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Abstract –Particle analysis is to analyse and count the
particle size by acquiring the metal images from inverted
metallurgical microscope through CCD camera which is
used for defence applications. The main purpose of this
paper is to identify the hard and soft particles present in
the metal inclusions. The main objective of this paper is
to find the nanoparticle size present in the metals. This
research paper carries out in determining particle size by
selecting a image resolution and magnification
combination that provides a minimum of 10 pixels per
particle. The proposed techniques are to use watershed
transform to reduce over segmentation. Threshold
method removes unwanted background information
leaving behind only the particles. Threshold function
automatically set lower and upper threshold values
thereby segmenting the image into particles and
background. It is difficult to separate the background
from the particles. In this case choose the correct
threshold value and then erode. This paper is to ensure
the highest image quality in terms of particle resolution
and focus. The segmentation and threshold techniques
are implemented using LabVIEW and Vision to reduce
the time consumption. The results show that the
proposed method could reduce the over segmentation
effect and hence threshold image is selected prior to
analyzing the particle size in metals.

Keywords – Particle analysis, watershed segmentation,
distance transform, thresholding, Histogram.

I INTRODUCTION

Particle analysis is considered one of the main
functions in metallurgical inclusions. The particle
size measurement determines the size, range, and/or
the average, or mean size of the particles present in
the metals[1][2]. The particle size can have
considerable importance in a number of industries
including the chemical, mining, forestry, agriculture,
and aggregate industries. The particle size is to
analyze binary particles in an image with Count,

label, and measure cells and objects. To Calculate
the area, perimeter, orientation, location, and 80
other parameters Plus, to make counting easier,
change the shape of blobs[1].

Metallurgical inclusion is usually a non-metallic
particles contained in metal. In steel they may
consist of simple or complex oxides, sulphides,
silicates and sometimes nitrides of iron, manganese,
silicon, aluminium and other elements[3]. In general
they are determined to mechanical properties but
much depends on the number, their size, shape and
distribution[4].

The particle analysis is the most challenging job in
metallurgical inclusions  so we are using the image
processing techniques which makes easier to
identify the non metallic particles present in the
metals[5].

This paper presents that for most particle or cell
counting applications it is easier to configure and
acquire images from a camera that uses standard
video. Our proposed method involves watershed
segmentation and thresholding. Thresholding can
segment objects from the background only if the
objects are well separated from each other and have
intensity values that differ significantly from the
background[6].

Thresholding is the simplest method of image
segmentation. From a grayscale image, thresholding
can be used to create binary images. During the
thresholding process, individual pixels in an image
are marked as "object" pixels if their value is greater
than some threshold value (assuming an object to be
brighter than the background) and as "fault" pixels
otherwise[5]. An object pixel is given a value of “0”
while a fault pixel is given a value of “1”. The key
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parameter in the thresholding process is the choice
of the threshold value.

Segmentation based on thresholding  is not
sufficient because the image quality is insufficient.
In such applications, morphological segmentation is
an effective method of image segmentation. It is
necessary to use morphological segmentation to
segment touching or overlapping objects from each
other and from the background[7][8]. The image is
separated into non-overlapping regions with each
region containing a unique particle. Also, use
morphological segmentation when the particles
have intensity values similar to the background.

In particular it analyses the particles (Blob analysis)
to count objects using image processing technique.
The watershed transform  is a morphological based
tool for image segmentation[8]. The Segmentation
using the watershed transform works better if  we
identify or mark, foreground objects and
background locations. Watershed segmentation is a
way of automatically separating or cutting the
particles that touch. It calculates a distance map to
find the fattest parts of the object[8][9][10].

The distance transform is an operator normally only
applied to binary images. The result of the transform
is a graylevel image that is similar to the input image,
except that the graylevel intensities of points inside
foreground regions are changed to show the distance
to the closest boundary from each point[11].

(a) (b)
Fig1.(a) Watershed segmentation (b) Distance

transform

The remaining part of the paper is organized as
follows. Most of the available methods for particle
analysis are reviewed in Section II. Material
collection procedure are presents in Section III.
Section IV presents the proposed algorithm.
Implementation block diagram is section V The
results are presented and discussed in Sections VI.

Finally, conclusion and further work are found in
Section VII.

II LITRATURE REVIEW

The Watershed transform is used to avoid the
overlapping between the particles. Parul Vashist et
al[8] describes the extraction of decision regions
using watershed transform and classifying the
incoming image using decision regions. The
watershed segmentation method to extract almost
the same object from the background and it can get
the edge of the region and the number of regions.
Wang Wen –Cheng et al [9] describes watershed
algorithm is used for segmentation of adhesive
particles. Will Anderson at al[1] describes the
resolution, accuracy and precision of different
particle size analysis platforms by measuring
individual and mixed samples of monodisperse sub-
micron particles.

Nada Sabra et al[2] describes the physio chemical
characterization of the sediments, particle size
classification and the sequential extraction of heavy
metals from the sediments. Lionel Cervera Gontarda
et al[6] describes the measurement of particle size
distributions from TEM images on an uneven
background. This paper is based on adaptive
thresholding , making use of local threshold values
that change with spatial coordinate and the algorithm
allows particles to be detected and characterized
with greater accuracy than using more conventional
methods, in which a global threshold is used.

The Particle size and shape play an important role in
the material characterization,  processing and
manufacturing in metals. Ira Soppela et al[12]
presents accurate monitoring and control of particle
size and shape can lead to significant improvements
in the overall operation of manufacturing processes.
Liao et al[13] measure the coarse particle size
distribution number of the particles, and
accumulated weight percentages of particles are
obtained.

The Image enhancement technique to make the
image clearer so that various operations can be
performed easily on the image. Atiqur Rahaman et
al [14] proposed Contrast stretching is a simple
image enhancement technique that helps to improve
the contrast in an image by stretching the range of
intensity values it contains to span a desired range of
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values. Wuhan et al. [15] describes when particles
are densely packed, the particles are surrounded by
particles and some void spaces as background, the
algorithm based on split and merge can be applied
for the image and the size and the shape of the
individual particles get classified.

The Convolution filter scheme for detecting small
defects in low-contrast uniform surface images
focus on the applications for backlight panels. Du-
Ming Tsai et al.[16]describes an optimal filter with
the objective that the convolution filter will generate
the most representative source intensity of the
background surface without noise. William H. Doub
et al.[17] describes to establish chemical identity,
particle size and particle size Distribution using
bright field imaging to guide the thresholding
process. In this paper imaging is highly sensitive
but has low intrinsic chemical specifically for
classifying particles on morphological factors.

Yishui Wu et al. [18] describes the particle charge is
dependent upon the electric field strength and the
particle properties of size, shape, density, resistivity.
Yingchun Li et al.[7] briefly discusses image
segmentation and the particles detecting. This paper
present a new robust method for the problem of
automatically detecting the particles location in
images.

Automatic particle detection from electron
microscope for high-resolution reconstruction of
large macromolecular structures Zeyun Yu and
Chandrajit Bajaj describes accurate particle
detection can be enhanced by multiple sets of
parameters used in edge detection. In this paper the
distance transform are used for detection of critical
features as well as for accurate location of particles
from the images or micrographs[19].A bulk solid
material may be defined as a collection of particles
or granules which are descriptive of the whole as
individual particles, particle size and shape.
Giuseppe Bonifazi et al.[20] works chemical and
imaging-based analyses were applied and compared
to get the relevant information.

A metal strip inspection system used in the
automated visual inspection of metal surfaces.Wu
and Hou describes the lighting and focuses of the

charge-coupled device (CCD) were adjusted to  get
best clearness before grabbing the metal which
reduces the complexity of the inspection[21]. Cem
Unsalan et al.[22] describes automatic classification
of rust grades on steel surfaces. In this paper it is
used to classify the hard and soft materials present
in the metals and then histogram process will give
useful information to specify the type of metal. The
Particle detection can be enhanced by multiple sets
of parameters used in edge detection. Zeyun Yu and
Chandrajit Bajaj describes distance transform is
used for detecting particles based on the accurate
locations of the particles from the micrography.

The literature works describes various
segmentation, enhancement and edge detection
methods for metal particle analysis.

III MATERIAL

The Charge-Coupled Device (CCD) Camera and
Inverted Metallurgical Microscope were used to
capture images from various armored vehicles.CCD
camera each typically measuring 10 x 5um
(micrometres) or less. The array of a typical CCD
sensor has 297,984 of these cells, arranged in 582
horizontal rows and 512 vertical columns. Inverted
Metallurgical Microscope 4XC Inverted
Metallurgical Microscope Total Magnification:
40X-1000X (option 1250X) Objective 3: 100X
oil/1.25NA/0.44mm Properties 4GB and 64 bit
operating system..

IV PROPOSED SYSTEM

This section presents the proposed particle analysis
technique. In particular, we divide this section into
two subsections, which deal with the pre-
processing, segmentation and discussion
respectively.

I. Particle Pre-processing

The Particle analysis need to be pre-processed
before the segmentation. As the proposed technique
Starts form gray scale images and makes use of the
convolution.
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Fig.2 Flow chart of Proposed work

A.Convolution:

Convolution will filters an image using linear
filter. The calculations are performed with either
integers or floating points, image type and contents
of the kernel.

let f be the image i.e to filter, g is the
corresponding output image, and h is the
convolution kernel

g(x,y)=∑i=−ww∑j=−wwh(i,j)f(x−i,y−j) (1)

where the size of the kernel
is (2w+1)×(2w+1)[16].

II.Segmentation

A.Histograph:

Histogram counts the total number of pixels at
each grayscale level by using histogram we can
tell whether the image contains distinct regions or
not we can also adjust your image acquisition
conditions to acquire higher quality images.

B.Thresholding:

It is the simplest method of segmentation from
gray scale images binary images can be created by
thresholding. It computes the optimum threshold
value for a image or a region of interest and
computes the threshold image according to the
histogram of the pixel neighbourhood. An object
pixel is given a value of “1” while a background
pixel is given a value of “0”[6].

C. Fill holes techniques:

Fills the holes found in the particles, the holes are
filled with a pixel value of one and the source
image must be an 8bit binary image. The holes
found in contact with the image border are never
filled because it is impossible to determine
whether these holes are part of a particle[24].

D.Distance transform:

It encodes the pixel value of a particle as a
function of the location of that pixel in relation to
the distance with the border of the particle. The
source image must have a border size of atleast ’1’
pixel and must be an 8-bit binary image[24].

Consider the complement C of the binary image I
such that

C(p) = 1if I(p) = 0andC(p) = 0otherwise.

A distance transform that preserves symmetry
under complement produces the same result given
either C or I (i.e., C_(p) = I_(p) for all p, although
the sign may be opposite by convention.

In that case, |C_(p)| = |I_(p) [11]|.

Distance transform of a binary image is defined by
the distance from every pixel to the nearest non-
zero valued pixel

E.watershed transform:

Watershed transform is used for segmentation and
analyzing the particles. It also used in detection of
the small objects.We can define watershed
transform on g. Let M = {M1, M2, M3,….Mk} be
the set of all local minima of g . Watershed
transform is a labeling process, which maps every
point on D to a label domain W, where W =
{1,2,...,k,u} , u is a constant differing from 1,2,...,k

Steps of watershed transform

(1) if p = mi , Wshed ( p) = i ,

(2) if dp( p) is undefined, Wshed ( p) = u ,

(3) if p ≠ mi , Wshed( p) =Wshed(dp( p)), for a
selected downhill path dp( p) .

Let M1, M2, …, MR be the sets of the coordinates
of the points in the regional minima of an
(gradient) image g(x,y).Let C(Mi) be the
coordinates of the points in the catchment basin
associated with regional minimum Mi. Let the
minimum and maximum gray levels of g(x,y) be
min and maxLet T[n] be the set of coordinates (s,t)
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for which g(s,t) < n. Flood the topography in
integer flood increments from n=min+1 to
n=max+1. At each flooding, the topography is
viewed as a binary image [8][9].

Fig.3.Topographical Images of watershed
Transform

Watershed transform is used for the segmentation
process in which it will segment the particles in the
metallurgical inclusions

F.Particle analysis:

It returns the number of particles detected in a
binary image and 2d array of requested
measurements about the particles.

V IMPLEMENTATION

The proposed method has implemented using
LabVIEW, short for Laboratory Virtual
Instrumentation Engineering Workbench is a
visual programming software developed by
National Instruments. LabVIEW is used usually
for data acquisition, instrument control and
industrial instrumentation. For additional
functionality, LabVIEW has various modules like,
Vision and Motion, Robotics, Data Acquisition
which can be used instead of standard modular
programming for an easier approach to the end
result of a project. Graphical programming is a
kind of programming method incorporated in
LabVIEW. This includes usage of modules for
particular functions. Such a method of
programming increases the capability of
debugging to a great extent and allows easy
programming.

Fig.4.Implementation diagram using LabView

VI RESULTS AND DISCUSSION

This result shows that in thresholding the gray
scale image gets converted into binary image and
there by the metal inclusions gets segmented into
hard and soft metals based on local, automatic and
manual thresholding which is defined by the user.
After thresholding the watershed transform is
applied which will reduce the over segmentation
problem, hence the watershed lines separate the
homogeneous region and  the particles get
segmented to their size.
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Fig.5.(a) Image after thresholding (b) Image after
applying watershed transform (c)size of the
particles obtained

The proposed method evaluated by various types
of Metal Images. Particle are analyzed all the
applied metal images effectively

Various
types of
Metal

Captured Input
Image

Particle
Analyzed Image

0.5%steel

Bearing
Metal

Bulls eye

Low
Carbon

Nodular
iron

White iron

Fig.6: Applied and Particle analysed images of
various metals

VII CONCLUSION AND FUTURE WORK:

The goal of particle analysis is to segment the
particles based on their size using watershed
transformation based segmentation and
thresholding. The main aim of this  project is to
analyse and count the particle size by acquiring the
image, histographing to identify the threshold
values thresholding to create a binary image,
filtering to remove noise and particles on the
border of the image and particle (blob) analysis to
count cells in metallurgical inclusions mainly for
defence applications. Detection of metals and cells
will be further implemented using Cross wavelet
transform.
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