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Introduction 

We note a picture synch emulation that may result from a concatenation of UVLC codewords.  We describe a simple solution and propose to modify the picture synch by concatenating the UVLC codeword of length to form an enhanced synch word.  The result cannot be emulated by any concatenation of UVLC codewords.  The same process can be used to create additional synch codes.  This extends naturally to a definition of bit stuffing before the picture synch as mentioned in [1].

PSYNCH Emulation

In the current TML, the Universal Variable Length Code (UVLC) is used to represent all syntax elements.  The 31-bit codewords are reserved for picture synch codes.  The picture synch of H.26L is described in [1].  The first codeword in a picture is 31 bits long.  It works as a picture synch, but also contains 15 bits of information.  Thus picture synchs consist of UVLC codewords of length 31, Syntax 1.

Syntax 1 Picture Synch codewords

0X0X0X0X0X0X0X0X0X0X0X0X0X0X0X1

These 31-bit UVLC codewords are reserved for picture synch functionality.  If we treat the sequence of UVLC codewords as a bitstream and search for such a 31-bit pattern, it is possible to find emulations built from a concatenation of two UVLC codewords.  To see this we consider a 15-bit UVLC codeword 0Y0Y0Y0Y0Y0Y0Y1 concatenated with a 17-bit UVLC codeword 0Z0Z0Z0Z0Z0Z0Z0Z1.  The result is a 32-bit string of bits.  This has been placed below the picture synch with a one-bit offset, Syntax 2.

Syntax 2 Emulation with two UVLC codewords

 0X0X0X0X0X0X0X0X0X0X0X0X0X0X0X1

0Y0Y0Y0Y0Y0Y0Y10Z0Z0Z0Z0Z0Z0Z0Z1 

We see that if all Ys are zero, the first six Xs are zero, and the seventh X is one, the 31-bit picture synch is emulated within this 32-bit pattern.  The Z values are interpreted as payload values of the picture synch.   Other similar emulations are from different concatenations of UVLC codewords.  

Enhanced Picture Synch

Fortunately, this emulation is easily detected.  The terminating 1-bit of the previous UVLC codeword precedes a true picture synch.  These emulations are preceded with a 0-bit.  Thus to avoid emulation problems, without parsing the bitstream to find UVLC codeword boundaries, it is sufficient to look for the 32-bit pattern consisting of a 1-bit followed by a 31-bit picture synch.   A difficulty with this approach is that we must look at one bit from the preceding UVLC codeword.  A simple solution is to form an enhanced picture synch by concatenating the 1-bit UVLC codeword with the existing picture synch, Syntax 3.  The result is a pattern that cannot be emulated by concatenations of UVLC codewords.  With this change to the syntax, the decoder must discard this additional codeword placed before the picture synch.  

Syntax 3 proposed 32-bit Picture Synch codewords

10X0X0X0X0X0X0X0X0X0X0X0X0X0X0X1

Padding

Our solution to these emulation problems is similar to the padding called for in [2].  Here for purposes of network transmission or storage, decoders must be capable of coping with 1-padding used to align picture headers to byte or dword boundaries.  The bitstream can contain 1-bits used to align the 31-bit picture synch.  Our proposal differs slightly in that the 31-bit picture synch is replaced by a 32-bit pattern consisting of one padding bit followed by the 31-bit picture synch.  In addition to the padding bits inserted for network alignment, the encoder MUST insert 1 padding bit to prevent emulation.  This 32-bit pattern is aligned at byte or dword boundaries.  The use of 1 padding bits is compatible with the UVLC structure.  The padding in [2] limits the stuffing to dword alignment, 31 padding bits.  We relax this assumption and allow an arbitrary number of 1 padding bits to be inserted by either the encoder or network adaptation layer.  As an example this additional stuffing can be used to complete FEC cells when the network layer uses a fixed FEC cell size.  The decoder must discard all stuffing bits before a picture synch.  A diagram of the modified syntax is shown at the end of this contribution.
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Proof of uniqueness of enhanced picture synch

We show that the enhanced picture synch is unique within a stream of UVLC codewords.  Within a UVLC code stream each bit can be either a synchronization bit or a data bit.  We know that the existing 31-bit picture synch codewords have a unique pattern of synchronization bits.  Emulation arises when data bits are misinterpreted as synchronization bits and the synchronization pattern of the picture synch is detected.  With the enhanced picture synch this misinterpretation is avoided.  The presence of the 1-bit UVLC codeword guarantees that the next bit is a synchronization bit.

Consider a string of 32 bits,
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equaling an enhanced start code.  It is unknown which bits are synchronization bits and which bits are data bits.  

Observe X0=’1’ since this is the 1-bit UVLC codeword.

Note that X1 must be a synchronization bit.  If X0 is a synchronization bit it marks the end of a codeword and the next codeword begins with first synchronization bit X1.  Conversely, if X0 is a data bit then X1 is a synchronization bit since data bits and synchronization bits alternate.

The synchronization bits have been properly identified within 
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The synchronization pattern cannot be duplicated by a concatenation of shorter UVLC codewords.

Modified Syntax Diagram:
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