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Abstract— Image processing is an important task in data
processing systems for applications such as medical
sectors, remote sensing, and microscopy tomography. Edge
recognition is a sort of image division method that is used
to simplify the image records so as to reduce the amount of
data to be processed. Edges are considered the most
important in image processing because they are used to
characterize the boundaries of an image. The performance
of the Canny edge recognition algorithm remarkably
surpasses the present edge recognition technology in
various computer visualization methods. The main
drawback of using Canny edge boundary is that it
consumes lot of period due to its complex computation. In
order to tackle this problem a hybrid edge recognition
method is proposed in block stage to locate edges with no
loss. It employs the Sobel operator estimate method to
calculate the value and direction of the gradient by
substituting complex processes by hardware cost savings,
traditional non-maximum suppression adaptive
thresholding block organization, and conventional
hysteresis thresholding. Pipeline was presented to lessen
latency. The planned strategy is simulated using Xilinx ISE
Design Suitel4.2 running on a Xilinx Spartan-6 FPGA
board. The synthesized architecture uses less hardware to
detect edges and operates at maximum frequency of 935
MHz.

Keywords—Edge Detection, Sobel,
FPGA.
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1. INTRODUCTION

Edges are significant local variations in the intensity of
digital images. Edges are interpreted as a group of linked
pixels that form boundary among two unlike sub regions. A
way of segmenting a picture into isolated areas is a far widely
used method in virtual picture processing including pattern
identification, photograph morphology, and characteristic
extraction. Edge detection permits users to distinguish
significant changes in gray levels by observing features in the
image. This texture marks the edge of the area and the start of
other areas from the image, lessens the quantity of information
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in the picture and conserves the structural property of the
picture.

Area detection entails a selection of mathematical
operations finished on virtual pictures with the goal of
specifying discrete factors that represent sharp adjustments in
pixels that characterize the brightness and discontinuities of
the image [1-3]. An edge is a group of squiggly lines knitted
from pixels whose brightness changes rapidly in an image.
Edge detection can be an elementary tool in image processing
to notice features and characteristic extraction in individual
applications according to machine and computer vision [4-6].
Edge detection assists in the optimization of network data
measurements, assists in pattern recognition, and supports
extraction of options [7]. Edge recognition can be a practice
for judging breaks in gray-level pictures. Edges are one of the
maximum crucial factors in image analysis. As an end result it
plays a totally crucial position in a few applications of image
processing, specific in machine vision [8-10].

There are various edge detection strategies, which include
Prewitt, Robert, Sobel, and Laplace of Gaussian and Canny
facet detector [11]. Amongst numerous aspect detection
techniques, Canny detector presents improved overall
effecting with the aid of casting off the constraints of all
different aspect detectors, thereby reaching greater perfection
in phrases of noise immunity and sharp boundaries [12-15]. In
present applications, latency and computation charge are high
for Canny side recognition algorithm. To trounce those flaws
FPGA rooted computer hardware execution of hybrid area
detection set of rules is preferred [16-20].

Applying canny edge detection circuitry to end-user
cameras lowers  hardware costs [21].  Previous
implementations employed coarse calculations to avoid
complex manipulation, reducing hardware costs, reducing
input data corresponding to real-time applications and
reducing accuracy. So, there is a compromise between the
accuracy and the cost of the hardware [22-25]. These
problems are resolved by introducing a new hybrid edge
recognition algorithm with reasonable accuracy to reduce
computing complexity. In order to reduce hardware cost and
increase accuracy, the edge detection system adopts
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approximately methods, and pipeline technology is employed
to reduce latency. A comparison shows the savings of logic
cells at high throughput, with less hardware used by the
developed hybrid edge detection system.

II. EDGE DETECTION ALGORITHMS

There are a number of techniques to achieve edge

recognition. However, according to the mathematical
operators used, they are also divided into two separate classes:
1. Gradient: The gradient approach detects edges by way of
looking for the smallest exchange, including the most and
minimum values of one pixel in a picture.
2. Laplacian: The Laplacian technique detects zero crosses
and edges at the second spin-off of the image. It takes the
secondary derivative from the image; therefore, the
incomplete derivative operator is used to define the angle.
Edges are distinguished in the following ways:

o Identify resident maxima or minima for the first

derivative.
o Detecting the zero-crossing of the second derivative.

A. Sobel Operator

The Sobel operator is a classic first-order edge recognition
operator that computes an estimate of the slope of the picture
intensity. The edge precedes at the point where the gradation
is the highest. The Sobel technique performs a 2D spatial
gradient from the image, thus highlighting the high spatial
frequency domain corresponding to the edge. It is commonly
used to realize the estimated complete tilt size at every one
point in n input gradation images [1].

B. Prewitt Operator

It is a Gradient-based operator, one of the best process to
sense the direction and dimension of a picture. Calculates the
slope of the picture intensity function to detect the edges of a
picture. From the picture elements of a picture, the Prewitt
operator produces a slope vector. Two 3 x 3 kernels
convoluted with the input picture are used to compute the
derivative calculation [1].

C.Canny Edge Detection

The Canny edge recognition approach is one of the standard
edge recognition methods. Before finding the edges of a
picture, it is very important to isolate the noise in the image
and find the edges. Canny's method is a better way to apply
severe values of tendencies and thresholds for later edges
without interfering with the edge features of the image [2].

III. METHODOLOGY

A. Canny edge detection algorithm

An outline of traditional frame-based frugal edge
recognition is shown in Fig. 1 This is a summary of the frugal
edge recognition algorithm for an input picture of size N x N,
each in n bits. The fundamental steps for implementing a
frugal edge recognition algorithm are described below.

1. Gradient in parallel and perpendicular directions,
fe(x¥) and f.(x.¥) respectively, for each picture
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element (x¥) is calculated by performing
convolution of the picture with gradient mask.

2. Magnitude and route of every picture element is
computed. The importance and course outline the
direction and strength of the threshold at each picture
element.

Gradient
computation in

4 Gradient
x direction it i
Input magnitude Non-Maximum High and Low

Image _aﬂﬂ_ > Suppression e lhreshol_u —=
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thresholding Edge

Gradient
jon in
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Figure 1. Implementation of Canny Edge Recognition Algorithm [2]

3. Non-Max suppression (NMS): Translates blurry edges
of a picture to sharp edges and suppresses the
minimum value (holds the local maximum value) in a
gradient picture.

4. Threshold Computation: The possible edges are
determined by the two thresholds; low and high and
are calculated based on the whole picture tilt size
histogram.

5. Hysteresis thresholding: Creates uninterrupted edge
map by linking the values of gradient magnitude of
each picture element with the two threshold values. It
removes edge picture elements caused due to noise
and illumination variation.

B. Proposed Hybrid Edge Detection Algorithm

The conventional Sobel and canny edge recognition
algorithm have their own limitations when they are used
individually. Sobel algorithm is applicable to simple picture
but is not effective at recognizing edges in complex pictures.
The Canny edge recognition algorithm is better than Sobel at
recognizing edges at the cost of processing speed. The
proposed edge recognition algorithm is used to overcome the
limitations of Sobel and Canny edge recognition algorithm. In
the proposed algorithm both Sobel and Canny algorithm are
used together to improve the quality of edge recognition and
the processing speed. In the proposed algorithm the color
picture is converted into a grayscale picture and picture data is
stored in two separate memory buffers, one buffer is for
Canny algorithm and one buffer for Sobel algorithm.
Horizontal pixel scanning is done using Canny algorithm and
vertical pixel scanning is done using Sobel algorithm and both
horizontal and vertical edge recognized pictures are combined
to form efficient edge recognized picture.

There is no difference between level 1, 3 and level 5 of
Canny algorithm and the Sobel algorithm, these levels are
applied in block level. Gradient size and direction calculation
in level 2 are estimated to lessen the price of hardware. Level
4, which is the two threshold computation termed adaptive
threshold computation, is altered to refine the performance by
manipulating the resident block statistics. For each picture in
the record, non-overlying blocks are built and efficient
classification techniques are used to classify (a) uniform areas
(b) textures (c) middle edges and (d) strong edges.

Figure 2. Proposed Hybrid Edge Recognition Algorithm.
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This classification technique uses a current pixel-centered
(3 x 3) window to label pixels with uniform textures and edges
using a local average of the magnitude of the slope of each
pixel. Every block is then considered built on the total amount
of edge picture elements. The two thresholds are calculated in
record pictures are based on the median slope magnitude. The
median of each block is implemented in a sliding window
manner, computed using a histogram of the magnitude of the
uniformly quantized gradient, improving the accuracy of the
threshold on less hardware. Adaptive threshold computation
aids to conquer unnecessary edges in even areas and find
substantial edges in edge areas. Fig. 2 shows the summary of a
new canny edge recognition design approach. A detailed
explanation of the new hybrid edge recognition algorithm is as
follows.

1) RGB to Gray Scale conversion

The input color picture is converted into gray scale picture.
The color picture is split into red, green and blue planes and
are multiplied with the threshold values to convert to the gray
picture. Fig. 3 shows the structure of the RGB to grayscale

conversion.
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Figure 3. Structure of RGB to grayscale Conversion.
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2) Sobel operator based Gradient Computation

A gradient mask is used for the Sobel operator. The reason
for employing Sobel operator in place of other operators is
because it integrates Gaussian smoothing and differentiation.
Greater weight is assigned to picture element intensities
around ends. Fig. 4 shows kernels of the Sobel operator in
perpendicular and parallel direction.

110 1 121
-2 0 2 0 0 0
-1 0 1

(a) Sobel operator (b) sobel operator

kernel in x direction kernelin y direction

Figure 4. Sobel Operator

For each pixel(x.¥), the gradients in x and ¥ direction
denoted by f;(x. ¥} and f,(x.y) are calculated using (1) and
2).
flay) =(p —p) + (g — ) + (22 — 1)
Gyl = (o —md + @y — 1) + (2 — p2)

where p = fix — Ly — 1), pl = fx.yv — 1],

p2 =flx +Ly—-1),p3 =flx — 1.v),

pS =flx+Lvy), pb=flx —Ly+1),

p7 =fle.y+1),p8=f(x + Ly + 1)

In fact, identifying corners with high precision is not possible
for Sobel operator. From the Equations (1) and (2), 2's
complement subtraction is used to calculate the slope. The
overflow bit (flag_x/flag_¥) represents the sign of the
resulting number. It is considered as positive value if overflow
exists otherwise negative value. 2's complement is used to
illustrate negative values. The architecture for the computation
of f.(x. %) and fy(x.y) is shown in the Fig. 5. Shift-based
multiplication and two's complement subtraction are used in
proposed Canny edge detection to reduce hardware costs.

(1)
2)
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3) Gradient magnitude calculation

Strength of an edge is defined by pixel size at specific pixel.
Two square and one square root calculation is required as
shown in equation 3. The size is performed using Eqn. 3,

e
T

Hxs1,y-1)/Fx-1,y+1) o
n

flx-1,y-1)
n
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n

Figure 5. Architecture of f(x, ) and f,(%. 1)

mag (e, y) = fe(x.¥)* + fi(xy)? 3
The cost paid to implement Eqn. 3 is very high hardware.
Low-cost hardware technique called the square root
approximation is proposed to calculate the size mag (x,y). It
is given by

mag (x, ¥} = max ((0.875a + 0.55), a)

Where & = max (}} Gyl £, G, _‘}-‘:]) and
b = min(£(x.y). f(x.))

In Eqn. 4 the multiplication operator is executed by shift block
and the ADD block calculates the addition of the two inputs.
Fig. 6 shows the square root approximation structure. Here,
the CMP block compares an input value that produces a
minimum and maximum value as output.
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Figure 6. Structure of square root approximation

4) Non-Max Suppression (NMS)

It is a method used to thin the edges to maintain maxima
beside the oblique direction of the image. As shown in Fig. 7,
8 contiguous pixels (3 x 3 windows) are needed to determine
the maxima i.e., gl, ..., g4 and g6, ..., 29. The selector is used
to find a picture element in the same direction as the current
picture element portrayed as a and b in Fig. 7. Current pixel g5
is compared with a and b using a comparator (CMP) to check
for the presence of a maximum. If the maximum value exists
for the current picture element, it is considered an edge picture
element. It is suppressed if maximum value does not exist.
The architecture of NMS is shown in Fig. 7.

\
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Figure 7. Structure of Non-Max Suppression

5) Adaptive Threshold Computation

The canny edge detector performance depends on the
threshold. Therefore precise calculations are required. The
median of the magnitude of the gradient is computed based on
a uniformly quantized histogram of the magnitude of the
gradient for each block type to help to find the threshold. Fig.
8 shows a schematic diagram of the histogram-based median
filter structure, which is implemented in a sliding window
method. Both the low and high thresholds are computed using
a rule of thumb. The two threshold values are achieved by
making use of median value as given in the Eqn. 4,

Low threshold (ThL) = 0.33 = Median Value

High threshold (ThH) = 1.66 = Median Value ()]
Median
Index ;
> Bin 0
Bin 1
" Bin 2
Gradient
Magnitude Bin 3 Priority |
of block > Encoder | o tian
Value
=
Bin 4
Bin 5
|, Bin 6 -
> Bin 7

Figure 8. Structure of median filter based on Histogram.

Overall computation speed of the design is improved by
employing a pipeline structure. It will breakdown the critical
path. Every timing path will introduce a delay in the design,
which path takes the maximum path is called as critical path.
By using pipeline structure overall throughput of the design is
increased. Fig. 9 shows the pipeline structure.
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Figure 9. Pipeline Structure

IV. IMPLEMENTATION

A. Implementation on MATLAB

In this section, the proposed canny edge recognition
algorithm is simulated using MATLAB tool. A MATLAB
graphical user interface (GUI) application is developed to test
the entire system. It is a MATLAB and Verilog co-simulation
platform used to test the code. Fig. 10 shows the MATLAB
GUI application, in the application the colour image will be
read first and then the colour image is converted into grey
scale image. The binary values of the image will be stored in
the text files. The Verilog test bench reads the RGB pixel files
and stores it in memory. This acts as the input to the image
pr ing module.

Edge_detected

Figure 10. MATLAB GUI Application

B. Implementation on XILINX

The grey scale image data from MATLAB is sent to XILINX
tool. Fig. 11 shows the memory in Verilog which has got the
files from the text file.
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stored onto a memory. The MATLAB application will read
output of Verilog and verify the algorithms and the edge
detected image is displayed. The Verilog code is synthesized
on a Spartan 6 FPGA. Fig. 13 shows the synthesized block
view of the proposed hybrid edge detection algorithm.
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Figure 11. Memory in Verilog

After running the Verilog test bench, it writes the output of

gray scale, binary, edge and segmented data onto a memory
and then onto a text file. Fig. 12 shows the edge detected data
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Figure 12. Edge detected data stored onto a memory.

Figure 13. Synthesized block view of proposed hybrid edge
recognition algorithm

Fig. 14 shows the proposed RTL schematic of proposed
Canny edge detection algorithm. The schematic diagram
shows the different blocks of the proposed Canny edge
recognition, it contains blocks like buffer, gradient, median
filter, square approximation and thresholding.



INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING
DOI:

10.46300/9106.2022.16.78

EDGE_detection New

R111117113
HHH

r

Pl

Figure 14. RTL Diagram of Hybrid Edge Recognition Algorithm

V.RESULTS AND DISCUSSION

The simulation of proposed algorithm for hybrid edge
recognition is tested on colour picture of any size, these
pictures are converted into gray scale and resized to 512 x 512
standard size.
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algorithm. Computation of gradient direction and magnitude
using Approximation method , uniform quantization method
for calculation of median value which is achieved in gliding
window manner, which shows better results than traditional
Canny and Sobel algorithms. Table 1 shows the image
parameters such as PSNR, MSE, average difference,
maximum difference and structural content of the picture. The
MSE joins debasement work and statistical characteristics of
commotion within the edge detected picture. MSE specifies
the normal distinction of the picture elements all through the
original ground truth picture with edge recognized picture.
The higher MSE demonstrates a more noteworthy distinction
between the unique and prepared picture. MSE should be
higher in picture edge recognition to ensure that it found more
edge points on the picture and also it is capable to detect weak
edge points. PSNR is one of the blunder measurements
utilized in picture compression. Based on picture compression,
PSNR is utilized to degree the quality of reconstructed picture
of Lossy and Lossless compression. Higher PSNR implies
more commotion evacuated.

Figure 15. Edge detection a) Original Picture b) Sobel edge
recognition, ¢) Canny edge recognition d) Hybrid edge
recognition algorithm.

The simulation of proposed algorithm for edge recognition is
executed using Xilinx Design Suite. The strategy is verified on
Xilinx Spartan-6, Virtex-6 and Zynq FPGA board. Fig. 15
shows the comparison results of Sobel, Canny and proposed

E-ISSN: 1998-4464

Table 1. Summary Of Parameters

Parameters | Imagel | Image 2 Image 3 Image 4
Mean 704.258 | 441.408 165.355 140.586
Square
Error

Peak Signal | 49.6535 | 51.6824 55.9466 56.6514
to Noise

633
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Ratio

Average 0.756412 | 0.418653 | 0.0874878 | 0.0322252

Difference

Structural 14.0774 | 2.79064 | 0.879958 | 0.609429

Content

Maximum 255 255 255 227

Difference

Table 2 shows the device utilization summary of Sobel,
Canny and the proposed algorithm. Observation shows that the
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proposed Canny edge recognition algorithm utilizes less
computer hardware compared to the traditional Sobel and
Canny algorithm. The proposed design is simulated on
different target boards and the results shows that the proposed
algorithm consumes less time to detect edges. Pipelined
architecture helps to increase the overall speed. The proposed
design is able to detect the image edges at 935 MHz of
operating frequency on Xilinx Virtex-6 board. The proposed
algorithm is also verified using Spartan 6 and Zynq boards.

Table 2. Device Utilization Summary

Edge Recognition Image Size FPGA Device Used Slices No. of LUTs | Frequency Time
Methods (MHz2)
Sobel Edge Detection 512x 512 Spartan 6 0 88 100 10 ns
Canny Edge Detection 512x 512 Xilinx Virtex-5 17928/28495 - 272 0.13 ms
Proposed Algorithm 512x 512 Spartan 6 104/93296 302/46648 549 1.82 ns
Xilinx Viretx-6 104/93120 302/46560 724 1.38 ns
Zynq 104/157200 302/78600 935 1.06 ns
Comparision results of frequency of edge detection
algorithm
1,000 . Sobel REFERENCES
Il Canny

800 Hybrid

Frequency{MHz)

200 .
0

Edge Detection Algorithm

Figure 16. Comparison result of frequency of edge detection
algorithms.

Fig. 16 shows comparison between the operating frequency
of the Sobel, canny and the proposed hybrid edge recognition
algorithms. From the graph it is clearly evident that the hybrid
architecture is faster than the convention algorithms.

VI. CONCLUSION

Pipeline technology is used in proposed Canny edge
detection algorithm for simultaneous multi-block processing,
so there is increase in processing speed. The method used to
compute the direction and magnitude of the gradient is the
gliding window method in the median filter based on
histogram structure, under which hardware is underutilized.
Results shows that the proposed algorithm consumes less
resource in comparison to the conventional Sobel and Canny
algorithm and it requires only 1.06ns to detect the edges of
512 x 512 picture and is operating at a maximum frequency of
935 MHz.
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