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Technique for Video Quality Estimation
Technical Field

The present disclosure generally relates to a technique for estimating video quality
and particularly to a video quality estimation technique on a bitstream basis.

Technical Background

Video is a common media service nowadays and is rapidly gaining popularity among
end users. Video delivered over a communication network as a stream of bits can
experience communication constraints or problems which can lead to errors such as
data loss or data delay. Such errors can cause a degradation in the visual quality
experienced by the end users. Often, such visual degradation is revealed as frozen or
distorted images.

Quality monitoring is an important operational scheme for service providers to main-
tain satisfactory Quality of Experience (QoE) of video services. To this end, good
techniques are required to accurately and timely assess the video quality, which is by
no means a trivial task.

Perhaps the most accurate video quality assessment technique is subjective testing,
where opinions of numerous end viewers are collected and based upon which a
common view of the quality is formed. However, subjective testing is expensive,
manual, time consuming, and in many cases simply not feasible; for example, it is
not possible to conduct subjective testing for video quality monitoring in communica-
tion networks or set-top boxes. Hence, means must be provided to estimate the
subjective quality of video based on objective measurement. This demand has
pushed the development of objective video quality assessment techniques. Objective
video quality estimation can not only replace subjective testing in assessing video
quality, but it can also enable real-time and automatic assessment of subjective

quality.

”mw

In the context of the present disclosure, words like “estimate”, “assess”, “measure”
are used interchangeably.
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In recent years, different models of objective video quality techniques have been
proposed and developed. Based the input parameters used, they can be categorized
as perceptual models and parametric models. Parametric models are also known as
network layer models.

Perceptual models take the decoded video and sometimes also a reference video as
input to the model. For example, for a so called full-reference (FR) model, the input
parameters are the pixel data of the source video as well as those of the decoded
video. Perceptual models usually feature high accuracy in estimating the video qual-
ity, but they are highly complex, time consuming and computational power consum-
ing, which makes them unsuitable for many situations, such as real-time monitoring.
Moreover, when a reference video is used in a perceptual model, the model must
strive to solve the crucial problem of synchronizing the reference video with the
decoded video.

The interest in light-weight video quality models has lead to the recent development
of parametric models. A parametric model takes packet header information as input
and calculates a quality score based thereon. The network protocol header informa-
tion is usually taken from one or more of Internet Protocol (IP), User Datagram Pro-
tocol (UDP), Real-time Transport Protocol (RTP) and Moving Picture Experts Group 2
Transport Stream (MPEG2TS) layers. Parametric models are relatively uncomplicated
in comparison with perceptual models, but the estimation accuracy they can deliver
is rather low due to the limited information that can be retrieved from the network
protocol headers. For instance, it is very difficult to make a useful estimation of how
visible a data loss will be in the decoded video.

Summary

Accordingly, there is a need for an improved technique to objectively estimate, or
assess, video quality. As to be seen below, the technique presented herein achieves,
among others, a satisfactory accuracy of video quality estimation and at the same
time is less complex and consumes few computational resources.

According to a first aspect, a video quality estimation method is provided. The
method comprises the steps of receiving a video bitstream comprising a series of
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picture frames; determining an error occurrence in a picture frame (e.g., determining
that an error has occurred in the picture frame as well as the position of the error in
the picture frame); determining an error propagation taking into account at least one
of a temporal propagation and a spatial propagation of the error (e.g., determining
at least one of a temporal propagation and a spatial propagation of the error); and
based on the result of the above determination (e.g., the determined error propaga-
tion), estimating the quality of the video bitstream. The error may occur due to a
delay or loss of information (e.g., due to a delay or loss of a packet, a picture frame,
a picture frame partition, etc.). Moreover, the quality estimation step may be based
on a scoring scheme.

The method may further comprise a step of determining (e.g., estimating or measur-
ing) a visual degradation caused by the error. In other words, this step is for deter-
mining the visibility of the error, or the impact to the video quality caused by the
error. Visual degradation is a specific and quantifiable measure for the error visibility.
In one embodiment, determining the visual degradation comprises determining a
penalty value indicative of the visual degradation caused by the error.

The picture frame may comprise a plurality of partitions (such as but not limited to,
pixels, macro blocks, or the like). The error may occur at or affect one or more parti-
tions of the picture frame. In addition, considering a spreading effect, the error
which occurs in one picture frame may affect one or more partitions in one or more
other picture frames. Accordingly, determining the visual degradation caused by the
error may comprise a step of calculating a separate penalty value for each error-
affected partition or picture frame. The penalty value is a value indicative of the
amount, or the extent, of the visual degradation caused by the error to the video.

The penalty value may be calculated, or assigned, according to a set of rules. The
rules may be predefined and are adaptable. Below is a non-exhaustive list of rules for
calculating the penalty value:

» A higher penalty value is assigned to the error if the error occurs in a scene
change (than in the case where the error is an error not related to a scene
change);
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e  Motion of orin a picture frame may be used to determine the visual degrada-
tion caused by the error. If the video bitstream comprises motion data directly
after the error-affected picture frame, a higher penalty value is assigned, and
particularly if there is a lot of motion directly after the error and more particu-
larly if the relative magnitude of the motion is large. For example, a small mo-
tion error in an otherwise motionless scene will likely be more apparent, i.e.
visible, than a medium motion error in a high-motion scene;

e  No penalty value is assigned to an error-affected partition if the partition is a
skip or an estimated skip. An optional exception to this rule may occur if there
is a scene change or an estimated scene change;

. Decrease the penalty value assigned to the error for at least one of the subse-
quent picture frames by a predetermined amount or factor. For instance, the
penalty value may be decreased by a specific amount or factor for each subse-
quent picture frame; and

e The penalty value is reset upon reception of an intra-coded picture frame or an
intra-coded partition (e.g., an intra-coded macro block).

Each of the above rules, as well as any other rule, may be selectively implemented in
the video quality estimation method. In other words, one may apply any combination
of the rules for determining the visual degradation caused by the error.

The series of picture frames may comprise at least one reference picture and at least
one prediction picture, wherein the prediction picture comprises at least one motion
vector pointing at a position in a reference picture. The temporal propagation and/or
spatial propagation of the error may be determined based on the motion vector(s)
included in the prediction picture. In one example, the error propagation may be
determined by keeping track on the motion vector(s) and the reference picture which
the motion vector(s) points out. |

The result of the determination, including the partition information and the deter-
mined visual degradation, may be arranged, e.g., stored, in a loss penalty map. The
loss penalty map may take the form of a two-dimensional data structure such as a
table.
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The loss penalty map may have the same resolution as the associated picture frame
(i.e., as the pixel map of the encoded video). This provides the advantage of pre-
senting the visual degradation in full fidelity. However, if it is intended to lower the
complexity of the technique, the loss penalty map has a lower resolution than that of
the associated picture frame or pixel map. To this end, the penalty value may be
calculated at a lower resolution. For example, the picture frame may comprise a
plurality of partitions each of which comprising a plurality of pixels. The partitions
may be arranged in the form of a two-dimensional data structure (e.g.,'aAs a partition
map). In this case, the resolution of the loss penalty map may be arranged the same
as that of the partitions map.

To further lower the complexity of the technique, the determination of error propa-
gation, i.e. the determination of at least one of the temporal propagation and the
special propagation of the error, may further comprise weighting one or more visual
degradation values (e.g. penalty values) determined for a previous error.

In addition to the determination of the error propagation and visual degradation
caused by the error, the video quality estimation method presented herein may fur-
ther aggregate the visual degradation and calculate a (quality) score based on the
result of the aggregation. The visual degradation caused by the error may be aggre-
gated over at least one time and space. The calculated score hence serves to indi-
cate the overall quality of the video bitstream.

In aggregating the visual degradation, a weighting algorithm may be used. In one
embodiment, the affected partitions or picture frames are aggregated in a uniform
way. In another embodiment, a visual degradation of a small value may be weighted
at a higher factor than a large visual degradation value.

The aggregation may be performed stepwise in time. For example, visual degrada-
tion values may be added up for each second (corresponding to e.g., 25 picture
frames) uniformly and then another function is used to take into account these
smaller add-up’s.
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The quality score may be calculated periodically or using a sliding window approach.
In one embodiment of the sliding window approach, a new score for a certain win-
dow side, i.e., a predefined time duration is calculated at a predefined rate.

The video quality estimation method described above may be based on a video bit-
stream quality estimation model. The video bitstream may comprise at least a por-
tion of a Video Coding Layer (VCL) which comprises one or more parameters, and at
least one of determining the error occurrence, determining the error propagation,
and estimating the video quality may be based on at least one or more of the pa-
rameters without decoding the video bitstream. The VCL parameters may inciude
partition (e.g., macro block) parameters, intra-coding parameters, motion-related
parameters, and so on.

According to a second aspect, a computer program is provided for estimating the
quality of a video bitstream comprising a plurality of picture frames. The computer
program comprises program code portions which, when run on a computer, cause
the computer to perform the steps of the method explained herein. The computer
program may be stored on a recording medium which is computer readable and
comprised in @ computer program product, such as a memory in the form of a hard
disk, a ROM, a RAM, an EEPROM or a flash memory.

According to a third aspect, a device for estimating video quality is provided. The
device comprises a receiver adapted to receive a video bitstream comprising a series
of picture frames, a first determinator adapted to determine an error occurrence in a
picture frame, a second determinator adapted to determine an error propagation
taking into account at least one of a temporal propagation and spatial propagation of
the error, and an estimator adapted to estimate the quality of the video bitstream
based on the result of the determination, e.g., the determined error propagation.

The device may further comprise a third determinator adapted to determine the error
visibility, or visual degradation caused by the error. Specifically, the third determina-
tor may be adapted to determine the visual degradation by determining a penalty
value indicative of the visual degradation caused by the error.

The error may affect one or more partitions of one or more picture frames. Accord-
ingly, the third determinator may be further adapted to determine the visual degra-
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dation by calculating a penalty value for each error-affected partition in the video as
an indication of the amount, or extend, of the visual degradation caused by the er-
ror.

Further, the third determinator may be adapted to calculate the penalty value ac-
cording to one or more rules which each may be, but is not limited the following:

e  Assign a higher penalty value to the error if the error occurs in a scene change;

. Motion of a picture frame may be used to determine (e.g., estimate or meas-
ure) the visual degradation caused by the error. Hence, assign a higher penalty
value to the error if the video bitstream comprises motion data directly after the
error-affected picture frame and particularly if a relative magnitude of the mo-
tion is large;

. Assign no penalty value to an error-affected partition if the partition is a skip or
an estimated skip. An optional exception to this rule may occur if there is a
scene change or an estimated scene change;

) Decrease the penalty value assigned to the error for at least one of the subse-
quent picture frames by a predetermined amount or factor; and

. Reset the penalty value upon reception of an intra-coded picture frame or intra-
coded partition.

The third determinator may apply any combination of the rules.

The series of picture frames may comprise at least one reference picture and at least
one prediction picture, wherein the prediction picture comprises at least one motion
vector pointing at a position in a reference picture. The third determinator of the
device may be adapted to determine at least one of the temporal propagation and
the spatial propagation of the visual degradation by keeping track on the motion
vector and the reference picture which the motion vector points at.
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Motion of the error-affected picture frame may be used to determine the visual deg-
radation caused by the error. Hence, the second determinator may be further
adapted to determine the visual degradation based on motion vector(s).

The device may further comprise a collector adapted to collect the visual degradation
in a two-dimensional data structure derived from the picture frame (e.g., in a loss

penalty map).

Further, the device may comprise an aggregator adapted to aggregate the visual
degradation caused by the error over at least one of time and space. The device may
further comprise a calculator adapted to calculate a score indicative of the quality of
the video bitstream based on the result of the aggregation.

The above components of the device, as well as any additional component(s), may
be implemented in separate physical units. Alternatively, some or all of the compo-
nents may be combined into one single physical unit. All the physical units may be
arranged within one single housing; but it is also possible to distribute some or all of
them in different nodes or terminals participating in the entire video service. Each
one of the receiver, the first determinator, the second determinator, the third deter-
minator, the aggregator, the calculator and the estimator may be implemented as
specific hardware circuits such as ASICs (Application Specific Integrated Circuits)
and/or DSPs (Digital Signal Processors) or as a combination of at least one proces-
sor, such as microprocessor, and the computer program mentioned above when it is
run on the processor. The computer program may therefore comprise a receiver
module, a first determination module, a second determination module, a third de-
termination module, an aggregating module, a calculation module and an estimation
module which when run on the processor causes the device to generate perform the
corresponding steps mentioned above.

According to a fourth aspect, a server node adapted to provide a video bitstream is
provided. The server node comprises the objective video quality estimation device
mentioned above.

According to a fifth aspect, a client terminal adapted to decode a video bitstream is
provided wherein the client terminal comprises the above-mentioned objective video
quality estimation device.
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According to a sixth aspect, a network node for communicating between a video
server node and the video client terminal is provided. The network node comprises
the above-mentioned video quality estimation device.

The video quality estimation technique herein is suitable for estimating the quality of
videos encoded in all kinds of techniques, such as the most widely used video coding
standards of today, which include H.264, H.263, MPEG-2, MPEG4, etc. The objective
video quality estimation technique presented herein may also be suitable for any
future video coding standards or techniques.

The video quality estimation technigue presented herein is not limited to any specific
service. For example, it can be deployed for a wide range of services such as video
streaming, mobile television, video telephoning, internet multimedia such as IPTV,
\_/ideo conferencing, and linear television.

Brief Description of the Drawings

Below, the present disclosure will be described with reference to the embodiments
illustrated in the drawings, wherein

Fig. 1 is block diagram illustrating a system embodiment of the video qual-
ity estimation technique;

Fig. 2 shows the structure of an exemplary video coding layer;

Fig. 3 shows the structure of another exemplary video coding layer;

Fig. 4 shows the structure of an exemplary inter-coded picture frame;

Fig. 5 shows an example of motion vector prediction for a 16x16 partition;
Fig. 6 shows a method embodiment of the video quality estimation tech-

nique;
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is a block diagram depicting a device embodiment of the video quality
estimation technique;

is a block diagram illustrating a computer program embodiment of the
video quality estimation technique;

is a flow chart illustrating another method embodiment of the video
quality estimation technique;

is a video screen shot showing an example of a packet loss in the
video;

is a video screen shot showing shows the same example of Fig. 8 with a
loss penalty map as overlay; and

is a block diagram depicting another device embodiment of the video
quality estimation technique;

is a block diagram illustrating another computer program embodiment
of the video quality estimation technique;

is a block diagram depicting a further device embodiment of the video
quality estimation technique;

is a block diagram illustrating a further computer program embodiment
of the video quality estimation technique; and

shows a bounded log-function with various values for ¢ wherein the
function is used for modeling penalty value aggregation according to an
embodiment of the video quality estimation technique.

Detailed Description

In the following, for purposes of explanation and not limitation, specific details are
set forth in order to provide a thorough understanding of the objective video quality
estimation technique presented herein. It will be apparent to those skilled in the art
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that the technique may be practiced in embodiments that depart from these specific
details. For instance, although the exemplary embodiments are described in connec-
tion with the specific network layout of Fig. 1, it can be easily appreciated by those
skilled in the art that the technique is equally applicable to network layouts of other
types. For another instance, although the exemplary embodiments are explained with
reference to video conforming to the H.264, MPEG-2, MPEG-4, or H.263 standard,
the objective video quality estimation technique presented herein can be used to
estimate the quality of video encoded with all types of codec techniques or stan-
dards, including H.264, MPEG-2, MPEG-4, H.263 as well as any other video codec
techniques or standards of today and even future video codec techniques. Further,
the technique presented herein is not limited to any specific service; on the contrary,
it can be deployed for a wide range of services such as video streaming, mobile TV,
video telephony, IPTV, video conferencing, linear TV, and more.

Those skilled in the art will further appreciate that the technique explained herein
may be implemented with hardware circuits, software means, or a combination of
the two. The software means may be in conjunction with a programmed microproc-
essor or a general purpose computer, using at least one of an Application Specific
Integrated Circuit (ASIC) and a Digital Signal Processor (DSP). It will also be appreci-
ated that when the technique is described as a method, it may also be embodied in a
computer processor and a memory coupled to the processor, wherein the memory is
encoded with one or more programs that performs the method when executed by
the processor.

To achieve the objectives mentioned above, i.e. to guarantee both low-complexity
and satisfactory estimation accuracy, a video quality estimation technique is hereby
presented to perform the quality estimation based on not only network protocol
header information (such as those used in parametric models) but also certain pa-
rameters from the video coding layer of the video bitstream. Accordingly, it can be
said that the technique is based on the bitstream model. This technique has the
potential of estimating the video quality with higher accuracy than conventional pa-
rametric models while still being lightweight such as to be suitable for video quality
monitoring of all kinds, particularly real-time monitoring.

Fig. 1 is block diagram illustrating a system embodiment of the video quality estima-
tion technique presented herein. As shown in Fig. 1, a video bitstream is transmitted
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from a video server 2 over to a video client terminal 4 via a communication network
6. At least one network node 8, or “intermediate” node, resides in the communica-
tion network and participates in the video transmission. Upon arrival at the client
terminal 4, the video is decoded for display to the end user.

The video quality estimation technique can be implemented in various nodes or ter-
minals. For instance, it may be implemented in a server node which provides a video
bitstream. The server node may be a node , such as the video server 2 in Fig. 1, for
transmitting the video bitstream to one or more client terminals 4 or intermediate
nodes 8 in a communication network 6. As a specific embodiment, the server node
may be a mobile terminal, a broadcasting TV server, a video-on-demand server or a
general purpose computer. capable of transmitting video streams. The video quality
estimation technique may be also be implemented in a client terminal, such as the
client terminal 4 in Fig. 1, which can decode a video stream. The client terminal may
be a mobile terminal, a computer, a set-top-box, a gaming device, a TV set or the
like. Further, the technique may be implemented in a network node, such as the
network node 8 in Fig. 1, for communicating between a video server node 2 and a
video client terminal 4. Even further, the constituting functions of the technique may
be distributed across several nodes or terminal, such as any combination of one or
more server nodes, one or more network nodes, and one or more client terminals. As
a particular embodiment, the technique may be implemented such that bitstream
parameters are extracted from at least one of a server, a network node, and a client
terminal, while the processing of the parameters is carried out in yet another node or
terminal. Last but not least, the technique may also be used in less time constraint
embodiments such as content production.

As mentioned above, the input to the bitstream model includes parameters extracted
from the video coding layer. To better understand these parameters, a brief explana-
tion to the construction of video coding layers is firstly presented with reference to
Figs. 2 to 5, which illustrate exemplary video coding layers structured according to
certain video codec standards of today, such as H.264, MPEG-2, and H.263.

The most widely used video coding standards today, such as H.264, MPEG-2 and
H.263, all use a partition based approach. In a partition based video codec, each
video picture (can also be referred to as “video frame”, “picture frame”, or simply
“picture”) is divided into smaller partitions, termed by some as blocks, such as macro
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blocks (MBs). For the codec standards mentioned above, the size of a macro block is
usually defined as 16 x 16 pixels. Of course, a partition can take any other proper
size.

The pictures in the video codec standards mentioned above can be of three different
types: intra coded (I-picture), predictive coded (P-picture) or bi-predictive coded (B-
picture). I-pictures may only use information from the current picture for data com-
pression, allowing them to be used as random-access-points in the video, ensuring
that a potential error preceding the I-picture is refreshed (To ensure a total refresh
in H.264 only one reference picture used for predicting P- and B-pictures should be
kept in the buffer; alternatively, an IDR picture could be used instead of the I-
picture). P-pictures may predict from one reference picture for each prediction. B-
pictures may use two different reference pictures for each prediction. Pictures are
ordered in groups of pictures (GOPs), where the GOP usually starts with an I-picture
and ends at the picture preceding the next I-picture.

Fig. 2 illustrates an example of a GOP-structure including I- , P- and B-pictures.
Fig. 3 illustrates an example of a GOP-structure containing only I- and P-pictures.

Fig. 4 illustrates an example of a P-picture for a QCIF video (176x144 pixels) with
11x9 macro blocks. As can be see in Fig. 4, a P-picture may include intra macro
blocks (I MBs) only allowed to take information from the current picture and predic-
tive macro blocks (P MBs) that may take information from other pictures by predic-
tion. The macro blocks may be divided into even smaller partitions. The illustration in
Fig. 4 shows P MB partitions of size 16x16 pixels, 16x8 pixels, 8x16 pixels and 8x8
pixels. The H.264 standard allows for such partitions, sometimes called sub-blocks,
down to size 4x4 pixels. Each P MB partition uses a motion vector (MV) pointing at a
position in a previously decoded reference picture in order to make the prediction.
See Fig. 5 for an example of MV prediction for a 16x16 partition. The video encoder
may also choose to save bits by skipping a macro block causing the decoder to sim-
ply copy that part from a previously decoded picture.

From the video coding layer, various parameters can be extracted (or derived from
extracted parameters) and used by the bitstream quality model for estimating video
quality. Examples of such parameters are, but not limited to, frame type, GOP-type,
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GOP-length, the number of I-, P- and B-frame packets received/lost/discarded, and
the number of good/impaired I-, P- and B-frames, motion, macro block information.
The parameters may be extracted by a bitstream analyzer.

Apart from the above parameters, other information from the video bitstream can
also be used to estimate the video quality. An important aspect of the video quality
estimation technique presented in this disclosure is to estimate the error propagation
and error visibility of an error in the video from features found in the video coding
layer of a bitstream. By doing so, a more accurate video quality estimation score can
be calculated.

In the context of the present disclosure, error includes or results from loss or delay
of video data, such as a loss or delay of a packet of the video bitstream. However,
not all data loss or data delay within a video bitstream will have a human-perceptible
impact upon the quality of the video. In other words, not every error will have a
subjective visual effect on the end viewers and will be perceived as a visual degrada-
tion. For example, the loss of a single B-frame will have little impact because no
other frame is dependent upon that frame, and hence the image will only be dis-
torted for the fraction of a second corresponding to the single B-frame. The loss of a
reference frame (an I-frame or P-frame), however, will affect any P-frame or B-frame
that refers to the reference frame. A series of packet losses - especially those involv-
ing reference frames - will start to cause human-perceptible degradations in the
video image quality. Furthermore, losses of reference frames at the beginning of a
scene change or during high-motion video sequences are more likely to cause hu-
man-perceptible distortions than losses of reference frames in relatively static video
sequences: Conversely, losses of non-reference frames during scene changes or
high-motion video sequences are less likely to produce noticeable distortions because
the visual artifact is obscured by the rapid changes in the images presented to the
viewer.

Hence, it is not enough to simply detect occurrence of an error in the video bit-
stream, what is also needed is to assess or estimate how “visible” the error will be to
the human viewer. Error visibility (or visibility in short), is a term used to measure
this visual impact or effect. The magnitude of the visibility of an error indicates how
much or severe the error will affect the human-perceptible quality of the video. One.
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specific way of quantifying the error visibility is the amount of visual degradation of
the video caused by the error.

A key characteristic of the video quality estimation technique proposed in this disclo-
sure is to keep track of at least one of a temporal propagation and a spatial propaga-
tion of an error. To this end, the technique keeps track of where errors occur in the
video, temporally and/or spatially, estimates how long the errors will linger and/or
how much they will spread in space (i.e. estimate the error propagation in at least
one of time and space) and how visible they are. For example, an error tends to
spread spatially when there is a lot of motion and will disappear when an intra pic-
ture comes.

A method embodiment embodying the essential aspect of the video quality estima-
tion technique mentioned above is shown in Fig. 6. Specifically, Fig. 6 depicts an
objective video quality estimation method 10 which comprising the following steps:
at the initial step 12, a video bitstream comprising a series of picture frames is re-
ceived; next at step 14, the technique determines an error occurrence in a picture
frame of the video bitstream; then at step 16, at least one of a temporal propagation
and a spatial propagation of the error is determined; finally at step 18, the quality of
the video bitstream is estimated based on the result of the determination.

Fig. 7 depicts a device embodiment for practicing the video quality estimation tech-
nique presented in this disclosure. The device, denoted as 20, is adapted to objec-
tively estimating video quality. The device 20 comprises the following components: a
receiver 22 adapted to receive a video bitstream comprising a series of picture
frames; a first determinator 24 adapted to determine an error occurrence in a picture
frame of the video bitstream; a second determinator 26 adapted to determine at
least one of a temporal propagation and a spatial propagation of the visual degrada-
tion; and an estimator 28 adapted to estimate the quality of the video bitstream
based on the result of the determination.

Although the components 22, 24, 26, and 28 are depicted as separate blocks within
one housing 20, they may appear differently in real implementation of the device.
For example, the functions of some or all of the components may be combined into
one single physical unit. For another example, some or all of them may be distrib-
uted in different nodes participating in the entire video service.
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Fig. 8 is a block diagram illustrating a computer program embodiment of the video
quality estimation technique. The computer program, indicated as 20’ in Fig. 8, com-
prises program code portions which when run on a computer cause the computer to
perform a number of functions for estimating the video quality. The functions corre-
spond to the steps 12, 14, 16, and 18 comprised in the method embodiment 10
shown in Fig. 6 as well as the components 22, 24, 26, and 28 of the device embodi-
ment as shown in Fig. 7. As specifically shown in Fig. 8, the computer program em-
bodiment 20’ comprises a receiver module 22/, a first determination module 24’, a
second determination module 26’, and an estimation module 28'.

Fig. 9 is a flow chart showing another method embodiment of the video quality esti-
mation technique. The steps illustrated in the flow chart are straightforward. The

functions associated with the steps can be divided into four parts:

e  Tracking the error propagation of an error, i.e. tracking at least one of a tempo-
ral propagation and a spatial propagation of the error;

o Estimating the error visibility of an error for each error-affected position, e.g.,
for each error-affected pixel or partition (such as a macro block) in the video;

e  Aggregating the penalty calculated for all erroneous parts of the video; and

. Combining the aggregated penalty value with perhaps consideration of other
parameters to form a quality score for the video bitstream.

The four parts are described in detail below.

Tracking error propagation

A simple way of accounting for an error such as a data loss in a video bitstream is to
calculate the loss ratio. For example, the loss ratio can be calculated as the amount

of lost macro over the total number of blocks. However, this metric may not properly
represent the visibility of the error.
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To more properly estimate the propagation, or spread, of the error in at least one of
time and space, the technique presented herein makes use of the information on
motion vectors. For instance, a video bitstream comprising a series of picture frames
may comprise at least one reference picture and at least one prediction picture,
wherein the prediction picture may comprise at least one motion vector pointing at a
position in a reference picture; accordingly, the technique keeps track on motion
vectors. The technique may also keep track on motion vectors and reference pictures
of which the motion vectors point at.

An error will also propagate in time whenever there is a skipped partition or skipped
frame following an error as the error of the previous partition or frame is then copied
to the current partition or frame. Moreover, an error may propagate in space for cer-
tain cases of intra prediction (e.g., intra-frame or intra-partition prediction). Intra
prediction does not use motion vectors, but predicts from surrounding pixels in adja-
cent partitions (e.g., surrounding macro blocks). A codec usually contains a number
of different ways of how to perform the intra prediction from the surrounding pixels.
In H.264 intra macro blocks (i.e., intra-coded macro blocks) may predict from non-
intra macro blocks within the current frame. If an error has propagated into a non-
intra macro block and the intra macro block predicts from this non-intra macro block,
the error may propagate to the intra macro block. To prevent intra prediction from
non-intra macro blocks in H.264 the constrained_intra_pred_flag can be set at the
cost of coding efficiency.

The propagation of error can be presented in a loss penalty map. In one embodi-
ment, the propagation of error can be stored in a loss penalty map.

Estimating error visibility

Considering the spread effect, the error which occurs in one picture frame may affect
one or more partitions in one or more picture frames. Hence, the technique needs to
consider all the affected picture frames or partitions when determining the error
visibility, or visual degradation caused by the error. One embodiment of the tech-
nique determines the visual degradation by calculating a penalty value for each er-
ror-affected partition in the video. The penalty value is a value indicative of amount
of the visual degradation caused by the error.
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To determine how visible an error is, different rules can be deployed:

. An error, such as a data loss, which occurs during a scene change typically
looks worse than an ordinary error and should therefore be assigned with a
higher penalty value. It may not be enough to only detect intra frames as they
can be inserted anywhere as random access points. A loss in an intra frame but
not in a scene change will likely not look as bad as a loss in a scene change.

. An error, such as a data loss, tends to look bad if there is a lot of motion di-
rectly after the error. More specifically, it is the relative magnitude of the mo-
tion that is interesting. For example, a small motion loss in an otherwise
motionless scene will likely be more apparent than a medium motion loss in a
high-motion scene.

3 If the partition, e.g., @ macro block, in the picture after a lost partition, e.g. a
macro block, is a skip, the probability is high that the lost macro block also
would have been a skip. These types of macro blocks are therefore not given a
loss penalty. However, this may not apply when there is a scene change, as the
lost macro block then most likely is not a skip.

e  An error tends to disappear over time. The penalty value is therefore decreased
by a specific amount or factor for at least one of the picture frames subsequent
to the frame where the error occurs. As a specific implementation, the penalty
value is decreased by a specific amount or factor for each subsequent frame.

. The penalty value is reset when there are intra-coded picture frames or parti-
tions. However, if an intra-coded partition following an intra-coded partition has
a motion vector pointing at a reference picture preceding the intra-coded parti-
tion, the error may return.

Each of the above rules, as well as any other rule, may be selectively used in the
video quality estimation technique presented in this disclosure.

Motion of a picture frame may be used to determine the penalty value for the error.
When doing so, it is important that the motion vectors used are those which repre-
sent actual motion and are not just pointing “randomly” at a best prediction. The
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random pointing motion vectors should not be considered when determining the
magnitude of the penaity value. In order to determine whether a motion vector in a
partition, e.g., a macro block, is "random”, all motion vectors of the surrounding
partitions are checked. The motion vector in question is regarded to be random if it
is not equal, or substantially equal (i.e. plus/minus a constant) to at least one sur-
rounding motion vector.

Both the location (e.g., the x-y position of the error in the picture frame) and visibil-
ity of an error can be presented in the loss penalty map. For full fidelity of the error
propagation the loss penalty map needs to have the same resolution as the decoded
pixel map, e.g. 176x144 values. An example of a packet loss in video is shown in Fig.
10. The same example with the loss penalty map as overlay is illustrated in Fig. 10.
Generally, the loss penalty map can take the form of a two-dimensional data struc-
ture defining individual data fields, wherein each data field is configured to allow the
storing of a penalty value. One example, the data structure can be arranged in the
form of a table.

Fig. 12 shows a device embodiment 30 of the video quality estimation technique
presented herein. Compared with the device embodiment 20 shown in Fig. 7, device
30 comprises an additional component, namely a collecter 32. The collecter 32 is
adapted to collect the visual degradation in a loss penalty map.

Correspondingly, a computer program embodiment 30’ of the video quality estima-
tion technique is provided as shown in Fig. 13. Compared with the computer pro-
gram embodiment 20" shown in Fig. 8, computer program 30’ comprises an addi-
tional module, namely a collector module 32’ for collecting the visual degradation in a
loss penalty map.

To keep the complexity of the technique down, the penalty value may in certain
embodiments be calculated at a lower resolution than the decoded pixel map. For
instance, the resolution of the loss penalty map could be the same as the resolution
of the macro blocks, such as 11x9 for QCIF. One way to estimate the spread of the
penalty value for the lower resolution case is to weight the values of the previous
penalty value accordingly. For the example in Fig. 5 with the motion vector (x,y) =
(-5,7) the penalty value for the bottom right block of the four blocks in the current
picture can be calculated as:



WO 2011/082719 PCT/EP2010/000588

-20 -

penalty = (5x7) / (16x16) x penalty value of previous top-left block
+ (11x7) / (16x16) x penalty value of previous top-right block
+ (5x9) / (16x16) x penalty value of previous bottom-left block
+ (11x9) / (16x16) x penalty value of previous bottom-right block

Certain knowledge of the type of concealment that will be used in the decoder will
make the estimation of the error visibility more accurate. Possible concealment meth-
ods for predictive pictures include:

e  Copying lost parts from previous decoded picture;
e  Copying lost parts from previous decoded picture based on motion;
. Freezing the entire video until a next random access point (intra frame).

The video quality estimation technique presented herein can be designed to be appli-
cable for at least the two top concealment methods and similar ones.

In the case of using the freezing method, the error visibility impact can be calculated
from the time it takes between each error and the next random access point. The
amount of motion of the scene is also a parameter that may affect the visibility of
the freeze.

Possible concealment methods for I-pictures include the three concealment methods
above as well as interpolating/extrapolating lost macro blocks from correctly received
macro blocks in the same I-picture. If the I-picture is located in a scene change, the
interpolating/extrapolating” method may produce a better result than the two top
concealment methods since it prevents the decoder from copying pixels from the
previous scene. However, when this concealment method is used for I-pictures not in
a scene change, it may not be as good as the two top concealment methods.

In some scenarios it is possible that information about the concealment method in
the decoder is already known or that it can be signaled to the video quality estima-
tion model from the client terminal.
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Aggregating penalty value

It is not enough to only estimate where the errors occur and affect and how severe
they are. In order to provide an overall quality score (i.e., quality estimate) for the
entire video bitstream the penalty value must be aggregated over at least one of
time and space.

Fig. 14 depicts a third device embodiment 40 of the video quality estimation tech-
nique presented herein. Compared with the device embodiment 20 shown in Fig. 7,
device 40 comprises two additional components, namely an aggregator 42 and a
calculator 44. The aggregator 42 is adapted to aggregate the visual degradation
caused by the error over at least one of time and space. The calculator 44 is adapted
to calculate a score indicative of the quality of the video bitstream based on result of
the aggregation.

Corresponding to third device embodiment 40, a computer program embodiment 40’
of the video quality estimation technique is provided as shown in Fig. 15. Compared
with the computer program embodiment 20’ shown in Fig. 8, computer program 40’
comprises two additional modules, namely an aggregating module 42" and a calculat-
ing module 44’. The aggregating module 42’ serves to aggregate the visual degrada-
tion caused by the error over at least one of time and space, and the calculating
module 44’ functions to calculate a score indicative of the quality of the video bit-
stream based on result of the aggregation.

Weighting affected partitions and pictures in a uniform way is one approach of ag-
gregation, but it may not be optimal in certain cases, particularly in those where
even a small error may significantly ruin the quality. In such cases, it may be more
proper to weight the penalty value, or visual degradation, at a higher factor for small
penalty value than for large penalty value. A specific embodiment of this approach is
to weight penalty value per area/duration higher for small penalty values than large
penalty values.

Various functions can be used to model the latter aggregation approach. An example
of an easily-fitted function used for this purpose is the bounded log-function of the
following form:
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£ =1log,,(1+x-(10° ~1)): x €[0,]
The function with various values for dis plotted in Fig. 16.

Alternatively, polynomial functions (e.g., third degree polynomials) or discrete
threshold functions fitted to a sampled data set, can be used for modeling the ag-
gregation.

All the exemplary functions listed above can produce satisfactory resuits. An impor-
tant point is probably to use a function with decreasing derivative as for d>0 in the
above bounded log-function.

The aggregation may be performed stepwise in time. For example, penalty vaiue
may be added for each second (corresponding to e.g., 25 picture frames) uniformly
to give a “sub-result”, and then another function is used to take into account these
sub-resulits.

Forming quality score

The aggregated penalty may be one of several parameters contributing to a bit-
stream quality model score estimating the subjectively perceived quality of a video
bitstream. Some of the other parameters of interest may include radio network pa-
rameters such as radio Block Error Rate (BLER), Bit Error Rate (BER) and radio
bearer used, transport network parameters such as packet loss, data throughout,
packet jitter data, packet jitter buffer strategy, IP packet size and RTP/RTCP signal-
ing CRC error ratio (from H.223 de-multiplexer), number of CRC errors, video bitrate,
number of bits per video frame; and parameters extracted or derived from the video
layer such as target video frame rate, video resolution, video codec, video codec
profile, video codec level, quantizer parameter, actual video frame rate, number of
video segments (GOBs, slices, video packets) per frame, type of picture (intra or
inter picture), number of intra macro-blocks per picture, intra refresh strategy (from
educated guess), average/min/max quantizer per picture, number of macro blocks
per segment, average/max/min absolute motion vectors, existence and distribution
of intra partitions, existence and distribution of inter partitions, existence and distri-
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bution of skipped macro blocks, existence and distribution of motion vector resolu-
tions, information about number of used reference pictures.

The bitstream model could for example be a linear model of the form
MOSest = Co + C1Po + C2p1 + ... + Cn+1Pn
or a geometrical model of the form

MOSest = Co(C1 — C2Po) (€3 = C4P1)... (Can+1 — C2n+2Pn)

or a combination of the two. The model could also be of some other non-linear
shape.

The quality score can be calculated periodically with a given time period, e.g., 10
seconds. The score can also be calculated using a sliding window approach, where a
new score for a predefined time duration is calculated at a predefined rate. For in-
stance, a new score for a certain window size, e.g., corresponding to 10 seconds, is
calculated at a certain rate, e.g., one per picture or one per two seconds. For the
penalty value this may require that an aggregated penalty is kept for each picture.

The video quality estimation technique presented above can model the visual impact
of an error in video more properly than parametric models. This in turn improves the
accuracy of the video quality estimation. In addition, the technique presented in the
current disclosure is less complex and less time- and resource-consuming than per-
ceptual models which have to, among others, decode the video and search for visible
errors in the pixel data of the decoded video.

While the technique has been described with reference to the above embodiments, it
is to be understood that the description is for explanation purposes only. Accordingly,
it is intended that the invention be limited only by the scope of the claims appended
hereto.
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Claims

1. A video quality estimation method, comprising the steps of:
- receiving a video bitstream comprising a series of picture frames;
- determining an error occurrence in a picture frame;
- determining an error propagation taking into account at least one of a
temporal propagation and a spatial propagation of the error; and
- estimating a quality of the video bitstream based on the error propaga-
tion.

2. The method according to claim 1, further comprising the step of:
- determining a visual degradation caused by the error.

3. The method according to claim 2, wherein determining the visual degrada-
tion comprises determining a penalty value indicative of the visual degra-
dation caused by the error.

4. The method according to claim 2 or 3, wherein the error occurs at or af-
fects one or more picture frame partitions and determining the visual deg-
radation comprises calculating a separate penalty value for each of the one
or more partitions as a value indicative of amount of the visual degradation
caused by the error.

5. The method according to claim 3 or 4, wherein the penalty value is calcu-
lated according to one or more of the following rules:

- assigning a higher penalty value to the error if the error occurs in a
scene change;

- assigning a higher penalty value to the error if the video bitstream
comprises motion data directly after an error-affected picture frame
and particularly if a relative magnitude of the motion is large;

- assigning no penalty value to the error for the partition if the partition
is a skip or is an estimated skip, optionally unless there is a scene
change or an estimated scene change;
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- decreasing the penalty value assigned to the error for at least one sub-
sequent picture frame by a predetermined amount or factor; and

- resetting the penalty value upon reception of an intra-coded partition or
an intra-coded picture frame.

The method according to any one of the previous claims, wherein the se-
ries of picture frames comprises at least one reference picture and at least
one prediction picture, wherein the prediction picture comprises at least
one motion vector pointing at a position in a reference picture, and
wherein at least one of the temporal propagation and the spatial propaga-
tion of the error is determined based on the motion vector.

The method according to claim 6, wherein determining at least one of the
temporal propagation and the spatial propagation of the error comprises
keeping track on the motion vector and the reference picture which the
motion vector points at.

The method according to any one of the claims 2 to 7, further comprising

the step of:
- collecting the visual degradation in a loss penalty map.

The method according to claim 8, wherein the loss penalty map has the
same resolution as the associated picture or a lower resolution than the

picture.

The method according to claim 8 or 9, wherein the picture frame com-
prises a plurality of partitions arranged in the form of a partition map, and
the loss penalty map has the same resolution as the partition map.

The method according to any one of the claims 2 to 10, wherein determin-
ing at least one of the temporal propagation and the spatial propagation of
the error comprises weighting the visual degradation for a previous error.
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The method according to any one of the claims 2 to 11, further comprising

the step of:

- aggregating the visual degradation caused by the error over at least
one of time and space; and

- based on result of the aggregation, calculating a score indicative of the
quality of the video bitstream.

The method according to claim 12, wherein aggregating the visual degra-
dation comprises weighting the visual degradation at a higher factor for
small visual degradation than for large visual degradation.

The method according to any one of claims 12 to 13, wherein the score is
calculated periodically or using a sliding window approach where a new
score for a predefined time duration is calculated at a predefined rate.

The method according to any one of the previous claims, wherein the
video bitstream comprises at least a portion of a video coding layer,
wherein the video coding layer comprises one or more parameters, and
wherein at least one of the steps of determining the error occurrence, de-
termining the error propagation, and estimating the video quality is based
on at least one or more of the parameters.

A computer program for video quality estimation, comprising program code
portions which when run on a computer cause the computer to perform
the steps of any one of the previous claims.

A computer program product comprising a computer-readable recording
medium and the computer program according to claim 16 stored on the
computer-readable recording medium.

A device for estimating video quality, the device comprising:

- a receiver adapted to receive a video bitstream comprising a series of
picture frames;

- a first determinator adapted to determine an error occurrence in a pic-
ture frame;
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- a second determinator adapted to determine an error propagation tak-
ing into account at least one of a temporal propagation and a spatial
propagation of the error; and

- an estimator adapted to estimate a quality of the video bitstream based
on the error propagation.

The device according to claim 18, further comprising:
- a third determinator adapted to determine visual degradation caused
by the error.

The device according to claim 19, wherein the third determinator is
adapted to determine the visual degradation by determining a penalty
value indicative of the visual degradation caused by the error.

The device according to claim 19 or 20, wherein the error occurs at or af-
fects one or more picture frame partitions and the third determinator is
further adapted to determine the visual degradation by calculating a sepa-
rate penalty value for each of the one or more partitions as a value indica-
tive of amount of the visual degradation caused by the error.

The device according to any one of claims 20 to 21, wherein the third de-
terminator is further adapted to calculate the penalty value according to
one or more of the following rules:

- assign a higher penalty value to the error if the error occurs in a scene
change;

- assign a higher penalty value to the error if the video bitstream com-
prises motion data directly after the error-affected picture frame and
particularly if a relative magnitude of the motion is large;

- assign no penalty value to the error for the partition if the partition is a
skip or is an estimated skip, optionally unless there is a scene change
or an estimated scene change;

- decrease the penalty value assigned to the error for at least one of the
subsequent picture frames by a predetermined amount or factor; and

- reset the penalty value upon reception of an intra-coded picture frame
or intra-coded partition.
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The device according to any one of the claims 18 to 22, wherein the series
of picture frames comprises at least one reference picture and at least one
prediction picture, wherein the prediction picture comprises at least one
motion vector pointing at a position in a reference picture, and wherein the
second determinator is further adapted to determine at least one of a tem-
poral propagation and a spatial propagation of the error based on the mo-
tion vector.

The device according to any one of the claims 18 to 23, further compris-

ing:

- a collector adapted to collect the visual degradation in a loss penalty
map.

The device according to any one of the claims 18 to 24, further compris-

ing:

- an aggregator adapted to aggregate the visual degradation caused by
the error over at least one of time and space; and

- a calculator adapted to calculate a score indicative of the quality of the
video bitstream based on result of the aggregation.

A server node for providing a video bitstream, the server node comprising
the device according to any one of the claims 18 to 25.

A client terminal for decoding a video bitstream, the client terminal com-
prising the device according to any one of the claims 18 to 25.

A network node for communication between a video server node and a
video client terminal, the network node comprising the device according to
any one of the claims 18 to 25.



