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FPGA-Based Three Edge Detection Algorithms (Sobel, Prewitt
and Roberts) Implementation for Image Processing

Abstract- This technique aims to identify bone boundaries and fractures in noisy images by leveraging information from X-ray images. The
computer-aided bone fracture detection method is primarily designed to help doctors generate improved diagnostic reports. Identifying accurate
boundaries in noisy images remains challenging. Image processing algorithms have been limited to slow software implementations due to restricted
processor speeds, necessitating a dedicated processor for edge detection. The Spartan3E-XC3S1600 FPGA kit will be employed to construct a fast
architecture capable of performing edge detection using Sobel, Prewitt and Roberts edge detection systems.

Streszczenie- Ta technika ma na celu identyfikacje granic kosci i ztaman na zaszumionych obrazach poprzez wykorzystanie informacji z obrazéw
rentgenowskich. Wspomagana komputerowo metoda wykrywania ztaman ko$ci ma przede wszystkim pomdc lekarzom w generowaniu lepszych
raportéw diagnostycznych. Identyfikacja doktadnych granic w hatasliwych obrazach pozostaje wyzwaniem. Algorytmy przetwarzania obrazu zostaty
ograniczone do powolnych implementacji oprogramowania ze wzgledu na ograniczong predko$c¢ procesora, co wymagato dedykowanego procesora
do wykrywania krawedzi. Zestaw Spartan3E-XC3S1600 FPGA zostanie wykorzystany do zbudowania szybkiej architektury zdolnej do wykrywania
krawedzi z wykorzystaniem systeméw wykrywania krawedzi Sobel, Prewitt i Roberts. (Implementacja algorytmoéw wykrywania trzech krawedzi
opartych na FPGA (Sobel, Prewitt i Roberts) do przetwarzania obrazu)
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1. Introduction

This section briefly addresses research, prior work, and
demonstrations by various researchers who have attempted
to elucidate the application of different edge detection
filters, such as Sobel, Prewitt and Roberts, to software
using MATLAB and hardware using various FPGAs related
to those used in this paper.

In 2011, Mahendran and Santhosh introduced an
automated system to detect long bones, specifically tibia
bones, by employing a fusion-classification approach. The
process consisted of four stages: preprocessing,
segmentation, feature extraction, and bone detection, and
utilized various image processing techniques for effective
fracture identification. The fusion classification incorporated
three classifiers: BPNN, SVM, and NB, resulting in notable
enhancements in detection rate and classification speed [1].

In 2012, Li Bin and Mehdi Samiei Yeganeh examined
and compared multiple traditional edge detection
algorithms, such as Roberts, Sobel, Prewitt, LOG, and
Canny, using MATLAB. They found that the Sobel operator
was better at detecting diagonal edges, while the Prewitt
operator excelled at horizontal and vertical edges. The LOG
generated double-width edges relative to pixels, and the
Canny algorithm effectively identified weak edges due to its
noise resistance [2].

In 2013, Dhanabal and his team created a co-processor
for image processing as part of a project centered on image
processing. This co-processor was designed specifically for
edge detection, and the algorithm was implemented on an
FPGA to take advantage of inherent parallelism, resulting in
enhanced performance. The architecture was similar to an
ARM processor, which served as the master and held
images for processing. Images were sent from the ARM to
the FPGA for processing and were displayed through a
VGA. The edge detection core was implemented within the
FPGA, where the image was read, processed, and saved in
memory before being shown by the VGA controller. The
Sobel Edge detection algorithm was employed,
demonstrating efficiency for smooth edges and reduced
sensitivity to noise [3].

In 2014, Vaishnav Tej Akhil, Prof. Amit Kumar, and Prof.
Ekta Chotai proposed a comprehensive method for
implementing an edge detection algorithm on FPGA using
VHDL. The results showed that the Sobel algorithm
performed best, and they also implemented software-based
algorithms on hardware using Spartan/Altera kits [4].

In 2015, Mohammad and Brendan presented a high-
speed pipeline-based FPGA architecture for first-order
derivative edge detection techniques. This architecture
used parallelism at various levels to accelerate operations.
They suggested one-way and two-way parallel
architectures, employing Verilog HDL for Cyclone IV FPGA
with different edge detection methods. The results showed
speed-ups of 460 and 920 for the parallel architectures,
respectively [5].

Also in 2015, High-Level Synthesis (HLS) technology
emerged, enabling the automatic transformation of high-
level language programs into hardware language programs.
Kazunari Yosikawa, Naohiro lwanaga, Hamachi Tatsuya,
and Akira Yamawakim created a Canny edge filter using
fixed-point number HLS. They experimentally compared
hardware modules utilizing fixed-point numbers with those
using floating-point numbers, discovering that fixed-point
programs were transformed by HLS into more efficient,
compact hardware modules with increased operational
speeds. The researchers exhibited a 76% reduction in
hardware size and a 33% decrease in execution time,
leading to a highly effective fixed-point Canny edge filter
hardware capable of HLS conversion [6].

In 2017, Avinash G. Mahalle and A. M. Shah
implemented classical edge detector operators, including
Robert, Prewitt, Sobel, and Canny edge detection
algorithms on a Spartan-3E FPGA. The results indicated
that Canny was the best edge detection algorithm, followed
by Sobel, Prewitt, and Roberts. Based on application
needs, they could use any of these algorithms in real-time.
They also discovered that the JTAG hardware co-simulation
approach using Xilinx System Generator was a
straightforward and efficient method for implementing
hardware on an FPGA platform [7].
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In 2018, Wint and colleagues concentrated on
identifying and classifying fractured or non-fractured tibia
bones in the lower leg using X-ray images. The fracture
detection process for tibia bones involved three primary
steps: preprocessing, feature extraction, and classification
and localization of fracture sites. During preprocessing,
Unsharp Masking (USM), an image sharpening technique,
was employed to enhance images and highlight edges. The
system was implemented using MATLAB, a programming
software equipped with an extensive range of image
processing tools. The fracture classification system attained
an accuracy of 82% [8].

2. Edge detection techniquwes

Most edge detection methods are based on the concept
of 2D spatial filtering operations, which involve continuous
alterations in pixel values. In contrast to other edge
detection techniques, first difference-based operator
algorithms are the easiest to implement on hardware. In the
Sobel Algorithm, gradient computation relies on both
horizontal and vertical masks at each image point. The
convolution, when compared to the image, is relatively
small. Consequently, starting from the top left corner of the
image, horizontal and vertical masks slide across the entire
image. Moreover, the masks move rightward on the image
until they reach the end of the row. Then, they resume from
the leftmost part of the image's second row, as illustrated in
Figure 1 [9].
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Fig 1: 2D spatial filtering operation

A.Sobel Edge Detector

The Sobel operator, a well-known first-order edge
detection operator, computes the approximation of image
intensity. At every point in the image, the Sobel operator
produces the associated norm of the gradient vector. To
calculate the image approximation, it uses two 3x3 masks
convolved with the original image. Both convolution masks
aim to identify edges in both horizontal and vertical
directions. The Gx and Gy masks are determined using the
following equations [9][10].
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B.Prewitt Edge Detector

The Prewitt operator's output determines the norm
of the gradient vector at every point in the image. This is
achieved by convolving the original image with a small,
separable, integer-valued filter in the horizontal direction
using equation 3, vertical direction using equation 4, and
both diagonal directions using equations 5 and 6. It is also a
first-order derivative operator [11]. The approach is based
on the following:
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C. Robert Edge Detector

This operator is gradient-based. It begins with the
calculation of the sum of the squares of the differences
between diagonally adjacent image pixels using discrete
differentiation. Subsequently, it computes the approximate
gradient of an image. Equations (7) and (8) demonstrate the
convolution of the input image with the operator's default
kernels, followed by the calculation of magnitude and
directions using 2x2 kernels [12]. Figure 2.6 illustrates the
image and its edge detection using this method:
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3.Hardware Computer Aided Fracture Detection System

In Figure 2, the aim of the Signal Analysis segment
is to identify bone fractures in X-ray input images using a
variety of edge detection methods. In the second setup, two
architectures are devised: one for detecting Sobel, Prewitt,
and Roberts filters. In the following sections,
comprehensive descriptions of each part will be given. Keep
your text and graphic files separate until the text is
formatted and styled. Refrain from using hard tabs and
restrict hard returns to only one at the end of a paragraph.
Do not include any page numbers within the paper. Also,
avoid numbering text headings, as the template will handle
that for you.

ey

Fig.2: The Steps of the Designed Fracture Detector System

4. Architecture of Three filters

Figure 3 displays the block diagram of the first architecture
used for detecting bone fractures. This architecture includes
two switches for selecting the operation mode, an
integrated rotary encoder for managing the threshold value
of each edge detection filter, and two BRAMSs; the first one
for input image data and the second one for storing output
results. Defining abbreviations and acronyms is not
necessary. Refrain from using abbreviations in the title or
headings unless it is absolutely essential.

Sobel
Prewitt

Robert
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SWy SWy

Fig 3: Sobel, Prewitt, and Robert Block
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Figure 4 illustrates the flow chart of the steps followed in
the design of Sobel, Prewitt, and Roberts filters by using the
designed system.
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a.Filters Edge Detector Performance

Upon reading the fractured bone's colored image file using
MATLAB with an image size of 128x128 pixels, the image is
converted to gray scale using a specific programming
statement before applying the Sobel filter.

Figures 5 show the results obtained using MATLAB, with
images featuring 8-bit pixel resolution in (a) and 6-bit pixel
resolution in (b).

I

Original (a) 8- -bit Result (b) 6- blt Result

Fig. 5: Simple fracture image MATLAB results using Sobel filter

Figure 6 presents the hardware outcomes from the chip
being tested. The result image without a threshold (a) and
with a suitable threshold (b) is shown on an external screen,
while figures 7 illustrate the appropriate threshold choices
for the Simple and Communicated images, respectively.

(a) without threshold  (b)with threshold
Fig. 6: Simple fracture image FPGA results using Sobel filter

Original image

Fig. 7: Threshold selection for the Communicated fracture image
using Sobel filter

The Prewitt edge detection filter was also executed
using MATLAB and VHDL, taking into account the
calculation of execution time. The same two images
employed in the earlier detector were selected to display
the results of the implementation using MATLAB and VHDL
for comparative purposes.

Figures 8 present the hardware outcomes from the chip
being tested. The result image without a threshold (a) and
with a suitable threshold (b) are shown on an external
screen, while figures 9 illustrate the appropriate threshold
choices for the Simple and Communicated images,
respectively.

Original image (a) without threshold (b) with threshold
Fig. 8: Simple fracture image FPGA results using Prewitt filter

Fig 9: Threshold selection for Simple fracture image using Prewitt
filter

The Roberts edge detection filter was also implemented
using MATLAB and VHDL, and the same two images used
in the previous detector were selected to showcase the
results of the implementation using MATLAB and VHDL for
comparison purposes.

As demonstrated in the earlier detectors, after reading
the colored image file of the fractured bone using MATLAB
with an image size of 128x128 pixels, the image is
converted to gray scale using a specific programming
statement before applying the Roberts filter. Figures 10
display the results obtained using MATLAB, with images
featuring 8-bit pixel resolution in (a) and 6-bit pixel
resolution in (b).

Orlglnal (a) 8-bit Result (b) 6-bit Result
Fig. 10: Simple fracture image MATLAB results using Roberts filter

Original image (a) without threshold (b) with threshold
Fig 11: Simple fracture image FPGA results using Roberts filter
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Fig. 12: Threshold selection for Simple fracture image using
Roberts filter

Figures 11 showcase the hardware outcomes acquired
from the chip under examination. The result image without a
threshold (a) and with an appropriate threshold (b) are
displayed on an external screen, while Figures 12 highlight
the suitable threshold choices for the Simple and
Communicated images, respectively.

b. Thresholding Variation Performances

Thresholding is a simpler method for edge
detection in images. It can be used to generate binary
images from a grayscale image. In this technique, each
grayscale pixel in an image is replaced with either a black or
a white pixel, depending on the pixel intensity. If the image
pixel intensity is below a specific threshold value, the result
will be a black pixel, whereas if the image pixel intensity is
above the threshold, the outcome will be a white pixel. This
applies to all previously filtered images, as demonstrated in
Table 1.

Table 1: Images threshold table

I I Image name Sobel Priwett | Roberts
L. | Simple SDH (93) | 36H (54) | 2IH(33)
2. | Communicated SFH(95) | SZH(82) | 29H (41)

(3 [Samp_i9PG | 39H(57) | SDH(S) | TIH(17)
5. | Samp_2JPG 43H (67) | 2EH (46) | 1AH (26)
4. | Samp_3.JPG 2DH (45) | 21H(33) | ODH (13)

Figure 13 provides the UCF constraints for the VGA display
port, including the 1/O pin assignment, the 1/O standard
used, the output slew rate, and the output drive current.

NET "VGA_RED" LOC = "H14" | IOSTANDARD = LVITL | DRIVE =
8 | SLEW = FAST ;

NET "VGA GREEN" LOC = "H15" | IOSTANDARD = LVTTL | DRIVE =
8 | SLEW = FAST ;

NET "VGA BLUE" LOC = "G15" | IOSTANDARD = LVITL | DRIVE =
8 | SLEW = FAST ;

NET "VGA ESYNC™ LOC = "F15" | IOSTANDARD = LVITL | DRIVE =
8 | SLEW = FAST ;

NET "VGA_VSYNC" LOC = "F14" | IOSTANDARD = LVTTL | DRIVE =
8 | SLEW = FAST ;

Fig 13: UCF Constraints for VGA Display Port

Figure14 provides the UCF constraints for the Character
LCD, including the 1/O pin assignment and the I/O standard
used.
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Fig 14: UCF

Location Constraints for the Character LCD

5.Conclusions

e It has been found that the Roberts algorithm for edge
detection is more suitable for this kind of application.

e The outcomes of edge detection algorithms differ based
on their filters. It is observed that the Sobel algorithm is the
most effective for this purpose compared to others.

e The three edge detection algorithms are implemented
using the Spartan 3E-XC3S500, which has sufficient
resources for the aforementioned filters.
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