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Goriintii igleme dijital gorlintiiyii isleyip analiz ederek belirli bilgileri ¢ikarmay1 ve nesnelerin
tanimlanmasint hedefleyen bilgisayar bilimidir. Goriintiileme sistemleri giiniimiizde tip, savunma
sanayi, giivenlik, otomotiv ve otomasyon alanlar1 basta olmak iizere hayatimizin her alaninda yer
almaktadir. Bundan dolay1 goriintiiniin belirlenen amaglar dogrultusunda iglenmesi gerekmektedir.
Blob tespiti goriintii islemede nesne tanima, algilama igin kullanilan bir kavramdir ve goriintideki
bir nesnenin sinirlarini belirleyen bir grup pikseli ifade eder. Blob analizi i¢in farkli algoritmalar
gelistirilmistir. Bu algoritmalardan birisi goriintii islemede yaygin olarak kullanilan ve amaci bir
nesneye ait tiim piksellere ayni etiketi atamak olan baglantili bilesen etiketleme algoritmasidir. Bu
calismada goriintiideki nesnelerin tespiti i¢in baglantili bilesen etiketleme algoritmasi FPGA yapist
iizerinde uygulanmak iizere hazirlanmig ve simiilasyon ortaminda test edilmistir. Bir goriinti
karesinin tamaminin ayni anda iglenmesi bellek kaynaklar1 agisindan verimsiz oldugundan dolay1
goriintii satir satir okunup iglenmistir. Goriintii karesinden tek gegciste her piksel etiketlenmis ve
baglantili pikseller birlestirilerek her blobun alani, sinirlar1 ve agirlik merkezi hesaplanmistir. Bu
sekilde PL-PS yapilarinin bir arada kullanilmasima imkéan saglayacak CCL algoritmasinin
uygulanmast igin altyap1 saglanmustir. flerde yapilacak caligmalarda blob tespiti islemi ZYNQ
yapisinin PS ve PL kisimlarina uygulanarak verimli bir sistem gelistirilmesi hedeflenmektedir.
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Image processing is a branch of computer science that tries to extract information and identify
objects from digital photographs through processing and analysis. Today, imaging systems are used
in almost every aspect of our lives, particularly in medicine, the defense industry, security,
automobile, and automation. As a result, the image must be processed in accordance with the
intended purposes. Blob detection is a concept used in image processing to recognize and detect
objects. It refers to a group of pixels that define the borders of an object in the image. Blob analysis
algorithms vary. One of these techniques is the linked component labeling algorithm, which is
commonly used in image processing and assigns the same label to all pixels of an object. In this
study, the connected component labeling algorithm for detecting objects in the image was prepared
to be implemented on the FPGA structure and tested in a simulation environment. Since processing
a full image frame at once is inefficient in terms of memory resources, the image was read and
processed line by line. Each pixel was labeled in a single pass through the image frame, and the
area, boundaries, and centroid of each blob were determined by combining the corresponding
pixels. This provides the foundation for the application of the CCL algorithm, allowing the use of
PL-PS structures together. Future research will focus on constructing an efficient system that
applies the blob identification procedure to the PS and PL components of the ZYNQ structure.
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INTRODUCTION

Camera systems have grown commonplace in many aspects of our life as technology has
advanced. The images must be processed in order to get the desired information. As a result, image
processing algorithms are continually improving. The majority of this improvement is due to the
development of new data processing methods, but the development of image sensors has resulted
in higher refresh rates and image resolutions over time. The development of image sensors has
improved not only image quality but also the efficiency of vision algorithms. However, increasing
the resolution increases the amount of data to be processed [1].

Image processing has been useful in practically any field. When combined with optimization
methods, they produce particularly successful results. For example, it has been reported that multi-
level image thresholding, a popular image processing technique for segmenting images into highly
meaningful features, can be combined with metaheuristic optimization algorithms to achieve
successful results in terms of calculation time [2]. Another example of using image processing tools
in a different field is to generate 3D body measurements from 2D images [3]. It will be a useful
application for users, particularly if electronic purchasing becomes more widespread. Artificial
intelligence is another topic that is fast evolving today. The most important factor in this progress
is the development of high-performance computing equipment. Today, artificial intelligence is
widely employed in a variety of industries, including health, the defense industry, image
processing, security, voice and text processing, autonomous cars, and weather forecasting [4].

The connected component labeling (CCL) algorithm, which assigns a unique label to all
pixels of each object (connected components) in a binary image, is critical for distinguishing
different objects in the image and is required for image analysis and object recognition. As a result,
CCL is a critical process in image analysis, understanding, perception, pattern recognition,
segmentation, and computer vision [5-9].

Raster approaches are often preferred for the CCL algorithm, as they involve sequential
processes based on label assignment and merging of equivalent labels [10]. Because the physical
design and connectivity of connected components might be complicated, the CCL algorithm can
be time-consuming, and the microprocessor in an embedded system frequently fails to analyze
input binary images efficiently. As a result, hardware architectures tailored to the CCL algorithm
have received significant attention [11]. There are three kinds of labeling algorithms for computer
architectures and pixel representation images: 1) Raster scanning and label equivalence resolution
methods; 2) search and label propagation algorithms; and 3) contour tracing and label propagation
algorithms. Raster scanning and label equivalence resolution technigues scan an image in a raster
direction (line by line, beginning in the upper-left corner and moving downward) and give a
temporary label to each new pixel that is not linked to the previously scanned pixels. Temporary
labels assigned to the same linked component are referred to as equivalent labels. There are three
approaches for resolving label equivalence [12]. These methods can be classified into three groups
based on the number of scans of the image frame in CCL algorithms [13]. Single-scan algorithms
execute labeling and label merging on all picture pixels at the same time. Studies [14-18] are
instances of this strategy. The two-scan approach stores the label equivalences discovered during
the first scan in a 1-D or 2-D table array. Following the initial scanning, label equivalences are
resolved using a search technique. The parsed results are typically kept in a 1D table. Then, during
the second scan, the temporary labels are replaced with the smallest equivalent label from the table
[12]. Studies [12], [19-21] provide instances of two scan approaches. Multiscan approach scans the
image in both forward and reverse directions, propagating label equivalents until no labels change.
The geometric complexity of the connecting components determines how many scans are
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performed [12].

Some selected studies on the use of the CCL algorithm are summarized below. Selguk et al.
studied how different enzymes and additives affected bread production quality. They used the CCL
algorithm to find pores in the bread [22]. Grana, et al. in their study, they compared the two most
advanced CCL algorithms and evaluated their performance on an FPGA-based SoC architecture
[23]. Pandey et al. proposed an FPGA platform-based strategy to implementing an efficient and
improved two-scan equivalence-based linked component labeling algorithm [24]. Zhao et al. They
suggested a single-scan, resource-efficient parallel CCL algorithm [25].

In this study, the CCL algorithm was used in the FPGA structure to recognize objects in the
image. CCL typically utilizes an 8-element neighborhood; however, a 4-element neighborhood can
also be employed. Labeling in the application was done using a single scan of an 8-element
neighborhood. The CCL algorithm was originally tested using the Vivado program simulation
environment. For this aim, an image file was read and given to the CCL algorithm line by line, the
blob values discovered were read and painted on the image file, and the CCL algorithm's
performance was evaluated. Since the constructed system was intended to be used for blob
identification in video pictures in future investigations, video control signals were added to the read
image frame and sent to the CCL algorithm. Then it was tested on the ZYNQ SoC.

MATERIALS AND METHODS

Zyng System on Chip

The FPGA development environment consisted of a Zedboard development board with the
Zyng-7000 architecture. Figure 1 depicts the appearance of the Zedboard development board. The
Z-7020 family chip is used on the Zedboard development board [26]. The Zynq architecture is
known as System on Chip (SoC). A SoC structure is one that integrates various hardware
components required for an application onto a single chip. These structures may include
programmable logic structures, processors, microcontrollers, and digital signal processing units, as
needed. These structures allow a complicated set of system functions to be executed on a single
chip.

Figure 1
Zedboard development board

It has a fully programmable structure that includes an FPGA and a dual-core ARM Cortex-
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A9 architecture CPU on the Zyng-7020 chip. AXI (Advanced eXtensible Interface) buses are used
to transmit data between the FPGA and the ARM processor. AXI is a bus and control interface
specifically intended for high-performance systems. AXI4 has several versions, including AXI14-
Lite and AXI4-Stream, each designed to meet a specific requirement. The AXI interface offers a
large bandwidth for high data transmission, allowing for high performance and rapid data
connection between the FPGA and the processor. This ensures that these two parts collaborate in
order to ensure that a complicated system runs smoothly. The programmable logic unit of the Zynq-
7020 chip is referred to as PL (Programmable Logic), whereas the processor unit is known as PS
(Processing System) [27]. Figure 2 shows a simplified representation of the ZYNQ 7000
architecture.

ZYNQ

AXl Interface

AXI Interface

PL - Programmable Logic )

Figure 2
Zyng-7000 simplified architecture

Connected component labeling

The CCL method attempts to recognize objects in images by assigning the same label to
adjacent pixels in black-and-white images. The algorithm's primary goal is to identify various items
or sections of the image and assign them unique labels. The CCL algorithm can employ either four
or eight neighborhoods. CCL algorithms are often designed as single-scan, double-scan, or multi-
scan. These scan types specify how pixels in a picture are processed and related components are
identified. The single-scan CCL algorithm analyzes the image in a single scan and discovers
connected components after passing through it once. Single-scan algorithms are generally simple
and fast, but they might be difficult to label precisely when coupled components are too close
together. Two-scan algorithms label images using two independent scans. The first scan detects
related components, and the second scan performs additional analysis and accurately labels
connected components. Although it produces more accurate findings, it may incur a greater
computational load. Multi-scan CCL techniques are used to scan more than two image frames.
Multi-scan algorithms are employed in situations that need handling of exceptional instances or the
reduction of greater detail. This approach may achieve great accuracy in complicated image frames,
however each scan may result in increased computational load and delay. Which scan type to utilize
in the CCL algorithm is governed by the application's requirements and the hardware resources to
be used in the calculation.

The CCL algorithm labels pixels with a value of 1 on binary pictures. A pixel can get a label
value of top-left, top-right, top-right, or one of the label values of the pixel to its left. If none of
these pixels have a label, the label counter is increased and a new label is applied to the current
pixel. Figure 3 illustrates the labeling process for the current pixel.
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Top left Top Top right
pixel label pixel label pixel label
Left Current
pixel label pixel to label

Figure 3
Labeling process of the current pixel

While labeling, you may come across more than one pixel with a different label than the
adjacent pixels. Although the connected components labeled 1 and 2 appear to be two different
components, when it comes to the current pixel to be labeled, the upper left neighbor pixel has label
1, and the upper right neighbor pixel has label 2. While the current pixel is being labeled, the
algorithm determines that labels 1 and 2 need to be merged and marks them for correction.
Components with labels 1 and 2 are actually part of the same blob, and after correction, all pixels
with label 2 have label value 1. This ensures that all connected components are properly labeled in
a single scan.

1 1 2 2
1 1 2 2
1 1 2
C—>> Pixel to label

Figure 4
The process of combining labels

Simulation and Testing

The CCL algorithm was tested using a testbench file created using the Vivado program. The
appropriate signals were generated by reading the image file that would be tested with this file.
Because image processing is typically performed on a pixel, line, or neighboring pixels rather than
a whole image frame, and to make better use of resources, the lines of the image file received by
another module were taken one at a time and supplied to the CCL algorithm with video control
signals. Figure 5 depicts the simulation screen.

4 clk

¥ hStart

¥ hEnd

d vStart
vEnd

¥ valid

W 0_data[7:0]

W VSP[9:0]

Figure 5
Realized simulation image
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Video images are made up of two signals: data and control signals. Pixel values are supplied
serially via data signals, while the position of these pixels in the image is defined by control signals.
The video frame is sent from left to right and top to bottom. Gap signals are used to modify the
timing of visual frames. The horizontal space range generated between the end of one image line
and the beginning of the next line is known as the back porch and the front porch. The vertical gap
signal [28] refers to the space between the image square's final active line and the beginning of the
next active line. Figure 6 depicts the framework utilized to transport video images.

Total Number of Pixels in Row

Active Line Start [
2 I

Total Number of Video Lines

~V

\\ — 1 Active Line End

Figure 6
Transmission structure of the video frame

Figure 7 depicts an example of sending a 2x3-pixel image frame with video control signals.
The zero-value pixels surrounding the image frame generate horizontal and vertical gaps. In the
example, one line space precedes the first active line and one line space follows the last active line.
Similarly, there is one pixel of backspace and two pixels of front space. Video control signals are
made up of five signals: hStart, hEnd, vStart, vEnd, and valid. With these control signals, the
position of each pixel within the image frame is determined.

100 120

Line 1 Line 2 Line 3 Line 4

Figure 7
Transmission signals of an example video frame
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RESULTS

The CCL algorithm was tested by creating several image files. With the written testbench,
image files were read and passed to the CCL algorithm, which read the frame and center of gravity
data that constituted the borders of the connected components and drawn on the corresponding
image file. Figure 8 depicts an example image frame with the boundaries of the related components
discovered as a consequence of the simulation marked in green and the center of gravity noted in
red. As seen in the image, the CCL algorithm successfully identified all of the items in the image
frame.

Figure 8
Finding connected components in a sample image frame

To ensure that the CCL algorithm successfully classifies items in a single scan, an image
frame identical to Figure 4 was used. The simulation was used to conduct the test, which involved
merging the three coins in the bottom left corner of Figure 9. There is no pixel connecting the coins
in the upper left and upper right before reaching the image pixels of the coin in the lower middle,
hence these two coins are labeled differently. However, as the pixels on the bottom coin began to
be labeled, the labels were updated, and the same label was assigned to all three coins as the pixels
on the top coins were merged. Drawing the boundaries of the components in Figure 9 showed that
the related components were accurately identified. Figure 10 depicts a binary (black-white) image
demonstrating that the labeling was correct.

Figure 9
Example of correct labeling of connected components
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Figure 10
Binary (black-white) image of found connected components

DISCUSSION AND CONCLUSIONS

In this study, the single-scan CCL algorithm was developed, implemented to the FPGA
structure, and tested in a simulation environment. The prepared images were read and delivered as
lines to the CCL algorithm, which then read and drew the values of the related components. Data
for connected components includes a frame and a center of gravity, which indicate the component's
limits. Its performance was tested by running the CCL algorithm on various image files. The
simulation results showed that the BBE algorithm correctly identified and labeled all components
in the images. At a clock frequency of 100 MHz, all connected components in a 240x320 pixel
image are detected in around 980 microseconds. Future research will focus on testing the CCL
algorithm on real-time video images utilizing the Zynq SoC.
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