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1. iNTRODUCTION
This paper proposes the syntax and semantics for the concept of isolated regions. An isolated region is a solid area of macroblocks, defining the shape of the border across which loop filtering is turned off and spatial in-picture prediction is limited. The shape of isolated regions may evolve during a number of consecutive coded pictures. Temporal prediction outside the isolated regions in the reference frames may be disallowed. 

Isolated regions provide an elegant solution for many applications, such as gradual random access, error resiliency/recovery, picture in picture functionality, and coding of masked video scene transitions. 

This contribution introduces two versions of isolated regions for JVT codec, distinguished mainly by the coding order of macroblocks:

1) In IREG-D coding technique, macroblocks of an entire picture are coded in normal order (i.e., in raster scan order if no scattered slices are in use). Consequently, the coded data of isolated regions and the regions not covered by the isolated regions (called leftover regions from now on) are interleaved with each other. Moreover, some of the coded parameters of the isolated region of a picture are dependent on the coded parameters of the leftover region. Examples of such coded parameters include coded motion vectors close to the border of the isolated region. These motion vectors are predicted from the neighboring motion vectors in the leftover region (if no slice boundary intervenes the macroblocks). Abbreviation IREG-D can be interpreted so that IREG stands for isolated region and D indicates the dependency between some of the coded parameters of the isolated region and the leftover region.

2) In IREG-I coding technique, the macroblocks of the isolated region are coded first and the rest of the macroblocks are coded afterward. Consequently, the isolated region forms a separable part of coded data from the coded data of the leftover region. This property brings some benefits presented later in this paper. The latter part of the abbreviation IREG-I indicates the independency of the isolated and the leftover region.
We propose both or either of IREG-D and IREG-I techniques to the baseline profile of the JVT codec.

Section 2 introduces some of the applications of the isolated regions technique and presents the basic concepts of the isolated regions. Section 3 gives the coding solutions tackling the problems that current JVT codec imposed on isolated regions. Proposed syntax changes and the proper decoder operations are described in section 4. Section 5 compares IREG-D and IREG-I and justifies the advantages of IREG-I. 

Some of the specific techniques applying isolated regions are proposed in the accompanying contributions: JVT-C073 presents the error resiliency/recovery applications; JVT-C074 addresses the application of gradual random access; and JVT-C075 describes the solution for coding of masked scene transitions using isolated regions. 
2. isolated regions
2.1 Motivation / Applications

Independently decodable regions are needed or desirable in many applications. For example:

· Coding of intra frames has been a conventional solution for coding of random access points. Recently, it was suggested to allow random access capabilities at non-intra frames [JVT-B063]. This method is called as gradual decoder refresh or “dirty” random access, where previously coded but possibly non-received data is referred and correct picture content is recovered gradually in more than one coded pictures. We show in section 3 and in the accompanying contribution JVT-C074 that non-intra-frame random access cannot be implemented without changes in the encoder operation, in the syntax of coded data, and in the decoder operation. Furthermore, we show that isolated regions provide an elegant solution for gradual decoder refresh.
· Encoders can stop spatio-temporal error propagation of transmission errors by coding macroblocks in intra mode. The reference encoder provides a loss-aware RD-optimized macroblock mode selection algorithm (LA-RDO) for that purpose (see VCEG-N38 for details). As shown in JVT-C073, isolated regions provide similar error resiliency performance to LA-RDO in most cases. Moreover, when applied together with LA-RDO, isolated regions consistently improve the error resiliency performance of LA-RDO.
· In conversational video applications, a receiving terminal may request the far-end encoder for an intra picture refresh if the received pictures are too corrupted. Conventionally, the far-end encoder responds by coding and transmitting an intra-coded picture. In general, an intra-coded picture is more vulnerable to transmission errors and increases the end-to-end latency compared to inter-coded pictures. It is shown in JVT-C073 that isolated regions can be used to overcome these problems.
· The improved error resiliency property and the gradual decoder refresh property of isolated regions are applicable at the same time. Thus, when an encoder uses isolated regions to achieve gradual decoder refresh, it gets improved error resiliency “for free” without additional bitrate or complexity cost or vice versa.

· Coding different parts more independently means better error resilience. Slices, data partitioning, scattered slices, and many other error-robust video coding methods improve coding independences.

· Masked scene transitions are such that the second scene spatially uncovers from the first scene in gradual manner. Examples of masked scene transitions include box-in, box-out, wipes, and splits. It is demonstrated in JVT-C075 how isolated regions can be used to code masked scene transitions.

· Due to its inherent capability to turn off loop filtering in certain edges, the isolated regions technique can be used to code picture-in-picture sequences. Similarly, isolated regions can be used to any coding scenario where the capability of mixing multiple sources, such as multiple camera views or multiple participants of a conference, so that the sources do not interfere each other is needed. If IREG-I is in use, mixing of coded source streams to one stream is possible without decoding the data.

· Sub-picture coding, introduced in VCEG-O46, is a special case of the IREG-I coding technique. Previous experiments (e.g. VCEG-O46, VCEG-O57, and JVT-B040) show that when applied with unequal error protection in a multicast streaming scenario, sub-picture coding improves error resiliency and visual quality in some sequences. Further improvements in sub-picture coding are provided in JVT-C096.

2.2 Example

An example of isolated regions is shown in Figure 1, where small rectangles indicate macroblocks, and the block of small rectangles indicates a picture. Thick macroblock edges surround the isolated region in each frame. Mid-gray macroblocks indicate the growth of the isolate region. The shown frames are placed in temporal order. Thick edges, which denote the spatial borders of isolated regions, must be on macroblock borders. 

[image: image1]
Figure 1. An example of isolated regions.

2.3 Definitions

An isolated region is a solid area of macroblocks, defining the shape of the border across which loop filtering is turned off and spatial in-picture prediction is limited. A picture can contain zero or more isolated regions that must not overlap. The maximum number of isolated regions is specific to a profile and level. A maximum of two isolated regions per picture might be a suitable tradeoff between flexibility and complexity for most applications. A leftover region is the area of the picture that is not covered by the isolated region(s).

The shape of an isolated region may evolve during a number of consecutive coded pictures. The group of pictures (GOP), where the shape of the isolated region depends on the previous shape of the corresponding isolated region, and which includes the picture containing the initial isolated region coded without temporal prediction, is referred to as the group of pictures with evolutionary isolated regions (IREG GOP). The corresponding period (in coded reference frames) is called the period of evolutionary isolated regions or IREG period. The group of evolving isolated regions within an IREG GOP is referred to as a group of isolated regions (GO-IREG). Notice that if the initial picture in IREG GOP includes many isolated regions, each initial isolated region is dedicated to its own GO-IREG.

When coding an isolated region, temporal prediction outside the isolated regions in the reference frames may be disallowed. If disallowed, an isolated region must be coded so that it refers only to the pixels within the GO-IREGs of the current IREG GOP. 
As a compromise of flexibility and complexity, the evolution of the shape of an isolated region is limited as follows: At the beginning, an isolated region is a solid rectangle of macroblock(s). The region can be expanded by inserting macroblocks in definite order along one of the four sides of the rectangle. Once the isolated region becomes a rectangle again, another side of the rectangle can be picked as the subject for macroblock insertion. Note that the expansion rate may be of zero macroblocks. Figure 2 shows the first few pictures of an IREG GOP, where the isolated region has the box out clockwise shape evolution type and constant growth rate of three macroblocks. (See section 4 for more details on shape evolution types.) The notation of the figure is the same as earlier.

[image: image2.emf]
Figure 2. The first few pictures of an IREG GOP. 

3. Coding of Isolated REgions

3.1 Problems

Coding of isolated regions with the current design of the JVT codec is impossible, because loop filtering is applied across each 4x4 block boundary. Thus, leftover regions may affect the boundary blocks in an isolated region. Moreover, the current joint model software has the following shortcomings regarding isolated regions:

1. Motion vector of an isolated-region block may refer to a block in the leftover region in a previous frame. The reference picture selection enabled by multiple reference frames further complicates the situation, because isolated region is variable from picture to picture.
2. Due to the interpolation filters for fractal-pixel accurate motion compensation, the interpolated non-integer pixels residing inside but close to the border of an isolated region may be affected by leftover regions. Consequently, isolated regions in the subsequent frames may be affected.
3. For those newly added macroblocks (the mid-gray macroblocks in figures 1 and 2), the motion estimation module may find no proper motion vector due to coding constraints of isolated region and the motion vector range. This may cause crashes or other unpredictable errors in current joint model software. Forcing these macroblocks to be intra-coded can avoid the problem. However, intra coding all newly added macroblocks drops coding efficiency.
4. After a reliably reconstructed frame is obtained (when an isolated region equals to an entire frame), coding of subsequent frames (both isolated regions or leftover regions) may refer to unreliable blocks before the reliable frame.
3.2 Proposed Solutions
Loop Filtering Limitation
Loop filtering is limited so that isolated region boundaries are handled as picture boundaries, as follows: 

1) If a macroblock and the neighbouring macroblock to its left belong to different regions (i.e. one belongs to the isolated region and the other belongs to the leftover region, or they belong to different isolated regions), then the macroblock is filtered as if it were on the left picture boundary.

2) If a macroblock and the neighbouring macroblock above it belong to different regions, then the macroblock is filtered as if it were at the top macroblock row of the picture.

Limit Motion Vectors Referring to the Interior of Isolated Regions

According to the number of reference frames used for motion compensation, the shape and position information of isolated regions in consecutive frames are stored. This information is used in motion estimation. When performing full-pixel motion estimation, the motion vectors referring outside the isolated regions in corresponding reference frames are discarded without calculating the coding costs.

Limit Motion Vectors Not Referring to Affected Sub-Pixels

In current JVT codec, 1/4 or 1/8 pel accuracy is used for non-integer pel motion estimation/compensation. Different interpolation filters are used to interpolate 1/4 and 1/8 sub-pixels. 

For 1/4 pel accuracy, 1/2 sample positions are interpolated using 6-tap filtering, and 1/4 sample positions are interpolated by averaging the two nearest samples at integer or 1/2 sample position or by averaging the four nearest integer samples (the funny position). As a result, leftover regions affect sub-pixels residing inside but less than 2 integer pixels away from the border of an isolated region. This fact is taken into account in sub-pel motion estimation: motion vectors referring to blocks closer than two pixels away from the boundary of the isolated region are discarded without calculating the coding costs.

For 1/8 pel accuracy, the operation is similar to the 1/4 pel case.

Intra Coding Newly Added Macroblocks without Proper Motion Vector

When no motion vector can be found, the current JM encoder takes zero as the resulting motion vector. Then temporal prediction from outside isolated regions is introduced. Therefore, these macroblocks should be forced to intra coded. The method in the JVT software is to disable the skipping macroblock coding mode.
Coding Limitation for Frames Follow an Entire-Frame Isolated Region
Once a reliable reconstructed frame is obtained after an isolated region that equals to an entire frame, following limitations are imposed on coding of the subsequent frames: 1) New isolated regions must avoid prediction from the previous IREG GOP; 2) For leftover regions, prediction referring to leftover regions in frames prior to the reliable frame, and referring to any block in frames temporally before the previous IREG GOP should be avoided. Proper reference frame limitations and motion vector limitations similar as above are done to meet the two requirements.
4. Proposed syntax and Decoder operations

4.1 Syntax Changes

4.1.1 Parameter Set

The following parameters are added to the parameter set:

Type of Isolated Regions

Identifies whether and which type of isolated regions is in use.

None: Normal coding without an isolated region is used.
IREG-D: IREG-D is used.

IREG-I: IREG-I is used.

Number of Simultaneous Isolated Regions (NSIR)

Signals how many isolated regions exist at the same time within a picture. The value is limited by profile and level. Each initial isolated region and the corresponding GO-IREG are uniquely identified with a running number starting from 0. The identifier is referred to as the IREG ID.

For each IREG ID, the following parameters are conveyed:

Shape Evolution Type of Isolated Regions
The locations, shapes, and variation order of isolated regions are defined by this parameter. The following values are proposed:

Raster scan: The first macroblock of the isolated region is the top-left one of the picture. The isolated region grows in raster scan order.

Reverse raster scan: The first macroblock of the isolated region is the bottom-right one of the picture. The isolated region grows in reverse raster scan order.

Wipe right: The first macroblock of the isolated region is the top-left one of the picture. The isolated region grows from top to bottom. The next macroblock after the bottom macroblock of a column is the top macroblock of the column on the right side of the previous column.

Wipe left: The first macroblock of the isolated region is the bottom-right one of the picture. The isolated region grows from bottom to top. The next macroblock after the top macroblock of a column is the bottom macroblock of the column on the left side of the previous column.

Box out clockwise: Let H denote the number of coded macroblock rows of the picture and W denote the number of coded macroblocks columns of the picture. The first macroblock of the isolated region is the one having coordinates (x0, y0) = (W/2, H/2) in (x, y) coordinate system having macroblock granularity and the origo on the top-left macroblock of the picture. “/” denotes division by truncation. The growth order is defined as shown in Figure 3. 


[image: image3]
Figure 3. Growth order of box-out clockwise shape evolution.

Box out counter-clockwise: Definitions of coordinate system, variables and the arithmetic operation are same as above, (x0, y0) = [(W-1)/2, (H-1)/2]. The growth order is similar as shown in Figure 3 but in counter-clockwise direction.

Pre-defined freeform: This parameter value is accompanied with a list of macroblock numbers that define the location, shape, and growth order of the isolated region. The macroblocks are numbered in raster scan order starting from the macroblock on the top-left corner of the picture, which has number 0. Notice that the shape of the isolated region has to follow the restrictions given earlier in the contribution.

Pre-defined static rectangle: This parameter value signals that the isolated region stays the same within the IREG GOP. The value is associated with the top-left corner of the isolated region as well as the width and the height of the isolated region.

Dynamic rectangle: This parameter is present only when IREG-I is in use. This region variation mode is used for sub-picture coding. Note that herein the isolated region in any frame is a rectangle. No location, shape, or growth order of the isolated region is defined in the parameter set, but similar parameters are included in the slice header. 

Growth Rate of Isolated Region 
This parameter is obsolete if the shape evolution type is pre-defined static rectangle or dynamic rectangle. The parameter defines how many macroblocks per each picture are added to the isolated region referred to in the description of the previous parameters. There is also a specific parameter value indicating a varying growth rate. If a varying growth rate is indicated in the parameter set, the actual growth rate per frame is indicated in the slice header.

Constant rate of N (N>=1) macroblocks: The isolated region grows by N macroblocks per each picture.

Pre-defined rate: This parameter value is associated with a set of values {a1, a2, …, aN}, each defining the number of macroblocks to be added to the isolated region in one picture. N equals to the number of pictures in the IREG GOP, and a1 is the initial size of the isolated region in macroblocks. 

Varying rate: Grows rate indicated by Growth Rate of Isolated Region (GRIR) in slice header.

Independent GO-IREG Indication
Value 1 signals that, when coding an isolated region, temporal prediction outside the isolated regions in the reference frames is disallowed. This means that an isolated region must be coded so that it refers only to the pixels within the GO-IREGs of the current IREG GOP. Value 0 signals that no restrictions on temporal prediction are applied.
4.1.2 Slice Layer Syntax

The following conditional parameters are added to the slice header preferably before reference picture selection parameters:

Sequence Number of the Isolated Region (SNIR), variable-length code
This parameter is present if the parameter set indicates the use of isolated regions. Value 0 indicates that the sequence number of the current picture (SNIRb) shall be deduced from the latest transmitted SNIR value SNIRa, the corresponding picture number Pna, and the current picture number PNb as follows: SNIRb = PNb – Pna + SNIRa, where the arithmetic between picture numbers takes care of possible wrapovers. Value 1 indicates a start of a new IREG GOP and shall be transmitted at least in one of the slices of the first picture of an IREG GOP. Values greater than 0 indicate the sequence number explicitly and can be used to improve error resiliency. Note that SNIR starts from 1 instead of 0.

Shape Change of Isolated Region (SCIR), variable-length code
This parameter is present if the parameter set indicates a varying growth rate of the isolated region or if the shape evolution type of the isolated region is dynamic rectangle. Value 0 means that the growth rate or the shape, size, and location of the rectangular isolated region are the same as in any other slice of the same picture. Value 1 indicates GRIR or IRIR are the same as in the previous stored and transmitted picture. Value 2 indicates that either GRIR or IRIR follows. SCIR, GRIR, and IRIR shall be repeated for each isolated region of the picture.

Growth Rate of Isolated Region (GRIR), variable-length code
This parameter is present only if SCIR is present and equals to 2 and if the parameter set indicates a varying growth rate of the isolated region. The parameter signals the number of macroblocks added to the isolated region compared to the isolated region of the previous stored frame in coding order. 

Information about Rectangular Isolated Region (IRIR), fixed-length codes

This group of parameters is present if SCIR is present and equals to 2 and if the shape evolution type of the isolated region is dynamic rectangle. The following two codewords follow. The length of the codewords is determined by the size of the picture indicated in the parameter set.
Topleft
The macroblock number of the top-left corner of the rectangle. Macroblocks are numbered in raster scan-order starting from the top-left macroblock of the picture having number 0.

Bottomright
The macroblock number of the bottom-right corner of the rectangle. The macroblock numbering method is same as above.

4.2 Decoder Operation

4.2.1 IREG-I

If the signaled parameter set indicates the use of IREG-I, the decoder decodes a slice as defined in this section. 

If the picture number of the slice to be decoded is different from the picture number of the previously decoded slice, or if the temporal reference of the slice to be decoded is different from the temporal reference of the previously decoded slice, decoding of a new picture is started. Otherwise, decoding of the current picture is continued.

If decoding of a new picture is started, the decoder checks if a new IREG GOP is established.  If any of the isolated-region-related parameters of the parameter set have been changed, the decoder infers the start of a new IREG GOP. Similarly, if SNIR is 1, the decoder deduces the start of a new IREG GOP. When a new IREG GOP is established, the shape, size, and location of the isolated region shall be reset.

If the decoding of a new picture is started, the shape, size, and location of the isolated regions are updated (one isolated region at a time) as follows: 

· If the shape evolution type of the isolated region is non-rectangular and if the growth rate is constant, the shape, size, and location of the isolated region are calculated as if the constant number of macroblocks were added to the zero-sized isolated region SNIR times. 

· If the shape evolution type of the isolated region is non-rectangular and if the growth rate is pre-defined, SNIR indicates the number of macroblocks aSNIR to be added to the corresponding isolated region of the previous stored and transmitted picture. 

· If a pre-defined freeform type of the isolated region is in use but the growth rate is signaled for each picture separately, the shape and size of the isolated region is formed by adding GRIR macroblocks in the pre-defined order to the isolated region of the previous stored and transmitted picture. 

· If the shape evolution type is pre-defined static rectangle, its size, shape, and location are indicated in the parameter set. 

· If the shape evolution type is dynamic rectangle, the size, shape, and location of the rectangular isolated region is indicated in the slice header.

Once the shape, size, and location of the isolated regions are up to date, the macroblock address of the first macroblock of the slice identifies which isolated region the slice belongs to or if the slice belongs to the leftover region. The isolated regions of a picture shall be decoded first. 

Before decoding the coded data of a macroblock, its spatial location is calculated. The spatial macroblock order is normal (either using raster or scattered scan order) but macroblock positions falling outside the currently decoded isolated or leftover region are skipped.

Loop filtering of each macroblock shall be limited as follows:

· If the neighbouring macroblock to its left belongs to a different region (i.e. one belongs to the isolated region and the other belongs to the leftover region, or they belong to different isolated regions), then the macroblock is filtered as if it were on the left picture boundary.

· If its above neighbouring macroblock belongs to a different region, then the macroblock is filtered as if it were at the top macroblock row of the picture.
Intra pixel prediction and motion vector prediction are not applied from areas outside the isolated region being decoded.

4.2.2 IREG-D

Slice decoding when IREG-D is in use is done the same way as in IREG-I except for macroblock location decision. The spatial macroblock order is normal, and a slice may contain macroblocks from many isolated regions and from the leftover region at the same time. Notice that intra pixel prediction from intra coded blocks and motion vector prediction may happen across region boundaries.

4.3 Relation to Temporal Scalability

All signaled shape variations are relative to stored pictures only. Thus, independently disposable pictures, such as conventional B pictures, do not affect the shape evolution. However, non-stored pictures may have isolated regions.

JVT-B042 introduced the concept of enhanced GOPs. Pictures are organized in temporal scalability layers and sub-sequences. A sub-sequence represents a number of inter-dependent pictures that can be disposed without affecting the decoding of any sub-sequence in any less enhanced scalability layer. It is clear that the shape evolution of an isolated region within one layer should not depend on any more enhanced layer, as these more enhanced layers may be disposed. There are two ways to control the shape evolution: implicit and explicit. In the implicit shape evolution control, the shape, size, and location of the isolated region are deduced from the current picture number. In the explicit shape evolution control, the sequence number (SNIR) is included in the coded data stream. When enhanced GOPs and isolated regions are in use at the same time, it is recommended to use the explicit shape evolution control.

5. Comparison of IREG-I and IREG-D

Due to the similar coding method, IREG-I and IREG-D have similar computational and implementation complexities. Their coding efficiency is also very similar, which is shown in the simulation results in JVT-C074.

There are mainly two differences between IREG-I and IREG-D, resulted from the facts that in IREG-I coding of isolated regions is independent of leftover regions and coded data of isolated regions is separable.

· IREG-I enables computational and bitrate scalability. Since coding of isolated regions is independent of leftover regions, data of leftover regions can be disposed to reduce the bitrate or computational complexity. When performing gradual random access, the client needs to reconstruct only the isolated regions and a server needs to transmit only the isolated regions to the client. 

· IREG-I enables unequal error protection of different regions. The encoder can put better error protection on isolated regions than on leftover regions to improve received visual quality and to better utilize the classified transmission channels. To improve error resilience, the encoder can select to protect the isolated regions of the first frames in each IREG GOP better than the rest.
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