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Abstract
Edge is an indispensable characteristic of an image, defined as the contour
between two regions with significant variance in terms of surface reflectance,
illumination, intensity, color and texture. Detection of edges is a basic
requirement for diverse contexts for design automation. This study presents a
guideline to assign appropriate threshold and sigma values for Canny edge
detector to increase the efficiency of additive manufacturing. The algorithm
uses different combinations of threshold and sigma on a color palette and the
results are statistically formulated using multiple regression analysis with an
accuracy of 95.93%. An image-based acquisition technique system is designed
and developed for test applications to create three-dimensional objects. In
addition, graphical user interface is developed to convert a selected design of a
complex image to a three-dimensional object with generation of Cartesian
coordinates of the detected edges and extrusion. The developed system reduces
the cost and time of developing an existing design of an object for additive
manufacturing by 20% and 70% respectively.

Nomenclature
x, y
σ
T

Cartesian Coordinates
surface
Sigma
Threshold

of

the

1. Introduction
The industries of the current technological era
are highly innovative and research oriented for
robust production. Most of the processes and
activities in job role are automated to reduce
work stress of the employers and to improve
safety and quality of the end product.
Conventional machining processes including
*
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lathe, boring, milling and drilling with specified
cutting tool according to defined temperature
and velocity specifications to remove material,
in order to achieve desired geometry are rarely
implemented in industries with development of
technology. Recent innovations allow additive
manufacturing in various sectors of industries
including aerospace, automotive, health care
and production development with high
reliability and easy production.
Federal Aviation Administration (FAA) has
allowed the use of additive manufacturing for
part productions in a commercial jet engine [1]
while FAA certified fabricated structural parts
of Boeing 787 using additive technology [2]
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were displayed in 2017 Paris Air Show. In
addition, additive manufacturing is established
in developing customized surgical implants and
models to assist surgeons with guidance during
emergency in an operation and pre-operative
assessments.
Additive manufacturing not only uses
thermoplastic
polymers
for
reliable
manufacturing but also uses polyvinyl alcohol
which is a water-soluble component to create
temporary support structures. Furthermore,
additive manufacturing uses metals including
gold, silver and titanium and ceramics such as
alumina and tricalcium phosphate in civil
construction study. Varieties of glass products
are created with baked alternate layers of
powdered glass and adhesives. In addition,
researchers are currently developing human
organs using bio-inks fabrication while bone
structure supporters made out of silicon, zinc
and calcium phosphate are already existing in
the medical field.
Additive
technology
is
a
significant
improvement in technology which allows the
designers to incorporate complexity in
development. It improves strength and
durability of the prototype while providing
minimum restrictions in designing for product
designers. Various additive manufacturing
processes have been developed over the last
decade. Material extrusion is the most common
process where spooled polymers are extruded
through a heated nozzle. The heated nozzle is
mounted on a movable arm in horizontal
direction while the base moves vertically
allowing the melted material to be built in
layers. The developed products show reliable
results depending on control of temperature and
use of chemical bonding agents. Directed
energy deposition (DED) uses the same
technique but with various materials such as
ceramics and metals where the nozzle is
replaced by an electron beam gun or laser
mounters five-axis arm.
Material jetting process uses a print head
similar to a two-dimensional (2D) inkjet printer
but moves in all three axes to create threedimensional (3D) objects. In addition there are
other techniques such as binder jetting where
print head uses powdered material and a liquid
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binder, laminated object manufacturing (LOM)
and ultrasonic additive manufacturing (UAM).
However, LOM is highly used in visual
modelling since it uses alternative layers of
paper and adhesive while UAM employs
ultrasonic welding with thin metal sheets.
Powder bed fusion (PBF) technology is used in
various additive manufacturing processes,
including direct metal laser sintering (DMLS),
selective laser sintering (SLS), electron beam
melting (EBM) ,selective heat sintering (SHS),
and direct metal laser melting (DMLM).
However, all the processes follow the
fundamental stages for production of threedimensional objects.
Additive technology uses digital objects defined
by computer-aided-design (CAD) software to
create thin layers of objects with supporting
files. This determines whether the nozzle path
has to deposit the material upon the basic layer
with full or partial melting mode. Threedimensional objects are formed with fusion of
each layer together. Although the creation of
digital object has reduced cost, time and money
by replacing the intermediate steps such as
creation of dies and molds, the developed
additive manufacturing technology can
constantly be improved and increased in
efficiency.
Use of image analysis with recent advancement
in science and technology to overcome time
limitations and human errors is manifold in
industrial automation. However, the use of this
technique is restricted in certain domains
including manufacturing industries, production
factories and educational institutes due to the
requirement of proficiency and expertise
knowledge in computer vision and artificial
intelligence.
Manufacturing industries undergo a tremendous
task of designing an object in virtual
environment, even though objects with identical
features exist in real world. The design
engineers in industries focus on designing an
object for manufacturing from the fundamental
stage. It consumes time and increases the
operating cost including the working hours of
designers and demands required facilities.
Further, interior architectures require the use of
contrasting colors and different shapes to

JCARME

decorate the environment while graffiti
illustrators and wall painting artists need to
duplicate and use certain features available in
the environment for an appealing task. In
addition, fashion designers manually represent
various ideas while with the aid of image
processing techniques the requirements can be
automated. Factory supervisors and store
managers require details on entry and exit data
of different vehicles, raw material purchase
which can also be analyzed with vehicle
detection using the proposed technique.
Edge detection followed by color detection in
image processing applications complicates the
allocated task and increases the computational
load. Potential users who have limited
knowledge on computer programming in
industries struggle to complete a task due to
lack of experience in image processing
applications. A feasible method to design and
manufacture basic objects by extracting desired
designs from the environment is an essential
necessity.
This paper is organized as follows. In the next
section, related literature study regarding edge
detection techniques and various applications of
selected edge detection technique in industries
as well as use of edge detection and contour
creation in additive manufacturing are
presented. In addition, it also includes the
theoretical background of canny edge detection
and the attributes of the detector. Section 3
contains the methodology of the research study
including research experiment and research
development and research applications on
additive manufacturing. Section 4 presents the
research results with respect to constant sigma
with varying threshold and constant threshold
with varying sigma values along with
application, development and testing of system.
Finally, the research study is concluded with
remarks in Section 5.

2. Related studies
Locating sharp discontinuities in an image by
detection of edges is vital in recognition and
classification of objects to reduce the quantity
of data by filtering out the ineffectual
information, while preserving the required
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structural property in an image. There are
various edge detection techniques developed
and revised including but not limited to Canny
Operator[3], Sobel Operator[4], Robert
Operator [5], Robinson Operator [6], Marr Hildreth Operator [7], and Prewitt Operator [8].
However, it had been concluded in researches
[9-13] that in general, the performance of
Canny operator for edge detection is consistent
and precise in comparison to other advanced
edge detectors.
The optimal Canny edge detection algorithm
focuses on specific attributes to exhibit an
efficient edge detection method. It has a low
error rate by which it ensures that edges
occurring in the images are not missed while no
responses are produced by non-edges. Further
the distance between the edge pixels and the
actual edge of an image is minimized and only
one response is generated for a single edge.
Thus, it is the most practical and commonly
used algorithms for edge detection with
multistage process.
The Canny edge detector eliminates the
presence of noise by using a simple mask of
Gaussian filter at first. Gaussian smoothing is
performed using standard convolution method
where a convolution matrix which is much
smaller than the actual image, slides over the
original image, manipulating a square of pixel
at a time. After completion of noise removal
and image smoothening, the edge strength is
found using the gradient of the image.
The Sobel operator performs a 2D spatial
gradient measurement to determine the
approximate absolute gradient magnitude. It
highlights the region with high spatial
derivatives allowing algorithm to trace along
the edge in the edge direction and suppressing
any pixel that is not at the maximum. The
remaining pixels that have not been suppressed
are reduced by hysteresis, in which it uses two
threshold values. If the magnitude is below the
lower threshold value, it is set to zero while if
the magnitude is above the higher threshold, it
is made as an edge. However, if the threshold
magnitude of a pixel is in between the lower
threshold value and higher threshold value, it is
set to zero unless there is a path from this pixel
to another pixel with a gradient above higher
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threshold. The Gaussian filter that is used as the
pre-processing method to blur the image is
determined by the parameter sigma in the
Gaussian function [14] given by Equation (1)
below,
𝜋(𝑥 2 +𝑦 2 )
))
𝜎

ℎ(𝑥, 𝑦) = exp(−(

(1)

The parameter σ (sigma) determines the width
of the filter. The blur increases with increase of
sigma values. However, if the value of sigma is
higher, the faint edges will not be detected. This
will lower the sensitivity to noise. In addition,
the localization error of the detected edges will
increase resulting in lower reliability. In
contrast, if sigma is low, the noise too will be
detected as edges.
Thresholding is the technique used to select an
optimal grey level threshold value for
separating object of interest in an image from
the background based on grey level distribution.
It creates a binary image of a grey-level image
by converting all the pixels below a certain
threshold value to zero and all the pixels above
to one. If f(x,y) is the threshold function of
g(x,y) at global threshold T, it can be defined as
described [14] in Equation (2) below,
𝑓(𝑥, 𝑦) = 1𝑖𝑓𝑔(𝑥, 𝑦) ≥ 𝑇
= 0𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

(2)

Global thresholding is solely based on the
characteristics of all pixels in the image unlike
local thresholding which divides an original
image into several sub-regions and chooses
various thresholds T for each sub-region
reasonably. However, if the value of threshold
is lower, in general, more edges will be detected
along with noise and irrelevant edges.
Conversely, if the threshold value is high,
subtle edges will be ignored. Thus it is crucial
to use appropriate threshold and sigma value for
canny edge detection. However, the guideline to
understand the selection of threshold and sigma
values for images with diverse content is vague.
Thus it is significant for users of different
domain to be able to use this technique for their
applications.

There have been researches [15-25] focusing on
different aspects of edge orientation, noise
environment and edge structure of canny edge
detection to improve the accuracy. However,
none of the study concludes a guideline to
interpret values for threshold and sigma. A
nonparametric and unsupervised method of
automatic threshold selection is presented [26]
in which an optimal threshold value is selected
to maximize the separation of resultant classes
in grey levels. This method is incorporated with
canny edge detection for better accuracy in
recent researches [27-32].
The application of canny edge detection is a
promising solution to various industrial sectors
such
as
glass
production,
ceramic
manufacturers, traffic controls and electronics
[33-39]. However, additive manufacturing
unlike the other technologies requires
significant threshold value selection. Industry
4.0 technologies [40] consider additive
manufacturing as one of the primary enabling
factors which requires continuous growth
towards modernization in industries.
Additive manufacturing technology is rapidly
growing since it has the ability to manufacture
complex parts with limited cost. In addition, it
allows selection of materials depending on the
applications, strength and required durability.
Stability of an additive manufacturing process
is based on melt pool geometry and it is vital to
monitor and process the control. Even though,
currently melt pool boundaries are extracted
using intensity-based image processing using
grey scale, selection of corresponding threshold
is challenging due to disturbance in the
environment, flares, speckles and intensity
based noise. Thus a guideline for selection of
threshold and sigma for additive manufacturing
is a basic requirement.
Diverse applications of researches focusing on
additive printing of complex chocolates [41]
and foods in general focuses on precision and
accuracy [42]. Eijnatten et al. [43] in their
research study on image segmentation methods
for computer tomography scan of bones discuss
applications of medical additive manufacturing
using global thresholding. The study suggests
that the future researches require development
in image segmentation methods. Mohammed
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[44] reviewed applications of 3D printing
technologies in oceanography while review on
additive manufacturing of custom orthoses and
prostheses ensures the requirement of
improvement in the existing technology [45].
Recent researches ensure the importance of
improvement in additive manufacturing [4651]. However, it is difficult for the creative
artist to communicate the design for production
to a computer programmer who has different
background knowledge. Nevertheless, if there is
a robust way to convert a real life object to a
design to be manufactured automatically, the
work load and computational cost can be
reduced.

3. Methodology
A guideline for selection of threshold and sigma
values for canny edge detection of various
colors and brightness level images is required to
automate the edge detection application
efficiently in industries. Considering the
applications of reverse engineering, imagebased acquisition technique is developed by
capturing multiple views of two-dimensional
images of the existing product and creating the
3D model of the object.
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Table 1. The components of the developed model.
No.

Components

1

Capturing device

2

Rotary platform of diameter 10 cm

3

Linear arm joint

4

Circular base of diameter 15 cm

5

Linear adjustable arm with joint length,
(LA = 5.5 cm, LB = 9.5 cm, LC = 15 cm)

6

Positioning legs

7

Curvature arm joint

8

Curvature adjustable arm with joint, length L
= 22 cm.

3.2 Research experiment
The research experiment to study the
relationship between the sigma and threshold
values based on the color of the images
including intensities is designed with the
reference image as shown in Fig. 2. The
objective of the study is to detect the edge of a
specific color of an image with corresponding
threshold and sigma values and with regard to
the brightness level.

3.1 Design and development
The main frame of the developed model is
fabricated by fused deposition modelling
(FDM) technique while the camera is allowed
to be connected to both interior and exterior
surface depending on the object of interest. The
designed apparatus is shown in Fig. 1 with the
components as tabulated in Table 1.

Fig. 1. The developed image-based acquisition
technique model.

Fig. 2. The reference image for edge detection.

An Intensity value of each color on the palette
is considered on a scale of 0 to 255 in terms of
red, green and blue [52] and on a scale of 00 to
FF in hexadecimals [53-55]. The research
experiment uses the most common pixel format
of byte image where the number is stored as an
8-bit integer giving a range of possible values
from 0 to 255. This research experiment
considers intensity value of black as 0, intensity
value of white as 255 and analyzes the RGB
value of each color of the reference image.
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The research is developed with consideration to
the relationship between intensity of the image
and detection of the edges in terms of threshold
and sigma values. The threshold and sigma
values are chosen as in Table 2 to develop the
statistical relationship among the variables.
Three sigma values are chosen with good
variation to find the respective threshold values
within the range of 0.01 to 0.99 for different
colors to disappear from the palette, thus
detecting the rest of the edges. Similarly, a
constant threshold value of 0.5 is chosen with a
variety of sigma values.
Table 2. Selection of variables
Research
experiment

Sigma values

Threshold values

Design 01

0.1

0.01 to 0.99

Design 02

1.1

0.01 to 0.99

Design 03

2.3

0.01 to 0.99

Design 04

0.1 to 2.5

0.5

addition to the manufacturing industries, even
the artists and designers can use the developed
research study to perform edge detection of the
specific part of a complex image.
3.3 Research application
The development of guideline to detect certain
intensity in a defined brightness for canny edge
detection provides a high technical solution for
additive manufacturing in automated industries.
The graphical user interface allows the users to
select the specific intensity of an image to be
detected with edges. This selected area of the
design is later considered to be the whole image
for the following process of the automated
manufacturing as in Fig. 3.
CAD based
3D model

End
part
finishing

The intensity values of red, green and blue
pixels are used as three independent variables to
create a relationship among the variables.
Multiple regression analysis provides prediction
of a value of a criterion variable based on the
value of other explanatory variables. Since the
dependent variables are measured on a
continuous scale and are continuous, this
analysis can be used in this research study.
Multiple regression models create a relationship
between the experimental variables and the
response variable by formulating an equation
with experimental data. This model is being
used successfully in various recent researches
[56-62] for better prediction with minimum
error. Multiple regression model is used in this
study to develop the research results to
calculate the minimum value of threshold and
sigma values for the failure of edge detection of
various colors.
Graphical user interface is a requirement of the
users who have limited knowledge on computer
programming for ease of tasks. If the guideline
can be deduced from the research results, it can
be used to select any random design from the
environment to perform edge detection. In

Sliced
layers

.STL file

Additive
input

Fig. 3. The process flow of additive manufacturing.

According to the above figure, firstly a threedimensional
image
is
required
for
manufacturing. Currently, a CAD model is
being used by developing from the elementary
level. Instead, this study uses an image taken
with the required design to be developed into a
three-dimensional object with the aid of
generated guideline for selection of threshold
and sigma values. The graphical user interface
not only allows the user to upload an image but
also allows the user to adjust the threshold and
sigma values with respect to the developed
guideline to create an output image. The
selected output three-dimensional image is
converted into the format that can be read by an
additive manufacturing device such as standard
tessellation language. The image from the
developed system is easier to convert to
standard tessellation language than that of a
three-dimensional computer-aided drawing
since the developed system only focuses on the
edges. This allows layering the object into
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slices and then feeding it into the existing
additive manufacturing systems.
The detected edges are considered as the
contour of the object to be developed and the
Cartesian coordinates of the contour are used to
generate the toolpath for automated control
machines including lathes, mills, grinders and
routers. In addition, they can also be used to
increase the efficiency of computer numerical
control (CNC) machining process and laserbased additive manufacturing.
Additive manufacturing requires an input with
3D design. However, the toolpath with detected
edge has only two coordinates in both x and y
axis. Thus, extrusion technique is included for
designing in three dimensions. The extruded 3D
image is later given as the input to the 3D
printer for additive manufacturing with desired
materials such as acrylonitrile butadiene styrene
(ABS) or polylactic acid (PLA) using existing
3D printers. In addition, this approach can also
be used in various other types of additive
manufacturing.

4. Results and discussion
The research results are considered in two
major categories of constant sigma with varying
threshold and constant threshold with varying
sigma to understand the relationship among the
variables. Later, graphical user interface and the
application of the developed guideline in
additive manufacturing are discussed with
limitations and delimitations of the study.
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Fig. 4. The inverted output image with different
threshold values for sigma 2.3.

The threshold values at which failure of edge
detection occurs for different sigma values of
0.1, 1.1 and 2.3 for different intensity levels of
the colors are tabulated and graphically
represented in Fig. 5. The graph is drawn with
consideration to the order of failure of the
detected edges in horizontal axis. The results
show that the lower brightness fails in the
detection of edges initially with low threshold
values while color palette with high brightness
images require high threshold values to fail.
However, the threshold values vary with
brightness of the image and require
interpolation for variety of applications.

4.1 Constant sigma with varying threshold
The order of the disappearance of detected
edges using canny filter on the color palette
with constant sigma with varying threshold is
recorded. However, the detection of edges for
the intensity of the black color palette is
constant. Thus it is not considered in
formulating the equation using multiple
regression model. However, for better clarity of
the image and precise edge detection, the
images are inverted as in Fig. 4 with white
background for sigma value of 2.3.

Fig. 5. Variation in selected threshold values for
selected sigma values.

The residual output for different threshold
values along with the predicted threshold values
at sigma 1.1 is shown in Fig. 6.
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accordingly to adjust the desired design of an
image as required. This not only provides fillet
and chamfer features in the design but can
provide more artistic view to an existing object.

Fig. 6. Residual output for different threshold
values.

The regression statistics calculates the standard
error of the predicted threshold values with
respect to the actual threshold values using the
developed guideline as 0.0448 with the
coefficient of multiple determination for
multiple regression as 93.97%. General formula
for algorithm is thus generated using multiple
regression analysis with 95% confidentiality
limit. The developed algorithm exhibits 95.93%
accuracy with minimum root mean square error.

Fig. 8. The output image with sigma 10 and
threshold 0.5.

4.3 Applications of image-based acquisition
technique
Various images with significant colors are
selected and tested with the developed
apparatus as shown in Fig. 9.

4.2 Constant threshold with varying sigma
Sigma value in an image corresponds to the
clarity of the detected edges. Smaller sigma
values results in sharp corner edges. However,
with higher sigma values at constant threshold
of 0.5, curved edges are generated as output.
The following Fig. 7 shows an output image
with sigma value of 0.1 and threshold value of
0.5. The detected edges are sharp and similar to
the original image.

Fig. 9. Different orientation of the selected object on
the developed model.

However, for larger objects and objects that
cannot be fit onto the rotating table, Images are
taken as shown in Fig. 10 by attaching the
image capturing device to the exterior area.

Fig. 7. The output image with sigma 0.1 and
threshold 0.5.

Fig. 8 shows the difference at the edges with
sigma value of 10 and same threshold value of
0.5. The sharpness of the edges depends on the
sigma value and the detected edges of the
square generated a circle instead of square at
sigma value of 25. This variation can be applied

Fig. 10. Different orientation of the capturing device
placement for larger object.
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4.4 Graphical user interface
The developed guideline and generated
statistical equations allow the users to select the
required design of a complex image for
manufacturing without even designing the 3D
model of the design. The graphical user
interface is developed using MATLAB with
which the users insert the RGB values of the
desired part of the image to extract the
corresponding edges.
The interface allows the users to upload an
image of their interest and produces an output
of the selected design depending on the
provided threshold and sigma values. The user
interface includes artistic attributes including
color pixel display in input requirement
selections to create user-friendly environment
for users who have less knowledge on
programming. The black design of a light color
shoe is selected here in the user interface for
extraction for development as shown in Fig. 11.
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designing and computer-aided manufacturing
programming phase allows the cutting tool to
remove most of the amount of material possible
with good accuracy and efficiency. This is
detected by the variation in edge pixels and the
background pixels. Missing pixels are
introduced in between two pixels if required
and the final toolpath is generated.
The generated toolpath can be used for various
manufacturing techniques depending on the
functionality of the machines. In addition, the
tool path can also be used as an input for
extrusion algorithm to create a threedimensional image from two-dimensional
image. This allows uniform extrusion for
additive manufacturing. This not only reduces
the job role of designing an image before
manufacturing but increases the efficiency of
additive manufacturing. Fig. 12 shows the
extruded image of a desired design which can
be interpreted in standard tessellation language
for additive manufacturing. The generated
output shows that any two-dimensional image
can be converted into a three-dimensional
design for additive manufacturing using the
proposed technique.

Fig. 11. The user interface of the system.

4.5 System development
The design is detected with appropriate
threshold values with which the design is
modified according to the desired designing
process. Sigma values are changed with
consideration to the requirement of the
sharpness of the edges. Various changes at the
edges are allowed to be incorporated to the
design with the developed user interface. The
output image can be viewed and altered until
the user gains satisfaction. Once the design is
finalized, the tool path of the selected design
can be generated with Cartesian coordinates.
Toolpath is a series of locations of coordinates
followed by a cutting tool during the machining
process. Roughing toolpath in computer-aided

Fig. 12. The extruded output image of the system.

4.6 System testing
Five users with average knowledge on
designing and image processing designed a
specific part of the existing design from the
environment using both developed approach
and computer-aided design and drafting
technology. An image of the existing design
was taken and using the developed approach,
the edges were detected based on the desired
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colors. Later, different values of sigma and
threshold were used to improve the design and
the final design was converted into threedimensional image as an input for additive
manufacturing. The same users were also
requested to generate a three-dimensional
image of the existing design using computeraided software. The time taken by the users for
both techniques is shown in Fig. 13.

Fig. 13. The time taken by the users for proposed
and existing computer-aided designing approach.

The average time taken using the developed
approach was 12 minutes while use of
computer-aided design and drafting technology
took 40 minutes. This indicates that the
developed approach reduces the time taken for
designing by 70%. This reduces the workload
of employees, reduce stress and encourage them
to actively participate in work. The cost can
also be reduced by 20% with lesser requirement
of professional designers and management
depending on the applications. Even though this
approach reduces the workload of designers
with drafting existing designs from the
environment and outperforms the existing
designing techniques, the creative designing
tools are limited. Further, designs with same
hues and intensities cannot be extracted
separately. The approach also requires an
additional camera or mobile phone with camera
features for system implementation. However,
the system can be used effectively based on
applications of the manufacturing and
production industries.
The guideline developed using the research
study is limited to the brightness level and color
intensities used in formulating the statistical
equation. The selected values of sigma and
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threshold are the delimitations of the study. The
generated guideline can be improved by using
machine learning models such as support vector
machine (SVM) and deep learning models
including artificial neural network (ANN) to
increase the efficiency of the prediction. SVM
even though is effective in high dimensional
spaces and has clear margin of separation, it
fails to perform with large dataset which
requires high training time. In addition, SVM is
sensitive to noises. If small dataset with
minimum noise can be generated, this technique
can improve the accuracy of the developed
guideline. ANN is one of the main tools in deep
learning inspired by the learning procedures of
human
brain.
ANN
requires
higher
computational power and has the ability to
work with complex tasks. However, the users
have no access to the decision making process
of the neural network even though they can
fine-tune the answers. Furthermore, this
requires more training datasets. Nevertheless,
more images with different brightness levels
and various color intensities can be considered
for improvement.

5. Conclusion
This research study focuses on providing a
guideline to choose threshold and sigma value
for users who are not expertise in image
processing in manufacturing industries such
that the advancement in technology can be used
in various industries regardless of requirement
for computer specialists. The proposed
approach uses different combinations of
threshold and sigma to generate desired design
with an accuracy of 95.93%. The proposed
approach reduces the work load of designers by
70% in production industry by allowing them to
choose desired design from a complex twodimensional image. Extrusion and generation of
Cartesian coordinates from images without a
requirement of designing objects improves the
production methodology of the industries.
Further, it reduces the demand for designing
engineers reducing the operating cost of the
industries. It contributes not only to the
production industry but food industries, artistic
creations and entertainment based companies
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and interior architectural firms which focus on
designing and manufacturing desired designs.

Acknowledgement
This research study is supported by the
Graduate Scholarship for Excellent Foreign
Students and Young Researcher Grant 2014
from Sirindhorn International Institute of
Technology, Thammasat University, Thailand.

References
[1] W. J. Hughes, Joint Federal Aviation
Administration-Air Force Workshop on
Qualification/
Certification
of
Additively Manufactured Parts. [online]
Summary Report, Federal Aviation
Administration, (2016).
[2] Norsk Titanium AS. ‘Norsk Titanium
to Deliver the World’s First FAAApproved,
3D-Printed,
Structural
Titanium Components to Boeing’
Business Wire, (2017).
[3] John Canny, “A Computational
Approach to Edge Detection”, IEEE
Transactions on Pattern Analysis and
Machine Intelligence, Vol. PAMI-8,
No. 6, pp. 679 – 698, (1986).
[4] Irwin Sobel, Camera Models and
Machine
Perception.
Doctoral
Dissertation, Stanford University,
Stanford, CA, United States of
America, (1970).
[5] Lawrence G. Roberts, “Machine
Perception
of
Three-Dimensional
Solids”, Doctoral Dissertation, M
Massachusetts Institute of Technology,
United States of America, (1963).
[6] Guner S. Robinson, “Detection and
coding of edges using directional
masks”, in Proceedings of the Seminar
in advances in image transmission
techniques, San Diego, California, pp.
117-125, (1976).
[7] D. C. Marr and Ellen Hildreth, “Theory
of Edge Detection”, in Proceedings of
the Royal Society of London, Vol. 207,
No. 1167, (1980).

Vol. X, No. X, XXXX

[8] J. J. M. S. Prewitt, “Object
enhancement and extraction”, Picture
Proc. and Psychopictorics, New York:
Academic Press. pp. 75-149, (1970).
[9] E. R. Davies, “Chapter 5 – Edge
detection”,
Computer
Vision
Principles, Algorithms, Applications,
Learning, 5th ed., United Kingdom,
(2018).
[10] Poonam Dhankhar and Neha Sahu, “A
Review and Research of Edge
Detection Techniques for Image
Segmentation”, International Journal
of Computer Science and Mobile
Computing, Vol. 2, No. 7, pp. 86-92,
(2013).
[11] Raman
Maini,
and
Himanshu
Aggarwal, “Study and Comparison of
Various Image Edge Detection
Techniques”, International Journal of
Image Processing, Vol. 3, No. 1, pp. 111, (2009).
[12] B. O Sadiq, S. M. Sani and S. Garba,
“Edge Detection: A Collection of Pixel
based Approach for Colored Images”,
International Journal of Computer
Applications, Vol. 113, No. 5, pp. 2932, (2015).
[13] Djemel Ziou, and Salvatore Tabbone,
“Edge Detection Techniques - An
Overview”, International Journal of
Pattern Recognition and Image
Analysis, Vol. 8, pp.537-559, (1998).
[14] R. C. Gonzalez and R. E. Woods.
Digital Image Processing, 2nd ed.,
Beijing:
Publishing
House
of
Electronics Industry, (2007).
[15] John Canny, “Improved Algorithms for
Sign Determination and Existential
Quantifier Elimination”, The Computer
Journal, Vol. 36, No. 5, pp. 109-418,
(1993).
[16] Zhan Chaohui, Duan Xiaohui, Xu
Shuoyu, Song Zheng and Luo Min,
“An
Improved
Moving
Object
Detection Algorithm Based on Frame
Difference and Edge Detection”,
Fourth International Conference on
Image and Graphics, (2007).

JCARME

[17] Biman Debbarma and Dibyendu
Ghoshal, “A Modified Canny Edge
Detection Algorithm with Variable
Sigma”, International Journal of
Emerging Trends in Electrical and
Electronics, Vol. 1, No. 2, (2013).
[18] Cai-Xia Deng, Gui-Bin Wang and XinRui Yang, “Image Edge Detection
Algorithm Based on Improved Canny
Operator”, In. Proceedings of the
International Conference on Wavelet
Analysis and Pattern Recognition. pp.
168-172, (2013).
[19] Yingke Feng, Jinmin Zhang, and
Siming Wang, “A new edge detection
algorithm based on Canny idea”, 2nd
International Conference on Materials
Science, Resource and Environmental
Engineering, (2017).
[20] Yuan-Kai Huo, Gen Wei, Yu-Dong
Zhang and Le-Nan Wu, “An Adaptive
Threshold for the Canny Operator of
Edge
Detection”,
International
Conference on Image Analysis and
Signal Processing, pp. 371-374, (2010).
[21] Firas A. Jassim, “Semi-Optimal Edge
Detector based on Simple Standard
Deviation
with
Adjusted
Thresholding”, International Journal of
Computer Applications, Vol. 68, No. 2,
April, (2013).
[22] Gao Jie and Liu Ning, “An improved
adaptive threshold canny edge detection
algorithm”, International Conference
on Computer Science and Electronics
Engineering, pp. 164-168, (2012).
[23] Weibin Rong, Zhanjing Li, Wei Zhang
and Lining Sun, “An Improved Canny
Edge Detection Algorithm”, IEEE
Proceedings
on
International
Conference on Mechatronics and
Automation, pp. 577-582, (2014).
[24] Xun Wang, and Jian-Qiu Jin, “An Edge
Detection
Algorithm
Based
on
Improved CANNY Operator”, Seventh
International Conference on Intelligent
Systems Design and Applications,
(2007).
[25] Huili Zhao, Guofeng Qin and Xingjian
Wang, “Improvement of Canny

Vol. X, No. X, XXXX

Algorithm Based on Pavement Edge
Detection”,
Third
International
Congress on Image and Signal
Processing, (2010).
[26] Nobuyuki
Otsu,
“A
Threshold
Selection Method from Gray-Level
Histograms”, IEEE Transactions on
Systems, Man and Cybernetics. Vol. 1,
(1979).
[27] Suheir M. El Bayoumi Harb, Nor
Ashidi Mat Isa and Samy A. Salamah,
“Improved
image
magnification
algorithm based on Otsu thresholding”,
Computers and Electrical Engineering,
Vol. 46, pp. 338–355, (2015).
[28] Mengxing Huang, Wenjiao Yu and
Donghai Zhu, “An Improved Image
Segmentation Algorithm Based on the
Otsu Method”, 13th ACIS International
Conference on Software Engineering,
Artificial Intelligence, Networking and
Parallel/Distributed Computing, pp.
135-139, (2012).
[29] Jin Li-Sheng, Tian Lei, Wang Rongben, Guo Lie and Chu Jiang-wei, “An
Improved Otsu Image Segmentation
Algorithm for Path Mark Detection
under Variable Illumination”, IEEE
Proceedings on Intelligent Vehicles
Symposium, pp. 840-844, (2005).
[30] Zhong Qu, and Li Zhang “Research on
Image segmentation Based on the
Improved Otsu Algorithm”, Second
International Conference on Intelligent
Human-Machine
Systems
and
Cybernetics, (2010).
[31] Chunshi Sha, Jian Hou and Hongxia
Cui, “A robust 2D Otsu’s thresholding
method in image segmentation”,
Journal of Visual Communication and
Image Representation, Vol. 41, pp.
339–351, (2016).
[32] Xiangyang Xu, Shengzhou Xu,
Lianghai Jin and Enimn Song,
“Characteristic analysis of Otsu
threshold and its applications”, Pattern
Recognition Letters, Vol. 32 pp. 956–
961, (2011).
[33] J. A. Yague-Fabra, S. Ontiveros, R.
Jimenez, S. Chitchian, G. Tosello and

JCARME

S. Carmignato, “A 3D edge detection
technique for surface extraction in
computed tomography for dimensional
metrology applications”, CIRP Annals Manufacturing Technology, Vol. 62,
pp. 531-534, (2013).
[34] Saeed Hosseinzadeh Hanzaei, Ahmad
Afshar and Farshad Barazandeh,
“Automatic detection and classification
of the ceramic tiles’ surface defects”,
Pattern Recognition, Vol. 66, (2017).
[35] Zeljko Hocenski, Suzana Vasilic, and
Verica Hocenski, “Improved Canny
Edge Detector in Ceramic Tiles Defect
Detection”, 32nd Annual Conference
on IEEE Industrial Electronics, (2006).
[36] Mayur A. Inglea and Girish R.
Talmaleb, “Respiratory Mask Selection
and Leakage Detection System Based
on Canny Edge Detection Operator”,
Procedia Computer Science, Vol. 78,
pp. 323-329, (2016).
[37] Jie Lei, Xin Gao, Zunlei Feng, Huamou
Qiu and Mingli Song, “Scale
Insensitive and Focus Driven Mobile
Screen Defect Detection in Industry”,
Neurocomputing, Vol. 294, pp. 72-81,
(2018).
[38] Fen Zhanga, Naosheng Qiao and
Jianfeng Li, “A PCB photoelectric
image edge information detection
method”, Optik, Vol. 144. pp. 642-646,
(2017).
[39] P. Srinivas, Y. L. Malathilatha and M.
V. N. K. Prasad, “Image Processing
Edge Detection Technique used for
Traffic Control Problem”, International
Journal of Computer Science and
Information Technologies, Vol. 4, pp
17 – 20, (2013).
[40] Heiner Lasi, Peter Fettke, Hans-Georg
Kemper, Thomas Feld and Michael
Hoffmann, “Industry 4.0”, Business
and Information Systems Engineering,
Vol.6, pp. 239-242, (2014).
[41] Matthew Lanaro, David P. Forrestal,
Stefan Scheurer, Damien J. Slinger,
Sam Liao, Sean K. Powell and Maria
A. Woodruff, “3D printing complex
chocolate objects: Platform design,

Vol. X, No. X, XXXX

optimization and evaluation”, Journal
of Food Engineering, (2017).
[42] Zhenbin Liu, Min Zhang, Bhesh
Bhandari and Yuchuan Wang, “3D
printing: Printing precision and
application in food sector”, Trends in
Food Science & Technology, (2017).
[43] M. Van Eijnatten, R. Dijk, J. Dobbe,
G. Streekstra, J. Koivisto and J. Wolff
“CT image segmentation methods for
bone used in medical additive
manufacturing”, Medical Engineering
and Physics, Vol. 51, pp. 6-16, (2018).
[44] Javeed
Shaikh
Mohammed,
“Applications
of
3D
printing
technologies
in
oceanography”,
Methods in Oceanography, Vol. 17, pp.
97-117, (2016).
[45] Roland K. Chen, Yu-an Jin, Jeffrey
Wensman and Albert Shih, “Additive
manufacturing of custom orthoses and
prostheses—A
review”,
Additive
Manufacturing, Vol. 12, pp. 77-89,
(2016).
[46] H.K. Chan, J. Griffin, J. J. Lim, F.
Zeng and A. S. F. Chiu, “The impact of
3D Printing Technology on the supply
chain: Manufacturing and legal
perspectives”, International Journal of
Production Economics, Vol. 205, pp.
156-162, (2018).
[47] Ben Ezair, Saul Fuhrmann and Gershon
Elber, “Volumetric covering print-paths
for additive manufacturing of 3D
models”, Computer-Aided Design, Vol.
100, pp. 1-13, (2018).
[48] Sambit Ghadai, Aditya Balu, Soumik
Sarkar and
Adarsh Krishnamurthy
“Learning localized features in 3D
CAD models for manufacturability
analysis of drilled holes”, Computer
Aided Geometric Design, Vol. 62, pp.
263-275, (2018).
[49] R. A. Katkar, R. M. Taft and G. T.
Grant, “3D Volume Rendering and 3D
Printing (Additive Manufacturing”,
Dental Clinics of North America, Vol.
62, pp. 393-402, (2018).
[50] Tuan D. Ngo, Alireza Kashani,
Gabriele Imbalzano, Kate T. Q. Nguyen

JCARME

and
David
Hui,
“Additive
manufacturing (3D printing): A review
of materials, methods, applications and
challenges”, Composites Part B:
Engineering, Vol. 143, pp. 172-196,
(2018).
[51] Nelson
Vargas-Alfredo,
Helmut
Reinecke, Alberto Gallardo, Adolfo O.
Campo
and
Juan
RodriguezHernandez, “Fabrication of 3D printed
objects with controlled
surface
chemistry and topography”, European
Polymer Journal, Vol. 98, pp. 21-27,
(2018).
[52] Xiao Li, Min Fang, Ju-Jie Zhang and
Jinqiao Wu, “Domain adaptation from
RGB-D to RGB images”, Signal
Processing, Vol. 131, pp. 27-35,
(2017).
[53] D. Jeyabharathi and D. Dejey, “Vehicle
Tracking and Speed Measurement
system (VTSM) based on novel feature
descriptor: Diagonal Hexadecimal
Pattern (DHP)”, Journal of Visual
Communication
and
Image
Representation, Vol. 40, pp. 816-830,
(2016).
[54] D. Jeyabharathi and D. Dejey, “New
feature
descriptor:
Extended
Symmetrical-Diagonal
Hexadecimal
Pattern for efficient background
subtraction and object tracking”,
Computers and Electrical Engineering,
Vol. 66, pp. 454-473, (2018).
[55] Xingyuan Wang, Xiaoqiang Zhu,
Xiangjun Wu and Yingqian Zhang,
“Image encryption algorithm based on
multiple mixed hash functions and
cyclic shift”, Optics and Lasers in
Engineering, Vol. 107, pp. 370-379,
(2018).
[56] A. G. More and S. K. Gupta,
“Predictive modelling of chromium
removal using multiple linear and
nonlinear regression with special
emphasis on operating parameters of
bio electrochemical reactor”, Journal of
Bioscience and Bioengineering, Vol.
126, pp. 205-212, (2018).

Vol. X, No. X, XXXX

[57] Omid Doosti-Irani, Mahmood Reza
Golzarian,
Mohammad
Hossein
Aghkhani,
Hasan
Sadrnia
and
Mahboobe Doosti-Irani, “Development
of multiple regression model to
estimate the apple’s bruise depth using
thermal maps”, Postharvest Biology
and Technology, Vol. 116, pp. 75-79,
(2016).
[58] Richard Kicsiny, “Multiple linear
regression based model for solar
collectors”, Solar Energy, Vol. 110, pp.
496-506, (2014).
[59] Richard Kicsiny, “Improved multiple
linear regression based models for solar
collectors”, Renewable Energy, Vol.
91, pp. 224-232, (2016).
[60] Richard Kicsiny, ‘Black-box model for
solar storage tanks based on multiple
linear regression’, Renewable Energy,
Vol. 125, pp. 857-865, (2018).
[61] Tianhong Liu, Haikun Wei and Kanjian
Zhang, “Wind power prediction with
missing data using Gaussian process
regression and multiple imputation”,
Applied Soft Computing, Vol. 71, pp.
905-916, (2018).
[62] Mohammad Reza Moghaddasi and
Majid Noorian-Bidgoli, “ICA-ANN,
ANN and multiple regression models
for prediction of surface settlement
caused by tunneling”, Tunnelling and
Underground Space Technology, Vol.
79, pp. 197-209, (2018).

