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Abstract: Visual communications are evolving rapidly for media, telecommunications, and computing industries. The
availability of digital media and transmission sources has led to significant progress in this field. In addition,
workstations and personal computers are widely used platforms for interactive multimedia applications. Recent
developments in image displays, digital storage, computing, and communication channels have made digital audio and
video the very popular media sources which are economically viable as well. Several video compression schemes are
used to cut down storage and transmission cost. To improve universal interchange of audio-visual data, there is a great
demand for international standards for transmission and coding formats. In VLSI technology, recent advancements
have come as a boon to fulfill high video coding requirements and hardware issues. This paper suggests three most
important architectural approaches for VLSI implementation and suggests the most popular and widely used algorithms
for video compression.
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I. INTRODUCTION

In the Very Large Scale Integration or VLSI process, thousands of transistors are combined in one integrated circuit
(IC) chip. In the 1970s, complex communication and semiconductor devices were being developed when the
development of VLSI was started. Before the arrival of VLSI technology, a lot of IC chips had limited functions to
conduct. An electronic circuit might have a ROM, CPU, RAM and some glue. IC designers can insert all these
components in a single chip with VLSI process. Over the past few decades, electronics have come a long way,
especially because of significant advances in system design applications and huge scale integration systems. With the
advancement of VLSI, the number of applications of IC chips in controls, high performance computing, video and
image processing, telecommunications, and consumer electronics. The modern technologies like low bit-rate video,
high resolution and cellular networks provide a lot of applications, portability, and processing power to the users. This
trend is all set to grow significantly with implications on system design and VVLSI design. Figure 1 illustrates the design
flow of VLSI IC circuits. The blocks represent the several design levels in the design flow —
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Fig. 1 — VLSI Design Flow
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Design Specifications are the first step which describes the functionality, architecture, and interface of the IC chip
abstractly. Later on, behavioral description is formed to analyze design with performance, functionality, compliance,
and other configurations.

The HDLs are used for RTL description. Its simulation is done to check its functionality. EDA Tools are then used.
Then, logic synthesis tools convert RTL description to gate-level netlist, which is a circuit description in terms of
connectivity and gates among them, which are made to meet the power, timing, and area specifications. A physical
layout is finally made to be verified and sent for fabrication.

Video compression can cut down the number of bits required to represent a specific video sequence or image. It is
widely used by a program with a particular formula or algorithm to look for the best way to limit the data size.
H.265/HEVC or H.264/AVC are the algorithms used to shorten the raw content size up to 1000 times. The “baseband”
bandwidth for HD 1080p60 real-time video is 3 Gbps. The resultant video stream network can be around 1 to 10 Mbps
with which resultant files or real-time video streams can be transmitted easily across the modern networks. Usually,
audio compression is done for proper utilization of resources. Video compression is especially beneficial for making
the most of storage with significantly shrink file sizes. Video compression is widely used in all aspects of networking
and computer architectures.

Video compression is the widely used term that consists of a method to shred the data size for encoding digital videos.
This method provides benefits like lower transmission bandwidth and smaller storage requirements for video content.
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Fig. 2 — Video Compression Benefits

Video compression usually has elision which is not considered important for watching video and an effective format
(video compression codec) that provides the above benefits without compromising video quality after compression and
without asking for major hardware overhead for this compression. There are different compression levels applied
within a specific codec of video compression. Better compression means better savings in transmission bandwidth and
storage space and lower quality (such as pixelated images, blockiness, rings, blurring, etc.) uses higher computing
power.

Named after the developers, Joint Photographic Experts Group, JPEG is a widely used lossy compression method used
for digital images, especially captured through digital photography. M-JPEG or MJPEG emerged from JPEG for
multimedia applications and digital video recording devices. Each frame is compressed individually as a JPEG file.
Developed by Motion Pictures Expert Group (MPEG), MPEG4 Part 2 is a successor to MPEG-1 and MPEG-2 and
provides higher compression factors like MPEG-4 AVC or MPEG-4 Part 10. This standard is jointly maintained and
developed by Telecommunication Standardization Sector (ITU-T) and MPEG.

Inter-frame and Intra-frame are the approaches of video compression. Intra-frame compression consists of video frame
to compress and Inter-frame consists of multiple succeeding/preceding frames in a range to compress the existing frame
contents. The MJPEG standard is the intra-frame compression and MPEG-1 (VCD) and MPEG-2 (DVD), H.264 and
MPEG-4 are inter-frame compression standards. MPEG4, H.264, and MJPEG are the trending and widely-used video
compression standards [4]
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I1. DISCUSSION

Algorithm 1 - New Cross Diamond Search algorithm (VLSI Implementation of Lossless Video Compression)
Compression refers to the shortening of size of data to save transfer time and storage space. Lossless Data Compression
and Lossy Data Compression are two types of compression modes. While Lossy data compression enables only
approximation of data to be rebuilt from compression, Lossless Data Compression enables rebuilt decompression of
original data to improve the performance of the system from compression. Video compression is widely used to cut
redundancy in videos and it is one of the latest coding techniques.

B. Soorya proposes New Cross Diamond Search algorithm for lossless video compression. There will be only nine
checking points to calculate absolute difference to figure out the least value, which is lesser than other algorithms. It
finds only the motion vector with this least value and there is less checking point than diamond search algorithm. The
best part of New Cross Diamond Search Algorithm is that it is 40% faster without compromising picture quality [1].
The authors propose a New Cross Diamond Search Algorithm and its performance are compared with various
algorithms through several search points and error metrics in the new cross diamond algorithm. With fewer search
points than 3-Step Search, this algorithm has no compromise on performance. It also takes less computation time and
results in better performance.
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Fig. 3 — Cross Diamond Search Algorithm

This way, New Cross Diamond Search (NCDS) is found to be a computationally efficient algorithm for compressing
images. This technique is great for both temporal and spatial image. It even outperforms various other models thanks to
the small step size and compact search pattern for computational efficiency, namely Diamond Search, New Three Step
Search, and Three Step Search. This algorithm is the best choice for H.264 AVC and MPEG-4 video coding standards
as it delivers better performance and is easy to implement and less computationally complex. The search pattern with
varied size and shape can highly impact search performance in motion estimation. The authors propose an NCDS
algorithm with asymmetric diamond search pattern on the basis of motion vector distribution and research on search
pattern. Here, they propose using two asymmetrical search patterns instead of diamond-shaped or square shaped search
patterns. It is, hence, found that the NCDS algorithm performs better than other popular fast block matching algorithms
in simulation results.

Algorithm 2 - VLSI Implementation of Adaptive DCT Video Compression, Digital Signal Processing or DSP blocks
are widely used in several portable devices for multimedia applications. Majority of these blocks use video and image
compression algorithms. Most of the computing architectures rely on the fact that a little bit of relaxation in correctness
of output may result in lower and easier implementations. Over the past couple of years, the research to input
information. This issue can be addressed with reconfigurable estimates for MPEG algorithms to save power and
maintain peak threshold from signal to noise to every video.

Zhong-Li He proposed an adaptive bit masking approach to truncate pixels of previous and existing frames for motion
estimation (ME) as per the quantization. But this truncation of coarse-grained input can be applied only to special use
cases of ME and it doesn’t give good results for discrete cosine transform (DCT) blocks, which needs strict control on
errors [3]. S. Sai Prabhu & T. Kavitha proposes dynamically reconfigurable approximation to ensure better control over
quality metrics in application levels while making the most of power consumption advantages of approximation of
hardware. They also propose approximating adders of DCT and ME blocks of MPEG encoding. Their technique can
adjust hardware approximation with the characteristics of video dynamically. It provides a control knob to the users
with dynamic reconfiguration that can change the video output quality as well as power consumption for multimedia
devices that are powered by batteries [2].

In this project, a reconfigurable approximate architecture has been proposed for MPEG encoders for power and area
optimization without compromising output quality in various videos. The dynamic reconfiguring of hardware adders is
the concept of this proposed architecture on the basis of input characters. It is observed in experimental results that the
proposed architecture outputs 24% efficient area similar to baseline approach in which quality is not compromised with
fixed approximate hardware used in various videos. Hence, this project proposes a simple approach for CSLA
architecture by saving 24% space. This work also reduces the number of gates providing great benefits in reducing
area. Finally, the modified CLSA framework is simple, efficient, and low area-constraint for VLSI implementation.
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This ME approach is very helpful to achieve great improvements in MPEG Encoder when it comes to PSNR,
Compression Ratio, and MSE.

An important part of inter-frame encoding is used in determining motion vectors (MVs) from calculation differences.
Each non-encoded frame is split into 16x16p blocks or lower. An MB is associated with each MV, which has data
about the displacements of MBs in the existing frame against the reference. The sum of absolute differences (SADs)
minimum value is extracted from an MB regarding all MBs of the reference frame.
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Fig. 4 —- MPEG Encoder [2]

A residual error is calculated along with MVs and it is compressed with DCT. Hence, it is obvious that DCT and ME
blocks are the costliest aspects of MPEG encoders in terms of computation requirement [2].

Algorithm 3 - VLSI Implementation for Basic ARPS Algorithm for Video Compression Adaptive Road Pattern Search
or ARPS algorithm considers the motion coherent in a frame. It means the chances are high that existing macro back
will have the same motion vector if macro blocks are moved in a specific direction around the existing macro block.

The motion vector of macro blocks is used in this algorithm immediately to forecast its motion vector. Here are the
steps of running ARPS algorithm —

Start from the origin, i.e. the search location of the centre.

Find the block’s motion vector.

Step size to be set as S = max (|X|, |Y]). Here, (X, Y) is the coordinate of the motion vector which is predicted.
Search for distributed road pattern points across the origin at S.

Set the point as origin with least weight.

Conduct the search with SDSP or Small Diamond Search Pattern on the new origin.

Repeat the above step until the Centre of SDSP has the least weighted point.

Road pattern search keeps the search where the possibility of finding an ideal match is high. If (0,0) is the value of
predicted motion vector, computational time will not be wasted in LDSP and it quickly uses SDSP, which is the best
part of ARPS over DS. In addition, the ARPS saves computation time if the motion vector is not too close to the Centre
as it jumps directly to the proximity and uses SDSP, while DS takes computation time for LDSP. The sum of absolute
differences or (SAD) is a unit to determine the similarity in image blocks in processing digital images. The absolute
difference is calculated between each pixel in the block and the corresponding pixel in the existing block. SAD is the
easiest metric which consists of every block pixel and is as fast as simple.

There are two main blocks in the given architecture — URP module (for small patterns) and ARP module (for large
patterns). Fig. 5 illustrates the architecture proposed by Sudharsan. B. & Dr. Diwakar R. Marur as a block diagram
which consists of both URP and ARP modules [6]. This algorithm first applies ARP and then URP module. On the
other side, Jayaprakash.P presents a powerful hardware architecture for implementing SAD in real-time with a multi-
level and proposed SAD calculator. They put special emphasis on memory access design to balance both memory
bandwidth and memory use. Other architectures compare and evaluate the performance of proposed design as
throughput, memory bandwidth, hardware complexity, and operating cycles. This paper proposes efficient ARPS
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algorithm architecture for estimating motion to cut down the
computational complexity. This way, search speed can be improved well
without compromising accuracy in motion estimation [5].
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blocks are widely used in multimedia and smart devices. In order to
optimize memory bandwidth and usage, throughput, operating cycles, and
hardware complexity, the basic ARPS algorithm is proposed with VLSI VES
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to video compression, lossless data compression is widely used as it
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