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Abstract 

Syntax-based arithmetic coding (SBAC), Deblocking Filter, Advanced prediction mode (APM), 

Unrestricted motion vector mode (UMVM), Rate control, etc. for the H.263 video coder; Integer 

transform, Context-based arithmetic coding (CABAC), advance deblocking filter, etc. for the 

H.264 video coder; and so on are tested and their effects on compression efficiency are analyzed. 

The experiments showed that the new ITU-T H.264 video coding standard may improve upon 

the existing H.263 standard by 3 dB for the CIF format and 2 dB for the QCIF format, resulting 

in a 47% coding increase. 
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INTRODUCTION 

The advancements in video compression encoding have been phenomenal, leading to a notable 

rise in overall video quality. In order to represent digital photos and videos in a manner that is 

both economical and resilient, modern image and video compression algorithms provide the 

means to do so. In the 1950s and 1960s, researchers began exploring spatial DPCM (Differential 

Pulse Code Modulation) coding of pictures, which would later pave the way for other forms of 

digital image and video coding. In 1984, ITU-T (International Telecommunication Union- 

Telecommunication) created the first digital video coding standard called "H.120," which 

included conditional replenishment and variable length coding. The sequel was out in 1988 with 

enhanced functionality including motion correction and backdrop prediction. The H.120 standard 

did not catch on with the public and is consequently no longer in use. 

It wasn't until 1990 that the International Telecommunication Union (ITU) defined a newer, 

better video encoding format known as H.261. The 16x16 macro block structure, 8x8 Discrete 

Cosine Transform (DCT), run length, variable size length, and scalar quantization were all 

crucial parts of H.261. In 1993, an improved version of H.261 with a data rate range of 64 to 

2048 kbps and a high-resolution graphics trick mode that was compatible with earlier versions 

was introduced. Even though H.263 has a backwards compatibility option, H.261 is still widely 

used.ISO/IEC Moving Picture Expert Group (MPEG) was another major player in video 

encoding standardization alongside ITU-T. Bidirectional motion predictions, such as B-frames, 

half pixel motion (1/2-pel), quantization weighting matrices, etc., were included in the MPEG-1 

standards produced by ISO/IEC in 1993, resulting in improved video quality at greater data rates. 

MPEG-1, with its SIF 352X240/288 resolution, gave a level of quality roughly equivalent to 

VHF. Digital audio broadcasting, digital cable/satellite TV, and Video CDs were all made 

feasible with the support of MPEG1. 
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LITERATURE REVIEW 

J. -R. Ohm (2012)We evaluate the compression efficiency of several generations of video 

coding standards by analyzing their PSNR and the results of our own subjective tests. 

H.262/MPEG-2 Video, H.263, MPEG-4 Visual, H.264/MPEG-4 Advanced Video Coding 

(AVC), and High Efficiency Video Coding are all analyzed using the same method (HEVC). 

Subjective testing conducted on WVGA and HD sequences showed that HEVC encoders were 

able to achieve the same subjective reproduction quality as H.264/MPEG-4 AVC encoders while 

consuming around 50% less bit rate on average. It has been shown that HEVC's architecture 

excels in scenarios requiring low bit rates, high-resolution video material, and short-delay 

transmission. The subjective improvement is somewhat higher than the improvement shown by 

the PSNR statistic. 

ShivamBindal (2014)According to the results of this paper, video compression methods and 

emerging trends in system on chip implementations have been thoroughly analyzed. We look at 

the compression algorithms' complexity in order to find a workable solution for real-time and 

storage-related use cases. Recent developments in the field are discussed, with special attention 

paid to the obstacles that still need to be overcome and the areas where more improvements may 

be made. The purpose of this study is to examine developments in video compression techniques 

from the past, present, and into the future. We have looked back over the last two decades of 

video encoding advancements and discussed what the future may hold. We have also examined 

and analyzed the performance comparison between H.264/MPEG-AVC and H.265/MPEG-

HEVC. 

Chi-Wei Tung, (2014)The newest format for compressing videos is called high efficiency video 

coding (HEVC). The compression performance of HEVC is superior than that of MPEG-4, 

H.263, and H.264/AVC. However, owing to its quadtree structure, the encoding procedure for 

HEVC is very computationally intensive. An early transform unit (TU) decision algorithm 

(ETDA) is implemented to prune the residual quadtree (RQT) at an early stage based on the 

number of nonzero DCT coefficients (named NNZ-EDTA) to speed up the encoding process in a 

HEVC encoder, therefore reducing the computing weight of the encoder. But for sequences with 

dynamic motion or dense texture, the NNZ-ETDA fails to significantly lessen the burden on the 

computer. Since nature videos have strong temporal-spatial correlation, we suggest an adaptive 

RQT-depth decision for NNZ-ETDA (named ARD-NNZ-ETDA) to further boost the 

performance of NNZ-ETDA. According to the simulation findings, the suggested technique may 

significantly reduce the amount of time it takes to compress an image while maintaining a high 

level of quality, with a time improvement ratio (TIR) of 61.26–81.48 compared to the HEVC test 

model 8.1 (HM 8.1). In addition to the 8.29%17.92% TIR that is achievable with the suggested 

technique as compared to the NNZ-ETDA, 

Akhlaq, M., Sheltami, T.R. (2012).Compared to wireless ad hoc and sensor networks, video 

applications are quickly gaining in popularity (WAHSNs). Because of their limited capacity, 

WAHSNs need an effective video-compression approach that optimizes both video quality and 

data throughput. Using the EvalVid framework and toolset, the AODV routing protocol, and 
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constant bit rate (CBR) traffic, we ran simulations in NS2 to compare the performance of the 

MPEG-4 (MPEG-4 Part 2) and H.264 (MPEG-4 Part 10) video codecs. Simulation findings 

suggest that H.264 is superior for video applications over WAHSNs in terms of peak signal-to-

noise ratio (PSNR) and end-to-end latency. 

RESEARCH METHODOLOGY 

Reference software test model No.8 (TMN 8) version 3.0, created by the University of British 

Columbia in Canada, is used to analyze the H.263 video coding standard. Video compression 

standard H.264 is broken down using evaluation tools Joint Video Team (JVT) 4.2 Joint Model 

of the International Telecommunication Union (ITU) and the International Organization for 

Standardization (ISO) (JM-4.2). Using the aforementioned PSNR equation, we conduct tests on 

the H.263 and H.264 video codecs with the help of reference software in order to determine the 

PSNR (Peak Signal to Noise Ratio) at varying Observed Bit Rates (OBRs), and we then 

calculate the coding gain at each OBR. 

A. H.263 And Its Parameters 

To further boost its performance, an H.263-coder may use supplemental coding methods 

("options"). Options must be discussed with the decoder outside (for example within ITU-T 

H.245). The following is a concise summary of the four potential choices under H.263. 

Additional information on these alternative encoding methods can be found in the H.263 

recommendation's appendices (specifically Annexes D, E, F, and G). 

Unrestricted Motion Vector Mode (UMV-Mode)  

Under H.263's standard prediction settings, motion vectors cannot make references to areas of 

the image that are not in the encoding. If the UMV-mode is activated, the aforementioned 

condition is void. If a part of a motion vector lies beyond the bounds of the encoded image, the 

pixel at the boundary indicated by the truncated part of the vector is utilized. For short motion 

vectors where the vast majority of MBs continue to relate to pixels inside the coded image 

region, this addition is invaluable. Keep in mind that up to half of all MBs are found near the 

border, even for tiny picture formats like sub-QCIF. 

Advanced Prediction Mode (AP-Mode)  

This choice allows for four motion vectors per macroblock and compensates for motion in 

overlapping blocks (instead of one). Furthermore, the upper bound of the motion vector 

components' range is widened from [16, 15.5] to [31.5, 31.5]. The AP-mode is always utilized in 

tandem with the UMV-mode if it is activated. 

 Four Motion Vectors per Macroblock.  

On a macroblock-by-macroblock basis, you may choose this supplemental encoding method. 

The motion correction for the luminance signal is improved by transmitting independent motion 
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vectors for each 8x8 luminance block. The default mode encodes motion vectors differently by 

taking the median of three components from neighboring 8x8 or 16x16 blocks. The encoder's 

mode selection involves weighing the benefits of better motion compensation against the costs of 

gathering more supplementary data. Only one motion vector is employed to correct for camera 

shake while processing chrominance data. A vector for the coarser chrominance sample grid is 

obtained by adding the four luminance motion vectors and dividing by 8. 

 Overlapped Block Motion Compensation.  

The current frame of a series is projected using motion compensated overlapping blocks from the 

reference frame, with each block weighted by a smoothing window. This method is known as 

overlapped block motion compensation (OBMC), and it is an advanced prediction technique. 

Only the luminance signal is subjected to OBMC in H.263, and it is conducted using 8x8 blocks. 

The prediction values for each pixel are the total of three values, with different weights assigned 

to each prediction. The current luminance block's motion vector, together with two additional 

distant vectors, are utilized to generate the three prediction values. The remote vectors are the 

directions of movement of the eight-by-eight blocks that are immediately horizontally and 

vertically adjacent. In most cases, these vectors of motion are not associated with the same GOB. 

Each pixel is calculated using the distant motion vectors of the blocks along the two neighboring 

block boundaries. A snapshot of the current luminance block's distant motion vectors is shown in 

Figure 1. 

 

Figure 1. Selection of the remote motion vectors 

The actual prediction value is just a weighted sum of the three referred-to luminance values, and 

is derived from the three specified motion vectors. The pixels referred by the present and distant 

motion vectors are given varying weights, depending on their location inside the block. As the 

location gets closer to the middle of the current 88 block, the weights are established in a matrix 

that gives less weight to the distant motion vectors. As the effect of the distant motion vectors 
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grows, a seamless transition is accomplished at the boundaries between 8x8 blocks. As a 

consequence, the block artifacts produced by block-wise motion correction are noticeably 

reduced. You may read more about the idea behind OBMC here. 

PB-Frames Mode (PB-Mode)  

There are two images in a PB-frame, but they are treated as one single unit in the algorithm. As 

with baseline H.263, the P-frame prediction is based on the previously decoded P-frame, but the 

B-frame prediction is an average of two motion compensated forecasts, one from the previous P-

frame and one from the current P-frame. Prediction directions and P and B frame locations are 

shown in Figure 2. Unlike MPEG, B-frame data is integrated into the main frame rather than 

being stored in a separate frame. 

 

Figure 2. Prediction in PB-frames mode. 

Macroblock-scale P-frame. The P-frame blocks inside an MB are broadcast first, followed by the 

B-frame blocks. Thus, there are 12 blocks per MB instead of 6. Important for extremely low bit-

rates, this combined encoding decreases the cost for image and macroblock headers. In 

accordance with what is seen in Fig. Second, not all B-frame pixels are anticipated in both 

directions. Forward prediction from the previous P-frame is all that can be made if the backward 

prediction is produced from pixels outside the presently reconstructed P-macroblock. This 

restriction diminishes encoding efficiency but ensures that P-macroblocks of the future are never 

used in retrodiction. This allows for sequential decoding of the incoming bit-stream, which 

makes for easier hardware implementation. In addition, unlike MPEG, H.263 does not provide 

the separate encoding of forward and reverse motion vectors. This decreases the performance of 

the code even more, especially for sequences with complicated motion. The unique use of B-

frames in H.263 is the root cause of these limitations; this is discussed in further depth in Section 

5. 
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Syntax-Based Arithmetic Coding Mode (SAC-Mode)  

All Huffman table-based encoding and decoding of variables of varying length is replaced by 

arithmetic encoding and decoding in this mode, which may be enabled as a customization for 

H.263. Performance of the H.263 Video Compression Standard 105 eliminates the need for a set 

integral number of bits for each symbol when employing syntax-based arithmetic coding. 

B. H.264 And Its Parameters 

Using a video sequence's group of images (GOPs) as an example, we may clarify the idea of 

MPEG-4 coding. The three different kinds of frames used by MPEG-4 are the predictive frame 

(P-frame), the intra frame (I frame), and the bidirectional frame (B frame) (Bframe). It is 

possible to characterize a GOP by its dimensions (form, texture, and motion). 

The internal construction of an MPEG-4 video encoder is shown in great detail in the following 

figure.3. Motion coding, texture analysis, and a form encoding module are the major 

components. The motion coder's job is to compensate for motion inside macroblocks and 

estimate the motion of those blocks. The DCT code is used by the texture encoder. The form 

coder adds functionality that was lacking in earlier versions. The multiplexer receives a buffer 

containing the encoded data from various GOPs. The shape coder allows for ideal compression 

of both binary and grayscale information. The coding is done in 16x16 byte blocks. Binary 

information is encoded in macroblocks. 

 

Fig.3. MPEG Video Encoder. 

making use of a combination of mathematical coding and motion correction. Grayscale 

information is encoded using the same qualities as the luma component, including motion 

correction and texture. Estimator and corrector of motion The motion coder consists of a GOPs 

storage, a motion vector predictor, and a motion vector coder. 
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Fig.4. MPEG Frame sequence. 

The display and encoding/transmission frame sequence for MPEG is shown in Figure 4. MPEG 

encoder and decoder rely on the preceding and next P and I frame for every macroblock, 

therefore the sequence in which they are shown and coded may alter. Therefore, the image 

header indicates the frame order based on the encoding time. The MPEG standard does not 

specify an order in which a video's frames must be stored. Depending on what's most efficient, 

frames may be shown in a different order than they were sent in. The frame rate and encoding 

method are also up to the user. According on the use case, the compression ratio and picture 

quality may be identified. 

 

Fig.5. Bidirectional search necessity 

Due to factors such unusual movement and occlusion, it is impossible for the current macroblock 

to have a perfect or excellent match in the preceding frame. As can be seen in Figure 5, the 

Macroblock from the present frame, which comprises a portion of a ball, does not have an 

identical counterpart in the prior frame. This is because the ball is being obscured by a second, 

rectangular item. The next scene is a natural fit. As seen in Figure 6, encoding B-frame data is a 

conceptually simple process. In this case, we don't only look ahead in time to the next P-frame or 

I-frame of the relevant movie to find the best matching block; we also conduct backward 

prediction. This gives us two motion vectors, one for forward prediction and one for inverse. If 

there is a perfect match in either direction, then two motion vectors are sent. To determine the 

magnitude of the mistake in the prediction, we first estimate the average of the matched 

macroblocks and then compare them to the target macroblock. 
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Fig.6. B-Frame coding mechanism using bidirectional search 

SIMULATION RESULTS 

In order to produce H.263 results, this study makes use of the test model No.8 (TMN 8) version 

3.0 produced at the University of British Columbia in Canada, and the reference software public 

joint test model encoder (JM-4.2) is utilized to produce H.264 results. This codec supports a 

wide variety of video codecs as input and has almost all of the features available, including those 

for the more complex modes described by the H.263 and H.264 standards. 

n = 2: QCIF, n = 3: CIF 

QCIF (176 x 144) CIF (352 x 288)) 

The "Foreman" regular video sequence (QCIF, 176 x 144,300 frames, 4:2:0 format) and the 

"Foreman" extended video sequence (QCIF, 176 x 144,300 frames, 4:2:0 format) are (CIF, 352 

x288, 300 frames, 4:2:0 format) A still from this video clip. 

The following relationship is used to make a comparison of performance in terms of peak signal-

to-noise ratio (PSNR) on average; 

 Where MSE is Mean square error 

 

Where i(x, y) = intensity of input pixel (for each Y, U, V) 

e(x, y) = intensity of output pixel (for each video sequence ―Foreman‖ (QCIF, 176 x 144,300 

frames, 4:2:0 format for Y, U, V) 
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The PSNR for entire video sequence is defined in terms of average PSNR 

 

Foreman (CIF, 352 x 288, 300 frames, 4:2:0 format) video sequence, where t is the total number 

of frames, PSNR I is the PSNR value for the ith frame, Y, U, V are the standard luminance and 

chrominance signals, and XY is the dimension of each frame. 

The performance of the H.263 video codec (Foreman sequence) is summarized for QCIF format 

in Table 1 and for CIF format in Table 2 in this study. 

Table 1: Performance of H.263 and H.264 Video Codec (Foreman sequence) for QCIF Format 

H.263  H.264  Coding  

    

Gain 

 

obr Psnr obr Psnr  

20.05 30.81 20.05 33.25 46.28  

40.09 33.03 40.11 35.9 46.3  

60.20 34.99 60.15 37.4 46.65  

80.25 36.11 80.21 38.25 46.78  

100.21 37.77 100.25 39.56 46.87  

120.23 38.41 120.28 40.44 46.99  

140.34 39.33 140.32 41.23 47.24  

160.29 40.27 160.37 42.44 47.45  

180.30 41.49 180.43 43.99 47.9  

200.44 42.72 200.48 45.65 48.2  

Table 2: Performance of H.263 and H.264 Video Codec (Foreman sequence) for CIF 

Format 

H.263  H.264  Coding  

    

Gain 

 

obr Psnr obr Psnr  

20.05 30.81 20.05 32.78 46.28  

40.09 33.03 40.11 34.90 46.3  

60.20 34.99 60.15 36.00 46.65  

80.25 36.11 80.21 37.48 46.78  

100.21 37.77 100.25 38.41 46.87  

120.23 38.41 120.28 39.31 46.99  

140.34 39.33 140.32 40.10 47.24  

160.29 40.27 160.37 41.17 47.45  

180.30 41.49 180.43 41.89 47.9  

200.44 42.72 200.48 44.25 48.2  
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Figure7: Snapshot of “foreman” Video Sequence 

 

 

Figure 8: Performance Enhancement Curves for H.264 Coder with H.263 Video Coder 

(a) QCIF format (b) CIF format 

CONCLUSION 

In this work, we compare the efficiency of the established H.263 video coding standard with that 

of the up-and-coming H.264 standard in terms of coding bit rate savings. We tested several rates 

of encoding for low and high latency uses. As shown by our experiments, the H.264 standard 

delivers a median improvement in coding efficiency of 47% compared to baseline H.263.PSNR 

improvements of 2–3 dB for QCIF and CIF formats have been noticed when using various 

advanced features of H.264. 
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