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1. Introduction
The purpose of this contribution is to propose a quick error recovery mechanism by introducing a new picture type “Reference Picture (R-picture/R-frame)”. Periodical Intra refresh or demand refresh are used for error recovery in conventional schemes. However, intra refresh causes degradation on coding efficiency for error free case. Demand refresh requires real-time encoding and thus not applicable for streaming services. Recently, some feedback mechanisms such as RTCP feedback have been provided. The proposed method utilizes such feedback mechanism and sends intra pictures for refresh only when the error happened. Also, the method is applicable to streaming services, since the R-picture is embedded with other ordinary frames. In contrast to the conventional intra refresh frame, signals after motion compensation is intra coded in the R-picture. This enables a perfect reconstruction without drift when used with the SP-frame. 

2. Proposed method

The basic idea here is to provide a new picture type, called “Reference Picture (R-picture/R-frame)” for error recovery purpose. R-picture is generated by intra encoding the motion compensated frame instead of the input frame. The R-pictures are embedded in a stream. The server does not send the R-picture for normal error-free case, but sends it when error happens on the network. The decoder replaces the frame memory with decoded R-picture. 
Figure 1 shows the block diagram of the overall system. The server has a switcher that parses the picture type and decides whether or not to send R-picture. Figure 2 shows the encoder diagram. The motion compensated reference frame is intra encoded to produce an R picture and the coded R-picture stream is multiplexed with normal code-streams. Intra coding itself, except for its input signal, is identical to that of TML9. Figure 3 shows the decoder diagram. When the decoder receives an R picture, the next P picture is decoded without motion compensation since R picture is the motion compensated image. And the decoder does not output the decoded R picture.
Figure 4 shows the frame relationship at the sender. And Figure 5 shows the frame relationship at the decoder. The R-picture is not used for normal decoding (error free case) since it is just additional data. Therefore, the server would not send R-pictures (R5 in Figure 4). When the server receives a report indicating that the client encounters an error, the server switches to the next R-picture (R5) instead of P-pictures (P4) and sends it. The client decodes the R-picture (R5) and replaces the frame memory with it. 
The decision method for R-picture insertion in the encoder is outside the scope of the standard. Decoder that does not support R-pictures does not need to decode them but just to recognize R-picture’s picture type and skip them. 

Moreover, the combination with SP-picture enables drift-free reconstruction of the reference picture.
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Figure 1 system overview
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Figure 2 encoder overview
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Figure 3 decoder overview
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Figure 4 frame relationship in sender
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Figure 5 frame relationship in decoder

3. Advantages
 The followings are the advantages of the proposal.

· No change on the core coding algorithm

· Applicable also for streaming services (non real-time encoding)
· Required operation for the server is switching the stream by parsing the picture type
· The code-stream sent to the decoder under an error free condition is identical to the normal stream.

· The whole size of code-stream stored in the server is less than that of other methods such as multiple stream switching, since only R-pictures are required. 

· Perfect reconstruction is achieved when used in combination with SP-picture.
4. Conclusion

We proposed a new frame type called “R-picture” in order for quickly recovery from error (e.g. packet loss). This scheme is applicable for streaming service. R-pictures are sent only when error happens, the code-stream sent to the client for error free case stays same as the normal case. Therefore, the size of the sent code-stream does not increase unlike periodical intra refresh. In addition, combination with SP pictures enables perfect drift-free reconstruction.
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