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ABSTRACT

“Edge Detection Using Deep Learning”, is a project that is based on research which is
key objective to improve a novel detection of edge technique which introduces a pair key
flaws of long-term vision recognition by computer issue. We have implemented a deep
learning-based edge detection technique termed holistically-nested edge detection in this
research. This edge detection introduces two important issues: The first is nested multi-
scale feature learning, which is encouraged by deep convolutional neural networks for
image to image prediction. The second is holistic image training and prediction. An image-
to-image estimate is achieved using a HED technique. This method is suggested for
determining object boundaries. A deep learning method is used to discover edges that are
holistically nested. This model completely combines deeply supervised and fully
convolutional neural networks. On the BSD500 dataset and on the NYU Depth dataset
where ODS F-score of 0.782 and 0.746 respectively. We do it at a significantly faster pace
of 0.4s per image than some recent CNN-based edge detection techniques.
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CHAPTER 1

Introduction

1.1 Introduction

The early stage of vision processing recognize the features of images are applicable to evaluating
the form and properties of entities in a scene. One such feature are edges. The technique of edge
detection is widely used in image processing. It used to identify and recognize the sharp
discontinuities in an image. For retrieving information from images, normally the first step is edge
detection. The most classic computer vision and image processing research projects is edge
detection. Vertical, horizontal, corner and step edges are identified by some edge detection
operators. These operators' perception of the quality of edges is heavily reliant on items of lighting
circumstances, similar intensities, thickness of the position's margins and the noise. By changing
the threshold values and by modifying the different parameters, this problem can be solved. For
extracting edges from noisy images, a wide range of operator is available .Due to the presence of
noise that extracts false edges, the edges which extracting from noisy images are less precise. In
our project, we discussed the object boundaries and detecting edges in natural photos is an issue.
This topic is critical and important in a multiplicity of uses in computer vision, from simple jobs
to complex ones like image-to-text analysis, mobile computing, medical imaging, object
detection/recognition, 3D reconstruction and structure-from-motion techniques, tracking and
motion analysis, to contemporary applications such as self-driving vehicles and segmentation,
visual saliency. Here, We present a strategy for detecting edges from beginning to end. Edge
detection with a holistic approach (HED), that discovers rich hierarchical forms on its own. If we
want to get close to the potentiality of humans to correct obscurity in edge of image and border of
object recognition, we'll need to use this strategy. Despite fact is that it does not appear to mimic
structured output, the term "holistic" is used in HED, Focus on edge forecast and edge training in
image-to-image .The term "nested" refers to the edge maps that are produced as side outputs and
are continually refined — We hope to demonstrate that each of these edge maps has a common
path along which each prediction is formed, with consecutive edge maps being more concise.

Previous multi-scale approaches of edge detection is separate with this combined learning of
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hierarchical features in which edge fields in scale and space aren't spontaneously demonstrated or
connected associatively. Here, We discover the benefits of the fundamental strategies are both

accurate and computationally economical, as they are explicit in HED.

1.2 Motivation

We implemented a new edge detection based on deep learning mechanism in our proposed
solution. Edge detection’'s main purpose is to procedure how effective the new proposed method
and how it performs a fast, simple and accurate edge detection. The proposed algorithm which
increases the efficiency and performance is fast, accurate and simple. The aim of this project is to
find acute and precise edges that are not possible with the pre -existing techniques and to find the
misleading edges. We combined a deep learning method with fully deeply supervised nets and
CNNs in this study. Machine learning includes deep learning as a subset and It is nothing more
than a neural network with three-layer. Although far from perfect, the goal of those neural
networks is to replicate the human brain activities to gather from vast volumes of information. On
the other hand, a single-layer neural network can still make approximations, invisible layers can
assist in accuracy optimization and tuning. Deep learning is used in various artificial intelligence
based products and facilities to boost automation by performing logical and actual activities
without requiring human intervention. Deep learning is used in everyday outcomes and facilities
like digital assistants. Deep learning is trained on both structured and unstructured data. Some
applications of deep learning are virtual assistants, vision for autonomous cars, face recognition,
money laundering, and many others. In the real world, deep learning applications are a part of our
daily lives, but they are typically so well joined into products and services that users are

uninformed of the difficult data processing taking place in the background.
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1.3 Rationale of the Study

Edge detection is a method of finding component boundaries in images using image processing
techniques. In image analysis, edge detection is crucial. By detecting discontinuities in brightness,
this technique works. The objective of this work is to segment an image and extract key elements
(such as corners, lines, and curves) from the image's edges. Higher-level computer vision

algorithms used these features.

1.4 Research Questions

o  Which method will be used?
o What is the best way to defend the issues?

o What are the challenges?

1.5 Expected Output

The below shown our project outcome:

Original Image HED Result

Figure 1.1: Edge detection via the HED method using deep learning
In Figure 1.1 On the left side, we have our original input image, and on the right side, we have our
output image after applying HED. So, we can see from this figure, Holistically-Nested Edge
Detection is able to find all those object boundaries properly. This paper proposes a deep neural
network capable of learning rich hierarchical edge maps that may be used to define the object

boundary of objects in images automatically.
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1.6 Report Layout

This paper began by describing some of the most important aspects of edge detection using deep
learning and their many sorts of approaches, such as CNN and deeply supervised nets. Following
that, we will give a short summary of the current and pertinent task. We will go through some of
the numerous sorts of HED approaches in this description. Then we went over some of the paper's
and the entire performance procedure's restrictions. We will represent it with the support of a graph
and a detailed discussion. Finally, we will explore how we may improve this project in the future,

as well as provide some references with brief summaries.
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CHAPTER 2
Background

2.1 Preliminaries

Deep learning is a subset of ANN (Artificial Neural Network) and delineation analysis are a part
of larger family of machine learning methods. Sometimes the conventional machine learning
algorithms are linear. In this time the deep learning algorithms are assembled in a hierarchy of
rising complexity and generalization. Deep learning is a popular issue in today's society. Deep
learning is a self-decision procedure that takes action based on prior training without the assistance
of a person. Supervised, semi-supervised, and unsupervised deep learning are the three types of
deep learning. In our daily lives almost ubiquitous topic is Deep Learning. Self-driving cars, virtual
assistants, money laundering, web search, picture identification, face detection, and artificial
intelligence are just few of the applications of deep learning that make our daily tasks easier. It can
create a mathematical model using sample data or training data. Deep learning based on artificial
neural networks. Human Biological Neural Networks served as a model for Artificial Neural
Networks (ANN). The greatest methods for implementing machine learning is Deep Learning.
Deep learning relies heavily on artificial neural networks (ANNs). The artificial neural network
(ANN) is a great tool for detecting patterns in data. On a large-scale dataset, this is difficult for

people to do.

In this project, we detect the edges using deep learning. To gather knowledge about forms and

reflectance or conductance in a picture is the motive of edge detection.
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Figure 2.1: reflect the HED algorithm that is being suggested. In the BSD500 dataset an sample trial image is displayed
in the very first portion: (a); Some matching edges as a signs by human issues is displayed in the portion of (b); The
HED(Holistically Edge Detection) outcomes are shown in (c). Marginal edge feedbacks from layers 2, 3, and 4 of our
CNNs are shown in the second portion (d), (e), and (f) individually. The edge reactions from the Canny detector at

scales of 2.0, 4.0, and 8.0 are presented in the third portion which are (g), (h), and (I).

1. Other computer vision fields, such as classification, Segmentation, Recognition, and 3D
Reconstruction, rely on edge detection as a foundation. However, in Figure 1, we can notice that
traditional methods, such as canny, build on gradient variation cannot produce well pleased
outcome. This stops further researches from precise condition.

2. This prototype used fully (CNNs) and extensively supervised nets to do Image-to-Image

projection.

3. This research employs a multi-scale and multi-level form to generate five side outputs that

improve the terminating fusion outcome to state of the art precision.
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2.2 Related Works

In various computer vision applications edge detection is known as a basic procedure capable of
poor image analysis. Mamta Mittal et al. [1] used the thresholding method and the edge fitting
method are the most common methods for detecting edges in images. It has two limitations that is
edge connectivity and edge thickness. It proposed multiple threshold techniques to overcome the
limitations. Here is used canny edge detection operator that select triple threshold to focus the
image contrast, appropriate edge component choosing, error detection, and other edge detection
issues are discussed. Applying this proposed technique that can improve the grayscale and colored
images. Soumik Sarkar et al. [2] describe that many machine that vision and mobile robotics tasks
is an important precondition for detection of occlusion edges. Although, it can be find out from
data range, finding them from images and videos would be better. Jiasi Chen et al. [3] provide
overall analysis of the present state of intersection of deep learning and edge computing. It will
particularly provide an analysis of applications at the network edge where deep learning is used
and discuss some techniques for swiftly executing deep learning. Smitha Vas et al. [4] the main
point is to realize how efficiency is the suggest technique. The algorithm expand the efficiency
and performance is fast, accurate and simple. This techniques shows that canny edge detector has
better performance and it observe more edges. The target goal is to find acute and smooth edges
that are not possible with the previous methods and to observe the false edges, here use a deep
learning techniques by merge it with other types of detection methods. G.T. Shrivakshan et al. [5]
the main difficulty in this work is to perception the fundamental ideas of several filters and
implement them to the detection of a monster carp type, which is used as a research study. Gradient
and Laplacian operators are the main two operators which is used in image processing. Ruohui
Wang et al. [6] the primary processing is used for a threshold. Filtering the picture object,
improving the image object, and detecting its pictures processing are the three main steps of
Laplacian of Gaussian edge detection. Wenshuo Gao et al. [7] remove noise applied soft-threshold
wavelet. To detect the image's edge applied the Sobel edge detection algorithm. This approach is
being used to remove White Gaussian noise from images. The strategy proposed has a more
noticeable impact on edge feature extraction. Piotr Dollar et al. [8] have made the architecture
exhibited in regional image slices was used to train an edge detector that is both accurate and
efficient in terms of computing in this study. In a planned learning technique used to severely
randomized forest areas, the problem of forecasting local spatial filters is presented. The technique
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for learning decision trees successfully maps organized labeling to a closed interval on which
traditional information gain evaluations can be measured. Natalia Neverova et al. [9] proposed a
multi-model and multi scale deep learning method for this motion detection and tracking in this
research. Each visual sensibility records spatial information at a certain different scales, and the
mechanism as a whole operates on multiple time scales. This strategy relies on a training procedure
that uses careful introduction of specific perceptions and progressive merging of senses from the
greatest to the lowest merge architecture. Jonathan Long et al. [10] reveals that when trained final
stage, number of pixels, convolutional networks exceed the condition in supervised classification.
It also defines and describes totally convolutional networks' space, discusses how they're utilized
to address regionally complex prediction issues, and draws relationships to earlier models. Pierre
Buyssens et al. [11] offered a multi-scale CNN approach for identification of sense cells. The
suggested architecture, which is based on deep CNN working at varying resolutions and eliminates
the conventional hand-crafted feature extraction step by processing feature extraction and overall
classification. The offered method outperformed standard condition techniques, allowing for a
safer computer aided design environmental pericardium diagnosis of cancer. Weibin Rong et al.
[12] presented an improved canny algorithm. This approach created the gravitational field intensity
operator by replacing picture gradient with gravitational field intensity. For two different types of
typical images, two automatic threshold selection approaches were proposed using the mean of
picture gradient magnitude and standard deviation. Ahmed Shihab et al. [13] describe three
strategies for detecting edges that is Prewitt, sobel, and canny edge detection methods are detection
algorithms are useful in this research to extract edges using various pictures. The results from the
trial indicate that the canny edge detection method outperforms the prewitt and sobel edge
detection methods. Anchal Kalra et al. [14] used thresholding to eliminate salt and additive noise
from the image, resulting in a clearer image with simpler edge recognition. In the proposed
technique with thresholding and the hybrid methodology without thresholding is also included.
The median filter increases the accuracy of the research, according to the outcomes of the analysis.
Yu Liu et al. [15] used deep features to grow more discriminative and suggests various sorts of
deep learning supervision, ranging from coarse to fine. Dr. Ahmed Abushaala et al. [16] used some
methods for image edge segmentation and analyzed five strategies that is the Sobel operator
method, the Prewitt method, the Laplacian method, the canny approach, and Roberts strategy all

fall within this group. These algorithms are used to select base estimates for segmentation or edge
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identification on a single image. Mr. P. Selvakumar et al. [17] main purpose is to give a quick
analysis of the Canny, Prewitt, Robert, and Sobel operators. To process images with a high
luminous density, this operator uses appropriate and quick solutions. To augment previous edge
detection procedures, Canny proposed two additional technique for identifying edge detection
areas: dual thresholding, suppresses, and non-maximum. Anphy Jose et al. [18] based on
performance parameters and makes a comparison of other operators including Sobel, Prewitt,
Roberts, and Canny. A vital step is determining the appropriate edge detection operator that
influence edge detector selection include noise environment, edge orientation, edge structure and
brightness. Yun Liu et al. [19] using richer convolutional features present an accurate edge
detector. In this application, CNNs have been demonstrated to be effective. By merging all of the
needed convolutions, the proposed network completely applies multi-scale and multi-layer data of
an image to use image-to-image prediction. Shiliang Zhang et al. [20] offered a bi-directional
cascade network structure to extract edges at significantly diverse scales, rather than using the
same guidance to every CNN results, each level is controlled by marked edges at its dimension.
Rather than using more powerful Convolution neural Network or directly merging multi-scale
following dimension data, the scale augmentation system utilizes expanded convolution to produce
multi-scale features to complement multi-scale models. These strategies encourage the
construction of multi-scale presentations in separate layers as well as the detecting of edges with

well-defined sizes.
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2.3 Comparative Analysis and Summary

It has two limitations that is edge connectivity and edge thickness [1]. Using multiple threshold
techniques to overcome the limitations. Applying canny edge detection techniques that can
improve the grayscale and colored images. Using vision and mobile robotics task set can be find
out from data range, finding them from images and videos more better[2]. It provide an analysis
of applications at the network edge where deep learning is used and discuss some techniques for
edge computing that is swiftly executing deep learning[3]. Find the acute and smooth edges that
are not possible with the previous methods and to observe the false edges [4]. But Using a deep
learning techniques by merge it with other types of detection methods to overcome the problems.
For image processing used Gradient and Laplacian operators to detect the types of monster carp
[5]. The Laplacian and Gaussian edge detection techniques used to filtering the image, improving
the image and detecting image processing [6]. Using soft-threshold wavelet remove the noise from
image and using the Sobel edge detection method to find the image's edge [7]. The architecture
exhibited in regional image slices was used to train an edge detector that is both accurate and
efficient in terms of computing edges [8]. A multi-model and multi scale deep learning method for
this motion detection and tracking in this research. This strategy relies on a training procedure that
uses careful specific perceptions and progressive merging of senses from the greatest to the lowest
merge architecture [9]. It proposed a multi-scale CNN approach for identification of sense cells
which is based on deep CNN working at varying resolutions and eliminates the conventional hand
crafted feature extraction step by processing feature extraction and overall classification [11].
Improved canny algorithm created the gravitational field intensity operator by replacing picture
gradient with gravitational field intensity [12]. The results from the trial indicate that the canny
edge detection technique outperforms the prewitt and sobel edge detection methods [13]. Used
thresholding to eliminate salt and additive noise from the image, resulting in a clearer image with
simpler edge recognition and the median filter increases the accuracy of the research, according to
the outcomes of the analysis [14]. Used some methods for image edge segmentation and analyzed
five strategies that is to select base estimates for segmentation or edge identification on a single
image [16]. To process images with a high luminous density uses an operators appropriate and
quick solutions. To augment previous edge detection procedures, Canny proposed two additional
technique for identifying edge detection areas [17]. A vital step is determining the appropriate edge
detection operator that influence edge detector selection include noise environment, edge
orientation, edge structure and brightness [18]. Using richer convolutional features present an
accurate edge detector and by merging all of the needed convolutions, the proposed network
completely applies multi-scale and multi-layer data of an image [19]. A bi-directional cascade
network structure to extract edges at significantly diverse scales [20]. Rather than using more
powerful directly merging multi-scale following dimension data, the scale augmentation system
utilizes expanded convolution to produce multi-scale features to complement multi-scale models.

©Daffodil International University 10



2.4 Research Summary

The main objective of this study is to offer our time and effort to the fields of deep learning, CNN,
and ANN systems. Deep learning-based edge detection is critical to the advancement of this
modern era. This method can be used to create an original, thresholded, and thinning image. Our
knowledge will help for extracting information about the image and recognizing and detecting

sharp discontinuities in an image also.

2.5 Scope of the problem

Edge detection by HED works not as well as it does on natural scenes. There are some causes
which are mentioned below:

(a) The data which have to be trialed those all are natural scenes. As a result, the trial model must
suitable natural scenes’ edges well. The musical notes are diversely represented, so the trained
model may discover it wired to find this things.

(b) The training data are all high definition pictures. Every pixel in training images is essential to
the terminal outcomes. However, the training data is a blurred one with many marks on it, which

will make our model complicated to get precise edge pixels.

Finally, The HED performs very well on natural scenes’ edge detection but not flawlessly on other

data such as Musical notations and HED still has complications to accept actual object from noise.

2.6 Challenges

The following are the major difficulties encountered during the research:

% Preprocessing the data for accurate analysis.

% Select a particular programming shelf with precise libraries.

«» Select an appropriate HED architecture for our scenario.

«» Testing the accuracy to ensure it is satisfactory, as well as gathering sufficient data for training.

% Using this strategy, choose an exact activate function.

©Daffodil International University 11



CHAPTER 3
Research Methodology

3.1 Research Subject and Instrumentation

Our study focus is edge detection using deep learning. For this work, we need an authentic dataset
to build our model. We used Google Colab for implementing our project. Also, we use some deep
learning libraries. In this work, we used Pytorch deep learning framework.

3.2 Dataset Utilized

The BSDS500 (Berkeley Division Dataset and Benchmark) and NYUD dataset have been utilized
to assess the HED model. BSDS500 dataset is outlined for assessing common edge discovery that
incorporates not as it were protest forms but moreover protest insides boundaries and foundation
boundaries. It includes 500 natural pictures. The dataset is isolated into three portions: 200 images
for train, 100 images for validation, and the rest 200 images for test. The NYUD (NYU Depth)
dataset has 1449 pictures. The NYUD dataset is part into 381 images for train, 414 images for
validation, and 654 images for testing. Entirely pictures are prepared to the similar measure and
prepare HED organize on full determination pictures.

3.3 Proposed Methodology

HED (Holistically Nested Edge Detection) network is our proposed method. HED network, there
are five convolution layers. Each convolution layer composes a side-output layer such as
convolutional layerl makes side-output layerl, convolutional layer2 makes side-output layer2, and
so on. So, five convolution layers compose five side-output layers. After composing side-output
layers, all of these side-output layers are combined, and then generates the final output. A
holistically nested design accepts a single image as input and outputs multiple side outputs. The
architecture has the capability of producing five side outputs. Each one depicts a different scale of
an edge map. If additional side outputs are preferred in a given situation, holistically nested edge

detection is adaptable.
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Figure 3.1: Architecture of HED

3.4 Implementation Requirements

We need some requirements for implementing this work. First of all, we need a deep learning
framework. In this work, we used the PyTorch framework. PyTorch is a tensor library intended
for usage with CPUs and GPUs in deep learning applications. Also, we need NumPy python library

for this work.
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CHAPTER 4

Experimental Results and Discussions

4.1 Experimental Setup

Firstly, we will install the required libraries on google colab. Then we will download Berkeley
Segmentation dataset 500(BSDS500) from Kaggle for train the model. After training the model,
we will evaluate the model with some images. We used the PyTorch framework. PyTorch is a
tensor library intended for usage with CPUs and GPUs in deep learning applications. We setup

NumPy python library for this work. We built a model which consist of five convolutional layer.

4.2 Experimental Results & Analysis

There are three typical measures for evaluating edge detection accuracy. The first measure is ODS
(fixed contour threshold), the second measure is OIS (per-image best threshold), and the third
measure is AP (average precision) (Average Precision). Our edge is suppressed using a
conventional non-maximal suppression strategy. The best result (ODS=.782) is obtained using our
proposed HED framework. Several current convolutional neural network based edge detectors are

orders of amount slower than our method.
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Table 4.1: Results on BSDS500 and GPU time

Method ODS OIS AP FPS
Human .80 .80 - -
Canny .600 .640 580 15
Felz-Hutt .610 .640 560 10
BEL .660 - - 1/10
gPb-owt-ucm 726 757 .696 1/240
Sketch Tokens 727 746 .780 1
SCG 739 758 773 1/280
SE-Var 746 767 .803 2.5
OEF 749 772 817 -
DeepNets 738 759 758 1/5
N4-Fields 753 769 784 1/6
DeepEdge 753 T72 807 1/103
CSCNN 756 775 .798 -
DeepContour 756 J73 797 1/30
HED(ours) 782 .804 .833 2.5, 1/12

Another dataset we used was the NYUD (NYU Depth) dataset. There are 1449 RGB-D photos in
the NYUD dataset. This dataset is used to detect edges. We use the settings specified in and
calculate HED using data produced by. 381 images of training, 414 images of validation, and 654
images of testing make up the NYUD dataset. We test our network on full-quality images and
create all images to the correct size. During judging, we rise the highest patience permitted for

valid edge forecasts to ground actuality matches from 0.075 to 0.011.
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Table 4.2: Results on NYUD dataset and GPU time

Method ODS OIS AP FPS
gPb-ucm 632 661 562 1/360
Silberman 658 661 - <1/360
gPb+NG 687 716 629 1/375
SE 685 699 679 5
SE+NG 710 723 738 1/15
HED-RGB 720 734 734 2.5
HED-HHA 682 695 702 2.5
HED-RGB-HHA 746 761 786 1

Using HED's easily available terminal results, we combine the fusion layer result with the terminal
results at no additional expense to reward for the waste in mean accuracy. More data on training
deep models produce strikingly modern outcomes in a diversity of applications of computer vision,
thanks in portion to the obtainability of huge quantities of training data. However, the amount of
training images obtainable in remaining benchmarks limits us in edge detection. We want to see if
joining extra training data can support us enhance our findings even further. To do so, we choose
100 pictures from the trial set to expand the experimenting set randomly. On the continuing 100
test images, we estimate the output. We present the averaged results of five such tests. Performance

develops from ODS=0.782 to ODS=0.797 after only 100 training images are included.

4.3 Discussion

Typically, there are three measures for evaluating edge detection accuracy. The first measure is
Optimal Dataset Scale (ODS) (fixed contour threshold), the second measure is Optical Image Scale
(OIS) (per-image best threshold), and the third measure is Average Precision (AP). In this table
4.1, shown these three parameters value for various edge detection techniques for BSDS500
dataset with GPU time. We can see from this table 4.1, the accuracy of holistically nested edge
detection is greater than others techniques. Similarly, the accuracy have shown for the NYUD
dataset. In this case too, the accuracy of holistically nested edge detection is greater than others

edge detection techniques.
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CHAPTER 5

Impact on Society, Environment and Sustainability

5.1 Impact on Society

In domains like computer vision and image processing, edge detection is a well like job .It’s not
hard to see as humans ,in society we depend on edge detection .Even today Some of the most
common applications are which carried better impact on society:

Fingerprint recognition: When detecting fingerprints, implementing edge detection as a
preprocessing step is beneficial. The "edges" in this example refer to the outlines of the fingerprint
in comparison to the background on which it was created. This decreases background noise,
allowing the machine to notice solely on the structure of the fingerprint.

Medical imaging: Medical imaging, like fingerprint recognition, is another industry where
computer vision systems may increase performance by removing noise and irrelevant data, as well
as upgrade health care with Artificial Intelligence. During the data collecting process, medical
images might be affected by many types of noise. Edge detection aids computer vision systems as
well as human physicians)in detecting irregularities in medical photographs.

Vehicle detection: Self-driving automobiles are one of the computer vision use cases. These
approaches rely on the capacity to recognize other motor vehicles on the road quickly and
autonomously. This approach can significantly decreases the difficulty of the images so that self-
driving cars must interpret while yet keeping recognizable motor vehicle outlines.

5.2 Impact on Environment

Edge Detection expresses rapid and absolute Climate occurrence. Climate change's most visible
and severe effects are triggered by occurrence with short-term extreme circumstances named
“extreme events” or sudden climatic adjustments to a new long-term state named “tipping points”.
The issue of successfully detecting where, when and how this type circumstances occur is posed
by the fast expanding volume of data from models and inspection. This condition necessitates the
use of data-mining techniques that can automatically recognize and diagnose occurrences in a

repeatable manner. Here, We use a novel technique to tackle this problem by extending the
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standard machine-vision issue of identifying edges in 2D images to multiple dimensions such as
time . Edge detector detects rapid or highest climate incident in spatiotemporal data, measures their
rapidness and supplies diagnostics result to assist identify the causes. By examining many datasets
of examinations and representations to see how well the update edge detector performs.

5.3 Ethical Aspects

For computer-vision and image processing, edge detection is a prevalent problem. It is very
important task for depth perception and recognizing object in our range of perspective. When we
find the object in the images, then it will contains an edge into the background and the boundary
behind the object of images. These algorithms detects thresholds with a strong gradients into the
adjacent pixels and representing a large change in the image's strength. Canny edge detection is a
simple but strong techniques which is still generally implemented as a segmentation phase in
computer vision techniques. Because recognizing edges is beneficial to computer vision

applications and we can anticipate that these methods will be utilized.
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CHAPTER 6
Summary, Conclusion, Recommendation and Implication for Future

Research

6.1 Summary of the Study

We introduced a deep learning based edge detection technique termed holistically nested edge
detection in this study (HED). This method is suggested for determining object boundaries. An
image-to-image estimate is achieved using a HED technique. A deep learning model is used to
discover edges that are holistically nested. This model essentially combines deeply supervised and
fully convolutional neural networks. This method addresses two major issues: For image to image
prediction, the first is layered multi-scale feature learning, which is inspired by Fully

Convolutional Neural Networks. The second is holistic picture training and prediction.

6.2 Conclusion

On the issue of fully CNNs and extensively supervised nets, we have implemented our model. By
merging visual reactions on several scales and levels, our method has shown to be effective when
it comes to image-to-image learning. In addition, we may use this strategy to detect more edges
while simultaneously increasing efficiency. Finally, The HED performs very well on natural
scenes’ edge detection but not flawlessly on other data such as Musical notations and HED still

has complications to accept actual object from noise.

6.3 Implication for Further Study

In today's world, technology is continually evolving. The most popular topics are deep learning,
Convolutional Neural Networks, image processing, and artificial intelligence. Deep learning is the
foundation of our project. As a result, we want to improve our deep learning-based edge
identification in the future. We would like to introduce an architecture that will aid in edge

detection that is rapid, simple, and exact. We will alter our architecture in the future to improve

©Daffodil International University 19



performance. Our architecture will extract exact edges from a picture. In the long run, we will
make an effort to retain our network up to date, and we will enhance more data sets to train our

model for more accuracy.
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