
Comparison of H.264/AVC and MPEG-4 Part 2 Coded Video 
 
 

O. Nemčić, M. Vranješ, S. Rimac-Drlje 
University of Osijek, Faculty of Electrical Engineering 

Kneza Trpimira 2B, Osijek, HR-31000, Croatia 
E-mail: rimac@etfos.hr 

 
 

Abstract – A brief overview of H.264/AVC and MPEG-4 Part 2 standards is given in this paper with focus on 
differences between them. Experimental quality comparison of H.264/AVC and MPEG-2 Part 2 coded video is 
done for several sequences and bit rates. The codecs used in the experiment are JVT JM ver. 10.2, as 
implementation of H.264/AVC, and XviD ver.1.1.0, as implementation of MPEG-4 Part 2. The peak signal-to-
noise ratio (PSNR) and Video Quality Model (VQM) are used as objective quality metrics. The results obtained 
show that JVT JM codec outperforms XviD codec both in objective and subjective quality.    
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1. INTRODUCTION1 
 

In modern communication systems there exists a 
diversity of applications with the coded video being 
an important part. Flexibility with regard to the 
application, efficiency of coding and robustness to 
channel changes are the most important features that 
are demanded from the video codec. MPEG-4 Part 2 
and H.264/AVC codecs meet these demands 
representing a solution for different multimedia 
systems. 

In this paper a comparison of the main features of 
the H.264/AVC and MPEG-4 Part 2 codecs is given. 
Also, experimental results of quality measurements 
for coded video sequences are presented, with an 
emphasis on the influence of the video content to 
codec efficiency.  

 
 

2. H.264/AVC VERSUS MPEG-4 CODING 
 

H.264/AVC is the latest international video 
coding standard. It is developed by a joint effort of 
the ITU-T Video Coding Experts Group (VCEG) 
and the ISO/IEC Moving Pictures Experts Group 
(MPEG), [1]. H.264/AVC is developed to provide 
efficient compression and high reliability in video 
transmission. It is based on conventional block-
based motion-compensated video coding, but with 
several new features which significantly improve its 
rate-distortion performance over prior standards 
(MPEG-2, MPEG-4 Part 2, H.263). The main 
features that improve coding efficiency are the 
following, according to [2]: 
− variable block-size motion compensation with 

the block size as small as 4x4 pixels; 
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− quarter-sample motion vector accuracy; 
− motion vectors over picture boundaries; 
− multiple reference picture motion 

compensation; 
− in-the-loop deblocking filtering; 
− small block-size transformation (4x4 block 

transform); 
− enhanced entropy coding methods (Context-

Adaptive Variable-Length  Coding (CAVLC) 
and  Context-Adaptive Binary Arithmetic  
Coding (CABAC)). 
Special attention is given to the improvement of 

robustness to data errors or losses during 
transmission over different networks. The standard 
defines a network abstraction level (NAL), which 
maps H.264/AVC video coding layer (VCL) data to 
different transport layers.   

 Three profiles are supported in the H.264/AVC 
standard, each targeted at a class of video 
communication applications. The Baseline profile is 
suitable for conversational application such as 
video-conferencing. The Extended profile has 
additional tools and can be used for video streaming 
applications. The Main profile is suitable for video 
broadcast and video storage.  

MPEG-4 Visual Part 2 is developed by the 
ISO/IEC Moving Pictures Experts Group, [3]. It 
provides a high level of flexibility of coding 
techniques and visual data types (rectangular frames, 
video objects defined as arbitrary-shaped regions, 
still images, as well as synthetic and hybrid visual 
data). A large number of profiles is defined, fifteen 
profiles only for conventional video sequences. 
These profiles can be grouped into five classes: 
simple profiles for coding of rectangular video 
frames, object-based profiles for coding arbitrary 
shaped visual objects, scalable profiles, still texture 
profiles and studio profiles.  

Both standards provide a wide range of levels 
incorporating different parameters for video 



sequences such as frame rates, resolution and bit 
rates.  

H.264/AVC coding has shown a high 
improvement in both subjective and objective 
quality, [4]-[5], but it demands much more 
computing resources. A coder must search more due 
to more intra-prediction methods, a smaller block 
size and longer filters for motion compensation 
create memory access problems, multi-frame motion 
compensation demands more memory for reference 
frame storage, and so on.  High implementation 
complexity is a drawback for using H.264/AVC 
coders, and for the time being MPEG-4 Part 2 
coders are more widely used.   
 
 
3. OBJECTIVE QUALITY METRICS 
 

In the last decade several objective video quality 
metrics have been developed and can be used in an 
analysis of the rate-distortion performance of 
different video coding solutions. The most 
commonly used metrics is the peak signal-to-noise 
ratio, PSNR.  PSNR does not take into account any 
property of the human visual system (HVS), but it is 
widely used because of its simplicity. In our 
experiment we used PSNR for luma component only 
(as used in [4]- [5]) and color information is not 
taken into account. In order to get a PSNR value for 
the entire sequence, the average of the frame PSNR 
values is calculated.  

Since PSNR metrics does not correspond well to 
the quality perceived by a human observer, we also 
used the VQM metrics in our experiment. VQM 
model is a DCT-based video quality metric, 
developed by F. Xiao, [6]. This metric is based on 
simplified human spatial-temporal contrast 
sensitivity model. Model calculates distortion of a 
compressed video in four steps: 

1. For every frame the model performs Discrete 
Cosine Transform (DCT) for 8 x 8 pixels blocks, for 
original and distorted video. 

2. The model converts DCT coefficients of a block 
i to the local contrast values LCi, by using DC 
component of each block.  

3. The model converts LCi to just noticeable 
difference values, JNDi, by using static and dynamic 
spatial contrast sensitivity function .  

4. The JNDi coefficients of original and distorted 
sequences are subtracted to produce a difference 
values Diffi(t). Model incorporates contrast masking 
into simple maximum operation and then weights it 
with the pooling mean distortion. Final VQM score 
is obtained by using mean and maximum difference 
values. 

For no perceived impairment the VQM model 
gives the output value equal to zero, and for a rising 
level of impairment the output value rises, too.   

 
 

4. EXPERIMENTAL RESULTS 
 
We have made several tests of the rate-distortion 

performance of an H.264/AVC codec and an 
MPEG-4 Part 2 codec. Five progressive video 
sequences in the raw YUV 4:2:0 format were used in 
our experiment. We used the sequences Foreman, 
Hall, Highway, News and Paris, all in two different 
resolutions: QCIF (176x144) with 15 fps (frames per 
second) and CIF (352x288) with 30 fps. These were 
downloaded from [8]. Thirteen target bit rates were 
used for coding. 48, 64, 128, 192, 256 and 384 kb/s 
were used for QCIF sequences, whereas for CIF 
sequences we used 128, 192, 256, 384, 768, 1024 
and 1536 kb/s.  

The first codec is the JVT JM version 10.2 
implementation of the H.264/AVC standard, [9]. 
The second codec is the open source codec XviD 
version 1.1.0, based on the MPEG-4 Part 2 Visual 
specification, [10]. Details of codecs parameters are 
given in Table 1.  

 
Table 1. Codecs parameters 

JVT JM ver. 10.2 
QCIF sequences Baseline profile, L1.2 level 

CIF sequences Main profile, L2 level 
XviD ver 1.1.0 

QCIF sequences Simple profile, L3 level 
CIF sequences  Advance simple profile, L4  

 
For quality comparison of two codecs we obtained 

two objective measures, PSNR and VQM, by using 
MSU Video Measurement Tool, [11]. Experimental 
results for QCIF sequences are given in Table 2., 
and results for CIF sequences are given in Table 3.  

The results obtained clearly show superiority of 
the H.264/AVC codec. PSNR values for CIF 
sequences coded by the JVT JM codec are higher 
than PSNR for sequences coded by the XviD codec 
between 4.25 dB (for 128 kb/s) and 8.28 dB (for 
1536 kbit/s).   For QCIF sequences the JVT JM 
codec obtained PSNR between 4.53 dB (for 48 
kbit/s) and 9.14 dB (for 384 kbit/s) higher than the 
XviD codec. VQM metrics enhances some 
properties of video distortion caused by compression 
and corresponds with subjective quality perceived 
by a human observer better than PSNR. Differences 
between VQM values for the JVT JM codec and the 
XviD codec range between 0.54 and 0.61 for CIF 
sequences, and between 0.59 and 0.6 for QCIF. This 
implies an almost constant difference in quality 
through all bit rates and for all video sequences 
(despite the difference in PSNR values).  

Content of a video sequence has a large influence 
on coding results. The Highway sequence (both 
QCIF and CIF) was most difficult for coding by both 
coders as to higher bit rates (above 768 kb/s for CIF 
and above 192 kb/s for QCIF). Also, here the  JVT 
JM  coder obtained  the  largest  differences in 
quality measured by both PSNR and VQM. PSNR is 



Table 2. Quality measurements for CIF sequences 
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PSNR VQM 

  JVT XVID JVT XVID 
Forman  32.79 30.91 1.60 2.00 

Hall 38.10 32.20 0.94 1.64 
Highway 37.31 30.47 1.04 1.70 

News 38.30 34.90 1.03 1.45 
128 

Paris  33.17 30.44 1.69 2.19 
average 35.93 31.78 1.26 1.80 
Forman  34.73 32.49 1.30 1.76 

Hall 38.88 32.57 0.86 1.58 
Highway 38.28 30.77 0.94 1.63 

News 40.20 36.42 0.86 1.30 
192 

Paris  34.97 32.22 1.40 1.85 
average 37.41 32.90 1.07 1.62 
Forman  37.68 35.23 0.93 1.40 

Hall 40.19 33.13 0.74 1.47 
Highway 39.67 31.12 0.80 1.51 

News 43.58 38.79 0.61 1.09 
256 

Paris  38.46 35.39 0.95 1.36 
average 39.92 34.73 0.81 1.36 
Forman  40.62 37.76 0.67 1.12 

Hall 41.55 33.50 0.63 1.39 
Highway 40.92 31.37 0.69 1.40 

News 46.50 40.32 0.45 0.94 
384 

Paris  42.51 38.60 0.61 0.98 
average 42.42 36.31 0.61 1.17 
Forman  41.85 38.67 0.58 1.04 

Hall 42.17 33.66 0.58 1.34 
Highway 41.44 31.45 0.64 1.36 

News 47.60 40.74 0.39 0.89 
768 

Paris  43.95 39.61 0.52 0.88 
average 43.40 36.83 0.54 1.10 
Forman  43.55 39.81 0.48 0.94 

Hall 43.18 33.76 0.51 1.30 
Highway 42.24 31.49 0.57 1.33 

News 49.39 41.17 0.31 0.85 
1,024 

Paris  45.68 40.53 0.43 0.79 
average 44.81 37.35 0.46 1.04 
Forman  44.85 40.22 0.42 0.90 

Hall 44.04 33.83 0.46 1.27 
Highway 42.93 31.54 0.52 1.30 

News 50.80 41.36 0.25 0.83 
1,536 

Paris  46.87 41.14 0.37 0.74 
average 45.90 37.62 0.40 1.01 

 
more than 10 dB lower for XviD than for JVC JM 
codec in the highest  bit  rates. VQM is around 0.8 
higher (means worse quality) throughout all bit rates 
 

Table 3. Quality measurements for QCIF sequences 
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 PSNR VQM 

  JVT XVID JVT XVID 
Forman  34.41 32.23 1.32 1.67 

Hall 40.48 33.39 0.70 1.48 
Highway 37.70 30.54 0.95 1.75 

News 38.70 35.10 0.98 1.49 
48 

Paris  33.73 31.12 1.60 2.13 
average 37.00 32.47 1.11 1.70 
Forman  35.96 33.40 1.12 1.48 

Hall 41.33 33.61 0.64 1.43 
Highway 38.58 30.75 0.87 1.68 

News 40.44 36.29 0.82 1.36 
64 

Paris  35.22 32.41 1.36 1.87 
average 38.31 33.29 0.96 1.56 
Forman  39.63 36.33 0.74 1.09 

Hall 43.09 34.02 0.52 1.32 
Highway 40.77 31.21 0.69 1.51 

News 44.87 38.83 0.51 1.07 
128 

Paris  39.45 35.99 0.84 1.31 
average 41.56 35.28 0.66 1.26 
Forman  41.86 38.24 0.58 0.90 

Hall 44.13 34.19 0.46 1.26 
Highway 41.78 31.44 0.61 1.41 

News 47.44 39.85 0.38 0.95 
192 

Paris  42.60 38.31 0.59 1.01 
average 43.56 36.41 0.52 1.11 
Forman  43.50 39.57 0.48 0.78 

Hall 44.92 34.27 0.42 1.23 
Highway 42.51 31.56 0.56 1.35 

News 49.11 40.43 0.32 0.88 
256 

Paris  45.04 39.68 0.44 0.87 
average 45.02 37.10 0.44 1.02 
Forman  45.90 41.29 0.36 0.65 

Hall 46.23 34.34 0.36 1.20 
Highway 43.58 31.65 0.49 1.29 

News 51.18 40.85 0.25 0.84 
384 

Paris  47.81 40.88 0.33 0.75 
average 46.94 37.80 0.36 0.95 

 
The biggest problem in the Highway sequence is the 
stochastic nature of clouds, which occupied a large 
portion of frames. The JVC JM codec has a better 
solution for coding this type of content. 

Measurement results for CIF sequences are given 
in Fig. 1. and results for QCIF sequences are given 
in Fig. 2. Average of results for all sequences are 
given with solid lines. For a given bit rate the range 
into which results for all sequences fall are presented 
with dashed for the  JVT JM codec and dotted lines  
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Figure 1.  Measurement  results for CIF sequences 
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Figure 2.  Measurement results for QCIF sequences 
 

for the XviD codec. The range of VQM scores for 
JVT JM is quite narrow and shows that this codec 
deals well with a different video content. For the 
XviD codec the range of results is much wider for 
both VQM and PSNR.  
 
5. CONCLUSION 
 

Results of video quality comparison show that the 
JVC JM codec based on the H264/AVC standard 
outperforms a currently widely used XviD coder 
based on MPEG-4 Part 2. Furthermore, JVC JM has 
a smaller diversity of PSNR and VQM results for 
video sequences with different contents. As to the 
most difficult video for coding, Highway (with a 
high level of movement and stochastic nature of a 
large part of frame), JVC JM obtained the highest 
improvement over XviD, both in PSNR and VQM 
measure. The question is how a human observer 
perceives this improvement, in which direction our 
further research is planned. 
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