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15  subjective way for video quality assessment. The objective methods, on the
other hand, do not involve human assessors and assess the video quality
only by using information obtained from the video sequences.

The objective video quality assessment methods can be further classi-
fied into full-reference methods, reduced-reference methods, and no-

20 reference methods. Full reference models are available on the market and,
for example, include Perceptual Evaluation of Video Quality by OPTICOM,
Optimacy tool from Genista Corporation and products from Psytechnics Ltd
and National Telecommunications and Information Administration.

Both the full-reference methods and the reduced-reference methods

25 need reference information about the original video (i.e. the video actually
transmitted from the transmitting side) to conduct the video quality assess-
ment and thus cannot be used for real-time in-service video quality assess-
ment. On the other hand, the no-reference methods do not require the refer-
ence information of the original video. Instead, the no-reference methods

30 make observations only on decoded video (i.e. the video that has been re-
ceived and decoded on the receiving side) and estimate the video quality us-
ing only the observed information on the decoded video.

For a no-reference video quality assessment, two major sources of
video quality decline should be taken into consideration. The first one is cod-

35 ing and compression of video sources and the second one is data packet loss
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ence frames, and if a part of a reference frame is lost an error resulting from

20 theloss tends to propagate in time until the next I-frame (or P-frame) re-
freshes the video.

A number of prior methods for calculating video deterioration due to
packet loss have been proposed, of which one is based on estimating a num-
ber of lost macro-blocks for each frame type of a video stream. Another tech-

25 nique extracts spatial distortion of each image in a video stream using differ-
ences between corresponding regions of two adjacent frames in the video
sequence. The spatial distortion is weighted based on temporal activities of
the video, and the video quality is measured by detecting the spatial distor-
tions of all images in the sequence.

30 However, the aforementioned methods for calculating video deteriora-
tion needs to process all the blocks in the image frames, which means that
those methods are very computational intensive and are not optimal for use in
many real time video transmissions applications.

35 Summary
In view of the foregoing, it is an object of the invention to provide an

improvement of the above techniques and prior art. More particularly, it is an
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fully retrieved.

20 It should also be noted that an intra coded frame is, in this context, a
frame which is used as a reference frame for other frames, which means that
the video is a compressed video that comprises some picture frames that re-
quire the prior decoding of some other picture frame(s) in order to be de-
coded. As known within the art, data forming the picture frames are contained

25 in data packets of the video stream.

Since data packets and frames of the video stream are sequential and
since it is possible to tie a data packet to a video frame, the distance between
a lost packet and an intra frame may be given by a time value, or by a num-
ber of data packets or by a number of picture frames. This is quite advanta-

30 geous in that the required calculations for the distance determining are quite
fast and straightforward, which means that little computational effort is re-
quired by a computer device that performs the method.

Here, a frame that has a "maintained image quality" is a frame for
which no information have been lost during transport.

35 The generating of the quality value may comprise weighting of the dis-
tances, which is quite advantageous in that the video quality experienced by a
user may not always be linear with the distance from a corrupt data packet to
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frames are added when there is a scene change, and a quality loss in a

scene changing intra coded frame will cause the error to be very visible.

20 The weighting of distances of two data packets associated with a com-
mon image frame may be higher than the weighting of distances of two data
packets associated with different image frames, which give a more reliable
quality value since many lost data packets for the same image frame signifi-
cantly reduces the subjectively experienced video quality.

25 The data packets may be defined by a real-time transport protocol
comprising a marker bit, and an image frame of the video stream may be
identified as an intra coded frame in dependence of a marker bit value of a
data packet of the image frame, which provides for a computationally efficient
image identification process.

30 An image frame of the video stream may be identified as an intra
coded frame in dependence of if an image size of the image frame is a factor
larger than an image size of an average image frame, which, from a computa-
tional point of view, increases the efficiency of the method.

The generating of the quality value may be based on a data packet

35 loss rate. Typically data packet loss rate is the relation between the number of
lost data packets and the total number of transmitted data packets (during the
measure interval).
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the lost data packets and a next respective, subsequent intra coded frame
20 having a maintained image quality; and generating the quality value, based
on the distances.

The inventive system and computer readable medium may comprise,
be configured to execute and/or having stored software instructions for per-
forming any of the features described above in association with the inventive

25 method, and has the corresponding advantages.

Brief Description of the Drawings
Embodiments of the invention will now be described, by way of exam-
ple, with reference to the accompanying schematic drawings, in which

30 Fig. 1 illustrates a system implementing the invention,
Fig. 2 is a schematic view of a media player,
Fig. 3 is a schematic view of a video stream, and
Fig. 4 is a flow diagram of an embodiment of the inventive method.

35 Detailed Description of Preferred Embodiments
With reference to Fig. 1 a system implementing the invention is illus-
trated and comprises a media (video) content server 112 that is connected to
a database 113 on which media content such as compressed video is stored.
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conventi onal hard disk, ROM (Read-Only Memory) and a flash memory, having stored
thereon a computer program 214. The computer program 214 comprises
software instructions which when run on the media player causes the media
player 211 to make the method steps described below. A communications

20 interface 215 is also connected to the processor 212 for providing communi-
cation with the media content server 112 via the network 111.

The media player 211 also comprises means and software instructions
(not shown) for receiving and decoding the video stream and subsequently
play the video content of the video stream.

25 As mentioned, the media content server 112 and media players 114,
115, 116, 211 mutually communicate and operate in a conventional, known
manner. In particular, the devices may implement the "RTP Transport Proto-
col for Real-Time Applications" in accordance with the Request for Comment
no. 3550 (RFC 3550). Of course, it is possible to use other protocols when

30 implementing the inventive method and system, e.g. the transport protocols
MPEG2-TS and MPEG4-TS. In any case, this means that the video stream
sent to the media players comprises data packets for the transportation of the
data content of the video stream.

As described, the video stream transports video that is compressed by

35 a compression codec (encode-decode scheme) such as H.263, MPEG-4,
H.264 and VC-1. This means that a picture frame of the video stream is com-
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P-trames (PregiLligdo siR9Rss tAA comprises all data packets received by the media
player between the start time and the stop time. It is also possible to define
the measure interval AT by a number of subsequent data packets or by a
20 number of subsequent picture frames of the video stream S.

In any case, the measure interval AT of the video stream comprises, in
this example, 16 data packets 1-16. These packets 1-16 contains data in the
form of 12 picture frames 11, P1, P2, 12, P3, P4, 13, P5, P6, 14, P7 and P8.
Here, an intra coded frame I1, 12, I3, 14 is contained in two data packets while

25 a predicted frame P1, P2, P3, P4, P5, P6, P7, P8 is contained in one data
packet. This is due to the fact that an intra code frame typically is much larger
than a predicted frame, in terms of the amount of data needed for creating the
frames. The data packets 1-16 are distributed over the measure interval AT
and since the data forming the frames are contained in the data packets the

30 frames are also distributed over the measure interval AT. Data packets that
are lost during the streaming process, in this example the packets 3, 4, 7, 8,
9, are illustrated with dashed lines.

Each data packet contains information about a) its sequence number i
in the video stream, b) an image frame number j (derived from time stamp)

35 the packet belongs to, and c) if the data packet is the last packet of an image
frame. Typically, a so called marker bit value (M-bit value) of a data packet
indicates whether the data packet is the last packet of a frame. It may also be
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20

In the table above illustrating data packet sizes in bytes are included,
and it is possible to use these packet sizes when estimating which type of

image frame a packet belongs to, since a data packet with a relatively larger
packet size more likely belongs to an intra coded frame.
If the sequence of packet sequence number indicates that a packet

has been lost (a sequence gap), the image frame number and the marker bit

of the previous and following packets can be used to determine to which
frame the lost packet belongs. In this example packet number 9 was lost, and
looking at packet 8 and packet 10 both packets have the marker bit set to "1",
which means that packet 8 and 10 are the last packets of their frames. The
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codec.

As the data packets are distributed over an interval, distances between

20 data packets may be defined, typically by a difference in the data packet se-
quence numbers. Distances between image frames are defined by the differ-
ence between the sequence numbers of the last data packets of the image
frames, while a distance between a data packet and an image frame is de-
fined by the data packet sequence number and the sequence number of the

25 last data packet of the image frame.

With reference to Fig. 4, the inventive method is illustrated and com-
prises a first step 42, which comprises identification of lost data packets 3, 4,
7, 8, 9 of the video stream S, which is done by investigating which data
packet sequence numbers are missing, where a missing sequence number

30 means a missing data packet.

Next a second step 43 is performed and comprises identification of in-
tra coded frames I1, 12, I3, 14 of the video stream S is performed. This is done
by comparing data bit-size of packets belonging to a target image frame with
data-bit size of all packets belonging to image frames surrounding the target

35 image frame. If the target image frame is more than or equal to x times larger
than the mean of the surrounding frames the target frame is considered to be
an intra coded image frame. A suitable value of x is for a standard H.264
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standard H. 264 asel 1 ne streamtypl cal .5. 'For a | ost a packet a nean
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t hen represenfrantehi2, I4T’ageng raamairgained image quallty is done according to the defini-
tion of distances above.
Finally, in a fifth step 47 quality value Q is generated based on the dis-
tances D1, D2, D3, D4, D5. In its most simple form the quality value Q is the
20 sum of the distances, which in this example means that Q may be D1 + D2 +
D3+D4+D5=3+2+7+6+5=23. This is an objective quality value
which may be interpreted by a subjective evaluation done by users watching
the video, such that different quality values have corresponding different per-
ceived video quality values.
25 The quality value may be calculated by weighting the distances, for
better reflecting the perceived video quality. One method of weighting in-
cludes weighting of a long distance D1 higher than a shorter distance D2, e.g.
by using an exponential formula such as Q = ' + e + ... However, in prac-
tice more advanced exponential formulas may be used. For a better quality
30 value this kind of weighting is done particularly for distances that refer to the
same intra coded frame having a maintained image quality.
The weighting may also include weighting the distance D5 belonging to
the intra coded frame I3 higher than the weighting of the distance D3 belong-
ing to the predicted image frame P3, e.g. by multiplying the D5 value with a
35 factor y prior the summarization of distances, or prior to inserting the distance
values in the exponential formula.



Thereafter it is in a third step 44 determ ned which of the intra coded
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| ong di st anceofs tor‘rdejhemntrtgawhmh&mta packeli =dlomygsetddZhich.igagbyramé.ng an
exponenti formula such as Q=eD 1 + eD2 + .. . However, in prac tice
nore advanced exponential formulas may be used. For a better quality val ue
this kind of weighting is done particularly for distances that refer to the
sanme intra coded frame having a maintained i mage quality. The wei ghti ng may
al so include weighting the distance D5 belonging to the intra coded frane

| 3 higher than the weighting of the distance D3 belong ing to the predicted
image frame P3, e.g. by multiplying the D5 value with a factor y prior the
sumari zation of distances, or prior to inserting the distance values in

t he exponential fornula. Moreover, the quality value nay al so depend on the
data packet |oss rate which per se is determined in a manner common w thin
the art. For ex anple, the loss rate may then be nmultiplied with the sum of
t he di stances



when determining the quality value. Al though various enbodi nents of the

I nvention have been described and shown, the invention is not restricted

t her et o, Woormep1s4so be enbodi ed in other ways w thin Phe/EPeas®ces t he
subject-matter defined in the followng clains. In particular, the

I nvention may be inplenented by using other neth ods for determ ning which
dat a packet belongs to which inmage frame. QA M5 1. A nethod of determ ning
a quality value of a video streamtransmtted to a nedia player, conprising
the steps of, for a neasuring interval of the video stream identifying at

| east two | ost data packets of the videelAMSam identifying intra coded
frames of the video stream detern1n|ng whi ch of the intra coded franes

that h t based f t dat
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i ntra coded fwa%% %\élnpg a maintained i mage quality, and generating the
qual ity val ue on the distances. . A nethod according to claiml1,

the generating of ideatityirg atlﬁaebﬂvmlwbd@ha@qi@tmft@mwd@ sfeame di st ances.
3 . A method aCCOfQ)‘e'ﬂﬂf))i fh'tr%'éBd%d ﬁ“ﬂﬁé@b‘f‘tﬁé‘@id%'sﬂ%ﬁhﬂg of along dis
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di stance 1a(md irh @ Qalite) bakiett emestidbeng ¥td 1Bt @stal srcket Bosevaidted withcaded
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15 generating the quality value, based on the distances.

2. A method according to claim 1, the generating of the quality value
comprising weighting of the distances.

3. A method according to claim 2, wherein the weighting of a long dis-
tance of the distances is higher than the weighting of a shorter distance of the

20 distances.

4. A method according to claim 3, wherein the long distance and the
shorter distance are estimated for a common intra coded frame.

5. A method according to any one of claims 2 - 4, wherein the weight-
ing of an estimated distance of a lost data packet associated with an intra

25 coded frame is relatively higher than the weighting of an estimated distance of
a lost data packet associated with a predicted image frame of the video
stream.

6. A method according to any one of claims 2 - 5, wherein the weight-
ing of distances of two data packets associated with a common image frame

30 is higher than the weighting of distances of two data packets associated with
different image frames.

7. A method according to any one of claims 1 - 6, wherein the data
packets are defined by a real-time transport protocol comprising a marker bit,
and an image frame of the video stream is identified as an intra coded frame

35 in dependence of a marker bit value of a data packet of the image frame.

8. A method according to any one of claims 1 - 7, wherein an image

frame of the video stream is identified as an intra coded frame in dependence



i ng of distances of two data packets associated with a conmon inmage frane
I's higher than the weighting of distances of two data packets associ ated
wi t h dif fwoento/ismesge franes. 7 . A nethod according to a&oy/EPa@8o6496% ai n5 1
- 6, wherein the data packets are defined by a real-tinme transport protocol
conprising a marker bit, and an inmage frame of the video streamis
identified as an intra coded franme in dep¢Bdence of a marker bit value of a

dat a packet of .the imge . .frape. 8 . net hod accordi ng. to any one of clains
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based on a daatingatie qualiy valueds based ansydatarndaket eseatei.ning a qual ity
val ue of a5video stpearsidiforddibRinity & B AaRIYPS vidddSotRkRh Bahs.
t a neds of t e

configure o, for uring I nterva . video stream _1dentl goat
| east two | ostnided i paeedia Plafer: the systrip configulied to gt @ measyindinéyyakof
frames of thetnd ¢igeostrieaam determ ne which of the intra coded franes that

have a maintai ned i e quality, based on estiymting if a |ost data packet
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. . g
di stance and the sf&imate adstanrabeiveesqachanaiotbe lastiQatapackelisraiddded
frame. 14. A sgstresgpacte, dubsedueramtrosded frahm@ mavidd a-madidtaisédirhgge ed to

15 quality, and

generate the quality value, based on the distances.

11. A system according to claim 10, configured to weight the dis-
tances.

12. A system according to claim 11, configured to weight a long dis-

20 tance of the distances higher than a shorter distance of the distances.

13. A system according to claim 12, wherein the long distance and the
shorter distance are estimated for a common intra coded frame.

14. A system according to any one of claims 11 - 13, configured to
weight an estimated distance of a lost data packet associated with an intra

25 coded frame relatively higher than an estimated distance of a lost data packet
associated with a predicted image frame of the video stream.

15. A system according to any one of claims 11 - 14, configured to
weight distances of two data packets associated with a common image frame
higher than distances of two data packets associated with different image

30 frames.

16. A system according to any one of claims 10 - 15, wherein the data
packets are defined by a real-time transport protocol comprising a marker bit,
and an image frame of the video stream is identified as an intra coded frame
in dependence of a marker bit value of a data packet of the image frame.

35 17. A system according to any one of claims 10 - 16, wherein an image
frame of the video stream is identified as an intra coded frame in dependence
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packets and a, respective, subseq intra coded franme having a
mai nt ai ned i gMN€and generating the quality value, based on the

di st ances. estimating a distance between each one of the lost data packets and a
15 next respective, subsequent intra coded frame having a maintained image
quality, and
generating the quality value, based on the distances.



