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IMPLEMENTATION OF IMAGE PROCESSING AND OUTPUT USING
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Abstract. Digital image processing is an ever-growing industry, including
medicine, video surveillance, and more. To improve the performance of image
processing  systems, image processing algorithms are implemented not
programmatically, but hardware. The idea here is to achieve results by processing
images at the hardware level faster and more efficiently than software processing.
Thus, digital signal processing algorithms and operations were implemented using
the Basys 3 FPGA board. FPGA provides the advantage of parallelism, low costs,
and low energy consumption. In this article, the advantages of using FPGA for the
implementation of image processing algorithms such as median filter, morphological,
convolution, smoothing and edge detection, etc.were demonstrated and the results
were obtained. The picture is provided .we send it to the FPGA block RAM in .coe
format, and then we can check the processing operations performed depending on
our choice. Then we output the images to the monitor using VGA. Image types use
eight bits to encode the value of each pixel, resulting in shades of gray with a black
value of 256 to 0 and a w hite value of 255.

Keywords: FPGA, digital image processing, algorithms, filter, VGA

Introduction. Digital image processing means processing and displaying
images. Image editing-used to change the image. There are three main categories of
image processing: image enhancement, Image recovery, and image classification.
image enhancement, which allows you to effectively display data for visual
interpretation. This helps the user see the image and recognize different segments of
the image. An example of this is the processing of shades in an image. This method is
very useful to help you distinguish between different objects in an image. Image
correction and recovery is another important aspect of image processing. It mainly
deals with image correction, which can affect the image due to geometric distortions
or noise. It can also eliminate blurring, as a result of which a low-quality image can
be updated to an image with high-quality and clear features.

There are many useful image processing applications. It is used as an emotion
sensor to guide the robot and recognize goals. It is also used for industrial control and
in medical technologies such as X-ray amplification. A very useful application for
digital image processing is to look at the color intensity in the image and divide the
image into segments based on the results obtained. The biggest performance
challenge is the time it takes to process the images captured by the camera. Such
applications may be easy to implement on a general-purpose computer, but they are
not very time-consuming due to additional memory limitations and other peripherals.
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This leads to the study of possible hardware alternatives. Image processing
algorithms, which have recently been introduced in hardware, have become the most
viable solution for improving the performance of image processing systems. FPGAs
are often used as platforms for real-time image processing. An FPGA is a
programmable device [1] in which the logical structure can be configured directly by
the user. An FPGA consists of an array of unwritten elements that can be
programmed or interconnected and have virtually unlimited ways according to the
user's description. Reprogrammed and easily updated, the FPGA offers a compromise
between the flexibility of universal processors and the speed of ASIC hardware. They
allow you to quickly create a prototype of the system and provide a cheaper option
for testing system requirements [2]. Placing the functionality of image processing
applications on the hardware makes it possible to speed up processing, since there is
no need to break down individual instructions into the sampling, decoding, and
application cycles that are required on a typical computer processor. In addition,
taking into account the speed of the recorded process and the obvious dynamics of
the variability of its flow structure, it is necessary to quickly capture at a high frame
rate, which creates a large flow of video frames that must be analyzed and processed
in real time. An effective solution to this problem is possible by parallel processing of
the image stream. The construction of parallel image processing systems can be
carried out using SystemOn-Chip technology based on the FPGA architecture.

This paper provides an overview of the implementation of image processing
applications in FPGA, focusing on the features inherent in FPGA. The rest of the
article describes in detail the processing algorithms and operators. In addition,
various filtering algorithms were described, such as accumulation filter, Gauss filter
[3], etc.finally, the results obtained by implementing image processing algorithms in
FPGA were shown.

Image processing algorithm. Many studies have been conducted in the field
of hardware image processing using FPGA. The image processing algorithms
considered for hardware implementation include aggregation, image filtering, and
edge detection (Sobel, Prewitt, and edge detection). These algorithms are based on
image processing. Grinding filters are widely used in many applications, such as
object recognition, identification, classification, etc.they are used as pretreatment to
eliminate unnecessary particles and noise. We focus on image filtering based on the
Gauss filter.

Gauss mask. The Gauss filter is one of the most important and widely used
filtering algorithms for image processing [4]. The Gauss filter (G) is defined in
equation 1.

G(x,y) = —— e~ +yD/20? (1)

21mo o
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where G is a Gaussian mask at a point with coordinates x and y, ¢ is a
parameter that determines the Gaussian standard deviation. If the ¢ value is greater,
then the image smoothing effect is higher.

Accumulation operation. In general, smoothing is obtained by calculating the
sum of the products between the input image and a small Gaussian Matrix (3 * 3).
Using a 3 x 3 mask and a 3 x 3 input image, you can achieve a 2D convolution image

[5].

kl | k2 | ki X1]| X2 | X3
kK2 | kO | k2| x | X4 X5 | X6 | = PC
kl | k2 | ki X7] X8 | X9
2D Gaussian Mask 3-3 from Input matrix 343 from Output matrix

Figure 1. Accumulation operation

In image processing, the core, convolution matrix, or mask is a small matrix. It
is used for blurring, sharpening, drawing patterns, defining edges, and more. This is
achieved by performing a connection between the core and the image.

If the core is symmetrical, then you need to set the center of the core to the
current pixel. The core overlaps with adjacent pixels around the place of origin. Each
core element must be multiplied by its overlapping pixel value, and all the resulting
values must be added. This resulting amount will be the new value of the current
pixel, which currently overlaps the center of the core [6].

Implementation of hardware image filtering

Blocking memory. To upload an image to Verilog, you need to convert it to
binary. It is created using python, and it is a format .it's called coe. The converted
image is as many lines as the total number of pixels, and each line has 24 bits (8X3).
Thus, the 160x115 image will have 18400 lines. Then the block memory module is
executed, which has many addresses, such as strings and 24-bit data. So, for an image
in 160x115 format, it will have 215 addresses. This memory module, like other
modules, can be designed and used in the main module. The module contains input
signals such as clock, address, datain, and read-write and dataout commands as
outputs. Thus, it can only output one data set at a time, in which case it is one pixel.
To summarize, you need several pixels at the same time, which use cores that are
used by adding and subtracting values to the address[7-8].
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VGA interface. For VGA, a 480p display code with a refresh rate of 60 Hz
was written. The refresh rate is how many times the screen is updated per second.
With each update, each pixel (480X640) is updated one at a time. To do this, the
counter starts with the origin (0,0) and up to (0,799) and so on. They include the
invisible area in the images, as well as the reverse path. They are displayed on the
screen using hsync and vsync signals. The Hsync signal will be "0" after the counter
reaches the end of the right border, where it will start tracking again. After re-
searching, the signal will be "1" once, starting the search for the left border and the
display area. In addition, for the screen, we only need to start the display from one
point and end with the number of pixels connected to it in both directions [7].

8 FO\‘
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b E 7 —0
VGA VS 14 ‘o
5 1, 17
VGA HS o
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VGA BLUE XN | p” 16
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270" 'R54 o
Y | CONNECTOR DB15

Figure 2. FPGA connection scheme with VGA

You need to convert the image to a list of binary numbers, where each binary
number represents the Pixel value of the image. Using a specially designed file, you
can perform basic image operations such as increasing/decreasing brightness,
RGB2Gray, color inversion, and various color filters. To perform these basic image
processing operations, we need to reach one pixel at a time. For example, we can
convert a color image to black and white using the operation R+g+b/3 [9] for this
Pixel. Therefore, we can read one pixel at a time to perform an action and display the
result on the screen or save the image to your computer. We can't create any blur or
define borders, because we need access to the pixels around this pixel to get the
result. To apply blurring, border detection, and other filters, you need to stock up on
the image using different cores. So, in the course of work, using python, the image
was converted to grayscale and all the necessary pixels [10] to perform kernel
operations in a single line, i.e. up, down, right, etc., pixel values were placed around
the Pixel. Basically, this is not an effective method, as it uses more memory than a
single image in grayscale.
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In the course of our work, we will use Basys 3, a first-level FPGA
development board developed specifically for the Vivado Design Suite, which is
distinguished by the Xilinx Artix-7 FPGA architecture. [11].

Figure 3. FPGA Basys 3 Xilinx Artix-7 board

We use the Vivado programming environment to create a common FPGA
architecture. We will create a circuit vsing the Clock module and VGA [12]

generators.

clk_wiz 0

cl ocking Wizard

Figure 4. Functional design and circuit of VGA
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Since the scope of this work is limited to real-time image processing, this
means that the image must be stored in the chip's memory. This paper deals with the
upper vhd module, which used a block memory generator to create a single-port
ROM with a read width of 8 bits and a read depth of 128x128 pixels. Well .coe files
are provided as an image file and must be loaded into the IP kernel generator when
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creating ROM [13]. When tracking address bits, pixels are removed from the ROM
one after the other. These bytes are then sent to another VHD file, which is
responsible for storing these bytes in a separate FIFO along with the processed pixel
bytes. After the FIFOs is filled in, the data is displayed on the screen and the program
starts again with the ROM address 0.

After creating a VGA circuit, we can implement the synthesis and
implementation process and see the simulation result in the following image.

8 _640.150 ns

Figure 5. Results of simulation in Vivado

Input signals can be set as binary or hexadecimal values for input contacts or
ports, and the result can be seen on the screen in a time diagram similar to the output
of a logic analyzer. An example of a time diagram can be seen in Figure 6, which
shows the actual output of the image processing code created for the project. A
detailed analysis of the simulation results is shown in the figure. The first result of
Pixel reproduction occurs at 525ns[14].

The "bad negative failure (WNS)" reported by teams like
Report_timing summary is actually a bad positive failure. If the WNS is positive,
then this path will pass. If it is negative, then this path is doomed to failure.
According to the results of my work, this indicator was positive. To be precise, it was
6,459 ns. "Total Negative Slack (TNS)" [15] is a (real) negative weak amount in the
design. If 0, then the construction corresponds to time. If this is a positive number,
then this design has a negative weakness, the design is doomed to failure. It can't be
negative. According to the results of my work, it was 0.
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Results. As a result, we can see images created using image processing
algorithms using VGA. The results are shown in Figure 6. In addition, the time of
image processing algorithms on the computer and on the FPGA was calculated. The
computer had 0.17708635330200195 seconds, the Basys 3 board had 0.00195

seconds.

Blurred image.

gray image determine the
edge of the sobel

Figure 6. Images obtained as a result of processing

The most commonly used in processing is the edge detection algorithm for
creating an image that highlights the edges of the image. First, we use the sobel [15]
operator in the direction of x, then in the direction of y, and get the average value of
both values to create the final image.

Utilization FPost-Synthesis | Postimplementation

Graph | Table

LUT ‘l? 1%

FF4

BRAM S s e | 9%
O 1 26%

BUFG 4 6%

] 25 a0 7h 100
Litilization (%)

Figure 7. The place of image processing in FPGA memory
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This graph shows the size of all the signals used, the amount of memory. In
other words, data on resource usage and performance are provided. Since I work in
Verilog and Python, the amount of memory is 98%. If we add the C language to it, it
means that the size will be larger. The amount of input and output signals was 26%.
This is directly related to the blocks used during processing.

Power Summary | COn-Chip
Total On-Chip Power: 0079w

Junction Temperature; 254 °C

Thermal Margin: RABC(11.8W)

Effective $JA 5,0 *C/W

Power supplied to off-chip devices: 0W
Confidence level: Low

Implemented Power Report

Figure 8. The amount of current and performance spent during image
processing on the FPGA Basys 3 board

This is a detailed description of the power used in my work. A current of 0.079
W was spent on everything. The transition temperature was 25.4 C. And the
maximum operating temperature was 59.6 C.

Power summary | on-Cnip
Fi% | Dynamic; 0.005W  (6%)
8% .
Clocks: =0.001W [25%)
38% Signals:  0.002W  (28%)
Logic: 0002W  (34%)
34%
I BRAM: 0O001W (16%)
94% 2
11o: <0001 W (3%)
Static; 0.074W  (94%)
100% PL Staticc  0.074W (100%)

Figure 9. Graphic amount of power and performance spent during image
processing on the FPGA Basys 3 panel
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This is the amount of current in the chip. And the amount of current spent on
time and signals is indicated.

Conclusion. With the help of Basys3 FPGA, image processing algorithms
were implemented in Verilog. In this article, image processing operations were
performed on the image transmitted by FPGA Basys-3, including operations related
to the console. We send the transmitted image in binary form to the FPGA block
RAM, and then, depending on the user's choice, perform some special processing
applications, and then display it via a VGA display. To convert a given digital image
to binary, we use Verilog as a hardware description language and python. Vivado
software was used to do this. As a result, the processing time of the image on the
computer and FPGA was calculated. And so it was made sure that image processing
works quickly on the FPGA. Finally, the amount of memory spent on processing
images was calculated. In addition, a current of 0.079 W was spent on processing.
The transition temperature was 25.4 C. We can see that this is a very effective value
for productivity.
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