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Abstract— In today’s world fast computing is required to 

handle large amounts of data. Real time image processing 

and video processing requires billions of computations per 

second which is impossible to do with sequential algorithm. 

To speed the processing of the tasks up, we need to design 

hardware that can harness parallel nature of the application 

to be run. Multimedia, scientific and engineering 

applications have large amount of data and hence require 

fast computing. Thus parallel computing architectures are 

becoming a necessity due to increasing computational 

demands by these applications. In this work, we implement 

Sobel edge detection algorithm on multiple cores on Xilinx 

Kintex 7 FPGA. Our NoC based design allows parallel 

execution of the algorithm unlike the sequential execution 

done by a single core. The system was designed in Verilog 

and Synthesized on Kintex-7 FPGA. The multiple cores in 

our implementation are connected over a NoC-based 

architecture which accelerates the speed of image processing 

by 41% as compared to a sequential FPGA implementation. 
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I. INTRODUCTION 

The edge detection refers to the process of identifying the 

structural data of a given image. Edge detection algorithms 

are most important applications in image processing. Edge 

detection finds its use in several applications such as feature 

extraction, road lane detection and bar code readers.Edge 

detection is a process of identifying edges in image. Image 

edges correspond to points in an image where the gray value 

changes significantly. In gray scale image each pixel is 

represented by 8 bit, hence gray level values vary from 0 to 

255, where 0 value stands for black colour and 255 value 

stand for white colour [6]. Detection of edges with high 

accuracy in real time is challenging due to the involved 

resource usage and computational complexity. Real-time 

edge detection highly constrains the available compute time. 

Thus, FPGA implementation of an edge detector with 

multiple cores over a NoC is explored in this work.  

II. RELATED WORK 

Girish ChapIe, R. D. Daruwala et al [4] present a design of a 

Sobel edge detection algorithm to find edge pixels in gray 

scale image. They used Xilinx ISE Design Suite-14 software 

platforms to design a algorithm using VHDL language and 

used MATLAB software platform for obtaining pixel data 

matrix from gray scale image and vice versa. They conclude 

that Xilinx FPGAs of family Vertex-5 are more suitable for 

image processing work than Spartan-3 and Spartan-6. Manoj 

S. Gofane, Girish ChapIe, R. D. Daruwala et al [5] extend 

their work compares efficiency and computational 

complexity of Robert, Prewitt, Sobel operators based edge 

detection techniques for real time uses. They conclude that 

FPGA hardware utilization is less in Robert operator based 

edge detection as compare to Prewitt and Sobel operator. 

Edge detection efficiency of Sobel operator is better than 

Prewitt and Robert operator. Edges detected by Sobel 

operator based edge detection system are thick. For 

application like road lane detection in smart cars where fast 

processing is required, Robert operator based edge detection 

system can be used. For system like bar code reader, Sobel 

operator based edge detection system can be used to get 

sharp edges. Yun Jie WU, Dominique HOUZET, Sylvain 

HUET et al [7] presents a NoC and a design flow which 

target the implementation of streaming applications. They 

describe the NoC topology as a matrix of routers mapped on 

a matrix of FPGAs for prototyping and used System C as a 

streaming programming model. Dr. Garima Bandhawarkar 

Wakhle, Iti Aggarwal, Shweta Gaba et al. [3] Presents a 

Synthesis and Implementation of UART using VHDL 

Codes. They present a UART module that contains three 

parts (1) Baud rate generator, (2) UART Receiver (3) UART 

Transmitter. By using these three modules we can send 

image to the FPGA serially and also can receive image from 

FPGA to PC serially bit by bit. W. Dally and B. Towles et 

al. [1] presents a concept of on chip network and also 

discuss challenges in the architecture and design of these 

networks. They discuss the basic architecture of NoC. L. 

Benini and G. De Micheli et al. [2] Presents a concept of 

globally asynchronous and locally synchronous devices, 

because NoC is also a GALS device and due to this concept 

it provides high speed and high performance. Also, they 

discuss the challenges of SoC design that describes the 

requirement of NoC for future designs.  

III. SOBEL EDGE DETECTION ALOGRITHM 

Sobel edge detection operator is one of the most popular 

edge detection operators. Sobel edge detection is found to 

perform better than other contemporaneous edge detection 

operators. The Sobel operator is a first order edge detection 

operator that finds change in intensity by differencing 

adjacent points [6]. The Sobel operator only considers the 

two orientations which are 0° and 90° convolution kernels. 

The operator uses the two kernels which are convolved with 

the original image to calculate approximations of the 

gradient. The two convolution kernels are designed to 

respond maximally to edges running vertically and 

horizontally relative to the pixel grid, one kernel for each of 

the two perpendicular orientations. The kernels can be 

applied separately to the input image, to produce separate 

measurements of the gradient component in each orientation 

(call these Gx and Gy). These can then be combined together 

to find the absolute magnitude of the gradient at each point. 

The gradient magnitude is given by Eq (1) 

|G| = √(Gx
2 + Gy

2)  (1) 

Typically, an approximate magnitude is computed using Eq 

(2) 

|G| = |Gx| + |Gy|    (2) 
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This is much faster to compute. The Sobel operator 

is simple. Because it uses only two convolution kernels to 

detect the edge of a given image as shown in Fig. (1). 

 
Fig. 1: Convolution Templates for Sobel Edge Detection 

IV. FPGA HARDWARE IMPLEMENTATION 

The aim of this project is to make a system that is able to 

detect the edges in real time video using Sobel edge 

detection enhancement operator. While the Sobel edge 

detection enhanced algorithm is implemented on the FPGA, 

the test setup consists of a UART cable, an FPGA and 

MATLAB to send or receive data to or from FPGA using 

UART cable serially as shown in Fig. (2). 

 
Fig. 2: Hardware Implementation 

A. Uart Module 

A universal asynchronous receiver and transmitter (UART) 

is a circuit that sends parallel data through a serial line. 

UARTs are frequently used in conjunction with the EIA 

(Electronic Industries Alliance) RS-232 standard [9]. A 

UART includes a transmitter and a receiver. The transmitter 

is essentially a special shift register that loads data in 

parallel and then shifts it out bit by bit at a specific rate. The 

receiver, on the other hand, shifts in data bit by bit and then 

reassembles the data. We implemented UART operating at 

57600 baud rate. 

B. Image Processing Module 

1) Rgb-To-Gray Module 

An important application of image processing is RGB to 

Gray conversion algorithm which converts the RGB image 

to Gray image. This module is essential, since all the edge 

detection operators can be applied only on Gray scale 

image. Since the images fed to the system from real world 

follow the RGB format, the RGB-to-Gray converter module 

transforms the input image to Gray scale. To convert RGB 

image to Gray scale image we used below given formula in 

Eq. (3). 

Y = (0.2989 x R) + (0.5870 x G) + (0.1140 x B)  (3) 

To avoid use of real arithmetic on the FPGA, Eq. 

(3) has been approximated to Eq. (4). This approximation is 

done to simplify the arithmetic operations done per pixel. 

Since shifting operation is less power and area intensive 

than the multiply operation, Eq. (4) is favourable. 

Y = (R>>2) + (R>>5) + (G>>1) + (G>>4) + (B>>4) + 

(B>>5) (4)  

One of the pros of our implementation is that it is 

pipelined. The processing of the image starts when the first 

three pixels are received by the compute engine. The first 

step of processing is conversion of the image from 24-bit 

RGB to 8-bit Gray pixel using Eq. (4). The incoming pixels 

are stored in a BRAM that is available on the FPGA. This 

process of storing three RGB pixels and converting them to 

Gray pixels continues sequentially till the entire image is 

processed. 

C. Sobel Edge Detection Module 

This module is responsible to take the pixels from RGB-to-

Gray module (as described above) and store them in RAM 

memory until first three rows arrive. The module starts its 

processing after receiving the first three rows of the image. 

This module is responsible for computing the edges of the 

image using the sobel operators. Edge detection is done 

using two 3x3 kernels that are convolved with the Gray 

scale image generated by the previous module. The 

computation is done using cores which are connected over a 

NoC. The cores are required to carry out the following 

computations on every pixel in the Gray scale image: 

Horizontal (E_0) and Vertical (E_90) Edge detection. 

Edge=absolute(E_0)+absolute(E_90) 

Result=unit8(Edge)  

We can use 4,8,16 or more cores depending on the 

required speed of processing and the size of the image to be 

processed. We perform edge detection using 4, 8 and 16 

cores. The required number of computation iterations can be 

found using Eq. (5), and (6) where col. stands for the 

number of columns (or the width) of the image, cores is the 

number of compute cores instantiated in the system, q stands 

for the number of compute iterations required to process the 

image and rem stands for the number of pixels remaining to 

be processed at the end of a given compute iteration:  

q= (col-2)/cores             (5) 

rem= (col-2) % cores           (6) 

From Eq. (5) and (6), it is clear that q+1 iteration 

are required to evaluate all the pixels of one row. Here for 

an example if we have 13x13 image and if we have 8 cores 

then col-2 = 11, cores = 8, q = 1, rem = 3. Thus, q=1 

indicates that in 1st iteration we can evaluate 8 pixels by 

using the available 8 cores. The result of this iteration is 

stored in the memory, where each core have its own 

memory of (q+1) size. After the computed data is stored, in 

the 2nd iteration the remaining three pixels are evaluated 

using first 3 of the available 8 cores only. The algorithm 

smartly uses only the required number of cores in each 

iteration while keeping the others inactive. This reduces the 

power consumption of the system. At the end of the second 

iteration, the results are stored in the corresponding core 

memory. After complete computation of first three rows, 

row shifting is done before the data is serially moved out of 

the system over UART. 

V. EXPERIMENTAL RESULTS 

In this work we compare implementation of the Sobel edge 

detection algorithm using a multicore system connected over 

a NoC with a sequential pipelined unicore system. Both the 

implementations are synthesized using Xilinx ISE 14.5 for 

Kintex-7 KC-705 FPGA target device. Fig. (3) Shows the 

RTL Schematic of Sobel edge detection algorithm top 

module, which contains UART module, RGB-to-Gray 

module and Sobel Edge detection module, DCM module. 
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Fig (4) and Fig (5) shows the RTL Schematic of Sobel Edge detection module without NoC and with NoC (16 cores). 

 
Fig. 3: RTL Schematic of Sobel edge detection algorithm top module 

 
Fig. 4: RTL Schematic of Sobel Edge Detection Module without NoC 

 
Fig. 5: RTL Schematic of Sobel Edge Detection Module with NoC (16 cores) 

The input RGB image and the results are shown in 

Fig. (6). Fig. (7) Shows the chip scope results for proposed 

method with 8 cores. It shows that the 8 output pixels from 

the 8 compute cores are obtained on a same clock cycle in 

parallel. Fig. (8), (9), (10), (11) show the simulation results 

for sobel edge detection algorithm for 20x20 image size 

without NoC & with NoC  by applying 16, 8, 4 cores 

respectively. Fig (8) shows that evaluating 18 pixels of first 

row of resultant image, the algorithm takes 18 clock cycles 

+ additional cycles (calculation of 1st pixel+ row shifting). 
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Fig. (9), (10), (11) show reduction in the required clock 

cycles to 4, 6, 10 (+ additional cycles) in systems using 16, 

8 and 4 cores respectively. The number of additional clock 

cycles in both the implementations is the same. 

 
Fig. 6: Original RGB Image, Results for Sobel Edge Detection 

 
Fig. 7: Chip scope Results for proposed Method 

 
Fig. 8: Simulation results for Sobel Edge Detection algorithm without NoC 

 
Fig. 9: Simulation results for Sobel Edge Detection algorithm with NoC (16 cores) 
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Fig. 10: Simulation results for Sobel Edge Detection algorithm with NoC (8 cores) 

 
Fig. 11: Simulation results for Sobel Edge Detection algorithm with NoC (4 cores) 

VI. CONCLUSION AND FUTURE WORK 

The proposed method of Sobel Edge detection algorithm 

exploits parallelism and therefore it is the need of future for 

high speed application. NoC based design increases the 

speed of application by high degree of parallelism. We have 

a brief summary which compares the Existing method and 

proposed method is shown in Table 1. 

Image 

Size 

Without 

NoC 

Implementation with 

NoC 

Advantage 

(%) 

No. of cores No. of cores 

4 8 16 4 8 16 

20x20 61 53 49 47 15 24 29 

30x30 91 79 71 67 15 28 35 

30x35 106 91 83 79 16 27 34 

40x40 121 103 93 89 17 30 35 

50x50 151 129 117 111 17 29 36 

1920 

x1800 
5401 4503 4053 3829 19 33 41 

Table 1: Summary for Clock cycle require to get 1 row of 

Resultant Image 

From Table 3 we have the following two observations: 

1) Increase in the number of cores increases 

advantage. 

2) Increase in the image size is increases also 

advantage. 

Now, by considering above conclusions we have future 

scope to use NoC concepts in Video Processing to achieve 

real time video streaming for HD video which contains 

High-Definition (1800x1920) image sizes. 

Also, we can modify the Sobel edge detection 

algorithm by replacing it from Sobel edge detection 

enhancement algorithm. In our other work we trying to 

implement Sobel edge detection enhancement algorithm in 

which the orientation of the convolution kernels is increased 

from 2 to 4 in order to increase the accuracy of edge 

detection with the same computation time by using 

parallelism [8]. 
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