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Objective Video Quality Measurement Using a Peak-Signal-to-Noise-Ratio (PSNR) Full Reference Technique 
Abstract

This T1 technical report specifies how to perform the peak-signal-to-noise-ratio (PSNR) measurement of one-way video signals.  In particular, the PSNR method of measurement is specified for input and output video streams that are in ITU-R Recommendation BT.601 format.
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Foreword

Over the past ten years the transmission of video using digital compression methods has progressed from limited video conferencing applications to widespread use in applications from high definition television to personal desktop computer communications. During this period there have been continuing efforts by laboratories and standards organizations to develop objective measurement methods to be used for video quality of service (VQoS) testing. In the mid 1990’s a series of three standards (ANSI T1.801.01, ANSI T1.801.02, and ANSI T1.801.03) were issued by T1 that provide background information and an extensive list of parametric calculations to be used in video performance assessment. While many of the parametric calculations in ANSI T1.801.03 have not, to date, been implemented in commercial measurement instruments, this standard provided the basis for further research as well as the commonly used definition of peak signal to noise ratio (PSNR) for the luminance (Y) signal of component video that is sampled according to ITU-R Recommendation BT.601.

As part of the industry-wide effort to develop VQoS measurements, three methodological approaches have been defined.

Full Reference (FR) - A method applicable when the full reference video signal is available. This is a double-ended method and is the subject of this report.

Reduced Reference (RR) - A method applicable when only reduced video reference information is available. This is also a double-ended method.

No Reference (NR) - A method applicable when no reference video signal or information is available. This is a single-ended method.

To address the validation and comparison of video-quality models, the Video Quality Experts Group (VQEG) was formed in 1997 as an informal subgroup of the ITU-T and ITU-R. VQEG members are experts from various backgrounds and affiliations, including participants from several internationally recognized organizations working in video quality assessment. Over a two-year period, VQEG designed and implemented extensive subjective and objective test plans to evaluate a number of proponent algorithms for the FR method. PSNR was also included in these evaluation tests. Results of those tests have been widely publicized (see ITU-T COM 9-80). An excerpt is quoted here:

The VQEG test results based on the analysis obtained for the four individual subjective test quadrants essentially show the following:

· No objective measurement system in the test is able to replace subjective testing.

· No objective model statistically outperforms the others in all reference conditions.

· No objective model statistically outperforms PSNR in all reference conditions.

· Based on present evidence, no single method can be recommended to ITU at this time.

Many FR proponents have made improvements to their original algorithms and VQEG is expected to execute a new series of tests for the validation of these improved methods. Committee T1 is awaiting the results of these new VQEG validation tests before proceeding with the standardization of any one FR method. To provide immediate guidance for use by industry, Committee T1 has instead decided to publish a series of technical reports that will document existing FR methods and their application to VQoS testing. The series of TRs provide an extensible framework into which any documented video quality metric can be incorporated and quantitatively related to other previously disclosed algorithms. The first TR in the framework (TR A1) covers methods for specifying the accuracy and cross calibration of the video quality metrics. The second TR in the framework (TR A2) covers normalization methods (e.g., spatial registration, temporal registration, and gain / level offset calibration). The third and present TR A3 covers specification of one video quality metric that is commonly used by industry, namely peak-signal-to-noise-ratio (PSNR).

Suggestions for improving this technical report are welcome and should be sent to the Alliance for Telecommunications Industry Solutions - Committee T1 Secretariat, 1200 G Street N.W., Suite 500, Washington, D.C. 20005.

At the time this report was completed, T1A1.1 had the following contributors:
(To be added.)
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1. Scope, purpose, and application

1.1 Scope

This technical report specifies the method for measuring the peak-signal-to-noise-ratio (PSNR) of one-way video transmission systems, as shown in Figure 1. The objective PSNR measurement is defined for the end‑to‑end transmission quality between the two points shown in the figure.
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Figure 1.  Measurement of PSNR for one-way video transmission system.

This report specifies the measurement method for PSNR based on the availability of the full reference video signal as shown in Figure 1. Normalization of the processed video is required before application of PSNR measurement method contained in this technical report. Technical Report A2 specifies the recommended normalization procedure for the processed video and section 5.2 specifies the normalization accuracy required of this normalization procedure.

The PSNR measurement method is based on processing 8-bit digital component video as defined by ITU-R Recommendation BT.601.
 The encoder shown in Figure 1 can utilize various compression methods (MPEG, NTSC, etc.). In addition, the transmission channel may include a concatenation of compression methods and digital components or be a simple pass-through for evaluation of a codec (encoder/decoder combination). Results of the PSNR measurement method are stated in decibels (dB). 

1.2 Purpose

This technical report provides the technical description of an objective video quality measurement method that is currently in use within the U.S. While improved methods may be developed in the future, this technical report provides a video quality measurement method that may be used to support the interconnection and interoperability of telecommunications networks at interfaces with end-user systems, carriers, information and enhanced-service providers, and customer premise equipment.

1.3 Application

Application of the full reference PSNR method provides some operational restrictions. However the method specified in this technical report is not limited to laboratory evaluations. Some specific applications appropriate for use with the PSNR method are:

1. Codec evaluation, specification, and acceptance testing.

2. Real-time, in-service monitoring at the source.

3. Remote transmission evaluation when a copy of the reference is available.

This technical report is intended to provide measurements for video classes TV1, TV2 and TV3 as defined in ITU-T Recommendation P.911, Annex B and reproduced below. These classes are differentiated from the multimedia classes in that the one-way video transmission system provides constant frame rate and constant latency operation. While the one-way video transmission system may reduce the number of pixels (usually only in the horizontal direction) as part of encoding process, the resulting output of the decoder must be full resolution component video per ITU‑R Recommendation BT.601 (henceforth abbreviated as Rec.601).

TV 0: Loss-less, Rec.601, and 8 bits per sample, video used for applications without compression.

TV 1: Used for complete post-production, many edits and processing layers, intra-plant transmission. Also used for remote site to plant transmission. Perceptually transparent when compared to TV 0.

TV 2: Used for simple modifications, few edits, character/logo overlays, program insertion, and inter-facility transmission. A broadcast example would be network-to-affiliate transmission. Other examples are a cable system regional downlink to a local head-end and a high quality video conferencing system. Nearly perceptually transparent when compared to TV 0.

TV 3: Used for delivery to home/consumer (no changes). Other examples are a cable system from the local head-end to a home and medium to high quality video conferencing. Low artifacts are present when compared to TV 2.

When using the PSNR method for any of the above applications and video classes, the accuracy as specified in section 1.4 must be carefully considered. Additional limitations and restrictions on the application of PSNR are given in section 1.5.

1.4 Accuracy and Cross-Calibration

For PSNR as given by Eq. (4) in section 5.5, the VQM accuracy and cross-calibration methods detailed in Technical Report A1 were applied to the VQEG 525-line subjective data with HRCs 15 and 16 removed (see ITU-T COM 9-80-E reference in Annex A). A quadratic mapping function that converts PSNR to the common [0, 1] video quality metric (VQM) scale, where “0” is no impairment and “1” is maximum impairment, is given by 

Eq. (1) 
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For Eq. (1), notice higher values of PSNR create smaller values of VQM, in accordance with the definition of the common [0, 1] scale.   Also note that PSNR is limited to the ranges shown, which approximately corresponds to the range of PSNR values for the VQEG data mentioned above.

The VQM root mean squared error (RMSE) estimates the standard deviation of the errors between VQM as defined in Eq. (1) and the subjective data. This VQM RMSE is 

Eq. (2) 
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Approximately 68% of these errors fall between VQM ( VQM_RMSE and approximately 95% of them fall between VQM ( 1.96 * VQM_RMSE. VQM_RMSE would be used if one wanted to answer the following types of questions:

1. Question: What is the expected spread of errors between VQM and subjective quality ratings?  Answer: For the [0, 1] scale, the expected RMSE is given by Eq. (2). For the 100-point double stimulus continuous quality scale (DSCQS) (see ITU-R Recommendation BT.500), the expected RMSE is 100 times that given by Eq. (2).

2. Question: For a given VQM, where would we expect the corresponding subjective quality rating to lie 95% of the time (i.e., what is the 95% confidence interval)? Answer: For the [0, 1] scale, the 95% confidence interval is given by the VQM of Eq. (1) ( 1.96 times the VQM_RMSE of Eq. (2).  For the DSCQS scale, the 95% confidence interval is given by 100 times the VQM of Eq. (1) (196 times the VQM_RMSE of Eq. (2).

Figure 2 and Figure 3 give the resolving power for PSNR and the common scale VQM of Eq. (1), respectively. The X-axis on the resolving power plots corresponds to the VQM difference of two specific video clips. The Y-axis gives the average confidence that the objective VQM and the subjective mean opinion score agree.

Resolving power is used to determine if two VQM results represent meaningful differences in subjective quality. Figure 2 and Figure 3 would be used if one wanted to answer the following types of questions (these questions are only illustrated for PSNR in Figure 2, but the extension to Figure 3 is obvious):

3. Question: Given a PSNR for video clip 1 of 30 dB and a PSNR for video clip 2 of 35 dB, what is the average confidence that video clip 1 has worse subjective quality than video clip 2? Answer: Compute PSNR (2) – PSNR (1) = 5 dB and find that value on the X-axis of Figure 2.  The corresponding Y-axis value on the plotted curve (i.e., approximately 0.73) means we are 73% confident that the subjective quality of video clip 1 is worse than video clip 2.

4. Question: How different do two PSNR values have to be before we are 95% confident that the difference corresponds to a subjective difference? Answer: In Figure 2, find the Y-axis value of 0.95. The corresponding X-axis value on the plotted curve (i.e., approximately 13) means that the difference in PSNR values must be 13 dB.

Figure 4 and Figure 5 give the classification errors for PSNR and the common scale VQM of Eq. (1), respectively. The X-axis on the classification error plots corresponds to a threshold that is applied to all comparisons. The Y-axis gives the classification results of using that threshold.

Classification errors are categorized as false tie, false differentiation, and false ranking. A false tie occurs when the quality of two clips is distinguishable by a subjective test but not by the VQM. A false differentiation occurs when the VQM indicates that the quality of one clip is different than the quality of another clip but a subjective test does not show this difference. A false ranking occurs when the VQM says video clip 1 is better than video clip 2 when a subjective test says video clip 2 is better than video clip 1. Figure 4 and Figure 5 would be used if one wanted to answer the following types of questions (these questions are only illustrated for PSNR in Figure 4, but the extension to Figure 5 is obvious):

1. Question: Given that we have chosen to use a 5 dB PSNR threshold for all comparisons, what is the chance that the subjective test would say that the quality of clip 2 is better than clip 1 when the objective says that clip 1 is better than clip 2? Answer: This question can be answered by the false ranking curve shown in Figure 4. Use a delta PSNR of 5 dB as the X-axis value and find the corresponding Y-axis value on the false ranking curve (i.e., approximately 0.04). Thus, there is only a 4% chance of this happening.

2. Question: Given that we have decided to use the 95% confidence operating point on the resolving power curve in Figure 2, what is the chance that PSNR will declare two video clips to have the same quality when in fact a subjective test indicates that they have different qualities? Answer: From the resolving power curve in Figure 2, a 95% confidence operating point corresponds to a delta PSNR of 13 dB.  Using this X-axis value and the false tie curve shown in Figure 4, we see that the chance of a false tie is about 72%.

[image: image4.wmf]
Figure 2. Resolving power for PSNR.
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Figure 3.  Resolving power for common scale VQM of Eq. (1).
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Figure 4.  Classification errors for PSNR.
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Figure 5.  Classification errors for common scale VQM of Eq. (1).

1.5 Limitations

The PSNR metric specified in this technical report is not appropriate for video conferencing or multimedia applications that repeat fields or do not meet the constant latency and delay requirements of video classes TV 0 to TV 3 (see section 1.3). Examples of video systems that are inappropriate for PSNR are HRCs 15 and 16 of the VQEG data set (see ITU-T COM 9-80-E reference in Annex A). In addition, the PSNR method is only applicable to typical television transmission systems with very low error rates such as those included in the first round of full reference tests conducted by VQEG. The impairments from these systems are typically noise-like in appearance. PSNR would not be appropriate to compare systems with different noise characteristics (e.g., random noise versus block noise). The PSNR metric in this TR does not detect impairments in the color-difference channels.

The accuracy specifications given in section 1.4 were based on 525-line subjective data collected by VQEG at a viewing distance of five times the picture height. Although the algorithm can be modified to reflect human perception at other viewing distances, such modifications are not part of this TR and are a subject for future study.

2. Normative references

The following standards, recommendations, and practices contain provisions, which through reference in this text constitute provisions of this technical report. At the time of publication, the editions indicated were valid. All publications are subject to revision, and parties to agreements based on this technical report are encouraged to investigate the possibility of applying the most recent edition of the documents indicated below.

ITU-R Recommendation BT.601, Studio Encoding Parameters of Digital Television for Standard 4:3 and Wide-Screen16:9 Aspect Ratios.

ITU-T Recommendation P.911, Subjective Audiovisual Quality Assessment Methods for Multimedia Applications, Annex B.

SMPTE Recommended Practice 187-1995, Center, Aspect Ratio, and Blanking of Video Images.

T1 Technical Report A1, Methods to Specify Accuracy and Cross Calibration of Video Quality Metrics. (This reference may or may not be normative once the accuracy calculations for section 1.4 are inserted into this technical report.)

T1 Technical Report A2, Normalization Methods for Video Quality Metrics.

3. Abbreviations

The following abbreviations are used in this technical report:

ANSI

American National Standards Institute

ATIS

Alliance for Telecommunications Industry Solution

Eq

Equation

HRC

Hypothetical Reference Circuit (one-way video transmission system – see Figure 1)

dB

Decibels

DSCQS
Double Stimulus Continuous Quality Scale

ITU-R
International Telecommunications Union – Radiocommunication Sector

ITU-T

International Telecommunications Union – Telecommunication Sector

MPEG
Moving Picture Experts Group

NTSC
National Television System Committee

PSNR
Peak Signal to Noise Ratio

RMS

Root Mean Squared

RMSE
Root Mean Squared Error

SMPTE
Society of Motion Picture and Television Engineers

SROI

Spatial Region of Interest

Rec.601
ITU-R Recommendation BT.601

T1

Committee T1 – Telecommunications, sponsored by ATIS and accredited by ANSI

TR

Technical Report

TV

Television

VQEG
Video Quality Experts Group

VQM

Video Quality Metric

VQoS
Video Quality of Service

Y

Luminance signal of the ITU-R Recommendation BT.601 video

4. Coordinate system for Rec.601 video frames

Before defining the method of measurement for PSNR, it is necessary to define a coordinate system for the Rec.601 reference and processed video streams (see Figure 1). A luminance video frame (Y) will be denoted by Y(tn), where tn is the time the first pixel in Y(tn) is sampled.
 The coordinate system that will be used for the Y luminance frames is shown in Figure 6. The Y luminance frames consist of 486 lines (or vertical rows) and 720 pixels (or horizontal columns) as defined by the production aperture in SMPTE Recommended Practice 187-1995. The horizontal and vertical coordinates of the upper left corner of the Y luminance frames are defined to be (v=0, h=0). As shown in Figure 6, the horizontal axis (h) coordinate values increase to the right, the vertical axis (v) coordinate values increase down, and the time axis (t) points forward in time. The amplitude of a pixel in Y(tn) at row i (i.e., v = i), column j (i.e., h = j), and time tn (i.e., t = tn) will be denoted as Y(i, j, tn).
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Figure 6.  Coordinate system used for Y frames, Rec.601.

5. PSNR method of measurement

The peak signal to noise ratio is the ratio of the peak signal to root mean squared (RMS) noise observed between the processed video signal and the reference video signal. Computation of PSNR involves the following steps:

1) Selection of the processed video sequence (section 5.1).

2) Normalization of the processed video sequence (section 5.2).  This step includes finding the matching set of reference video frames corresponding to the processed video sequence that was selected.

3) Selection of the spatial region of interest (SROI) over which to compute PSNR (section 5.3).

4) Computation of frame-by-frame PSNR values (section 5.4).

5) Computation of the sequence PSNR (section 5.5).

5.1 Selection of the processed video sequence

Select a sequence of M processed video frames (see Figure 1) over which to compute PSNR. Using the Rec.601 coordinate system and up sampling techniques described in section 4, the processed Y sequence will be denoted as 
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5.2 Normalization of processed video sequence

The normalization step includes the following sub-steps:

1) Finding the matching set of reference video frames corresponding to the processed video sequence (i.e., temporal registration or one-way video delay measurement).

2) Performing horizontal and vertical spatial registration of the processed video sequence.

3) Performing gain and level offset correction of the processed video sequence.

Whatever normalization procedures are used to perform sub-steps 1 to 3, the tolerances given in Table 1 should be achieved. The recommended normalization procedures are specified in Technical Report A2.

Table 1.  Normalization Requirements for PSNR

	Parameter
	Normalization Tolerance

	Luminance gain
	< 0.2 dB

	Color (difference) gain
	< 0.2 dB

	Luminance DC level
	< 0.5 % of signal max

	Horizontal pixel shift
	< 0.1 pixel

	Vertical line shift
	< 0.1 line

This tolerance implies field-accurate temporal registration.


The matching sequence of M reference video frames (to the M processed video frames selected in section 5.1), using the Rec.601 coordinate system will be denoted as 
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. Here d is the delay of the one-way video transmission system determined during temporal registration sub-step 1. The final normalized sequence of M processed video frames will be denoted as 
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5.3 Selection of the spatial region of interest (SROI) over which to compute PSNR

The recommended spatial region of interest (SROI) for computation of PSNR is the clean aperture defined in SMPTE Recommended Practice 187. Some one-way video transmission systems may not produce a valid picture throughout this entire clean aperture. For these systems, the SROI may be reduced provided it is reported together with the measured PSNR values. Figure 7 defines the specification for SROI for the luminance video frame Y(tn) depicted in Figure 6. Here, Oh and Ov give the offset (in pixels and lines, respectively) of the rectangular sub-region from the upper left hand corner of the image (0, 0). The rectangular sub-region contains Nh horizontal pixels and Nv vertical lines.
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Figure 7.  Rectangular sub-region used to specify SROI for Y frames, Rec.601

5.4 Computation of frame-by-frame PSNR values

The frame-by-frame PSNR values
 are computed for the Rec.601 Y component signal as 

Eq. (3) 
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where Ypeak is defined to be 235 and Nv, Nh, Ov, and Oh are defined in section 5.3.  

5.5 Computation of the sequence PSNR

The M-frame sequence peak signal to noise ratio values are computed for the Rec.601 Y component signal as 

Eq. (4) 
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where Ypeak is defined to be 235 and Nv, Nh, Ov, and Oh are defined in section 5.3. M is the number of frames in the sequence. 
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*  CONTACT:  Stephen Wolf; email: swolf@its.bldrdoc.gov; Tel: 303-497-3771; Fax: 303-497-5323


� This does not preclude implementation of the PSNR measurement method for one-way video transmission systems that utilize composite video input and outputs. Specification of the conversion between composite and component domains is not part of this technical report. SMPTE 170M specifies one method for performing this conversion.


� Based upon the VQEG data, PSNR metrics that include the color-difference channels do not correlate as well with subjective quality as the Y-luminance PSNR metric in this TR.


� The variable tn is being used here as an index for addressing the sampled frames; it may not necessarily denote actual time.


� If higher PSNR temporal sampling rates are desired (e.g., field-by-field rather than frame-by-frame), one can compute PSNR values using appropriate sub-portions of the Rec. 601 video frame. The equations given in section � REF _Ref506867006 \r \h ��5.4� must be suitably modified.





�PAGE \# "'Page: '#'�'"  �� Again, this is too high-level.  Remove “ordinate value”.  Add an example to the end.  The phrase “statistical significance” is incomplete.  Say something like, 95% of the time, clip 2 really is worse quality than clip 1;  also point out that if they are identical (e.g., the same clip) then “statistical significance” is 50%. 
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