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About Sencore 

Sencore is an engineering leader in the development of high-quality signal transmission solutions for the broadcast, cable, 

satellite, IPTV, and telecommunications markets. The company's world-class portfolio includes video delivery products, 

system monitoring and analysis solutions, and test and measurement equipment, all designed to support system 

interoperability and backed by best-in-class customer support. Sencore products meet the rapidly changing needs of 

modern media by ensuring the efficient delivery of high-quality video from the source to the home. More information about 

Sencore is available at the company’s website, www.sencore.com. 
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“While this method is likely 

the best approach … it does 

not provide a quantifiable 

measurement of quality.” 

1 Introduction 

The video compression technology integrated into the Sencore TXS series of video transcoding products is 

based on latest generation H.264 and MPEG-2 encoding techniques which were designed for professional 

applications. Rapid advances in the algorithms which power today's compression systems enable the TXS 

to produce video quality exceeding that of existing, deployed encoding systems at a significantly reduced 

bitrate. This core technology puts the product at a significant advantage when compared to competing 

products which are powered by less advanced technology. 

However, as many seasoned broadcast engineers are aware, it remains difficult to quantify the quality of 

an encoded video service. The human eye is a fairly complicated organ, and video quality assessment 

relies on the combination of the eye and the brain's interpretation. This combination produces complex 

results, which is apparent when viewing a Picasso painting, or even the "Magic Eye" puzzle in the Sunday 

paper. 

This white paper focuses on mechanisms for quantitatively assessing video quality, and is intended to 

assist the reader in evaluating the performance of video encoders and transcoders. 

2 Subjective Video Quality Analysis 

2.1 Overview 

Before delving into the various mathematical models for evaluating video quality, it is important to 

understand the most time-tested and, most likely, the best video quality assessment mechanism of all: 

human comparison. The best way to judge what "looks good" to a discerning viewer is to ask. For this 

reason, many transcoder or encoder evaluations begin with a simple side-by-side comparison. 

2.2 Golden Eyes 

Side-by-side comparison tests, often referred to as shoot-outs, simply involve providing specific content to 

an array of encoding devices. The outputs of the encoders are then decoded with a reference decoder, and 

the video is displayed side by side. This test can then repeated for several different types of content. 

Typically, video quality experts - known as golden eyes - are 

then lined up to rank the quality of the outputs 

independent of the knowledge of which device is which. 

While this method is likely the best approach, its drawback 

is that it does not provide a quantifiable measurement of 

quality. Sencore's TXS has participated in several video 

quality shootouts, and its video quality has been judged as meeting or exceeding that of its competitors. 

However, this claim does not yield the sort of quantitative, reproducible data that can be published. In 

addition, because this technique is purely subjective, many would suspect any test conducted by Sencore 

itself of bias. 

Finally, “golden eye” tests are not reproducible. This presents a challenge for customers looking to conduct 

evaluations of video over time, or in a situation where units cannot be compared side by side. 

2.3 Formal Subjective Assessment 

While “golden eyes” tests are often informal and not reproducible, the industry and academia have 

produced various methods and procedures for performing formal subjective assessments. These 

procedures utilize a group of observers that are of sufficient sample size to generate statistically 

reproducible results. 

ITU-T P.910 is one such document which describes a few different methods for performing reproducible 

subjective assessments. The methods typically recommend observer group sizes of around 15 people. 

They also suggest viewing distances and other aspects of the test that should be made constant across 

multiple assessments to ensure the results are reproducible. 
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2.4 Difference Mean Opinion Score (DMOS) 

While there are multiple assessment methods available to the industry, most of them involve some sort of 

subjective quality scale. One such scale is the Mean Opinion Scale (MOS). The MOS scale typically consists 

of five levels (although it could be scaled to any number of levels). The levels may be described as shown 

in Table 2-1. 

Table 2-1: Example MOS Scale 

Score Meaning 

5 Excellent 

4 Good 

3 Fair 

2 Poor 

1 Bad 

In one type of test, observers are asked to rate the picture quality of the original image on the MOS scale. 

Then, they are asked to rate the quality of the processed (or degraded) image. The ratings from all the 

observers are then averaged, and the average score for the degraded image is subtracted from the 

average score for the original image. The number that results from the difference of the mean opinion 

scores is called the “Difference Mean Opinion Score”. 

For a MOS scale of 1-5, the DMOS scale would be 0-4; with 0 meaning no difference between the images 

and 4 meaning no similarity between the images. For example, if a group of observers ranked an original 

image with a MOS of 4 and a processed image with a MOS of 3, the DMOS would be 1. 

2.5 Just Noticeable Difference (JND) 

Another method for subjective assessment involves forcing the observer to choose the image they think is 

the original. In this scenario, the observer is shown two images at the same time: the original image and 

the degraded image. The observer is required to select one as the original. This method is called “2-

alternative, forced-choice” or 2AFC. 

The results of multiple observers’ choices are compiled into a “Just Noticeable Difference” (JND) score. 

The results of the JND score can be interpreted as shown in Table 2-2. 

Table 2-2: JND Rating Scale 

JND Score Observers Meaning 

0 2 Out of 2 observers, each will choose a different 

image as being better. 

1 4 Out of 4 observers, 3 will choose the original 

image, and 1 will choose the degraded image. 

2 8 Out of 8 observers, 7 will choose the original 

image, and 1 will choose the degraded image. 

3 16 Out of 16 observers, 15 will choose the original 

image, and 1 will choose the degraded image. 

Regardless of the subjective test method and scale, formal subjective tests are difficult to use. They are 

time consuming, and they require a group of 15 people or more to perform the assessment. To address 

this shortcoming, algorithms have been created which attempt to predict the assessment that a group of 

observers would make in a repeatable fashion. 
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"These [metrics] are 

appealing because they are 

simple to calculate … But they 

are not very well matched to 

perceived visual quality.” 

3 Objective Video Quality Analysis 

3.1 Simple Difference Algorithms and their Limitations 

Two of the most widely used mechanisms used in video quality assessment are Peak Signal-to-Noise 

Ration (PSNR) and Mean-Squared Error (MSE). Both of these systems use fairly simple calculation 

methods to assess the difference between two pictures and create a single-number metric. 

The PSNR and MSE metrics both rely on differencing techniques. Individual pixel values from one image 

are subtracted from those of another, and the result is evaluated across the image in order to produce a 

single metric representing the quality at which the second image reproduced the first. 

As summarized by Wang, a leading video quality researcher at the University of Texas in Austin: 

"These [metrics] are appealing because they are simple to calculate, have clear physical meanings, 

and are mathematically convenient in the context of optimization. But they are not very well matched 

to perceived visual quality." 

Because these sorts of algorithms are computationally simple, they have their place in video assessment. 

They can provide useful tools for quickly detecting when some portion of an imaging system has failed 

during operation. However, they are not good techniques for assessing relative perceived visual quality. 

The human eye is drawn to some types of errors more than others. Blockiness, for example, which is a 

phenomenon well known in video compression, can have a relatively low impact on overall image PSNR or 

MSE, but still causes visual artifacts which are very unpleasant to the average viewer. The example images 

below demonstrate this issue. 

   

 Original Image Darkened Image Blocky Image 

 PSNR Scores – Higher is Better PSNR Score: 18.74 PSNR Score: 19.12 

Fig. 3-1: Example Images and PSNR Assessment 

Fig. 3-1 shows three images. The first is in its original state. In the second image, each pixel has been 

uniformly darkened by 25%. In the third image, half of the pixels are unchanged and the other half of the 

pixels are darkened by 25%. The darkened pixels are arranged in a checkerboard pattern to simulate 

“blocky” degradation. 

Most observers would agree that the uniformly darkened 

image is preferable. However, the PSNR scores do not 

agree with that preference. The PSNR for the uniformly 

degraded image is 18.74 while the PSNR for the 

checkerboard degraded image is 19.12. On the PSNR 

scale, a higher number indicates a better reproduction of 

the original image. Therefore, the checkerboard degraded 

image is rated higher than the uniformly degraded image. 

The explanation for this discrepancy is simple. The PSNR algorithm compares every pixel. In the uniformly 

degraded image, every pixel has a difference. But in the checkerboard degraded image, only half of the 

pixels have a difference. However, the human visual system is sensitive to non-uniform luminance changes 

– and therefore prefers the uniform degradation – even though more pixels are actually degraded. 
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“[These algorithms] … 

do a remarkable job of 

tracking the opinion of a 

group of viewers.” 

3.2 Algorithms with Opinions 

In recent years much research has been invested in tackling the drawbacks of simple difference 

algorithms. More advanced algorithms have been created which attempt to predict the DMOS scores that 

would be generated by groups of observers. These algorithms are based on searching for the kind of 

artifacts the human visual system is drawn to most easily. Examples include the University of Texas's Multi-

scale Structural Similarity Index Metric (SSIM) and Sarnoff Corporation’s PQR/JND metric. 

Using these measurement systems, and calibrating against a group of actual DMOS scores, processing 

tools can be created which allow for controlled, repeatable measurements of video quality between 

competing encoding devices. One example of such a tool is the VideoClarity ClearView Analyzer. This 

product calculates PSNR on a sequence, as well as implementing both of the more advanced metrics 

mentioned above. 

As implied by the name, the Structural Similarity method (SSIM) 

determines whether images are the same shape. It therefore 

looks for distortions in the lines and shapes which define an 

image. The SSIM metric can be mapped to the DMOS scale in 

order to predict how a group of observers would rate the same 

degraded video. 

The PQR metric, on the other hand, focuses more on assessing blockiness or blurriness in the image. The 

PQR metric evaluation produces a result on the JND scale to predict how frequently observers would be 

able to identify the degraded image.  

Though these two approaches leverage different characteristics of image distortion, they produce results 

over the course of an entire image sequence which track one another quite closely. In addition, they do a 

remarkable job of tracking the opinion of a group of viewers. As an example, let us revisit the degraded 

images from the previous section. Remember that PSNR calculations predicted that the checkerboard 

degraded image would be preferred. The results are quite different using the SSIM algorithm. 

   

 Original Image Darkened Image Blocky Image 

SSIM DMOS: 0-4 – Lower is Better DMOS Score: 0.16 DMOS Score: 2.52 

Fig. 3-2: Example Images and SSIM Assessment 

The SSIM calculation predicts a DMOS score of 0.16 for the uniformly degraded image and a DMOS score 

of 2.52 for the checkerboard degraded image. The DMOS score ranges from 0 (best) to 4 (worst). 

Therefore, SSIM calculation predicts that a group of observers would prefer the uniformly degraded image 

by a large margin. 
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4 Picture Quality Analysis and the Sencore TXS Transcoder 

The compression engineers at Sencore use all of the objective methods described above, as well as a very 

experienced team of “golden eyes,” to continually improve the quality of the transcoding process. 

Additionally, they regularly compare the quality of the TXS to that of competing products to ensure that the 

TXS products produce video quality as good as or better than that of competing products. 

4.1 Picture Quality and Compression Efficiencies 

This section presents the results of internal, objective testing carried out in the Sencore engineering lab. 

The tests used the techniques described above to assess the output of the TXS, as well as several 

competing, commercially available transcoders and encoders. Fig. 4-1 illustrates SSIM and PQR 

comparison charts for an HD test stream at 6, 9 and 12 Mbps. 

   

 
Fig. 4-1: Advanced Picture Quality Assessment Algorithms: H.264 HD Encode 

The data above shows that the TXS performs as good as or better than the competition in terms of output 

video quality. Additionally, the product maintains this advantage at lower bitrates thanks to latest-

generation transcode technology. This advantage also holds up in scenarios which measure video quality 

using simpler differencing algorithms, as shown in Fig. 4-2 below. 

 
Fig. 4-2: Simple Differencing: H.264 HD Sequence 

Of course, these tests were performed by Sencore in Sencore’s labs. Readers of this white paper are 

encouraged to evaluate the products’ video quality themselves using the techniques described in this 

document. 
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4.2 Frame-by-Frame Picture Quality Comparison 

Fig. 4-3 illustrates a frame-by-frame comparison of SSIM on the DMOS scale between the Sencore TXS and 

a competing transcoder product. The graph demonstrates that the Sencore TXS both provides better 

quality in the steady state, and suffers fewer peaks of poor quality than its competitor. 

 

Fig. 4-3: Video Quality over Time: Example Sequence 

Given the level of maturity of the MPEG-2 and H.264 codecs in today’s market, much of an encoder’s 

overall impact on video quality depends on how it handles difficult sequences. Less polished solutions with 

less encoding “horsepower” may produce video quality which, at first glance, appears to be comparable or 

equivalent to better encoders. However, the true test of an encoder’s overall value shines through in 

situations like those in Fig. 4-3. Less advanced algorithms are simply incapable of encoding difficult video 

sequences at a comparable quality level.  

5 Conclusion 

In today’s increasingly competitive viewing environment, many factors are driving demand for more 

channels of video at ever-lower bitrates. Operating cost pressures continue to mount, but video quality is 

still an important element of customer satisfaction. 

It is increasingly important to be able to assess the video quality of multiple solutions when considering 

equipment purchases which will directly impact a viewer’s overall perception of a given video service. 

Unfortunately, assessing video quality is not a simple matter. Traditional golden eyes assessments are still 

the most accurate technique. However, they are difficult to reproduce and require complicated logistics to 

set up true, neutral, side-by-side tests. Simple difference algorithms like PSNR, while helpful, do not tell the 

whole story. Understanding more complicated metrics may be necessary to truly assess video quality in an 

objective, reproducible, reliable manner. 

This white paper provides an introductory overview of these topics and presents the results of testing 

conducted internally by Sencore. With this information, compression engineers should be equipped to 

evaluate and select solutions that meet their quality needs while also meeting their operational needs. 

For more information contact Sencore engineers directly at (605) 978-4600. 
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