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At a receiver a decoder receives a bit stream representing pictures, i.e. video data packets of
20 compressed data. The compressed data comprises payload and control information. The control
information comprises e.g. information of which reference pictures should be stored in a decoded
picture buffer (DPB), also referred to as a reference picture buffer. This information is a relative
reference to previous received pictures. Further, the decoder decodes the received bit stream and
displays the decoded picture. In addition, the decoded pictures are stored in the decoded picture buffer
25 according to the control information. These stored reference pictures are used by the decoder when

decoding subsequent pictures.

A working assumption for the processes of decoded picture buffer operations in the working draft of
HEVC is that they will be inherited from H.264/AVC to a very large extent. A simplified flow chart of the
30 scheme as itis designed in H.264/AVC is shown in Fig. 1.

Before the actual decoding of a picture, the frame_num in the slice header is parsed to detect a

possible gap in frame_num if Sequence Parameter Set (SPS) syntax element



5 current picture. If the slice headers of the picture contain Menory
Managenent Control Operations (MMCO conmands, adaptive nenory control
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pi ctures that contai ns MMCO of type 2, 3, 4, 5 or 6 as described in Table 1
bel ow. Tabl e managenent control operatlon val ues for H 264/ AVC
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process is applied to obtain relative reference to the pictures to be stored in the decoded picture buffer.
As a final step, the “bumping” process is applied to deliver the pictures in correct order.
10
A problem with H.264/AVC is its vulnerability to losses of pictures that contains MMCO of type 2, 3, 4, 5

or 6 as described in Table 1 below.

Table 1 — Memory management control operation values for H.264/AVC

| memory_management_control_operation |~ Memory Management Control Operation |
0 End memory_management_control_operation syntax
element loop

1 Mark a short-term reference picture as “unused for
reference”

2 Mark a long-term reference picture as “unused for
reference”

3 Mark a short-term reference picture as “used for long-

term reference” and assign a long-term frame index to it

4 Specify the maximum long-term frame index and mark all
long-term reference pictures having long-term frame
indices greater than the maximum value as “unused for

reference”

5 Mark all reference pictures as “unused for reference” and
set the MaxLongTermFrameldx variable to “no long-term

frame indices”

6 Mark the current picture as “used for long-term

reference” and assign a long-term frame index to it

15



4 Specify the maxi mumlong-termfranme index and mark all long-term
reference pictures having long-termfrane indices greater than the nmaxi num
val ue as wonnos@d2foar reference” 5 Mark all reference pi ecmmsma@soktmmused
for reference” and set the MaxLongTer nFranel dx vari abl e to "no long-term
frame indices" 6 Mark the currentM)l cture as "used for |long-termreference”
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channel
MMCO that cancels the effect of the lost MMCO. What makes the situation even worse is that a

decoder will not necessarily know that the sliding window process is out-of-sync and thus cannot report
the problem to the encoder or request an IDR picture even in applications where a feedback channel is

20 available.

One way to reduce the risk of loosing important MMCO information is to use
dec_ref_pic_marking_repetition Supplementary Enhancement Information (SEI) messages. However
the encoder will not know if the decoder is capable of making use of dec_ref pic_marking_repetition
25 SEI messages. Further, there is a risk that the dec_ref pic_marking_repetition SEI message is also

lost.

There is, thus, a need for an efficient reference picture signaling and buffer management that do not
suffer from the shortcomings and limitations of prior art solutions.
30
SUMMARY
Itis a general objective to provide an efficient reference picture signaling and buffer management in

connection with video encoding and decoding.
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retriever configured to retrieve buffer description information identifying a buffer description defining

15 multiple reference pictures from the encoded representation of the picture. A picture identifier
determiner is configured to determine a picture identifier identifying a reference picture of the multiple
reference pictures based on picture identifier information retrieved by the data retriever from the buffer
description for the reference picture and picture identifier information retrieved by the data retriever
from the buffer description for a reference picture preceding the reference picture according to a list

20 order in the buffer description. The decoder also comprises a buffer manager configured to update a
decoded picture buffer based on the picture identifier.

Another related aspect of the embodiments defines a decoder comprising an input section configured
to receive encoded representations of multiple pictures of a video stream. The decoder also comprises
25 aprocessor configured to process code means of a computer program stored in a memory. The code
means causes, when run on the processor, the processor to retrieve buffer description information
identifying a buffer description defining multiple reference pictures from the encoded representation of
the picture. The processor is also caused to determine a picture identifier identifying a reference picture
of the multiple reference pictures based on picture identifier information retrieved from the buffer
30 description for the reference picture and picture identifier information retrieved from the buffer
description for a reference picture preceding the reference picture according to a list order in the buffer
description. The processor is further caused to update a decoded picture buffer based on the picture
identifier. An output section of the decoder is configured to output decoded pictures of the video

stream.
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information generator configured to generate, based on the picture identifier information, buffer
description information identifying a buffer description defining the multiple reference pictures. A data
25 inserter of the encoder is configured to insert the buffer description into an encoded representation of

the picture.

Another related aspect of the embodiments defines an encoder comprising an input section configured
to receive multiple pictures of a video stream and a processor configured to process code means of a
30 computer program stored in a memory. The code means causes, when run on the processor, the
processor to determine, for a picture of the video stream, multiple reference picture of the video stream
as encoding reference for the picture and/or any subsequent picture of the video stream. The
processor is also caused to provide, for each reference picture, a picture identifier identifying the

reference picture and generate buffer description information based on the at least one picture
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the buffer description enables a bit efficient representation of the picture identifiers that will reduce any
25 overhead in signaling the buffer description. The embodiments thereby reduce the bitrate required for

signaling of identification values in absolute reference picture signaling.
BRIEF DESCRIPTION OF THE DRAWINGS
The invention, together with further objects and advantages thereof, may best be understood by

30 making reference to the following description taken together with the accompanying drawings, in which:

Fig. 1 is a simplified flow chart of the H.264/AVC reference buffer scheme;



In clear contrast to the prior art solutions in which correct reference
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be unde¥st ood by 30 making reference to the foll ow ng description taken
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flow chart™of the H 264/ AVC retférence buffer schenme; WO

2013/ 002 7Dadeatingodnepibogiowatt 7 Fig. 2 is a flow chart of a method of

decodi ng an encoded representation of a picture according to an enbodi nent;
Fig. 3 i1s a video streamof nultiple pictures according to an enbodi nent; 5
Fig. 4 iSrigny ienaadehriorhe 8Rp bt @&érmmingfﬂrs@pi@tufétiwnﬁﬁeaamﬂhdsteﬂpﬁdéteﬁ{ﬁinin? picture
enbodiment; Fig. 5 is a flowchart of the step of determning first picture
i dent i ficddentifier i fgg. 22aceasding i@iangmbedimentenbodi ment ; 10

Fig. 8 is flow chart of additional, optional steps of the method in Fig. 2;
Fig. 9 is a simplified flow chart of a reference buffer scheme according to an embodiment;
20
Fig. 10 is a flow chart of a method of encoding a picture according to an embodiment;
Fig. 11 is a flow chart of the step of determining first picture identifier information and the step of
determining picture identifier information in Fig. 10 according to an embodiment;
25
Fig. 12 is a flow chart of the steps S50 to S53 in Fig. 10 according to an embodiment;
Fig. 13 is a flow chart of an additional, optional step of the method in Fig. 10;

30 Fig. 14 is a schematic block diagram of a receiver according to an embodiment;

Fig. 15 is a schematic block diagram of a decoder according to an embodiment;



Fig. 6 is a flowchart of the calculating step in Fig. 5 and the step of
determning picture identifier in Fig. 2 according to an enbodi nent; Fig.
7 is a flwe2etsanoe70ef the step of determ ning first pict@ce/SEd@Ensd4der and
the step of determ' ning picture 15 identgfier in Fig. 2 according to an

enbodi nent; Fig. Is flow chart of additional, optional stegs of the
met hod i nFifFi ®. '529 S@P@at'%bb@ﬁ Hagsamnef prRicide fideptifict Hetewmingr i Fidefl @ ReenEdings fof aner
schene ac&%g pto an enbodiment; Fig. 10 is a flow chart of a nmethod of

encoding a pic ure according to an enbodinent; Fig. 11 is a flow chart of
the step of determining first plcture |dent|f|er i nformati on and the step
of determi ning picture (denti information in Fig. 10 according to an
enbodi menftiy- 1Z§asﬂh@natwl0p%dlagram@w gacarer a@@@”!ﬂé%'ﬁ%*& emBerlimeNtss3 in Fi g. 10
accordigg to an enbodinment; Fig. 13 is a flow chart of an additional,
optional step of the nethod in Fig. 10; 30 Fig. 14 is a schematic block

di agr am offig.d 8 iscecesheraatic dtoclodidgramg of atransmétebapdondiag to; anfendodid®dnti s a schemati c

bl ock di agram of a decoder according to an enbodi nent; WO

2013/ 002701PCT/ SE2012/ 050444 8 Fig. 16 is a schematic bl ock di agram of a

picture i Wb'lsfd&'h%rﬁ Fc%fogzkgﬁgra%@f Hé%cod]eﬁsa ccorcﬂt]% dffengrToodi ment ;. Fig.

17isasc emati c am o adec ng to anot her
enbodi rrent 5 Fig. 18 is a schenatlc bl ock d| agramof a transmtter

accor di n g(gfnsngns[%ggrgqr{e 3}#@50(# %éﬂp .of asn |%fo?n(1:a Sﬁr%te e(r:mlﬁerolﬁkFl gci:acr(?rd?nfg f%nan

encoder
embodlment; and

Fig. 21 is a schematic block diagram of an encoder according to another embodiment.

15
DETAILED DESCRIPTION

Throughout the drawings, the same reference numbers are used for similar or corresponding elements.

The present embodiments generally relate to encoding and decoding of pictures, also referred to as
20 frames in the art, of a video stream. In particular, the embodiments relate to management of reference
pictures in connection with video encoding and decoding and the signaling of such reference pictures

from the encoder to the decoder.

Video encoding, such as represented by H.264/MPEG-4 AVC and HEVC, utilizes reference pictures as
25 predictions or references for the encoding and decoding of pixel data of a current picture. This is
generally referred to as inter coding in the art where a picture is encoded and decoded relative to such
reference pictures. In order to be able to decode an encoded picture, the decoder thereby has to know
which reference pictures to use for the current encoded picture and has to have access to these
reference pictures. Generally, the decoder uses a decoded picture buffer (DPB), also denoted
30 reference picture buffer, for storing the reference pictures. It is then important that the reference
pictures stored in the decoded picture buffer are indeed the correct reference pictures when decoding
an encoded picture otherwise the decoder will use wrong reference pictures during the decoding

process causing a degradation of the quality of the presented video.
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and decsoodl%%l for reference, i.e. reference pictures, independent of the encoded representations of previous

pictures. It can therefore be said that the logical responsibility for maintaining correct decoded picture
buffer is moved from the decoder to the bitstream. One way to look at it is to say that the information

about what reference pictures to use for inter prediction and motion vector prediction for a picture is
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of the picture and 1s therefore available to the decoder together with t
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20 identifier of the current picture.

In such an approach a reference picture is signaled in the buffer description with a delta picture
identifier, delfaPOC, relative to the current picture. The picture identifier, POC(ref), of the reference
picture is then calculated as POC(ref) = POC(currPic) + delfaPOC, where POC(currPic) represents the

25 picture identifier of the current picture.

In a particular embodiment, restrictions could be specified so that a same picture, i.e. the same
delfaPOC, may not appear more than one time in the same buffer description. This enables a buffer
description to unambiguously and explicitly define each reference picture that is to be signaled for the
30 current picture. However, this might lead to inefficient signaling of picture identifiers in the buffer

description.

For instance, assume a buffer description where all reference pictures have negative delta picture

identifiers. Further assume that a first reference picture in the buffer description for the current picture



20 identifier of the current picture. In such an approach a reference
picture is signaled in the buffer description with a delta picture
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Fig. 2 is a flow chart illustrating a method of decoding an encoded representation of a picture of a video
stream of multiple pictures or frames. The method generally starts in step S1 where buffer description

information identifying a buffer description is retrieved from the encoded representation of the picture.

25 The buffer description information could be provided in any defined portion of the encoded
representation of the picture but is typically provided in a control information field in the encoded
representation of the picture. The retrieval of the buffer description information can therefore be
performed in connection with decoding the control information of the encoded representation of the
picture and therefore preferably prior to decoding of the actual payload data of the encoded

30 representation.

Fig. 4 schematically illustrates an example of an encoded representation 60 of a picture. The encoded
representation 60 comprises video payload data 66 that represents the encoded pixel data of the pixel

blocks in a slice. The encoded representation 60 also comprises a slice header 65 carrying control



25 The buffer description information could be provided in any defined
portion of the encoded representation of the picture but is typically
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Fig. 4 sc strates an exa Fepr eseht a |on 60
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description information could then be included in the slice header 65,

another picture header 10 or another data structure specified by the
st andar d the bwfiéralesaripéoneniorondtion rannelvedercsiem81 ideniifien anuffertescriptior, @lso chéesteditpas on

informatiop retri ved Sl ddent)fies a buf er descrip n,, als
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subsequenfor the ctrvdne piorearrany bieture) vefarged th@s culise gunt pnct@temeeeumdamwmgn@ (tuDrehhe
decodi ng order. The buffer description information can therefore be

regar ded Ri@urPﬁF@M‘thPgﬁdﬁﬁﬂﬂ‘lglof%ﬂng a buffer description that is a set of
reference pictures associated with a current picture. It consists of all 25
reference pictures that are prior to the current picture in decoding order
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picture foll ow n% the current picture in decodi ng or der
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prediction of the current picture or any picture following the current picture in decoding order.

Fig. 3 schematically illustrates this concept by showing a video stream 1 of multiple pictures 10, 40, 42,
50. A current picture 10 may comprise one or more slices 20, 22 comprising pixel blocks 30, such as
30 macroblocks, also referred to as treeblocks, or coding units, to be decoded. The arrows below the
pictures 10, 40, 42, 50 indicate the decoding relationship. The current picture 10 is decoded in relation
to a previous reference picture 40 and a subsequent reference picture 42. The preceding reference
picture 40 is preceding and the subsequent reference picture 42 is subsequent with regard to the

current picture 10 according to the output order but both are preceding the current picture 10 according



50. A current picture 10 may conprise one or nore slices 20, 22 conprising
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pi cture accor e ou are precedi ng the current
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picturez50 in the video stream 1. A follow ng optional but preferred step
S2 of Fig. 2 will be further described below 5 The next step S3 uses the
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In a particular embodiment, the buffer description defines at least one list of reference pictures. In such
a case, step S3 is preferably performed for each reference picture of the at least one list except a first,
according to the list order, reference picture in the respective at least one list. This is schematically
illustrated by the line L1 in Fig. 2. The first reference picture according to the list order has its picture
25 identifier determined in step S2 described further below. Thus, if the buffer description defines a list of

N reference pictures in a list, step S3 is preferably performed N-1 times.

Once the picture identifiers of the reference pictures defined by the buffer description of the current
picture have been determined in step S3 (and step S2) the method continues to step S4 where a

30 decoded picture buffer is updated at the decoder based on the determined picture identifiers.

Hence, the picture identifiers determined using the buffer description of the current picture are used in
order to update the decoded picture buffer to store and comprise the correct reference pictures needed

to decode the current picture and/or a subsequent, according to the decoding order, picture of the



25 identifier determned in step S2 described further below. Thus, if the
buffer description defines a list of Nreference pictures in alist, step
S3 is pravenatdoperforned N-1 times. Once the picturePClSERIIRIOBNMS4 of t he
reference pictures defined by the buffersdescription of the current picture
have been determned in step S3 (and step S2) the method continues to step
S4 wher e \ddegstigara othisi dgsioding fsewgliunowp in Hiegicrideypically Hses iptecRiadietion 28¢ mobien t he
determn t&%g& identifiers. Hence, the picture identifiers determ ned
usi ng the scription of the current picture are used in order to
update the decoded picture buffer to store and conprise the correct
reference_pictures needed to decode the current picture and/o
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otoned. B Saei e B tearindoy loreton Fane Bt ahosay T tegiain ong
of the ref ?¥2ﬂﬁﬁ e Pictures conprised, present or stored in the decoded

an

pi cture bu \d identified based on the buffer description information
carried in the encoded represent ation of the pi cture. 10 The updating of

the d t b t S4 t th f
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ot or encericedh T SRl Shh Al A Rt 8RN Ty § Byl ROt i Bhes, o
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defined by the buffer description of the current picture and therefore have

picturelSidentifiers that differ fromthe picture identifiers determned in

Gocoded ol Bl o8 e T8 kel ot i (ohorh S8 s BlepeBLIeR Mt plgrhol fhnec

mar ked aspy'thbsgReddsoriptib@bthengent éur@ and hbriefrshdve bickifeSiériiero that differ #H@ the
renoved by the decoder fromthe decoded picture buffer. Thus, in this

en?odl menRictwgidentifigrodetesmined inestens $2-and §3 8 ap embediment dricgwes it afeﬁwah%@m the
Gecoder . tbfelidichie pURFhiAS HAGRE Fiin bl behefith e B, A SE R e e

ati'ng pi C KSR oF KHEPS

prior tm desmmdemr ﬁrb@ctrvsn de argrayb@ady tfe debsiectism thetdegdded pictare baferl Thugnin this
addi ti onal enbodi nent, zero or nore of the pictures that are narked as

unused fo?mboéf’@néﬁ]é@'ﬂgwfPﬁ@r%oﬂ@’rse@l&&f@??@ poremeuing (ferepcequcwes HQ’F&? are
tput f
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for di splay.thevifore pmr(t(ﬁ taceding the video gayloagbfehesurentpiotreir es and what pi ct ur es

to output, i.e. display, is separated in H 264 and HEVC. This neans that a
pi cture can be output before it is renoved as 30 reference picture, i.e

o ke A A Sl REE RS o RS (98 geseac b
2013/ 002 7héa RredodeE2EDai Db Al buffer description are output for dlsplay by the decoder. One such
example process for output is the bumping process from H.264/MPEG-4 AVC. Output refers herein to
output for display. What pictures to use as reference pictures and what pictures to output, i.e. display,
is separated in H.264 and HEVC. This means that a picture can be output before it is removed as
30 reference picture, i.e. marked as unused for reference, or it can be removed as reference frame by

marking it as unused for reference before it is output.

As discussed in the foregoing in connection with step S3, a picture identifier of a reference picture is

determined based on picture identifier information retrieved from the buffer description for the relevant



15 reference picture and al so based on picture identifier information for
any reference picture preceding the relevant reference picture according to
the |i st woaders/iop7othe buffer description. The first, ace®cm®Erg208048he |i st
order, reference picture defined by the1tbuffer description identified from
5 the buffer description retrieved in step Si fromthe encoded ,

r epr esent'gerange pictursandilsothased erorigtureddengiian indematiostforcanipeiereecenisjure eresedifc e

pi cture I fi el rding.to the |ist order
Pt he. baPF ST Rersie adolidR e ItbeHh edpeathlfhob 07 T of how
to determine the picture identifier of this first reference 10 picture
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i denti fi elhedirstiaggording & the dstordeh cefergnea Rigtere Yafned by e puiier degcripiparidantifiesyrom

i nf or mati (g f LA ; ' epce
pi it ur o 0 O Gt R R B & o PR Ao Borb X of e Honl S B
decoded. ddarseenot poroprise @ny cefarenceip@ture pfeogding the firsotefene noe gictur@ascotuinglio thedist
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pi cture tYIGdt the RWTEHISERRRNi dentifier of the first reference picture
according to the 15 list order. In a particular enbodi nent, the buffer
description could define nultiple, i.e. at least tw, lists of reference
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step S10 retrieves a delta picture identifier and a sign identifier for the
first réflste@ieie picture fromthe buffer description. Herein,

absolute delta poc(0) represents the delta picture identifier and sign
represents the sign identifier. The sign identifier indicates whether the

r ef er encenpi gHrtidues eAbBdimRnBSreiifiendeeriptitdsoaridierige Muiple, 1.6 dt &last twanligks bhe
current picture in the video streamand wth regard to the output order of

t he pi ct uetesencapigiyres; whighhe fusthersdisgrssed datein Inesuch Agaeasacy suah list hes F EpRactyece
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pi cture according to the output order and according to the decodi ng order.
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WO 2013/ ovplirgle odiments 2f deteyminingtee pictyre identfieeef adist Piskreddgniies soulhibersfora kr e
identifie LS el I on the delta identifier,
t he sign %pgg%jttépﬁééépéﬁlgeﬁrﬁ{er p%@ﬁl(@bfﬁ%@ﬁlﬁ%}?@ﬁof the current picture,
denoted POC(currPic) herein. The nethod then continues to step S3 of Fig.
2, where the gicture identifiers of the remainjing reference Pictures

def i ned Wy9taié afay chart Hesiialinga pasficulan AmpRoinit e daferaling fhe first picture identifier. The
25 method continues from step S1 of Fig. 2 and continues to step S10. This step S10 retrieves a delta

picture identifier and a sign identifier for the first reference picture from the buffer description. Herein,
absolute_delfa_poc(0) represents the delta picture identifier and sign represents the sign identifier. The

sign identifier indicates whether the reference pictures are in ascending or descending order in relation

o the current picture in the video stream and with regard to the output order of the pictures. Thus, if the

30 sign identifier indicates “+ the reference pictures follow the current picture according to the output

order, but precede the current picture in decoding order, whereas a sign identifier indicating “-*

indicates that the reference pictures precede the current picture according to the output order and

according to the decoding order.



Fig. 6 is aflowchart illustrating a particul ar enbodi nent of step S11 in
Fig. 5 and a particular enbodi nent of step S3 in Fig. 2. The nethod

conti nueswProm®e®p S10 in Fig. 5. A next step S20 cal cRCaseso12/0pEsAMEt €1
del taPOC(0) as del taPOC(0) = sign x absabute_delta_poc(0). The picture
identifier the first reference picture is then calculated in

step 521 /égeﬂ@tqpo‘g11£%iqyla¢@dbenrcm e ntifiesof Hﬂpcﬁatmgferenﬁeprw basedpnsthe geltas22
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respect i VEIEERBPR RictHiee fefined Pyibp pyffer @@SCF'F&B%%W@‘?@E‘T‘W@ l.poc(i), fromthe buffer
description for each reference picture number i defined by the buffer
description except the first reference picture in the current list. The
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or der i t.ep | cul ates the picture identifier, POC(i, of the
refer en@f@&&%’/rﬁ@ﬂﬁﬁ%@&@' as POC(i = 25 POC(currPic) + deltaPOC(1). Thus,
the picture identifier of a reference picture defined in the buffer

description is determ ned based on picture identifier information,
repr esent 8w folowirgi §erl§rr62ﬂjt0rr824 illastratenan deabedimeit of determlirdmpiicifu'reeidentif er for any
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the list order. In a particular enbodiment, the picture identifier is also

30 det efm ned based on the picture identifier of the current picture to be
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2013/ 00274k EMpHi6rSk? @hed Qﬁ&éﬁh@ pioturBQlatnber=i H’éﬂﬁéw? e Bffer sregmptr@naé)@éﬁtuh@rrgtel ta

poc(0) labsolute delta poc(j), j=1 where the selection between "+"
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reference p i ch
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is showmn in Fig . In an enbodi nent, the nethod first perforns step S20
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Finally step S24 calculates the picture identifier, POC(i), of the reference picture number i as POC(i) =
25 POC(currPic) + deltaPOC(i). Thus, the picture identifier of a reference picture defined in the buffer
description is determined based on picture identifier information, represented in this embodiment by the
delta picture identifier absolute_delta_poc(i), retrieved from the buffer description for the reference
picture and based on picture identifier information retrieved from the buffer description for preceding
reference pictures according to the list order. In a particular embodiment, the picture identifier is also
30 determined based on the picture identifier of the current picture to be decoded, i.e. POC(currPic). Thus,

a general formula of  calculating the picture identifier, POC(i), is



10 processes of steps S21 and S24. In the above descri bed enbodi nent the
reference pictures in the buffer description are ordered in deltaPOC order,
ascendi ngvonot@®e®ndi ng. The sign of deltaPOC is prefer &bligEankypseignal ed
for the first reference picture and deltia picture identifiers,

absol ute_delta_poc, are signaled relative to the 15 preceding reference
picturelntrz buf f descrlptlon For theflr ferencea{glcturelnthe
buf fer de8€Xi SHI())@C thial-esigek phsobge Idgh%J_Qﬁ ieﬂb&tlﬂ?e fat weclilr r ent
picture. In this enbodi nent the decoder decodes thel sign of the first
reference picture in the buffer description based on the sign identifier.
The decod#ierg e Relerienbriveans s Andt-e dependeondbevayse of gnf i r st reference 20
picture relative to the current picture. Then deltaPOC for the first
reference picture is calcul ated. The decoder continues by decodi ng

absol ut e_8teps $22110624 are paﬁérmeefmeauhngemn@d plctas in the lisiexdepf thefirsitefe@ncepictons,
with index i in the rang irst reference picture has index

0) to tRewhighds &hemﬁt@alb/uw(@ﬁed@ég@rhn%gz J he m,ethgd thegcontinues to step S4 of Fig. 2.

Nr OF Pi ct uresl nBuf ferDescription-1, and cal cul ates deltaPOC rel ative to the
current picture as disclosed above. 25 In a particul ar enbodi nent, the
buf f er deBwrdrgdriobstepsd 2rto®L4 oy Ibeﬁlffem\nteftbnh whattieghoh irofFig.F8. ¢h arPerilvodiment) ¢he
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consi sts e concatenation o Ists o rence pictures.

cont ai e processesfobstepsct?I@nd64.es with positive deltaPOC and one i st
contains the pictures with negative deltaPOC. Both lists are preferably
ordered by the delta picture identifiers, W) 2013/002701PCT/ SE2012/ 050444

18 absol uhendghdve_deSGibed Bm 'tHégreféFé?@é p%ﬂj%stlﬁ%evﬁt!ﬂéﬁd&fcnﬁu@ﬁ afeortiéred in

picture identifier is signa ed relative to the preceding reference picture
in the codalta%@@nrdemgscleh@mg or descending TherﬁgrdofrdeltaPGmepraiecabUemly@@odd@br11hh§rstwo

lists, denpted I ist B that , e may 5 contain

o e pi ctgPieng IR ol foth e TS Bk iecaB ek ar SRRHEY FrtRetn Msor
lists tRepriaddiy rRsHcEpRudelid fedaffer d?‘es&)ﬁ’dt@ﬁci:or'ﬁﬁélﬂrsﬁrefe?er%e gld?NVe(Frhﬂlfétbuffer
illustrating an inplenentation of steps S2 and S3 in Fig. according to

t hi s enbodsiserption abFhlktendeftagdc issignblediestative to theusent gictuegt Fig. 7. Step S30
calculates a pictures identifier 10 identifying the first reference picture
inthe first list based on a difference between the picture identifier of

t he curr efthiPémiodhtent Be BEcodCiRecT:s dRtkidh dﬂth'etfast Riférénee pictureitihe buifer dedériptigy ed
fromthe buffer description for the first ref erencec;)l cture in the first
e
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L o AR T PO g ol e B e PATARAD A B T
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with index i in the range from 1 (if the first reference picture has index 0) to the end of the buffer
description, i.e. to NrOfPicturesinBufferDescription-1, and calculates delfaPOC relative to the current
picture as disclosed above.
25
In a particular embodiment, the buffer description information retrieved in step S1 of Fig. 2 from the
encoded representation of the encoded picture identifies a buffer description defining a first list of

reference pictures and a second list of reference pictures.

30 Thus, in this embodiment the buffer description consists of the concatenation of two lists of reference
pictures. One list contains the reference pictures with positive deffaPOC and one list contains the

pictures with negative delfaPOC. Both lists are preferably ordered by the delta picture identifiers,



15 picture in the second list. In a particul ar enbodi nent step S30

cal cul ates POCA(0) = POC(currPic) - absolute delta pocA(O) and step 531
cal cul at s80RQGBROZHI01= POC(currPic) + absol ute_del t a_pocB@OX/SERM2/0514g4
enbodi nent the delta picture identifier ssabsol ut e_ deI ta pocA( 0) and

absol ute_del ta_pocB(0), are unsigned va negati ve val ues.
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calculated I1n step S32 as POCA(l = POCA(i-1) + absolute _delta_ pocA(i.
Correspondingly, step S33 calculates the picture 30 identifier for each
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referenceypijgure in the second list and a signed delta identifier
retrieved fromthe buffer description for the reference picture. The
pi ctu_re identifi er is preferably calculated in step S33 as POCB(i =
POCB( i - Iﬁ azr%beS %l o Fn%ntds?ept & ca?cB(a les the picture identifier for each reference picture in the first list

except the first reference picture in the first list according to a first list order based on a difference



WO 2013/ 002701PCT/ SE2012/ 050444 20 The picture identifier of the preceding
reference picture in the first or second |list nentioned above is preferably
t he pictuwe 20tbanoeiofii er of the cl osest precedi ng ref er en®€TSECIANE0444 . €.
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woul d contain the delta picture identifiers 1, 1 and the second |ist would
signed delta picture identifiers. In a particular implementation, the delta picture identifiers for the
reference pictures in the first set preferably have non-positive values and the delta picture identifier for

the reference pictures in the second set preferably have non-zero values.

25 An implementation of step S32 according to this embodiment calculates the picture identifier for each
reference picture in the first list except the first reference picture in the first list based on a sum of the
picture identifier of the preceding reference picture in the first list and a signed delta identifier retrieved
from the buffer description for the reference picture. Preferably the picture identifier is calculated in step
S32 as POCa(i) = POCa(i-1) + absolute_delta_poca(i). Correspondingly, step S33 calculates the picture

30 identifier for each reference picture in the second list except the first reference picture in the second list
based on a sum of the picture identifier of the preceding reference picture in the second list and a
signed delta identifier retrieved from the buffer description for the reference picture. The picture
identifier is preferably calculated in step S33 as POCs(i) = POCsg(i-1) + absolute_delta_pocs(i).



WO 2013/ 002701PCT/ SE2012/ 050444 21 contain the delta picture identifiers 1,
2. These values 1, 1, 1, 2 can be efficiently encoded by variable I ength
code usi nyofemwao2tints than 32 bits, such a 1+1+1+3=6 bi PETISE2010105(444 Thi s
significant bit reduction is for only one buffer description In a typical

video streamthere may be several hundreds or thousands of buffer

descri pt |W@'@@ﬁﬂdeﬂi*f@hpftth%Pféﬁﬁ,dﬂtgé?fefecﬂc‘% pistutedt dgdirst osserped @E)Eﬂ@@tlodié% ahavpésd
signalin f t|

conpl erortaeredl e Hichrt BBl or feido bt ety fent RGeS RRrARE pfire umber
absol ute iwa\y[hegvmhe%&ncsplamema%mdnﬂeehgth codi ng. For instance, the buffer
description mght contain the above nentioned four reference pictures 46,
47, 49 and 51 and optionally a further reference picture that has a picture
identi fig infd er
Val ues Ofegt%e% %ntg[}‘r%%ragér g?@%h@g? (5: &r%ﬁa%@w%rf&h@g‘fq ré‘icHor'eﬁerréﬁrcg gfcﬁjﬁé‘h Iy
coul d be firstraad eécbndzilstmceptrtbeﬁrelrmm«ie mghepﬂmmmécomdewwtmtﬂeéohemamdakky ibdi€ dtexr

description to ¢ gne ence I ctures e the
ot ur o | e Fes dRBni P Einie, 65 TRs,SORSIUR bisTecatly eSO pRGvER ek 41 feade
retrt evedir 9% NAMSI e RahieRD AkAdind fig Bl BObeURIFRRTRR 18] i and
any reference picture preceding the current erence picture in e list.
I n t he ab®3deis prafarebly perfeemedfor eyera ifdex $in the %ngﬁﬁrovmhltadeh‘ValmasLIstBHeﬂfendm 0

i ctur es .4 d define reference pictures 49 and
gl Thi ¥ Caﬁ@i@%%gﬁgerfepcsetp'@i'rﬁ”‘tﬂl"Feseﬁ?’ﬁg'ébrt exanpl e two Iistsl)o is then

conpl errented wth a list conprising at | east one picture identifier of a

respective reference picture, i.e. reference picture 2 in the exanple. This
pi cture idteps 532 and B33 cdnebe perisfragdaibl any seda) iotied of indéedxat dedstpaytiyhinpacadelahie not

ded rel at | he def i h f f
oo, GhPLE PR UBrSe S 2 056 B ShiSe PellEfe Lo,
r ef er encepifirg idéhifiedtdicHaEP hiskPs 530 fos3pect i ve delta picture identifier for

the at | east one reference picture. This delta picture identifier is then
obtai ned by cal culating a difference between the picture identifier of the

i | east " bab Sl e o TSRl b8 uslot WIS SRS EroShithBrondl °

list in the BB rbefigas tr@e@@éndpétemnatn@les‘raxumpr@ée%éameww@rswwd@éésemca‘nltmdbe

| engt h code or encoded simlar to the lists nentioned above, i.e. relative
to previ oRgsforedisarialy wany erdeios gt lpast partly inparalgbth a case, variabl e Iength code
can be used but with a selective nodul o operation that can be applied to

save bits. Fig. 8 is a flowchart illustrating additional steps of the
et hod donTHel ghovedestribed embedirents efermelingtréferandhictarapini stiuffgr deseriptienbyeshdodingonal
list. The nmethod continues fromstep S3 of Fig. 2. A next step S40 provi des

a list cofdrdeaddiy piglure gafi erérﬁ@attyﬁéqme@dinaéei@rﬁmqeé»cws QQCWQ@QJEH ¢ \etoide(@ience
pi cture. A0S R SR DEUATPLRIRE P LR F Yit YR B b, 51 S e

buffer descrlp ion tiron1'nc e enco sentation o

t he pi ct ugipproadi, loaw vahues withy pictuteeddntifiet infopabtidn twcmmdeltepemre‘ldmuf &, Ged generdlly
control information field of the encoded representati on of the picture

2013/ oozfeﬂf%?ﬁieﬁézlo%@ﬂﬁfsﬁwﬁnszQ uMbes of SMDRIS 9f Pitersagwasds @%@”ﬂﬂi‘fqdetp h'ghef
descri %I \%ﬂ@k‘ﬁﬁﬁ'@pl&@% |de_‘n ferlﬂfog?{%tlgﬁd in step S40. This inplies that the at
e

| east one picture 1 denti |er Ined in the provided list is added to the
pi cture |dent|f|ers determ ned fromthe buffer descrlptlon to forma
nDdlfled E@ated buf f

r des tion. 5 The ntinues to.ste
S4 wher C5o SR BT P 125 i KaMSaa 0 GRS PAGPAEAITH BB { of
descri pt 'é?f&od gh/!nt% refdRACH Gr r@FeréﬂPéquEtWeQthh Wt {deRtfiedeBC BT ol £ 59SEdHher
anot her |1 st escrlblng erence plctures
assume that the largest p055|ble value of a picture identifier is 255. If fixed length coding would have
30 been applied and without encoding picture identifiers relative to each other then 4x8=32 bits would
have been required to signal these four picture identifiers. If variable length coding instead would have
been used to represent 46, 47, 49 and 51 even longer codewords than in total 32 bits would have been
needed. If the embodiment disclosed above in connection with Fig. 7 is used with unsigned delta

picture identifiers the first list would contain the delta picture identifiers 1, 1 and the second list would
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PPS 67 or assi
calculating a difference between the picture identifier of the current picture and the picture identifier of

the reference picture. This at least one delta picture identifier is then provided in the additional list in the
25 buffer description and may preferably provided in fixed length code or encoded similar to the lists
mentioned above, i.e. relative to previous delta picture identifier. In such a case, variable length code

can be used but with a selective modulo operation that can be applied to save bits.

Fig. 8 is a flow chart illustrating additional steps of the method in Fig. 2 with a buffer description
30 comprising such an additional list. The method continues from step S3 of Fig. 2. A next step S40
provides a list comprising at least one picture identifier of a respective reference picture. This step S40
can be implemented by retrieving the list from the buffer description information included in the
encoded representation of the picture. Alternatively, the list could be retrieved from a defined control

information field of the encoded representation of the picture.
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30 picture does not necessarily have to be the same as the buffer description of the current picture but
rather enables identification and retrieval of the buffer description. Thus, in this embodiment the buffer
description information present in the encoded representation of the picture indirectly defines the

reference pictures by pointing towards the buffer description which carries the picture identifier
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The PPS and SPS are typically shared between multiple pictures in the video stream. Therefore
25 signaling the buffer description of a picture in the PSS and the SPS is preferably performed by
providing a data structure, such as table, comprising multiple predefined buffer descriptions each

defining respective reference pictures.

Each buffer description of the generated data structure then defines the reference pictures as disclosed
30 herein in terms of picture identifier information from which the picture identifiers can be calculated
based on the picture identifier of the current picture and based on picture identifier information of
preceding reference pictures in the buffer description. Each buffer description could then be provided

as an entry in the data structure or table.
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identification of the relevant reference pictures. In an enbodi nent, the
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video sjr&Baffes described by the reference signaling to form a joint set of reference pictures.

In a particular embodiment, the encoded representation of the picture preferably comprises a flag to
indicate whether explicit signaling of the buffer description information and/or implicit signaling of the
buffer description information has been selected for the current picture. This flag could, for instance, be
30 included in the slice header of the encoded representation of the picture or in some other control

information field.

In embodiments disclosed herein the buffer description could include respective delta picture identifiers

for the reference pictures defined by the buffer description. An embodiment of such delta picture
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Thi s buffer des n i nformati on defines, preferably unanbi guously

defi nes, 'f"esﬁ@'r‘ HEEOHP'eEFPes deternmined in step S50 and thereby the

pi cture |dent|f|ers provided in step S51. Hence, it is

According to a particular embodiment, the buffer description contains picture identifier information of all
30 reference pictures needed in the decoded picture buffer in order to provide an absolute reference to the
pictures to be used as reference pictures. The picture identifier information is used to calculate the

picture identifiers of the reference picture as previously disclosed herein.
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description information. The generated buffer description information is
i nserted WO 281302855 i n an encoded representation of the@CTSER@ERNS@HLE Ure.
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The pi ct up@uindeorderf framesi ﬁliusr ardecodet car delier tidt pisturer ferf (hmcieeqjhy afternthe delqedﬂwoy

cnbodi merirotse e aecipB) e ap e prosety - Srme s edibibbe BRay of Beredspom e "
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a delta value for each reference picture (in each list) except the first
referen®e picture. This delta value is calcul ated based on a difference

bet ween t pi f r tu
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picture could then be generated based on the buffer description and thereby assign the picture
identifier determined for the missing picture to the concealed or non-existing picture.
20
The above mentioned picture marking process, bumping process and optional generating non-existing
pictures are preferably performed prior to the actual decoding of the video payload data for the current

picture as indicated in Fig. 9.

25 There are various alternatives available that could be used as picture identifier according to the
embodiments. For instance, the picture identifier could be the decoding order number, the display order
number, the output order number or a combination of display order number and an additional identifier

or indeed any other information that can be used to unambiguously identify the picture.

30 Examples of such picture identifiers include Picture Order Count (POC), frame number (frame_num) or

POC and an additional identifier (additional_picture_id).

In a particular embodiment, the actual value of the picture identifier is used together with additional

information or other data, such as the position (list order position) of the reference picture in buffer



20 POC(i - POC(i-1) for the reference picture nunber i. The follow ng step
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determ ned for the preceding reference picture according to the list order
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Fig. 10 foI | om ng the current picture according to the defined order. Thus,
step S70 provides the nunber of elenments, i.e. picture identifiers, in the
first li sEig.aiﬁdB aﬂcypcrsvtilluettatin@ep*@tma ntgngogingod picters of b gidewistisam ob muliple pietutes. i n
t he seco s, S70 apd. S71 can be rf or.ned ent i al i.n_any
or der or "t e o5 ADY Gas Y Baf S0 Eere ie® e TR VBB AR B detufed

picture i é%eéﬁcbdnhgﬁlrefefré?ke tIh@n fembsdimemf ﬁﬂﬁ@ﬂﬁdd@érﬁtn@é 8né br e réfbreRde pidterbs hased
on a difference between the picture identifier of the current picture and

t he pi ctbuare Usefbas pRdoding (_r)efertehc@ fof asurrent picture to be encoded Hence, the pixel data of the
current picture is then encoded with reference to the one or more reference pictures. Alternatively, or in

addition at least one reference picture determined in step S50 could be used as encoding reference for
a subsequent picture of the video stream, i.e. a picture to be encoded and decoded following the
current picture. In a particular embodiment S50 determines, for the current picture, any reference

20 picture of the video stream as encoding reference for the current picture and any reference picture of
the video stream as encoding reference for the subsequent picture. Hence, in a particular embodiment
step S50 determines all reference pictures that are prior to the current picture in decoding order and
that may be used for inter prediction for the current picture or any picture following the current picture in
decoding order.

25
A next step S51 provides a respective picture identifier for each reference picture of the reference
pictures determined in step S50. The picture identifier is used, possibly together with other data, to
unambiguously identify a reference picture. Hence, the picture identifier can be regarded as an
absolute reference to pictures to be used a reference pictures. This means that it is possible to

30 correctly identify the relevant reference picture given its picture identifier and optionally the other data.

Step S51 is preferably performed for each reference picture determined in step S50, which is

schematically illustrated by the line L5.



15 reference picture in the first list. In a particular enbodi nent step S72
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in the first list, which is schematically illustrated by the Iine L8. Step
S74 det ergi I | ' hithEhi Qe di r - t he
o ct ur e Seherf AR ReplohUbaclR) bl e pichReRenl: Bromhal o Rp e PEE
accor di ngpittare & dach kst of thesbuffer dbacriptiordwitl befupther tdescabeddetoi f i er of the reference
picture. In a particular enbodi nent step S74 determ nes

absol ute_delta_pocA(1l) = POCA(i-1) - POCA(l). Step S75 is correspondi ngly
per for ”e?St%;?SS?fscﬁbrfo%@d fir 9cH F‘d‘f@r&ﬁ{;}bcﬁcﬁafé?ér'éa’tﬁdsspatpaﬁiloﬁ%?ﬂﬂe%kéréke??&ﬁﬁ

the firs O reference picture 1 n the secon ch is schematically
i |1 ustr atdsderbynedhie step rdéd0leQcepbadipst BfBreded pictirenacorliretotaalishiordeu okthe defatendd er
based on a difference_between the picture identifier identifying th :
Qur r ent CpIEATEr-df 2 ATAMNEd B0, 416 (RERRICE (PHUISSy e RL0aDiZE Jip ol cleb ph o83 is

pi cture | ftetdifh|p B6RGhddi B eA3C@IdbAG fiduR REANthe Rigl SodRle plfirel which s
particul ar enbodi ment step S75 determ nes absolute delta pocB(1) = WO
2013/ 002 7sheraaic sy A0sipatatysueling 1.6 Rd@rver, iPOSBference. piclines au¢ ongamizediinienitiplé fists

1| 58 SEL RS i B LSS 8RR POEL USH ALSBSERIA RSl

sub- proceggadhak@ti ng to the first list and steps S71, S73, 5 S75 form
anot her sub-process relating to the second |ist. The two sub-processes can
t hen belSperfornmed serially in any order or at least partly in parallel. As
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identifier identifying the reference picture and based on a picture identifier identifying a preceding

reference picture in the current list according to the list order.

20 The next step S54 generates information of a buffer description, also referred to as reference picture
set (RPS). This information is denoted buffer description information herein. The buffer description
information is generated based on the picture identifier information determined in step S53 (and in step
S52). This buffer description information defines, preferably unambiguously defines, the reference
pictures determined in step S50 and thereby the picture identifiers provided in step S51. Hence, it is

25 possible to derive the at least one picture identifier from the buffer description information.

The generated buffer description information is inserted in step S55 in an encoded representation of
the current picture. Hence, the encoded picture therefore carries the buffer description information that
can be used at the decoder to define and identify the reference pictures that are needed to decode the

30 current picture and/or any subsequent picture of the video stream.

The method of Fig. 10 with steps S50 to S55 is preferably performed for each picture in the video
stream except any IDR picture that cause a decoded picture buffer refresh and thereby does not need

any buffer description information.
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WO 2013/ 002701PCT/ SE2012/ 050444 33 cal cul ator 126 configured to calculate a
picture identifier of a first reference picture in the first |ist based on
t he pictuwe 20tbanoeiofii er of the current picture and a del PAT{SECH1Q/080444
identifier retrieved by the data retriewer 110 fromthe buffer description
for the first reference picture in the first list. The picture identifier
IS preferably cal cul ated as POCA(0) = POC(currPic) -

absol ut e { I fd: 21 nC r
1231 5. oo Gy BB MBrAFERGARLIR choofiyRnbREREL SEESH b o TledHhdy
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current picture and a delta picture identifier retrieved by the data
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al so conflisgured to cal culate the picture identifier for each reference 15
picture nunmber i in the first list except the first reference picture in
the firt list. This picture identifier is calculated based on the picture
i denti fi ese@fs7oRRd B??@a%%'b@rfdrﬁﬁfa@é&fﬂérﬂlalﬂhﬁbw cﬁdér'&r ét*'t—.%sf dafttin pdrifel. @accor di ng

to a first Iist order and the delta picture identifier retrieved by the
data retriever 110 fromthe buffer descrrptron for t he reference pi cture

Daroe! at o it BeRB7S bidhitos SRR Mo s for 1R st e piehur B e e iSHbadde
absol ut e_gled diferefedetieeh fhetpfeﬁrréf@rbﬁtmerpdfwuﬁeafprdw@afd thé ei&turesd@nner eﬁthgrh@pl
val ue or as POCA(i = POCA(i-1) + absolute_delta EOCA (1)
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pi cture ipictlrd Rlehiepnethk fist referdhcd piStuiRiiddnteinititkedebdrd lierbabéd ohad @iftr@ice Bethasred
on the picture identifier of the preceding reference picture in the second

li st accdhelpisiyre enfiigreeidhrifitst eferencaiciumin haseersartiat dcthe pisturedidetiier ol the
retrieved, iyt ‘juré""}ﬁ gtg)rgﬁi&ifréreq‘ﬁﬁorogiﬂn%ﬂt {té °§‘f3td”é‘?eer@‘%f%%|§@8@fés{i{fg jog@@n{iﬁbc the

ref erence’ prct par Pe’at
i dent i floepOC@lierid)at or 128 cal cul ates the picture identifier as POCB(i =
POCB(i-1) + absolute _delta pocB(1l). The delta picture identifier is either

an unsi gned or signed value. 30 The buffer description infornation carried

et er ance B e BATS T e At seBh Bt of AR RO RN ' B v e

for decoding the current picture and for decodi ng any subsequent pi cture of
the video_ str fm The buffer description W) 2013/002701PCT/ SE2012/ 050444
34 i nf or neleR §ﬁ tswrferwdﬁ?rowu&nadw TeleresrerRiEuHN the refdisirxeeridie TEdeiRehes r ed

L?Cgpdaifeg.&tm@ e MR AstP it s ScRathdiBdly iRs A By 8 Giné P8 "SRGt STARIKIRNES a delta

picture identifier based on a difference between the picture identifier of the preceding reference picture
in the first list according to a first list order and the picture identifier of the reference picture. In a
particular embodiment step S74 determines absolute_delta_poca(i) = POCa(i-1) — POCAx(i). Step S75 is
correspondingly performed for each remaining reference picture in the second list except the first
30 reference picture in the second list, which is schematically illustrated by the line L9. Step S75
determines a delta picture identifier based on a difference between the picture identifier identifying the
current picture and the picture identifier of the preceding reference picture in the second list according

to a second list order. In a particular embodiment step S75 determines absolute_delta_pocs(i) =



In a preferred approach, the buffer manager 130 is configured to mark al
reference pictures stored in 5 the decoded picture buffer but not being
associ at edowntdnoarey of the picture identifiers fromthePoufSE2r12681d4 1 pti on
as unused for reference. The reference pictures present in decoded picture

buffer and associated with any of the rpi cture identifiers fromthe buffer
descri pt i DACHA} e PRGielAdThsr pietdieaipenfifigrdpiRiatatiens deferineddpr thefrefeenes pictuesthen

buf f er 0) - dec r 100 is preferably configured to mark any
refer engg&gfgﬁe&&%dﬁﬁ%%'w{%dajet%ﬁ@%gecoder 100 decoding the current picture. In
a particul ar enbodi nent the decoder 100 is configured to output zero or
nore pictures fromthe decoded picture buffer for disp ?3{ prior to_the

: | ay.
decoder 110@N a@Bestant1taps off. oL At S difertna wib-pragess rglating te thedirst s ardh#RpgiStbm/3, t he
decoder _ j I (T { r e by
the. but fer! monn oS fiiess PRl the sEudtB e g Jub R BlockStes (B RicATYe
decoded pperforured sbridllf mrany belerche @bldast pdrilin pamalleiecode the picture, i.e. decode
t he vi deo payl oad data, based on the encoded representation of the picture
and at 20 | east one reference picture stored in the updated decoded picture

buf fer. ThegbuldeanslR%cE 'nﬁédtieﬁ‘wigﬂfj@.r&"ﬁﬁiét‘a&n?r%inBre%l@i? a&H% idnnek s dt ﬂE&t one
control infornmation of the encode represen atron o t he PI ct ure. or
i nst ance, refetencel aicture et mfoemation leh@bling udatdulbtoncal nducky @r @ictureddendifiari using théhpictucef f er

d ipti. L nf ti f i head f th ded tati
o he it oPhACleh pisk ab udhof o ERfeRGs Dlpueming s REbR R mte "
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pi cture since any renaining slice headers o picture w preferably
carry t hemetherecantifuce froessepr St in dig. i10.f Adnevitsiepr80 pravidas pdist dooprising afreastipmeent |,
the buffer describtion information constitutes the buffer description wth
the 30 aobolS TERRENEtesstele I RERARER dhisthiSsapidiiato betedl Bl Pkl opy
directly de8trptivischdang thaeit dadtand @\%ﬂﬂe%éﬂﬁﬁeﬂté%efm&u% {daRtifieRERM 8@ determined from
representation of the picture. ) 2013/ 002701PCT/ SE2012/ 050444 35 and uses
it to idethe ibefer idascripionrte darmutheé firal pighse: idepiifiers rof the relewant sefererce pigigesiddis list

represent gt | .Of e .nplGtur i tifier | . an_identjfier
o an oty BRegty' B FlokEacel oF e SERUELIEssF BHic] I BTe TphaEr bhills”
buf f er deafeimation M6 of theiedcslial depésehtalion’ 6r Rk FPOr SRS rsSdiaky vA@hd Bhcotled a
associated to the video stream such as provided in a PPS or SPS. In such a
case, theepgsentationefdhanighireon i nformation 5 preferably conprises the
identifier of the entry in the data structure and the PPS and/or SPS
identifier allowng identification of the particular PPS or SPS that

carri esothg 1dag aschematit block diabrameof paletdders! (BraceuitingliorarinbodimentdBeaesdel OGD

conprises a list Provider 140 configured to provide a list conprising at
| east on€s 69’1{'9\!!?@ 0 ¢eserds an aneodsd regpresesigian ¢fapigtuse et 2o %ﬁﬁeéﬁ“@lf eultinte pigtures.

picture i-fantliddeP0d Somprises a data retriever 110 configured to retrieve buffer description information

identifying a buffer description defining picture identifiers from the encoded representation of the

picture. A picture identifier determiner 120 is configured to determine a picture identifier identifying a
25 reference picture defined in the buffer description based on picture identifier information retrieved by
the data retriever 110 from the buffer description for the reference picture and a reference picture
preceding the reference picture according to a list order in the buffer description. The decoder 100 also
comprises a buffer manager 130 configured to update a decoded picture buffer of or associated to the
decoder 100 based on the picture identifier determined by the picture identifier determiner 120.
30
In a particular embodiment, the picture identifier determiner 110 is configured to determine the picture
identifier for each reference picture of a list in the buffer description except a first reference picture
according to the list order in the list. The picture identifier is determined, as mentioned above, based on

the picture identifier information retrieved by the data retriever 110 from the buffer description for the



10 preferably encoded in fixed I ength code and wi thout reference to any
preceding reference pictures in the buffer description. This |list can

t her eby cwoppixm2picture identifiers of any odd refer en®€T{SEetI0804lvi ng a
picture identifier that significantly dispfers fromthe reference pictures
in the at |least one list of the buffer description that are encoded and
decoded iRferadgp isturerand @y cairieneq pictrepreprdingphecieferance pietyts acrerdigg torthe fishardgt

| east ona ﬁhqure identifier provided by the |ist provider, such as
retrieve om the slice header or indeed froma separate list in the
buffer description, is used by a buffer description nodifier 150 to nodify
the buffer descripti.on. he at | east one picture identifier is added
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means cat@ﬁ? t kRS oD desHAcOBY thEBedob@a@gSor 330, the pr ocessor 330 to
retrieve ? descrlptlonln ormation identifying a buffer description
defining multi pI e reference pictures froman encoded representation of a

t Th s al 330 t t
D1 ct ur 0 B ErpeltevigrSTRBMeNy P AGE 4o et | BHE TR e e iere P, Ginufer an
| dent [ T ef sibideftiel foPfe iRk FRAYRY i PETbAIMOMITEPAeHRRBR! IFSIANL (b ANABELRT

for the reference picture and a preceding reference picture precedi ng the
r ef er encedgitifiendetermmentafiis gorfigurad ka caculte tbe disture identhier ¢fulfie st refersnce picturen.
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further caused to update a decoded picture buffer 330 based on the picture

identifier. The decoder 300 al so conprises an output section 320 configured
t o out piatFig.Hé igle sdeaatipbleckudiagsan pf amimplemeatatien of éhenpictungdientifier determiner 120 in
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part, on Ofr I'n one or sui er'r dia or
data stmprage neans, such as RAM or one or nore non-volatile conputer
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decoder 100 is'inplemmentation 1n digital signal processor (DSP) hardware
and 20 integrated circuit technology, including both general-purpose
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The recei y@her (R FORNP ,£P@@?uﬁﬁcjw§p@@@tl on 210 configured to receive
encoded representations of nultiple

In a particular embodiment, the buffer description defines a first list of reference pictures and a second

list of reference pictures. The picture identifier determiner 120 preferably comprises a first identifier



25 pictures of a video stream The encoded representation carries buffer
description information according to the enbodi nents. The encoded

repr esentwioi2orsgoarg f orwarded to a decoder 100, such asPCIISEgaIRAsEE4 i N Fi g.
15 or in Fig. 17, which is configured ta3decode the encoded representations
of the rrultlg ué)l ctures. An output section 220 of the receiver 200 is
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encoder 400 is confi%tléred to encode a picture of a video streamof nultiple

pi ctures pr@fpl@blgncaécH@ e®h POSrEL entAE(CHR sk t?@Olﬂfeeqﬂ?é’ocﬁf@ec%rﬁ%%@ngib@
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in the video s

identifier o i der ncoder 400
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associ at eabsolefeedetiapocyil)c inuthe abdveedissiosed embetiient lussigned rdetta piemreaideritiﬁérs)mami on

determ ner 430 conf|gur to determne picture identjfi nfor n for
cach 1 ebetoshasuied, L 1e o5e reurt sl 35 Soreeoles OF Bt Enuli T Cap UL oS
det er m nedsRyidetmS 8 Mk PR BbAEH? tdiRETpREFe AbtheuaRAdea fittialiadifepbence
pi cture according to a I'ist 10 order. e picture 1dentifier information is
det er mi nettie fralgefdrenee pittere i the irsteor seond ils‘tl er of the reference picture and
based on a picture identifier of a preceding reference picture according to
the list order. A buffer description information generator 440 is

confi gur emetf@s,tm%ﬁﬁélaéaﬁ:um& fi 28 is 6%5 @Mf@&r‘e@fb dal&ﬁl‘afef’fﬁ’é p.anretmﬁﬂér N eddh@eference
determ ned picture identifier information. fer description
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i npl enent £fkst K5t bkRer Qﬁwmd%ltaﬂ@i@tut@dbﬁtﬁ@f tetiidved by teadataiRStaveiPt 100Fon theQyufrat i on
generated by the buffer description information g enerator 440 into an

encoded rdseripdemionthe deference meure mkmberti. Ipiacadiicwlar ment the fisbidentfigsicelsulater m
of the vi faq.hieal i he AR N FUEIENL BLAIEIPBEATIETI ABIre

buf fer descripti nmeans FrEe-ERE repres
of the 7iigéntfie? ivnan lnsiped yalleer BAIEY) SPOCKH-PL+ amolumf f qgitaregoc g |fitﬁe&1eltai§‘clurees
the relevant information, i.e. picture identifiers, required by a decoder

in order 'fi‘%i‘t'(ﬁiéﬁeﬁ%gﬁeﬁéa@ﬁacoded pi cture buffer for the current picture to
t her eby enabl e decodi ng of the encoded representation of the picture.

The second identifier calculator 128 is correspondingly configured to calculate the picture identifier for
each reference picture number / in the second list except the first reference picture in the second list.
25 The picture identifier is calculated based on the picture identifier of the preceding reference picture in
the second list according to a second list order and the delta picture identifier retrieved by the data
retriever 110 from the buffer description for the reference picture number i. In a particular embodiment
the second identifier calculator 128 calculates the picture identifier as POCg(i) = POCs(i-1) +
absolute_deffa_pocs(i). The delta picture identifier is either an unsigned or signed value.
30
The buffer description information carried by the encoded representation of the picture is used to
identify which reference picture(s) that need to be present in the decoded picture buffer for decoding

the current picture and for decoding any subsequent picture of the video stream. The buffer description



25 The information determner 430 is preferably also configured to
determ ne picture identifier information for the first reference picture
accor di ngvoaotm21oist order. This picture identifier infPOT/SERI1O/05(484 t hen
determ ned based on the picture identifier of the first reference picture
and the prcture identifier of the current picture. 20 illustrates a

Fig. .
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delta prsiurgj@dgﬁ%???er and the sign identifier. 5 The buffer description
preferably conprises at |east one list of reference pictures and each

having a ctive first. referen case, the delta
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delta picture id r its pi re i ier information, and th
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is then preferably configured to calculate a delta val ue for each reference

15 pi ctarembodimsst, the decodand0Qioutpdasny refeeence sictusxmansed ahenusedioe efarencerbiyithe

referenc | C e delta value is calculated based on the picture

i dentifi (eetrdﬂrgr ntﬁekjrﬁger 1g&erence picture and the picture identifier identifying

the preceding reference picture in the list according to the list order,

preferablé based on a difference between these picture identifiers, such as
)
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picture identifier based on a difference between the delta val ue and the
precedin i I
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|dent|f|e*§mﬁm°W@$ éﬁg%e pi ctures preceding the current picture according
to a defined order, such as the output order. The picture identifier

provi der 420 is al so configured to provide a second list of picture
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the reference picture, such as absolute_delta_pocA(1l) =

The delta identifier determiner 434 also determ nes a delta prcture
identifier for each reference picture nunber i in the second |ist except
the first reference picture in the second list according to the second |ist
order. The delta picture identifier is preferably determ ned based on a
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10 identifier identifying the preceding reference picture in said second
| ist according to the second |list order, such as absolute_delta pocB(i)
=POCB(1) WOR@GBOR71). In an alternative approach si gnedPd@ISE201pI08M4u4 e
identifiers are determ ned by the deltaspdentifier determ ner 434 as

previ ously disclosed herein. The delta identifier determner 430 is
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reference picture and a preceding reference picture preceding the reference picture according to a list

30 order in the buffer description. The reference picture is to be used as decoding reference for the picture

and/or a subsequent picture in the video stream. The processor 330 is further caused to update a

decoded picture buffer 330 based on the picture identifier. The decoder 300 also comprises an output

section 320 configured to output the decoded pictures of the video stream.
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20 integrated circuit technology, including both general-purpose electronic circuitry and appllcatlon

specific circuitry.

According to an aspect of the embodiments a receiver 200 as shown in Fig. 14 is provided. The

receiver 200 comprises an input section 210 configured to receive encoded representations of multiple
25 pictures of a video stream. The encoded representation carries buffer description information according

to the embodiments. The encoded representations are forwarded to a decoder 100, such as illustrated

in Fig. 15 or in Fig. 17, which is configured to decode the encoded representations of the multiple

pictures. An output section 220 of the receiver 200 is configured to output decoded pictures of the

video stream. The receiver 200 also comprises a decoded picture buffer 230 storing reference pictures
30 to be used by the decoder 100 when decoding the pictures.

Fig. 19 is a schematic block diagram of an encoder 400 according to an embodiment. The encoder 400
is configured to encode a picture of a video stream of multiple pictures into an encoded representation

of the picture. The encoder 400 comprises a reference picture determiner 410 configured to determine
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the buffer description information generator 440 identifies a buffer description defining the multiple

15 reference pictures determined by the reference picture determiner 410.

A data inserter 450 is implemented in the encoder 400 to insert the buffer description information
generated by the buffer description information generator 440 into an encoded representation of the
current picture. Hence, the coded bitstream of the video stream with regard to the current picture
20 carries the buffer description information. This means that the encoded representation of the picture will
carry the buffer description information that defines the relevant information, i.e. picture identifiers,
required by a decoder in order to update the decoded picture buffer for the current picture to thereby

enable decoding of the encoded representation of the picture.

25 The information determiner 430 is preferably also configured to determine picture identifier information
for the first reference picture according to the list order. This picture identifier information is then
determined based on the picture identifier of the first reference picture and the picture identifier of the

current picture.

30 Fig. 20 illustrates a particular implementation of the information determiner 430 in Fig. 19. The
information determiner 430 preferably comprises a delta calculator 432 configured to calculate a delta
value based on a difference between the picture identifier of the first reference picture and the picture
identifier of the current picture, such as delfaPOC(0) = POC(0) - POC(currPic). A delta identifier

determiner 434 is then configured to determine a delta picture identifier based on an absolute value of
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the delta value, such as absolute_delfa_poc(0) = |deffaPOC(0)|. A sign identifier determiner 463 is
configured to determine a sign identifier based on a sign of the delta value, such as sign is
representative of sign(deffaPOC(0)). The picture identifier information of the first reference picture then

comprises the delta picture identifier and the sign identifier.

The buffer description preferably comprises at least one list of reference pictures and each having a
respective first reference picture. In such a case, the delta picture identifier and sign identifier could be
determined for each first reference picture. Alternatively, the delta picture identifier and the sign
identifier is determined for a first reference picture of afirst list, whereas a first reference picture of a

10 second list only comprises a delta picture identifier as its picture identifier information and this first
reference picture then uses an opposite sign as compared to the sign for the first reference picture of
the first list.

The delta calculator 432 is then preferably configured to calculate a delta value for each reference
15 picture number i of the at least one list except the respective first reference picture. The delta value is
calculated based on the picture identifier of the reference picture and the picture identifier identifying
the preceding reference picture in the list according to the list order, preferably based on a difference
between these picture identifiers, such as delfaPOC(i) = POC(i) — POC(i-1). The delta identifier 434 is
then configured to determine a delta picture identifier for the reference picture number / based on the
20 delta value and a delta picture identifier determined for the preceding reference picture. In a particular
embodiment, the delta identifier determiner 434 is configured to determine the delta picture identifier
based on a difference between the delta value and the preceding delta picture identifier, such as
absolute_delfa_poc(i) = delfaPOC(i) — absolute_delfa_poc(i-1). Alternatively, the delta identifier
determiner 434 determines the delta picture identifier based on a sum of the delta value and the
25 preceding delta picture identifier, such as absolute_delta_poc(i) = deltaPOC(i) + absolute_delta_poc(i-
1). Which of these alternatives to use depends on whether the list orders the reference pictures in

ascending or descending order and is preferably preconfigured in the encoder 400.

In a particular embodiment the picture identifier provider 420 is configured to provide a first list of

30 picture identifiers of reference pictures preceding the current picture according to a defined order, such
as the output order. The picture identifier provider 420 is also configured to provide a second list of
picture identifiers of reference pictures following the current picture according to the defined order,
such as the output order.



buffer_description_conbination_idx u(l) } else {

nunber _of negative_explicit_pictures ue(v) for(i =0; i <

nunber ofwoegsdogmiexplicit _pictures; ig-F) ( PCT/SE2012/050444
n_absol ut e_del ta poc rri nus_one[i] ue(v) 3bffmax terrporal | ayers_m nusl > 0)
n_t enpor al |d[ ﬁ_ | ffnum reorder_frane 0) (

nunber _of Thsgisita jdget @rxciqtqr@mgr 1514(5:@ thep greferably confi gured to determine a delta picture identifier

for each reference picture number i in the first list except the first reference picture in the first list
according to the first list order. The delta picture identifier is preferably determined based on a
difference between the picture identifier of the preceding reference picture in the first list according to
5 the first list order and the picture identifier identifying the reference picture, such as
absolute_delfa_poca(i) =POCAa(i-1) — POCa(i). The delta identifier determiner 434 also determines a
delta picture identifier for each reference picture number /i in the second list except the first reference
picture in the second list according to the second list order. The delta picture identifier is preferably
determined based on a difference between the identifier of said reference picture and the picture
10 identifier identifying the preceding reference picture in said second list according to the second list
order, such as absolute_delta_pocs(i) =POCs(i) — POCs(i-1). In an alternative approach signed delta

picture identifiers are determined by the delta identifier determiner 434 as previously disclosed herein.

The delta identifier determiner 430 is preferably also configured to determine a delta picture identifier
15 for the first reference picture in the first list based on a difference between the picture identifier of the

current picture and the picture identifier of the first reference picture in the first list, such as

absolute_delta_poca(0) = POC(currPic) — POCa(0). The delta identifier determiner 430 also determines

the delta picture identifier for the first reference picture in the second list based on a difference between

the picture identifier of the first reference picture in the second list and the picture identifier of the
20 current picture, such as absolute_defta_pocs(0) = POCg(0) — POC(currPic).

The encoder 400 of Fig. 19 optionally comprises a list provider 460 configured to provide a list
comprising at least one picture identifier of a respective reference picture. This list is to be used by the
decoder to modify the buffer description identified by the buffer description information generated for

25 the current picture as previously disclosed herein.

In a preferred embodiment, the data inserter 450 is configured to insert the buffer description
information in a respective slice header of the encoded representation of the picture. In such a case,
each slice header of the current picture preferably carries the same buffer description information. This

30 enables decoding of a given slice even, though, another slice of the picture is unintentionally lost.

Also other positions among control information in the encoded representation of the picture are

possible for carrying the buffer description information as previously discussed herein.



ue(v) for(i = 0; i < nunber_of _positive_explicit_pictures; ig-F) (
p_absolute delta poc_m nus_one[i] ue(v) iffmax_tenporallayers_m nusl > 0)
p_t enpor awoi2d{3do210¢v) } } } } Enbodi nent 2 PCT/SE2012/050444

40

The encoded representation of the picture could carry the picture identifier information determined by
the information determiner 430 as buffer description information, for instance in the slice headers. This

provides an explicit signaling of the buffer description in the encoded representation of the picture.

5 In an alternative embodiment, the encoder 400 is configured to generate a data structure comprising
multiple predefined buffer descriptions. Each such predefined buffer description thereby defines
reference pictures. The data structure can thereby be used for multiple pictures in the video stream for
the purpose of providing the buffer description to be used during decoding for the pictures. The buffer
description information generator 440 is thereby configured to select a buffer description of the data

10 structure based on the picture identifiers provided by the picture identifier provider 420 for the current
picture. The buffer description that correctly matches the picture identifiers is thereby selected and the
buffer description information generated by the buffer description information generator 440 comprises

an identifier of the selected buffer description.

15 The data structurecould then be inserted in a control information field associated with an encoded
representation of the video stream, such as in a PPS or SPS. An identifier of the relevant control
information, i.e. a PPS identifier or an SPS identifier (could be in the form of a PPS identifier to a PPS
that in turn comprises an SPS identifier to the relevant SPS), is preferably included in control
information of the encoded representation of the current picture, such as in the slice header. In an

20 embodiment, the slice header or other control information field thereby carries the control information

identifier and the identifier of the selected buffer description as the buffer description information.

The encoder could be implemented at least partly in software. In such an embodiment as shown in Fig.
21, the encoder 600 comprises an input section 610 configured to receive multiple pictures of a video
25 stream. The encoder 600 also comprises a processor 630 configured to process code means of a
computer program stored in a memory 640. The code means causes, when run on the processor 630,
the processor 630 to determine, for a picture of the video stream, reference pictures of the video
stream as encoding reference for the picture and/or a subsequent picture in the video stream. The
processor 630 is also caused to provide, for each reference picture, a picture identifier identifying the
30 reference picture and determine, for each reference picture of at least a portion of the determined
reference pictures except a first reference picture according to a list order, picture identifier information
based on a picture identifier of the reference picture and based on a picture identifier of a preceding
reference picture according to the list order. The processor 630 is further caused to generate buffer

description information identifying a buffer description defining the reference pictures based on the
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picture identifier information. The processor 630 is also caused to insert the buffer description
information in an encoded representation of the picture. The encoder 600 also comprises an output

section 620 configured to output the encoded representations of the pictures.

5 The processor 630 could be a general purpose or specially adapted computer, processor or
microprocessor, such as a central processing unit (CPU). The software includes computer program
code elements or software code portions effectuating the operation of at least the reference picture
determiner 410, the picture identifier provider 420, the information determiner 430, the buffer
description information generator 440 and the data inserter 450 of Fig. 19.

10
The program may be stored in whole or part, on or in one or more suitable volatile computer readable
media or data storage means, such as RAM, or one or more non-volatile computer readable media or
data storage means, such as magnetic disks, CD-ROMs, DVD disks, hard discs, in ROM or flash
memory. The data storage means can be a local data storage means or is remotely provided, such as

15 in a data server. The software may thus be loaded into the operating memory of a computer or equivalent
processing system for execution by a processor. The computer/processor does not have to be dedicated to
only execute the above-described functions but may also execute other software tasks. A non-limiting
example of program code used to define the encoder 600 include single instruction multiple data (SIMD)
code.

20
Alternatively the encoder can be implemented in hardware. There are numerous variants of circuitry
elements that can be used and combined to achieve the functions of the units 410-460 of the encoder 400 in
Fig. 19. Such variants are encompassed by the embodiments. Particular examples of hardware
implementation of the encoder 400 is implementation in digital signal processor (DSP) hardware and

25 integrated circuit technology, including both general-purpose electronic circuitry and application-

specific circuitry.

According to an aspect of the embodiments a transmitter 500 as shown in Fig. 18 is provided. The
transmitter 500 comprises an input section 510 configured to receive multiple pictures 10 of a video
30 stream. The pictures 10 are forwarded to an encoder 400, such as illustrated in Fig. 19 or in Fig. 21,
which is configured to encode the multiple pictures 10 to generate respective encoded representations
of the multiple pictures. An output section 520 of the transmitter 500 is configured to output the
respective encoded representations of the multiple pictures as a coded bitstream carrying the buffer

description information of the embodiments.
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ANNEX

The present annex present proposed syntax of two embodiments.

5 Embodiment 1

buffer_description( ) { Descriptor
buffer_description_reference_flag u(1)
if(buffer_description_reference_flag == 1) {
buffer_description_idx ue(v)
}else {
number_of It_pictures ue(v)
for(i = 0;i < number_of_It_pictures;i++){
It_pocli] u(v)
if(max_temporal_layers_minus1 > 0)
It_temporal_id[i] u(v)
}
buffer_description_combination_flag u(1)
if(buffer_description_combination_flag){
buffer_description_combination_idx u(1)
}else {
number_of negative_explicit_pictures ue(v)
for(i = 0; i < number_of_negative_explicit_pictures; i++) {
n_absolute_delta_poc_minus_oneJi] ue(v)
if(max_temporal_layers_minus1 > 0)
n_temporal_id[i] u(v)
}
if(num_reorder_frames > 0){
number_of positive_explicit_pictures ue(v)
for(i = 0; i < number_of_positive_explicit_pictures; i++) {
p_absolute_delta_poc_minus_oneJi] ue(v)
if(max_temporal_layers_minus1 > 0)
p_temporal_id][i] u(v)
}
}
}
}

Embodiment 2
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43
buffer_description( ) { Descriptor
buffer_description_reference_flag u(1)
if(buffer_description_reference_flag == 1) {
buffer_description_idx ue(v)
}else {
number_of It_pictures ue(v)
for(i = 0;i < number_of_It_pictures;i++){
It_pocli] u(v)
if(max_temporal_layers_minus1 > 0)
It_temporal_id[i] u(v)
}
buffer_description_combination_flag u(1)
if(buffer_description_combination_flag){
buffer_description_combination_idx u(1)
}else {
number_of st_pictures ue(v)
if(number_of_st_pictures > 0)
{
if(num_reorder_frames > 0){
sign_first_st_picture u(1)
for(i = 0; i < number_of_st_pictures; i++) {
ahsolute_delta_poc_minus_one]i] ue(v)
if(max_temporal_layers_minus1 > 0)
temporal_id[i] u(v)
}
}
}
}
}

The embodiments described above are to be understood as a few illustrative examples of the present
invention. It will be understood by those skilled in the art that various modifications, combinations and
changes may be made to the embodiments without departing from the scope of the present invention.
5 In particular, different part solutions in the different embodiments can be combined in other
configurations, where technically possible. The scope of the present invention is, however, defined by

the appended claims.
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(S3) said pi cture [ dentl I er conprises determning
2. The method according to claim 1, wherein said buffer description defines at least one list of
multiple reference pictures (40, 42) and determining (S3) said picture identifier comprises determining
15 (S3), for each reference picture (42) in alist of said at least one list except a first reference picture (40)
according to a list order in said list, said picture identifier identifying said reference picture (42) based
on picture identifier information retrieved from said buffer description for said reference picture (42) and
picture identifier information retrieved from said buffer description for any reference picture (40)
preceding said reference picture (42) according to said list order.
20
3. The method according to claim 1 or 2, further comprising determining (S2) a picture identifier
identifying a first reference picture (40) according to said list order based on picture identifier
information retrieved from said buffer description for said first reference picture (40) and based on a
picture identifier of said picture (10).
25
4. The method according to claim 3, wherein determining (S2) said picture identifier comprises:
retrieving (S10) a delta picture identifier and a sign identifier for said first reference picture (40)
from said buffer description; and
calculating (S11) said picture identifier identifying said first reference picture based on said delta

30 picture identifier, said sign identifier and said picture identifier of said picture.

5. The method according to claim 4, wherein calculating (S11) picture identifier comprises:
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25 determining (S3) said picture identifier comprises:

calculating (S32), for each reference picture in said first list except a first reference picture

in said first list according to a first list order, said picture identifier based on a sum of a picture identifier

of a preceding reference picture in said first list according to said first list order and a signed delta
picture identifier retrieved from said buffer description for said reference picture; and

30 calculating (S33), for each reference picture in said second list except a first reference

picture in said second list according to a second list order, said picture identifier based on a sum of a

picture identifier of a preceding reference picture in said second list according to said second list order

and a signed delta picture identifier retrieved from said buffer description for said reference picture.
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10.  The method according to any of the claims 7 to 9, further comprising:
30 calculating (S30) a picture identifier identifying said first reference picture in said first list based
on a difference between a picture identifier of said picture (10) and a delta picture identifier retrieved

from said buffer description for said first reference picture in said first list; and



on a difference between a picture identifier of said picture (10) and a
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a buffer manager (130) configured to update a decoded picture buffer (230, 350) based on said

picture identifier.

13.  The decoder according to claim 12, wherein said buffer description defines at least one list of
25 multiple reference pictures (40, 42) and said picture identifier determiner (110) is configured to
determine, for each reference picture (42) in a list of said at least one list except a first reference
picture (40) according to a list order in said list, said picture identifier identifying said reference picture
(42) based on picture identifier information retrieved by said data retriever (120) from said buffer
description for said reference picture (42) and picture identifier information retrieved by said data
30 retriever (110) from said buffer description for any reference picture (40) preceding said reference

picture (40) according to said list order.

14.  The decoder according to claim 12 or 13, wherein said picture identifier determiner (120) is

configured to determine a picture identifier identifying a first reference picture (40) according to said list
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wherein POC(currPic) represents said picture identifier of said picture
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20 least one list of multiple reference pictures (40, 42) and
said data retriever (110) is configured to retrieve, for each reference picture number (42) i in a
list of said at least one list except said first reference picture (40) of said list, a respective delta picture
identifier, absolute_delta_poc(i), for said reference picture (42) from said buffer description, said picture
identifier determiner (120) comprises:

25 a delta calculator (122) configured to calculate delfaPOC(i) = delfaPOC(i-1) +
absolute_delfa_poc(i) if said list defines said multiple reference pictures (40, 42) in ascending order or
calculating delftaPOC(i) = delfaPOC(i-1) — absolute_delfa_poc(i) if said list defines said multiple
reference pictures (40, 42) in descending order; and

an identifier calculator (124) configured to calculate said picture identifier, POC(i), of said
30 reference picture (42) number i as POC(i) = POC(currPic) + delfaPOC(i), wherein POC(currPic)

represents said picture identifier of said picture (10).

18.  The decoder according to any of the claims 12 to 14, wherein
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list according to said first list order and an unsigned delta picture identifier retrieved by said data
25 retriever (110) from said buffer description for said reference picture; and
a second identifier calculator (128) configured to calculate, for each reference picture in
said second list except a first reference picture in said second list according to a second list order, said
picture identifier based on a sum of a picture identifier of a preceding reference picture in said second
list according to said second list order and an unsigned delta picture identifier retrieved by said data

30 retriever (110) from said buffer description for said reference picture.

20.  The decoder according to claim 19, wherein
said first identifier calculator (126) is configured to calculate, for each reference picture number i

in said first list except said first reference picture in said first list according to said first list order, said
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pi cture identi icture ture enti
retri evedsebgndsiast dcaoedrr@ mesaidrwvcmd listLard@r dndoabselaie ddelfialfobelr) retessenismardamsi’goed

aid fir referenc tur n aid second
dent | 1ot EPGia R oner ik o st desivgs BeeiPRreacepiniEt ur e 1 denti 11 er
identifying said first reference picture in said second |list based on said

picture identifier of said picture (10) and a delta picture identifier
retri eved2lby Bwiddcatat according toaneroft(racllamSﬂBMOswheielbuf fer description for

said first 20 referen ic re,i second 2. . The. decqder .
Sacordim t o s der BaGidt 18 i3 RsRo AP Bl e it ok fe 58N saig
provi der f(réﬁléréreﬁ&rﬁdtay medidtfiest ﬁ’sﬂﬁé(ded%n blp@turc,c@érrﬁrér%r ruw @dturk ?ﬂ)?bnd)é‘@eltﬁlp%iuw e
identifier of a respective reference picture, and 25a buffer description

modi fi et idansyr retdesed gurssill data ratidsvey (198) trom seitdufferedeseription & saigifirgy re‘eredce

list. L&C ) conpri sing: an i nput section (210)

confi gure%ﬁ? W%&dﬁ%}g&éﬁ]goded representations (60) of nultiple pictures
(10, 40, 42, S} seebnRidwntilercartibRaM28]Ls; coﬁ@;@re‘d%@dl@rﬁlaté BOfoture Gemtifidt @ndfang@ny
of the clains 12 to 22 configured to decode said encoded representations

(60) of swdfirshieferepiedvigiyre ingarissecand listamsedion sagbpicturg idgntifier of said picture (10) and a

delta picture identifier retrieved by said data retriever (110) from said buffer description for said first
20 reference picture in said second list.

22.  The decoder according to any of the claims 12 to 21, further comprising:
a list provider (140) configured to provide list comprising at least one picture identifier of a
respective reference picture; and

25 a buffer description modifier (150) configured to modify said buffer description using said list.

23.  Areceiver (200) comprising:
an input section (210) configured to receive encoded representations (60) of multiple pictures
(10, 40, 42, 50) of a video stream (1);
30 a decoder (100) according to any of the claims 12 to 22 configured to decode said encoded
representations (60) of said multiple pictures (10, 40, 42, 50); and

an output section (220) configured to output decoded pictures of said video stream (1).

24. A decoder (300) comprising:



an out put section (220) configured to output decoded pictures of said video
stream (1). 24. A decoder (300) conprising: W 2013/002701PCT/ SE2012/ 050444
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representations (60) of multiple pictures (10, 40, 42, 50) of a vi deo
stream (1); processor (330) configured to process code neans
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Ut for dasor | pt | GRETENG aglhes emieraiauias gravas msure 2 o186 maplyeRRuis on
Sokodoa Rk 1870 r Y @A 0 ST pde

pi cture (refeJenoé pitund (h2p asd pietare idantifi mlnfmnmatlorpreénqwe«tn‘rummld( tudfer déscriptian f&Q) |
sai d nmet hod conprjses; .det e for '

il 11 p1 8 PLPERELS D) precadituRsid Tiserge e 4 RIopED {5 £l P’ s tufer a2,
50) as engReipiéh; bfd er ence; providing (S51), for each reference

pi cture (40, 42) of said nultiple reference picture (40, 42), a 20 picture
i dentifier ideuwdateyidacpded pidiuresfuiierdAide34) based en gadpicta)identifier, andlet erm ni ng

o er o 6o of citutot SR 5208 b gy by e e bR o s ideoRte B PLr e ¢ 40)

according to a list order, picture identifier information based on a

picture identifier identi fy| ng said reference picture (42) and based on a
pi ct ur ef5i %ﬁantA ethpd pidenseding/a pigtuee (10)eef @diideg strear@m@wulmlﬁplgtum( HHY0.42cMdi ng

to said |} enerating (S54), based on said picture identifier
i nformati m%ﬁéﬁﬁcgppﬁseeg'cri ption information

determining (S50), for said picture (10), multiple reference pictures (40, 42) of said multiple
pictures (10, 40, 42, 50) as encoding reference;
providing (S51), for each reference picture (40, 42) of said multiple reference picture (40, 42), a
20 picture identifier identifying said reference picture (40, 42);
determining (S53), for each reference picture (42) of at least a portion of said multiple reference
pictures (40, 42) except a first reference picture (40) according to a list order, picture identifier
information based on a picture identifier identifying said reference picture (42) and based on a picture
identifier identifying a preceding reference picture (40) according to said list order;
25 generating (S54), based on said picture identifier information, buffer description information
identifying a buffer description defining said multiple reference pictures (40, 42); and
inserting (S45) said buffer description information in an encoded representation (60) of said
picture (10).

30 26. The method according to claim 25, further comprising determining (S52) picture identifier
information for said first reference picture (40) according to said list order based on a picture identifier

identifying said first reference picture (40) and a picture identifier of said picture (10).



identifying a buffer description defining said nmultiple reference pictures
(40, 42); and inserting (S45) said buffer description information in
an encodesioneyme®mt ati on (60) of said picture (10). 30PE&/SER@E2/8MIOI
according to claim?25, further conprisimg determ ning (S52) picture
identifier information for said first reference |cture 40) according to
sai d |i st27or dee msilsaceniding f9ictaim 26, wheeaihn dertw@rmngd pa)isaigpi§ r%lﬁeralfwrlrr\f@rfna fon
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said nmultiple reference pictures (40, 42) according 15 to said |list order;
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29. The method according to claim 25 or 26, wherein providing (S51) said picture identifier
25 comprises:
providing (S70) a first list of picture identifiers identifying any reference picture (40) of said
multiple reference pictures (40, 42) preceding said picture (10) according to said list order; and
providing (S71) a second list of picture identifiers identifying any reference picture (42) of said
multiple reference pictures (40, 42) following said picture (10) according to said list order.
30
30.  The method according to claim 29, wherein determining (S53) said picture identifier information
comprises:
determining, (S74) for each reference picture in said first list except a first reference picture in

said first list according to a first list order, a delta picture identifier based on a difference between a



30 30. The nethod according to claim?29, wherein determning (S53) said
picture identifier information conprises: determ ning, (S74) for each
ref er encewpi2otxnog7oiin said first list except a first ref®@CesEeopiostdys e in
said first list according to a first |lisg order, a delta picture identifier
based on a difference between a WD 2013/ 002701PCT/ SE2012/ 050444 53 p| cture
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according

rto (t:Iam Ei Per conprising 10determining (S72) a delta

pi cture i B@MAAlIeR cAMPFigHs saiidglta Ricture ideayfigh. ence picture in said first |ist
based on a difference between a picture identifier of said picture (10) and
a picture identifier of said first reference picture in said first list;
and 31det'Ehermilerlii0|dgicr(oﬁﬁr&1)toalahie3(l; turthercomprésingdent i fier for said first
reference picture in i d con ased on iffere
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any of the clains 1, her conpri sing providing (S8

conpr i si nigfesence eetslte nmm;j fpstdistuare identifier of a respective ref er ence
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of a vi degysgd dSrﬁéldiﬁe(réﬁce%Et\N@bHéb@thr% .crzénﬁﬁerdbe%ud(rﬂ&refeﬁl&rceﬁ%ture‘iiﬁkard St IRDSRCEET

(400) conpri ses: a reference picture deternmner (410) configured to
det er ni faeRictire idestifieciof spid pigiuee (12)0) , nul tipl e reference picture (40, 42) of
said nultiple pictures (10, 40, 42, 50) as encoding reference; 25a picture
identifier provider (420) configured to provide, for each reference picture

(40, 42) 3 SRietndthdd ddebringad anestare Elhifis 2580 B4 Gurte? Lomisig Prdvidtgl (980)tal likt er
identifying said reference picture (40, 42);
comprising at least one picture identifier of a respective reference picture, said list is configured to be
used to modify said buffer description.
20
33.  Anencoder (400) configured to encode a picture (10) of a video stream (1) of multiple pictures
(10, 40, 42, 50), said encoder (400) comprises:
a reference picture determiner (410) configured to determine, for said picture (10), multiple
reference picture (40, 42) of said multiple pictures (10, 40, 42, 50) as encoding reference;
25 a picture identifier provider (420) configured to provide, for each reference picture (40, 42) of
said multiple reference picture (40, 42), a picture identifier identifying said reference picture (40, 42);
an information determiner (430) configured to determine, for each reference picture (42) of at
least a portion of said multiple reference pictures (40, 42) except a first reference picture (40) according
to a list order, picture identifier information based on a picture identifier identifying said reference
30 picture (42) and based on a picture identifier identifying a preceding reference picture (40) according to
said list order;
a buffer description information generator (440) configured to generate, based on said picture
identifier information, buffer description information identifying a buffer description defining said multiple
reference pictures (40, 42); and



an information determ ner (430) configured to determ ne, for each reference
picture (42) of at |least a portion of said nultiple reference pictures (40,
42) excepwoaofyagroir ef erence picture (40) accordi ng to RCITISER010/05144
picture identifier inforrrati on based onsa picture identifier identifying
said reference 30 picture and based on a picture identifier
identifying & ?ﬁtéﬁ‘éﬂf'ﬁ?fd“?@fcéﬂ EERd tﬁ|''%,‘v‘tettrséld(b4='€f)9r dasedntion mjoimatieningn gnspded

order; re?en%%rf &36 g‘éﬁigﬁk@e"("?@ i nformation generator (440) configured to

rep)

gener ate ased on'sal ure’identifier information, buffer description
information identifyi ng a buffer description defining said nmultiple
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data insetker! e&BWPdert%'at"b3?r Mégietn saishieformatie deterauner (49P) is gonfigured to
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encoder "accor di erern sai et e m ner

confi gur etohséd)orSacpfettm ifemiéerpdentiiying said @rst refarence ipictuoe (#8) amaha picturesdantifier lofsard
ref erence |ct e (40) according to said |ist order based on a picture

i dentifi eFf' éﬁ’ér fying said first reference picture (40) and a picture
identifier of said picture (10). 35. The encoder according to claim 34,
wherein said informati on determ ner (430) conprises: 10a delta cal cul ator
(432) conds guThecenmnfecaclcmﬁrlng\toeclm dé|vthereinedaidenforaméeh determineli (A3® cemprisedet ween

a1 0 pi Bt ur o 1 GBACreah (615 Banoel bRl agbls il Sty Bhientkbeveel st
det er m NGfictdrd ohtifeP MehhyihChid ﬁrsfiere%n@b PRiuAe (10) bt RICHIR iR of 544 plfRed

on an absol ute value of said delta val ue; 15a sign identifier
det er m nefl0X 436) confrgured to determine a srgn identifier based on a sign

of said delta ture identifi o [ nmat.i.on co i ses
oai 0 del ta pboatedeniieh e Bef) Bafshidia Bl ¢ fiam i i har Rl By

accor di ngagsBlute valiédidaid defyRienand20sai d del ta cal cul ator (432) is configured
to calculate, for each reference picture (42) of said at |east a portion of
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i denti fi edigriigkifierf yi ng sai d preceding reference picture (40) of said
mul tiple reference pi ctures (40, 42) according to said list order; and
2bsaid delta identifier determner (434) is configured to determ ne, for

each ref efenc R cif &6 to claim 35, wherein:

20 said delta calculator (432) is configured to calculate, for each reference picture (42) of said at
least a portion of said multiple reference pictures (40, 42) except said first reference picture (40), a
delta value based on a difference between said picture identifier identifying said reference picture (42)
and said picture identifier identifying said preceding reference picture (40) of said multiple reference
pictures (40, 42) according to said list order; and

25 said delta identifier determiner (434) is configured to determine, for each reference picture (42)
of said multiple reference pictures (40, 42) except said first reference picture (40), a delta picture
identifier based on i) a difference between said delta value and a delta picture identifier determined for
said preceding reference picture (40) of said multiple reference pictures (40, 42) according to said list
order or ii) a sum of said delta value and said delta picture identifier determined for said preceding

30 reference picture (40) of said multiple reference pictures (40, 42) according to said list order, wherein

said picture identifier information comprises aid delta picture identifier.

37.  The encoder according to claim 23 or 34, wherein said picture identifier provider (420) is

configured to provide i) a first list of picture identifiers identifying any reference picture (40) of said



of said nmultiple reference pictures (40, 42) except said first reference
picture (40), a delta picture identifier based on i) a difference between
sai d del twovalm2@wmnd a delta picture identifier determ REUSEQN12054d4
precedi ng reference picture (40) of saidsmultiple reference pictures (40,
42) according to said list order or ii) a sumof said delta value and_said
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39. The ej@qdefenfigeording to claim 38, wherein said delta identifier
determ ner (430) is configured to i) determne a delta picture identifier
for said first reference picture in said first list based on a difference
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picture, 25 said list is confrgured to be used to nodify said buffer

descri pt i Riiure idgntifienofisaid pisture: (f Br (500) conprising: an input section (510)
configured to receive multiple pictures (10, 40, 42, 50) of a video stream
(1); 30an encoder (400) according to any of the clainms 33 to 40 configured

t o encoded(sai Therancédeplaecopding toradg of the clafis 3318, 3% Qirthtocogmrisingih éstpesuiec (460e
encoded represent ations of said nmul t@cgure i ctures

50);
and RIRdIA Provide @ 'éhcomﬁﬁﬂg aldeast ener epifiepefia rggqeafnreégf’s@a@q R)‘étur)e,
encoded,sr £pf1RHEBSMGIrdD bt 8994 t9modify idButdrigBicRpfdhct ures (10, 40, 42, 50).

41.  Atransmitter (500) comprising:
an input section (510) configured to receive multiple pictures (10, 40, 42, 50) of a video stream
(1);

30 an encoder (400) according to any of the claims 33 to 40 configured to encode said multiple
pictures (10, 40, 42, 50) to generate respective encoded representations (60) of said multiple pictures
(10, 40, 42, 50); and

an output section (520) configured to output said respective encoded representations (60) of
said multiple pictures (10, 40, 42, 50).



WO 2013/ 002701PCT/ SE2012/ 050444 56 42. An encoder (600) conprising: an input
section (610) configured to receive nmultiple pictures (10, 40, 42, 50) of a
vi deo st reEar(3lp270%a processor (630) configured to proc@s3/SEede/ossans of a
conputer programstored in a nmenory (646§, said code nmeans causes, when run

on said processor (630), said processor (630) to: determ ne, for
said picture (10), multiple reference picture (40, 42) of said nmultiple
pi ctures 0,4 codi ng reference; provi di ng, for
each ref eé%nce %F%(fé? 606)0%?8%@%] of said nultiple reference picture (40,

42), a 10 pi caninpit bebtion (67 0)eonfiglesitto fecking makipld pickies (€06, 43, 60)wf @ vidé® stred) ;
determ ni nﬁ for each reference picture (42) of said nmultiple reference
pi ctures 0, 42) except a first reference picture (40) according to a |ist

order, pi Ctur?pr &%g&# 63‘0 Eonh%{rg{tgﬁwcgﬁf)a@éﬁ r&f@c Jﬁ] f)l‘?Jlgliafh"*e:‘fﬁrédc

[ dent| fying sa ase cture |Ihent| | er
i denti fyi(640)as aumedenhealg caas‘eerﬂmowrmn@andrpmc(aéﬁb) Gé&cmdhrorgassom (@38) W | i st
order; 15gener at base

Gesor | ptton & nf oristaian rgdpichye HaY oliteraeusesuin ) deiomig isges
Rl Rt s L
out put section (6G2&jdingofol eaphrefdrence mettrp (40, 42)cd dad mukiiple eferancatpiotuns (4064D), aof
pi ctur e 0 élc][u |dent(?'er identifying said reference picture (40, 42);
determining, for each reference picture (42) of said multiple reference pictures (40, 42)
except a first reference picture (40) according to a list order, picture identifier information based on a
picture identifier identifying said reference picture (42) and based on a picture identifier identifying a
preceding reference picture (40) according to said list order;
15 generate, based on said picture identifier information, buffer description information
identifying a buffer description defining said multiple reference pictures (40, 42); and
insert said buffer description information in an encoded representation (60) of said picture
(10); and
an output section (620) configured to output encoded representations (60) of pictures (10).
20



