and SHG techniques

* To characterize polymeric scaffolds in culture media with a label-free method using CARS and SHG
techniques

* To study the colonization in a two days time-lapse experiment of a polymeric scaffold by human

mesenchymal stem cells stained with calcein using CARS and TPEF techniques
Some of the accomplished results have also characteristic of originality namely:

*  For the first time in Italy, it has been conducted biological sample imaging using CARS microscopy
and combination of CARS technique with SHG or TPEF techniques.
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* The proposed method for collagen produced by live stem cells in culture detection using SHG
technique as a first signal of cellular differentiation in a non-invasive and non-destructive way.

* The proposed method to use CARS microscopy to characterize scaffolds in culture medium
analysing also the cells migration and colonization in a time-lapse experiment using TPEF
microscopy.

* The theoretical study of the main sources of uncertainty in the measurements with CARS, TPEF and
SHG techniques.

Future Works

Further modifications in the experimental setup will allow also the implementation of additional NLO
techniques complementary to the CARS-SHG-TPEF microscopy techniques already available. Interference
CARS detection scheme together with the integration of Stimulated Raman Scattering (SRS) have been
designed and as soon as there will be the availability of all the required components, they will be
implemented to the existent setup, enriching the capabilities of this microscopy system.
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10.

APPENDIX

findDiameterAll_.java

import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import

ig.

* .
4

ij.process.*;
ij.measure.*;

ij.
jav
jav
jav
jav
jav
jav
jav
jav
i3
ij
ij
ij
ij
ij

gui.*;

a.awt.*;

a.math.
a.lo.*;
a.lang.
a.lang.
a.lang.
a.lang
a.lang.

.plugin.
.plugin.
.plugin.
.plugin.
.plugin.
.text.TextPanel;

* -
4

Number;
Byte;
Short;

.Double;

Boolean;
* -

’

filter.*;

filter.GaussianBlur.¥*;

frame.*;

filter.PlugInFilter;

Java.util.*;
java.lang.Object.*;

java.lang.reflect.Array;

ig.
i5.
i5.
i5.

plugin.filter.ParticleAnalyzer;

measure.Measurements;
plugin.filter.Analyzer;
measure.ResultsTable;

public class findDiameterAll implements PlugInFilter ({

protected ImageStack stack;

public int setup(String arg,
stack=imp.getStack() ;
if (arg.equals("about"))

}

{ return DONE;
return DOES_8G+STACK_REQUIRED+SUPPORTS_MASKING;

}

ImagePlus imp) {

public void run(ImageProcessor ipp) {

GenericDialog gd

double Zsc=0.3,XYsc=0.115089;

int psz=100;

gd.addNumericField("Particle Size Filter: ",
gd.addNumericField("XY scale (pixel*um): ",
gd.addNumericField("Z stack scale (stack*um):
gd.showDialog() ;

if (gd.wasCanceled()) return;

psz,

XYsc,

"

4

new GenericDialog("Find Diameter');

0);
6);

Zsc,

5)
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psz = (int)gd.getNextNumber () ;

XYsc = (double)gd.getNextNumber () ;
Zsc = (double)gd.getNextNumber () ;

ImagePlus ip = new ImagePlus("Slices",stack);
ImageStack is= new ImageStack();

is = ip.getStack();

ArraylList <Double> med = new ArrayList<Double>();

ImageProcessor nip;

for(int i=l;i<=is.getSize() ;i++) {
nip = is.getProcessor(i);
int width = nip.getWidth() ;
int height = nip.getHeight();
int c=0;
Double m= new Double (0) ;

for(int x=0;x<width;x++) {
for(int y=0;y<height;y++) {
m=m+nip.get (x,y) ;

c++;
}

}

m=m/c;

med.add ((Double)m) ;

double max=0;
int 1id=0;

ResultsTable rt2 = ResultsTable.getResultsTable() ;
rt2.reset();

rt2.incrementCounter () ;

ResultsTable rt = ResultsTable.getResultsTable();
rt.reset () ;

rt.incrementCounter () ;

for(int i=0;i<med.size () ;i++) {
Double m=(Double) med.get (i)
if (max<=m) {

max=m;
id=i+1;
}
int th[];
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int ths=10;

nip = is.getProcessor(id);
nip.setAutoThreshold("Otsu") ;
ths=nip.getAutoThreshold() ;

nip = is.getProcessor(l);

ImageStack nis = new ImageStack(nip.getWidth () ,nip.getHeight())
ImageStack nis2 = new ImageStack(nip.getWidth () ,nip.getHeight()) ;
ImageStack nis3 = new ImageStack(nip.getWidth () ,nip.getHeight());

rt.setPrecision(6) ;
rt.addValue ("XY Pixel size",XYsc);

rt.addvValue ("7 step size",Zsc);
rt.incrementCounter () ;

ArraylList <ArrayList> ar = new ArraylList<ArrayList>();
ArraylList <ArrayList> arf = new ArrayList<ArrayList>();

ImageProcessor nip3;
nip3=nip.duplicate();
int idx=0,f=0,c=0;

for(i=l;i<=is.getSize () ;i++) {

nip = is.getProcessor (i) .duplicate() ;

double t;

nip.threshold((int)ths) ;

nip.invert () ;

ImageProcessor Aplp;

ApIp=nip.duplicate() ;

ImagePlus AplIpp = new ImagePlus("Analyze",ApIp);

ParticleAnalyzer pa = new
ParticleAnalyzer (ParticleAnalyzer.SHOW RESULTS , Measurements.RECT +
Measurements.ELLIPSE + Measurements.FERET , rt2, , Double.POSITIVE INFINITY) ;

pa.analyze (ApIpp) ;

nip.setPixels(ParticleSizeFilter(nip,50));
rt.addvValue("th",ths);

ImageProcessor nip2;
nip2=nip.duplicate();
nip2.setPixels (Edge (nip2)) ;
nip.setPixels(Diff(nip,nip2)):;

nip.setPixels(FillHoles(nip)) ;
nip.setPixels(FillHoles (nip)) ;
nip.setPixels(FillHoles(nip)) ;
nip.setPixels(ParticleSizeFilter(nip,psz))
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ArraylList <posdiam> pos = new ArrayList<posdiam>() ;
ArraylList <particle> prt = new ArraylList<particle>();

nip2.setPixels (Edge(nip));
prt=FindParticle(nip2) ;

nip.setPixels(FillEdge (nip2,prt));

nip2.setPixels (Edge(nip));
prt=FindParticle(nip2) ;

pos=FindDiam3 (prt) ;

nip3=nip.duplicate();
nip3.£1i11();
nip3.invert () ;

int x=0,y=0;

double dmx=0;
idx=pos.size();

c=0;

for(int k=0;k<pos.size() ;k++) {
posdiam ps = new posdiam() ;
ps=pos.get (k) ;
if ((ps.x!'=0)&&(ps.y'=0)){

nip3.drawOval ((int) (ps.x-ps.d/2), (int) (ps.y-
ps.d/?), (int)ps.d, (int)ps.d) ;

nip3.drawPixel (ps.x,ps.Vv)

rt.addValue (c+" Average Diameter",ps.d*X¥sc);

rt.addValue (c+" Average Diameter stdev'",ps.std*X¥sc);

c++;

if (ps.d!=0) f++;

}

}
ar.add(pos) ;
nis.addSlice("PSFilter "+4i,nip);
nis2.addSlice("PSFilterEdge "+i,nip2);
nis3.addSlice("Diameters "+i,nip3);
rt.incrementCounter () ;

}

rt.addValue (c+" 7 Axis size'", (f-1)*Zsc);

ArrayList <posdiam> pos
pos_=ar.get (0);
ArraylList <posdiam> posO = new ArraylList<posdiam>() ;
for(int j=0;j<pos_.size();j++){

posdiam ps = new posdiam() ;

ps=pos_.get(J);

pos0.add (ps) ;

new ArraylList<posdiam>();

}

ImagePlus nipp = new ImagePlus("PSFilter Stack'",nis);
nipp.show() ;
ImagePlus nipp2 = new ImagePlus("PSFilterEdge Stack'",nis2);

nipp2.show() ;
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ImagePlus nipp3 = new ImagePlus("Diameters Stack",nis3);

nipp3.show() ;

rt.show("Results");

}
}
public class hist{
double x,y;
}
public int[] getThresPkF (ImageProcessor iip) {
int[] th = new int[2];
ImagePlus imp = new ImagePlus() ;
ImageProcessor ip = iip.duplicate(); //e una variabile
ImageProcessor

ArrayList hst,hmx,hmx2;
hst = new ArrayList();
hmx = new ArrayList();
hmx2 = new ArrayList();

double[] bkp,xp,db,db2,1gn,adb,adb2,gs;
int[] histg = new int][ 1;
histg=ip.getHistogram() ;

int i,ct=0,ct2=0,ct3=0;
double mode=0;
double max=0;

for (int j=0;73< ;i++) {
hist bk= new hist();
bk.y=histg[jl;
bk.x=7j;
hst.add(bk) ;

hmx=getHistMax (hst,?2) ;
hmx2=getHistMax (hmx,2) ;

for (i=0;i<hst.size () ;i++) {
hist bk= new hist();
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bk=(hist) hst.get (i)
if (bk.y'=0) {

ct++;

}
for (i=0;i<hmx.size () ;i++) {
hist bk= new hist():;
bk=(hist) hmx.get (i) ;
if (bk.y!'=0) {

ct2++;

for (i=0;i<hmx2.size () ;i++) {
hist bk= new hist():;
bk=(hist) hmx2.get (i) ;
if (bk.y!'=0) {

ct3++;

}

double[] bmx = new double[ct2];
double[] xmx = new double[ct2];
double[] bmx2 = new double[ct3];
double[] xmx2 = new double[ct3];
int j;
i=0;
for (7=0;j<hmx.size () ;j++) {
hist bk= new hist():;
bk=(hist) hmx.get(j);
if (bk.y!'=0){
bmx[i]=bk.y;
xmx [1]=bk.x;
i++;

}
i=0;
for (7=0;j<hmx2.size () ;j++) {
hist bk= new hist();
bk=(hist) hmx2.get(j);
if (bk.y!'=0){
bmnx2[i]=bk.y;
xmx2 [1]1=bk.x;
i++;

}

double mn=1,xf=0;

int thp= ,imn=0;
bkp= new double[ct];
xp= new double[ct];
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db= new double[ct];
adb= new double[ct];
adb2= new double[ct];
db2= new double[ct];
lgn= new double[ct];
gs= new double[ct];

i=0;
for (j=0;j<hst.size () ;Jj++)
hist bk= new hist();

bk=(hist) hst.get(]j);

if (bk.y!'=0){
bkp[i]l=bk.y;
xp[i]=bk.x;
if (i>0) {

db[i]=bkp[i]l-bkp[i-11;
db2[i]=db[i]-db[i-

}

else db[i]=0;

if (mn>=db[i]) {
mn=db[i];

imn=i;

i++;

max=0;
if(ct2>2) {
for (i=0;i<3;i++) {
if (max<=bmx[1]) {
max=bmx[i];
mode=xmx [i];

}
}
else(
for (i=0;i<ct2;i++){
if (max<=bmx[1]) {
max=bmx[i];
mode=xmx [i];

i=1;
int £=0;
while (i<cté&&f== {

if (bkp[i-1]1<=max/2&&bkp[i]>=max/2) f=1;

i++;
}
xf=xp[i-1];

{

1;
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double dxf=mode-xf;

double s=Math.exp (- * (Math.pow(-dxf,”2)-Math.log(bkp[i-1]/max)));

if (Math.round (mode)<=2) s=1;

for (i=0;i<ct;i++) {
gs[i]=Math.exp(-Math.pow(xp[i]-
mode, ?)/ (?*Math.pow(s,2)))/ (s*Math.sqgrt (2*Math.PI)) ;
}

double mxd=- ;
int imxd=0;
for (i=imn;i<ct=-2;i++) {

if (mxd<=db2[i]) {
mxd=db2[1i];
//thp=(int) xpl[i];

imxd=i;
}

}

i=imxd;

th[0]=(int) Math.round(mode+2*s) ;
th[1]=(int) Math.round(s);

Plot pll = new Plot("Histograml'", "Level","Density", xp, bkp);
pll.show() ;

Plot pl3 = new Plot("Histogram3", "Level","Density",xp, gs);
pl3.show() ;

return (int[]) th;

public float[] mkGaussianKernel (int dim, double sigma) {
float[] kernel;
kernel = new float[dim*dim];

float[] hg;
hg = new float[dim*dim];

float sm=0;
int k;
for(int i=0;i<dim;i++) {

for(int j=0;j<dim;j++) {
Float f = new Float(Math.exp((i*i+j*7j)/(sigma*sigma))) ;
hg[i+dim*j]=£f;
sm=sm+hg[i+dim*]j] ;
}
}

for(int i=0;i<dim;i++) {
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for(int j=0;j<dim;j++) {
kernel[i+dim*3j]=hg[i+dim*j]/sm;
}

}

return (float[]) kernel;

}

public ArraylList prtcPos(ImageProcessor ip, byte[] pixels,int x, int y){
int c=0;
int width = ip.getWidth() ;
int height = ip.getHeight() ;

ArraylList pos;
pos= new ArrayList();

if(pixels[y*width+x]==0) {

for (int i=-1;i<=1;1i++){
for (int j=-1;j<=1;7++) {

if ((x+1>=0) &&(y+7>=0) && (x+i<width) && (y+j<height)) {
if (pixels[(y+]) *width+x+i]==0) {
position ps = new position();
ps.x=x+1i;
ps.y=y+J;
pos.add((position) ps);

return (ArrayList) pos;

}
public ArrayList <position> addPrtcPos(ImageProcessor ip,byte[] pixels ,
int x, int y,Arraylist <position>prev) {
int width = ip.getWidth() ;
int height = ip.getHeight() ;
if(pixels[y*width+x]==0) {

for(int i=-1;i<=1;i++){
for (int j=-1;j<=1;7++) {

if ((x+1>=0) && (y+3>=0) && (x+i<width) && (y+3i<height)) {
if (pixels[ (y+7)*width+x+il==0) {

position ps = new position();
ps.x=x+1i;
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ps.y=y+Jj;
prev.add((position) ps);

return (ArraylList <position>) prev;

}

public ArraylList <position> prtcPos4n(ImageProcessor ip, int x, int y){
int c=0;
int width = ip.getWidth() ;
int height = ip.getHeight() ;
byte[] pixels = (byte[])ip.getPixels()
//Array pos;
//pos = newlnstance (position, 0);
ArraylList <position> pos;
pos= new ArraylList<position>();

if(pixels[y*width+x]==0) {
for(int i=-1,;i<=1;1i++) {

if ((x+1>=0)&&(1'=0) && (x+i<width) && (y<height)) {
if (pixels[y*width+x+i]==0) {
position ps = new position();
ps.x=x+1i;
ps.y=y;/
pos.add((position) ps);

c++;

}

for(int j=-1;3<=1;3++){
if((3!'=0) &&(y+j>=0) && (x<width) && (y+j<height)) {
if(pixels[(y+7) *width+x]==0) {
position ps = new position();
PS.xX=X;
ps.y=y+J;
pos.add((position) ps);

c++;
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return (ArraylList <position>) pos;

}

public Arraylist <position> prtcPos4nb(ImageProcessor ip, int x, int y){
int c=0;
int width = ip.getWidth() ;
int height = ip.getHeight() ;
byte[] pixels = (byte[])ip.getPixels()
//Array pos;
//pos = newlnstance (position, 0);
ArraylList <position> pos;
pos= new ArraylList<position>();

if(pixels[y*width+x]== ) {
for(int i=-1,;i<=1;1i++) {

if ((x+1>=0)&&(1'=0) && (x+i<width) && (y<height)) {
if (pixels[y*width+x+i]==0) {
position ps = new position();
ps.x=x+1i;
ps.y=y;/
pos.add((position) ps);

c++;

}

for(int j=-1;3<=1;3++){
if((3!'=0) &&(y+j>=0) && (x<width) && (y+j<height)) {
if(pixels[(y+7) *width+x]==0) {
position ps = new position();
PS.xX=X;
ps.y=y+J;
pos.add((position) ps);

c++;
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return (ArraylList <position>) pos;

}

public class position {
int x,vy;

}

public byte[] ParticleSizeFilter (ImageProcessor ip,int size) {
int width = ip.getWidth() ;
int height = ip.getHeight() ;

byte[] pixels = (byte[])ip.getPixels()

ArraylList <position> pos = new ArraylList<position>();
ImageProcessor ip2=ip.duplicate();

bytel[] pix2 = (byte[])ip2.getPixels();

int pl, p2, c=0, £=0,k=0;

double pr,cnt=0;

for(int x=0;x<width;x++) {
for (int y=0;y<height;y++) {

if(pixels[y*width+x]==0) {
pos = prtcPos(ip,pixels,x,v);
k=0;
while (k<pos.size()) {
position ps = new position() ;
ps = (position) pos.get (k) ;
pos= addPrtcPos (ip,pixels,ps.x,ps.y,pos) ;
k++;
pixels[ps.y*width+ps.x]=(byte) ;
}
if(pos.size()<=size&&pos.size()>0) {
for( k=0;k<pos.size () ;k++) {
position ps = new position() ;

ps = (position) pos.get (k) ;

pix2[ps.y*width+ps.x]=(byte) ;

}
cnt++;

pr=cnt/ (width*height) ;
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return (bytel[]) pix2;

public byte[] CleanParticle(ImageProcessor ip,int n,int type) {
int width = ip.getWidth() ;
int height = ip.getHeight() ;

byte[] pix = (bytel[])ip.getPixels() ;

ArraylList <position> pos = new ArraylList<position>() ;

int pl, p2, c=0, £=0,k=0;

IJ.showProgress ( )
double pr,cnt=0;

for(int x=0;x<width;x++) {
for (int y=0;y<height;y++) {

if (type==0) pos = prtcPos4n(ip,x,v)
else pos = prtcPos(ip,pix,x,Vy);

if (n>=pos.size()) ip.set(x,vy, )

cnt++;

pr=cnt/ (width*height*2) ;
IJ.showProgress (pr) ;

byte[] pixels = (byte[])ip.getPixels()
return (byte[]) pixels;

public byte[] Erosion(ImageProcessor ip) {
int width = ip.getWidth() ;

int height = ip.getHeight() ;

byte[] pix = (bytel[])ip.getPixels() ;

ArraylList <position> pos = new ArraylList<position>() ;

int pl, p2, c=0, £=0,k=0;
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IJ.showProgress ( )
double pr,cnt=0;

for(int x=0;x<width;x++) {
for(int y=0;y<height;y++) {

pos =  prtcPos(ip,pix,x,y);

if (5>=pos.size()) ip.set(x,vy,0);

cnt++;

pr=cnt/ (width*height) ;
IJ.showProgress (pr) ;

byte[] pixels = (byte[])ip.getPixels()
return (byte[]) pixels;

public byte[] Edge(ImageProcessor ip){

ImageProcessor ip2;
ip2=ip.duplicate() ;
ip2.£111();

ip2.invert () ;

int width = ip.getWidth() ;
int height = ip.getHeight() ;
//byte[] pixels;

int pl,p2,p3;

for(int i=0;i<height;i++) {
for(int j=1;j<width-1;j++) {

pl=ip.get(j-1,1);
p2=ip.get(j,1i);
p3=ip.get (j+1,1);

if ((pl == 0)&&(p2 == 255)&&(p3 == 255)) ip2.set(j-1,i,0);
if((pl == ) &&(p2 == 0)&&(p3 == )) ip2.set(3,i,0);
if((pl == ) && (p2 == ) && (p3 == 0)) ip2.set(j+1,1i,0);
if((pl == 0)&&(p2 == ) &&(p3 == 0)){

ip2.set(j-1,1,0);
ip2.set (j+1,1,0);

}

for(int i=l;i<height-1;i++) {
for(int j=0;j<width;j++) {
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pl=ip.get(j,i-1);
p2=ip.get(j,1);
p3=ip.get(j,i+1);

if((pl == 0)&&(p2 == ) && (p3 == )) ip2.set(j,i-1,0);
if ((pl == ) && (p2 == 0) &&(p3 == )) ip2.set(j,1i,0);
if((pl == ) && (p2 == ) &&(p3 == 0)) ip2.set(j,1i+1,0);
if((pl == 0)&&(p2 == ) &&(p3 == 0)){

ip2.set(j,i-1,0);
ip2.set (j,1i+1,0);
}
byte[] pixels = (byte[])ip2.getPixels()

return (byte[]) pixels;
}

public byte[] Diff (ImageProcessor ipl,ImageProcessor ip2){
byte[] pixels = (byte[])ipl.duplicate() .getPixels();

int width = ipl.getWidth() ;
int height = ipl.getHeight()

int pl,p2;

for(int i=0;i<height;i++) {
for (int j=0;j<width;j++) {
pl=ipl.get(j,1);
p2=ip2.get(j,1);

if (p2 == 0) pixels[j+width*i]= (byte) ;
else pixels[j+width*i]=(byte) pl;
}

return (byte[]) pixels;
}

public byte[] FillHoles (ImageProcessor 1ip) {
int width = ip.getWidth() ;
int height = ip.getHeight() ;

ArraylList <position> pos = new ArraylList<position>();

int pl, p2, c=0, £=0,k=0;

IJ.showProgress ( )
double pr,cnt=0;

for(int x=0;x<width;x++) {
for(int y=0;y<height;y++) {

pos = prtcPos4dnb (ip,x,v)

if (pos.size ()>2) ip.set(x,vy,0);
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cnt++;

pr=cnt/ (width*height) ;
IJ.showProgress (pr) ;

byte[] pixels = (byte[])ip.getPixels()
return (byte[]) pixels;

public byte[] FillEdge(ImageProcessor ip, Arraylist <particle> prt) {
int width = ip.getWidth() ;
int height = ip.getHeight() ;

Arraylist <position> pos = new ArraylList<position>() ;

ImageProcessor ip2=ip.duplicate();

int pl, p2, £=0,k=0;

IJ.showProgress ( )
double prg,cnt=0;
for(int x=0;x<width-1;x++) {
for(int y=0;y<height-1;y++){
for(int i=0;i<prt.size() ;i++) {
£=0;
particle pr = new particle();

pr= (particle) prt.get(i);
pPOS=pr.pos;

boolean a = (boolean) false;
boolean b = (boolean) false;
boolean ¢ = (boolean) false;
boolean d = (boolean) false;

for( k=0;k<pos.size () ;k++) {
position ps2 = new position();
ps2 = (position) pos.get(k);

a=((x>=ps2.x) &&(x<=pr.xc));
b=((y>=ps2.y) && (y<=pr.yc));
c=((x<=ps2.x) &&(x>=pr.xc)) ;
d=((y<=ps2.y) &&(y>=pr.yc));
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if((a&&b) || (a&&d) || (c&&b) | | (c&&d)) £f=1;

}

if (f== ip2.putPixel(x,vy,0);
}
cnt++;

prg=cnt/ (width*height*2) ;
IJ.showProgress (prqg) ;

}

byte[] pixels = (byte[])ip2.getPixels()
return (byte[]) pixels;

public class particle{
ArraylList <position> pos;
int xc, yc, n;

}

public ArraylList <particle> FindParticle(ImageProcessor ip) {
int width = ip.getWidth() ;
int height = ip.getHeight() ;

byte[] pix = (bytel[])ip.getPixels();

ArraylList <position> pos = new ArraylList<position>();
ArraylList <particle> posc = new ArraylList<particle>();
ImageProcessor ip2=ip.duplicate();

int pl, p2, c=0, £=0,k=0;

IJ.showProgress ( )

double pr,cnt=0;
Double xc = new Double(0);
Double yc = new Double(0);

for(int x=1;x<width-1;x++) {
for(int y=1;y<height-1;y++) {
xc=(double) ;
yc=(double) ;
pos =  prtcPos(ip,pix,x,y);
k=0;

while (k<pos.size()) {
position ps = new position() ;
ps = (position) pos.get(k);
pos= addPrtcPos(ip,pix,ps.xX,ps.y,pos);
k++;
pix[ps.y*width+ps.x]=(byte) ;

for( k=0;k<pos.size () ;k++) {
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position ps = new position() ;

ps = (position) pos.get (k) ;

XCc=xc+ps.x;

yC=yCc+ps.y;

}

xc=xc/pos.size();

yc=yc/pos.size() ;

particle prt = new particle();

prt.xc=xc.intValue() ;

prt.yc=yc.intValue() ;

prt.pos=pos;

prt.n=posc.size();

k=0;

£f=0;

while (k<posc.size()){
particle prt2 = new particle();
prt2=(particle) posc.get(k);
if((prt.xc==prt2.xc)&&(prt.yc==prt2.yc)) f=1;
k++;

}

if (f==0) posc.add(prt):;

cnt++;

pr=cnt/ (width*height) ;
IJ.showProgress (pr) ;

return (ArraylList <particle>) posc;

}

public ArrayList <position> FindCentre (ImageProcessor ip) {
int width = ip.getWidth() ;

int height = ip.getHeight() ;

bytel[] pix (byte[]l)ip.getPixels() ;

ArraylList <position> pos = new ArraylList<position>();
ArraylList <position> posc = new ArrayList<position>();
ImageProcessor ip2=ip.duplicate();

int pl, p2, c=0, £=0,k=0;
IJ.showProgress ( )

double pr,cnt=0;
Double xc = new Double(0);
Double yc = new Double(0);

for(int x=1;x<width-1;x++) {
for(int y=1;y<height-1;y++) {
xc=(double) ;
yc=(double) ;
pos =  prtcPos(ip,pix,x,y);
k=0;
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}

while (k<pos.size()) {

position ps = new position() ;
ps = (position) pos.get (k) ;
pos= addPrtcPos(ip,pix,ps.xX,ps.y,pos);

k++;

pix[ps.y*width+ps.x]=(byte)

for( k=0;k<pos.size () ;k++)
position ps = new position() ;
ps = (position) pos.get (k) ;

XCc=xc+ps.x;
yC=yCc+ps.y;

}
xc=xc/pos.size();
yc=yc/pos.size();

position ps = new position() ;

ps.x=xc.intValue() ;
ps.y=yc.intValue() ;

posc.add(ps) ;
cnt++;

pr=cnt/ (width*height*2) ;
IJ.showProgress (pr) ;

return (ArraylList <position>) posc;

public ArrayList <posdiam> FindDiam3 (ArrayList <particle>

ArraylList <position> pos
ArraylList <posdiam> posc
ArraylList <posdiam> poso
int pl, p2, c=0, f=0,k=

IJ.showProgress ( )

new ArraylList<position>();
new ArraylList<posdiam>();
= new ArraylList<posdiam>();

,1dx=0;

double prg,cnt=0,d=0,pr xc,pr_yc,dmx=0;

for(int i=0;i<prt.size()
d=0;

;i++) {

particle pr = new particle();
pr=(particle) prt.get(i);

pos = pr.pos;

posdiam psd = new posdiam() ;

psd.x=pr.xc;
psd.y=pr.yc;

for( k=0;k<pos.size () ;k++) {
position ps = new position() ;

prt){
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ps = (position) pos.get (k) ;
d=d+2*Math.sqrt ((pr.xc-ps.x) *(pr.xc-ps.x)+(pr.yc-ps.y) * (pr.yc-
ps.y));
}

d=d/pos.size();

psd.d=d;

if (dmx<=d) {
dmx=d;
idx=i;

}

double std=0;

for( k=0;k<pos.size () ;k++) {
position ps = new position() ;
ps = (position) pos.get (k) ;
std=std+Math.pow (2*Math.sqgrt ((pr.xc-ps.x) * (pr.xc-ps.x)+(pr.yc-

ps.y)*(pr.yc-ps.y))-d,2);
}

std=Math.sqrt(std/(pos.size()-1));
psd.std=std;

posc.add (psd) ;
}

posdiam psd = new posdiam() ;
psd=(posdiam) posc.get (idx) ;
poso.add (psd) ;
return (ArraylList <posdiam>) poso;
}
public ArraylList <posdiam> FindDiam2 (ArraylList <particle> prt) {

new ArraylList<position>();
new ArraylList<posdiam>();

ArraylList <position> pos
ArraylList <posdiam> posc

int pl, p2, c=0, £=0,k=0;
IJ.showProgress ( )
double prg,cnt=0,d=0,pr xc,pr_yc;

for(int i=0;i<prt.size() ;i++) {

d=0;

particle pr = new particle();

pr=(particle) prt.get(i);

poOs = pr.pos;

posdiam psd = new posdiam() ;

psd.x=pr.xc;

psd.y=pr.yc;

for( k=0;k<pos.size () ;k++) {
position ps = new position() ;
ps = (position) pos.get (k) ;
d=d+2*Math.sqrt ((pr.xc-ps.x) *(pr.xc-ps.x)+(pr.yc-ps.y) * (pr.yc-

ps.y));
}

d=d/pos.size();
psd.d=d;
double std=0;
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for( k=0;k<pos.size () ;k++) {
position ps = new position() ;
ps = (position) pos.get (k) ;
std=std+Math.pow (2*Math.sqgrt ((pr.xc-ps.x) * (pr.xc-ps.x)+(pr.yc-
ps.y)*(pr.yc-ps.y))-d,2);
}

std=Math.sqrt(std/ (pos.size()-1));
psd.std=std;
posc.add (psd) ;

}

return (ArraylList <posdiam>) posc;

}

public ArraylList <posdiam> FindDiam(ImageProcessor ip) {
int width = ip.getWidth() ;
int height = ip.getHeight() ;

byte[] pix = (bytel[])ip.getPixels() ;

ArraylList <position> pos = new ArraylList<position>();

ArraylList <posdiam> posc = new ArraylList<posdiam>() ;

ArraylList <posdiam> posc2 = new ArraylList<posdiam>() ;
ImageProcessor ip2=ip.duplicate();

int pl, p2, c=0, £=0,k=0;
IJ.showProgress ( )

double pr,cnt=0,d=0,pr xc,pr_yc;
Double xc = new Double(0) ;

Double yc = new Double(0);

for(int x=1;x<width-1;x++) {
for(int y=1;y<height-1;y++){

d=0;
pos =  prtcPos(ip,pix,x,y);
k=0;

while (k<pos.size()) {
position ps = new position() ;
ps = (position) pos.get (k) ;
pos= addPrtcPos(ip,pix,ps.xX,ps.y,pos);
k++;
pix[ps.y*width+ps.x]=(byte) ;
}
xc=(double) ;
yc=(double) ;

for( k=0;k<pos.size () ;k++) {

position ps = new position() ;

ps = (position) pos.get (k) ;

XCc=xc+ps.x;

yC=yCc+ps.y;

}

if (pos.size () !'=0){
xc=xc/pos.size();
yc=yc/pos.size();
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£f=0;

k=0;

while( k<posc.size()) {
posdiam psd = new posdiam() ;
psd = (posdiam) posc.get (k) ;

if ((psd.x==xc.intValue()) &&(psd.y==yc.intValue())) £f=1;

k++;

if (£==0) {
posdiam psd = new posdiam() ;
psd.x=xc.intValue() ;
psd.y=yc.intValue() ;

for( k=0;k<pos.size () ;k++) {
position ps = new position();
ps = (position) pos.get (k) ;
d=d+2*Math.sqrt ((xc-ps.x)* (xc-ps.x)+(yc-
ps.y) *(yc-ps.y));

}

d=d/pos.size();
psd.d=d;
double std=0;

for( k=0;k<pos.size () ;k++) {
position ps = new position();
ps = (position) pos.get(k);
std=std+Math.pow (2*Math.sqgrt ( (xc-
ps.x)*(xc-ps.x)+(yc-ps.y)*(yc-ps.y))-d,2);

}
std=Math.sqrt(std/(pos.size()-1));
psd.std=std;
posc.add (psd) ;

}

cnt++;

pr=cnt/ (width*height) ;

IJ.showProgress (pr) ;

return (ArraylList <posdiam>) posc;

public class posdiam {
int x,y,n;
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double d,std;

public ArraylList getHistMax (ArrayList <hist> hst,int stp) {

ArrayList max;
max= new ArrayList();

int i,ct=0,73;

for (i=0;i<hst.size () ;i++) {

hist bk= new hist ()
bk=(hist) hst.get (i) ;

if (bk.y!=0) ct++;

}

double[] bkp,xp;

bkp= new double[ct];

xp= new doublel[ct];

i=0;
for (j=0;j<hst.size () ;j++) {
hist bk= new hist():;
bk=(hist) hst.get(]j);
if (bk.y!'=0){
bkp[i]l=bk.y;
xp[i]=bk.x;
i++;

double mx=0;
int c=0;

for (i=0;i<ct;i++) {

if (mx<=bkp[i]) {
mx=bkp[i];
c=i;

}

if (i-c>=stp){
hist bk= new hist():;
bk.x=xp[c];
bk.y=bkp[c];
c=0;
mx=0;
max.add (bk) ;

return (ArrayList) max;

public ArraylList getHistogram(ImageProcessor
ArrayList hst;

ip) {
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hst= new ArrayList();

int width = ip.getWidth() ;

int height = ip.getHeight() ;

byte[] pixels = (byte[])ip.getPixels()
double max=ip.getMax () ;

int val=0;
double c=0;

int f£=0;

for (int j=0;73< ;i++) {
hist bk= new hist():;
bk.y=0;
bk.x=7j;
hst.add(bk) ;

for(int i=0;i<width*height;i++) {
val=pixels[i];

hist bk= new hist();
bk=(hist)hst.get (val+l);

bk.x=val;
bk.y=bk.y+1;

hst.set (val,bk);
bk=(hist)hst.get (val);

return (ArrayList) hst;
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AnalyzeSingleAll_.java

import ij.*;

import ij.process.¥*;

import ij.measure.¥*;

import ij.gui.¥*;

import java.awt.*;

import java.math.¥*;

import java.io.¥*;

import java.lang.Number;

import java.lang.Byte;

import java.lang.Short;

import java.lang.Double;

import java.lang.Boolean;

import ij.plugin.¥*;

import ij.plugin.filter.*;

import ij.plugin.filter.GaussianBlur.*;
import ij.plugin.frame.¥*;

import ij.plugin.filter.PlugInFilter;
import ij.text.TextPanel;

import java.util.¥*;

import java.lang.Object.*;

import java.lang.reflect.Array;
import ij.plugin.filter.ParticleAnalyzer;
import ij.measure.Measurements;
import ij.plugin.filter.Analyzer;
import ij.measure.ResultsTable;

public class AnalyzeSingleAll implements PlugInFilter {
protected ImageProcessor image;

public int setup(String arg, ImagePlus imp) {
image=imp.getProcessor () ;
if (arg.equals("about"))
{ return DONE; }
return DOES_8G+SUPPORTS_MASKING;
}

public void run(ImageProcessor ipp) {
GenericDialog gd = new GenericDialog("Find Diameter');
double XYsc= ;

int psz= ,ths2=10;

gd.addNumericField("Particle Size Filter: ", psz, 0);
gd.addNumericField("Manual Threshold: ", ths2, 0);
gd.addNumericField ("XY scale (pixel*um): ", XY¥sc, 6);

gd.showDialog() ;
if (gd.wasCanceled()) return;

psz = (int)gd.getNextNumber () ;
ths2 = (int)gd.getNextNumber () ;
XYsc = (double)gd.getNextNumber () ;
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ImageProcessor nip;
nip=image.duplicate();

ImageStack nis = new ImageStack(nip.getWidth () ,nip.getHeight())

ResultsTable rt = ResultsTable.getResultsTable();

rt.reset();
rt.incrementCounter () ;
rt.setPrecision(6) ;

rt.addvValue ("XY Pixel size",XYsc);

int idx=0,f=0,c=0,ths;
double t;
for (ths=5;ths<= ;ths=ths+5) {

ImageProcessor Aplp;
ApIp=nip.duplicate() ;
ApIp.threshold((int) ths);
ApIp.invert() ;

ImagePlus AplIpp = new ImagePlus("Anal

ParticleAnalyzer pa = new
ParticleAnalyzer (ParticleAnalyzer.SHOW RESULTS ,

yze" ,ApIp) ;

Measurements.AREA

+Measurements.RECT + Measurements.ELLIPSE + Measurements.FERET ,

Double.POSITIVE INFINITY) ;

pa.analyze (ApIpp) ;
rt.addvValue("th",ths);
nis.addSlice("Thresholded "+c,ApIp);
c++;

ImagePlus nipp = new ImagePlus("Thresholded Stack'",nis);

nipp.show() ;

nip.threshold((int)ths2);
nip.invert();
nip.setPixels(ParticleSizeFilter (nip,

rt.addvalue("th",ths2);

ImageProcessor nip2;
nip2=nip.duplicate();
nip2.setPixels (Edge (nip2)) ;
nip.setPixels(Diff(nip,nip2));

nip.setPixels(FillHoles(nip)) ;
nip.setPixels(FillHoles(nip)) ;
nip.setPixels(FillHoles(nip)) ;

))

nip.setPixels(ParticleSizeFilter(nip,psz))

ArraylList <posdiam> pos = new ArrayList<posdiam>() ;

ArraylList <particle> prt = new ArraylList<particle>();

rt,

psz,
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nip2.setPixels (Edge(nip));
prt=FindParticle(nip2) ;

nip.setPixels(FillEdge (nip2,prt));

nip2.setPixels (Edge(nip));
prt=FindParticle(nip2) ;

pos=FindDiam3 (prt) ;

ImageProcessor nip3;
nip3=nip.duplicate();
nip3.£1i11();
nip3.invert () ;

int x=0,y=0;

double dmx=0;
idx=pos.size();

rt.incrementCounter () ;

for(int k=0;k<pos.size() ;k++) {
posdiam ps = new posdiam() ;
ps=pos.get (k) ;
if ((ps.x!'=0)&&(ps.y!'=0)){

nip3.drawOval ((int) (ps.x-ps.d/2), (int) (ps.y-

ps.d/?), (int)ps.d, (int)ps.d) ;
nip3.drawPixel (ps.x,ps.V)
rt.addValue (" Average Diameter",ps.d*XY¥Ysc);
rt.addValue (" Average Diameter stdev",ps.std*XY¥Ysc);
rt.addvValue ("XY Pixel size'",XYsc);

if (ps.d!=0) f++;

rt.show("Results");

public class hist{
double x,y;
}

public float[] mkGaussianKernel (int dim, double sigma) {
float[] kernel;
kernel = new float[dim*dim];

float[] hg;
hg = new float[dim*dim];

float sm=0;
int k;
for(int i=0;i<dim;i++) {

for(int j=0;j<dim;j++) {
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Float f = new Float(Math.exp((i*i+j*7j)/(sigma*sigma))) ;
hg[i+dim*j]=f;
sm=smt+hg[i+dim*]j];
}
}

for(int i=0;i<dim;i++) {
for(int j=0;j<dim;j++) {
kernel[i+dim*3j]=hg[i+dim*j]/sm;
}
}

return (float[]) kernel;

}

public ArraylList prtcPos(ImageProcessor ip, byte[] pixels,int x, int y){
int c=0;
int width = ip.getWidth() ;
int height = ip.getHeight() ;

ArrayList pos;
pos= new ArrayList();

if(pixels[y*width+x]==0) {

for (int i=-1;i<=1;1i++){
for (int j=-1;j<=1;7++) {

if ((x+1>=0) &&(y+7>=0) && (x+i<width) && (y+j<height)) {
if (pixels[(y+]) *width+x+i]==0) {
position ps = new position();
ps.x=x+1i;
ps.y=y+j;
pos.add((position) ps);

return (ArrayList) pos;

}

public ArrayList <position> addPrtcPos(ImageProcessor ip,byte[] pixels ,
int x, int y,Arraylist <position>prev) {

int width = ip.getWidth() ;
int height = ip.getHeight() ;
if(pixels[y*width+x]==0) {

for(int i=-1;i<=1;i++){
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for (int j=-1;j<=1;7++) {
if ((x+1>=0) && (y+7>=0) && (x+i<width) && (y+j<height)) {

if(pixels[(y+]) *width+x+i]==0) {
position ps = new position();
ps.x=x+1i;
ps.y=y+Jj;
prev.add((position) ps);

return (ArraylList <position>) prev;

}

public ArraylList <position> prtcPos4n(ImageProcessor ip, int x, int y){
int c=0;
int width = ip.getWidth() ;
int height = ip.getHeight() ;
byte[] pixels = (byte[])ip.getPixels()

ArraylList <position> pos;
pos= new ArraylList<position>();

if(pixels[y*width+x]==0) {
for(int i=-1;i<=1;i++){

if ((x+1>=0)&&(1'=0) && (x+i<width) && (y<height)) {
if (pixels[y*width+x+i]==0) {
position ps = new position();
ps.x=x+1i;
ps.y=y;/
pos.add((position) ps);

c++;

}

for(int j=-1;3<=1;3++){
if((3!'=0) &&(y+j>=0) && (x<width) && (y+j<height)) {
if(pixels[(y+7) *width+x]==0) {
position ps = new position();
PS.xX=X;
ps.y=y+J;
pos.add((position) ps);
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ct++;

return (ArraylList <position>) pos;

}

public Arraylist <position> prtcPos4nb(ImageProcessor ip, int x, int y){
int ¢=0;
int width = ip.getWidth() ;
int height = ip.getHeight() ;
byte[] pixels = (byte[])ip.getPixels()

ArraylList <position> pos;
pos= new ArraylList<position>();

if(pixels[y*width+x]== ) {
for(int i=-1,;i<=1;1i++) {

if ((x+1>=0)&&(1i'=0) && (x+i<width) && (y<height)) {
if (pixels[y*width+x+i]==0) {
position ps = new position();
ps.x=x+1i;
ps.y=y;/
pos.add((position) ps);

ct++;

}

for(int j=-1;3<=1;3++){
if((3!'=0) &&(y+j>=0) && (x<width) && (y+j<height)) {
if(pixels[(y+7) *width+x]==0) {
position ps = new position();
PS.xX=X;
ps.y=y+J;
pos.add((position) ps);

ct++;
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return (ArraylList <position>) pos;

}

public class position {
int x,y;

}

public byte[] ParticleSizeFilter (ImageProcessor ip,int size) {
int width = ip.getWidth() ;
int height = ip.getHeight() ;

byte[] pixels = (byte[])ip.getPixels()

ArraylList <position> pos = new ArraylList<position>() ;
ImageProcessor ip2=ip.duplicate();

bytel[] pix2 = (byte[])ip2.getPixels();

int pl, p2, c=0, £=0,k=0;

double pr,cnt=0;

for(int x=0;x<width;x++) {
for (int y=0;y<height;y++) {

if(pixels[y*width+x]==0) {
pos = prtcPos(ip,pixels,x,v);
k=0;
while (k<pos.size()) {
position ps = new position() ;
ps = (position) pos.get (k) ;
pos= addPrtcPos (ip,pixels,ps.x,ps.y,pos) ;
k++;
pixels[ps.y*width+ps.x]=(byte) ;
}
if(pos.size()<=size&&pos.size()>0) {
for( k=0;k<pos.size () ;k++) {
position ps = new position();

ps = (position) pos.get (k) ;

pix2[ps.y*width+ps.x]=(byte) ;
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}
cnt++;

pr=cnt/ (width*height) ;

return (bytel[]) pix2;

public byte[] CleanParticle(ImageProcessor ip,int n,int type) {
int width = ip.getWidth() ;
int height = ip.getHeight() ;

byte[] pix = (bytel[])ip.getPixels() ;

ArraylList <position> pos = new ArraylList<position>();

int pl, p2, c=0, £=0,k=0;

IJ.showProgress ( )

double pr,cnt=0;

for(int x=0;x<width;x++) {
for(int y=0;y<height;y++) {

if (type==0) pos = prtcPos4n(ip,x,v)
else pos = prtcPos(ip,pix,x,Vy);

if (n>=pos.size()) ip.set(x,vy, )

cnt++;

pr=cnt/ (width*height*2) ;
IJ.showProgress (pr) ;

byte[] pixels = (byte[])ip.getPixels()
return (byte[]) pixels;

public byte[] Erosion(ImageProcessor ip) {
int width = ip.getWidth() ;

int height = ip.getHeight() ;

byte[] pix = (bytel[])ip.getPixels() ;

ArraylList <position> pos = new ArraylList<position>();
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int pl, p2, c=0, £=0,k=0;

IJ.showProgress ( )
double pr,cnt=0;

for(int x=0;x<width;x++) {
for (int y=0;y<height;y++) {

pos =  prtcPos(ip,pix,x,y);

if (5>=pos.size()) ip.set(x,vy,0);

cnt++;

pr=cnt/ (width*height) ;
IJ.showProgress (pr) ;

byte[] pixels = (byte[])ip.getPixels()
return (byte[]) pixels;

public byte[] Edge(ImageProcessor ip){

ImageProcessor ip2;
ip2=ip.duplicate() ;
ip2.£111();

ip2.invert () ;

int width = ip.getWidth() ;
int height = ip.getHeight() ;

int pl,p2,p3;

for(int i=0;i<height;i++) {
for(int j=1;j<width-1;j++) {

pl=ip.get(j-1,1);
p2=ip.get(j,1);
p3=ip.get (j+1,1);

if((pl == 0)&&(p2 == ) && (p3 == )) ip2.set(j-1,1,0);
if ((pl == ) && (p2 == 0) &&(p3 == )) ip2.set(3,1,0);
if ((pl == ) && (p2 == )&&(p3 == 0)) ip2.set(j+1,1i,0);
if ((pl == 0)&&(p2 == )&&(p3 == 0)){

ip2.set (j-1,1,0);
ip2.set (j+1,1,0);
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}

for(int i=l;i<height-1;i++) {
for (int j=0;j<width;j++) {
pl=ip.get (j,i-1);
p2=ip.get(j,1i);
p3=ip.get (j,i+1);

if((pl == 0)&&(p2 == 25°)&&(p3 == 25°)) ip2.set(j,i-1,0);
if ((pl == 2°5)&&(p2 == 0)&&(p3 == 25°)) ip2.set(j,i,0);
if((pl == 25°)&&(p2 == 2°5)&&(p3 == 0)) ip2.set(j, i+l,0);
if((pl == 0)&&(p2 == )&&(p3 == 0)){

ip2.set (j,1i-1,0);
ip2.set (j,1i+1,0);
}
byte[] pixels = (byte[])ip2.getPixels()

return (byte[]) pixels;
}

public byte[] Diff (ImageProcessor ipl,ImageProcessor ip2){
byte[] pixels = (byte[])ipl.duplicate().getPixels();

int width = ipl.getWidth() ;
int height = ipl.getHeight()

int pl,p2;

for(int i=0;i<height;i++) {
for (int Jj=0;j<width;j++) {
pl=ipl.get(j,1);
p2=ip2.get(j,1i);

if(p2 == 0) pixels[j+width*i]= (byte) ;
else pixels[j+width*i]=(byte) pl;
}

return (byte[]) pixels;
}

public byte[] FillHoles (ImageProcessor 1ip) {

int width = ip.getWidth() ;

int height = ip.getHeight() ;
ArraylList <position> pos = new ArraylList<position>();
int pl, p2, c=0, £=0,k=0;
IJ.showProgress ( )

double pr,cnt=0;

for(int x=0;x<width;x++) {
for(int y=0;y<height;y++) {

pos = prtcPos4nb (ip,x,v)
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if (pos.size ()>2) ip.set(x,vy,0);

cnt++;

pr=cnt/ (width*height) ;
IJ.showProgress (pr) ;

byte[] pixels = (byte[])ip.getPixels()
return (byte[]) pixels;

public byte[] FillEdge (ImageProcessor ip, ArraylList <particle> prt) {
int width = ip.getWidth() ;
int height = ip.getHeight() ;
ArrayList <position> pos = new ArrayList<position>();
ImageProcessor ip2=ip.duplicate();
int pl, p2, £=0,k=0;
IJ.showProgress ( )
double prg,cnt=0;
for(int x=0;x<width-1;x++) {
for(int y=0;y<height-1;y++){
for(int i=0;i<prt.size() ;i++) {
£=0;
particle pr = new particle();

pr= (particle) prt.get(i);
pPOS=pr.pos;

boolean a = (boolean) false;
boolean b = (boolean) false;
boolean ¢ = (boolean) false;
boolean d = (boolean) false;

for( k=0;k<pos.size () ;k++) {
position ps2 = new position();
ps2 = (position) pos.get (k)

a=((x>=ps2.x) &&(x<=pr.xc));
b=((y>=ps2.y) && (y<=pr.yc));
c=((x<=ps2.x) &&(x>=pr.xc)) ;
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d=((y<=ps2.y) &&(y>=pr.yc));

if((a&&b) || (a&&d) || (c&&b) | | (c&&d)) £f=1;

}

if (f== ip2.putPixel(x,vy,0);
}
cnt++;

prg=cnt/ (width*height*2) ;
IJ.showProgress (prqg) ;

}

byte[] pixels = (byte[])ip2.getPixels()
return (byte[]) pixels;

public class particle{
ArraylList <position> pos;
int xc, yc, n;

}

public ArraylList <particle> FindParticle(ImageProcessor ip) {
int width = ip.getWidth() ;
int height = ip.getHeight() ;

byte[] pix = (bytel[])ip.getPixels() ;

ArraylList <position> pos = new ArraylList<position>();
ArraylList <particle> posc = new ArraylList<particle>();
ImageProcessor ip2=ip.duplicate();

int pl, p2, c=0, £=0,k=0;

IJ.showProgress ( )

double pr,cnt=0;
Double xc = new Double(0);
Double yc = new Double(0);

for(int x=1;x<width-1;x++) {
for(int y=1;y<height-1;y++) {
xc=(double) ;
yc=(double) ;
pos =  prtcPos(ip,pix,x,y);
k=0;

while (k<pos.size()) {
position ps = new position() ;
ps = (position) pos.get (k) ;
pos= addPrtcPos(ip,pix,ps.xX,ps.y,pos);
k++;
pix[ps.y*width+ps.x]=(byte) ;
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for( k=0;k<pos.size () ;k++) {

position ps = new position() ;

ps = (position) pos.get (k) ;

XCc=xc+ps.x;

yC=yCc+ps.y;

}

xc=xc/pos.size();

yc=yc/pos.size();

particle prt = new particle();

prt.xc=xc.intValue() ;

prt.yc=yc.intValue() ;

prt.pos=pos;

prt.n=posc.size();

k=0;

£f=0;

while (k<posc.size()){
particle prt2 = new particle();
prt2=(particle) posc.get (k) ;
if((prt.xc==prt2.xc)&&(prt.yc==prt2.yc)) f=1;
k++;

}
if (f==0) posc.add(prt);

cnt++;

pr=cnt/ (width*height) ;
IJ.showProgress (pr) ;

return (ArraylList <particle>) posc;

}

public ArraylList <position> FindCentre (ImageProcessor ip) {
int width = ip.getWidth() ;

int height = ip.getHeight() ;

byte[] pix = (bytel[])ip.getPixels() ;

ArraylList <position> pos = new ArraylList<position>() ;
ArraylList <position> posc = new ArrayList<position>();
ImageProcessor ip2=ip.duplicate();

int pl, p2, c=0, £=0,k=0;

IJ.showProgress ( )

double pr,cnt=0;
Double xc = new Double(0) ;
Double yc = new Double(0) ;

for(int x=1;x<width-1;x++) {
for(int y=1;y<height-1;y++) {
xc=(double) ;
yc=(double) ;
pos =  prtcPos(ip,pix,x,y);
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k=

’

while (k<pos.size()) {

position ps = new position() ;

ps = (position) pos.get (k) ;

pos= addPrtcPos(ip,pix,ps.xX,ps.y,pos)
k++;

pix[ps.y*width+ps.x]=(byte) ;

for( k=0;k<pos.size () ;k++) {
position ps = new position() ;
ps = (position) pos.get (k) ;
XCc=xc+ps.x;

yC=yCc+ps.y;

}

xc=xc/pos.size();
yc=yc/pos.size();

position ps = new position() ;
ps.x=xc.intValue() ;
ps.y=yc.intValue() ;

posc.add(ps) ;

cnt++;

pr=cnt/ (width*height*2) ;
IJ.showProgress (pr) ;

return (ArraylList <position>) posc;

}

public ArrayList <posdiam> FindDiam3 (ArrayList <particle>

ArraylList <position> pos
ArraylList <posdiam> posc
ArraylList <posdiam> poso
int pl, p2, c=0, f=0,k=

IJ.showProgress ( )

new ArraylList<position>();
= new ArraylList<posdiam>() ;
= new ArraylList<posdiam>() ;

,1dx=0;

double prg,cnt=0,d=0,pr xc,pr_yc,dmx=0;

for(int i=0;i<prt.size()
d=0;

;i++) {

particle pr = new particle();

pr=(particle)
pos = pr.pos;

prt.get (i) ;

posdiam psd = new posdiam() ;

psd.x=pr.xc;
psd.y=pr.yc;

prt){
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for( k=0;k<pos.size () ;k++) {
position ps = new position() ;
ps = (position) pos.get (k) ;
d=d+2*Math.sqrt ((pr.xc-ps.x) *(pr.xc-ps.x)+(pr.yc-ps.y) * (pr.yc-
ps.y));
}

d=d/pos.size();

psd.d=d;

if (dmx<=d) {
dmx=d;
idx=i;

}

double std=0;

for( k=0;k<pos.size () ;k++) {
position ps = new position() ;
ps = (position) pos.get (k) ;
std=std+Math.pow (2*Math.sqgrt ((pr.xc-ps.x) * (pr.xc-ps.x)+(pr.yc-

ps.y) *(pr.yc-ps.y))-d,2);
}

std=Math.sqrt(std/ (pos.size()-1));
psd.std=std;
posc.add (psd) ;

}

posdiam psd = new posdiam() ;
psd=(posdiam) posc.get (idx) ;
poso.add (psd) ;

return (ArraylList <posdiam>) poso;

}

public ArraylList <posdiam> FindDiam2 (ArraylList <particle> prt) {

ArrayList <position> pos new ArrayList<position>();
ArraylList <posdiam> posc = new ArrayList<posdiam>();

int pl, p2, c=0, £=0,k=0;
IJ.showProgress ( )
double prg,cnt=0,d=0,pr xc,pr_yc;

for(int i=0;i<prt.size() ;i++) {

d=0;

particle pr = new particle();

pr=(particle) prt.get(i);

poOs = pr.pos;

posdiam psd = new posdiam() ;

psd.x=pr.xc;

psd.y=pr.yc;

for( k=0;k<pos.size () ;k++) {
position ps = new position() ;
ps = (position) pos.get (k) ;
d=d+2*Math.sqrt ((pr.xc-ps.x) *(pr.xc-ps.x)+(pr.yc-ps.y) * (pr.yc-

ps.vy));
}

d=d/pos.size();
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psd.d=d;

double std=0;

for( k=0;k<pos.size () ;k++) {
position ps = new position() ;
ps = (position) pos.get (k) ;

std=std+Math.pow (2*Math.sqgrt ((pr.xc-ps.x) * (pr.xc-ps.x)+(pr.yc-
ps.y)*(pr.yc-ps.y))-d,2);

}

std=Math.sqrt(std/ (pos.size()-1));
psd.std=std;
posc.add (psd) ;

}

return (ArraylList <posdiam>) posc;

}

public ArraylList <posdiam> FindDiam(ImageProcessor ip) {
int width = ip.getWidth() ;
int height = ip.getHeight() ;

byte[] pix = (bytel[])ip.getPixels();

ArraylList <position> pos = new ArraylList<position>() ;

Arraylist <posdiam> posc = new ArraylList<posdiam>() ;

ArraylList <posdiam> posc2 = new ArrayList<posdiam>() ;
ImageProcessor ip2=ip.duplicate();

int pl, p2, c=0, £=0,k=0;

IJ.showProgress ( )

double pr,cnt=0,d=0,pr xc,pr_yc;
Double xc = new Double(0) ;
Double yc = new Double(0);

for(int x=1;x<width-1;x++) {
for(int y=1;y<height-1;y++){

d=0;
pos =  prtcPos(ip,pix,x,y);
k=0;

while (k<pos.size()) {
position ps = new position() ;
ps = (position) pos.get (k) ;
pos= addPrtcPos(ip,pix,ps.xX,ps.y,pos);
k++;
pix[ps.y*width+ps.x]=(byte) ;
}
xc=(double) ;
yc=(double) ;

for( k=0;k<pos.size () ;k++) {
position ps = new position() ;
ps = (position) pos.get (k) ;
XCc=xc+ps.x;

yC=yCc+ps.y;

}
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if (pos.size () !'=0){

xc=xc/pos.size();

yc=yc/pos.size() ;

£f=0;

k=0;

while( k<posc.size()) {
posdiam psd = new posdiam() ;
psd = (posdiam) posc.get (k) ;

if ((psd.x==xc.intValue()) &&(psd.y==yc.intValue())) f=1;

k++;

if (f==0) {
posdiam psd = new posdiam() ;
psd.x=xc.intValue() ;
psd.y=yc.intValue() ;

for( k=0;k<pos.size () ;k++) {
position ps = new position();
ps = (position) pos.get(k);

d=d+2*Math.sqrt ((xc-ps.x)* (xc-ps.x)+(yc-
ps.y) *(yc-ps.y));

}

d=d/pos.size();
psd.d=d;
double std=0;

for( k=0;k<pos.size () ;k++) {
position ps = new position();
ps = (position) pos.get(k);
std=std+Math.pow (2*Math.sqgrt ( (xc-
ps.x)*(xc-ps.x)+(yc-ps.y)*(yc-ps.y))-d,2);

}
std=Math.sqrt(std/(pos.size()-1));
psd.std=std;
posc.add (psd) ;

}

cnt++;

pr=cnt/ (width*height) ;
IJ.showProgress (pr) ;

return (ArraylList <posdiam>) posc;
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public class posdiam {
int x,y,n;
double d,std;

public ArrayList getHistMax (ArrayList <hist> hst,int
ArrayList max;
max= new ArrayList();

int i,ct=0,73;

for (i=0;i<hst.size () ;i++) {

hist bk= new hist():;
bk=(hist) hst.get (i)

if (bk.y!=0) ct++;

}

double[] bkp,xp;

bkp= new double[ct];

xp= new double[ct];

i=0;
for (j=0;j<hst.size () ;j++) {
hist bk= new hist();
bk=(hist) hst.get(j):;
if (bk.y!'=0){
bkp[i]l=bk.y;
xp[i]=bk.x;
i++;

double mx=0;
int c=0;

for (i=0;i<ct;i++) {

if (mx<=bkp[i]) {
mx=bkp[i];
c=1i;

}

if(i-c>=stp){
hist bk= new hist():;
bk.x=xp[c];
bk.y=bkp[c];
c=0;
mx=0;
max.add(bk) ;

return (ArrayList) max;

stp) {
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public ArrayList getHistogram(ImageProcessor 1ip) {
ArrayList hst;
hst= new ArrayList();
int width = ip.getWidth() ;
int height = ip.getHeight() ;
byte[] pixels = (byte[])ip.getPixels()
double max=ip.getMax () ;
//double binsz=max/255;
int val=0;
double c=0;

int £=0;

for (int j=0;73< ;i++) {
hist bk= new hist():;
bk.y=0;
bk.x=7j;
hst.add(bk) ;

for(int i=0;i<width*height;i++) {
val=pixels[i];

hist bk= new hist ()
bk=(hist)hst.get (val+l);

bk.x=val;
bk.y=bk.y+1;

hst.set (val,bk);
bk=(hist)hst.get (val);

return (ArrayList) hst;
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findDiameterSingleAllthresMethods_.java

import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import

public

ij.*;
ij.process.*;
ij.measure.*;
ij.gui.*;
Jjava.awt.*;
java.math.*;
java.io.*;
java.lang.Number;
java.lang.Byte;
java.lang.Short;
java.lang.Double;
java.lang.Boolean;
ij.plugin.*;
ij.plugin.filter.*;

ij.plugin.filter.GaussianBlur.*;

ij.plugin.frame.*;

ij.plugin.filter.PlugInFilter;

ij.text.TextPanel;
Java.util.*;
java.lang.Object.*;
java.lang.reflect.Array;

ij.plugin.filter.ParticleAnalyzer;

ij.measure.Measurements;
ij.plugin.filter.Analyzer;
ij.measure.ResultsTable;

ij.process.AutoThresholder;

class findDiameterSingleAllthresMethods implements PlugInFilter {

protected ImageProcessor image;

public int setup(String arg,

}

image=imp.getProcessor () ;
if (arg.equals("about"))
{ return DONE; }

ImagePlus imp)

return DOES 8G+SUPPORTS MASKING;

public void run(ImageProcessor ipp) {

GenericDialog gd = new GenericDialog("Find Diameter');

double XY¥sc=0.115089;
int psz=100,k=2;

{

gd.addNumericField("Particle Size Filter:

gd.addNumericField ("XY scale (pixel*um) :

gd.showDialog() ;

if (gd.wasCanceled()) return;

psz = (int)gd.getNextNumber() ;

"

"

4

4

psz,

XYsc,

0);

6);
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XYsc = (double)gd.getNextNumber () ;

ImageProcessor Aplp;
ApIp = image.duplicate();

ResultsTable rt = ResultsTable.getResultsTable();
rt.reset () ;

rt.incrementCounter () ;

rt.setPrecision(6) ;

int idx=0,f=0,c=0,ths;

double t;

AutoThresholder at = new AutoThresholder();
String[] mtd;

mtd=at.getMethods() ;

for (int i=0;i<mtd.length;i++) {

ImageProcessor nip;
nip=image.duplicate() ;

ths=at.getThreshold(mtd[i] ,nip.getHistogram()) ;
rt.addvValue("th",ths);

nip.threshold((int)ths) ;

nip.invert () ;
nip.setPixels(ParticleSizeFilter(nip,50));

ImageProcessor nip2;
nip2=nip.duplicate();
nip2.setPixels (Edge (nip2)) ;
nip.setPixels(Diff(nip,nip2)):;

nip.setPixels(FillHoles(nip)) ;
nip.setPixels(FillHoles(nip)) ;
nip.setPixels(FillHoles(nip)) ;
nip.setPixels(ParticleSizeFilter(nip,psz))

ArraylList <posdiam> pos = new ArrayList<posdiam>() ;
ArraylList <particle> prt = new ArraylList<particle>();

nip2.setPixels (Edge(nip));
prt=FindParticle(nip2);

nip.setPixels(FillEdge (nip2,prt));

nip2.setPixels (Edge(nip));
prt=FindParticle(nip2) ;
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pos=FindDiam3 (prt) ;

int x=0,y=0;
double dmx=0;

for (k=0;k<pos.size() ;k++) {
posdiam ps = new posdiam() ;
ps=pos.get (k) ;
if ((ps.x!'=0)&&(ps.y'=0)){

rt.addValue (" Average Diameter",ps.d*XY¥Ysc);
rt.addValue (" Average Diameter stdev",ps.std*X¥Ysc);
rt.addvValue ("XY Pixel size'",XYsc);

if (ps.d!=0) f++;
}

}
rt.addvalue (mtd[i], 1),

rt.incrementCounter () ;

}

rt.show("Results");

public class hist{
double x,y;
}

public float[] mkGaussianKernel (int dim, double sigma) {
float[] kernel;
kernel = new float[dim*dim];

float[] hg;
hg = new float[dim*dim];

float sm=0;
int k;
for(int i=0;i<dim;i++) {

for(int j=0;j<dim;j++) {
Float f = new Float(Math.exp((i*i+j*7j)/(sigma*sigma))) ;
hg[i+dim*j]=f;
sm=smt+hg[i+dim*]j];
}
}

for(int i=0;i<dim;i++) {
for(int j=0;j<dim;j++) {
kernel [i+dim*3j]=hg[i+dim*j]/sm;
}
}

return (float[]) kernel;
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public ArraylList prtcPos(ImageProcessor ip, byte[] pixels,int x, int y){
int c=0;
int width = ip.getWidth() ;
int height = ip.getHeight() ;

ArrayList pos;
pos= new ArrayList();

if(pixels[y*width+x]==0) {

for(int i=-1;i<=1;i++){
for (int j=-1;j<=1;7++) {

if ((x+1>=0) &&(y+7>=0) && (x+i<width) && (y+j<height)) {
if (pixels[(y+]) *width+x+i]==0) {
position ps = new position();
ps.x=x+1i;
ps.y=y+J;
pos.add((position) ps);

return (ArrayList) pos;

}

public ArrayList <position> addPrtcPos(ImageProcessor ip,byte[] pixels , int x,
int y,Arraylist <position>prev) {

int width = ip.getWidth() ;
int height = ip.getHeight() ;

if(pixels[y*width+x]==0) {

for (int i=-1;i<=1;1i++){
for (int j=-1;j<=1;7++) {

if ((x+1>=0) && (y+7>=0) && (x+i<width) && (y+j<height)) {

if(pixels[(y+]) *width+x+i]==0) {
position ps = new position();
ps.x=x+1i;
ps.y=y+J;
prev.add((position) ps);
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return (ArraylList <position>) prev;

}

public ArraylList <position> prtcPos4n(ImageProcessor ip, int x, int y){
int ¢=0;
int width = ip.getWidth() ;
int height = ip.getHeight() ;
byte[] pixels = (byte[])ip.getPixels()

ArraylList <position> pos;
pos= new ArraylList<position>();

if(pixels[y*width+x]==0) {
for(int i=-1,;i<=1;1i++) {

if ((x+1>=0)&&(1'=0) && (x+i<width) && (y<height)) {
if (pixels[y*width+x+i]==0) {
position ps = new position();
ps.x=x+1i;
ps.y=y;/
pos.add((position) ps);

ct++;

}

for(int j=-1;3<=1;3++){
if((3!'=0) &&(y+j>=0) && (x<width) && (y+j<height)) {
if(pixels[(y+7) *width+x]==0) {
position ps = new position();
PS.xX=X;
ps.y=y+J;
pos.add((position) ps);

ct++;
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return (ArraylList <position>) pos;

}

public Arraylist <position> prtcPos4nb(ImageProcessor ip, int x, int y){
int c=0;
int width = ip.getWidth() ;
int height = ip.getHeight() ;
byte[] pixels = (byte[])ip.getPixels()

ArraylList <position> pos;
pos= new ArraylList<position>();

if(pixels[y*width+x]== ) {
for(int i=-1;i<=1;i++){

if ((x+1>=0)&&(1i'=0) && (x+i<width) && (y<height)) {
if (pixels[y*width+x+i]==0) {
position ps = new position();
ps.x=x+1i;
ps.y=y;/
pos.add((position) ps);

c++;

}

for(int j=-1;3<=1;3++){
if((3!'=0) &&(y+j>=0) && (x<width) && (y+j<height)) {
if(pixels[(y+7) *width+x]==0) {
position ps = new position();
PS.xX=X;
ps.y=y+j;
pos.add((position) ps);

c++;

return (ArraylList <position>) pos;

}

public class position {
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int x,vy;

public byte[] ParticleSizeFilter (ImageProcessor ip,int size) {
int width = ip.getWidth() ;
int height = ip.getHeight() ;

byte[] pixels = (byte[])ip.getPixels()

ArraylList <position> pos = new ArraylList<position>();
ImageProcessor ip2=ip.duplicate();

bytel[] pix2 = (byte[])ip2.getPixels();

int pl, p2, c=0, £=0,k=0;

double pr,cnt=0;

for(int x=0;x<width;x++) {
for(int y=0;y<height;y++) {

if(pixels[y*width+x]==0) {
pos = prtcPos(ip,pixels,x,Vv);
k=0;
while (k<pos.size()) {
position ps = new position() ;
ps = (position) pos.get (k) ;
pos= addPrtcPos (ip,pixels,ps.x,ps.y,pos) ;
k++;
pixels[ps.y*width+ps.x]=(byte) ;
}
if(pos.size()<=size&&pos.size()>0) {
for( k=0;k<pos.size () ;k++) {
position ps = new position() ;

ps = (position) pos.get (k) ;

pix2[ps.y*width+ps.x]=(byte) ;

}
cnt++;

pr=cnt/ (width*height) ;

return (bytel[]) pix2;

192



APPENDIX

public byte[] CleanParticle(ImageProcessor ip,int n,int type) {
int width = ip.getWidth() ;
int height = ip.getHeight() ;

byte[] pix = (bytel[])ip.getPixels() ;

ArraylList <position> pos = new ArraylList<position>() ;

int pl, p2, c=0, £=0,k=0;

IJ.showProgress ( )
double pr,cnt=0;

for(int x=0;x<width;x++) {
for(int y=0;y<height;y++) {

if (type==0) pos = prtcPos4n(ip,x,v)
else pos = prtcPos(ip,pix,x,Vy);

if (n>=pos.size()) ip.set(x,vy, )

cnt++;

pr=cnt/ (width*height*2) ;
IJ.showProgress (pr) ;

byte[] pixels = (byte[])ip.getPixels()
return (byte[]) pixels;

public byte[] Erosion(ImageProcessor ip) {

int width = ip.getWidth() ;

int height = ip.getHeight() ;

byte[] pix = (bytel[])ip.getPixels() ;
ArraylList <position> pos = new ArraylList<position>();
int pl, p2, c=0, £=0,k=0;
IJ.showProgress ( )

double pr,cnt=0;

for(int x=0;x<width;x++) {
for (int y=0;y<height;y++) {
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pos = prtcPos(ip,pix,x,vy);

if (5>=pos.size()) ip.set(x,vy,0);

cnt++;

pr=cnt/ (width*height) ;
IJ.showProgress (pr) ;

byte[] pixels = (byte[])ip.getPixels()
return (byte[]) pixels;

public byte[] Edge(ImageProcessor ip){

ImageProcessor ip2;
ip2=ip.duplicate() ;
ip2.£111();

ip2.invert () ;

int width = ip.getWidth() ;
int height = ip.getHeight() ;

int pl,p2,p3;

for(int i=0;i<height;i++) {
for(int j=1;j<width-1;j++) {

pl=ip.get(j-1,1);
p2=ip.get (j,1i)
p3=ip.get (j+1,1);

if((pl == 0)&&(p2 == ) && (p3 == )) ip2.set(j-1,1,0);
if ((pl == ) && (p2 == 0) &&(p3 == )) ip2.set(3,1,0);
if ((pl == ) && (p2 == )&&(p3 == 0)) ip2.set(j+1,1i,0);
if ((pl == 0)&&(p2 == )&&(p3 == 0)){

ip2.set(j-1,1,0);
ip2.set (j+1,1,0);

}

for(int i=l;i<height-1;i++) {
for (int j=0;j<width;j++) {
pl=ip.get(j,i-1);
p2=ip.get(j,1);
p3=ip.get(j,i+1);

if((pl == 0)&&(p2 == ) && (p3 == )) ip2.set(j,i-1,0);
if ((pl == ) && (p2 == 0) &&(p3 == )) ip2.set(3,1,0);
if ((pl == ) && (p2 == )&&(p3 == 0)) ip2.set(j,i+1,0);

194



APPENDIX

if((pl == 0)&&(p2 == ) &&(p3 == 0)){
ip2.set(j,1i-1,0);
ip2.set(j,i+1,0);

}

byte[] pixels = (byte[])ip2.getPixels()
return (byte[]) pixels;
}

public byte[] Diff (ImageProcessor ipl,ImageProcessor ip2){
byte[] pixels = (byte[])ipl.duplicate() .getPixels();

int width = ipl.getWidth() ;
int height = ipl.getHeight();
//byte[] pixels;

int pl,p2;

for(int i=0;i<height;i++) {
for (int j=0;j<width;j++) {
pl=ipl.get(j,1);
p2=ip2.get(j,1i);

if (p2 == 0) pixels[j+width*i]= (byte) ;
else pixels[j+width*i]=(byte) pl;
}

return (byte[]) pixels;
}

public byte[] FillHoles (ImageProcessor 1ip) {

int width = ip.getWidth() ;

int height = ip.getHeight() ;
ArraylList <position> pos = new ArraylList<position>();
int pl, p2, c=0, £=0,k=0;
IJ.showProgress ( )

double pr,cnt=0;

for(int x=0;x<width;x++) {
for(int y=0;y<height;y++) {

pos = prtcPos4dnb (ip,x,v)
if (pos.size ()>2) ip.set(x,vy,0);
cnt++;

pr=cnt/ (width*height) ;
IJ.showProgress (pr) ;
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byte[] pixels = (byte[])ip.getPixels()
return (byte[]) pixels;

public byte[] FillEdge (ImageProcessor ip, ArraylList <particle> prt) {
int width = ip.getWidth() ;
int height = ip.getHeight() ;
ArraylList <position> pos = new ArrayList<position>();
ImageProcessor ip2=ip.duplicate();
int pl, p2, £=0,k=0;
IJ.showProgress ( )
double prg,cnt=0;
for(int x=0;x<width-1;x++) {
for(int y=0;y<height-1;y++){
for(int i=0;i<prt.size() ;i++) {
£=0;
particle pr = new particle();

pr= (particle) prt.get(i);
pPOS=pr.pos;

boolean a = (boolean) false;
boolean b = (boolean) false;
boolean ¢ = (boolean) false;
boolean d = (boolean) false;

for( k=0;k<pos.size () ;k++) {
position ps2 = new position();
ps2 = (position) pos.get(k);

a=((x>=ps2.x) &&(x<=pr.xc));
b=((y>=ps2.y) && (y<=pr.yc));
c=((x<=ps2.x) &&(x>=pr.xc)) ;
d=((y<=ps2.y) &&(y>=pr.yc));

if((a&&b) || (a&&d) || (c&&b) | | (c&&d)) £f=1;

}

if (f== ip2.putPixel (X/YI )
}
cnt++;
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prg=cnt/ (width*height*?2) ;
IJ.showProgress (prqg) ;

}

byte[] pixels = (byte[])ip2.getPixels()
return (byte[]) pixels;

public class particle{
ArraylList <position> pos;
int xc, yc, n;

}

public Arraylist <particle> FindParticle(ImageProcessor ip) {
int width = ip.getWidth() ;
int height = ip.getHeight() ;

byte[] pix = (bytel[])ip.getPixels() ;

ArraylList <position> pos = new ArraylList<position>() ;
ArraylList <particle> posc = new ArraylList<particle>();
ImageProcessor ip2=ip.duplicate();

int pl, p2, c=0, £=0,k=0;
IJ.showProgress ( )

double pr,cnt=0;
Double xc = new Double(0);
Double yc = new Double(0);

for(int x=1;x<width-1;x++) {
for(int y=1;y<height-1;y++) {
xc=(double) ;
yc=(double) ;
pos =  prtcPos(ip,pix,x,y);
k=0;

while (k<pos.size()) {
position ps = new position() ;
ps = (position) pos.get (k) ;
pos= addPrtcPos(ip,pix,ps.xX,ps.y,pos);
k++;
pix[ps.y*width+ps.x]=(byte) ;

for( k=0;k<pos.size () ;k++) {
position ps = new position() ;
ps = (position) pos.get (k) ;
XCc=xc+ps.x;

yC=yCc+ps.y;

}

xc=xc/pos.size();
yc=yc/pos.size() ;

particle prt = new particle();
prt.xc=xc.intValue() ;
prt.yc=yc.intValue() ;
prt.pos=pos;
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prt.n=posc.size();

k=0;

£f=0;

while (k<posc.size()){
particle prt2 = new particle();
prt2=(particle) posc.get (k) ;
if((prt.xc==prt2.xc)&&(prt.yc==prt2.yc)) f=1;
k++;

}

if (f==0) posc.add(prt):;

cnt++;

pr=cnt/ (width*height) ;
IJ.showProgress (pr) ;

return (ArraylList <particle>) posc;

}

public ArraylList <position> FindCentre (ImageProcessor ip) {
int width = ip.getWidth() ;

int height = ip.getHeight() ;

byte[] pix = (bytel[])ip.getPixels() ;

ArraylList <position> pos = new ArraylList<position>();
ArraylList <position> posc = new ArrayList<position>();
ImageProcessor ip2=ip.duplicate();

int pl, p2, c=0, £=0,k=0;
IJ.showProgress ( )

double pr,cnt=0;
Double xc = new Double(0);
Double yc = new Double(0);

for(int x=1;x<width-1;x++) {
for(int y=1;y<height-1;y++) {
xc=(double) ;
yc=(double) ;
pos =  prtcPos(ip,pix,x,y);
k=0;

while (k<pos.size()) {
position ps = new position() ;
ps = (position) pos.get (k) ;
pos= addPrtcPos(ip,pix,ps.xX,ps.y,pos);
k++;
pix[ps.y*width+ps.x]=(byte) ;

for( k=0;k<pos.size () ;k++) {
position ps = new position() ;
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}

ps = (position) pos.get (k) ;

XCc=xc+ps.x;
yC=yCc+ps.y;

}
xc=xc/pos.size();
yc=yc/pos.size() ;

position ps = new position() ;

ps.x=xc.intValue() ;
ps.y=yc.intValue() ;

posc.add(ps) ;
cnt++;

pr=cnt/ (width*height*2) ;
IJ.showProgress (pr) ;

return (ArraylList <position>) posc;

public ArrayList <posdiam> FindDiam3 (ArrayList <particle>

ps.y));

ArraylList <position> pos
ArraylList <posdiam> posc
ArraylList <posdiam> poso
int pl, p2, c=0, f=0,k=

IJ.showProgress ( )

new ArraylList<position>();
new ArraylList<posdiam>();
new ArraylList<posdiam>();

,1dx=0;

double prg,cnt=0,d=0,pr xc,pr_yc,dmx=0;

for(int i=0;i<prt.size() ;i++) {

d=0;

particle pr = new particle();
pr=(particle) prt.get(i);

pPoOs = pr.pos;

posdiam psd = new posdiam() ;

psd.x=pr.xc;
psd.y=pr.yc;

for( k=0;k<pos.size () ;k++) {
position ps = new position() ;

pos.get (k) ;

d=d+2*Math.sqrt ((pr.xc-ps.x) *(pr.xc-ps.x)+(pr.yc-ps.y) * (pr.yc-

ps = (position)

}

d=d/pos.size();

psd.d=d;

if (dmx<=d) {
dmx=d;
idx=1i;

prt){
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double std=0;

for( k=0;k<pos.size () ;k++) {
position ps = new position() ;
ps = (position) pos.get (k) ;

std=std+Math.pow (2*Math.sqgrt ((pr.xc-ps.x) * (pr.xc-ps.x)+(pr.yc-
ps.y)*(pr.yc-ps.y))-d,2);

}

std=Math.sqrt(std/ (pos.size()-1));
psd.std=std;
posc.add (psd) ;

}

posdiam psd = new posdiam() ;
psd=(posdiam) posc.get (idx) ;
poso.add (psd) ;

return (ArraylList <posdiam>) poso;

}

public ArraylList <posdiam> FindDiam2 (ArraylList <particle> prt) {

ps.y));

ArraylList <position> pos
ArraylList <posdiam> posc

new ArraylList<position>();
new ArraylList<posdiam>() ;

int pl, p2, c=0, £=0,k=0;
IJ.showProgress ( )
double prg,cnt=0,d=0,pr xc,pr_yc;

for(int i=0;i<prt.size() ;i++) {

da=0;

particle pr = new particle();

pr=(particle) prt.get(i);

POs = pr.pos;

posdiam psd = new posdiam() ;

psd.x=pr.xc;

psd.y=pr.yc;

for( k=0;k<pos.size () ;k++) {
position ps = new position() ;
ps = (position) pos.get (k) ;

d=d+2*Math.sqrt ((pr.xc-ps.x) *(pr.xc-ps.x)+(pr.yc-ps.y) * (pr.yc-

}

d=d/pos.size();

psd.d=d;

double std=0;

for( k=0;k<pos.size () ;k++) {
position ps = new position() ;
ps = (position) pos.get (k) ;

std=std+Math.pow (2*Math.sqgrt ((pr.xc-ps.x) * (pr.xc-ps.x)+(pr.yc-
ps.y)*(pr.yc-ps.y))-d,2);

}

std=Math.sqrt(std/ (pos.size()-1));
psd.std=std;
posc.add (psd) ;
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return (ArraylList <posdiam>) posc;

}

public ArraylList <posdiam> FindDiam(ImageProcessor ip) {
int width = ip.getWidth() ;
int height = ip.getHeight() ;

byte[] pix = (bytel[])ip.getPixels() ;

ArraylList <position> pos = new ArraylList<position>() ;

ArraylList <posdiam> posc = new ArraylList<posdiam>() ;

ArraylList <posdiam> posc2 = new ArraylList<posdiam>() ;
ImageProcessor ip2=ip.duplicate();

int pl, p2, c=0, £=0,k=0;

IJ.showProgress ( )

double pr,cnt=0,d=0,pr xc,pr_yc;
Double xc = new Double(0) ;
Double yc new Double (0) ;

for(int x=1;x<width-1;x++) {
for(int y=1;y<height-1;y++){

d=0;
pos =  prtcPos(ip,pix,x,y);

k=0;
while (k<pos.size()) {
position ps = new position() ;
ps = (position) pos.get (k) ;
pos= addPrtcPos(ip,pix,ps.xX,ps.y,pos);
k++;
pix[ps.y*width+ps.x]=(byte) ;
}
xc=(double) ;
yc=(double) ;

for( k=0;k<pos.size () ;k++) {
position ps = new position() ;
ps = (position) pos.get (k) ;
XCc=xc+ps.x;
yC=yCc+ps.y;
}
if (pos.size () !'=0){
xc=xc/pos.size();
yc=yc/pos.size();
£f=0;
k=0;
while( k<posc.size()) {
posdiam psd = new posdiam() ;
psd = (posdiam) posc.get (k) ;

if ((psd.x==xc.intValue()) &&(psd.y==yc.intValue())) f=1;

k++;
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if (f==0) {
posdiam psd = new posdiam() ;
psd.x=xc.intValue() ;
psd.y=yc.intValue() ;

for( k=0;k<pos.size () ;k++) {
position ps = new position();

ps = (position) pos.get(k);
ps.y) *(yc-ps.y));

}

d=d/pos.size();

psd.d=d;

double std=0;

for( k=0;k<pos.size () ;k++) {
position ps = new position();
ps = (position) pos.get(k);

std=std+Math.pow (2*Math.sqgrt ( (xc-
ps.x)*(xc-ps.x)+(yc-ps.y)*(yc-ps.y))-d,2);

}
std=Math.sqrt(std/ (pos.size()-1));

psd.std=std;
posc.add (psd) ;

cnt++;

pr=cnt/ (width*height) ;
IJ.showProgress (pr) ;

return (ArraylList <posdiam>) posc;

public class posdiam {
int x,y,n;
double d,std;

public ArrayList getHistMax (ArrayList <hist> hst,int
ArrayList max;

max= new ArrayList();

stp) {

d=d+2*Math.sqrt ((xc-ps.x)* (xc-ps.x)+(yc-

202



APPENDIX

int i,ct=0,73;

for (i=0;i<hst.size () ;i++) {

hist bk= new hist():;
bk=(hist) hst.get (i)

if (bk.y!=0) ct++;

}

double[] bkp,xp;

bkp= new double[ct];

xp= new double[ct];

i=0;
for (j=0;j<hst.size () ;j++) {
hist bk= new hist():;
bk=(hist) hst.get(j):;
if (bk.y!'=0){
bkp[i]l=bk.y;
xp[i]=bk.x;
i++;

double mx=0;
int c=0;

for (i=0;i<ct;i++) {

if (mx<=bkp[i]) {
mx=bkp[i];
c=1i;

}

if (i-c>=stp){
hist bk= new hist():;
bk.x=xp[c];
bk.y=bkp[c];
c=0;
mx=0;

max.add (bk) ;

return (ArrayList) max;

public ArraylList getHistogram(ImageProcessor

ArrayList hst;

hst= new ArrayList();

int width = ip.getWidth() ;

int height = ip.getHeight() ;

byte[] pixels = (byte[])ip.getPixels()
double max=ip.getMax() ;

int val=0;
double c=0;

ip) {
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int f£=0;

for (int j=0;73< ;i++) {
hist bk= new hist():;
bk.y=0;
bk.x=7j;
hst.add(bk) ;

for(int i=0;i<width*height;i++) {
val=pixels[i];

hist bk= new hist();
bk=(hist)hst.get (val+l);

bk.x=val;
bk.y=bk.y+1;

hst.set (val,bk);
bk=(hist)hst.get (val);

}

return (ArrayList) hst;
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