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Abstract— This paper compares the video quality performance 

of low definition (LD), standard definition (SD) and high 

definition (HD) video signals encoded with H.264/AVC and 

Dirac using full-reference (PSNR and SSIM) and no-reference 

metrics (JPEG-NR) for different bit rates. It is shown that 

H.264 outperforms Dirac concerning quality for all resolutions. 
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I. INTRODUCTION 

The increasing number of digital video services and growing 

popularity of high definition and 3D television are creating 

an enormous need for higher coding efficiency. Since the 

development of the early standards, such as MPEG-1, 

evolving to the enabling MPEG-2 technology that is still 

widely used for the transmission of low (LD), standard (SD) 

and high definition (HD) TV signals, there is a constant 

search for new video encoders. Moreover, the transmission 

of good quality video over much lower data rate media, such 

as in wireless and access networks, has enhanced the need 

for efficient and flexible coding. As such, H.264 (AVC) has 

emerged in 2003 as the successor of MPEG-2 after a joint 

development effort by the ITU Video Coding Experts Group 

(VCEG) and the ISO/IEC Moving Picture Experts Group 

(MPEG). Its video coding layer (VLC) is based on the 

conventional block-based motion-compensated hybrid video 

concept, but with important new features, such as the 

enhanced motion-prediction capability, the use of a small 

block-size exact match-transform, the adaptive in-loop 

deblocking filter and enhanced entropy coding methods [1]. 

As a promising alternative to H.264, the Dirac concept was 

developed by the British Broadcast Corp. (BBC) R&D team 

as an open platform that can be used by anyone without 

paying license fees [2, 3]. It is also based on the conventional 

block-based motion-compensated hybrid video concept, but 

differs from H.264, for example, by the use of the discrete 

wavelet transforms, DWT, (rather than the discrete cosine 

transform, DCT). 

As users face the challenge of working with such encoders, 

the quest for the quality of encoded video resulting from 

these two technologies become crucial, particularly at low bit 

rates, which are most used for mobile devices. This way, we 

have employed the H.264 and Dirac encoder for compression 

of three video signals with different content and with 

different resolutions (low, standard and high definition) and 

have used full-reference and no-reference metrics to evaluate 

the video quality at different bit rates. As full-reference 

metrics the Peak Signal-to-Noise Ratio (PSNR) and the 

Structural Similarity (SSIM) index were employed. And for 

the no-reference we used a perceptual quality metric, initially 

developed for still images (JPEG), but now modified to 

enable the evaluation of video frames. The results presented 

in this paper attempts to complement two other works [4, 5] 

in terms of adding information concerning the codification 

and evaluation of low-definition video signals and the 

employment of a no-reference technique, whose results are 

compared to results obtained with PSNR and SSIM.  

The paper is organized as follows: Section II describes the 

main features of the Dirac and H.264 video codecs. Section 

III discusses the objective video quality evaluation and 

corresponding results are show in Section IV, followed by 

the conclusion in Section V. 

II. DIRAC AND H.264/AVC VIDEO CODECS 

The H.264 encoder explores techniques such as the intra 

prediction with spatial correlation that reduces redundancy. 

In the Baseline profile it allows the choice of four 16x16 

and nine 4x4 block size modes, respectively. H.264 utilizes 

the integer DCT to accelerate the transform calculation and 
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makes use of the Integer Cosine Transform (ICT) with left 

or right shift of the coefficients to replace multiplication and 

division operations. This way, it facilitates the transform 

implementation. 

For motion compensation H.264 employs several 

techniques, which use up to seven variable block sizes. The 

choice of block sizes depends on the level of details in the 

frames. For a high detailed block, the small mode size is 

more appropriate. However, for motionless background, the 

encoder can choose 16x16 block size coding. However, 

during this process the encoder may introduce blocking 

artifacts. For mitigating the impact of the resulting artifacts, 

an effective deblocking filter is used. Moreover, the encoder 

uses multiple reference frames and their number can vary 

from 1 up to 16. Entropy coding methods such as Context-

based Adaptive Binary Arithmetic Coding (CABAC) and 

Context-Adaptive Variable Length Coding (CAVLC) are 

also used in H.264, which are more efficient than the 

conventional Huffman technique [6, 7].  

On the other hand, the Dirac video codec is an open-

source for multiple resolutions and interlaced and 

progressive formats. Dirac uses the wavelet transform with 

separable wavelet filters, whose coefficients are divided into 

sub-bands and quantized employing rate-distortion 

optimization (RDO) quantizers.  

Table I show the basic settings used in both codecs for the 

comparison of the video quality performance within this 

work. 

TABLE I.  CONFIGURATION OF THE X264 AND DIRAC CODES. 

Parameter x264 Dirac 

Bit rate (kbps) 32 to 8000 384 to 8000 

FPS 30 30 

Profile/level 
LD: baseline 1.0 

SD/HD: high 5.1 
– 

Number B-frames 2 – 

Size of GOP 10 – 

Separation of L1-frames – 2 

Number of L1-frames – 2 

Progressive mode LD/SD LD/SD 

Interlaced mode HD HD 

Adaptive spatial transform 

size 
8x8 – 

Chroma sampling format 4:2:0 4:2:0 

Entropy coding CABAC Arithmetic coding 

Quality factor (QF) default- default 

CPU capabilities 

MMX2, SSE2Fast, 

SSSE3, 

FastShuffle, 
SSE4.1, Cache64 

not available 

 

The great advantage of DWT as compared to DCT-based 

H.264 is that it preserves the fine details. However, DWT 

may cause ringing and blurring artifacts which are reduced 

with filters of compact impulse response, called Daubechies 

filters. Moreover, Dirac uses I-frame, L1 and L2 frames in 

its group of pictures (GOP). Intra frames (I-frames) are used 

as reference frames by successive frames into GOP 

structures. L1 and L2 are both inter frames. L1 frames can 

be used as temporal reference by L2 frames. Dirac adopts a 

four level wavelet transform. The filter produces four sub-

bands called Low-Low (LL), Low-High (LH), High-Low 

(HL) and High-High (HH). Each sub-band contains 

coefficients that represent specific areas within the frame. 

Dirac also employs arithmetic coding in its entropy coding 

stage to produce efficient variable length codes.  

III. OBJECTIVE VIDEO QUALITY EVALUATION 

This work uses two methods for quality assessment. The 

full-reference method requires the reference frame (original) 

and the encoded frame for the pixel to pixel comparison. 

Two metrics were employed: the Mean Square Error 

(MSE)/PSNR and SSIM.  

The PSNR (dB) of a frame is calculated as 
















MSE
PSNR

peak

f


log20  (1) 

where νpeak is 12 k  and k is the number of bits per pixel. 

The MSE values vary from 0 to 255. To an increase of MSE 

corresponds a decrease in PSNR. Typical values for good 

perceptual quality reported in the literature range between 

20 dB and 40 dB [8]. 

The SSIM compares the local patterns of pixel intensities 

that have been normalized for luminance and contrast [9, 

10]. The quality index of SSIM varies from 0 to 1, where 1 

indicates that the encoded frame is the same as the original 

frame. The SSIM index for a frame with resolution (x,y) is 

derived from the combination of three parameters: the 

luminance comparison l(x,y), the contrast comparison c(x,y) 

and the structure comparison s(x,y). The SSIM is a metric 

based on Human Visual System (HVS) and it is highly 

adapted for extracting structural information from a scene of 

a video content. The SSIM index is expressed as 

 

        
yxsyxcyxlSSIM f ,,,  

 

(2) 

where, typically, 1  . 

The no-reference method uses only the encoded frame for 

the evaluation. We used the perceptual quality assessment 

based on JPEG compressed images [11, 12], which we 

called JPEG-NR index (JPEG No-Reference index). The 

metric also defines the quality range from 0 to 1. It explores 

the horizontal and vertical features of the encoded frame to 

detect blocking and blurring artifacts. The detection of 

blocking and blurring is obtained by processing the signal 

from the space-time domain to the frequency domain. The 

JPEG-NR index is calculated as follows  

321  ZABJPEG NR
f   

 

(3) 
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where A is the parameter related to the evaluation of the 

blurring effect and B is the parameter related to the 

evaluation of the blocking effect and Z is the mean zero-

crossing rate (activity measure) between the horizontal and 

vertical features. The model parameters α, β, γ1, γ2, and γ3 

are obtained from training the video data [11]. The model 

developed for still images can be extended to evaluate video 

signals by averaging the index obtained for each frame over 

the number of frames. 

The three video sources used in the analysis are “Riverbed”, 

“Bee and Sunflower” and “Tractor”. They are available in 

high definition (HD) and were obtained from [13]. The first 

contains 250 frames with little movement, the second 

contains 500 frames with slow motion of objects (“Bee and 

Sunflower”) and the third shows a greater movement 

(“Tractor” with 690 frames). By using Matlab tools [14] the 

HD (1920x1080) format was resized to SD (720x480) and 

to LD (320x240) format before codification. By the 

employment of the PSNR technique we noticed that no 

significant distortion in this conversion step was performed. 

Figure 1 shows a frame of each of one the videos used in the 

analysis. 

   
a. b. c. 

Figure 1.  Frame of: a. Riverbed, b. Sunflower and c. Tractor. 

The Intel Core i7 64 bits processor was used for data 

processing and analysis. The baseline profile is chosen in 

H.264 for processing the LD (240@30 frames/s) signal and 

the high profile is used for SD (480@30 frames/s) and for 

HD (1080@30 frames/s) resolutions. We noticed that the 

processing time using the x264 code is much faster than the 

one using the Dirac code. The corresponding codes for the 

Dirac and H.264 codecs were obtained from [2] and [15], 

respectively. 

Figure 2 shows a typical evolution of PSNR over the 

number of frames for two different bit rates (1024 kbps and 

8000 kbps) of the “tractor” video at LD resolution. At the 

1024 kbps rate H.264 presents PSNR values between 34 dB 

and 40 dB, which are higher than the ones obtained with 

Dirac, which lay between 30 dB and 35 dB. At the highest 

bit rate (8000 kbps) H.264 continues to outperform Dirac, 

with PSNR values between 48 dB and 50 dB. However, for 

an insight of the performance at increasing bit rates over the 

video total number of frames, one is required to average the 

index values obtained frame by frame as seen in Figure 2. 
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Figure 2.  Trend of PSNR (dB) frame by frame with increasing bit rate for 

the Tractor content at LD resolution. 

This way, we have calculated the average of PSNR, SSIM 

and JPEG-NR index according to  




N

k

frame
kM

N 1

1
 

 

(4) 

where M
frame

 means the metric index (PSNR, SSIM or 

JPEG-NR) of frame k. The sum over N represents the 

average index obtained over the total number of frames of 

the video signal.  

IV. RESULTS 

Figure 3 shows the PSNR performance over the bit rate. 

For the LD resolution PSNR results show that H.264 

outperforms Dirac. A similar behavior is observed for the 

SD and the HD resolutions, as well. For bit rates over 500 

Kbps the PSNR is higher than 27 dB for all resolutions, an 

indicative that the perceptual image quality is high. 

Additionally, at increasing bit rates the performance for the 

LD resolution is higher than for the SD, which is also higher 

than HD. This confirms the fact that signals of lower 

resolution at higher bit rates suffers less the impact of the 

compression process. During the work with Dirac one must 

be particular careful as the bit rate is reduced [16]. When the 

encoder is forced to lower rates it delivers a constant quality 

index, as if Dirac tries to establish a minimum rate that 

preserves quality. This problem is enhanced as the video 

resolution increases (some of the curves in Figures 3 and 4 

intentionally shows this behavior). Particularly, rates must 

be set higher than 400 kbps for LD, higher than 1000 kbps 

for SD and higher than 4000 kbps for HD resolution in order 

to avoid the problem.  
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Figure 3.  Comparison of average PSNR (dB) of the “Tractor” content after 

compression at different resolutions (LD, SD and HD). 

Figure 4 shows the same comparison using the SSIM 

index. This index represents the human perceptual quality in 

a better way since it combines the perception of luminance, 

contrast and structure of the video. For bit rates over 2000 

kbps the index points out to a very high quality (> 0.9) for 

all resolutions. Again, H.264 outperforms Dirac in all cases. 

However, for lower bit rates the quality differences can be 

better distinguished. These rates are particular important for 

LD transmission in mobile devices. At 500 Kbps, for 

example, the SSIM index for Dirac is around 0.8 and for 

H.264 it is 0.9 (LD resolution), a significant difference in 

terms of the SSIM metric. However, images are still 

visualized by the HVS without much annoyance.  
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Figure 4.  Average SSIM index of video Tractor with resolutions LD, SD 

and HD. 

Figure 5 shows results of the no-reference metric with the 

JPEG-NR index for the Tractor content, representing 

resolutions LD, SD and HD.  
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Figure 5.  Average JPEG No-Reference of video: Tractor with resolutions 

LD, SD and HD. 

Figure 6 shows the performance comparison with the 

SSIM index metric for the videos Riverbed, Sunflower and 

Tractor at the LD resolution.  
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Figure 6.  Average SSIM index for three videos with resolutions LD, SD and 

HD. 

This metric shows a different trend than the other two 

metrics, where Dirac outperforms H.264. This is probably 

due to the limited training of the used dataset, from which 

the model parameters α, β, γ1, γ2, and γ3 are obtained. For 

instance, from 500 kbps to 8 Mbps for the LD resolution, 

H.264 presents an average JPEG-NR index lower than 

Dirac. For the SD resolution the x.264 code shows an JPEG-
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NR index higher than Dirac up to 2000 kbps, then an 

inversion occurs and Dirac begins to deliver higher values 

of JPEG-NR.  

For all contents H.264 shows higher SSIM indices than 

Dirac. Above 3000 kbps the SSIM index is in practice the 

same for all contents, indicating that no significant changes 

are perceived by the HVS. 

V. CONCLUSION 

This work compared the performance of the H.264 and 

Dirac in terms of the video quality, which is assessed with 

full-reference (PSNR and SSIM) and no-reference (JPEG-

NR) metrics. Three video signals with different contents and 

different resolutions (LD, SD and HD) were employed in 

the analysis. Results indicate that H.264 outperforms Dirac 

in all cases over the employed bit rate. Other results in the 

literature confirm this behavior [4]. However, the JPEG no-

reference metric used in this work must still be improved in 

order to deliver results, which better correlate with values 

given by the PSNR and SSIM metrics. It was also noticed 

that the x264 code presents a higher speed in the encoding 

processing because it uses enhanced CPU capabilities 

(shown in Table I), a feature that the Dirac code still misses.  
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