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quality of the multimedia sequence, such as for example a MOS score.
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A METHOD OF DETERMINING VIDEO QUALITY

TECHNICAL FIELD

The present invention relates to a method and a device for determining the quality of a

multimedia sequence.

BACKGROUND

New high performance radio networks have paved the way for new mobile services and
applications. For example, many of the new services aim at enhancing the experience of a
phone conversation; other services provide for transmission of video signals such as video-
on-demand and other similar multimedia services. All such new services involving
reception of any type of multimedia at a receiver require monitoring of the perceived
received quality. This to ensure that users experience good quality and get the service they
expect. In other words multimedia services such as video streaming quality perceived by the
end user is one important service quality measurement for operators of all types of

networks. Possible service problems need to be troubleshot.

The subjectively perceived video quality can be estimated with an objective video quality
model. The video quality value can be a MOS (Mean Opinion Score) value or another
suitable measure. MOS is the mean value of grades from a subjective test, where test
persons grade a multimedia clip in a scale ranging from 1 for the poorest quality to 5 for the

best quality.

Today, there exist a number of commercial tools for measuring and estimating multimedia
quality. However, the products for determining video quality on the market today base their
video quality estimation mostly on video image analysis. An approach based on video
image analysis puts a high demand on the computational capacity of the tool used because

the algorithms used in such analysis are in themselves very computationally demanding,.

This in turn makes 1t difficult to produce an output result in real-time.
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Another problem encountered with existing solutions is that they are sensitive to change in
context in the video signal because they typically base their output on an analysis between

different frames of a vidco sequence in the case of an estimation of video quality.

Yet another problem with existing solutions, wherein original video 1s compared to a
received video (so called full reference method), is the need for synchronization between

consecutive frames in order to generate a meaningful output result.

There is therefore a need for a method that requires less computational power and which
hence can be implemented in a device that is inexpenstve to manufacture and easy to

operatc.

SUMMARY

It is an object of the present invention to overcome at least some of the problems associated

with existing methods and tools for determining the quality of a multimedia sequence.

This object and others are obtained by a method and a device utilizing an algorithm using
measurement data derived from input parameters related to a video-streaming player and/or
parameters related to data transport. The multimedia sequence can be transmitted over any
type of network, for example a radio network or a fixed network. The data are used as input
data in a model designed to generate a value corresponding to the quality of the multimedia
sequence, such as for example a MOS score. The method 1n accordance with the invention

can advantageously be implemented by computer software in a computer program product.

Such an approach is significantly faster than methods based on video image analysis
because the calculations required are much simpler. Typically they do not require any

transformation into the frequency domain and the like.

Morcover, the cxact synchronization needed for solutions requiring a reterence as 18 the case
for solutions based on a full reference video image analysis is not necessary, since a solution

based on network paramecters does not require a reference. Also, the calculated output, e.g. a
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MOS value, 1s not affected if the content 1s switched as would be the case in a model using

image analysis.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will now be described in more detail by way ot non-limiting

examples and with reference to the accompanying drawings, in which:

- Fig. 1 is a general view of a system for streaming video
- Fig 2 is a closer view of some parts of the system shown 1n Fig.1, and
- Fig 3 is a flowchart illustrating different steps performed 1n a device for determining

perceived multimedia quality

DETAILED DESCRIPTION

In Fig. 1, a general view of a system for measuring the received quality of a multimedia
sequence in accordance with the present invention is depicted. The multimedia sequence 1s
in the following example a video clip with associated audio. The system comprises a video
streaming server 101. The video streaming server 101 is the source of a video sequence with
associated audio transmitted over a network 103 as a video signal. The network 103 can for

example be a radio network or any other network.

The video sequence transmitted over the network 103 is received by a mobile test system
105. The mobile test system 105 typically comprises a video streaming player 107 and a
device 109 including a video quality model. The device 109 utilizes data obtained from the
video streaming player 107 and from the transport layer in order to generate a value that 1s

an estimation of a current end-user perceived vidco, audio or total quality.

In Fig. 2, the mobile test system 105 1s shown in more detail. The test system 105 1s

designed to upon reception of a video sequence estimate perceived video quality for video
in a computational efficient way. The estimation is done by, in real-time, collecting
measurement data from a video-streaming player (video streaming), and/or from data
transport, in particular IP layer and above. The data i1s input and combined in a video quality

estimation model and a video quality value is calculated (for example a MOS score).
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The calculated output (MOS value) 1s an estimation of end-user perceived video and audio

quality. The calculated MOS value is intended to be close to the result of a subjective test,

where test persons view and grade a video clip. The total streaming quality (MOS value) is
expressed as a function of the input variables. Both a linear and non-linear model can be
used to estimate the MOS value. Also, a combination of linear and non-lincar functions may

be employed.

The model 1s then designed to predict one or many of:

- Total quality
- Video quality
- Audio quality

The perhaps most common video quality problems for mobile video streaming are high
compression (duc to low bandwidth over the network), video quality degradation duc to
packet loss, long initial buffering and rc-buffering in the middle of a video. In a preterred
embodiment the model takes into account all of these quality problems and the output, for

example presented as a MOS value, then reflects the perceived video quality.

The input to the model includes a number of these measurement parameters. For example

one or many of the following parameters may be utilized:

e Audio Codec

e Videco Codec

e Total coded bit rate

¢ Video bit rate

e Audio bit rate

e Vidco frame rate

e Packet loss ratc

e Length of initial buffering (as absolute or relative percent of video clip time)

e Number of re-buffering events
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* Re-buttering frequency (similar to number of re-buffering events)

o Start ime of re-buffering event (as absolute time or relative percent of total clip
lime)

e Length of re-buffering (as absolute time or relative percent of total clip time)

e Data throughput

o [P packet jitter

o [P packet size

e RTP/RTCP signaling

e Bufter size of video client

In different scenarios different parameters may prove to be more important than others when
determining a video quality value. To give an example, in some applications the parameters
corresponding to, the packet loss, the length of initial buffering, and the Iength of re-
buffering in combination with information regarding the codec and the total coded bit rate
have proven to give a good estimate of the video quality value. In such a scenario only a
small sub-set of paramecters are necessary in order to generate a good cstimate of the current
quality value. This 1s advantageous because the model can then be made simpler and hence
the implementation in a device for generating a quality value can be faster and less

EXpensive.

If one or many of the input parameters important to the situation at hand are not available,
other parameters can be used to calculate the ones missing. Thus, if for example “Total
coded bit rate” is not availablc, " Data throughput”, ““IP packet size™ and ‘Butfer size of
client’” can be used to estimate the total coded bit rate. Butfering input parameters, such as
"number of re-butferings”, "re-buftfering frequency”, "start time of re-buffering”, "Length of
initial buffering" and "length of re-buffering"”, can in the same manner be estimated based
on total coded bit rate, throughput and knowledge about the multimedia player's buffer size.
Other relationships may be used to estimate other important parameters. A combination
effect of many parameters can be used to estimate the quality. For example, the combination

effect of simultancous packet loss and re-buftfering can be used. The quality is not necessary

a simple addition of quality degradation for packet loss and re-buffering. In fact, in some
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application the relationship is conceivably more complex and requires a more complex

model 1n order to correctly model the perceived video quality.

The video quality model is tuned based on subjective tests, where test persons have viewed
and graded video clips with long and short initial buffering and long and short middle
butfering packet, various loss rates and potentially other quality degrading effects. Also the
number of middle buffering may be varied to tune the model even better. Other ways to tune

the model include tuning with help of other objective models, etc.

In Fig. 3 different steps performed in the video quality modeling device as described above
are shown. Thus, first in a step 301 the video player receives a video signal representing a
video sequence. The video sequence may or may not be associated with audio. Next, in a
step 303, a number of data for different parameters relating to the received video signal
and/or video player are transferred to the video quality modeling device. The data typically
relate to one or many of the parameters listed above in conjunction to Fig 2, e.g. Video
Codec, Audio Codec, Total coded bit rate, Video bit rate, Audio bit rate, Video frame rate,
Packet loss rate, Start time of re-buffering (as absolute time or relative percent of total clip
time), Length of initial buffering (as absolute or relative percent ot video clip time), Number
of re-buffering events, Re-buffering frequency (similar to number of re-butfering events),
Length of re-buffering (as absolute time or relative percent of total clip time), Data
throughput, IP packet jitter, IP packet size, RTP/RTCP signaling, Bufter size of video client

or other parameters relevant for the particular situation as the situation may be.

Thereupon, in a step 305, a value indicative of the quality of the received video signal 1s
calculated. Depending on what the device is designed to generate as an output the value can
be all or a subset of total quality, video quality and audio quality. The calculations
performed in step 305 can differ for different applications and scenarios and will be
described more closely below. Finally, in a step 307, the device outputs a result. For

example, the video quality value may be presented as a numerical value such as a MOS.

This value 1s then used as input data for optimizing the network or similar tasks.
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[n accordance with one preferred embodiment, the basic function of the model can be

described with:

TOT _ MOSpred = ﬁlnc(Qua]cncoding ? Qualbuﬂ ’ Qualpl )

The base quality (quality of the encoding, Qualencoding) €an be described with a function:
y=c¢,—¢C €

where ¢y, ¢; and A are constants. The constants have different values for different codecs.

Qualpyy and Qualy, reduce the output MOS value based on 1nitial buftering time, re-

buffering percentage, re-buffering frequency and packet loss, respectively.
The packet loss effect for a logging period with packet loss can be expressed by:

Qual,, = const*(Qual,, ... —1)&+1

where the factor £ is defined as

 PLR, - PLR

> = PLR - PLR,

in which, PLR, and PLR; are the upper and lower packet loss rate limits respectively and

PLR,...n is the average packet loss rate of the current logging window; hence 0< & <1

N
PL’Rmmn = i ) Z PL]Q:
N 3

For packet loss a lower and upper limit can be defined, based on subjective tests. Packet loss
rate (PLR) lower than the lower limit are then counted as non-visible and will hence not

affect the MOS value. At the other end of the scale, a PLR equal to or above the upper limit
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are per default set to be equally very bad (worst) quality. Thus, the following restrictions are

applied on the instant PLLR values:

PLR, =min(PLR,, PLR,), and

PLR, =max(PLR,, PLR,)

Adding re-buffering and initial buffering effect on quality is then for example done by:

10T _MOSP,-“; =Qualp, —Qualy,,

and Qual,, , 1s calculated by:

Qual,,, = C,+C, - INIT _PERC+C,- BUF _PERC+C,- BUF _FRQ, and

Where the variables are:

BUF PERC: Re-buffering time / (playing time + rebuffering time + initial buftering)
INIT PERC: Initial buffering time / (playing time + rebuffering time + initial butfering)
BUF FRQ: Number of rebuffering events per minute

It may be that the effect of the packet loss rate, re-buffering and initial buftering 1s better

modeled as a function;

TOT . MOSpr‘t’d — .f(Q”a]PL ! Qu(libuﬂ') >

rather than a pure linear eftect.

To handle severe packet losscs and the effect on perceived quality high packet loss rates are
preferably weighted higher than lower rates. To handle long re-buftfering times the output

MOS score may be truncated for very long re-buffering percentages. For example, 67% or
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higher re-buffering percent could be modeled to always result in the lowest video quality,
e.g. MOS = 1.

Using the invention a combination of input parameters can be used to estimate the complete
video quality. One advantage of the invention is that only a small subset of parameters for a
video sequence are required in order to generate a good video quality value. For example,

the combination of interruptions (re-buffering) and packet loss can alone be used to estimate

quality in addition with codec and bit-rate.

The invention i1s computational efficient due to the fact that the video images are not
analyzed. The input parameters are few; still good video quality estimation can be obtained.
The 1nvention also takes into account the most important video quality degradation factors:
coding quality and degradation due to transport errors. Coding quality estimation uses
information about codec. Transport errors are essentially low throughput or packet loss.
Low throughput might cause long initial butfering and re-buffering events. Packet losses
will causc image and/or audio distortions and quality degradation duc to temporal problems

in the video.

The invention as described herein 1s, due to the fact that i1t is computational efficient, able to
produce a video quality value in real-time. It 1s hence very well suited for test situations

where a score must be produced in the moment of measurement.

In addition using the invention as described herein there 1s no need for exact
synchronization as is the case solutions for based on a video image analysis, since a solution
bascd on nectwork parameters does not require a reference. Also, the calculated output, ¢.g. a
MOS value, 1s not affected 1f the content 1s switched as would be the casc in a model using

image analysis.
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CLAIMS

I. A method of determining multimedia quality comprising the steps of:

- receiving a multimedia sequence
- extracting a number of input parameters derived from transmission and/or multimedia

player parameters related to the received sequence

- generating a quality value corresponding to a subjective quality scorc based on at least one

of the extracted input parameters, and

- outputting the quality value as a measure of the quality of the received sequence.

2. A method according to claim 1, wherein the input parameters comprise parameters related

to a video-streaming player and/or parameters related to data transport.

3. A method according to claim 1 or 2, wherein the input parameters comprise parameters

corresponding to the codec and the coded bit rate.

4. A method according to claim 3, wherein only one or many of the following additional

parameters: packet loss, the length of initial buffering, and the length of re-buffering 1n are

utilized to generate a quality valuc.

5. A method according to any of claims 1 — 4, wherein the generated quality value

corresponds to a MOS value.

6. A method according to claim 5, wherein the generated quality value is calculated using a

function of packet loss rate, re-buffering and initial butfering data.

7. A method according to any of claims 1 — 6, wherein a quality value for one or many of

total quality, video quality or audio quality 1s generated

8. A method according to any of claims 1 — 7, wherein the multimedia sequence 1s received

over a radio network.

10
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9. A method according to any of claims 1 — 6, wherein one or several of the input

parameters are derived or estimated from other parameters.
10. A device for determining multimedia quality comprising;

-means for receiving a multimedia sequence

-means for extracting input parameters derived from transmission and/or multimedia player

parameters related to the received sequence

-means for generating a quality value corresponding to a subjective quality score based on at

least one of the extracted input parameters, and

-means for outputting the quality value as a measure of the quality of the received sequence.

11. A device according to claim 10, wherein the input parameters comprise parameters

related to a video-streaming player and/or parameters related to data transport.

12. A device according to claim 10 or 11, wherein the mmput parameters comprise parameters

corresponding to the codec and the coded bit rate.

13. A device according to claim 12, wherein the device 1s designed to only utilize one or
many of the following additional parameters: packet loss, the length of initial buffering, and

the length of re-buffering in are utilized to generate a quality value.

14. A device according to any of claims 10 — 13, wherein the generated quality value

corresponds to a MOS value.

15. A device according to claim 14, wherein the device is adapted to calculate the generated

quality value using a function of packet loss rate, re-buffering and initial buffering data.

16. A device according to any of claims 10 — 15, wherein the device 1s adapted to generate a

quality value for one or many of total quality, video quality or audio quality.

11
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17. A device according to any of claims 10 - 16, wherein the device is portable and adapted

to receive the multimedia sequence over a radio network.

18. A device according to any of claims 10 — 17, wherein onc or several of the input

parameters are derived or estimated from other parameters.

19. A computer program product that when executed on a computer implements the method

in accordance with any of claims 1 - 9.

12
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