ISSN: 2395-1680 (ONLINE)
DOI: 10.21917/ijme.2023.0266

ICTACT JOURNAL ON MICROELECTRONICS, JULY 2023, VOLUME: 09, ISSUE: 02

DESIGN AND IMPLEMENTATION OF IMAGE AND VIDEO HANDLING ON A
PLATFORM WITH RECONFIGURABLE FPGA

Prashant Bachanna! and Baswaraj Gadgay?
1Department of Electronics and Communication Engineering, Visvesvaraya Technological University (VTU), Belagavi, India
2VVisvesvaraya Technological University (VTU) Campus, Kalaburagi, India

Abstract

A multi-task, all-purpose, and adaptable stage for videocassette and
image processing is presented in this study. The aforementioned is
necessary to provide an actual, low-cost, extraordinary enactment in
addition to a hardware policy outside of the software due to the
collective needs of handling power in several contemporary picture and
video handling applications. In order to achieve this neutrality, we want
to design a mechanism that makes use of the robust similar handling
structure in the FPGA. An example technique is being developed on
the FPGA Xilinx Virtex-1l1 by the inclusion of implanted memory
control processor, and line technologies, following the intended scheme
equal structural design and methods. The developed process includes a
variety of thoughtfully designed components, such as control exposure
in terms of zoom-in and out utilities that provide it the adaptability to
be used as a universal cinematographic treatment platform according
to different application needs. The final configuration uses around
23% of the logic source, 57% of the on-chip memory, and uses about
190 mw of power overall.
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1. INTRODUCTION

Given the substantial number of bit-level operations required
by contemporary mass cryptographs, FPGAs continue to be an
expected stage for the execution of cryptographic processes. Since
changes also entail flowing or permuting bits, these operations
may be supported by the FPGA, resulting in incredibly little
overhead and the use of parallelism when appropriate.
Explanations for reconfigurable safety harms fall under two
categories: life-cycle management and a protected construction
visually, manufacturing specifications, and a way to preserve the
dependability of all the implements developed in the compound
FPGA strategy movement. Manufacturing at the moment is
constrained by this problem-solving software alignment structure,
which protects efficient plans, safety grains, requests, and
compilers. Put management product software in a fountain and
give it different amounts. The level of an instrument's precise
form depends on how thoroughly it has been calculated and
established, how much of the situation has been implemented by
experts, and if it has a history of providing output with a safety
flaw. The scenario is occasionally more shielded to interruption
elevations than with a sample since scheduled updates might
reveal structural flaws, unless the new type has been well
validated.

In today’s culture of consumer semiconductor technology,
data processing reveals a serious nature. We consume a marvelous
machinery advancement on such knowledge compared to earlier
times. Numerous inventive prospects as healthy as tests consumed
and upgraded in the consumer microchip technology research
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community via the continuous industrial revolutions in this range.
For illustrative purposes, switching from normal resolution to
high resolution on some photographs requires a six fold increase
in data handling [1]. Data analysis varies similarly to how the
predictable CIF and D1 stock do [1]. In the end, the increased
requirements for treating control, such as bandwidth, real-time
calculation, low expectancy, high throughput, and low power
consumption, have remained the main focus of research decisions
made by individuals from manufacturing and academia as
glowing.

This plan included the dimensions and chronological evidence
of the data sources utilised for accurate indication detection, and
it also included a method for space expansion aimed at low-angle
edge exposure. A configuration of identical FPGA structural
designs was maintained, together with multiple simulation and
validation results. It was possible to determine how to geta TV
setup box for a reasonable price that is capable of reading sealed
description figures and growing symbol graphics [8]. This design
includes a 22 MHz 8/16-bit microcontroller, an appearance
expander, and a on curtain exhibition element as its primary ways
for FPGA execution. The circumstance was maintained such that
this scheme could understand both the Thai and the English
subtitles. Additionally, a multi-window fractional shielding setup
for 2-D convolves was developed [9] for data management. In
comparison to filled protective structures, the proposed MWPB
structure consumes a respectable stability between outside
memory bus bandwidth and on-chip reserve usage. A totally
multiplexed frequency-based planar filter element that is
beneficial for Xilinx Virtex-1l based platforms, as well as motion
(in JPEG) developed for an arithmetical motion picture
arrangement, are further workings of FPGA-based data
processing techniques.

The processing of more picture data frequently necessitates
the efficient use of hardware. Although such a requirement for
explicit ASIC design can help to afford exceptionally compact
and supremely resourceful schemes, the scenario nevertheless
calls for a challenging strategy approach. Fortunately, advances
in submicron and deep-submicron technology have enabled
FPGA to become the industry standard hardware platform for a
variety of applications [2-3]. For instance, Win scale, an image-
scaling method that expanded a part-pixel example, was carried
out on an FPGA [4-5]. According to reports, the completed
system outperformed a microprocessor-based approach by 450
times.

A FPGA-based instantaneous optical-flow handling
organization is shown in [6]. The entire procedure was pipelined
and was carried out with the aid of Xilinx Virtex FPGA software.
(XCV2000E). Together, results from hardware analysis and
software imitation showed how effective this method is. It was
shown how to replace an LCD TV with a data processing device
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with pinpoint indication detection and saw tooth object
elimination capabilities [7-11].

The novelty of this work lies in the integration of multiple
functionalities into a single FPGA-based system, providing a
versatile platform for different application needs. The system
architecture allows for efficient handling of image and video data,
with low power consumption and high throughput. The proposed
edge recognition process utilizes a 2D inclination method and a
complexity kernel to detect and analyze edges in images. The
zoom-in/out scaling fundamentals employ both the bilinear
interpolation technique and low-pass filtering to achieve accurate
and flexible scaling of images and videos. The experimental
results demonstrate the effectiveness and feasibility of the
proposed system. The resource consumption analysis shows that
the system utilizes a reasonable amount of logic resources, on-
chip memory, and power. The flexibility and adaptability of the
system make it suitable for various image and video processing
tasks. In conclusion, the presented FPGA-based system offers a
novel and practical solution for image and video processing. The
integration of multiple processing components and the efficient
utilization of FPGA resources make it a valuable platform for
handling diverse multimedia applications. Future work can focus
on further optimizing the system’s performance and expanding its
capabilities to support additional processing tasks.

The majority of currently used FPGA techniques continue to
be focused on carrying out specific operations rather than domain-
specific solicitations. There are currently not enough general-
purpose hardware platforms available to support and provide
complex data handling. As a result, the public desperately needs
a policy that is adaptable, affordable, and accessible.

Table.1. Comparative study for proposed work

. Number of | ... . Features

Frame size GCLKS Utilization conversion Ref
Single frame 24 >10% Image [6-7]

. Image and

0, -

Single frame 20 >31% Video [8-9]
Single frame 15 <20% Image [10-11]
Dual proce_zssed 2 S5706 Image and | Proposed
frame barriers Video work

2. IMAGE AND
TECHNIQUES

VIDEO CONVERSATION

2.1 ARRANGEMENT OF FPGA BUILDING

Generally speaking, a composite film submission requires
immediate document distribution among several parts. An
outstanding benefit of its solicitation for such a persistence is
made accessible by the reconfigurable based FPGA’s incredibly
similar data processing feature. Different groups of proposed
design flaws can be generated by allowing for different request
circumstances and requirements. Proposed approach uses the
XC2VP30 Virtex-11 Pro family of products, which are both
affordable and high performing, as the sample stage. Family
Virtex-11 Pro, which was developed in 0.15 um expansion
knowledge, offers a good policy to chance many strategy
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requirements. The XC2VP30 design, which serves as an
example, has two Power-PC centers, 30,000 finished gates, and
2Mbits of surrounding RAM [12]. In relation to the conformist
DSP construction project, the produced FPGA family is capable
of applying the MAC procedures in an expert manner. In addition,
the performance of either the mainframe or the external
fundamental may be changed. The top characteristics are shown

in Fig. 1.
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Fig.1. Developed System based construction

The proposed design offers the flexibility of using many
effective components utilised for image and videography
processing, as shown in Fig. 1. Following the development of a
proposal, we implemented three treatment objectives that are
beneficial for cutting as well as zooming in and out.
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Fig.2. Documents for handling different movement of the
organization.

The created system approach has five primary practical
components, which are shown in Fig.2: processing unit, RGB
convo segment, deinterlace unit, 12C alignment unit, and user-
specific practical components. According to the provided figure,
the projected scheme’s ability to supply an extensible section to
implement different qualities while allowing for various request
needs is one of its main advantages. Additionally, the developed
method provides the flexibility of this plan as a standard dual
conversion approach stands via many request regions. In this
article, we devise the authority discovering and mounting
employing two cutting-edge technology tools that continue to be
crucial components in many compound conversion creating
presentations.

Devices with efficient elements that can accommodate various
conversion needs are proposed. In various submission
circumstances, the practical case might go on for a while. The
analysed image and video blender machine has the ability to
combine various film coatings thanks to its crucial combination
blender function. The collaboration of the picture and image
combination is also provided for. Each coating has the ability to
be shown separately at one time after another. The RGB convo
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unit converts the dual data that has arrived into RGB seats, which
continue to be measured using three organizational criteria. Each
element maintains the pre- and post-transformations for the
common colour spaces and further permits manipulator-identified
constants to translate across all RGB colour spaces. However, for
LCD demos, advanced audiovisual is required. As a result, the
component switches from advanced videocassette to interlock
cinematic. As a result, we use the stalwart PC405 processor to
implement the 12C conformation utility by encoding the effective
traditional of the similarity approach.

3. EDGE RECOGNITION PROCESS

The procedure of edge identification is a significant and
serious approach in the majority of picture handling requests to
get crucial evidence before process removal and article
separation. The evolved progression takes note of an entity’s
frameworks, as well as constraints on substances and
circumstantial evidence. The edge identification technique [13]
for cutting-edge technology is devised using the approach we
have created. The exposure estimates and necessary equipment
are quite effective and may be significantly changed over a period
of time. Typically speaking, a 2D inclination quantity on a double
is used by the conversion operator to perceive the limits.
However, this was accomplished by planning the twins'
challenges through a unit that filters and computes the expected
grade amount [13]. Each line and pixel passing through the
particular items naturally stimulates the complexity kernel, as
seen in the following example:

n-1 m-1

h[i, i]=f[i.i]*9[i. :le.;f [k1]a[i-k. j—-1] (D)

k=0

The complexity kernel is described by g(i,j), the extent of the
complexity kernel at 2D is indicated by n and m, and the inventive
and clarified items are respectively denoted by f(i,j) and h(i,j).
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Fig.3. Edge Recognition Process

A 3x3 kernel policy is useful for the idea to create the
concentration pitch diagram. This is done by using the cutting-
edge recognition procedure, which takes into account the
foundation videocassette edging by the kernels and is precisely
shown in Fig.3.

A typical 2-D item strainer is projected in Fig.4 in the direction
of use in this cutting-edge identification. In this created picture,
there are two link buffers and six indexes that are utilised to
collect data and grant access to local pixels. After all the necessary
video cassette appearances, the incoming pixels continue to be
transported across line barriers to create an interval connection,
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which continues to be instantly directed to the mesh collection
through pixels. In order to analyse the production assessment of
the complexity, nine advancements, including this one, are still
desirable.

3.1 ZOOM-IN AND
FUNDAMENTALS

ouT SCALING

Scaling is another often employed technique in many dual
processing presentations. Proposed methodology: In the extended
practical component, we contrive the in and out utilities. As the
zoom-in meaning becomes distorted, several common processes
can be placed, for instance the nearby national method and the
bilinear interruption technique [14]. The proposed technique
includes both approaches and may be configured to change
choices and/or strainer counts at the organizational level.

The bilinear interruption method' entire building technique is
shown in Fig.4. The demand to zoom in twice as much as the
innovative look is required in the figure that accepts the trendy
influence. The graphic also shows how the image is resized to
generate various pixels and its original looks. Principally, a mixed
impact of 1/2 produces distinct pixels between lines n and n+1. In
the past, two perpendicular pixel locations were used to shape
newfangled pixels. Dual processed frame barriers are employed
in the proposed work; the first is beneficial for collecting
luminance indicators, while the second is suitable for
accumulating chromed indicators.
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Fig.4. Zoom in Proposal for Video Handling
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Define Realizing the benefits of zooming out, as seen in Fig.5.
The exterior photographs are mostly authorised using a low-pass
screen in order to omit the event cooperating outcome. The
bilinear interruption approach is now taking into account the new
pixels. Let’s say that the zoomed-out portion of the picture is
unique, and the data flow to the device is composed of
videocassette chroma data (Cy, and C;), video luminance data (Y),
and the zoomed-out portion of the image.

4. EDGE RECOGNITION PROCESS

The Fig.6 shows the entire policy created using the
programme Xilinx expansion approach. The on-board XC2VP30
FPGA module requires two PowerPC computers, 2,456 KB of
block RAM, 30,815 logic cells, and 18 bit multipliers.
Additionally, the system includes SDRAM (DDR DIMM) that
supports up to 2.1 Ghytes of RAM. Additionally, this food
contains several useful border ports, like the 10 to 100 port,
compressed flamboyant postcard slot, XSGA filmed port, RS-232
seaport, and others. This also contains a tonne of development
connections to increase the panel’s appropriateness to see the
inputs of various movie and image processing projects. The
primary goal of this strategy is to design the entire hardware setup
in order to provide a comprehensive explanation of audiovisual
and photo processing and to demonstrate its applicability in a
variety of different circumstances.

The entire setup is duplicated using the software Xilinx
Combined Software Situation tools ISE version 9.1i for extensive
imitation and logic evaluation in order to verify the effectiveness
and rationality purposes. Fig.6 shows the suggested plan’s logic
and management of the results of reproduction. The 25 MHz for
25 signal clock timer for the categorization procedure. The count
sign calculates the number of track pixels, and the participation
filmed facts of three shapes are represented by the principal route,
extra links, and third line statistics. Additionally, it starts the
creation of the mark shield full sign, which is intended to permit
and construct the training sign by suspending the proper number
of clocks from the imaginative participation film process. It is
possible to increase the signal’s overall output by using
circumstantial evidence and well controlled film statistics. A
whole 10 timers handling duration is desired for one pixel process,
according to the proposed figure.

Table.2. Resource consumption of the complete arrangement

Resources of Hardware |Availability|Usability|Utilization
Number of occupied Slices 11200 2600 23%
Number of PPC405s 1.7 1 57%
Number of Block RAMs 140 68 48%
I‘L’}i‘s'\'”mber of 4 input 27111 | 5200 | 19.1%
Number of bonded 10Bs 522 38 7%
Number of MULT18x18s 127 4 3%

The Table.2 provides a detailed overview of the resource
consumption of the complete arrangement in the proposed FPGA-
based system. It presents key hardware resources and their
utilization levels. The table indicates that the system utilizes 23%
of the logic slices, indicating a reasonable usage of logic
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resources. It also shows that 57% of the available PPC405
processors are utilized, demonstrating the efficient utilization of
the embedded CPU. Additionally, 48% of the block RAMs are
consumed, indicating the utilization of on-chip memory for data
storage and processing. The table also highlights that 19.1% of the
4-input LUTs and 7% of the bonded 10Bs are utilized, further
illustrating the utilization of key logic elements in the FPGA.
Overall, the resource consumption analysis in Table 2 provides
insights into the efficient utilization of various hardware resources
in the proposed system, ensuring optimal performance and
functionality while maintaining a reasonable resource footprint.

—nro control signal
4
=

Fig.6. A photograph of the arrangement logical model

In Fig.6, we demonstrate how the hardware configuration may
be used for various cinematic processing tasks. The response
movie should be able to pass via a camera setup or other cinematic
techniques. It also shows the effects of using a camera set up to
release picture data from various environments. The configuration
of projected images shown in Fig.7(a-c) illustrates the new image,
exhibits the superiority exposure role, and fully verifies the
practical elements in the same frame, including the cutting control
exposure including zoom-in and out. These utilities can all be put
together by the impulsion keys placed in the FPGA maintenance.

(a) Orginal frame (b) Edge detection results

(c) Different display
function (same screen )

Fig.7. Arrangement presentation created by camera input records

5. CONCLUSIONS AND FUTURE WORK

In the proposed work, we described an example FPGA-based
organisation built for multi- and general-purpose image and video
conversion. Accessible organisations with equivalent hardware
design and thorough planning. Through a dedicated XC2VP30
FPGA mark, the software Xilinx Virtex-1l Pro extension
arrangement executes the finishing arrangement. According to the
results, the total organisation uses roughly 23% of the available
reason, 57% of the memory continuing mark, and about 190 mw
of the available power. The proposed structure offers a real,
adaptable stage that can be easily reconfigured to meet the needs
of various videocassette handling purposes. Additionally, this
arrangement’s evolving and expandable characteristics enable it
to be easily enhanced to edge around various entity supervision
scenarios. sustenance. Numerous investigative findings have
proven how quickly the estimated sample takes. Based on the
power discovery methodology used in this study and the decision
to incorporate a robust substance identification algorithm into this



ISSN: 2395-1680 (ONLINE)

scheme, this is what is intended to happen. Additionally, applying
techniques that are frequently utilised for data and picture
management would make it intriguing to advance many
knowledge-based operations. We are now manipulating an
incremental knowledge organisation based on an FPGA for
cinematic presentations. The crucial understanding is to develop
an incremental knowledge infrastructure in hardware to gather
and collect data for the localisation and recognition of various
chemicals. This planned effort piques our interest, and we are
confident that an FPGA-based strategy will provide an influential
stage for a variety of practical data processing applications. Future
work for the proposed FPGA-based system can focus on several
areas of improvement. Firstly, the system can be enhanced by
exploring advanced image and video processing algorithms, such
as object recognition and tracking, to extend its capabilities in
handling complex visual tasks. Secondly, efforts can be made to
optimize the resource utilization of the system, aiming to reduce
logic and memory requirements while maintaining or improving
performance. Additionally, research can be conducted to
investigate power optimization techniques, aiming to further
minimize the overall power consumption of the system.
Furthermore, the system can be expanded to support real-time
processing and integration with other hardware or software
components for seamless integration into larger multimedia
systems.
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