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Abstract – Video decoding is famous for its huge power consumption, due to the large computational complexity and 

impressive memory access.The H.264/AVC (as known as MPEG- 4 part 10) is a video coding standard that has been 

developed to achieve significant improvements, in the compression performance, over the existing standards. Traditional 

MPEG decoders usually consume hundreds of milli-watt to several watt. Compared with these standards, the latest 

H.264/AVC standard is even more complex. It trades high computational complexity for low bit rate, where it can 

achieve nearly the same video quality at only half bit rate as prior standards. A brief study in [LITC06] compares the 

computational complexity of MPEG-4 Simple Profile and H.264/AVC. Compared with MPEG-4, H.264/AVC encoder’s 

complexity has increased 5 ~ 10 times while decoder’s complexity increased 2 ~ 3 times. Since the power consumption 

isnearly proportional to the circuit complexity, without loss of generality, one can assume that the power dissipated 

during H.264/AVC codec is 2 ~ 10 times than conventional MPEG-4, which poses a heavy burden on both encoder and 

decoder designs. The prime aim of the current study is to formulate a framework that can utilize the most latest video 

compression protocol H.265 for the purpose of better perceptual quality and reduce the traffic in mobile communication. 

The latest video codec H.265 serves to increase the video compression efficiency. Such a systematic study of power-

efficient design methodology for video decoding, especially for the most complex H.265/AVC standard, is the aim behind 

our research work. 
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I- INTRODUCTION 

 

The most recent advances in the field of VLSI design 

have opened an entirely new realm of prospective 

Computing and multi-media applications. The utmost 

interesting and demanding of these are video allied 

systems. Digital multimedia data, particularly the video 

content, pose an enormous technical threat due to their 

huge data rates, bulky storage requirements, and 

challenging processing requirements. Therefore, video 

data processing is an essential aspect, and definitely a 

key technology to improve the bandwidth problem and 

restricted storage.Providentially, owing to the fast 

development of the semiconductor manufacturing units,  

 

 

what was believed as an infeasible coding algorithm 

earlier is now completely achievable using CMOS 

technology. As held by the famous Moore’s Law in 

Figure 1, the number of transistors on IC doubles almost 

every 18 months [GEMO07]. With the decreasing 

feature and gate length, the designers can pack more and 

more transistors and integrate them through advanced 

techniques like SiP (System-in- Package) and SoC 

(System-on-Chip) to accomplish all kinds of 

computations. Today, dedicated video chips and 

powerful DSPs could deliver adequate capability to carry 

out real-time video codec of extremely complex video 

compression algorithms. Though, all theses capabilities 

are obtained at the cost of more chip area, increased 
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switching capacitance, and the most important, greater 

power consumption 

 

 

 

 

 

 

 

 
 

Fig.1. Moore’s Law 

Video decoding is famous for its huge power 

consumption, due to the large computational complexity 

and impressive memory access.The H.264/AVC (as 

known as MPEG-4 part 10) is a video coding standard 

that has been developed to achieve significant 

improvements, in the compression performance, over 

the existing standards. Traditional MPEG decoders 

usually consume hundreds of milli-watt to several watt. 

Compared with these standards, the latest H.264/AVC 

standard is even more complex. It trades high 

computational complexity for low bit rate, where it can 

achieve nearly the same video quality at only half bit 

rate as prior standards. A brief study in [LITC06] 

compares the computational complexity of MPEG-4 

Simple Profile and H.264/AVC. Compared with MPEG-

4, H.264/AVC encoder’s complexity has increased 5 ~ 

10 times while decoder’s complexity increased 2 ~ 3 

times. Since the power consumption is nearly 

proportional to the circuit complexity, without loss of 

generality, one can assume that the power dissipated 

during H.264/AVC codec is 2 ~ 10 times than 

conventional MPEG-4, which poses a heavy burden on 

both encoder and decoder designs. The latest video 

codec H.265 serves to increase the video compression 

efficiency.                                                            

 

 Table 1.1 Computational complexity comparison GOPS = 

Giga-operations per second MOPS = Mega-Operations/s )                                                                                  

H.264 is one of the most important HD Codecs used 

today. H.264 is part of the MPEG-4 AVC standard. 

H.264 is used on: Blu-ray Internet video (e.g. YouTube) 

HD video broadcasting Apple TV iPad, iPhone and 

more Video recording Video Codecs used during the 

Video Production Workflow There are mainly three 

steps during the production of video 1) Video capture 2) 

Video Editing 3) Video rendening for players( e.g. 

Internet, streaming or Blu-ray ) codecs used during 

video capture we want to use a codec that capture the 

highest quality possible balanced with the data volume 

our cameras can handle. Here are some codes used in 

HDSLRs and pro video cameras.  MJPEG simple codec 

that is not very efficient in terms of a good balance of 

size and quality (non GOP codec) MPEG-4 

AVC/H.264. H.264 uses a GOP encoding method . This 

is not really a top recording format. The proper domains 

for H.264 are the output and player devices. This said 

H.264 is a quite usable compromise for getting 

reasonable quality in relative small files. Canon 

HDSLRs use this codec MOV container. 

 

II – BACKGROUND 

 
1. AsralBahariet. al, has been proposed- Presents a 

method to reduce the computation and memory access 

for variable block size motion estimation (ME) using 

pixel truncation. Pixel truncation fails to give 

satisfactory results for smaller block partitions. So the 

effect of truncating pixels for smaller block partitions 

is analyzed and a method to improve the frame 

prediction is proposed. Method reduces the total 

computation and memory access compared to 

conventional full-search method without significantly 

degrading picture quality. PSNR difference using the 

proposed method against the conventional full-search 

ME (FS) is calculated. The comparison is done for the 

frames using 16 × 16, 8 × 8, and 4 × 4 partitions. 53% 

energy is saved compared to the conventional full-

search ME architecture, which is equivalent to 40% 

energy saving over the conventional H.264 system. 

This makes such architecture attractive for H.264 

application in future mobile devices.  

2. Gang He et. al, has been proposed- H.264/AVC intra- 

prediction design for ultrahigh definition (ultra-HD) 

video is described. Due to the huge throughput 

requirements of ultra-HD, design challenges such as 

complexity and data dependency, which currently 

exist for lower resolutions, become even more critical. 

Interlaced block reordering (IBR) scheme together 

with a preliminary mode decision (PMD) strategy to 
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resolve the data dependency between intra mode 

decision and reconstruction. A probability-based 

reconstruction scheme to solve the problem of long 

pipeline latency. In addition, hardware reuse strategies 

including a shared fine decision module and 

processing element-reusable prediction generator, are 

applied to further optimize the design. The design is 

implemented with 451.5 k gates in 65-nm CMOS. As 

a result, the hardware complexity is reduced by 77% 

in terms of area and frequency, and it takes an 

average of 33 cycles to process a macro block. 

 

3. Yuan-Ho Chen et. al, has been proposed- Some 

noticeable features of the research: 

 

Low-cost high-throughput multi standard transform 

(MST) core, which can support MPEG- 1/2/4 (8 × 8), 

H.264 (8 × 8, 4 × 4), and VC-1 (8 × 8, 8 × 4, 4×8, 

4×4) transforms. 

 

Common sharing distributed arithmetic (CSDA) 

combines factor sharing and distributed arithmetic 

sharing techniques, efficiently reducing the number of 

adders for high hardware-sharing capability. 

With eight parallel computation paths, the proposed 

MST core has an eightfold operation frequency 

throughput rate. 30k gate counts when implemented 

in a TSMC 0.18-μm CMOS process. 44.5 % reduction 

in adders is achieved when compared with direct 

implementation. Because visual media technology has 

advanced rapidly, this approach can help meet the 

rising high-resolution specifications and future needs 

as well. 

 

4. MikołajRoszkowskihiet. al, has beenproposed- 

Hardware implementation of the intra prediction 

allows the H.264/AVC encoder to achieve optimal 

compression efficiency in real-time conditions. The 

architecture supports all intra prediction mode defined 

in High Profile of the H.264/AVC standard for all 

chroma formats. The architecture can generate 

predictions for several quantization parameters. The 

hardware cost is reduced as the same resources are 

used to compute prediction samples for all the modes. 

4×4 block reordering and interleaving with other 

modes minimizes the impact of the long-delay 

reconstruction loop on the encoder throughput.The 

design can operate at 100 MHz and 200 MHz for 

FPGA Aria II and 0.13 μm TSMC technology, 

respectively. These frequencies allow the encoder to 

support 720p and 1080p video at 30 fps. 

 

5. S. M. Koliet. al, has been proposed- In the last decade, 

there has been a rapid development in the digital VoW 

communication field because of the combination of 

advances in digital video compression and digital 

wireless communication techniques. As a compression 

algorithm often uses variable-length coding (VLC), bit 

rates have limitations in wireless transmission 

environment due to limited physical bandwidth.The 

increasing number of Video over Wireless (VoW) 

services is creating greater thrust for higher coding 

efficiency for digital video signals. 

 A design of integrated CODEC scheme with relatively 

lower bit-rate and improved edge peak signal-to noise 

ratio (EPSNR) is presented. Enhanced Intra Prediction 

(EnIP) algorithm uses picture structure without B-

pictures for real time VoW application. The proposed 

algorithm is implemented on TMS320DM6437; a 

multimedia processor, using Digital Video 

Development Platform (DVDP). 

 It reduces the bit rate of H.264/MPEG4-AVC CODEC 

by 24.81% which results into the improved 

compression performance. Also, the proposed EnIP 

algorithm increases the EPSNR by 10.72%.This work 

can be further continued to reduce encoding delay, 

which will reduce transmission delay, and hence, end-

to-end delay for VoW transmission. 

 

6. Bing Zeng et. al, has been proposed- An alternative- 

transforms-based scheme has recently been proposed 

to achieve perceptual encryption of video signals in 

which multiple transforms are designed by using 

different rotation angles at the final stage of the 

discrete cosine transforms (DCTs) butterfly flow- 

graph structure. More recently, it is found that a set of 

more efficient alternative transforms can be derived by 

introducing sign-flips at the same stage, which is 

equivalent to an extra rotation angle of π. 

 In this paper this sign-flipping technique is generalized 

by randomly embedding sign-flips into all stages of the 

DCTs butterfly structure so that the encryption space 

becomes much larger to yield a higher security. 

This study is pursued for H.264-compatible videos, 

assuming that the integer DCT of size 4 × 4 is used. 

Extensive experiments have been done to show the 

robustness of the proposed encryption scheme against 

attackers. The work focuses on the 4 × 4 integer 

transform used in the H.264 standard; whereas the 

same principle is also applicable to any floating-point 

transform of a different size. Results show that nearly 

no coding loss is experienced in these algorithms if the 
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entire encryption key is known and all the four 

mentioned algorithms provide a good protection when 

the key is not completely known. 

 

7. Gustavo Sanchez et. al, has been proposed- The spread 

and iterative search (S&IS) and the low density and 

iterative search (LD&IS) motion estimation 

algorithms are presented. The main goal of both 

algorithms is to facilitate the hardware design, 

providing a good trade-off between performance, 

hardware resources utilization and objective quality 

when encoding HD videos. 

 Synthesis results of different related work are 

compared with the proposed hardware. 

 The algorithms were evaluated using the HEVC 

reference software and compared to EPZS and DS 

using the BD-rate measurement. FPGA synthesis 

results show that the architecture is capable to process 

149 (S&IS) and 180 (LD&IS) HD 1080p frames per 

second. Standard cell 90 nm technology synthesis 

results show that the proposed solutions are capable to 

process HD 1080p videos in real time, at 30 frames 

per second, consuming only 12.5 and 13.5 mW for the 

LD&IS and S&IS, respectively. 

 

8. Kamel Messaoudiet. al, has been proposed- A 

hardware architecture based on data parallelism 

principles is proposed for Intra coding module of 

 Encoder. 128 bit data input is retrieved from a DDR2 

memory using an intelligent memory controller 

specially designed for the H.264 encoder. The 

intelligent controller periodically supplies the 

processing modules with the required data at a defined 

time. So, the H.264 modules manipulate different 

frames stored in the external memory via a local 

memory that contains only MBs being processed. 

 It implements the different modes in series instead of 

parallel to avoid an excessive use of FPGA resources 

and to reduce the required number of clock cycles to 

process each macroblock. 

Using Xilinx Virtex5-ML501 platform, the proposed 

architecture occupies 18 % of the FPGA’s resources 

and operates at a maximum frequency of 155MHz. 

Increased data throughput for each block and 

macroblock without increasing the use of FPGA 

resources is achieved. 

 

III - THE PROPOSED ARCHITECTURE  

 

Video coding applications are disseminated in a range of 

devices and require application-specific hardware 

support to deal with the ever increasing computational 

complexity of advanced video coding standards. The 

design of application- specific circuit for H.265 standard 

is the most efficient solution, however, it make really 

difficult and costly for future design changes. In view of 

the cost and performance metrics modern FPGA 

obviously give an edge. 

 

Our proposed work focuses on an efficient approach to 

exploit power saving possibilities which spans through 

different design levels for real-time video decoding. At 

the algorithm level, the computational complexity and 

data width are optimized. At the architectural level, 

pipelining and parallelism are widely adopted to reduce 

the operating frequency; distributed processing greatly 

helps to reduce the number of global communications; 

hierarchical memory organization moves great part of 

data access from larger or external memories to smaller 

ones. 

 

Fig. 1.2 flow diagram of switching capacitance by multi-

function reconfigurations 

 

At the circuit level, resource sharing reduces total 

switching capacitance by multi-function 

reconfigurations; the knowledge about signal statistics is 

exploited to reduce the number of transitions; data 

dependent signal-gating and clock-gating are introduced 

which are dynamic techniques to for power reduction; 

multiplications, which account for large chip area and 

switching power, are reduced to minimum through 
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proper transformations, while complex dividers are 

totally eliminated. At the transistor and physical design 

level, cell sizing and layout are optimized for power-

efficiency purpose. The higher levels, like algorithm and 

architecture, contribute to larger portion of power 

reduction, while the lower levels, like transistor and 

physical, further reduce power where high level 

techniques are not applicable. 

 

Advantage with FPGA 

 
Taking advantage of the heterogeneous resources of 

FPGA, e.g. embedded memory and digital signal 

processing blocks, the performance of our architecture is 

improved. Storing intermediate data in block RAM 

memories reduces the number of cycles to process a 

macro block. 

 

The use of DSP blocks improves the critical path, 

increasing the maximum frequency, which enables the 

architecture to process more frames per second. 

Parallelism coupled with low power design strategies is 

an effective approach to achieve high processing 

performance with low power consumption. We propose 

parallel architectures and algorithms which are designed 

to deliver the power and performance required for 

current and next generation video coding. 

 

IV - CONCLUSION 

 

In this paper, We propose parallel architectures and 

algorithms which are designed to deliver the power and 

performance required for current and next generation 

video coding. 

 

By using the heterogeneous resources of FPGA, e.g. 

embedded memory and digital signal processing blocks, 

the performance of our architecture is improved. Storing 

intermediate data in block RAM memories reduces the 

number of cycles to process a macro block. This makes 

such architecture attractive for application in future 

mobile devices. It reduces the bit rate of H.265/MPEG4-

AVC CODEC 
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