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Abstract

Manufacturing processes in an integrated steel plant involve handling, tracking and
characterization of bulk raw material & products at different stages of operations. Computer vision
is a promising and cost-effective technology which is finding application at an ever-increasing pace
in many of the solutions used in the integrated steel plant. Imaging solutions are used for
applications like material identification, size estimation, product tracking & quantification and
quality inspection etc. in steel manufacturing process. This dissertation work applied three different
flavors of image processing techniques to address three business cases across raw material and
product handling in the steel plant. The entire project work can be arranged in three different phases
as described below.

In the first phase of the project, automatic estimation of the size distribution of coke particles using
image analysis was attempted. This is done using the watershed algorithm for image segmentation
to replace the existing technique of manual size determination using Sieve Analysis. The advantage

of this is better accuracy, more reliability and productivity.

In the second phase, we worked on the problem of Bar Counting. The bars are currently dispatched
by their weights after being manufactured from the Bar Mill. The main problem with this is the
pilferage taking place during transport. The objective of this project is to accurately count the bars
using Image Processing algorithms. This time, we scaled up from the conventional algorithms to
use machine learning techniques for object detection purposes. More than 97% accuracy is

achieved until now.

In the third and the last phase, we take up the problem of finding out the sizes of the stone
fragments. Calculating the size distribution of rock particles is very crucial in getting to know
whether the blasting done at the mining site is optimal or not. The segmentation task was very
challenging as there was no particular shape or texture present for a specific stone fragment.

Finally, this is done using the deep learning technique of mask R-CNN.
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Chapter 1

Introduction



An integrated steel plant consists of various mills and plants operating together with a specified
function assigned to each of them. Many of them are there to process the raw particles such as iron
ore and coal particles. Also, various plants are there for the purpose of conversion of iron to steel
to produce different products out of it. Tata Steel is one of such very early established plants. Many
of the processes are working in a conventional way and many systems are needed to be modernized.
This challenge of formulating such problems of revolutionizing a particular system is done by the

Automation Division in the Tata steel.

Image processing is a branch of signal processing dealing with different algorithms related to
images to extract useful information out of it. Due to the current advancement in computer
processing powers the image processing is becoming much real-time. Thanks to stronger
computers, not only large data such as images can be processed in a much faster way but many

machine learning and deep learning algorithms are becoming popular in solving real problems.

This project deals with applying the concepts and algorithms in the field of image processing to
solve some of such industrial problems so that the age-old systems can be replaced with much
reliable and much smarter systems. In the early phase of the project, we begin our work by applying
the conventional image processing algorithms to estimate the coke particles’ size distribution. Then
in the second phase, we use a little more advanced machine learning algorithm to solve the problem
of Bar-counting. In the third and the last phase, we use the most advanced technique of instance
segmentation which is originally developed at FAIR(Facebook Al Research) to solve the problem

of estimation of stone fragments’ size distribution.

1.1 Business problems implemented using image processing

The three business problems at Tata Steel which were approached to be solved using image

processing/computer vision algorithms are as follows:

1. Estimation of coke particles’ size distribution
2. Bar-counting

3. Stone fragments counting and size estimation



The coke particles are used in the blast furnace for the reduction of iron ore. The permeability
inside the furnace depends upon the size distribution of the coke particles which is currently
calculated using a manual method called as sieve analysis. It is essential to modernize this method
considering the low accuracy and heavy labor work that it involves. We try to approach this
problem using continuous imaging and parallelly estimating the size distribution using image
segmentation techniques. For this purpose, we’ve used the marker based technique of Watershed
segmentation. We’ve achieved the size distribution very close to the ground truth distribution. Still,

accuracy can be improved using a better method for the marker selection.

Then in the second phase of the project, we try to solve the problem of Bar-counting. Advancement
in this problem is necessary to avoid the pilferage of bars taking place during the transport. This
time, we tried to use a much advanced approach of machine learning combined with image
processing for the object detection and classification purpose. We try to extract the features of the
bar objects in the image that can define the texture and the shape. We developed a unique logic for
actual classification of the object within the image as being a bar or a non-bar and by that actually
counting the total number of bars in the image. We’ve achieved the accuracy of more than 97%

which can still be improved.

In the third and the last phase, we’ve approached the problem of counting the stone fragments in
the image along with finding their size measurements. Blasting is done at coal mining site to
remove the upper layers to reach to the coal. From the stone fragments’ size, it iS possible to
conclude if the blasting is done optimally or not. Currently this problem is solved manually using
some sketching tools which is extremely time-consuming. Initially we approached this problem
using conventional techniques that failed as there is no specific texture or shape or color present
that can define a specific stone fragment. Ultimately, we used the very advanced technique of

instance segmentation using the Mask R-CNN model to get the desired results.

1.2  Conventional image segmentation techniques

Image segmentation is a very essential and fundamental step in image analysis. Image segmentation

basically partitions the image into different parts which are in some way or other hold similar



characteristics such as features or various attributes[1]. Image segmentation can be basically done

in two ways. The first is semantic segmentation and second is instance segmentation.

Semantic Segmentation Instance Segmentation

Fig 1.1 Semantic and instance segmentation [2]

The semantic segmentation can only separate the object pixels from the background but the

Instance segmentation separates objects from each other at a pixel level.

There are many conventional techniques for performing image segmentation. The most common
among them is thresholding and edge-based segmentation. In the thresholding technique, the image
is binarized using a particular set threshold. The edge-based technique works by detecting sudden
changes in the intensity levels of the pixels. These techniques mainly use first and second derivative
operators such as Sobel and Robert’s operator for this purpose. The region-based methods are based
on finding the regions which have similar characteristics. Region growing and region splitting are
the techniques used in this method. We’ve tried to approach the problem of coke particle size
distribution using classical techniques such as the Canny edge detector and Watershed algorithm.

1.3 Object detection using machine learning

Machine learning is a branch of Artificial Intelligence that includes algorithms to make a computer
to learn from its own experiences without being explicitly programmed. Popular machine learning

methods include supervised ML algorithms in which a labeled data is used to make a computer
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making a hypothesis about the function for predicting the output for future unseen data. Whereas
in the unsupervised algorithms, the data used to train the model is not labeled and the objective of
the algorithm is to find the pattern in the data to conclude the right inference. There are two more
varieties of algorithms also present namely Semi-supervised algorithms and Reinforcement

learning algorithms.

In the problem of bar counting, we first extracted the useful feature vectors describing the texture
and the shape of the objects to be classified. Hence we created a labeled dataset matrix. So, we
used the supervised learning algorithm, Support Vector Machine(SVM) to classify the data by

creating a hyperplane in the n-dimensional hyperspace.

1.4  Instance segmentation using deep learning

Deep learning is a subset of machine learning. The motivation behind deep learning-based
networks is to imitate the human brain to process the data. The deep learning networks are proven
to be very efficient in processing many forms of data such as texts, sound, and images. Deep
learning networks consist of multiple layers starting from input layers to hidden layers and finally
the output layer. Each layer consists of many nodes called neurons. Each of the neurons can be said
to be a mathematical function that holds its own weights and bias to produce the output using the

activation.

Though there are machine learning algorithms available, we can understand the need for
ANN(Artificial Neural Network) with a simple example. Suppose there’s a highly non-linear, 100-
dimensional data. To classify this data, even if we extract just the 2" order features, it’ll create
around 5000 features which will be a hard problem for an ML algorithm. Hence we need deep
learning which will automatically select which features are actually important for the classification
purpose. It does so by automatically adjusting all the weights and biases of each of the neurons in
the network using the gradient descent and back-propagation so that the cost between the result

and the desired output is reduced.



CNN(Convolutional Neural Networks) has proven to be very efficient in processing the image data
either for the object detection purpose or for the image classification purpose. There’s a complete
family of deep learning algorithms for the image processing purpose which include R-CNN, then
Fast R-CNN, and the most advance Mask R-CNN.

We used the mask R-CNN algorithm in the problem of stone fragments’ size distribution to finally

reach the solution.

1.5 Organization of thesis

The rest of the thesis is organized as follows:

Chapter 2 presents the details of the work done in the first phase of the project. This includes the

problem of estimation of coke particles’ size distribution using a Watershed algorithm.

Chapter 3 elaborates the problem of Bar-counting tried to be solved in the second phase of the

project. This is done using machine learning algorithms.

Chapter 4 includes the discussion on the problem of stone fragments size calculation using initially

the conventional algorithms and then with the deep learning approach.

Chapter 5 presents the conclusion and future work.



Chapter 2

Estimation of coke particles’ size distribution



2.1  Problem objective

To automate the measurement of raw material particle size distribution in an Integrated Steel

Plant using image processing techniques.

2.2 Background

In an Integrated Steel Plant, the reduction of iron ore takes place at Blast Furnace. Permeability
inside this Blast Furnace determines the efficacy of the reduction taking place in which coke
particles are mostly used for the reduction. So, the permeability inside the furnace depends upon
the size distribution of the coke particles used in the reduction reaction. If the size of the particles
is too small, there won’t be enough space for the gas to pass through. And if the size is too large,
coke combustion won’t be optimum. So, coke particles of optimum size are used in the furnace.
Hence, to estimate the distribution of coke particles is essential before they’re used inside the

furnace.

2.3 Present practice

Presently, coke particle size distribution is estimated using a conventional method known as ‘Sieve

Analysis’.

Fig 2.1 shows a sieve that is used for this method of Sieve Analysis. In this method, distribution is
calculated manually. Workers first collect a sample of around 200 kg. Keeping sieves of various
sizes on top of each other in descending size order, workers distribute the coke particles on these
sieves. In this way, coke particles of varying sizes get segregated. Size-wise weighing is done. And,

according to that, the final distribution is found out.

8



Fig 2.1 Sieve used in Sieve analysis

There are many drawbacks to using this method. Some of them are as follows:

1. Intensive labor work is required to carry out the entire process.

2. The time required is also very high.

3. If the aspect ratio of the particle is high, then PSD from the sieve analysis could be
misleading.

Hence erroneous size classification takes place.

2.4 Proposed approach

To replace this conventional method with an automated one, we proposed the following

approach.

As shown in the above Fig 2.2, in the proposed approach, coke particles will be continuously
spread over a conveyor belt. Continuous imaging of those particles will be done from a camera

device from a fixed height.
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Fig 2.2 Representation of the proposed approach

These images captured will be processed through some advanced image processing algorithm.

The output of the algorithm will be particle size distribution.

This chapter further describes different image processing methods/algorithms used to get the
required PSD(Particle Size Distribution).

2.5 Image segmentation using Morphological Watersheds

Image segmentation in digital image processing is a process of partitioning a digital image into
multiple segments or sets of pixels. The objective of image segmentation is to simplify the
image so that further analysis becomes easier. Image segmentation is typically used to locate
objects or boundaries in the image. More precisely, image segmentation is the process of giving
a label to every pixel in an image such that pixels with the same label have similar

characteristics.
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To begin with the entire process, imaging of coke particles was done. Coke particles from a
single sample were spread on a very clean white background. And the imaging was done from
a fixed height. So, the images in the experiment resemble with the images that are going to be

processed as in the approach stated above.

One of the major challenges in the process of segmentation of the images of the coke particles
was that in every image along with the coke particles the unnecessary dust was also present. So
our preprocessing before the actual segmentation should be such that this dust gets eliminated.
Also, one more challenge is that whenever the particles get spread on the conveyor belt as in

Fig 2.2, they’re most likely to spread in such a way that the particles are touching each other.

Keeping this in mind, choosing the right method of image segmentation was a crucial choice.
More general and relatively easy technigques such as edge-based segmentation do not work here
properly as it’s in most cases unable to separate the coke objects from each other which are
touching to each other and in which there is no background. So we began our experiment with

image segmentation using morphological watersheds.

2.5.1 Background

To understand the idea of watersheds, we need to first visualize the image in a three-
dimensional view also known as a topographic view. In this view, we have three types of points
1. Regional minimum points. 2. Watershed of a minimum where if a drop of water if placed
certainly falls to a single minimum. This region is also called as ‘catchment’ of that minimum.
3. The ‘watershed lines’ which divide the topographic surface, at which water drop is equally

likely to fall to any side of the minimum[3].
The goal of this segmentation algorithm is to find this watershed/divide lines.

A simple idea that is used in this algorithm can be described using a simple analogy. Consider

an image in which the divide lines have to be found as shown in Fig 2.3
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The topographical view of this image is shown in Fig 2.4. The topographic view means that the
height at a particular pixel is proportional to its intensity.

Fig 2.3 Original image

Fig 2.4 Topographic view

Now, in this topographic view, assume that from the bottom of each regional minima, a hole
is punched. And water is allowed to flood in through this hole. Know that water gets inside
this basin at a constant rate.

12



Fig 2.5 Water begins to rise inside the catchment basin

Slowly water begins to rise in each catchment basin as shown in Fig 2.5. Water is shown with

a light gray color in the image.

Fig 2.6 Water about to merge

And at the moment when water from different catchment basins is about to merge, the
flooding of water is stopped. And a 1-pixel thick dam is built. This process is continued till
max flooding is done. Ultimately, this dam gives the final watershed lines when
superimposed over the original image[4].

13



2.5.2 Watershed segmentation algorithm

Let p(x, y) be a gradient image. In this image, consider ‘R’ different set of points belonging to
regional minima which are denoted by Si, Sz,..., Sr. Set of points in the catchment basin
associated with a particular Sj be denoted by C(Si). Let L[n] represent the set of coordinates (j,
k) for which p(j, k) <n. That is,

Ln]={G,k) | pG, k) <n} ......... (2.1)
So, L[n] is a set of points in the image p(x, y) lying below the plane p(j, k) = n.

Flooding in the topographic region is done in the integer increment. That is from n=min+1 to
n=max+1. Let at a particular flooding stage n and for a minimum S;, Cn(Si) is a set of points in
the catchment basin which are flooded. Therefore,

Cn(SI) = C(S) N L[] ....... (2.2)
Let, at stage n of flooding, C[n] be the logical union of the catchment basins which are flooded:
C[nl] = UR,cn(S) ... (2.3)

It can be shown that the elements in these two sets Cn(Si) and L[n], with each flooding stage,

either increase or remains constant.

From equations 2.2 and 2.3, it can be shown that C[n] is a subset of L[n] and C[n-1] is also a
subset of L[n]. So, we can conclude that each connected component of C[n] belongs to a unique
connected component in L[n]. The Watershed algorithm calculates C[n] from C[n-1]
proceeding recursively. Let M denote the set of connected components in L[n]. Then for each

connected component m € M[n], there are three possibilities:[5]

1. m N C[n-1] is a null set, which implies that a new minimum is found.

2. m N C[n-1] has unique connected component of C[n-1].

3. m N C[n-1] has greater than one connected component of C[n-1]. This condition occurs
when a boundary separating two catchment basins is found. When this occurs, a dam must
be built.

14



Due to the noise present in the image and distortions present in the gradient of the image, the
algorithm stated above, in most cases leads to over-segmentation. The concept of ‘marker’ is often
used to control this problem. The approach used here is to control a large number of minima where

the algorithm is applied.
2.6 Implementation

The implementation consists of two main stages. First is preprocessing and second, being the actual
algorithm stages. The implementation is explained with following Fig 2.7.

¥

I
e mm w PTEPIOCESSING StAQE | o e o o o e e

Fig 2.7 Implementation stages
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In the implementation process, an image captured at CRMT(coke and Coal Raw Material Testing
Lab) is used as the input to the algorithm, as shown in Fig 2.8.

Fig 2.8 A sample coke particles’ image

The images for the experiment purpose were taken from a fixed height. The coke particles are
spread over the white background. To clean the unnecessary dust before feeding it to the main
algorithm is one of the important challenges.

So, we first process the image using pyramidal mean shift filtering. This function is a preprocessing
stage for a completely different type of segmentation technique called a mean shift segmentation.
This function helps in thresholding operation making the output of the threshold smoother. The

mean shift filtered image of the above image is shown in Fig 2.9.

16



Fig 2.9 Mean shift filtering applied to input image

This image is then fed to thresholding operation where the ‘binary inverse thresholding’ technique
Is used as the background is white. The result is shown in Fig 2.10.

Fig 2.10 Binary inverse thresholding

The preprocessing operation gets completed at this stage.

Next, the Euclidean distance transform is applied to the image in the further stage. To each pixel
in the image, this transform assigns a value that equals the Euclidean distance from that pixel to

the nearest background/white pixel[6]. This gives us the gradient image needed for the algorithm.

17



Let’s call the output of the distance transform as the distance map D. The next stage is to find the
peaks i.e. the local maxima present in the distance map making sure that the maxima’s are 20 pixels
apart [7]. This is done using the peak_local_maxima function in the OpenCV library. These peaks
form our markers provided for the watershed algorithm. The final function i.e. watershed function
returns a matrix of labels which is of the same size as the input image. Each pixel in it has a
particular label value. The pixels which are given the same label value belong to the same object.
The final task is to collect these objects using unique labels. The result after applying the watershed

and extracting object with a unique label is as shown in Fig 2.11.

1! output = O b

Fig 2.11 Segmentation result

2.7 Result

First of all, a calibration image was captured from the same height as that of experimental images
as shown in Fig 2.12. This image consists of a calibration box of known dimensions. We’ve to get
these dimensions from the image in terms of the pixel so that we can find millimeters per pixel in

the actual images.

18



Fig 2.12 Calibration image

Then from a coke sample of 120kg, all the coke particles were distributed as in Fig 2.8. The
watershed segmentation algorithm was applied to them. And from the same coke sample, the
ground truth distribution is also collected. The ground truth here is calculated using the sieve
analysis method. And finally, the two distributions are compared using their respective mean and

standard deviation as shown in the following figures, Fig 2.13 and Fig 2.14.

In the following graphs, on the horizontal axis is the size of the particles in millimeters(mm) and

on the vertical axis, we have the count of particles corresponding to respective sizes.
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Size distribution using Watershed algorithm
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Ground truth size distribution
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Chapter 3

Bar-counting using machine learning
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3.1 Objective and challenges

Steel bars when manufactured from ‘Bar Mill’ in a steel plant, get dispatched based on weight. But
this process of dispatch is vulnerable to pilferage that takes place during transportation. To avoid
this, dispatch of bars based on count is proposed to take place. The mechanical counting solutions

are available but they are costly and need extensive maintenance.
So, the objective of this project is to accurately count the number of bars using imaging.

A sample image of bars is shown in Fig 3.1.

@ 9 *® Lo
%oratter %4 ettt Upe0aede G P54 50 oy 3r

Fig 3.1 A sample bar image

Fig 3.2 Irregular bar tip Fig 3.3 Dark bar tips Fig 3.4 Misaligned bars
But, there are various challenges in counting the number of bars in such images as described below.

1. Bars are counted by detecting the tip of the bar in the image. But these tips are often
irregular in shape as in Fig 3.2.

2. Sometimes the tip of the bar is very dark as in Fig 3.3.

3. Often the bars are misaligned as in Fig 3.4.
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3.2  Proposed approach

R

Fig 3.5 Proposed approach for the Bar-counting problem

The proposed approach for the bar counting using the image processing problem is as shown in Fig
3.5.

In this first of all, from the images, a dataset of images is prepared consisting of bar images and
non-bar images. Then from the images present in the dataset, features are extracted which represent
the shape and the texture of the object in the image. Using these features, a machine learning
classifier such as Support Vector Machine(SVM) is trained.

The next task is to find a unique location for each of the objects in the image using some specific
logic. Then a small window gets created around that location to classify it as the bar or non-bar

using the trained ML classifier. This gives the final count of the bars.
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3.3 Dataset creation

The images used for this experiment consist of mainly two types of objects. Either the objects are
bars or more specifically, the tip of the bar or they are not the bars. So we need to create a dataset

consisting of two classes only. We call it class 1 and class 0, for bars and non-bars respectively.

AN . E

Fig 3.6 Class 0 images for non-bar objects

CE @ BEEEQNCTE

Fig 3.7 Class 1 images for bar objects

Above Fig 3.6 is a collective representation of the small cropped images belonging to class 0 which
is for non-bar objects. Around 200 of such images were collected in the dataset. Similarly, Fig 3.7
is a collective representation of cropped images of small size (approximately 50 * 50 pixels) which

belong to class 1 which is for bar objects in the dataset. Around 300 of such images were collected.

3.4 Feature extraction

A general idea behind image classification using the machine learning technique is to extract the

features from the image i.e. to create an n-dimensional feature vector out of it so that in the n-
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dimensional hyperspace, we can separate using some hyperplane the images and their

corresponding feature vectors.

In the case of this problem of bar counting, it is necessary to find features that will define the shape

as well as the texture of the object in the image.

So, the combined use of two such features is done here which are Histogram of Oriented Gradients
(HOG) and Local Binary Patterns(LBP).

3.4.1 Histogram of Oriented Gradients(HOG)

The very effective method of HOG was first used by N. Dalal and B. Triggs in their work regarding
human detection or more specifically pedestrian detection in an image. The idea behind this method
is to calculate the normalized local histogram of gradient orientation in the image. This is supported
by the idea that even in the absence of precise knowledge of gradient or edge position, the object
shape and it’s appearance can be characterized by the direction of edge and the corresponding
gradient[8].

A simplified step by step process of calculating HOG features as described below:

1. For the localized processing of the image, the image needs to be subdivided into smaller
regions. So, the first step is to resize the input image into an aspect ratio of 1:2 say 64*128
so that subdivision of image into 8*8 pixel set becomes easy.

2. For each pixel in the image, Gx - gradient in the x-direction, and Gy - gradient in the y-
direction is calculated.

3. Using this, gradient magnitude and gradient direction are calculated for each pixel.

Total gradient magnitude = \/Gx? + Gy? &

Gy
Gx

Gradient direction = tan~!

4. Then, there are multiple ways using which histogram can be created using gradient

magnitude and direction. One of them is that the range of angle i.e. 0 rad to « rad is divided
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into say 20 bins. For each pixel value, it’s corresponding gradient magnitude is filled in the
bin where the gradient orientation of the same pixel lies.
5. This process gives a 9-dimensional vector for a 16*16 portion of the image. Finally, to get

the feature vector for the entire image, all such small feature vectors are combined.

3.4.2 Local Binary Patterns(LBP)

Analysis of two-dimensional texture features of an image has potential applications in the field of
pattern recognition. But a major challenge in the real world problem is that the textures are often

non-uniform due to variation in scale, orientation, and other visual appearance[9].

So, local binary patterns(LBP) are texture features that are gray scale based and are rotation
invariant. Also, the computational complexity is very low compared to other texture feature
extraction methods. A core idea in finding the LBP is to compare the central pixel with the

surrounding pixels at each pixel in the image.
A simplified step by step process for calculating LBP features is described below:

1. The image is converted from RGB to a gray-scale.

2. To choose two parameters P & R for variable neighborhood sizes, where P = number of
points to consider in a circularly symmetric neighborhood and R = the radius of the circle
to get the variable scale[9].

3. For example, if we set, P=8 and R=1, at any particular pixel location we can compare the
current pixel value with that of surrounding pixels as shown in Fig 3.8.

If the value of a pixel is greater than the central pixel, it’ll be assigned a 0 and 1 if it’s lesser.
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Fig 3.8 Creating a binary string for central pixel [9]

4. From this 3*3 neighborhood, we get a binary string that can be converted to a decimal value
to get the code for that pixel location. For example, if we can get the binary string 00010111
from the above image, which when converted to decimal gives 23.

5. For each pixel, the same process is repeated until we get an entirely new image of the same

dimension as that of the original image as shown in Fig 3.9.

Input Image Output LBP Image

n\_.;f -V R

Fig 3.9 Creating LBP image of the same dimensions [8]

6. The last step is to get the histogram of this new image of texture codes acquired. This

histogram serves as the LBP texture feature descriptor.
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3.5 Logic for Bar-counting

The images in the dataset belong to either of the two classes of bar or non-bar image. For each of
that image, the HOG and LBP features are calculated and stacked together. To create a uniform
feature for each of the images, first, the image gets resized to 50*50 pixels. Then for that image,
first the HOG feature vector is calculated using a cell size of 16*16 pixel. After that, for the same
image, the LBP feature vector is calculated using 24 circularly symmetric neighborhood points and
assuming a radius of 8 pixels. This LBP feature is stacked to the HOG feature to make a single

vector out of both. In this way, the feature matrix gets created out of the dataset.

This is trained using machine learning algorithm of Support Vector Machine(SVM). SVM are
supervised learning models associated with learning algorithms that analyze data used for
classification and regression analysis[1]. This algorithm works on creating linear decision

boundaries to classify multiple classes. The SVM is trained using the polynomial kernel.

Now, the real challenge was to calculate the number of bars in the test image. Generally, a sliding
window is used along with the image pyramids. In this method, a sliding window of varying size
moves along the entire image and each of that window keeps on classifying the current window.
But this method could not be useful in the case of this problem as the bars were very closely spaced
as well as they are highly misaligned. Hence a new logic needed to be developed which can
accurately count the number of bars in the test image. So, logic is developed keeping in mind that

no object other than the bar and non-bar will be present in the test image.

A flow diagram of the logic used can be given as below in Fig 3.10.
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Get the diameter :
of the bar in Image-—>greyscale- Get the locations of the
pixels. > Gaussian Blur-- local maxima. Save it in a
Let this be, w= threshold--> slet say L. P:n;‘ove Create a Zero array of
windowsize ->distance SEREEE image size. Create a small

: : Transform-—>pick the el iy s window around each
nput image local maxima windowSize

location in L and make it
l. Do logical NOT on this
array.
Call this array, A.

Image-—>greyscale- Pick the locations Create a window around

~>Gaussian Blur-- Find logical AND of local maxima in each location in set S. classify
~threshold-- of A and E. F Call this set L. it as Bar/Non-Bar. Count the

> The result is E Final locations set number of bars in the image.
Call this image, E is S= L union L.

Fig 3.10 Logic for bar counting in the test image

The central idea used in this logic is to first find each of the objects present in the image and then

create a unique location for the unique object.

As the first block says to get the diameter of the bar in pixels, which is called as ‘“W’. To get this
w from the test image, another process is used which operates in the same program just as a
function. In this function, first, the image is thresholded keeping the high threshold value. Then the
connected components in the image are acquired. From all of these connected components, the
median diameter of the first 30 components is taken as “W’. This W is later used as the window-

size while creating the window around locations.

The next task is to get a set of locations for the objects. For that, on the input image, some basic
operations are performed such as converting to grayscale, Gaussian blurring, thresholding,
morphological erosion. Note that the erosion done here is a light erosion i.e. with 4 iterations only.
Then on this image, distance transform is applied to get the local maxima. Locations of all the local
maxima are stored in a set L. Locations that are closer than the window-size W are removed from

the set L. Now the problem is that the locations in L are not all the locations that we want.
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So, An array of zero elements of the same size as that of the image is created. In this array, we
create a small window of 1’s around the locations in L. Logical NOT on this is performed and now

call this array ‘A’.

Again we perform some operations using this A so that we get all the unique locations for the

unique object in the image.

So again the original image is taken. It’s converted to grayscale, thresholded, and now performed

deep erosion on this i.e. with around 20 iterations. We call this image, ‘E’.
Do logical AND of A and E. The result is F. Then we get the final set of locations.

In this image F, get the locations of local maxima using the same process used. Keep this in set L-
dash.

The final set of locations is the union of sets L and L-dash.
In this final set, we got a unique location for the unique object present in the image.

Now the final task is to create a window of size W*W pixels around each of these locations and to
keep on classifying that window using the trained model of SVM whether it belongs to the bar

object or the non-bar object.
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3.6 Result

To get the result in this problem, the above-stated logic is implemented and the classification is
done using the trained SVM classifier. The following Fig 3.11 is used here for the representational
purpose. In practice, the actual images used to get the result are much broader in the width that

cannot be shown here fully.
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Fig 3.11 Result of object detection
The small red squares show the detected bars in that image.

To get the quantified result, the above bar counting algorithm is applied to the bar image such as
Fig 3.12.

.
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Fig 3.12 A sample input bar image

And the result of the algorithm is subjectively shown in Fig 3.13.
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Fig 3.13 Result on the input image

But the results produced by the algorithm are also composed into a confusion matrix as it is

generally done for a machine learning classification problem which is shown below in the Fig 3.14.

Actual : Bars | 68 5
Actual: Non- 4 157
Bars

Fig 3.14 Confusion matrix
The total samples shown imply the total number of locations taken into consideration.

From the above confusion matrix, we can calculate the accuracy as well as the error rate.

True Positives+True Negatives
Accuracy = gatives)

Total samples

- (168 +157),
= 335

=97.01 %

_ (False Positives+False Negatives)

Error Rate =

Total samples

_ (5+4)
335

=298 %
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Chapter 4

Stone fragments size estimation using deep learning
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4.1  Objective

To determine the efficiency of fragmentation during blasting at the coal mining site.

Quantitatively this is expressed as the size distribution of fragments through image analysis.

4.2 Background

In the process of coal extraction from coal mines, explosives are first used in the mining area to
break through the stone layer. After the blasting is done, images of the stone fragments are

captured as shown in Fig 4.1.

Fig 4.1 Stone fragments

From such captured images, the size distribution of the stone fragments is to be calculated. In each
of these images, a white ball of known dimension is kept for the calibration purpose.
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From the size distribution of these fragments, it is determined whether the blasting is done
optimally or not.

Currently, the size distribution is calculated manually using sketching tools from these images. The
objective of the project is to fully automate the process of finding the size distribution of the stone

fragments.
4.3 General approach

Before applying some special or advanced method for the problem of stone image segmentation,
we tried to solve the problem with the known methods such as canny edge detector and watershed
segmentation. As it is seen in Fig 4.1, there is no very clear boundary or edge between the two

stone objects to differentiate. Therefore these conventional methods fail here.

First, the result with the Canny edge algorithm is shown in Fig 4.2. As this very popular algorithm
of image segmentation also depends upon gradient magnitude and gradient direction, it doesn’t

produce any good results in this problem.

B Output = ] X

Fig 4.2 Result with Canny edge detector
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Canny edge detection is applied after preprocessing with mean shift filtering. The two thresholds
set for the canny detection are 100 and 200. We can see that this segmentation doesn’t work here

at all.

Next, we tried applying a Watershed algorithm on the same problem. The result of which is shown
in Fig 4.3.

The entire process of applying the Watershed algorithm is the same as explained in chapter 3.

Though some segmentation has been done and is very much unwanted and incorrect.

BT output = [ X

Fig 4.3 Result with the Watershed algorithm

Keeping in mind the two results with standard conventional techniques of image segmentation, we
tried to perform the segmentation in a non-standard way with our logic as explained below.
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Fig 4.4 A sample image to apply the segmentation

First of all, mean shift filtering is applied to the input image so that, the edge detection will be
smoother as the unnecessary fluctuations in the pixel values are removed through this as shown in
Fig 4.5.

B! mean shift filtered o (=] X

Fig 4.5 Mean shift filtering applied to an input image
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Then, for the edge detection purpose, a non-standard kernel matrix is selected as shown in Fig 4.6.
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Fig 4.6 Kernel for edge detection

The result of the convolution of the image with the above kernel is shown below in Fig 4.7.

Then to fuse the small gaps between the edges, morphological closing is done. Morphological

closing is the combination of morphological dilation followed by erosion. Then all the 4-connected

components are found and the components having significant smaller areas are removed. And

finally, dilation is performed to strengthen the important edges. Then the result looks as shown in

Fig 4.8.
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! final dilation [m]

Fig 4.8 Final result

We can see from the above result that, the contours obtained after performing the entire process
are not going to be very accurate. So, it is concluded that no conventional technique is capable
enough to detect the stone objects present in these images to give the accurate size distribution.

Hence, finally, the approach of deep learning is used to solve the problem.
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4.4  Mask R-CNN approach:

Although there are various techniques available for object detection using deep learning, the best
and the most advanced among them is Mask R-CNN for instance segmentation. The fundamental
difference between semantic and instance segmentation is that in the semantic segmentation, every
pixel in the image is labeled with a class of its enclosing object while in the instance segmentation,
each object of each class is separated at the pixel level. Hence we needed a method for instance
segmentation for which Mask RCNN suits the best. Mask R-CNN stands for Mask Region-Based
Convolutional Neural Networks, which is developed at FAIR(Facebook Al Research) by Kaiming
He and his team in 2018. This method detects objects in the image with high efficacy and for each
of the objects, instance generates a high-quality segmentation mask[10]. So, we chose to use this
technique of instance segmentation for our problem. To understand this, we need to first get to

know some former techniques such as R-CNN, Fast R-CNN, and Faster R-CNN.

R-CNN works in two steps. Region proposal step and classification step. A selective search is used
to choose around 2000 regions in the image which is called Region Proposal. In the classification
step, feature vector extraction and a set of linear SVM’s are included. Each of the proposed regions
is fed to CNN that produces a 4096-dimensional feature vector as an output. Then the class label
is produced by feeding this feature vector to SVM’s. the drawback of the R-CNN is a large amount

of training time.

Fast R-CNN do not feed all the 2000 regions to the CNN every time. It shares the computation of
convolutional layers between different region proposals[11]. Here region proposals are acquired
from convolutional feature maps and are processed through ROl pooling. Then this feature map is
converted to feature vector using a Fully Connected Layer(FC). Finally, the class of the proposed

region is determined by a softmax layer.

In faster R-CNN, the only difference is that, instead of using selective search for the region
proposal, a completely new component called RPN-Region Proposal Network is used which is
placed just after the last convolutional layer. Then these proposals are sent to ROI pooling.
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Now let’s talk about the Mask R-CNN technique which works in two stages. First is the region
proposal and then the classification of those regions producing masks as well as bounding boxes
for each of the classification. The final masks are generated by a different convolutional network

whose output is a matrix having 1’s at the object location and 0’s elsewhere.

Mask R-CNN consists of a standard like ResNet50 as a backbone network. The primary stages of
the network detect low-level features and the later stages of the network keep the high-level
features. As an extension of the backbone network, the Feature Pyramid Network(FPN) is used so
that objects at different scales can be represented in a better way. The Region Proposal
Network(RPN) proposes all the possible regions by scanning the entire FPN. A set of boxes known
as anchors which are individually used to get assigned to a ground-truth class and bounding boxes.
The ROI pooling module is different in Mask R-CNN. As ROI pooling generates a slight
inaccuracy by producing a little misaligned feature map. The correction is done by using ROI-
Align in which the feature map is sampled at different points and then bilinear interpolation is used.
The ROI classifier gives the selected regions to CNN which then produces masks for them. To
compute the loss during training the masks are of low resolution. Finally, the masks are scaled up
to the size of the ROI bounding box, and the mask for each object is created.

4.5 Training the model

The popular method of transfer learning is used to build a model in a time-efficient way. Transfer
learning is useful in computer vision as it permits to develop an accurate model in a shorter time.
The idea used in transfer learning is that instead of training the deep learning model from scratch,
it just uses a pre-trained model which is trained for solving different but similar problem. In this
way, a lot of time is saved as we don’t start from scratch also the learning of the model is leveraged.
As we know that the lower layers of a DL model correspond to the lower level features which are
generally problem independent but the higher-level features are kept in latter layers which are
problem specific[12]. Therefore, while training the model using the transfer learning, we freeze the

lower-level layers of the model and we adjust the weights of the latter layers only.
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Apart from requiring much lesser time for the training purpose, other advantages of using transfer
learning are that we require a much smaller dataset while training and therefore the hardware

required while training need not be of very high-end configuration.

Mask R-CNN uses the ResNet101 as the backbone architecture which is originally trained on the
MS coco dataset. COCO stands for Common Objects in Context. There around 91 object categories

in the coco dataset.

So we created a dataset consisting of 100 stone fragment images in which 80 were for training and
20 were kept for the testing purpose. We add our object named ‘Rock’ to the original dataset. It is
necessary to annotate all the images in the dataset. The annotation is done using the VIA tool which

is an abbreviation for the VGG Image Annotator tool.

Fig 4.9 Image annotation using VIA

Each of the stone objects in the images is tried to be enclosed using polylines as shown in Fig
4.9. When the annotation on the entire dataset is done, a .json file is saved for the annotations.
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This file consists of locations of the vertices of the enclosed polygons for each of the objects in
each image. Using these vertex locations only the exact polygonal masks are recreated in the
code.

Then while training, we load the originally trained coco weights excluding the four latter layers
namely ‘mrcnn class logits’, ‘mrcnn_bbox fc’, ‘mrenn_bbox’, ‘mrcnn_mask’. And the training
was done using Keras model in python3. The number of epochs used was 20. At each epoch in
the training, the entire data is trained once. Multiple epochs are used to improve the accuracy of
the weights. The number of steps used for each epoch was 100. It means that at each epoch, the

entire data is divided into 100 batches/steps.

We collected few loss parameters at the initiation of the training and at the end of the training as
shown in the following Table 4.1 and Table 4.2.

Type of loss Value of loss
Rpn_class_loss 2.1329
Rpn_bbox_loss 0.2911
Mrcnn_class_loss 0.9479
Mrcnn_bbox_loss 1.5875
Mrcnn_mask_loss 1.9406
Total training loss 6.9000

Table 4.1 Training loss values at the beginning of training

Type of loss Value of loss
Rpn_class_loss 0.0226
Rpn_bbox_loss 0.1040
Mrcnn_class_loss 0.1785
Mrcnn_bbox_loss 0.0939
Mrcnn_mask_loss 0.2502
Total training loss 0.6492

Table 4.2 Training loss values at the end of training
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Along with the training loss calculated at each step at each epoch, the model also produces the

validation loss that is calculated at the end of each epoch in the training process.

Validation loss is calculated using the same formula as that of the training loss but it is not used

to update the weights in the back-propagation process. In fact, by comparing the values of

training and validation losses, we can understand how perfectly our model is fitted. As, if the

validation loss is greater than the training loss, we can call it overfitting. And if both are equal,

we can say that the model is perfectly fitted.

The different validation losses collected at the end of last epoch are shown in following Table

4.3.
Type of loss Value of loss
Val_rpn_class_loss 0.0325
Val_rpn_bbox_loss 0.2747
Val_mrcnn_class_loss 0.3994
Val_mrcnn_bbox_loss 0.2970
Val_mrcnn_mask_loss 0.2988
Total validation loss 1.3024

Table 4.3 Validation loss values at the end of last epoch
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46 Result

New weights are saved as a .h5 file when the training is completed. Now the evaluation of the
unseen images is done using these new weights. The image to evaluate the model performance is

shown in Fig 4.10.

Fig 4.10 Test image

And the result of object detection using MR-CNN is shown in Fig 4.11 below. After extracting the
mask the code produces a unique color for each of the object masks. From the calibration ball
present in the input image, we input, the size in cm as well as the size in pixels of the ball, so that
we get the length per pixel in the image which is used for converting the mask dimensions from

pixels to cm.

45



Predictions

0.0.999.0,0.996
ol 880 0.977

f A
10,0974 o 0gnfSanEn
008825 0'say:

10 gpo73.-

Fig 4.11 Object predictions on the test image

As it’s seen in the prediction image, for each of the objects a unique mask is produced which
segments that object from the background. Also, a bounding box along with the probability for the
presence of the object is produced for each of the objects.

So, we can extract each of the individual masks from the predictions, and using the calibration, we
can find the area in cm?, length of a major and minor axis in cm. Following Fig 4.12 shows the size

distribution of the stone fragments by stone count for respective sizes in cm?,
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Fig 4.12

The configuration details of the Mask R-CNN model for the testing of this particular image is given

in the following Table 4.4.

BACKBONE ResNet101
BACKBONE_STRIDES [4, 8, 16, 32, 64]
BATCH_SIZE 1
BBOX_STD_DEV [0.10.10.20.2]
COMPUTE_BACKBONE_SHAPE None
DETECTION_MAX_INSTANCES 100
DETECTION_MIN_CONFIDENCE 0.5
DETECTION_NMS_THRESHOLD 0.3
FPN_CLASSIF_FC_LAYERS_SIZE 1024
GPU_COUNT 1
GRADIENT_CLIP_NORM 5.0
IMAGES_PER_GPU 1
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IMAGE_CHANNEL_COUNT

IMAGE_MAX_DIM 1024
IMAGE_META_SIZE 14
IMAGE_MIN_DIM 800
IMAGE_RESIZE_MODE square
IMAGE_SHAPE [1024 1024 3]
LEARNING_MOMENTUM 0.9
LEARNING_RATE 0.001

LOSS_WEIGHTS

{'rpn_class_loss": 1.0, 'rpn_bbox loss" 1.0,
'mrenn_class_loss: 1.0, 'mrcnn_bbox_loss'":

1.0, 'mrcnn_mask_loss": 1.0}

MASK_POOL_SIZE 14
MINI_MASK_SHAPE (56, 56)
NAME rock
POOL_SIZE 7
POST_NMS_ROIS_INFERENCE 1000
POST_NMS_ROIS_TRAINING 2000
ROI_POSITIVE_RATIO 0.33

RPN_ANCHOR_SCALES

(32, 64, 128, 256, 512)

RPN_ANCHOR_STRIDE

1

RPN_NMS_THRESHOLD 0.7
RPN_TRAIN_ANCHORS_PER_IMAGE 256
STEPS_PER_EPOCH 100
TOP_DOWN_PYRAMID_SIZE 256
TRAIN_ROIS_PER_IMAGE 200
USE_MINI_MASK True
USE_RPN_ROIS True
VALIDATION_STEPS 50
WEIGHT_DECAY 0.0001

Table 4.4 Configuration details of MR-CNN model while testing
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Chapter 5

Conclusion & future work
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5.1 Conclusion

1. We conclude that all the work done helped in automating the related processes at the Steel
plant.

2. The size distribution calculated using the watershed algorithm is very close to the ground
truth distribution. So, estimation of coke particle size distribution using image processing
algorithm will be implemented by removing the conventional method of Sieve analysis for
as it’s proved to be a much accurate method requiring lesser time and less labor work.

3. The Bar Counting algorithm can also replace the conventional mechanical approach for the
same as the maintenance required can be reduced to the minimum and accuracy could be
increased using the advanced algorithm.

4. The mask R-CNN approach for the size distribution estimation of stone fragments proved
to be very efficient for detecting each of the stone fragments in the image. This saved a lot
of labor for size calculation and improved the accuracy.

5.2  Future work

In the first project of coke particle size distribution, a better approach for finding the markers can
be used. So, a Watershed algorithm can be applied at the right minima only which will improve the
accuracy by reducing the over-segmentation which is sometimes taking place using the current
method.

In the Bar-Counting problem, instead of using the machine learning technique in which we have
to extract the features by ourselves, a deep learning approach can be used for much accurate object

detection and counting.
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