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ABSTRACT

This paper presents the implementation of Sobel edge detector which is based on the NIOS Il soft-core
embedded processor. This image processing system is implemented on the Cyclone 11l EP3C120F780 FPGA
(Field Programmable Gate Array) using the features of Quartus 1l SOPC (System on a Programmable Chip)
builder. The results are displayed in a graphic LCD interface.
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1. INTRODUCTION

Digital image processing, in general, is the realization of various analysis methods and processes
aimed at using pictorial information. Today, there are many field studies about digital image
processing applications. These work areas include medical sciences [1-2], measurement and
instrumentation applications [3-4], cryptography sciences [5], earth sciences [6], control [7], food
industry, optimization, and artificial neural networks.

Image processing is the process of creating a processed digital image as a result of analysis and use of
everyday analog images. The preliminary stage, which aims to make a picture more understandable;
discrimination by visual subdivision, identification of subdivisions in the used property direction,
labeling of defined objects, and finally decision making and interpretation by looking at the objects to
be tagged.

Edge detection techniques are used at the stage of image segmentation. The boundaries of the objects
in the image are the edges of the reflection and illumination changes within the objects. Pixel
neighbors have an important place at the edges. It is possible to combine under four headers,
including edge detection methods implemented for edge detection, slope edge detectors, zero crossing
(secondary derivative detector), Gaussian edge detectors (Canny) and vector sequencing statistics.

In the Sobel operator, which is one of the slope edge detectors, the horizontal and vertical derivatives
of the view are calculated with 3x3 kernels. With these results, the slope values of each point in the
image are collected [8].

In the secondary derivative detectors, edge information about the image can be obtained by
performing zero crossing in the second derivative after the first derivative peak is determined [9].

The Canny application is a method of using step edges separated by Gaussian. This application is an
edge detector and noise-reducing [10].

Field Programmable Gate Array (FPGAs) are a programmable logic circuit designed to be
programmed or more precisely to be configured to emulate any circuit or digital system. FPGAs
provide a cheaper solution and faster system design compared to Application Specific Integrated
Circuits (ASICs) that require significant resources in terms of both charges and time. The
configuration of FPGAs takes little time, and their prices are around a few hundred to a few thousand
dollars. The major advantage of FPGAs is their flexibility, speed, and high consumption compared to
ASICs. As a result, FPGA chips are preferred for image processing applications where high
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processing power and performance are required due to their fast and low cost; reprogram ability and
high-frequency operation [11].

2. RELATED WORK

Various studies have been done with FPGA-based Sobel operator in the literature. Anusha et al
(2012), implemented 3D Sobel operator on FPGA [12]. In another work done by Mehra et al (2012), a
2-D FPGA-based Sobel operator application was presented and the maximum operating frequency of
the system was obtained at 148 MHz [13]. In Kumar et al. work (2013), 2-dimensional Sobel operator
implementation is implemented on FPGA-based systems [14]. Chaple et al (2014), presented a design
of a Sobel edge detection algorithm to find edge pixels in gray scale image. Xilinx ISE Design Suite-
14 software platform is used to design an algorithm using VHDL language [15]. Koyuncu et al
(2015), proposed an edge detection algorithm using Sobel operator based on FPGA architecture. This
system is designed using IEEE 754-1985 floating-point standard and VHDL hardware description
language. The design is synthesized for Xilinx Virtex-6 FPGA chip with 160 MHz operating
frequency [16]. Ben Amara et al (2016), presented an HD video streaming architecture and a Sobel
edge detection IP core design and implementation using a high-level synthesis workflow [17]. The
aim of the Yu Zheng (2017) work is to design a real-time Sobel extract system based on HLS method
and to implement it on ZYNQ FPGA [18]. It is in this same niche that the focus of our research work
is. It is a continuation of the research work mentioned above. In this work, we implemented the Sobel
edge detector using NIOS Il soft-core processor and Cyclone 11l FPGA.

The rest of the paper is organized as follows: the second section will present the Sobel edge detection
operator. The third section will describe the design of the edge-detection process using the FPGA-
based Sobel operator. The last section will discuss and interpret the obtained results.

3. THE SOBEL EDGE DETECTION ALGORITHM

One of the applications used for the analysis and use of digital image data is edge detection, which
can be performed using many different operators. The Sobel operator, a basic edge detection operator,
reveals the rate of color change in the image and is highly preferred because of its less distortion at
high noise levels. In other words, this operator specifies the slopes of each point in the image.
Mathematically, the gradient of a bivariate function are the derivatives of horizontal and vertical
directions of each image point shown in two dimensions. Here, two alternating functions are shown as
the density function of the view. The density function of the image f (x,y) is defined as (X,Y)

coordinates in slope (1), it is defined as two-dimensional vectors.

of

G| |ox
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The size of this vector is calculated using equations (2) and (3):

Vi =mag(Vf) (2

)+(3)

While the components of the slope vector are linear operators, the value of this vector is not linear
since it is the process of taking the square root. In general, it is expressed as the sum of the absolute
values of slope magnitudes, such as in Equation (4).

|V |= (3)

Volume 6, Issue 2, pg: 33-42 | 34




International Journal of Recent Trends in Electrical & Electronics Engg., Apr., 2018.
©IJRTE ISSN: 22316612

vf ~[G,|+|G,| @

In Fig. 1, the image points are given a notation shown in a 3x3 mask to calculate the slope of the pixel
value given as Zs.

Z; Z; Z3

Z4 Zs Zs

Z; Zg Zy

Figure 1: 3x3 mask display

Moreover, the first derivative of a one-dimensional function f (x) is expressed as in (5):
of
—=f(x+1)-f(x) (5)
OX

The gradient components G, and G, are given by equations (6) and (7):
G, =(Z—Zs) (6)
G, =(Z,-Z) ()

The 3x3 masks in the operator are used to approximate the horizontal and vertical derivatives of the
image. Equation (8) and (9) are obtained by considering A as the source image, and the horizontal and

vertical derivatives at each point of the image are defined by G, and G,.

-1 0 +1
G =[-2 0 +2|*A (8)
-1 0 +1

+1 +2 +1
G,={0 0 0|*A 9)
-1 -2 -1
In Fig. 2 horizontal and vertical weights of the Sobel mask are given.
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Figure 2: Sobel mask (a) horizontal and (b) vertical weight display

Here, the magnitude G of the slope value of each point in the image is calculated by using the vertical
derivative values G, and G, given in equation (10):

G=,/(G;+G!) (10)

4. CYCLONE Il DEVELOPMENT BOARD

The Cyclone Il development board [19] provides a hardware platform for developing and prototyping
high-performance digital circuits that consume less space and consume minimal power. The card
offers a large number of peripherals and memory interfaces as shown in the following figure (Fig. 3).

DDR2TOP_ACTIVE
LED (D11)

. Cycione Il FPGA (U20)

LED (D)

DDR2 SDRAM Dewice Interface

Four x16 and one X8 MAX 1l Dewtice

(U11, U12, U25, U286, U13) Control DIP

Powar DC Power
(Three on Top and Two on Bottom) Svmcn‘(swu
A

Switch (SW2) X (12)
|
{
Ethemet PHY vl
LEDs (D1, D3, D4)_ \

Ethemet PHY
Dupiex LED (D6) _
Emernst PHY T)/AX __ IS
Acivity LEDS (D7, D)
Speaksr Header (J5) - =
125-MHz
Clock (Y4)
HSMC Fort A (J8)
(Loopback Board Shown)

Clock In SMA (J10) -

HSMC PortA __ 8
Prasent LED (D18) .
Power Select

Fotary Switch (SW4)

User DIP
Swiich (SWE}
| Configuration Raset and

Dons LED (D25)  UserLEDs 1 Factory
(D26 through D33) | comguration

Fiash Active | F:g"a%“g;s
LED (D23)

User Push Buttons
(S1 through S4) |
Grapnics
Power Dispiay (U LCD (13)
CPU Reset Push
Eutton Switch {S5)

DA2BOT_ACTIVE
LED (D16)

Figure 3: Structure of the card development Cyclone il
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4.1. Characteristics of the development board

A. Cyclone 11l development board
e Cyclone Il EP3C120F780 FPGA

o Embedded USB-Blaster™ circuitry (includes an MAX® II CPLD) allowing download of
FPGA configuration files via the flash device or the host computer.

B. Memory
e 256 MB of dual-channel DDR2 SDRAM with error correction code

e 8 MB of synchronous SRAM
e 64 MB of flash memory

C. Communication ports

e 10/100/1000 Ethernet
e« USB20

D. Power and analog devices from Linear Technology

e Switching power supply LTM4601

e Switching and step-down regulators LT1931, LT3481, and LTC3418
e Analog-to-digital converter LTC2402

e LDO regulators LT1963 and LT1761

E. Clocking
e 50-MHz and 125-MHz on-board oscillators
e SMA inputs/outputs
e |/Os for the two HSMC connectors
o Various buttons, switches, and indicators

F. Display

e 128 x 64 graphics LCD
e 2-line x 16-character LCD

G. Connectors

e Two HSMCs
e USBtypeB

H. Debug tools
e Three HSMC debug cards (two loop-backs and a debug header)
I. Cables and power/analog

e 14-Vto 20-V DC input
e On-board power measurement circuitry
e 19.8 W per HSMC interface
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e Power cord with plug adapters (U.S., UK, and EU)

5. CYCLONE Il FPGA IMPLEMENTATION OF THE NIOS || PROCESSOR-BASED
SYSTEM

5.1. Proposed system

To better optimize our system we choose this architecture in which the NIOS Il [20] processor
communicates with SDRAM and graphics LCD via the IP of P1O: parallel input-output (Fig. 4).

NIOS I

AVALON BUS

TIMER

GRAPHIC
LCD
INTERFACE

SYSID

Figure 4: NIOS system

The image information is saved in the 8MB SRAM by the CMOS entities and the output of our
system provides the processed image to the graphic LCD interface.

5.2 System creation on Quartus 11 and SoPC builder

In order to satisfy our vision, we use SoPC builder to create the NIOS processor and their peripheral
as shown in Fig. 5.

After generating the IPs, we are interested in establishing the connection between the different
components of the system and the real PINs of pus cyclone 111 using the map guide (Fig. 6).
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Figure 5: NIOS processor and their peripherals
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Figure 6: Block diagram of our system

5.3 Results and discussions

As it was mentioned above the total operation of the proposed system is controlled by the NIOS I
soft-processor. The program which is executed by the NIOS |1 soft-processor is developed in C/C++
using the features of the NIOS Il SBT (Software Build Tools) for Eclipse IDE.

The results of image and Sobel edge detection are displayed in the graphics LCD as it is shown in the
Fig. 7.

. Cycione® 111 ;i
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Figure 7:(A) The original image; (B) The image edges detected using Sobel detector

We use 5 images obtained from the standard database to test our proposed work, these images are of
size (128x64) presented in Fig. 8.
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Figure 8: Standard Dataset

The results of this standard dataset are displayed in the graphics LCD as it is shown in Fig. 9.

Figure 9: The first column represents the original images, the second column represents the original images
displayed in the graphic LCD, the third column represents the image edges detected using Sobel detector
displayed in the graphic LCD based on our system
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6. CONCLUSIONS

This article presents an image processing system based on the NIOS |l soft-core processor which is
implemented on the Cyclone Il FPGA. The user is able to observe the processed image system
through the graphic LCD interface. The main feature of the work presented in this paper is to
implement OpenCv library on Nios Il through puClinux.
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