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Abstract— The process of Edge detection refers to the 

process of location as well as the identification of sharp 

discontinuities in an image. The abrupt changes in the 

intensity of pixel are the discontinuities which characterizes 

boundaries of objects in a scene.  Convolution of an image 

is done in case of certain conventional edge detection 

techniques. Canny edge detection has remained a standard 

technique in the field of edge detection. Based on the 

statistics of an image, the Canny edge detector algorithm 

performs hysteresis Thresholding which requires computing 

high and low thresholds. Due to this, this technique becomes 

more complex. In the proposed work efforts will be made to 

reduce complexity and latency. The proposed algorithm 

Performed better compare to the conventional algorithm for 

edge detection.  The canny edge detection algorithm based 

on VHDL is proposed. 
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I. INTRODUCTION 

The Canny edge detection algorithm is known to many as 

the optimal edge detector. Canny's intentions were to 

enhance the many edge detectors already out at the time he 

started his work. He was very successful in achieving his 

goal and his ideas and methods can be found in his paper, 

"A Computational Approach to Edge Detection”. Edge 

detection technique is the most widely used preprocessing 

step in many image processing algorithms like image 

enhancement, image segmentation, tracking and many more. 

The part of the image where the intensity of pixel 

changes significantly refers to as “Edge” in digital image 

processing. Digital Image Processing proposed the general 

methods of edge detection are First Order Derivative 

(gradient method), Second-Order Derivative and Optimal 

Edge Detection to detect the edge. A lot of edge detection 

algorithms, such as Robert detector, Prewitt detector, Kirsch 

detector, Gauss-Laplace detector and Canny detector have 

been proposed. Among these algorithms, Canny algorithm 

has been used widely in the field of image processing 

because of its good performance. 

Canny edge detection has remained a standard 

technique in the field of edge detection. Based on the 

statistics of an image, the canny edge detector algorithm 

performs hysteresis thresholding which requires computing 

high and low thresholds. Due to this, this technique becomes 

more complex, This problem of canny algorithm will be 

solved in the proposed work. 

II. LITERATURE REVIEW 

Qian Xu, Srenivas Varadarajan, Chaitali Chakrabarti, 

Fellow, IEEE, and Lina J. Karam, Fellow, IEEE “A 

Distributed Canny Edge Detector: Algorithmand FPGA 

Implementation” The Canny edge detector is one of the 

most widely used edge detection algorithms due to its 

superior performance. It is more intensive as compared to 

other edge detecting algorithms, but it also has a higher 

latency because it is based on frame-level statistics. In this 

paper, we propose a mechanism to implement the Canny 

algorithm at the block level without any loss in edge 

detection performance compared with the original frame-

level Canny algorithm. Directly applying the original Canny 

algorithm at the block-level leads to excessive edges in 

smooth regions and to loss of significant edges in high-

detailed regions since the original Canny computes the high 

and low thresholds based on the frame-level statistics. To 

solve this problem, we present a distributed Canny edge 

detection algorithm that adaptively computes the edge 

detection thresholds based on the block type and the local 

distribution of the gradients in the image block. It is capable 

of supporting fast edge detection of images and videos with 

high resolutions, including full-HD since the latency is now 

a function of the block size instead of the frame size[1]. 

According to [2] ,  a new flexible parameterizable 

architecture for image and video processing with reduced 

latency and memory requirements, supporting a variable 

input resolution. The proposed architecture is optimized for 

feature detection, more specifically, the Canny edge detector 

and the Harris corner detector. The architecture contains 

neighborhood extractors and threshold operators that can be 

parameterized at runtime. Also, algorithm simplifications 

are employed to reduce mathematical complexity, memory 

requirements, and latency without losing reliability. 

Furthermore, we present the proposed architecture 

implementation on an FPGA-based platform and its 

analogous optimized implementation on a GPU-based 

architecture for comparison. A performance analysis of the 

FPGA and the GPU implementations, and an extra CPU 

reference implementation, shows the competitive throughput 

of the proposed architecture even at a much lower clock 

frequency than those of the GPU and the CPU. 

According to [3], key factors in design and 

evaluation of image processing algorithms has been 

constructed based on the massive parallel graphics 

processing units (GPUs) using the compute unified device 

architecture (CUDA) programming model. A set of metrics, 

customized for image processing, is proposed to 

quantitatively evaluate algorithm characteristics. In addition, 

we show that a range of image processing algorithms map 

readily to CUDA using multi view stereo matching, linear 

feature extraction, JPEG2000 image encoding, and no 

photorealistic rendering (NPR) as our example applications. 

The algorithms are carefully selected from major domains of 

image processing, so they inherently contain a variety of sub 

algorithms with diverse characteristics when implemented 

on the GPU. Performance is evaluated in terms of execution 

time and is compared to the fastest host-only version 

implemented using Open MP. It is shown that the observed 

speedup varies extensively depending on the characteristics 

of each algorithm. Intensive analysis is conducted to show 
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the appropriateness of the proposed metrics in predicting the 

effectiveness of an application for parallel implementation. 

Anupsingh Ramprakashsingh Rajput,and Samina 

Jafar, “ Improved distributed canny edge detector in vhdl” 

Proposed project will detect the edges efficiently with 

reduction in the processing speed and reduced the memory 

requirement. Proposed work will reduce the latency and 

increase the throughput. After implementing improved 

canny edge detector algorithm in VHDL, they got the 

following results.The result is for input size is 256x256, 

Output size128x128, Time required to detect the edges 

is0.06671585seconds (i.e 66 ms). This shows that the 

processing speed and memory requirement is reduced [8]. 

This paper [7] developed a scale multiplication-

based scheme to improve the performance of traditional 

Canny edge detector. Taking the advantage of similarities in 

the filter’s responses at adjacent scales,the new scheme 

multiplies the responses to enhance edge structures while 

diluting noise and detect the edges as the local maxima in 

the scale products. There theoretical analyses show that 

scale multiplicationcan improve the edge localization 

accuracy and then yield better edge detection results. 

Experiments on synthetic and natural images were made in 

this paper[7]. 

N. D. Narvekar and L. J. Karam, [4] For this 

purpose, the psycho-visual sharpness metric of [4] is used, 

which primarily depends on the edge map to estimate the 

cumulative probability of detecting blur (CPBD) in an 

image. This metric was shown in [4] to achieve the best 

performance among existing sharpness/blur metrics.It 

calculates the probability of detecting blur at each edge in an 

image and then obtains a final quality score over the entire 

image by evaluating the cumulative probability of blur 

detection. The effect of replacing the framebased Canny 

edge detection with the proposed distributed Canny edge 

detection on the sharpness metric of [4], for masks of 

different sizes and for different block sizes. Note that a 512 

× 512 block corresponds to the original frame-based Canny 

edge detector. The PCC is robust to changes in block size. In 

conclusion, the proposed distributed Canny algorithm can 

detect all the psycho-visually important edges for images 

with moderate noise and blur levels, similar to the original 

frame-based Canny algorithm. 

Christos Gentsos, Calliope-Louisa Sotiropoulou 

and Spiridon Nikolaidis, Nikolaos Vassiliadis. In this pepar 

[5]Modern image processing applications demonstrate an 

increasing demand for computational power and memory 

space. Because of its algorithmic efficiency and 

applicability many Canny implementations have been 

proposed. In this novel implementation of a Canny edge 

detector that takes advantage of 4-pixel parallel 

computation. It is a pipelined architecture that uses on-chip 

BRAM memories to cache data between the different stages. 

The exploitation of both hardware parallelism and pipelining 

creates a very efficient design that has the same memory 

requirements as a design without parallelism in pixel 

computation. In this paper a parallel design of a real-time 

Canny implementation is presented. This design has been 

achieve a rate of 240 frames per second for 1Mpixel image 

on sparttan -3E occupying a 28% of the area on chip[5] 

In this paper[6], a self-adapt threshold Canny edge 

detectionalgorithm is proposed. In this new Canny edge 

detector, instead of being set by manual, the threshold can 

be set automatically by the algorithm itself. Therefore, this 

new algorithm is more adaptable to the changes of 

environments and illumination conditions. The effectiveness 

of the proposed method has been shown by experiments. To 

meet the needs of real time processing, we also designed 

apipelined implementation on FPGA for this improved edge 

detection algorithm. Compared with the implementation in a 

PC based system, this pipelined implementation on FPGA 

takes much less implementation time and can therefore be 

used for the mobile robot vision system which is very strict 

for the real-time performance of its vision system[6]. 

III. CANNY EDGE DETECTOR 

Canny developed an approach to derive an optimal edge 

detector to deal with step edges corrupted by a white 

Gaussian noise. The original Canny algorithm consists of 

the following steps: 1) Calculating the horizontal gradient 

Gx and vertical gradient Gy at each pixel location by 

convolving with gradient masks. 2) Computing the gradient 

magnitude G and direction θG at each pixel location. 3) 

Applying Non-Maximal Suppression (NMS) to thin edges. 

This step involves computing the gradient direction at each 

pixel. If the pixel’s gradient direction is one of 8 possible 

main directions (0°, 45°, 90°, 135°, 180°, 225°, 270°, 315°, 

the gradient magnitude of this pixel is compared with two of 

its immediate neighbors along the gradient direction and the 

gradient magnitude is set to zero if it does not correspond to 

a local maximum. For the gradient directions that do not 

coincide with one of the 8 possible main directions, an 

interpolation is done to compute the neighboring gradients. 

4) Computing high and low thresholds based on the 

histogram of the gradient magnitude for the entire image.  

 
Fig. 1: Block of Canny Edge Detector 

The high threshold is computed such that a 

percentage P1 of the total pixels in the image would be 

classified as strong edges. In other words, the high threshold 

corresponds to the point at which the value of the gradient 

magnitude cumulative distribution function (CDF) equals to 

1-P1. The low threshold is computed as a percentage P2 of 

the high threshold. The values of P1 and P2 are typically set 

as 20% and 40%, respectively. 5) Performing hysteresis 

thresholding to determine the edge map. If the gradient 

magnitude of a pixel is greater than the high threshold, this 
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pixel is considered as a strong edge. If the gradient 

magnitude of a pixel is between the low threshold and high 

threshold, the pixel is labeled as a weak edge. Strong edges 

are interpreted as “certain edges”, and can be immediately 

included in the final edge images. Weak edges are included 

if and only if they are connected to strong edges. 

A block diagram of the canny edge detection 

algorithm is shown in Fig. 1. In this original canny edge 

detection algorithm, the gradient calculation (Step 1) is 

performed by using Finite-Impulse Response (FIR) gradient 

masks designed to approximate the following 2D sampled 

versions of the partial derivatives of a Gaussian function. 

IV. DESIGN METHODOLOGY 

The design methodology is stated as below: 

1) In order to implement the canny edge detector 

algorithm, a series of steps must be followed. The first 

step is to convert image in to text form and this give to 

next step. 

 
(a)Input image                (b) Converted text image 

2) Output of first step filter out any noise in the original 

image before trying to locate and detect any edges. And 

because the Gaussian filter can be computed using a 

simple mask, it is used exclusively in the Canny 

algorithm. Once a suitable mask has been calculated, 

the Gaussian smoothing can be performed using 

standard convolution methods. Once a suitable mask 

has been calculated, the Gaussian smoothing can be 

performed using standard convolution methods. A 

convolution mask is usually much smaller than the 

actual image. As a result, the mask is slid over the 

image, manipulating a square of pixels at a time. The 

larger the width of the Gaussian mask, the lower is the 

detector's sensitivity to noise. The localization error in 

the detected edges also increases slightly as the 

Gaussian width is increased.  The Gaussian mask used 

in our implementation is shown below.  

 
3) After smoothing the image and eliminating the noise, 

the next step is to find the edge strength by taking the 

gradient of the image The Sobel operator performs a 2-

D spatial gradient measurement on an image. Then, the 

approximate absolute gradient magnitude (edge 

strength) at each point can be found. The Sobel operator 

uses a pair of 3x3 convolution masks,one estimating the 

gradient in the x-direction (columns) and the other 

estimating the gradient in the y-direction (rows). They 

are shown below.  

 
The magnitude, or edge strength, of the gradient is 

then approximated using the formula: 

|G| = |Gx| + |Gy| 

4) The direction of the edge is computed using the 

gradient in the x and y directions. However, an error 

will be generated when sum X is equal to zero. So in 

the code there has to be a restriction set whenever this 

takes place. Whenever the gradient in the x direction is 

equal to zero, the edge direction has to be equal to 90 

degrees or 0 degrees, depending on what the value of 

the gradient in the y-direction is equal to. If GY has a 

value of zero, the edge direction will equal 0 degrees. 

Otherwise the edge direction will equal 90 degrees. The 

formula for finding the edge direction is just: 

Theta = invtan (Gy / Gx) 

5) After the edge directions are known, non-maximum 

suppression now has to be applied. This is a edge 

thining technique Non-maximum suppression is used to 

trace along the edge in the edge direction and suppress 

any pixel value (sets it equal to 0) that is not considered 

to be an edge. This will give a thin line in the output 

image.  

6) Finaly hysteresis is used for tracing edges from image 

as well as eliminating streaking.In hysteresis,2 

threshold a high and a low uses.In the image any pixel 

has a value T1 (Threshold) is presumed to be an edge 

pixel , and is marked as such immediately. Then, any 

pixels that are connected to this edge pixel and that 

have a value greater than T2 are also selected as edge 

pixels. Edge will obtain not only when gradient of T2  

start but  need a gradient below T1. 

 
Fig. 2: Design Methodology 

The above figure (2) shows the design 

methodology of the proposed work. 

V. EXPERIMENTAL SETUP 

The experimental   set up   consist of XILINX software in 

order to proceed for the project work.Xilinx ISE(Integrated 

Software Environment) is a software tool produced by 

Xilinx for synthesis and analysis of HDL designs, enabling 

the developer to synthesize ("compile") their designs, 

perform timing analysis, examine RTL diagrams, simulate a 
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design's reaction to different stimuli, and configure the 

target device with the programmer. 

VI. Top  

 
Fig. 3: Top Level Entity 

VII. RTL VIEW 

 
Fig. 4: RTL View 

VIII. DEVICE UTILIZATION SUMMARY 

Logic Utilization Used Available Utilization 

Number of Slice register 3672 12480 29% 

Number of slice LUTs 3443 12480 27% 

Number of fully LUT-FF 2838 4277 66% 

Number of bonded IOBs 20 172 11% 

Number of RAM/FIFO 18 26 69% 

Number of BUFG 1 32 3% 

Table 1: Device Utilization Summary 

IX. CANNY FPGA IMPLEMENTATIONS 

 
Imag

e size 

FPGA 

Device 

Used 

Slices 

Used 

Mem 

(KB) 

Freq

. 

(M

HZ) 

Tim

e 

 

[6

] 

512x

512 

Xilinx 

Vertex5 

4,553/71

,880 

192/5,32

8 

292.

8 

0.57

ms 

[4

] 

360x

280 

AlteraCy

clone 
__ __ 27 

2.5

ms 

[3

] 

256x

256 

Altera 

Stratix II 
__ __ 16 

4.2

ms 

[2

] 

512×

512 

Altera 

cyclone 

IV 

6608 533 242 
1.10

ms 

[1

] 

512×

512 

Xilinx 

Vertex5 

23,904/3

7440 

16,184/1

8576 
250 

0.15

ms 

0

ur 

512×

512 

Xilinx 

Vertex5 

3672/12

480 

265/ 

3360 
278 

3.59

7ns 

Table 2: Canny FPGA Implementations 

X. OUR RESULT FOR FPGA DEVICE WITH DIFFERENT IMAGE 

SIZE 

FPGA Device Image size Freq.(MHZ) Time(ns) 

Xillinx Vertex-5 512x512 278 3.597 

Xillinx 

Vertex-5 
640x480 310.501 3.221 

Xillinx Vertex-5 1240x1240 311.071 3.215 

Table 3: Our Result for FPGA Device with Different Image 

Size 

XI. RESULT 

The figure shown below shows the experimental results for 

the proposed work 

 
Fig. 5(a): 512 × 512 Input  image. 

 
Fig. 5(b): Output image 

 
Fig. 5(c): Input Image 
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Fig. 5(d): Output image 

 
Fig. 5(e): Input image 

 
Fig. 5(f): Output image 

XII. CONCLUSION 

The original Canny algorithm relies on frame-level statistics 

to predict the high and low thresholds and thus has latency 

proportional to the frame size. In order to reduce the large 

latency and meet real-time requirements, we presented a 

novel distributed Canny edge detection algorithm which has 

the ability to compute edges of multiple blocks at the same 

time. 

Thus our proposed project will detect the edges 

efficiently with reduction in the processing speed and 

reduced the memory requirement. Proposed work reduced 

the latency and increases the throughput. After 

implementing improved canny edge detector algorithm in 

VHDL. Finaly, we got the result, the algorithm is mapped 

onto a Xilinx Virtex-5 FPGA platform .This shows that the 

processing speed and memory requirement is reduced. The 

proposed FPGA implementation takes only 3.597 ns to 

detect edges of 512× 512 images when clocked at 278MHz. 

Thus the proposed implementation is capable of supporting 

fast real-time edge detection of images. 
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