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RANDOM ACCESS IN A VIDEO BITSTREAM

TECHNICAL FIELD
The present embodiments generally relate to video processing, and in particular to random access

operations in a video bitstream.

BACKGROUND
The amount of video data sent over internet, broadcasted networks and mobile networks are increasing
for every year. This trend is pushed by the increased usage of over-the-top (OTT) services like Nefflix,
Hulu and YouTube as well as an increased demand for high quality video and a more flexible way of
watching TV and other video services.

To keep up with the increasing bitrate demand for video it is important to have good video
compression. Recently, JCT-VC in collaboration with MPEG developed the high efficiency video coding
(HEVC) version 1 video codec which efficiently cuts the bitrate in half for the same quality compared to
its predecessor AVC/H.264.

HEVC, also referred to as H.265, is a block based video codec that utilizes both temporal and spatial
prediction. Spatial prediction is achieved using intra (I) prediction from within the current picture. A
picture consisting of only intra coded blocks is referred to as an I-picture. Temporal prediction is
achieved using inter prediction (P), also referred to as uni-predictive prediction, or bi-directional inter
prediction (B), also referred to as bi-predictive prediction, on block level. In inter prediction a prediction
is made from a single previously decoded picture. In bi-directional inter prediction the prediction is
made from a combination of two predictions that may either reference the same previously decoded
picture or two different previously decoded pictures. The previously decoded picture(s) is(are) decoded
before the current picture and may come before or after the current picture in display time (output
order). A picture containing at least one inter coded block but no bi-directional coded inter blocks is
referred to as a P-picture. A picture containing at least one bi-directional inter block is referred to as a
B-picture. Both P-pictures and B-pictures may also contain intra coded blocks. For a typical block, intra
coding is generally much more expensive in bit cost compared to inter coding, which is generally more
expensive than bi-predictive coding.

An instantaneous decoding refresh (IDR) picture is an I-picture for which a following picture may not
reference a picture prior to the IDR picture. A clean random access (CRA) picture is an |-picture that
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allows a random access skipped leading (RASL) picture to reference a picture that follow the CRA
picture in decoding order and precedes the CRA picture in display or output order. In case the decoding
starts at the CRA picture, the RASL pictures must be dropped since they are allowed to predict from
pictures preceding the CRA picture that may not be made available for prediction when the CRA picture
is used for random access. Broken link access (BLA) pictures are I-pictures that are used for indicating
splicing points in the bitstream. Bitstream splicing operations can be performed by changing the picture
type of a CRA picture in a first bitstream to a BLA picture and concatenating the stream at a proper
position in the other bitstream.

An intra random access point (IRAP) picture may be any one of IDR, CRA or BLA picture. All IRAP
pictures guarantees that pictures that follow the IRAP in both decoding and output order do not
reference any picture prior to the IRAP picture in decoding order. The first picture of a bitstream must
be an IRAP picture, but there may be many other IRAP pictures throughout the bitstream. IRAP
pictures provide the possibility to tune in to a video bitstream, for example when starting to watch TV or
switching from one TV channel to another. IRAP pictures can also be used for seeking in a video clip,
for example by moving the play position using the control bar of a video player, and dynamic streaming
services. Moreover, an IRAP picture provides a refresh of the video in case there are errors or losses in
the video bitstream and thereby improves the error robustness of a video bitstream.

Digital TV exists in three forms, terrestrial, satellite and cable, which are generally referred to as
broadcasting services and one form, Internet Protocol Television (IPTV), which is generally referred to
as multicast service. In all of these services a receiver receives the video bitstream of one TV channel,
which is then decoded and the decoded video is displayed to the end user. It is common that the
receiver additionally is capable of receiving video bitstreams of one or more additional channels that
are received in order to provide the user with the ability to watch that channel/program later.

In adaptive streaming services the bitrate that is received by the receiver is adjusted to match the
capabilities of the network. In dynamic adaptive streaming over hypertext transfer protocol (HTTP)
(DASH), HTTP live streaming (HLS) and smooth streaming the user client selects bitrate over a chunk
or segment, typically representing 10 seconds of video out of a set of different representations provided

by a server.

In video conferencing and video telephony services there is a two-way communication between user
clients. It is possible to use feedback messages to indicate packet losses or corruption in decoded
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pictures. Reference Picture Selection Indication (RPSI) is a feedback message that makes it possible
for a receiver to indicate that an old picture should be used for reference because one or more recently
transmitted pictures might not have been able to be decoded. By using an old picture that was correctly
received and decoded, such as the previous IRAP picture, for reference, the encoder does not have to
send a new intra picture. However, after having sent a feedback message, such as RPSI, the receiver
will not know exactly when the sender has acknowledged the message and used only the selected

reference picture for reference.

In broadcast and multicast services there is a desire to keep the channel switching time as short as
possible. However, in order to switch to another channel there needs to be a random access point
(RAP) in the video bitstream of the another channel. However, using IRAP pictures as RAPs makes the
video bitstream more expensive to encode and will consequently increase the bitrate substantially
compared to a video bitstream without intra pictures.

In adaptive streaming, in order to switch from one representation to another there needs to be an
access point in the representation to which the user client choses to switch. This is today typically
realized with IRAP pictures. IRAP pictures are also used when a user selects to jump to a different
position in the video bitstream. These IRAP pictures increase the bitrate substantially compared to a

video bitstream without IRAP pictures.

SUMMARY

Itis a general objective to provide an efficient video processing.

Itis a particular objective to enable efficient random access operations in a video bitstream.

These and other objectives are met by embodiments disclosed herein.

An aspect of the embodiments relates to a method for performing a random access operation in a video
bitstream. The method comprises obtaining a dependent random access point (DRAP) picture. The
DRAP picture is encoded as a trailing picture that may be used for reference and constitutes a random
access point in the video bitstream. The method also comprises obtaining an intra random access point
(IRAP) picture of the video bitstream. The method further comprises decoding the IRAP picture and
decoding the DRAP picture using the IRAP picture as sole reference picture for the DRAP picture. The

method additionally comprises performing a random access operation at the decoded DRAP picture.
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A related aspect of the embodiments defines a user client configured to obtain a DRAP picture. The
DRAP picture is encoded as a trailing picture that may be used for reference and constitutes a random
access point in the video bitstream. The user client is also configured to obtain an IRAP picture of the
video bitstream. The user client is further configured to decode the IRAP picture and decode the DRAP
picture using the IRAP picture as sole reference picture for the DRAP picture. The user client is
additionally configured to perform a random access operation at the decoded DRAP picture.

Another related aspect of the embodiments defines a user client comprising a picture provider for
obtaining a DRAP picture and an IRAP picture. The DRAP picture is encoded as a trailing picture that
may be used for reference and constitutes a random access point in the video bitstream. The user
client also comprises a decoder for decoding the IRAP picture and decoding the DRAP picture using
the IRAP picture as sole reference picture for the DRAP picture. The user client further comprises a
random access unit for performing a random access operation at the decoded DRAP picture.

Another aspect of the embodiments defines a video communication method comprising transmitting a
video bitstream comprising at least one IRAP picture on a communication channel to a user client. The
method also comprises receiving a feedback message on a feedback channel from the user client. The
feedback message indicates a position within the video bitstream corresponding to a corrupt or missing
picture at the user client. The method further comprises encoding, based on the feedback message, a
DRAP picture using a previous IRAP picture in the video bitstream as sole reference picture for the
DRAP picture. The DRAP picture is encoded as a trailing picture that may be used for reference and
constitutes a random access point in the video bitstream. The method additionally comprises
transmitting the DRAP picture to the user client.

A related aspect of the embodiments defines a video communication server configured to transmit a
video bitstream comprising at least one IRAP picture on a communication channel to a user client. The
video communication server is also configured to receive a feedback message on a feedback channel
from the user client. The feedback message indicates a position within the video bitstream
corresponding to a corrupt or missing picture at the user client. The video communication server is
further configured to encode, based on the feedback message, a DRAP picture using a previous IRAP
picture in the video bitstream as sole reference picture for the DRAP picture. The DRAP picture is
encoded as a trailing picture that may be used for reference and constitutes a random access point in
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the video bitstream. The video communication server is additionally configured to transmit the DRAP
picture to the user client.

Another related aspect of the embodiments defines a video communication system comprising a
transmitter for transmitting a video bitstream comprising at least one IRAP picture on a communication
channel to a user client. The video communication server also comprises a receiver for receiving a
feedback message on a feedback channel from the user client. The feedback message indicates a
position within the video bitstream corresponding to a corrupt or missing picture at the user client. The
video communication server further comprises an encoder for encoding, based on the feedback
message, a DRAP picture using a previous IRAP picture in the video bitstream as sole reference
picture for the DRAP picture. The DRAP picture is encoded as a trailing picture that may be used for
reference and constitutes a random access point in the video bitstream. The transmitter is also for
transmitting the DRAP picture to the user client.

A further aspect of the embodiments relates to a method for encoding a video stream of pictures into a
video bitstream. The method comprises encoding every nth picture in the video stream as a RAP picture
and encoding the other pictures in the video stream as non-RAP pictures. The encoding of every nih
picture comprises encoding the every nt" picture by encoding every mth RAP picture as an IRAP picture
and encoding the other RAP pictures as DRAP pictures using a respective closest preceding,
according to a decoding order, IRAP picture as sole reference picture for the DRAP picture. Each
DRAP picture is encoded as a trailing picture and constitutes a random access point in the video
bitstream.

Yet another aspect of the embodiments relates to a method for encoding a video stream of pictures into
a video bitstream. The method comprises encoding every nth picture in the video stream as a RAP
picture and encoding the other pictures in the video stream as non-RAP pictures. The encoding of
every nih picture comprises encoding every nh picture by determining, for at least a subset of the RAP
pictures, whether the RAP picture is to be encoded as an IRAP picture or a DRAP picture based on a
bit-cost difference between encoding the RAP picture as an IRAP picture or as a DRAP picture. A
DRAP picture is encoded using a respective closest preceding, according to a decoding order, IRAP
picture as sole reference picture for the DRAP picture. The DRAP picture is encoded as a trailing

picture and constitutes a random access point in the video bitstream.
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A related aspect of the embodiments defines to an encoder for encoding a video stream of pictures into
a video bitstream. The encoder is configured to encode every nth picture in the video stream as a RAP
picture and encode the other pictures in the video stream as non-RAP pictures. The encoder is also
configured to encode the every nth picture by encoding every mih RAP picture as an IRAP picture and
encoding the other RAP pictures as DRAP pictures using a respective closest preceding, according to
a decoding order, IRAP picture as sole reference picture for the DRAP picture. Each DRAP picture is
encoded as a trailing picture and constitutes a random access point in the video bitstream.

Another related aspect of the embodiments defines an encoder for encoding a video stream of pictures
into a video bitstream. The encoder is configured to encode every nth picture in the video stream as a
RAP picture and encode the other pictures in the video stream as non-RAP pictures. The encoder is
also configured to encode every nth picture by determining, for at least a subset of the RAP pictures,
whether the RAP picture is to be encoded as an IRAP picture or a DRAP picture based on a bit-cost
difference between encoding the RAP picture as an IRAP picture or as a DRAP picture. A DRAP
picture is encoded by the encoder using a respective closest preceding, according to a decoding order,
IRAP picture as sole reference picture for the DRAP picture. The DRAP picture is encoded as a trailing

picture and constitutes a random access point in the video bitstream.

Yet another aspect of the embodiments relates to a computer program comprising instructions, which
when executed by a processor, cause the processor to obtain a DRAP picture that is encoded as a
trailing picture that may be used for reference and constitutes a random access point in the video
bitstream. The processor is also caused to obtain an IRAP picture of the video bitstream. The
processor is further caused to decode the IRAP picture, and decode the DRAP picture using the IRAP
picture as sole reference picture for the DRAP picture. The processor is additionally caused to perform
a random access operation at the decoded DRAP picture.

A further aspect of the embodiments relates to a computer program comprising instructions, which
when executed by a processor, cause the processor to transmit a video bitstream comprising at least
one IRAP picture on a communication channel to a user client. The processor is also caused to receive
a feedback message on a feedback channel from the user client. The feedback message indicates a
position within the video bitstream corresponding to a corrupt or missing picture at the user client. The
processor is further caused to encode, based on the feedback message, a DRAP picture using a
previous IRAP picture in the video bitstream as sole reference picture for the DRAP picture. The DRAP
picture is encoded as a trailing picture that may be used for reference and constitutes a random access
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point in the video bitstream. The processor is additionally caused to transmit the DRAP picture to the

user client.

Yet another aspect of the embodiments relates to a computer program comprising instructions, which
when executed by a processor, cause the processor to encode every nfh picture in the video stream as
a RAP picture and encode the other pictures in the video stream as non-RAP pictures. The processor is
also caused to encode the every nt" picture by encoding every mih RAP picture as an IRAP picture and
encoding the other RAP pictures as DRAP pictures using a respective closest preceding, according to
a decoding order, IRAP picture as sole reference picture for the DRAP picture. Each DRAP picture is

encoded as a trailing picture and constitutes a random access point in the video bitstream.

A further aspect of the embodiments relates to a computer program comprising instructions, which
when executed by a processor, cause the processor to encode every nfh picture in the video stream as
a RAP picture and encode the other pictures in the video stream as non-RAP pictures. The processor is
also caused to encode every nih picture by determining, for at least a subset of the RAP pictures,
whether the RAP picture is to be encoded as an IRAP picture or a DRAP picture based on a bit-cost
difference between encoding the RAP picture as an IRAP picture or as a DRAP picture. A DRAP
picture is encoded by the encoder using a respective closest preceding, according to a decoding order,
IRAP picture as sole reference picture for the DRAP picture. The DRAP picture is encoded as a trailing
picture and constitutes a random access point in the video bitstream.

A related aspect of the embodiments defines a carrier comprising a computer program according to the
embodiments above. The carrier is one of an electronic signal, an optical signal, an electromagnetic
signal, a magnetic signal, an electric signal, a radio signal, a microwave signal, or a computer-readable

storage medium.

The present embodiments provide a new type of RAP pictures in a video bitstream that can be used to
perform a random access operation. Such a RAP picture is a DRAP picture implying that it is encoded
and decoded using a previous IRAP picture as sole reference picture. As a consequence, the DRAP
picture can be represented at a significant lower bit cost as compared to IRAP pictures but still
constitutes a RAP in a video bitstream and can thereby be used to perform random access operations
within the video bitstream.

BRIEF DESCRIPTION OF THE DRAWINGS
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The embodiments, together with further objects and advantages thereof, may best be understood by
making reference to the following description taken together with the accompanying drawings, in which:

Fig. 1 is a flow chart illustrating a method for performing a random access operation according to an

embodiment;

Fig. 2 is a flow chart illustrating an embodiment of the obtaining steps in Fig. 1;

Fig. 3 is a flow chart illustrating another embodiment of the obtaining steps in Fig. 1;

Fig. 4 is a flow chart illustrating additional, optional steps of the method shown in Fig. 1;

Fig. 5 is a flow chart illustrating a further embodiment of the obtaining steps in Fig. 1;

Fig. 6 is a flow chart illustrating yet another embodiment of the obtaining steps in Fig. 1;

Fig. 7 is a flow chart illustrating a video communication method according to an embodiment;

Fig. 8 is a flow chart illustrating an additional, optional step of the method shown in Fig. 7;

Fig. 9 is a flow chart illustrating a method for encoding a video stream according to an embodiment;

Fig. 10 is a flow chart illustrating an embodiment of the encoding step in Fig. 9;

Fig. 11 is a flow chart illustrating another embodiment of the encoding step in Fig. 9;

Fig. 12 schematically illustrates a video bitstream with random access configuration using the current
HEVC specification;

Fig. 13 schematically illustrates a video bitstream with random access configuration using DRAP
pictures;

Fig. 14 illustrates an example of screen content coding using the traditional IRAP approach;
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Fig. 15 illustrates an example of channel switching using DRAP pictures;

Fig. 16 is a signaling diagram describing a possible scenario for adaptive streaming;

Fig. 17 is a signaling diagram describing a possible scenario for live streaming and conversational

services;

Fig. 18 is a schematic overview of an encoder and a decoder according to an embodiment;

Fig. 19 is a schematic block diagram of a user client according to an embodiment;

Fig. 20 is a schematic block diagram of a user client according to another embodiment;

Fig. 21 is a schematic block diagram of a user client according to a further embodiment;

Fig. 22 is a schematic block diagram of a video communication server according to an embodiment;

Fig. 23 is a schematic block diagram of a video communication server according to another

embodiment;

Fig. 24 is a schematic block diagram of a video communication server according to a further

embodiment;

Fig. 25 is a schematic block diagram of an encoder according to an embodiment; and

Fig. 26 schematically illustrates a computer program implementation according to an embodiment.

DETAILED DESCRIPTION

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

The present embodiments generally relate to video processing, and in particular to random access

operations in a video bitstream.
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The embodiments introduce a new concept with regard to random access points (RAP) within video
coding and decoding. The RAP pictures of the embodiments differ from IRAP pictures that are
traditionally used as RAP points in a video bitstream. An IRAP picture is independently decodable, i.e.
does not use any reference pictures. The RAPs of the embodiments are dependent RAPs in the form of
dependent random access point (DRAP) pictures. Hence, a DRAP picture of the embodiments is not
independently decodable, i.e. a DRAP picture uses at least one reference picture, but still constitutes a
RAP within a video bitstream. A DRAP picture can be encoded and represented using significantly
fewer bits as compared to an IRAP picture. Hence, DRAP pictures of the embodiments may be used to
reduce the overall bit cost of a video bitstream or could be used to increase the total number of RAPs in

a video bitstream without increasing the overall bit cost.

A DRAP picture differs from other non-IRAP picture in that a DRAP picture is much more restricted in
what reference picture(s) it can use. These restrictions enables the DRAP picture to be used for
random access operations. A random access operation is when decoding is started not from the
beginning of the video bitstream. Instead decoding is started at some position within the video
bitstream at a point identified as a random access point. Examples of random access operations
include tuning into broadcasted TV streams, i.e. when starting to watch TV, or switching from one TV
channel to another.

As a consequence, the DRAP pictures of the embodiments can be introduced into a video bitstream
and used in order to perform random access operations but at a lower cost in terms of number of bits

as compared to using IRAP pictures in order to enable random access.

Fig. 1 is a flow chart illustrating a method for performing a random access operation in a video
bitstream according to an embodiment. The method starts in step S1, which comprises obtaining a
DRAP picture. The DRAP picture is encoded as a trailing picture that may be used for reference and
constitutes a random access point in the video bitstream. A next step S2 comprises obtaining an IRAP
picture of the video bitstream. The IRAP picture is decoded in step S3 and the DRAP picture is
decoded in step S4 using the IRAP picture as sole reference picture for the DRAP picture. A next step
S5 comprises performing a random access operation at the decoded DRAP picture.

Steps S1 to S3 can be performed in any order as long as step S2 is performed prior to step S3. For
instance, steps S1 and S2 can be performed serially in any order (step S1 prior to step S2 or step S2
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prior to step S1) or at least partly in parallel. Correspondingly, step S1 may be performed prior to or
following step S3 or at least partly in parallel with step S3.

The IRAP picture decoded in step S3 may be used as reference picture when decoding the DRAP
picture in step S4 and is thereby a preceding IRAP picture in the video bitstream according to the
decoding order. The IRAP picture is decoded independently, i.e. without any reference pictures.

The DRAP picture decoded in step S4, in clear contrast to the IRAP picture, has at least one reference
picture. This at least one reference picture is preferably the IRAP picture as decoded in step S3.

In an embodiment, step S4 comprises decoding the DRAP picture using only a closest preceding,
according to the decoding order, IRAP picture in the video bitstream as the sole reference picture for
the DRAP picture. In this embodiment, the DRAP picture can only reference the closest preceding
IRAP picture in the video bitstream according to the decoding order and only use this particular IRAP
picture as reference picture when decoding the blocks of the DRAP picture in step S4.

The DRAP picture may be encoded as a temporal predictive picture having a single reference
indication to the closest preceding IRAP picture. This means that the DRAP picture could be regarded
as a P-picture but with the important difference that it constitutes a RAP in the video bitstream whereas
a P-picture cannot constitute such a RAP. In another example, the DRAP picture could be regarded as
a B-picture. In such a case, it may contain blocks that use two references to the same closest
preceding IRAP picture instead of only one reference to the closest preceding IRAP picture.

The DRAP picture is a temporal predictive picture, such as P-picture, that may only reference a
previous RAP picture. The previous RAP picture may, in an embodiment, be a picture that corresponds
to an encoded representation of a picture earlier in the video bitstream. Alternatively, the previous RAP
picture may be a picture that is not output but only constitutes a god reference for the pictures in the
video bitstream, e.g. representing the background of a scene.

The DRAP picture is encoded as a trailing picture that may be used for reference. A trailing picture is a
picture that follows an associated RAP picture in output order. The associated RAP picture is the
closest preceding RAP picture in decoding order. In HEVC, the DRAP picture is a so-called TRAIL_R
picture. TRAIL_R is defined as a trailing picture that may be used for reference. Hence, pictures
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following the DRAP picture in decoding order in the video bitstream may reference the DRAP picture
and use the DRAP picture as reference picture during decoding.

Thus, a trailing picture is a picture that is not marked as an IRAP picture and is not a leading picture to
an IRAP picture. It follows the IRAP picture in decoding order and is, thus, a trailing picture of an IRAP
picture. In the HEVC standard, a trailing picture also follows the IRAP picture in output order.

A TRAIL_R picture is in HEVC indicated by a network abstraction layer (NAL) type value of 1. Hence, in
an embodiment the DRAP picture comprises a NAL type value of 1 in a NAL unit header of the NAL

unit comprising the encoded video data of the DRAP picture.

In a particular embodiment, the DRAP picture is encoded as a trailing picture that may be used for
reference and belongs to a lowest layer of the video bitstream. Hence, in this embodiment the DRAP
picture has a value of the temporal identifier parameter (temporal id or Temporalld) equal to 0.
Temporal id of 0 means that the DRAP picture belongs to the lowest layer and can be used as
reference by other pictures in the video bitstream regardless of their temporal id.

The DRAP picture may be signaled as a DRAP picture in the video bitstream according to various

embodiments.

In an embodiment, the DRAP picture is identified as a DRAP picture based on a picture type identifier
associated with the DRAP picture and included in a NAL unit header of the video bitstream.

Hence, in this embodiment at least one value of the NAL unit type is dedicated to signal DRAP pictures.
This means that the NAL unit carrying encoded video data of a DRAP picture has the value of the NAL
unit type parameter in its NAL unit header set to the value dedicated for DRAP pictures. As a non-

limiting example a NAL unit type = 24 could be used to signal DRAP pictures.

In another embodiment, step S1 of Fig. 1 comprises identifying the DRAP picture as a DRAP picture
based on a supplemental enhancement information (SEI) message associated with the DRAP picture.
The method then continues to step S2in Fig. 1.
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In an example, the SEI message is sent together with the associated picture indicating that the picture
is @ DRAP picture and can thereby be used as RAP in the video bitstream. Hence, the placement of the

SEI message in the video bitstream indicates which picture the SEI message belongs to.

5 If the DRAP picture is signaled using an SEI message it is not necessary to signal the DRAP picture as
a specific picture type in the video bitstream as described in the embodiment above.

Thus, a new type of SEI message, indicated as dependent_rap_indication here below as an illustrative

but non-limiting example, is used to signal which pictures in the video bitstream that are DRAP pictures.
10

In an embodiment, the SEI message may be empty and used to indicate to a decoder, a network

element or any entity that operates on the video bitstream, that the picture associated with the SEI

message is a DRAP picture.

15 The SEl message may then be in the form of:

dependent_rap_indication( payloadSize ) { Descriptor

}

In other embodiments, the SEI message is not empty but may comprise additional information, which is
further described below.
20

Another version of the SEl message could be structured like this:

dependent_rap_indication( payloadSize ) { Descriptor

broken_link_flag u(1)

}

The dependent RAP indication SEI message assists a decoder in determining what parts of a video
25 bitstream need to be decoded in order to achieve correct decoding of the picture associated with the
dependent RAP indication SEI message and the pictures that follow it in output order.
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The picture associated with the dependent RAP indication SEI message is referred to as the DRAP
picture. The DRAP picture may use its associated IRAP picture for reference but shall not use any

other picture for reference.

5 When performing random access at the DRAP picture the value of pic_output_flag should be inferred to
be equal to 0 for all pictures that precede the DRAP picture in output order. Decoded pictures
preceding the DRAP picture in output order may contain references to pictures unavailable in the
decoded picture buffer.

10 Pictures that follow the DRAP picture in output order shall not use for reference any picture that
precedes the DRAP picture in output order or decoding order with the exception that other, subsequent

DRAP pictures may also use the associated IRAP picture for reference.

broken_link_flag indicates the presence or absence of a broken link in the NAL unit stream at the

15 location of the dependent rap indication SEI message and is assigned further semantics as follows:

- If broken_link_flag is equal to 1, pictures produced by starting the decoding process at the

location of a previous IRAP access unit may contain undesirable visual artefacts to the extent that

decoded pictures preceding the access unit associated with the dependent RAP indication should not
20 be displayed.

- Otherwise (broken_link_flag is equal to 0), no indication is given regarding any potential

presence of visual artefacts.

Other versions of the SEl message could be structured like this:

25

dependent_rap_indication( payloadSize ) { Descriptor
referenced_irap_picture_poc_delta_idc_minus1 ue(v)

}

dependent_rap_indication( payloadSize ) { Descriptor
broken_link_flag u(1)
referenced_irap_picture_poc_delta_idc_minus1 ue(v)

}
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In this example, step S1 of Fig. 1 comprises identifying the DRAP picture in the video bitstream at least
partly based on an SEI message associated with the DRAP picture. The method also comprises
retrieving a reference picture delta identifier from the SEI message. The method further comprises
calculating a picture order count (POC) value of the IRAP picture based on a POC value of the DRAP

5 picture and the reference picture delta identifier if the reference picture delta identifier is greater than
zero. In this embodiment, step S2 of Fig. 1 comprises identifying the IRAP picture based on the
calculated POC value if the reference picture delta identifier is greater than zero and identifying the
IRAP picture as a closest preceding IRAP picture in the video bitstream if the reference picture delta
identifier is equal to zero.

10
In a particular embodiment, the method also comprises investigating a value of the reference picture
delta identifier. If the value is different from zero the POC value of the IRAP picture used as reference
picture for the DRAP picture is calculated, preferably equal to POC(IRAP) = POC(DRAP) -
(reference_irap_picture_poc_delta_idc_minus1 + 1). The IRAP picture is then identified based on the

15 calculated POC value.

However, if the investigation concludes that the value of the reference picture delta identifier is equal to
zero the IRAP picture is identified as the closest preceding IRAP picture in the video bitstream. Hence,
no calculation of POC values is needed in this case.

20
In these examples, the POC value of the IRAP picture would always be lower than the POC value of
the DRAP picture since the IRAP precedes the DRAP picture in decoding and output order. This means
that reference picture delta identifier will either be zero or be a positive integer.

25 The SEI message could include only the parameter reference picture delta identifier or reference
picture delta identifier together with the broken link flag as indicated above.

The dependent RAP indication SEI message assists a decoder in determining what parts of a video
bitstream need to be decoded in order to achieve correct decoding of the picture associated with the
30 dependent RAP indication SEI message and the pictures that follow it in output order.

The picture associated with the dependent RAP indication SEI message is referred to as the DRAP
picture. The DRAP picture may use its associated IRAP picture for reference but shall not use any
other picture for reference.
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When performing random access at the DRAP picture the value of pic_output_flag should be inferred to
be equal to 0 for all pictures that precede the DRAP picture in output order. Decoded pictures
preceding the DRAP picture in output order may contain references to pictures unavailable in the
decoded picture buffer.

Pictures that follow the DRAP picture in output order shall not use for reference any picture that
precedes the DRAP picture in output order or decoding order with the exception that other, subsequent
DRAP pictures may also use the associated IRAP picture for reference.

10
broken_link_flag, if present, is defined as in the SEI example above.
referenced_irap_picture_poc_delta_idc_minus1 specifies the difference between the POC of the
DRAP picture and the POC of the IRAP picture referenced by the DRAP picture minus 1.
15
In further versions of the embodiment the SEI message could be structured like this:
dependent_rap_indication( payloadSize ) { Descriptor
referenced_irap_picture_poc_delta_idc ue(v)

}

dependent_rap_indication( payloadSize ) { Descriptor
broken_link_flag u(1)
referenced_irap_picture_poc_delta_idc ue(v)

}

20 These versions are similar to above but in this case, if the value of
referenced_irap_picture_poc_delta_idc is greater than zero then the POC value of the IRAP picture is
calculated as POC(IRAP) = POC(DRAP) - reference_irap_picture_poc_delta_idc.

The dependent RAP indication SEI message assists a decoder in determining what parts of a video

25 bitstream need to be decoded in order to achieve correct decoding of the picture associated with the

dependent RAP indication SEI message and the pictures that follow it in output order.
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The picture associated with the dependent RAP indication SEI message is referred to as the DRAP
picture. The DRAP picture may use its associated IRAP picture for reference but shall not use any
other picture for reference.

When performing random access at the DRAP picture the value of pic_output_flag should be inferred to
be equal to 0 for all pictures that precede the DRAP picture in output order. Decoded pictures
preceding the DRAP picture in output order may contain references to pictures unavailable in the
decoded picture buffer.

Pictures that follow the DRAP picture in output order shall not use for reference any picture that
precedes the DRAP picture in output order or decoding order with the exception that other, subsequent
DRAP pictures may also use the associated IRAP picture for reference.

broken_link_flag, if present, is defined as in the SEI example above.

referenced_irap_picture_poc_delta_idc, when greater than zero, specifies the difference between
the POC of the DRAP picture and the POC of the IRAP picture referenced by the DRAP picture. When
referenced_irap_picture_poc_delta_idc equals 0, the DRAP is using the previous IRAP picture for

reference.

As seen, the reference to the IRAP picture can be specified in two different ways, either by explicit
reference using delta idc or saying that the previous IRAP picture is used for reference. The reason for
not always using explicit reference is that for some system applications where IRAPs and potentially
DRAPs are signaled at the systems layer anyway, obtaining the POC value could be a bit cumbersome.
Moreover, a few bits are saved by not explicitly signaling the reference.

Yet other version of the SEI message could be structured like this:

dependent_rap_indication( payloadSize ) { Descriptor
referenced_irap_picture_poc_Isb ue(v)

}

dependent_rap_indication( payloadSize ) { Descriptor
broken_link_flag u(1)
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referenced_irap_picture_poc_Isb ue(v)

}

10

15

20

25

30

The dependent RAP indication SEI message assists a decoder in determining what parts of a video
bitstream need to be decoded in order to achieve correct decoding of the picture associated with the

dependent RAP indication SEI message and the pictures that follow it in output order.

The picture associated with the dependent RAP indication SEI message is referred to as the DRAP
picture. The DRAP picture may use its associated IRAP picture for reference but shall not use any
other picture for reference.

When performing random access at the DRAP picture the value of pic_output_flag should be inferred to
be equal to 0 for all pictures that precede the DRAP picture in output order. Decoded pictures
preceding the DRAP picture in output order may contain references to pictures unavailable in the
decoded picture buffer.

Pictures that follow the DRAP picture in output order shall not use for reference any picture that
precedes the DRAP picture in output order or decoding order with the exception that other, subsequent
DRAP pictures may also use the associated IRAP picture for reference.

broken_link_flag, if present, is defined as in the SEI example above.

referenced_irap_picture_poc_lsb specifies the POC least significant bit (Isb) of the IRAP picture
referenced by the DRAP picture.

The POC value of the IRAP picture is then calculated based on the parameter
referenced_rap_picture_poc_Isb, thereby allowing identification of the IRAP picture that is used as
reference picture for the DRAP picture.

More information of how to calculate the POC value of the IRAP picture based on the parameter
referenced_rap_picture_poc_Isb can be found in section 8.3.2. Decoding process for reference picture
set of ITU-T H.265 Series H: Audiovisual and multimedia systems, Infra structure of audiovisual
services — Coding of moving video, High efficiency video coding.
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Yet other version of the SEl message could be structured like this:

dependent_rap_indication( payloadSize ) { Descriptor

implicitly_reference_previous_irap_picture_flag u(1)

if (limplicitly_reference_previous_irap_picture_flag)

referenced_irap_picture_poc_delta_idc ue(v)
}
dependent_rap_indication( payloadSize ) { Descriptor
broken_link_flag u(1)
implicitly_reference_previous_irap_picture_flag u(1)

if (limplicitly_reference_previous_irap_picture_flag)

referenced_irap_picture_poc_delta_idc ue(v)

5 The dependent RAP indication SEI message assists a decoder in determining what parts of a video
bitstream need to be decoded in order to achieve correct decoding of the picture associated with the
dependent RAP indication SEI message and the pictures that follow it in output order.

The picture associated with the dependent RAP indication SEI message is referred to as the DRAP
10 picture. The DRAP picture may use its associated IRAP picture for reference but shall not use any
other picture for reference.

When performing random access at the DRAP picture the value of pic_output_flag should be inferred to
be equal to 0 for all pictures that precede the DRAP picture in output order. Decoded pictures

15 preceding the DRAP picture in output order may contain references to pictures unavailable in the
decoded picture buffer.

Pictures that follow the DRAP picture in output order shall not use for reference any picture that
precedes the DRAP picture in output order or decoding order with the exception that other, subsequent

20 DRAP pictures may also use the associated IRAP picture for reference.

broken_link_flag, if present, is defined as in the SEI example above.
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implicitly_reference_previous_irap_picture_flag indicates whether the previous IRAP picture is
referenced by the DRAP picture associated with the dependent RAP indication SEI message according
to:
- If implicitly_reference_previous_irap_picture_flag equals 1 the DRAP picture is referencing the
5 previous IRAP picture without explicitly referencing this IRAP picture in the dependent RAP indication
SEl message.
- Otherwise, if implicitly_reference_previous_irap_picture_flag equals 0 a reference indicator for
the IRAP picture referenced by the DRAP picture is explicitly signaled in the dependent RAP indication
SEI message.
10
referenced_irap_picture_poc_delta_idc is defined as in the SEI example above.

This example embodiment using the implicitly reference previous IRAP picture flag could alternatively
be used together with the parameter referenced_irap_picture_poc_delta_idc_minus1 or

15 referenced_irap_picture_poc_lIsb instead of referenced_irap_picture_poc_delta_idc.

In an embodiment, step S2 of Fig. 1 comprises identifying the IRAP picture in a decoded picture buffer
(DPB) based on an identifier of the IRAP picture present in a reference picture set (RPS) of the DRAP
picture.

20
Thus, in this embodiment an identifier of the IRAP picture is preferably retrieved from the RPS of the
DRAP picture. The RPS of the DRAP picture may signal the IRAP picture as a short-term reference

picture or a long-term reference picture.

25 The method then continues to step S3, where the IRAP picture identified by the identifier retrieved from
the RPS is decoded to thereby be used as reference picture for the DRAP picture. The DRAP picture is

then decoded in step S4 with the IRAP picture decoded in step S3 as the sole reference picture.

In an alternative embodiment, the IRAP picture is decoded and stored in the DPB. Then the RPS of the

30 DRAP picture is parsed in order to refrieve the identifier of the IRAP picture. This identifier thereby
signals that the already decoded IRAP picture should be kept stored in the DPB as a short-term
reference picture or a long-term reference picture and used as reference picture when decoding blocks
of the DRAP picture. Hence, in this case, steps S2 and S3 are performed prior to steps S1 and S4.
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Hence, in this embodiment, the IRAP picture is the sole reference picture and is thereby signaled in the
RPS of the DRAP picture. The IRAP picture could be signaled as a so called short-term reference
picture or a long-term reference picture depending on how long the decoded IRAP picture should be
kept stored in the DPB.

In HEVC and other video coding standards using RPSs, using a picture as a reference picture
corresponds to having an identifier in the so called Curr lists of the RPS, i.e. in RefPicSetStCurrBefore,
RefPicSetStCurrAfter or RefPicSetLtCurr. This means that the DRAP picture preferably only has
identifier(s) of the IRAP picture in the Curr lists of its RPS. Identifiers of other previous pictures that
cannot be used as reference pictures when decoding the DRAP picture may still be present in the RPS,
in the Foll lists of the RPS of the DRAP picture, i.e. in PocStFoll or PocLtFoll.

The DRAP picture decoded in step S4 constitutes, as mentioned above, a RAP in the video bitstream.
Hence, the DRAP picture can be used as a RAP in the video bitstream and can be used to perform a
random access operation in the video bitstream, i.e. it is possible to perform a random access
operation at the DRAP picture. Please note that the IRAP picture decoded in step S3 is also a RAP in
the video bitstream. The RAP provided by the IRAP picture is, however, an independent RAP implying
that the IRAP picture can be decoded without reference to any other picture in the video bitstream. This
is in clear contrast to the RAP provided by the DRAP picture, which is a dependent RAP implying that
the DRAP picture references a previous IRAP picture in the video bitstream and is thereby decoded

using such previous IRAP picture as the sole reference picture.

The DRAP picture constitutes a random access point in the video bitstream. This means that a random
access operation may take place at the position in the video bitstream corresponding to the DRAP
picture. The DRAP picture is, however, a dependent RAP picture. The DRAP picture is decoded with
the IRAP picture as the sole reference picture for the DRAP picture. This means that in order to perform
the random access operation also the IRAP picture needs to be decoded. However, any other pictures
in-between the IRAP picture and the current DRAP picture do not need to be decoded in order to
perform the random access operation. Hence, in a particular embodiment the DRAP picture together

with the IRAP picture constitutes a random access point in the video bitstream.

Fig. 4 is a flow chart illustrating additional, optional steps of the method according to various
embodiments. In an embodiment, the method continues from step S5 in Fig. 1. A next step S30

comprises decoding at least one non-RAP picture of the video bitstream following the DRAP picture in
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output order and decoding order. The at least one non-RAP picture does not use any non-RAP picture
preceding the DRAP picture in decoding order in the video bitstream as reference picture.

Thus, the non-RAP pictures following the DRAP picture do not reference any picture preceding the
DRAP picture in decoding order except for potentially the IRAP picture that is used as reference for the
DRAP picture. This means that no non-RAP picture preceding the DRAP picture in decoding order is
used as reference picture for any non-RAP pictures following the DRAP picture in output order and
decoding order.

Hence, prediction across a DRAP picture is prohibited. Non-RAP pictures that follow the DRAP picture
must not use any non-RAP picture that precedes the DRAP picture or any picture that precedes the
IRAP picture associated with the DRAP picture for prediction. The IRAP picture that is associated with
the DRAP picture the closest preceding IRAP picture in decoding order.

In a particular embodiment, pictures following the DRAP picture in output order and decoding order
may not use any pictures preceding the DRAP picture in decoding order as reference picture with the
exception that pictures following the DRAP picture in output and decoding order may use the IRAP
picture associated with the DRAP picture as reference picture.

In another particular embodiment, pictures following the DRAP picture in output order and decoding
order may not use any pictures preceding the DRAP picture in decoding order as reference picture with
the exception that a following DRAP picture may use the IRAP picture as reference picture.

In a further particular embodiment, the pictures following the DRAP picture in output and decoding
order may additionally not use any RAP pictures preceding, in decoding order, the IRAP picture
associated with the DRAP picture, i.e. used as reference picture when decoding the DRAP picture.

This restriction in prediction across the DRAP picture enables efficient usage of the DRAP picture as
RAP in the video bitstream. If prediction would have been allowed across the DRAP picture then non-
RAP pictures following the DRAP picture in decoding and output order might not be correctly decoded
in case the DRAP picture was used as RAP in a random access operation since any reference picture
preceding the DRAP picture in decoding order might not be available in the DPB.
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The following two steps S32 and S33 relate to output embodiments. Step S32 comprises outputting the
decoded DRAP picture. The following step S33 comprises outputting the non-RAP picture(s).

The pictures output in steps S32 and S33 are output according to the output order, which may be
different from the decoding order. In the random access operation, decoding starts (S3) with the IRAP
picture and then continues with the DRAP picture (S4) that constitutes the RAP for the random access
operation. Decoding then continues with the following non-RAP pictures (S30). The first picture that is
output following the random access operation is preferably the DRAP picture (S32) and then the non-
RAP pictures (S33) in output order.

Hence, in a preferred embodiment the IRAP picture used as reference picture for the DRAP picture is
preferably not output. In HEVC, this could be signaled by setting an output flag of the IRAP picture to 0
to indicate that it should not be output. Alternatively, the decoder could infer the value of the output flag
of pictures preceding the DRAP picture to be 0 to thereby prevent such preceding pictures from being
output when conducting a random access operation at the DRAP picture. Other means of suppressing
output of pictures could be used for non-HEVC video.

Hence, in a particular embodiment, the method continues from step S1 in Fig. 1 and a next step S31
comprises receiving an output flag associated with the IRAP picture. The output flag indicates that the
IRAP picture should not be output.

Output of pictures in steps S32 and S33 typically involves output for display. However, output could
alternatively mean output for other purposes than display. Non-limiting examples include output for
transcoding, output for storage, output for video analysis, e.g. in surveillance applications, etc.

Here below various examples of random access operations and uses of the DRAP pictures of the

embodiments will be presented.

A first example is suitable for, but not limited to, adaptive streaming, also referred to as adaptive bitrate
streaming in the art. Adaptive streaming is almost exclusively based on HTTP and designed to work
efficiently over large distributed HTTP networks, such as the Internet. Generally, adaptive streaming
involves detecting the bandwidth and central processing unit (CPU) capacity of a user client in real time
and adjusting the quality of a video bitstream accordingly. More specifically, adaptive streaming could
refer to a method of video streaming over HTTP where the video content may be encoded at multiple
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bit rates, then each of the different bit rate video bitstreams are segmented into small multi-second
parts, typically denoted segments or chunks in the art. When starting the streaming session, the user
client usually requests the segments from the lowest bit rate video bitstream. If the user client finds the
download speed greater than the bit rate of the segment downloaded, then it will request the next
higher bit rate segments. Later, if the client finds the download speed for a segment lower than the bit
rate for the segment, and therefore the network throughput has deteriorated, then it will request a lower
bit rate segment. The segment size can vary depending on the particular implementation, but they are
typically between two and ten seconds.

Adaptive streaming is currently available in the form of DASH, also referred to as MPEG-DASH, HLS,
Microsoft Smooth Streaming, Adobe Dynamic Streaming for Flash, AuayStreams Adaptive Streaming,

and high definition (HD) Adaptive Streaming by upLynk as illustrative but non-limiting examples.

Fig. 2 is a flow chart illustrating an embodiment of steps S1 and S2 in Fig. 1. The method starts in step
S10, which comprises downloading a segment of encoded video data of the video bitstream. The
segments starts with the IRAP picture and comprises at least one DRAP picture. A following step S11
comprises identifying the DRAP picture in the segment based on a jump forward or fast forward

request. The method then continues to step S3 in Fig. 1.

The embodiment illustrated in Fig. 2 is thereby suitable for the trick play operations jump forward or fast

forward within a segment of encoded video data as an example of random access operation.

In this embodiment, the encoded video data of the video bitstream is preferably partitioned or
segmented into segments or chunks, which may, for instance, contain between two to ten seconds of
video data. Each such segment then preferably starts with a RAP, typically in the form of a respective
IRAP picture. The segment preferably also comprises at least one additional RAP, typically in the form
of DRAP picture(s). For instance, if the segment has a total length of ten seconds then DRAP pictures

could be present at each 0.5 s, each second or each 2 s.

The at least one DRAP picture in the segment constitutes a RAP at which a jump forward or fast
forward operation can take place. Jump forward typically involves moving from a current playback or
play out position within the video bitstream to another playback position that is subsequent to the

current playback position. In this case, the playback “jumps” to the new position without playing back or
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out any intermediate video data. Fast forward is to move forward through a video stream at a speed
faster than at which it would usually be played back or out.

In the jump forward scenario, the user typically selects a desired forward position within the video
stream using a remote control, mouse, keyboard, touch sensitive screen or other input device of or
connected to the user client. A jump forward request is generated indicating or representing the desired
forward position. A RAP within the segment that is associated with the desired forward position is
identified. If the associated RAP is an IRAP picture, this IRAP picture is decoded and output for display
followed by decoding and output of pictures following the IRAP picture in decoding order and output
order in the video bitstream. If the associated RAP is a DRAP picture, the IRAP picture that is the sole
reference picture for the DRAP picture is decoded, unless already provided in decoded form. The
DRAP picture is decoded using the IRAP picture as sole reference picture. The decoded DRAP picture
may then be output followed by decoding and output of pictures following the DRAP picture in decoding
order and output order in the video bitstream. In a particular embodiment, the IRAP picture used as
reference picture for the DRAP picture is preferably not output for display. Hence, the DRAP picture is
output as the first picture following the jump forward request, whereas the IRAP picture is merely used
as reference picture and is thereby not output for display following reception of the jump forward

request.

The RAP associated with the desired forward position is preferably the RAP picture that is closest in
time to the desired forward position. In a particular embodiment, the associated RAP is preferably the
RAP picture that is closest in time but precedes the desired forward position or occurs at the desired
forward position. In this particular embodiment, the user will not miss display of any video content from
his/her desired jump forward position.

In the fast forward scenario, the user typically selects a fast forward operation using the input device of
or connected to the user client. A fast forward request is generated and causes a fast forward output of
video data of the video bitstream. Such a fast forward operation may be implemented by only decoding
and outputting RAP pictures of the segment. For instance, the IRAP picture present at the start of the
segment is decoded and output, followed by decoding and outputting the first DRAP picture of the
segment, which is decoded using the IRAP picture as reference picture, in turn followed by decoding
and outputting the second DRAP picture of the segment, which is decoded using the IRAP picture as
reference picture, and so on until the end of the segment is reached and the procedure continues in the
following segment of the video bitstream.
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In this illustrative example of fast forward only RAP pictures are decoded and output for display, i.e.
IRAP and DRAP pictures, whereas non-RAP pictures present in the segment of the video bitstream are

not decoded nor output.

Encoding a picture as DRAP picture typically requires significantly fewer bits as compared to encoding
the picture as IRAP picture. Hence, these embodiments enable efficient jump forward and fast forward
operations as illustrative examples of trick play and random access operations but a lower bit cost for
the video bitstream. Alternatively, more RAPs can be included in the video bitstream, i.e. the inter-RAP
distance can be reduced, by using DRAP pictures as all or at least the majority of RAPs within the
segments. In such a case, only the RAP at the start of the segment needs to be an IRAP picture.

Fig. 3 is a flow chart illustrating another embodiment of steps S1 and S2 in Fig. 1. The method starts in
step S20, which comprises downloading a first part of a segment of encoded video data of the video
bitstream. The first part of the segments comprises the IRAP picture and the segment is identified
based on a jump forward request or a representation switch request. A following step S21 comprises
downloading a second part of the segment starting with the DRAP picture identified based on the jump

forward request or the representation switch request. The method then continues to step S3 in Fig. 1.

In this case, the segment containing the desired forward position represented by the jump forward
request is not the current segment and thereby needs to be downloaded. However, instead of
downloading the complete segment, this embodiment preferably only downloads the first part of the
segment corresponding to the IRAP picture and a second part of the segment starting with the DRAP

picture that is associated with, i.e. identified based on, the jump forward request.

The IRAP picture in the first part of the segment is then decoded and is used as reference picture when
decoding the DRAP picture at the start of the second part of the segment. The DRAP picture is
preferably output for display and the decoding and output for display continue with the following
pictures of the second part of the segment. In a preferred embodiment, the IRAP picture in the first part
of the segment is not output for display but is merely used as reference picture when decoding the
DRAP picture and optionally as reference picture when decoding following pictures in the second part

of the segment.
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In another embodiment, the IRAP picture of the first segment and the pictures in the second segment
from the DRAP picture up to the desired forward position represented by the jump forward request, is
decoded but not output for display. The first picture that is output for display is the picture at the desired
forward position followed by the subsequent pictures in output order.

The DRAP picture and thereby the start of the second segment is preferably identified based on the
jump forward request as previously described herein, i.e. as the closest DRAP picture or the closest
DRAP picture preceding the desired forward position.

The use of DRAP pictures reduces the need to download a complete segment when performing a jump
forward operation and furthermore constitutes RAPs but at lower bit cost as compared to using IRAP
pictures. DRAP pictures could, thus, decrease the time it takes to perform a jump forward operation.

Adaptive streaming enables, which has been described in the foregoing, switching between different
representations of the video data, where the different representations carry video data encoded at
different bit rates. A representation switch thereby involves switching from a current segment of a
current representation, i.e. video bitstream at a current bit rate, to a new segment of a new

representation, i.e. video bitstream of a new bit rate.

Hence, upon reception of a representation switch request indicating the target representation or video
bitstream, a first part of a segment of the new representation is downloaded in step S20 followed by
downloading a second part of the segment in step S21. The first part of the segment comprises an
IRAP picture, whereas the second part starts with a DRAP picture that is preferably associated with the
point in time at which the representation switch was requested. Hence, the DRAP picture is preferably
the closest, such as closest preceding or closest following, DRAP picture with regard to the point in
time of the representation switch.

Example Embodiment 1
A first example embodiment concerns adaptive streaming, for example through Dynamic Adaptive
Streaming over HTTP (DASH).

Today DASH segments typically have lengths of about 10 seconds with IRAP pictures every second to
enable trick play.
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The quality of such segments can be increased through the use of DRAP pictures since DRAP pictures
typically require lower bitrate than IRAP pictures for the same quality. With this embodiment the IRAP
pictures that are not the first one in the segment are replaced by DRAP pictures.

In a first use case of the embodiment the client has downloaded the entire segment and performs trick
play, e.g. fast forward or jump forward, within the segment. Jump forward is easily realized by decoding
the IRAP picture that starts the segments, without displaying it, and then the DRAP picture that
corresponds to the position selected by the user. Fast forward is realized by decoding the IRAP picture,
and then the DRAP pictures in the segment.

In a second use case the user jumps to a segment that is not already downloaded. In order to start
playout at the selected point the client needs to download only the first part of the segment
corresponding to the IRAP picture and the part from the DRAP picture onwards.

In a third use case, switching of representation is performed within a segment, i.e. not at segment
border. In order to perform the switch the client needs to download only the first part of the segment in
the representation it is switching to corresponding to the IRAP picture and the part from the DRAP

picture onwards.

The steps below are illustrated in the signaling diagram in Fig. 16.

A user client 100 may use the second or third use case by the following ordered steps:

1) Random access is initiated by user request or by other means.

2) The user client 100 sends a request to a server 200 for a position in a video bitstream. The
user client 100 may know the available random access points and select one of those.

3) The user client 100 receives an IRAP picture, a DRAP picture and coded pictures following the
DRAP picture in decoding order, and possibly other data such as parameter sets, e.g. video parameter
set (VPS), sequence parameter set (SPS), picture parameter set (PPS). The user client 100 decodes
the data and outputs the decoded pictures. The IRAP picture may not be output.

A server 200 may use the second or third use case by the following ordered steps:
1) The server 200 receives a request for a position in a video bitstream. The position may be a
random access point using DRAP pictures.
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2) The server 200 sends the IRAP picture associated with the DRAP picture, the DRAP picture
and picture data that follows the DRAP picture, and possibly other data such as parameter sets. e.g.
VPS, SPS, PPS. The server 200 may signal to the receiver that the IRAP picture should not be output
or displayed by the user client 100. The server 200 may realize this for an HEVC bitstream by setting
output_flag to 0 for the IRAP data.

A second example is suitable for, but not limited to, broadcasting services, such as terrestrial, satellite
and cable services. In such a broadcasting service, a receiver receives a video bitstream of one
channel, such as TV channel, which is decoded and the decoded video data is displayed to the user. It
is also common that the receiver in addition receives video bitstreams of one or more additional

channels.

Fig. 5 is a flow chart illustrating an embodiment suitable for broadcast services. The method starts in
step S40, which comprises receiving and decoding a current video bitstream representing a current
channel. A video bitstream representing another channel is received in step S41. A most recent IRAP
picture of the video bitstream received in step S41 or a decoded version of the most recent IRAP
picture is stored in a memory in step S42.

The following two steps S43 and S44 represent an embodiment of steps S1 and S2 in Fig. 1. Step S43
comprises retrieving the most recent IRAP picture of the decoded version of the most recent IRAP
picture from the memory based on a channel switch request identifying the another channel. A next
step S44 comprises receiving the DRAP picture as a next DRAP picture within the video bitstream
following the channel switch request.

The method then continues to step S3 of Fig. 3, wherein the most recent IRAP picture is decoded. If
the most recent IRAP picture is stored in decoded version this step S3 may be omitted as it has already
been performed in connection with storing the most recent IRAP picture in the memory. The DRAP
picture is then decoded using the decoded version of the most recent IRAP picture as the sole

reference picture.

Steps S40 to S42 are preferably performed as long as the user is watching the current channel, i.e. up
to the channel switch, which is schematically illustrated by the line L1 in Fig. 5. This means that the
user client, in addition to receiving the current video bitstream, also receives at least one other video

bitstream carrying encoded video data of at least one other channel. Step S42 then preferably
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comprises temporarily storing the most recent IRAP pictures or decoded versions thereof for each such
other video bitstream. This means that only a single IRAP picture needs to be stored for each other
video bitstream, although it is possible to keep more than one IRAP picture stored per video bitstream.
Once a new IRAP picture is received from the at least one other video bitstream it may replace the
IRAP picture stored in the memory for the at least one other video bitstream.

When the user would like to watch another channel than the current channel he/she uses an input
device of or connected to the user client to generate a channel switch request indicating the desired
channel. The most recent IRAP picture or decoded version thereof for the channel and video bitstream
indicated by the channel switch request is then retrieved from the memory. The channel switch may
then be affected at the first or next DRAP picture received for the desired video bitstream. The IRAP
picture retrieved from the memory is decoded, unless stored in decoded form, and is then used as
reference picture when decoding the received DRAP picture. The DRAP picture may then be output for
display followed by output of decoded picture following the DRAP picture according to the decoding
and output order in the video bitstream. In a particular embodiment, the IRAP picture is only used as
reference picture when decoding the DRAP picture and optionally when decoding following picture(s) in

the video bitstream. Hence, the IRAP picture is preferably not output for display.

DRAP pictures of the embodiments enables an efficient channel switch since only IRAP pictures of
other video bitstreams and channels need to be stored in the memory. Channel switch can then occur
at the point in time corresponding to the first DRAP picture in the video bitstream following the channel
switch request. The DRAP picture and following pictures of the video bitstream are guaranteed to be
decoded since the most recent IRAP picture that is used as the sole reference for the DRAP picture is

already available.

In some scenarios the receiver may not be able to receive and store the most recent IRAP picture for
all available channels at a time, either due to bandwidth constraints or due to inadequate throughput or
processing capabilities of the receiver. A possible solution would then be to, in addition to the currently
watched channel, receive and store the most recent IRAP pictures for the channels that the user is
most likely to switch to. This could include the channels that the user has a history of watching often
and/or channels directly following and preceding the currently watched channel in the channel list. For
instance, if a user is watching channel 5 in the channel list, channels 4, 6, 7 and 8 may be received
simultaneously and the most recent IRAP pictures for these pictures could be stored.
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Furthermore, since DRAP pictures constitute valid RAPs but at a lower cost as compared to IRAP
pictures, more RAPs can be provided in the video bitstreams at no or merely low increase in bit cost.
This means that the time from when a user requests a channel switch until the channel switch can be
affected at a next RAP can be significantly reduced by using DRAP pictures as a complement to IRAP

pictures.

Example Embodiment 2

A second example embodiment relates to broadcasting services. In broadcasting services IRAP
pictures are typically sent with frequent interval, e.g. once per second, to enable reasonable channel
switching times. Having even more frequent IRAP pictures would be desirable to decrease channel
switching time even further, but it is not feasible since the IRAP pictures would then consume a large

portion of the available bit rate and reduce the overall quality.

Assume that an end user is watching a channel. One way to solve the problem of channel switching
delay is to have additional tuners that receive and store data from channels other than the current
channel. However buffering all data from several other channels might not be feasible due to limitations

in receiver and/or buffer capacity.

The problem can be solved through the use of DRAP pictures. Then only IRAP pictures from the other
channels need to be buffered and the channel switch can be performed at the first DRAP picture that
occurs after the user has selected to switch channel. DRAP pictures can be sent much more frequently
than IRAP pictures, e.g. every 160 ms, without significantly affecting the overall quality.

In one embodiment, only the most recent IRAP picture in decoding order for each channel is stored. In
one embodiment, the compressed IRAP picture is stored and decoding of the IRAP picture and DRAP
picture is done when a channel switch or random access is triggered by the user or by other means. In
another embodiment the IRAP picture is decoded before channel switch or random access is triggered
such that only the DRAP picture data needs to be decoded upon random access.

An example of channel switching using DRAP pictures is shown in Fig. 15. Dark gray pictures in Fig. 15
are IRAP pictures, medium gray pictures are DRAP pictures and white pictures are other temporal
predictive pictures, i.e. non-RAP P-pictures and/or B-pictures. A user is watching channel A. Additional
tuners receive and buffer the latest IRAP picture for channel B, C and D. At picture position 45 the user
is switching to channel B, see arrow B. The channel B tuner waits 4 pictures for the next DRAP picture
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before the decoder can start to decode channel B with help from the buffered IRAP picture. At picture
position 67 the user is switching to channel C, see arrow C. The decoder waits 6 pictures for the next
DRAP picture before it can start to decode channel C. The latest IRAP picture is used to decode the
DRAP picture. If the video bitstreams would not contain any DRAP pictures, the decoder would need to
wait for the next IRAP picture before decoding after a channel switch. In the example below, the
decoder would need to wait 20 pictures when switching between channels A and B and 30 pictures
when switching between channels B and C.

A third example is suitable for, but not limited to, live streaming, server-controlled streaming and
conversational services. In these type of services there is a feedback channel between the user client
and the server providing the video bitstream. This could, as a non-limiting example, be based on Real-
time Transport Protocol (RTP) with a RTP Control Protocol (RTCP) feedback channel. RTP is a
network protocol for delivering audio and video over IP networks. RTP is used extensively in
communication and entertainment systems that involve streaming media, such as telephony, video
teleconference applications, television services and web-based push-to-talk features. RTP is used in
conjunction with the RTCP. While RTP carries the media streams, RTCP is used to monitor
transmission statistics and quality of service (QoS) and aids synchronization of multiple streams.

Conversational services include video teleconference applications, including massive video

conferences.

Fig. 6 is a flow chart illustrating an embodiment illustrating additional steps of the method suitable for
live streaming, server-controlled streaming and conversational services. The method starts in step S50,
which is an embodiment of step S1 in Fig. 1. Step S50 comprises receiving a video bitstream
comprising the IRAP picture on a communication channel. The IRAP picture is then decoded in step S3
of Fig. 1. The following steps S51 and S52 represent an embodiment of step S2 in Fig. 1. Step S51
comprises transmitting a feedback message on a feedback channel following detection of a corrupt or
missing picture in the video bitstream. The feedback message indicates a position within the video
bitstream corresponding to the corrupt or missing picture. A next step S52 comprises receiving the
DRAP picture generated based on the feedback message. The method then continues to step S4 of
Fig. 1, where the DRAP picture is decoded using the IRAP picture decoded in step S3 as the sole

reference picture.
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In this embodiment, encoded video data of the video bitstream is sent over the communication channel.
The user client then detects a corrupt or missing picture in the video bitstream and compiles and sends
a feedback message on the feedback channel. As an example, the communication channel could use
RTP whereas the feedback channel uses RTCP. A DRAP picture is thereby generated and encoded
using an IRAP picture as sole reference picture. This IRAP picture is preferably the most recent IRAP
picture in the video bitstream prior to the position of the corrupt or missing picture in the video
bitstream. This position is indicated in the feedback message, thereby allowing a server to generate
and transmit the DRAP picture over the feedback channel.

The user client can thereby resume correct decoding and output of video data in the video bitstream
starting from the position of the received DRAP picture, which is decoded using the previously received
and decoded IRAP picture. Encoded pictures following the DRAP picture are preferably received over

the communication channel and these pictures are decoded and output to resume the video display.

Thus, DRAP pictures of the embodiments can be used as an efficient tool to handle corruptions or lost
pictures in a video bitstream to thereby enable a random access operation following such a corrupt or

missing picture.

Example Embodiment 3

A third example embodiment concerns live streaming and conversational services in which there is a
feedback channel. This could for example be based on RTP with an RTCP feedback channel. The
feedback channel can be used to report loss of pictures or any type of problems in the decoding
process, and is typically used in one-to-one applications but may also be used in one-to-many
scenarios. One specific example is two-way video telephony or video conferencing.

A typical prior art response from an encoder to a feedback message sent from the client decoder and

indicating that the decoded video is corrupt is to send an IRAP picture to refresh the video.

In this embodiment, an encoder may instead respond to a feedback message by using an older
previously received picture for prediction instead of newer pictures which may be corrupt or missing in
the decoder. An encoder may signal to the decoder that a specific picture should be kept in the
decoded picture buffer (DPB) by indicating that the picture is a long-term picture. If the older picture is
an IRAP picture, the encoder can encode the next picture, after it has received a feedback message,
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as a DRAP picture. The decoder indicates in the feedback message to the encoder from when the
video is corrupt. The encoder then knows whether the IRAP can be used to encode a DRAP picture.

The advantage of requesting a DRAP picture compared to requesting an IRAP picture is that DRAP
pictures have better compression efficiency.

In massive video conference, i.e. one-to-many video conference the conference server needs to
request an expensive IRAP picture from the sender each time a new participant joins the conference
according to prior art techniques. However, using DRAP pictures of the embodiments solves such
problems. When a new participant joins the video conference, the conference server sends the
previous IRAP by unicast, such as using the feedback channel, to that participant. The conference
server may then request a correspondingly inexpensive DRAP picture from the sender. The new
participant can join the video conference once a next DRAP picture occurs in the video bitstream. In
this case, the participant uses the IRAP picture received from the conference server by unicast
reception as reference picture when decoding the DRAP picture.

Another use case is server-controlled streaming. In this example, the user client requests a specific
position in a video bitstream to be delivered from the server, e.g. by using a PLAY request with range
value in Real Time Streaming Protocol (RTSP). The server may on-the-fly construct the video bitstream
to be delivered by concatenating a previous IRAP picture with the DRAP picture that corresponds to the
start of the requested range.

For instance, the user client could request start at a position at 37 s in the video bitstream. The server
identifies a DRAP picture that is associated with the desired start position. The server may then compile
a video bitstream by concatenating the most previous IRAP picture, such as corresponding to the start
of the video bitstream (position 0 s), with the identified DRAP picture.

Fig. 17 illustrates a signaling diagram showing a server 200 sending an IRAP picture followed by non-
RAP pictures to a user client 100. A non-RAP picture is lost in transmission. The user client 100 detects
that a picture has been list when it receives the next picture in turn. The user client 100 then sends a
feedback message requesting a DRAP picture from the server 200 and indicates which received IRAP
picture is should depend on. The server 200 encodes the DRAP picture and sends it to the user client
100 followed by non-RAP pictures of the video bitstream.
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A decoder that receives a DRAP picture may ignore data preceding the DRAP picture, e.g. that may be
present in the pre-decoding buffer of the decoder, since that data will likely result in corrupt decoded

pictures.

If the DRAP picture is indicated using one of the SEI messages described above the encoder can set
broken link flag equal to 1 to highlight that there might be problems with pictures that precedes the
DRAP picture in decoding order.

Fig. 7 is a flow chart illustrating a video communication method according to an embodiment. The
method comprises transmitting, in step S60, a video bitstream comprising at least one IRAP picture on
a communication channel to a user client. A next step S61 comprises receiving a feedback message on
a feedback channel from the user client. The feedback message indicates a position within the video
bitstream corresponding to a corrupt or missing picture at the user client. The following step S62
comprises encoding, based on the feedback message, a DRAP picture using a previous IRAP picture
in the video bitstream as sole reference picture for the DRAP picture. The DRAP picture is encoded in
step S62 as a trailing picture that may be used for reference and constitutes a random access point in
the video bitstream. The DRAP picture is then transmitted to the user client in step S63.

The video communication method described above and illustrated in Fig. 7 preferably corresponds to
the operations performed by a server communicating with one or more user clients, such as shown in
Fig. 17 and described above. Hence, the video communication method is in particular suitable for live
streaming, server-controller streaming and conversational services, such as two-way video telephony
and video conferencing. The communication channel preferably uses RTP as network protocol to
transmit the video bitstream, whereas RTCP can be used to support the feedback channel and

transmission of the feedback message.

In a particular embodiment, the DRAP picture is transmitted to the user client in step S63 using the
communication channel. In another particular embodiment, the DRAP picture is transmitted to the user

client in step S63 using the feedback channel.

In an embodiment, the feedback message indicates the corrupt or missing picture, for instance by
indicating the POC value of the corrupt or missing picture. Step S62 then comprises encoding a picture,
identified or selected based on the POC value, as a DRAP picture.
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In an embodiment, the server uses information contained in the feedback message in order to select
which type of RAP picture to encode and transmit to the user client in response to the feedback
message. Thus, the server selects between using an IRAP picture and using a DRAP picture. The
decision of RAP picture type is preferably based on the information contained in the feedback message
and the buffer status of the DPB at the point in time corresponding to the corrupt or missing picture.
This point in time is in turn determined based on the information contained in the feedback message.
Thus, the server uses the information in order to determine whether the user client will have at least
one decoded IRAP picture in its DPB and where such a decoded IRAP picture could be used as
reference picture for a DRAP picture. Thus, if the DPB of the user client stores at least one decoded
IRAP picture, the server preferably selects the most recent IRAP picture, if more than one IRAP picture
in the DPB, and uses it as reference picture when encoding a DRAP picture in step S62.

However, if the server concludes that the DPB of the user client does not have a stored IRAP picture
that could be used as reference picture, then the server needs to encode an IRAP picture and send it to
the user client. Thus, in this case the bit cost will be larger as compared to the case in where the
picture could instead be encoded as a DRAP picture.

In a particular embodiment, the server may signal in the video bitstream all or at least some of the IRAP
pictures as long-term pictures in order to increase the chances of having an IRAP picture stored in the
DPB of the user client once a corrupt or missing picture is detected.

The encoder at the server has access to a DPB similar to the decoder at the user client. Hence, the
encoder is fully aware of the buffer status of the DPB at the decoder at each point in time since the
buffer status of the DPB at the decoder mimics or reflects the corresponding buffer status of the DPB at
the encoder.

Fig. 8 is a flow chart illustrating an additional, optional step of the video communication method of Fig.
7. The method continues from step S63 in Fig. 7. A next step S70 comprises transmitting at least one
non-RAP picture following the DRAP picture in output order and decoding order to the user client. The
at least one non-RAP picture does not use any non-RAP picture preceding the DRAP picture in
decoding order in the video bitstream as reference picture.
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Fig. 9is a flow chart illustrating a method for encoding a video stream of pictures into a video bitstream.
The method comprises encoding, in step S80, every nh picture in the video bitstream as a RAP picture
and encoding the other pictures in the video stream as non-RAP pictures.

Fig. 10 is a flow chart illustrating an embodiment of step S80 in Fig. 9. This embodiment comprises step
S81, which comprises encoding every mih RAP picture as an IRAP picture and encoding the other RAP
pictures a DRAP pictures using a respective closest preceding, according to a deocding order, IRAP
picture as sole reference picture for the DRAP picture. Each DRAP picture is encoded in step S81 as a
trailing picture and constitutes a random access point in the video bitstream.

Hence, in this embodiment the frequency of RAPs within the video bitstream is defined by the
parameter n and the frequency or ratio of DRAP pictures relative to IRAP pictures is defined by the
parameter m. The result of the encoding in step S81 is thereby a video bitstream with every nt" picture
as a RAP picture and every mth RAP picture is an IRAP picture whereas remaining RAP pictures are
DRAP pictures. Remaining pictures in the video bitstream are non-RAP pictures, i.e. non-RAP P- or B-

pictures.

Fig. 11 is a flow chart illustrating another embodiment of step S80 in Fig. 9. This embodiment starts in
step S82, which comprises determining, for at least a subset of the RAP pictures, whether the RAP
picture is to be encoded as an IRAP picture or as a DRAP picture based on a bit-cost difference
between encoding the RAP picture as an IRAP picture or as a DRAP picture. A DRAP picture is
encoded using a respective closest preceding, according to a decoding order, IRAP picture as sole
reference picture for the DRAP picture. The DRAP picture is encoded as a trailing picture and
constitutes a random access point in the video bitstream.

In an embodiment, the method comprises encoding the RAP picture as a DRAP picture in step S83 if
an estimated bit cost for encoding the RAP picture as a DRAP picture is lower than an estimated bit
cost for encoding the RAP picture as an IRAP picture minus a threshold and otherwise encoding the
RAP picture as an IRAP picture in step S84.

Hence, in an embodiment the estimate bit cost for encoding the RAP picture as a DRAP picture (bit
cost(DRAP)) is compared in step S82 with a difference in estimated bit cost for encoding the RAP
picture as an IRAP picture (bit cost(IRAP) and the threshold (T). If bit cost(DRAP) < (bit cost(IRAP) - T)
then the method continues to step S83, where the RAP picture is encoded as a DRAP picture.
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However, if bit cost(DRAP) = (bit cost(IRAP) - T) the method instead continues to step S84, where the
RAP picture is encoded as an IRAP picture.

This means that if the bit cost of encoding the RAP as an IRAP picture is substantially the same as the
bit cost of encoding the RAP as a DRAP picture or is not more than T plus the bit cost of encoding the
RAP as a DRAP picture the RAP is encoded as an IRAP picture and otherwise as a DRAP picture.

The threshold T is preferably a positive number such that IRAP pictures are favored over DRAP
pictures since IRAP pictures provide random access independent of other pictures. T could be a
constant based on a wanted or measured bitrate of the video bitstream. T could also be based on the
bit cost(DRAP) and/or the bit cost(IRAP). For instance, T could be equal to cxbit cost(IRAP) such that
DRAP pictures are selected if bit cost(DRAP) / bit cost(IRAP) < 1 — ¢, otherwise IRAP pictures are
selected. A value of ¢ between 0 and 1, e.g. 0.25, would favor selecting IRAP pictures.

In a particular embodiment the method also comprises performing the determination whether the RAP
picture is to be encoded as an IRAP picture or a DRAP picture in step S82 only if encoding the RAP
picture as a DRAP picture would not lead to a distance between successive IRAP pictures in the video
bitstream that is larger than a maximum distance and otherwise encoding the RAP picture as an IRAP

picture.

In this embodiment there is a maximum distance between two successive IRAP pictures in the video
bitstream, such as every 10 s or every 60 s as illustrative but non-limiting examples. If encoding a RAP
picture as a DRAP picture would cause an inter-IRAP distance to be larger than this maximum distance
then the RAP picture is encoded as an IRAP picture without any comparison of bit costs.

Example Embodiment 4

A fourth example embodiment relates to any of the services described in earlier example embodiments.

An encoder encodes a video sequence or stream and selectively chooses between using either IRAP
or DRAP pictures for random access points. In one use case the frequency of random access points is
fixed and the frequency of DRAP pictures relative to IRAP pictures is also fixed. The encoder encodes
every nih picture as a random access point picture. The other pictures are encoded as non random
access point pictures. Among random access point pictures, the encoder encodes every mt" picture as
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an IRAP picture. The other random access point pictures are encoded as DRAP pictures that optionally
reference the most previously encoded IRAP picture.

In a second use case, the decision on whether a random access point picture should be encoded as an
IRAP picture or a DRAP picture is made by estimating the bit-cost difference between encoding a
particular candidate random access point picture as an IRAP picture or DRAP picture. A threshold T is
used to make the decision such that if the estimated bit cost for the DRAP picture is lower than the
estimated bit cost for encoding the picture as an IRAP picture minus T, the picture is encoded as a
DRAP picture. Otherwise, the picture is encoded as an IRAP picture.

In pseudo-code:

If(BitEstimatedDRAP(current_picture) < BitsEstimatedIRAP(current_picture) — T)
EncodePictureAsDRAP(current_picture);

else
EncodePictureAsIRAP(current_picture);

T may here be a positive number such that IRAP pictures are favored.

This second use case may be combined with the first use case such that there is a maximum distance
between IRAP pictures in the output bitstream. This can be realized by invoking the pseudo-code only if
the choice of encoding the current picture as DRAP would not lead to an IRAP distance larger than the
maximum distance. If that is the case, the current picture is encoded as an IRAP without considering
encoding the picture as a DRAP picture.

The proposed solutions of the embodiments aim to decrease the large number of bits that are spent on
IRAP pictures in screen content coding as well as general content coding while maintaining almost the
same random access and error robustness properties of IRAP pictures. This is done by introducing a
new picture type, here called a dependent random access point (DRAP) picture. The DRAP picture is a
temporal predictive picture, such as P-picture, that may only reference a previous RAP picture (and in
some embodiments also other DRAP pictures). The previous RAP picture may be a picture that
corresponds to an encoded representation of a picture earlier in the video sequence. Alternatively the
previous RAP picture may be a picture that is not output but only constitutes a good reference for the
pictures in the video sequence, e.g. representing the background of a scene.
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Random access is provided for DRAP pictures with the restriction that the referenced IRAP picture (and
if relevant referenced DRAP pictures) must be decoded before decoding the DRAP picture. The DRAP
picture is for instance very useful for fast forwarding through video, at the same time as the bitrate

overhead for random access is kept to a minimum.

Another restriction is that prediction across DRAP pictures must be prohibited. Non-RAP pictures that
follow the DRAP picture must not use any non-RAP picture that precedes the DRAP picture for
prediction. One alternative formulation of this restriction is that no non-RAP picture that follow a DRAP
picture in both decoding and output order may use any non-RAP picture for reference that precede the
DRAP picture in decoding order.

In HEVC, as well as in AVC/H.264, there is a Supplemental Enhancement Information (SEI) message
called Recovery Point SEI. The recovery point SEI message assists a decoder in determining when the
decoding process will produce acceptable pictures for display after the decoder initiates random access
or after the encoder indicates a broken link in the video bitstream. When the decoding process is
started with the picture in decoding order associated with the recovery point SEI message, all decoded
pictures at or subsequent to the recovery point in output order specified in this SElI message are
indicated to be correct or approximately correct in content. Recovery point SEI messages cannot be
used to realize the functionality of DRAP pictures. If a recovery point SEI message is sent together with
the IRAP picture then all pictures that follow it in decoding order must be decoded up until the DRAP
picture, which is not desirable. And the recovery point SEI message cannot be sent together with the
DRAP picture since it is not possible to indicate dependency on anything that precedes the recovery
point SEI message in decoding order.

The DRAP picture indication can be combined with an indication about known problems in the encoded
video prior to the DRAP picture. A receiver that encounters a DRAP picture with this indication set can
discard everything that precedes the DRAP since that data has been indicated to be erroneous.

IRAP pictures are commonly used in a periodic way to provide random access and error robustness for
encoded video. For general video content, IRAP pictures are typically around 3-5 times as expensive to
encode as P-pictures and around 5-10 times as expensive to encode as B-pictures in terms of bitrate.
Inserting an IRAP picture every 0.5 to 1.0 seconds cost quite some bits.
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Video services that often have very static content includes screen sharing and surveillance video.
Screen sharing could for instance be used as a live communication tool between individuals or could be
set up to monitor other computers such as servers. For all these services it is often of interest to record
and store the video material. The stored video material should then preferably be easy to search using
random access operations. At the same time it is of interest to keep the video bitrate at a minimum,
both to limit the bandwidth usage and to save storage space.

Specific screen content services such as screen sharing and screen monitoring are becoming
increasingly popular. Screen content puts other demands on video coding than for encoding of general
video coding. Screen content typically includes windows with sharp edges, graphics and text, distinct
colors and tends to have areas of the video picture that are not updated for long periods of time.

During the development of HEVC version 1 the special characteristics of screen content coding was not
explicitly addressed. JCT-VC is therefore now working on an extension to HEVC explicitly targeting

screen content coding.

The DRAP pictures of the embodiment can replace some of the IRAP pictures to reduce the overall bit
cost of a bit stream. Alternatively, random access points can be placed more frequently given the same
bitrate. Random access on a DRAP picture is done by first decoding the preceding IRAP picture and
then decoding the DRAP picture.

In one embodiment of the invention only intra or skip blocks are allowed for the DRAP picture to

provide improved error robustness.

In a particular embodiment, the DRAP picture is decoded by decoding the blocks of the DRAP pictures
as skip blocks using the IRAP picture as the sole reference picture for the DRAP picture or as intra

blocks.

A skip block implies that the block is encoded according to the skip mode using the IRAP picture as the
sole reference picture. This means that sample or pixel values for the skip block are copied from the
collocated block in the reference picture without any motion compensation. A combination of the skip
mode and the intra mode for the blocks of the DRAP picture is thereby an efficient way of encoding and
decoding the DRAP picture.
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Hence, those blocks of the DRAP picture that have not changed or not changed more than some
defined minimum difference relative to the closest preceding IRAP picture are preferably encoded and
decoded as skip blocks, whereas blocks of the DRAP picture that have changed, or changed more than
the defined minimum reference, relative to the reference picture are encoded and decoded as intra
blocks.

In an another embodiment, a block of the DRAP picture is encoded as a skip block using the IRAP
picture as the sole reference picture for the DRAP picture if a collocated block in the IRAP picture is
identical with or does not differ more than a defined threshold from a collocated block in another IRAP
picture and is otherwise encoded as an intra block. The another IRAP picture precedes, according to
the decoding order, the IRAP picture in the video stream and is preferably the closest preceding IRAP
picture that is encoded prior to encoding the IRAP picture. In a particular embodiment, a block of the
DRAP picture is encoded as a skip block using the IRAP picture of the video stream as the sole
reference picture for the DRAP picture if a collocated block in the IRAP picture is identical with or does
not differ more than a defined threshold from a respective collocated block in the another IRAP picture
and in intermediate pictures present in between the another IRAP picture and the IRAP picture

according to the decoding order and is otherwise encoded as an intra block.

Decoding of a block according to an intra mode, i.e. decoding of an intra block, is preferably performed
as specified in section 8.4 Decoding process for coding units coded in intra prediction mode of ITU-T
H.265 Series H: Audiovisual and multimedia systems, Infra structure of audiovisual services — Coding
of moving video, High efficiency video coding. Decoding of a block according to an inter mode, i.e.
decoding of an inter block, such as a skip block, is preferably performed as specified in section 8.5
Decoding process for coding units coded in inter prediction mode of ITU-T H.265 Series H: Audiovisual
and multimedia systems, Infra structure of audiovisual services — Coding of moving video, High
efficiency video coding. Decoding skip blocks, i.e. block having a value of the skip flag equal to 1, is in
particular described in section 8.5.4.1 General of ITU-T H.265 Series H: Audiovisual and multimedia

systems, Infra structure of audiovisual services — Coding of moving video, High efficiency video coding.

In HEVC, the skip mode is similar to the new merge mode with the exception that residual data is
skipped. The merge mode selects motion parameter from one of four spatial candidates, one temporal
candidate and a zero motion candidate. Hence a skipped block is preferably decoded according to the
skip mode in HEVC with the zero motion candidate selected.
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According to a first aspect a method for encoding a video bitstream is provided. In the method an IRAP
picture is encoded, and an inter picture that only depends on the IRAP picture is encoded, wherein the
inter picture is referred to as a dependent random access point (DRAP) picture.

According to a second aspect a method for decoding a video bitstream is provided. In the method, an
intra random access point (IRAP) picture is decoded, an inter picture that only depends on the IRAP
picture is decoded, wherein the inter picture is referred to as dependent random access point (DRAP)

picture, and the DRAP picture is used to perform a random access operation.

According to a third aspect as shown in Fig. 18, an encoder 30 for encoding a video bitstream is
provided. The encoder 30 comprises processing means adapted to:

encode an IRAP picture, and

encode an inter picture that only depends on the IRAP picture, wherein the inter picture is

referred to as a dependent random access point (DRAP) picture.

According to a fourth aspect a decoder 10 for decoding a video bitstream is provided. The decoder 10
comprises processing means adapted to:

decode an intra random access point (IRAP) picture, and

decode an inter picture that only depends on the IRAP picture, wherein the inter picture is
referred to as dependent random access point (DRAP) picture, and the DRAP picture is used to

perform a random access operation.

In the encoder 30 and the decoder 10, respectively, the processing means comprise a processor and a
memory wherein said memory comprises instructions, when executed by said processor, are

configured to perform the methods described herein.

The encoder 30 may comprise an output unit for sending the encoded bitstream with control
information exemplified by e.g. SEI message and the decoder 10 comprises an input unit for receiving
the video bitstream and the control information.

The encoder 30 and the decoder 10, respectively may be located in a device such as a user terminal or
a network node. The user terminal may be e.g. a video camera, a mobile phone, or a tablet.
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It should be appreciated that the example embodiments may provide for the instructions to be given in

a number of ways.

An advantage with embodiments is that a lot of bandwidth can be saved, or traded for higher overall
quality, by in a random access configuration bitstream encode some of the random access points
(RAP) as DRAP pictures instead of encoding all RAPs as IRAP pictures.

DRAP pictures makes it possible to provide short channel switching time in a multi-tuner scenario
without increasing the bitrate substantially and without having to store multiple different streams

entirely.

DRAP pictures make it possible to reduce the size of video bitstreams in an adaptive streaming
scenario without reducing the ability to switch representations and jump to different positions in a video.

When DRAP pictures is combined with an indication about known problems in the encoded video prior
to the DRAP picture it is possible for a receiver to identify from which picture onwards the video will be
free of problems.

Fig. 12 shows a random access configuration for HEVC with periodic IDR pictures every 8t picture.
Typically, IRAPs are inserted around every 0.5-2 seconds for broadcasted content. For a 30Hz
sequence this means that around every 15 to 60 picture is an IRAP picture. The dark gray pictures are
IDR pictures and the white pictures are P- or B-pictures.

Using the traditional random access approach for screen content or other general content where the
video is not updated much over time, could look something like Fig. 14. In the simplified example an
IRAP has been inserted every 3 picture. For illustration purposes the blocks are also much larger than
they would be for video encoded with HEVC at a more normal resolution. The P-pictures in this
example references the previous picture. For every IDR picture the video is instantaneously refreshed
by intra coding each block in the picture. Intra blocks are marked in dark gray, inter blocks in gray
(some of these may also be intra blocks) and white blocks are skipped blocks.

In the current invention a new RAP picture type is introduced and is referred to as DRAP. Blocks in the
DRAP picture may only reference a previous IRAP picture. References to other pictures are not
allowed. In one aspect of the invention some of the RAPs are encoded as DRAP pictures instead of
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IRAP pictures. The prediction pattern is illustrated in Fig. 13. The dark gray picture is an IDR picture,
the medium gray pictures are DRAP pictures and the white pictures are P- or B-pictures. The DRAP

pictures may only reference the IDR picture.

5 To decode a DRAP picture the previous referenced IRAP picture needs to be decoded. By not having
to encode all blocks in the DRAP picture using intra coding a lot of bitrate can be saved. Still, some
level of random access can be achieved by only having to reference the previous IRAP (IDR, CRA and
BLA) picture. In the current invention, the restrictions of the DRAP pictures may be signaled using an
SEI message. If the DRAP picture is signaled using an SEI message it is not necessary to signal the

10 DRAP as a specific picture type in the bitstream.

The present embodiments are particularly suitable for usage in connection with HEVC decoding and
encoding, i.e. decoding according to the HEVC specification or standard and encoding of video data
into video bitstreams complying with the HEVC specification or standard. The HEVC specification or
15 standard includes any version of the HEVC specification, including HEVC version 1 and subsequent
versions, and any extension to the HEVC specification, such as relating to screen content extension,

multiview extension and scalable extension.

A person skilled in the art would understand that even though HEVC has been used as base to
20 describe the embodiments herein, the embodiments would work equally well for other video coding
standards using temporal predictive coding including AVC/H.264, H.263, MPEG-4, VP8 and VP9.

An IRAP picture as described herein constitutes an intra random access point picture, i.e. a picture that
constitutes and can thereby be used as a random access point and is encoded and decoded using
25 spatial, i.e. intra, prediction and thereby comprises only intra coded blocks. As mentioned in the
foregoing, according to the HEVC specification an IRAP picture could be in the form of an IDR picture,
a CRA picture or a BLA picture. In other video coding standards, such as mentioned above, other
particular picture type names may be used in order to define an intra random access point picture, such
as key picture or key frame. However, also such other particular picture types are, for such other video
30 coding standards, regarded as being encompassed by the expression IRAP picture as used herein as
long as they constitute and can thereby be used as random access point and are encoded and
decoded using spatial or intra prediction only. In video coding, a picture of a video stream is sometimes

referred to as a frame.
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Another aspect of the embodiments relates to a user client. The user client is configured to obtain a
DRAP picture that is encoded as a trailing picture that may be used for reference and constitutes a
random access point in the video bitstream. The use client is also configured to obtain an IRAP picture
of the video bitstream. The user client is further configured to decode the IRAP picture. The user client
is additionally configured to decode the DRAP picture using the IRAP picture as sole reference picture
for the DRAP picture. The user client is also configured to perform a random access operation at the
decoded DRAP picture.

In an embodiment the user client is configured to decode the DRAP picture using a closest preceding,
according to the decoding order, IRAP picture in the video bitstream as the sole reference picture for
the DRAP picture.

In an embodiment, the user client is configured to decode at least one non-RAP picture of the video
bitstream following the DRAP picture in output order and decoding order. The at least one non-RAP
picture does not use any non-RAP picture preceding the DRAP picture in decoding order in the video

bitstream as reference picture.

In an embodiment, the user client is configured to output the decoded DRAP picture. The user client is

preferably also configured to output the at least one decoded non-RAP picture.

In a particular embodiment, the user client is configured to receive an output flag associated with the
IRAP picture indicating that the IRAP picture should not be output. Hence, in this particular
embodiment, the DRAP picture and following non-RAP pictures but not the IRAP picture are output,

such as output for display.

In an embodiment, the user client is configured to identify the DRAP picture in the video bitstream at

least partly based on a SEI message associated with the DRAP picture.

In an embodiment, the user client is configured to identify the IRAP picture in a DPB based on an
identifier of the IRAP picture present in a RPS of the DRAP picture.

In an embodiment, the user client is configured to download a segment of encoded video data of the
video bitstream. The segment starts with the IRAP picture and comprises at least one DRAP picture.
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The user client is also configured to identify the DRAP picture in the segment based on a jump forward
or fast forward request.

In an embodiment, the user client is configured to download a first part of a segment of encoded video
data of the video bitstream. The first part of the segment comprises the IRAP picture and the segment
is identified based on a jump forward request or a representation switch request. The user client is also
configured to download a second part of the segment starting with the DRAP picture identified based
on the jump forward request or the representation switch request.

In an embodiment, the user client is configured to receive and decode a current video bitstream
representing a current channel. The user client is also configured to receive the video bitstream
representing another channel. The user client is further configured to temporarily store a most recent
IRAP picture of the video bitstream or a decoded version of the most recent IRAP picture in @ memory.
The user client is additionally configured to retrieve the most recent IRAP picture of the decoded
version of the most recent IRAP picture from the memory based on a channel switch request identifying
the another channel. The user client is also configured to receive the DRAP picture as a next DRAP
picture within the video bitstream following the channel switch request.

In an embodiment, the user client is configured to receive a video bitstream comprising the IRAP
picture on a communication channel. The user client is also configured to transmit a feedback message
on a feedback channel following detection of a corrupt or missing picture in the video bitstream. The
feedback message indicates a position within the video bitstream corresponding to the corrupt or
missing picture. The user client is further configured to receive the DRAP picture generated based on
the feedback message.

It will be appreciated that the methods and devices described herein can be combined and re-arranged

in a variety of ways.

For example, embodiments may be implemented in hardware, or in software for execution by suitable
processing circuitry, or a combination thereof.

The steps, functions, procedures, modules and/or blocks described herein may be implemented in
hardware using any conventional technology, such as discrete circuit or integrated circuit technology,
including both general-purpose electronic circuitry and application-specific circuitry.
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Particular examples include one or more suitably configured digital signal processors and other known
electronic circuits, e.g. discrete logic gates interconnected to perform a specialized function, or
Application Specific Integrated Circuits (ASICs).

Fig. 19 illustrates a particular hardware implementation of a user client 110 according to an
embodiment. The user client 110 comprises a picture provider 111 configured to obtain the DRAP
picture and the IRAP picture. The user client 110 also comprises a decoder 112 configured to decode
the IRAP picture and decode the DRAP picture using the IRAP picture as the sole reference picture for
the DRAP picture. The user client 110 further comprises a random access unit 113 configured to
perform the random access operation at the DRAP picture.

The decoder 112 preferably comprises or is connected to a decoded picture buffer (DPB) that is
configured to temporarily store decoded pictures generated by the decoder 112. The decoded pictures
are preferably stored in the DPB to be used as reference picture when decoding subsequent pictures in
the video bitstream and/or stored until the pictures should be output according to the output order.

The picture provider 111 is preferably connected to the decoder 112 to forward pictures to be decoded
to the decoder 112. The decoder 112 is correspondingly connected to the random access unit in order
to forward the DRAP picture to the random access unit 113, where the DRAP picture is used in order to
perform the random access operation.

Alternatively, at least some of the steps, functions, procedures, modules and/or blocks described herein
may be implemented in software such as a computer program for execution by suitable processing

circuitry such as one or more processors or processing units.

Examples of processing circuitry includes, but is not limited to, one or more microprocessors, one or
more Digital Signal Processors (DSPs), one or more Central Processing Units (CPUs), video
acceleration hardware, and/or any suitable programmable logic circuitry such as one or more Field
Programmable Gate Arrays (FPGASs), or one or more Programmable Logic Controllers (PLCs).

It should also be understood that it may be possible to re-use the general processing capabilities of any
conventional device or unit in which the proposed technology is implemented. It may also be possible
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to re-use existing software, e.g. by reprogramming of the existing software or by adding new software

components.

In a particular example, the user client 120, see Fig. 20, comprises a processor 121 and a memory 122
comprising instructions executable by the processor 121. The processor 121 is operative to obtain the
DRAP picture and the IRAP picture. The processor 121 is also operative to decode the IRAP picture
and decode the DRAP picture using the IRAP picture as the sole reference picture for the DRAP
picture. The processor 121 is further operative to perform the random access operation at the DRAP

picture.

In an embodiment, the user client 120 also comprises an input/output (I/O) unit 123 configured to
receive the video bitstream and to output decoded pictures. The 1/O unit 123 could be implemented as

a transceiver, a receiver and a transmitter or as an input port and an output port.

The memory 122 of the user client 120 preferably comprises the DPB used by the processor 121 in
order to store and access decoded pictures.

In a particular embodiment, the processor 121 is operative, when executing the instructions stored in
the memory 122 to perform the above described operations. The processor 121 is thereby

interconnected to the memory 122 to enable normal software execution.

Fig. 26 is a schematic block diagram illustrating an example of a user equipment (UE) 400 comprising a
processor 410, an associated memory 420 and a communication circuitry 430.

In this particular example, at least some of the steps, functions, procedures, modules and/or blocks
described herein are implemented in a computer program 440, which is loaded into the memory 420 for
execution by processing circuitry including one or more processors 410. The processor 410 and
memory 420 are interconnected to each other to enable normal software execution. A communication
circuitry 430 is also interconnected to the processor 410 and/or the memory 420 to enable input and/or
output of a video bitstream and decoded pictures.

The user equipment 400 can be any device or apparatus that can receive and process a video
bitstream. For instance, the user equipment 400 could be a computer, either stationary or portable,
such as laptop, a smart phone, a tablet, a set-top box, etc.
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The term ‘processor’ should be interpreted in a general sense as any system or device capable of
executing program code or computer program instructions to perform a particular processing,

determining or computing task.

The processing circuitry including one or more processors is thus configured to perform, when
executing the computer program, well-defined processing tasks such as those described herein.

The processing circuitry does not have to be dedicated to only execute the above-described steps,

functions, procedure and/or blocks, but may also execute other tasks.

In an embodiment, the computer program 440 comprises instructions, which when executed by the
processor 410, cause the processor 410 to obtain a DRAP picture that is encoded as a trailing picture
that may be used for reference and constitutes a random access point in the video bitstream. The
processor 410 is also caused to obtain an IRAP picture of the video bitstream. The processor 410 is
further caused to decode the IRAP picture, and decode the DRAP picture using the IRAP picture as
sole reference picture for the DRAP picture. The processor 410 is additionally caused to perform a
random access operation at the decoded DRAP picture.

The proposed technology also provides a carrier 450 comprising the computer program 440. The
carrier 450 is one of an electronic signal, an optical signal, an electromagnetic signal, a magnetic
signal, an electric signal, a radio signal, a microwave signal, or a computer-readable storage medium
450.

By way of example, the software or computer program 440 may be realized as a computer program
product, which is normally carried or stored on a computer-readable medium 440, preferably non-
volatile computer-readable storage medium 450. The computer-readable medium 450 may include one
or more removable or non-removable memory devices including, but not limited to a Read-Only
Memory (ROM), a Random Access Memory (RAM), a Compact Disc (CD), a Digital Versatile Disc
(DVD), a Blue-ray disc, a Universal Serial Bus (USB) memory, a Hard Disk Drive (HDD) storage device,
a flash memory, a magnetic tape, or any other conventional memory device. The computer program
440 may thus be loaded into the operating memory of a computer or equivalent processing device,
represented by the user equipment 400 in Fig. 26, for execution by the processor 410 thereof.
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The flow diagram or diagrams presented herein may therefore be regarded as a computer flow diagram
or diagrams, when performed by one or more processors. A corresponding user client may be defined
as a group of function modules, where each step performed by the processor corresponds to a function
module. In this case, the function modules are implemented as a computer program running on the
processor. Hence, the user client may alternatively be defined as a group of function modules, where

the function modules are implemented as a computer program running on at least one processor.

The computer program residing in memory may thus be organized as appropriate function modules
configured to perform, when executed by the processor, at least part of the steps and/or tasks

described herein. An example of such function modules is illustrated in Fig. 21.

Fig. 21 is a schematic block diagram of a user client 130 with function modules. The user client 130
comprises a picture provider 131 for obtaining a DRAP picture and an IRAP picture. The DRAP picture
is encoded as a trailing picture that may be used for reference and constitutes a random access point
in the video bitstream. The user client 130 also comprises a decoder 132 for decoding the IRAP picture
and decoding the DRAP picture using the IRAP picture as sole reference picture for the DRAP picture.
The user client 130 further comprises a random access unit for performing a random access operation
at the decoded DRAP picture.

A further aspect of the embodiments relates to a video communication server. The video
communication server is configured to transmit a video bitstream comprising at least one IRAP picture
on a communication channel to a user client. The video communication server is also configured to
receive a feedback message on a feedback channel from the user client. The feedback message
indicates a position within the video bitstream corresponding to a corrupt or missing picture at the user
client. The video communication server is further configured to encode, based on the feedback
message, a DRAP picture using a previous IRAP picture in the video bitstream as sole reference
picture for the DRAP picture. The DRAP picture is encoded as a trailing picture that may be used for
reference and constitutes a random access point in the video bitstream. The video communication

server is additionally configured to transmit the DRAP picture to the user client.

In an embodiment, the video communication server is configured to transmit at least one non-RAP
picture following the DRAP picture in output order and decoding order to the user client. The at least
one non-RAP picture does not use any non-RAP picture preceding the DRAP picture in decoding order
in the video bitstream as reference picture.
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Fig. 22 is an illustration of a hardware implementation of a video communication server 210 according
to an embodiment. The video communication server 210 comprises a transmitter 211 configured to
transmit the video bitstream and the DRAP picture to the user client. The video communication server
210 also comprises a receiver 213 configured to receive the feedback message on the feedback
channel from the user client. The video communication server 210 further comprises an encoder 212

configured to encode the DRAP picture based on the feedback message.

The receiver 213 is preferably connected to the encoder 212 in order to forward the received feedback
message or information contained therein to the encoder 212. The encoder 212 is preferably connected
to the transmitter 211 in order to forward encoded pictures, including the encoded DRAP picture, to the

transmitter 211 for transmission to the user client.

Fig. 22 has illustrated the video communication server 210 as comprising separate transmitter 211 and
receiver 213. In an alternative implementation, a combined transceiver could be present in the video
communication server 210 to manage both reception and transmission of data. The transmitter 211 and
receiver 213, or transceiver, may be implemented for wireless transmission and reception. Alternatively,

they may be implemented for wired transmission and reception.

Fig. 23 is an illustration of an implementation in software of the video communication server 220. In a
particular example, the video communication server 220 comprises a processor 221 and a memory 222
comprising instructions executable by the processor 221. The processor 221 is operative to output the
video bitstream and the DRAP picture for transmission to the user client. The processor 121 is also
operative to encode the DRAP picture based on the received feedback message.

In an embodiment, the video communication server 220 also comprises an /O unit 223 configured to
transmit the video bitstream and DRAP picture to the user client and receive the feedback message
from the user client. The I/O unit 223 could be implemented as a transceiver, a receiver and a

transmitter or as an input port and an output port.

The memory 222 of the video communication server 220 preferably comprises the DPB used by the
processor 221 in order to store and access reconstructed pictures during the encoding process.
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In a particular embodiment, the processor 221 is operative, when executing the instructions stored in
the memory 222 to perform the above described operations. The processor 221 is thereby

interconnected to the memory 222 to enable normal software execution.

Fig. 24 is a schematic block diagram of a video communication server 230 with function modules. The
video communication server 230 comprises a transmitter 231 for transmitting a video bitstream
comprising at least one IRAP picture on a communication channel to a user client. The video
communication server 230 also comprises a receiver 233 for receiving a feedback message on a
feedback channel from the user client. The feedback message indicates a position within the video
bitstream corresponding to a corrupt or missing picture at the user client. The video communication
server further comprises an encoder 232 for encoding, based on the feedback message, a DRAP
picture using a previous IRAP picture in the video bitstream as sole reference picture for the DRAP
picture. The DRAP picture is encoded as a trailing picture that may be used for reference and
constitutes a random access point in the video bitstream. The transmitter 231 of the video
communication server 230 is further for transmitting the DRAP picture to the user client.

Fig. 26 represents, in an embodiment, a schematic block diagram illustrating an example of a video
communication server 400 comprising a processor 410, an associated memory 420 and a
communication circuitry 430. In this particular example, at least some of the steps, functions,
procedures, modules and/or blocks described herein are implemented in a computer program 440,
which is loaded into the memory 420 for execution by processing circuitry including one or more
processors 410.

In an embodiment, the computer program 440 comprises instructions, which when executed by the
processor 410, cause the processor 410 to transmit a video bitstream comprising at least one IRAP
picture on a communication channel to a user client. The processor 410 is also caused to receive a
feedback message on a feedback channel from the user client. The feedback message indicates a
position within the video bitstream corresponding to a corrupt or missing picture at the user client. The
processor 410 is further caused to encode, based on the feedback message, a DRAP picture using a
previous IRAP picture in the video bitstream as sole reference picture for the DRAP picture. The DRAP
picture is encoded as a trailing picture that may be used for reference and constitutes a random access
point in the video bitstream. The processor 410 is additionally caused to transmit the DRAP picture to
the user client.
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A further aspect of the embodiments relates to an encoder for encoding a video stream of pictures into
a video bitstream. The encoder is configured to encode every nth picture in the video stream as a RAP
picture and encode the other pictures in the video stream as non-RAP pictures. The encoder is also
configured to encode the every nth picture by encoding every mih RAP picture as an IRAP picture and
encoding the other RAP pictures as DRAP pictures using a respective closest preceding, according to
a decoding order, IRAP picture as sole reference picture for the DRAP picture. Each DRAP picture is
encoded as a trailing picture and constitutes a random access point in the video bitstream.

Another aspect of the embodiments relates to an encoder for encoding a video stream of pictures into a
video bitstream. The encoder is configured to encode every nfh picture in the video stream as a RAP
picture and encode the other pictures in the video stream as non-RAP pictures. The encoder is also
configured to encode every nth picture by determining, for at least a subset of the RAP pictures,
whether the RAP picture is to be encoded as an IRAP picture or a DRAP picture based on a bit-cost
difference between encoding the RAP picture as an IRAP picture or as a DRAP picture. A DRAP
picture is encoded by the encoder using a respective closest preceding, according to a decoding order,
IRAP picture as sole reference picture for the DRAP picture. The DRAP picture is encoded as a trailing
picture and constitutes a random access point in the video bitstream.

In an embodiment, the encoder is configured to encode the RAP picture as a DRAP picture if an
estimated bit cost for encoding the RAP picture as a DRAP picture is lower than an estimated bit cost
for encoding the RAP picture as an IRAP picture minus a threshold and otherwise encode the RAP
picture as an IRAP picture.

In an embodiment, the encoder is configured to perform the determination whether the RAP picture is
to be encoded as an IRAP picture or a DRAP picture only if encoding the RAP picture as a DRAP
picture would not lead to a distance between two successive IRAP pictures in the video bitstream is

larger than a maximum distance and otherwise encode the RAP picture as an IRAP picture.

The encoder may be implemented in hardware or in software, or a combination thereof, including as
functional modules. Fig. 25 is an illustration of an implementation in software of the encoder 300. In a
particular example, the encoder 300 comprises a processor 301 and a memory 302 comprising
instructions executable by the processor 301. The processor 301 is operative to encode every nth
picture in the video stream as a RAP picture and encode the other pictures in the video stream as non-
RAP pictures as described above.
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In an embodiment, the encoder 300 also comprises an 1/O unit 303 configured to output encoded
pictures of the video bitstream. The I/O unit 303 is preferably also configured to receive pictures to be
encoded. The I/O unit 303 could be implemented as a transceiver, a receiver and a transmitter or as an

input port and an output port.

The memory 302 of the encoder 300 preferably comprises the DPB used by the processor 301 in order

to store and access reconstructed pictures during the encoding process.

In a particular embodiment, the processor 301 is operative, when executing the instructions stored in
the memory 302 to perform the above described operations. The processor 301 is thereby
interconnected to the memory 302 to enable normal software execution.

Fig. 26 represents, in an embodiment, a schematic block diagram illustrating an example of an encoder
400 comprising a processor 410, an associated memory 420 and a communication circuitry 430. In this
particular example, at least some of the steps, functions, procedures, modules and/or blocks described
herein are implemented in a computer program 440, which is loaded into the memory 420 for execution

by processing circuitry including one or more processors 410.

In an embodiment, the computer program 440 comprises instructions, which when executed by the
processor 410, cause the processor 410 to encode every nth picture in the video stream as a RAP
picture and encode the other pictures in the video stream as non-RAP pictures. The processor is also
caused to encode the every nh picture by encoding every mih RAP picture as an IRAP picture and
encoding the other RAP pictures as DRAP pictures using a respective closest preceding, according to
a decoding order, IRAP picture as sole reference picture for the DRAP picture. Each DRAP picture is
encoded as a trailing picture and constitutes a random access point in the video bitstream.

In another embodiment, the computer program 440 comprises instructions, which when executed by
the processor 410, cause the processor 410 to encode every nth picture in the video stream as a RAP
picture and encode the other pictures in the video stream as non-RAP pictures. The processor is also
caused to encode every nth picture by determining, for at least a subset of the RAP pictures, whether
the RAP picture is to be encoded as an IRAP picture or a DRAP picture based on a bit-cost difference
between encoding the RAP picture as an IRAP picture or as a DRAP picture. A DRAP picture is

encoded by the encoder using a respective closest preceding, according to a decoding order, IRAP
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picture as sole reference picture for the DRAP picture. The DRAP picture is encoded as a trailing
picture and constitutes a random access point in the video bitstream.

The embodiments described above are to be understood as a few illustrative examples of the present
5 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.
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.
10
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CLAIMS
1. A method for performing a random access operation in a video bitstream, comprising:
obtaining (S1) a dependent random access point, DRAP, picture, said DRAP picture is encoded
as a frailing picture that may be used for reference and constitutes a random access point in said video
5 bitstream;
obtaining (S2) an intra random access point, IRAP, picture of said video bitstream,;
decoding (S3) said IRAP picture;
decoding (S4) said DRAP picture using said IRAP picture as sole reference picture for said
DRAP picture; and
10 performing (S5) a random access operation at said decoded DRAP picture.

2. The method according to claim 1, wherein obtaining (S1) said DRAP picture comprises
identifying (S1) said DRAP picture in said video bitstream at least partly based on a supplemental
enhancement information, SEI, message associated with said DRAP picture.

15
3. The method according to claim 1 or 2, wherein obtaining (S2) said IRAP picture comprises
identifying (S2) said IRAP picture in a decoded picture buffer based on an identifier of said IRAP picture
present in a reference picture set of said DRAP picture.

20 4.  The method according to any of the claims 1 to 3, wherein obtaining (S1) said DRAP picture and
obtaining (S2) said IRAP picture comprise:
downloading (S10) a segment of encoded video data of said video bitstream, said segment
starting with said IRAP picture and comprises at least one DRAP picture; and
identifying (S11) said DRAP picture in said segment based on a jump forward or fast forward

25 request.

5. The method according to any of the claims 1 to 3, wherein obtaining (S1) said DRAP picture and
obtaining (S2) said IRAP picture comprise:
downloading (S20) a first part of a segment of encoded video data of said video bitstream, said
30 first part of said segment comprising said IRAP picture and said segment is identified based on a jump
forward request or a representation switch request; and
downloading (S21) a second part of said segment starting with said DRAP picture identified
based on said jump forward request or said representation switch request.
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6.  The method according to any of the claims 1 to 5, wherein decoding (S4) said DRAP picture
comprises decoding (S4) said DRAP picture using a closest preceding, according to said decoding
order, IRAP picture in said video bitstream as said sole reference picture for said DRAP picture.

5 7. The method according to any of the claims 1 to 6, further comprising decoding (S30) at least one
non-random access point, non-RAP, picture of said video bitstream following said DRAP picture in
output order and decoding order, said at least one non-RAP picture does not use any non-RAP picture
preceding said DRAP picture in decoding order in said video bitstream as reference picutre.

10 8.  The method according to claim 7, further comprising:
outputting (S32) said decoded DRAP picture; and
outputting (S33) said at least one decoded non-RAP picture.

9.  The method according to claim 8, further comprising receiving (S31) an output flag associated
15 with said IRAP picture indicating that said IRAP picture should not be output.

10.  The method according to any of the claims 1 to 3, further comprising:
receiving and decoding (S40) a current video bitstream representing a current channel;
receiving (S41) said video bitstream representing another channel; and
20 temporarily storing (S42) a most recent IRAP picture of said video bitstream or a decoded
version of said most recent IRAP picture in a memory, wherein obtaining (S1) said DRAP picture and
obtaining (S2) said IRAP picture comprise:
retrieving (S43) said most recent IRAP picture or said decoded version of said most recent IRAP
picture from said memory based on a channel switch request identifying said another channel; and
25 receiving (S44) said DRAP picture as a next DRAP picture within said video bitstream following

said channel switch request.

11. The method according to any of the claims 1 to 3, wherein
obtaining (S1) said IRAP picture comprises receiving (S50) a video bitstream comprising said
30 IRAP picture on a communication channel; and
obtaining (S2) said DRAP picture comprises:
transmitting (S51) a feedback message on a feedback channel following detection of a
corrupt or missing picture in said video bitstream, said feedback message indicating a position within
said video bitstream corresponding to said corrupt or missing picture; and
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receiving (S52) said DRAP picture generated based on said feedback message.

12. A video communication method comprising:

transmitting (S60) a video bitstream comprising at least one intra random access point, IRAP,
picture on a communication channel to a user client (100);

receiving (S61) a feedback message on a feedback channel from said user client (100), said
feedback message indicating a position within said video bitstream corresponding to a corrupt or
missing picture at said user client (100);

encoding (S62), based on said feedback message, a dependent random access point, DRAP,
picture using a previous IRAP picture in said video bitstream as sole reference picture for said DRAP
picture, said DRAP picture is encoded as a trailing picture that may be used for reference and
constitutes a random access point in said video bitstream; and

transmitting (S63) said DRAP picture to said user client (100).

13.  The method according to claim 12, further comprising transmitting (S70) at least one non-random
access point, non-RAP, picture following said DRAP picture in output order and decoding order to said
user client (100), said at least one non-RAP picture does not use any non-RAP picture preceding said
DRAP picture in decoding order in said video bitstream as reference picture.

14. A method for encoding a video stream of pictures into a video bitstream comprising:

encoding (S80) every nt" picture in said video stream as a random access point, RAP, picture
and encoding the other pictures in said video stream as non-RAP pictures, wherein encoding (S80)
said every nth picture comprises:

encoding (S81) every mih RAP picture as an intra random access point, IRAP, picture and

encoding the other RAP pictures as dependent random access point, DRAP, pictures using a
respective closest preceding, according to a decoding order, IRAP picture as sole reference picture for
said DRAP picture, each DRAP picture is encoded as a trailing picture and constitutes a random
access point in said video bitstream.

15. A method for encoding a video stream of pictures into a video bitstream comprising:
encoding (S80) every nt" picture in said video stream as a random access point, RAP, picture
and encoding the other pictures in said video stream as non-RAP pictures, wherein encoding (S80)

said every nth picture comprises:
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determining (S82), for at least a subset of said RAP pictures, whether said RAP picture is
to be encoded as an intra random access point, IRAP, picture or as a dependent random access point,
DRAP, picture based on a bit-cost difference between encoding said RAP picture as an IRAP picture or
as a DRAP picture, wherein a DRAP picture is encoded using a respective closest preceding,
according to a decoding order, IRAP picture as sole reference picture for said DRAP picture, said
DRAP picture is encoded as a trailing picture and constitutes a random access point in said video
bitstream.

16.  The method according to claim 15, wherein determining (S82) whether said RAP picture is to be
encoded as an IRAP picture or a DRAP picture comprises encoding (S83) said RAP picture as a DRAP
picture if an estimated bit cost for encoding said RAP picture as a DRAP picture is lower than an
estimated bit cost for encoding said RAP picture as an IRAP picture minus a threshold and otherwise
encoding (S84) said RAP picture as an IRAP picture.

17.  The method according to claim 15 or 16, wherein determining (S82) whether said RAP picture is
to be encoded as an IRAP picture or a DRAP picture comprises performing the determination (S82)
whether said RAP picture is to be encoded as an IRAP picture or a DRAP picture only if encoding said
RAP picture as a DRAP picture would not lead to a distance between two successive IRAP pictures in
said video bitstream is larger than a maximum distance and otherwise encoding said RAP picture as an
IRAP picture.

18.  Auser client (100, 1110, 120), wherein

said user client (100, 110, 120) is configured to obtain a dependent random access point, DRAP,
picture, said DRAP picture is encoded as a trailing picture that may be used for reference and
constitutes a random access point in said video bitstream;

said user client (100, 110, 120) is configured to obtain an intra random access point, IRAP,
picture of said video bitstream;

said user client (100, 110, 120) is configured to decode said IRAP picture;

said user client (100, 110, 120) is configured to decode said DRAP picture using said IRAP
picture as sole reference picture for said DRAP picture; and

said user client (100, 110, 120) is configured to perform a random access operation at said
decoded DRAP picture.
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19.  The user client according to claim 18, wherein said user client (100, 110, 120) is configured to
identify said DRAP picture in said video bitstream at least partly based on a supplemental
enhancement information, SEI, message associated with said DRAP picture.

20. The user client according to claim 18 or 19, wherein said user client (100, 110, 120) is configured
to identify said IRAP picture in a decoded picture buffer based on an identifier of said IRAP picture
present in a reference picture set of said DRAP picture.

21.  The user client according to any of the claims 18 to 20, wherein

said user client (100, 110, 120) is configured to download a segment of encoded video data of
said video bitstream, said segment starting with said IRAP picture and comprises at least one DRAP
picture; and

said user client (100, 110, 120) is configured to identify said DRAP picture in said segment
based on a jump forward or fast forward request.

22.  The user client according to any of the claims 18 to 20, wherein

said user client (100, 110, 120) is configured to download a first part of a segment of encoded
video data of said video bitstream, said first part of said segment comprising said IRAP picture and said
segment is identified based on a jump forward request or a representation switch request; and

said user client (100, 110, 120) is configured to download a second part of said segment starting
with said DRAP picture identified based on said jump forward request or said representation switch
request.

23.  The user client according to any of the claims 18 to 22, wherein said user client (100, 110, 120)
is configured to decode said DRAP picture using a closest preceding, according to said decoding order,
IRAP picture in said video bitstream as said sole reference picture for said DRAP picture.

24.  The user client according to any of the claims 18 to 23, wherein said user client (100, 110, 120)
is configured to decode at least one non-random access point, non-RAP, picture of said video bitstream
following said DRAP picture in output order and decoding order, said at least one non-RAP picture
does not use any non-RAP picture preceding said DRAP picture in decoding order in said video

bitstream as reference picture.

25.  The user client according to claim 24, wherein
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said user client (100, 110, 120) is configured to output said decoded DRAP picture; and
said user client (100, 110, 120) is configured to output said at least one decoded non-RAP

picture.

5 26. The user client according to claim 25, wherein said user client (100, 110, 120) is configured to
receive an output flag associated with said IRAP picture indicating that said IRAP picture should not be

output.

27.  The user client according to any of the claims 18 to 20, wherein
10 said user client (100, 110, 120) is configured to receive and decode a current video bitstream
representing a current channel;
said user client (100, 110, 120) is configured to receive said video bitstream representing
another channel;
said user client (100, 110, 120) is configured to temporarily store a most recent IRAP picture of
15 said video bitstream or a decoded version of said most recent IRAP picture in a memory;
said user client (100, 110, 120) is configured to retrieve said most recent IRAP picture or said
decoded version of said most recent IRAP picture from said memory based on a channel switch
request identifying said another channel; and
said user client (100, 110, 120) is configured to receive said DRAP picture as a next DRAP
20 picture within said video bitstream following said channel switch request.

28.  The user client according to any of the claims 18 to 20, wherein
said user client (100, 110, 120) is configured to receive a video bitstream comprising said IRAP
picture on a communication channel;

25 said user client (100, 110, 120) is configured to transmit a feedback message on a feedback
channel following detection of a corrupt or missing picture in said video bitstream, said feedback
message indicating a position within said video bitstream corresponding to said corrupt or missing
picture; and

said user client (100, 110, 120) is configured to receive said DRAP picture generated based on

30 said feedback message.

29. The user client according to any of the claims 18 to 28 comprising:
a picture provider (111) configured obtain said DRAP picture and said IRAP picture;
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a decoder (112) configured to decode said IRAP picture and said DRAP picture using said IRAP
picture as said sole reference picture for said DRAP picture; and
a random access unit (113) configured to perform said random access operation at said DRAP

picture.

30.  The user client according to any of the claims 18 to 28 comprising:

a processor (121); and

a memory (122) comprising instructions executable by said processor (121), wherein

said processor (121) is operative to obtain said DRAP picture and said IRAP picture;

said processor (121) is operative to decode said IRAP picture and said DRAP picture using said
IRAP picture as said sole reference picture for said DRAP picture; and

said processor (121) is operative to perform said random access operation at said DRAP picture.

31.  Auser client (130) comprising:

a picture provider (131) for obtaining a dependent random access point, DRAP, picture and an
intra random access point, IRAP, picture of a video bitstream, said DRAP picture is encoded as a
trailing picture that may be used for reference and constitutes a random access point in said video
bitstream;

a decoder (132) for decoding said IRAP picture and decoding said DRAP picture using said
IRAP picture as sole reference picture for said DRAP picture; and

a random access unit (133) for performing a random access operation at said decoded DRAP

picture.

32.  Avideo communication server (200, 210, 220), wherein:

said video communication server (200, 210, 220) is configured to transmit a video bitstream
comprising at least one intra random access point, IRAP, picture on a communication channel to a user
client (100);

said video communication server (200, 210, 220) is configured to receive a feedback message
on a feedback channel from said user client (100), said feedback message indicating a position within
said video bitstream corresponding to a corrupt or missing picture at said user client (100);

said video communication server (200, 210, 220) is configured to encode, based on said
feedback message, a dependent random access point, DRAP, picture using a previous IRAP picture in
said video bitstream as sole reference picture for said DRAP picture, said DRAP picture is encoded as
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a trailing picture that may be used for reference and constitutes a random access point in said video
bitstream; and

said video communication server (200, 210, 220) is configured to transmit said DRAP picture to
said user client (100).

33. The video communication server according to claim 32, wherein said video communication
server (200, 210, 220) is configured to transmit at least one non-random access point, non-RAP,
picture following said DRAP picture in output order and decoding order to said user client (100), said at
least one non-RAP picture does not use any non-RAP picture preceding said DRAP picture in decoding

10 order in said video bitstream as reference picture.

34.  The video communication server according to claim 32 or 33 comprising:
a transmitter (211) configured to transmit said video bitstream and said DRAP picture from said
user client (100);
15 a receiver (213) configured to receive said feedback message on said feedback channel from
said user client (100); and
an encoder (213) configured to encode said DRAP picture based on said feedback message.

35.  The video communication server according to claim 32 or 33 comprising:
20 a processor (221); and
a memory (222) comprising instructions executable by said processor (221), wherein
said processor (221) is operative to output said video bitstream and said DRAP picture for
transmission to said user client (100); and
said processor (221) is operative to encode said DRAP picture based on said received feedback
25 message.

36. A video communication server (230) comprising:
a transmitter (231) for transmitting a video bitstream comprising at least one intra random
access point, IRAP, picture on a communication channel to a user client (100);

30 a receiver (233) for receiving a feedback message on a feedback channel from said user client
(100), said feedback message indicating a position within said video bitstream corresponding to a
corrupt or missing picture at said user client (100); and

an encoder (232) for encoding, based on said feedback message, a dependent random access
point, DRAP, picture uing a previous IRAP picture in said video bitstream as sole reference picture for
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said DRAP picture, said DRAP picture is encoded as a trailing picture that may be used for reference
and constitutes a random access point in said video bitstream, wherein said transmitter (231) is also for
transmitting said DRAP picture to said user client (100).

37.  Anencoder (30, 300) for encoding a video stream of pictures into a video bitstream, wherein said
encoder (30, 300) is configured to encode every nth picture in said video stream as a random access
point, RAP, picture and encode the other pictures in said video stream as non-RAP pictures, wherein
said encoder (30, 300) is configured to encode said every nih picture by encoding every mih RAP
picture as an infra random access point, IRAP, picture and encoding the other RAP pictures as
dependent random access point, DRAP, pictures using a respective closest preceding, according to a
decoding order, IRAP picture as sole reference picture for said DRAP picture, each DRAP picture is

encoded as a trailing picture and constitutes a random access point in said video bitstream.

38.  Anencoder (30, 300) for encoding a video stream of pictures into a video bitstream, wherein said
encoder (30, 300) is configured to encode every nth picture in said video stream as a random access
point, RAP, picture and encode the other pictures in said video stream as non-RAP pictures, wherein
said encoder (30, 300) is configured to encode every nth picture by determining, for at least a subset of
said RAP pictures, whether said RAP picture is to be encoded as an intra random access point, IRAP,
picture or a dependent random access point, DRAP, picture based on a bit-cost difference between
encoding said RAP picture as an IRAP picture or as a DRAP picture, wherein a DRAP picture is
encoded using a respective closest preceding, according to a decoding order, IRAP picture as sole
reference picture for said DRAP picture, said DRAP picture is encoded as a trailing picture and

constitutes a random access point in said video bitstream.

39.  The encoder according to claim 38, wherein said encoder (30, 300) is configured to encode said
RAP picture as a DRAP picture if an estimated bit cost for encoding said RAP picture as a DRAP
picture is lower than an estimated bit cost for encoding said RAP picture as an IRAP picture minus a
threshold and otherwise encode said RAP picture as an IRAP picture.

40. The encoder according to claim 38 or 39, wherein said encoder (30, 300) is configured to
perform the determination whether said RAP picture is to be encoded as an IRAP picture or a DRAP
picture only if encoding said RAP picture as a DRAP picture would not lead to a distance between two
successive IRAP pictures in said video bitstream is larger than a maximum distance and otherwise

encode said RAP picture as an IRAP picture.
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41.  The encoder according to any of the claims 37 to 40 comprising:

a processor (301); and

a memory (302) comprising instructions executable by said processor (301), wherein

said processor (301) is operative to encode every nth picture in said video stream as a RAP
picture and encode the other pictures in said video stream as non-RAP pictures.

42. A computer program (440) comprising instructions, which when executed by a processor (410),
cause said processor (410) to

obtain a dependent random access point, DRAP, picture, said DRAP picture is encoded as a
trailing picture that may be used for reference and constitutes a random access point in said video
bitstream;

obtain an intra random access point, IRAP, picture of said video bitstream;

decode said IRAP picture;

decode said DRAP picture using said IRAP picture as sole reference picture for said DRAP
picture; and

perform a random access operation at said decoded DRAP picture.

43. A computer program (440) comprising instructions, which when executed by a processor (410),
cause said processor (410) to

transmit a video bitstream comprising at least one intra random access point, IRAP, picture on a
communication channel to a user client (100);

receive a feedback message on a feedback channel from said user client (100), said feedback
message indicating a position within said video bitstream corresponding to a corrupt or missing picture
at said user client (100);

encode, based on said feedback message, a dependent random access point, DRAP, picture
using a previous IRAP picture in said video bitstream as sole reference picture for said DRAP picture,
said DRAP picture is encoded as a frailing picture that may be used for reference and constitutes a
random access point in said video bitstream; and

transmit said DRAP picture to said user client (100).

44. A computer program (440) comprising instructions, which when executed by a processor (410),
cause said processor (410) to



10

15

20

25

WO 2015/192991 PCT/EP2015/057975
67

encode every nh picture in said video stream as a random access point, RAP, picture and
encode the other pictures in said video stream as non-RAP pictures, wherein said processor (410) is
caused to encode said every nth picture by encoding every mih RAP picture as an intra random access
point, IRAP, picture and encoding the other RAP pictures as dependent random access point, DRAP,
pictures suing a respective closest preceding, according to a decoding order, IRAP picture as sole
reference picture for said DRAP picture, each DRAP picture is encoded as a trailing picture and

constitutes a random access point in said video bitstream.

45. A computer program (440) comprising instructions, which when executed by a processor (410),
cause said processor (410) to

encode every nh picture in said video stream as a random access point, RAP, picture and
encode the other pictures in said video stream as non-RAP pictures, wherein said processor (410) is
caused to encode every nth picture by determining, for at least a subset of said RAP pictures, whether
said RAP picture is to be encoded as an intra random access point, IRAP, picture or a dependent
random access point, DRAP, picture based on a bit-cost difference between encoding said RAP picture
as an IRAP picture or as a DRAP picture, wherein a DRAP picture is encoded using a respective
closest preceding, according to a decoding order, IRAP picture as sole reference picture for said DRAP
picture, said DRAP picture is encoded as a trailing picture and constitutes a random access point in
said video bitstream.

46. A carrier (450) comprising a computer program (440) according to any of the claims 42 to 44,
wherein said carrier (450) is one of an electronic signal, an optical signal, an electromagnetic signal, a
magnetic signal, an electric signal, a radio signal, a microwave signal, or a computer-readable storage

medium.
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because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
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3. |:| Claims Nos.:
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Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet
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As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-14, 18-37, 41-44, 46

SEI message for signaling dependent random access pictures

2. claims: 15-17, 38-40, 45

Selection between IRAP and DRAP pictures based on bit cost
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