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Abstract
This document provides comments on the V-PCC reference software, and aim to open a discussion on the software design, current bottlenecks, and some improvement suggestions.
1 V-PCC TMC2 software
The TMC2 reference software is available in (http://mpegx.int-evry.fr/software/MPEG/PCC/TM/mpeg-pcc-tmc2.git). The figure below shows a typical bitstream produced by the software.
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Figure 1: V-PCC bitstream structure

In order to generate the bitstream, the reference software utilizes a class called PCCContext. This class has some members that are used during encoding, like the buffers for holding the input mapped patches video stream, and their respective encoded bitstreams. The figure below depicts the structure of the PCCContext class.
[image: ]
Figure 2: Strcuture of PCCContext class

2 General comments for further improvement and readibility for V-PCC TMC2 v8.0
[MISMATCH BETWEEN SOFTWARE AND DIS TEXT]
Recent adoptions to the V-PCC standard lead to a mismatch between the current reference software [2] and the DIS specification [3]. Even though there has been a tremendous effort to update the software according to the DIS text, some issues in the latest available reference software still remain. For example, the size of the atlas in the ASPS is represented by the software using 8 bits, while the spec defines 16 bits. We recommend checking the syntax elements and the variables used in the software to represent them.
[ISSUES IDENTIFIED BY BART]
Many other issues have been pointed out by Bart Kroon, from Philips, who has been implementing the DIS text on a separate software branch (http://mpegx.int-evry.fr/software/MPEG/MIV/CE/CE1/tree/m52350). For instance, the function to encode an exp golomb variable is not corresponding to the table defined by the specification and the reference software is not writing the correct NAL unit size in the NAL sample stream syntax element.
[SOFTWARE READABILITY]
Additionaly, the V-PCC software incorporates several encoding strategies that were adopted in the past two years (see [1] for a description of the algorithms in the TMC2 reference software), but are not in the Common Test Conditions. Some of proposed techniques are called using if clauses, which increases the size of the functions and severely affects the readability of the code. For example, the function void PCCPatchSegmenter3::segmentPatches has almost 1500 lines of code. Furthermore, syntax elements functions and SEI messages are all defined in the same PCCContext.h file, which currently has over 3000 lines of code. 
[VERIFICATION OF CODING ALGORITHMS NOT IN CTC]
Some of the previously implemented coding techniques are broken in the current software. In the case of 45 degree projection, the decoder does not reconstruct the patches correctly. The implementation of the patch precendence is changing the order of patches at the decoder side as well, affecting the low delay encoding.  We recommend that the proponents of their technique run cross-checks to verify if the algorithm implemented in the latest software is still working.
[LEGACY SYNTAX ELEMENTS]
The software is still inserting inexisting syntax elements into the bitstream. For example, at the end of the VPC structure, three syntax elements (LosslessGeo444 flag, LosslessGeo flag and MinLevel) are being inserted, even though they are not part of the V-PCC specification. The group should evaluate the necessity of those syntax elements, and propose ways to remove them. For example, MinLevel syntax element can be derived from the syntax element in the atlas group tile header ( MinLevel = pow ( 2, atgh.getAtghPosMinZQuantizer() )).
3 Suggestions for more generalized frame/atlas
[POC, LIST MANAGEMENT AND MULTIPLE ATLAS]
One of the advantages of the NAL concept is the use of different prediction structures and many other advanced techniques introduced in video encoding. Nevertheless, the software structure is not exercising this capability, and has some fixed elements, like the prediction structure of patches (referencing always to the previous frame, since there is no frame reordering) or the tile size (only one single tile). We encourage the group to consider implementations that allow for a more flexible coding structure, by using the POC concept introduced in the DIS text, and also a class to manage the list of parameters in the NAL sample stream and V-PCC sample stream. For instance, in the current software only one type of NAL is being used (NAL_TSA). The picture below shows an example of a NAL bitstream with other types of NAL units, in the correct ordering
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Figure 3: Example of NAL sample bitstream

[bookmark: _Hlk29288553]The DIS specification allows for the usage of several atlases, but the implementation is fixed to only one single atlas. We recommend the group to see the implementation in  https://gitlab.com/mpeg-i-visual/vpcc_miv_m51044, where mutliple atlases are being used. The implementation also uses a different content structure, to accommodate the multiple atlas coding, as shown in the figure below
[image: ]
Figure 4: PCCContext class in the modified V-PCC software for multiple atlases

Such class correctly generates bitstreams like shown below.
[image: ]
Figure 5: Example of V-PCC bitstream using multiple atlases

4 Suggestions for sample stream implementation 
[CLASS FOR AUTOMATIC SIZE CALCULATION]
Generation of the V-PCC or NAL unit sample stream format starts with a sample stream header followed by of a sequence of sample stream V-PCC unit or NAL unit syntax structures. The sample stream V-PCC or NAL header contains a syntax element, “ssvh_unit_size_precision_bytes_minus1” or “ssnh_unit_size_precision_bytes_minus1”, which is used to specify the precision, in bytes, of the “ssvu_vpcc_unit_size” or “ssnu_nal_unit_size” syntax element in each sample stream V-PCC or NAL units. The “ssvu_vpcc_unit_size” or “ssnu_nal_unit_size” syntax element is used to specify the size of each one V-PCC or NAL unit  syntax structure that follows. The current TM implementation of sample stream format for V-PCC and NAL units, a two-path approach is taken: First path finds the maximum size of sample stream V-PCC/NAL unit structures. Second path forms the sample stream header by setting its unit size precision based on this max value. It then creates a sequence of sample stream unit. We propose to re-design V-PCC and NAL unit sample stream format classes that avoids this two-path approach by calculating the size precision at each instance of sample stream unit syntax structure.
An example of how this is done for V-PCC sample stream format is shown in Annex A. Similar approach can also be applied to sample stream format for NAL units.
A side benefit of this approach for V-PCC and NAL unit sample stream format is the ease for ordering/reordering  of the units according to their specific types.
5 Suggestions for Support of Multiple Tile Groups and AFOC Based NAL Unit Type  Identification
Current TM implementation number of tile groups is limited to a single tile group for an atlas frame. Moreover, in its present implementation it lacks the support for AFOC based NAL unit type identification as well to the cases whereas reordering of atlas frame inputs may become necessary i.e. hierarchical P. 
In Annex B, we are showing a sample code implementation of some of these aspects. More work is needed, however.
6 Suggestions for Creation of a Parameter Set Manager Class
In current implementation of TM, flexibility does not exist for managing ASPS and AFPS order of RBSPs and their activation. We suggest, similar to VVC, to introduce and use a “ParameterSetManager” class as described in Annex C. This class is implemented as a member of context.h.
7 Conclusion
Here we present some suggestions for bug fixes and improvement of the V-PCC reference software. We encourage the group to have a separate session to identify the open issues with the current software and to organize a force task to improve the reference software including the support of temporal ids greater than 0, for hierarchical P support, etc.
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Annex A

/ 7.3.2 V-PCC unit syntax
class VpccUnit {
 public:
  VpccUnit() {}
  VpccUnit( VPCCUnitType type ) : vpccUnitType_( type ) {}
  ~VpccUnit() {
    vpccUnitBitstream_.clear();
  }

  void setVpccUnitSize( size_t value ) { vpccUnitSize_ = value; }
  void setVpccUnitSize() { vpccUnitSize_ = vpccUnitDataBitstream_.size(); }
  size_t getVpccUnitSize() { return vpccUnitSize_; }
  
  void setVpccUnitDataBitstream( PCCBitstream& bitstream, VPCCUnitType unitType ) {
    vpccUnitDataBitstream_ = bitstream;
    vpccUnitSize_          = bitstream.size();
    vpccUnitType_          = unitType;
  }
  PCCBitstream& getVpccUnitDataBitstream() {
    vpccUnitDataBitstream_.beginning();
    return vpccUnitDataBitstream_;
  }
  void allocate() { vpccUnitDataBitstream_.initialize( vpccUnitSize_ ); }
  void setVpccUnitData( size_t index, uint8_t data ) { *( vpccUnitBitstream_.buffer() + index ) = data; }
  uint8_t getVpccUnitData( size_t index ) { return *( vpccUnitBitstream_.buffer() + index ); }
  PCCBitstream&         getVpccUnitBitstream() { return vpccUnitBitstream_; }

  void initialize( size_t size, uint8_t* data, VPCCUnitType unitType ) {
    vpccUnitSize_ = size;
    if ( size > 0 ) {
      vpccUnitBitstream_.initialize( size );
      memcpy( vpccUnitBitstream_.buffer(), data, size * sizeof( uint8_t ) );
    }
    vpccUnitType_ = unitType;
  }

  void initialize( std::vector<uint8_t> data, VPCCUnitType unitType ) {
    vpccUnitSize_ = data.size();
    if ( vpccUnitSize_ > 0 ) { vpccUnitBitstream_.initialize( data ); }
    vpccUnitType_ = unitType;
  }

#endif
  void         getVpccUnitHeader() {}  // read 32 bits
  void         getVpccUnitPayload() {}
  VPCCUnitType getVpccUnitType() { return vpccUnitType_; }

  void setVpccUnitType( size_t value ) { vpccUnitType_ = (VPCCUnitType)value; }
  void setVpccUnitType( VPCCUnitType value ) { vpccUnitType_ = value; }

  static uint32_t getMaxVpccUnitSize() { return maxVpccUnitSize_; }
  static void     setMaxVpccUnitSize( uint32_t val ) { maxVpccUnitSize_ = val; }

 private:
  VPCCUnitType vpccUnitType_;  // jkei: just for humane reason..
  size_t       vpccUnitSize_;
  PCCBitstream    vpccUnitBitstream_;
  static uint32_t maxVpccUnitSize_;
};
class SampleStreamVPCCU : public std::list<VpccUnit*> {
 public:
  ~SampleStreamVPCCU() {
    for ( SampleStreamVPCCU::iterator it = this->begin(); it != this->end(); it++ ) { delete *it; }
  }
  size_t getMaxVpccUnitSize() { return this->front()->getMaxVpccUnitSize(); }
  size_t getVpccUnitCount() { return this->size(); }

  uint32_t getSsvhUnitSizePrecisionBytesMinus1() { return ssvhUnitSizePrecisionBytesMinus1_; }
  void     setSsvhUnitSizePrecisionBytesMinus1( uint32_t value ) { ssvhUnitSizePrecisionBytesMinus1_ = value; }

 private:
  uint32_t ssvhUnitSizePrecisionBytesMinus1_;
};

int32_t PCCBitstreamEncoder::writeVpccUnit( PCCContext&        context,
                                             SampleStreamVPCCU& ssvu,
                                             VPCCUnitType       vpccUnitType,
                                             int                atlasIdx ) {
  VpccUnit      vpccU( vpccUnitType );
  PCCBitstream& bitstream = vpccU.getVpccUnitBitstream();

// write V-PCC header
  bitstream.write( vpccUnitType, 5 );  // u(5)
  if ( vpccUnitType == VPCC_AVD || vpccUnitType == VPCC_GVD || vpccUnitType == VPCC_OVD || vpccUnitType == VPCC_AD ) {
    auto& vpccPL = context.getVpccUnitHeader( (int)vpccUnitType - 1 );
    bitstream.write( (uint32_t)vpccPL[atlasIdx].getVpccParameterSetId(), 4 );  // u(4)
    bitstream.write( (uint32_t)vpccPL[atlasIdx].getAtlasId(), 6 );             // u(6)
  }
  if ( vpccUnitType == VPCC_AVD ) {
    auto& vpccH = context.getVpccUnitHeaderAVD( atlasIdx );
    bitstream.write( (uint32_t)vpccH.getAttributeIndex(), 7 );           // u(7)
    bitstream.write( (uint32_t)vpccH.getAttributeDimensionIndex(), 5 );  // u(5)
    bitstream.write( (uint32_t)vpccH.getMapIndex(), 4 );                 // u(4)
    bitstream.write( (uint32_t)vpccH.getRawVideoFlag(), 1 );             // u(1)
  } else if ( vpccUnitType == VPCC_GVD ) {
    auto& vpccH = context.getVpccUnitHeaderGVD( atlasIdx );
    bitstream.write( (uint32_t)vpccH.getMapIndex(), 4 );      // u(4)
    bitstream.write( (uint32_t)vpccH.getRawVideoFlag(), 1 );  // u(1)
    bitstream.write( (uint32_t)0, 12 );                       // u(12)
  } else if ( vpccUnitType == VPCC_OVD || vpccUnitType == VPCC_AD ) {
    bitstream.write( (uint32_t)0, 17 );  // u(17)
  } else {
    bitstream.write( (uint32_t)0, 27 );  // u(27)
  }

  // write V-PCC unit payload
  if ( vpccUnitType == VPCC_VPS ) {
#ifdef BITSTREAM_TRACE
    bitstream.setTrace( true );
    bitstream.setTraceFile( traceFile_ );
    bitstream.trace( "PCCBitstreamXXcoder::XXcode(VPS)\n" );
#endif
    auto& vps = context.getVPS( 0 );  // ajt:: needs to be generalized, later!
    vpccParameterSet( vps, context, bitstream );
  } else if ( vpccUnitType == VPCC_AD ) {
    atlasSubStream( context, bitstream );
  } else if ( vpccUnitType == VPCC_OVD || vpccUnitType == VPCC_GVD || vpccUnitType == VPCC_AVD ) {
    videoSubStream( context, bitstream, vpccUnitType );
  }
  ssvu.push_back( &vpccU );
  auto val = ( int32_t )( ssvu.back()->getVpccUnitSize() ) * 8;
  vpccU.setVpccUnitSize( val );
  if ( vpccU.getMaxVpccUnitSize() < val ) vpccU.setMaxVpccUnitSize( val );
  return val;
}

int PCCBitstreamEncoder::write( SampleStreamVPCCU& ssvu, PCCBitstream& bitstream ) {
  TRACE_BITSTREAM( "PCCBitstreamXXcoder: SampleStream Vpcc Unit start \n" );
  uint32_t maxUnitSize = ssvu.getMaxVpccUnitSize();
  uint32_t precision =
      ( uint32_t )( min( max( (int)ceil( (double)getFixedLengthCodeBitsCount( maxUnitSize ) / 8.0 ), 1 ), 8 ) - 1 );
  ssvu.setSsvhUnitSizePrecisionBytesMinus1( precision );
  sampleStreamVpccHeader( bitstream, ssvu );
  TRACE_BITSTREAM( "UnitSizePrecisionBytesMinus1 %d <=> %d / 8 - 1\n", precision,
                   getFixedLengthCodeBitsCount( maxUnitSize ) );
  for ( auto& vpccUnit : ssvu ) {
    TRACE_BITSTREAM( "%s \n", __func__ );
    bitstream.write( uint32_t( vpccUnit->getVpccUnitSize() ),
                     8 * ( ssvu.getSsvhUnitSizePrecisionBytesMinus1() + 1 ) );  // u(v)
    TRACE_BITSTREAM( "vpccUnitType: %hhu VpccUnitSize: %zu\n", (uint8_t)vpccUnit->getVpccUnitType(),
                     vpccUnit->getVpccUnitSize() );
    bitstream.copyFrom( vpccUnit->getVpccUnitBitstream(), 0, vpccUnit->getVpccUnitSize() );
  }
  TRACE_BITSTREAM( "PCCBitstreamXXcoder: SampleStream Vpcc Unit start done \n" );
  return 0;
}
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std::cout << "Compressing group of frames " << contextIndex << ": " << startFrameNumber << " -> " << endFrameNumber
              << ": " << afocLast << "..." << std::endl;

    int ret = encoder.encode( afocLast, sources, context, ssvu, reconstructs);


int PCCEncoder::encode( int afocLast, const PCCGroupOfFrames& sources,
                        PCCContext&             context,
                        SampleStreamVPCCU&      ssvu,
                        PCCGroupOfFrames&       reconstructs) {
  int    ret                                  = 0;
  size_t pointLocalReconstructionOriginal     = params_.pointLocalReconstruction_;
  size_t layerCountMinus1Original             = params_.mapCountMinus1_;
  size_t singleLayerPixelInterleavingOriginal = params_.singleMapPixelInterleaving_;
  if ( params_.nbThread_ > 0 ) { tbb::task_scheduler_init init( (int)params_.nbThread_ ); }


initializeVPS( context.getVPS() ); // ajt :: this is done because context is instantiated in the loop we could otherwise do it once!
  initializeASPS( context.getASPS() );
  initializeAFPS( context.getAFPS() );

  if ( seqFirst_ ) 
	  gofSize_ = 1;
  else
    gofSize_ = params_.groupOfFramesSize_;

  // end
  std::printf( "Encoder start \n" );
  std::fflush( stdout );
  ret |= encode( afocLast, sources, context, reconstructs );


void PCCEncoder::initializeContext( int afocLast, PCCContext& context) {

  std::printf( "Context Encoder Param \n" );
  std::fflush( stdout );

  context.setOccupancyPackingBlockSize( params_.occupancyResolution_ );
  auto& frames = context.getFrames();
  int   afocCurr;
  size_t atlasIndex = 0; // ajt:: need to generalize to more than one atlas index, later by using frmIdx below,instead?

  for ( size_t frmIdx = 0; frmIdx < frames.size(); frmIdx++ ) {  // ajt:: changed params_.frameCount_ to number of frames per GOF
frames[frmIdx].setLosslessGeo( params_.losslessGeo_ );
frames[frmIdx].setLosslessGeo444( params_.losslessGeo444_ );
frames[frmIdx].setRawPatchEnabledFlag( context.getVPS().getRawPatchEnabledFlag(atlasIndex) );
frames[frmIdx].setUseMissedPointsSeparateVideo( params_.useMissedPointsSeparateVideo_ );
frames[frmIdx].setGeometry3dCoordinatesBitdepth( context.getGeometry3dCoordinatesBitdepth() );
    frames[frmIdx].setGeometry2dNorminalBitdepth(
          context.getVPS().getGeometryInformation( atlasIndex ).getGeometryNominal2dBitdepthMinus1() + 1 );
    frames[frmIdx].setMaxDepth(
          ( 1 << ( context.getVPS().getGeometryInformation( atlasIndex ).getGeometryNominal2dBitdepthMinus1() + 1 ) ) -
          1 );

afocCurr = afocLast == 0 ? 0 : afocLast - params_.groupOfFramesSize_ + params_.gofList_[frmIdx].afoc_;
    if ( getNalUnitType( afocCurr) == NAL_IDR_W_RADL ||
         getNalUnitType( afocCurr) == NAL_IDR_N_LP ) {
      lastIDR_ = afocCurr;
}
 

auto& afps        = context.getAFPS();  // ajt :: place holder to generalize to need to more than one AFPS!
auto& afti        = afps.getAtlasFrameTileInformation();
bool  uniformFlag = afti.getUniformTileSpacingFlag();
int   numTileGrps = ( uniformFlag )
                          ? ( afti.getNumTileColumnsMinus1() + 1 ) * ( afti.getNumTileRowsMinus1() + 1 )
                          : afti.getNumTileGroupsInAtlasFrameMinus1() + 1;  // ajt:: need to work it out later
context.getAtlasFramesTileGroupLayers().resize( frmIdx + 1 );
context.getAtlasTileGroupLayerList( frmIdx ).clear();
       for ( size_t grpIdx = 0; grpIdx < numTileGrps; grpIdx++ ) {
      context.getAtlasTileGroupLayerList( frmIdx ).push_back( AtlasTileGroupLayerRbsp());
      auto& atgl = context.getAtlasTileGroupLayerList( frmIdx ).back();
      auto& atgh = atgl.getAtlasTileGroupHeader();
	  // ajt :: need to set atgh_address & atgh_type
      atgh.setAtghAtlasFrameParameterSetId( 0 );//ajt:: need to generalize to more than one parameter set?
      atgh.setAtghAtlasSequenceParameterSetId(0);//ajt:: need to generalize
      atgh.setAtghFrameOrderCount( afocCurr );
      atgh.setAtghLastIDR( lastIDR_ );
      atgh.setAtghNalUnitType( getNalUnitType( afocCurr) );
      atgh.setAtghGroupIndex( grpIdx );
      atgh.setAtghPosMinZQuantizer( uint8_t( std::log2( params_.minLevel_ ) ) );
      atgh.setAtghPosDeltaMaxZQuantizer( uint8_t( std::log2( params_.minLevel_ ) ) );
      atgh.setAtghPatchSizeXinfoQuantizer( 0 );  // new : to be quantizerSizeU_
      atgh.setAtghPatchSizeYinfoQuantizer( 0 );  // new : to be quantizerSizeV_
      if ( afps.getAfpsRaw3dPosBitCountExplicitModeFlag() )
        atgh.setAtghRaw3dPosAxisBitCountMinus1( 0 );  //
      else
        atgh.setAtghRaw3dPosAxisBitCountMinus1( params_.geometry3dCoordinatesBitdepth_ -
                                                params_.geometryNominal2dBitdepth_ - 1 );
      atgh.setAtghNumRefIdxActiveOverrideFlag( 0 );

      atgh.setAtghRefAtlasFrameListSpsFlag( true );
      atgh.setAtghRefAtlasFrameListIdx( 0 );
    }
  }

  // Encoder only data

  context.setOccupancyPrecision( params_.occupancyPrecision_ );
  context.setOccupancyPackingBlockSize( params_.occupancyResolution_ );
  context.setModelScale( params_.modelScale_ );
  context.setModelOrigin( params_.modelOrigin_ );
  context.setMPGeoWidth( params_.textureMPSeparateVideoWidth_ );
  context.setMPAttWidth( params_.textureMPSeparateVideoWidth_ );
  context.setMPGeoHeight( 0 );
  context.setMPAttHeight( 0 );
  context.setGeometry3dCoordinatesBitdepth( params_.geometry3dCoordinatesBitdepth_ );
  context.setDecodingRefreshType( params_.decodingRefreshType_ );
  context.setGofSize( params_.groupOfFramesSize_ );
  size_t numPlrm =
      params_.pointLocalReconstruction_
          ? ( std::max )( (size_t)1, ( std::min )( params_.plrlNumberOfModes_, g_pointLocalReconstructionMode.size() ) )
          : 1;
  for ( size_t i = 0; i < numPlrm; i++ ) {
    context.addPointLocalReconstructionMode( g_pointLocalReconstructionMode[i] );
  }
  // Lossy occupancy map
  context.getOffsetLossyOM()    = params_.offsetLossyOM_;
  context.getPrefilterLossyOM() = params_.prefilterLossyOM_;
}

NalUnitType PCCEncoder::getNalUnitType( int afocCurr) {
  if ( afocCurr == 0 ) { return NAL_IDR_N_LP; }
  if (params_.decodingRefreshType_ != 3 && (afocCurr % gofSize_) ) { // ajt :: can be changed later!
    if ( params_.decodingRefreshType_ == 1 ) {
      return NAL_CRA;
    } else if ( params_.decodingRefreshType_ == 2 ) {
      return NAL_IDR_W_RADL;
    }
  }
  if ( afocCRA_ > 0 ) {
    if ( afocCurr < afocCRA_ ) return NAL_RASL;
  }
  if ( lastIDR_ > 0 ) {
    if ( afocCurr < lastIDR_ ) return NAL_RADL;
  }
  return NAL_TRAIL;
};


struct GOFEntry {
  int afoc_;
  PCCAtlasTileGroupType tglType_;
  GOFEntry() : afoc_( -1 ), tglType_( TILE_GROUP_P ) {}
};

//GOF List defined @ PCCParametersEncoder.h

  std::vector<GOFEntry> gofList_;




        Type AFOC            temporal_id #ref_pics_active    #ref_pics    reference Atlases   

Atlas1:  P   16                  0           2                3         -16 -24 -32            
Atlas2:  P    8                  1           2                3         -8  -16   8            
Atlas3:  P    4                  2           2                4         -4  -12   4  12        
Atlas4:  P    2                  3           2                5         -2  -10   2   6  14    
Atlas5:  P    1                  4           2                5         -1    1  3    7  15    
Atlas6:  P    3                  4           2                5         -1   -3   1   5  13    
Atlas7:  P    6                  3           2                4         -2   -6   2  10       
Atlas8:  P    5                  4           2                5         -1   -5   1   3  11    
Atlas9:  P    7                  4           2                5         -1   -3  -7   1   9    
Atlas10: P   12                  2           2                3         -4  -12   4            
Atlas11: P   10                  3           2                4         -2  -10   2   6        
Atlas12: P    9                  4           2                5         -1   -9   1   3   7    
Atlas13: P   11                  4           2                5         -1   -3 -11   1   5    
Atlas14: P   14                  3           2                4         -2   -6 -14   2      
Atlas15: P   13                  4           2                5         -1   -5 -13   1   3    
Atlas16: P   15                  4           2                5         -1   -3 -7  -15   1  
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class PCCPSManager {
 public:
  PCCPSManager();
  virtual ~PCCPSManager();

  VPS&  allocateVPS( int psId ) { return ( *( vpsMap_.allocatePS( psId ) ) ); };
  ASPS& allocateASPS( int psId ) { return ( *( aspsMap_.allocatePS( psId ) ) ); };
  AFPS& allocateAFPS( int psId ) { return ( *( afpsMap_.allocatePS( psId ) ) ); };

  size_t getVPSSize() { return vpsMap_.getPSMapSize(); }
  size_t getASPSSize() { return aspsMap_.getPSMapSize(); }
  size_t getAFPSSize() { return afpsMap_.getPSMapSize(); }

  void storeVPS( VPS* sps, const std::vector<uint8_t>& naluData ) {
    vpsMap_.storePS( sps->getVpccParameterSetId(), sps, &naluData );
  };

  VPS* getVPS( int vpsId ) { return vpsMap_.getPS( vpsId ); };
  bool getVPSChangedFlag( int vpsId ) const { return vpsMap_.getChangedFlag( vpsId ); }
  void clearVPSChangedFlag( int vpsId ) { vpsMap_.clearChangedFlag( vpsId ); }
  VPS* getFirstVPS() { return vpsMap_.getFirstPS(); };

  void storeASPS( ASPS* ASPS, const std::vector<uint8_t>& naluData ) {
    aspsMap_.storePS( ASPS->getAtlasSequenceParameterSetId(), ASPS, &naluData );
  };

  ASPS* getASPS( int ASPSId ) { return aspsMap_.getPS( ASPSId ); };
  bool  getASPSChangedFlag( int ASPSId ) const { return aspsMap_.getChangedFlag( ASPSId ); }
  void  clearASPSChangedFlag( int ASPSId ) { aspsMap_.clearChangedFlag( ASPSId ); }
  ASPS* getFirstASPS() { return aspsMap_.getFirstPS(); };

  void storeAFPS( AFPS* AFPS, const std::vector<uint8_t>& naluData ) {
    afpsMap_.storePS( AFPS->getAtlasFrameParameterSetId(), AFPS, &naluData );
  };

  AFPS* getAFPS( int AFPSId ) { return afpsMap_.getPS( AFPSId ); };
  bool  getAFPSChangedFlag( int AFPSId ) const { return afpsMap_.getChangedFlag( AFPSId ); }
  void  clearAFPSChangedFlag( int AFPSId ) { afpsMap_.clearChangedFlag( AFPSId ); }
  AFPS* getFirstAFPS() { return afpsMap_.getFirstPS(); };

  // bool           activateAFPS(int AFPSId, bool isIRAP);
  const AFPS* getActiveAFPS() const { return afpsMap_.getPS( activeAFPSId_ ); };

 protected:
  ParameterSetMap<VPS>  vpsMap_;
  ParameterSetMap<ASPS> aspsMap_;
  ParameterSetMap<AFPS> afpsMap_;

  int activeAFPSId_;  // -1 for nothing active
};









template <class T>
class ParameterSetMap {
 public:
  template <class Tm>
  struct MapData {
    bool                  changedFlag_;
    std::vector<uint8_t>* naluData_;  // Can be null
    Tm*                   parameterSet_;
  };

  ParameterSetMap() {}
  ParameterSetMap( int maxId ) : maxId_( maxId ), lastActiveParameterSet_( NULL ) { activePsId_.clear(); }

  ~ParameterSetMap() {
    for ( typename std::map<int, MapData<T>>::iterator i = parameterSetMap_.begin(); i != parameterSetMap_.end();
          i++ ) {
      delete ( *i ).second.naluData_;
      delete ( *i ).second.parameterSet_;
    }
    delete lastActiveParameterSet_;
    lastActiveParameterSet_ = NULL;
  }

  T* allocatePS( const int psId ) {
    assert( psId < maxId_ );
    if ( parameterSetMap_.find( psId ) == parameterSetMap_.end() ) {
      parameterSetMap_[psId].changedFlag_  = true;
      parameterSetMap_[psId].naluData_     = 0;
      parameterSetMap_[psId].parameterSet_ = new T;
      setID( parameterSetMap_[psId].parameterSet_, psId );
    }
    return parameterSetMap_[psId].parameterSet_;
  }

  void clearMap() { parameterSetMap_.clear(); }

  void storePS( int psId, T* ps, const std::vector<uint8_t>* pNaluData ) {
    assert( psId < maxId_ );
    if ( parameterSetMap_.find( psId ) != parameterSetMap_.end() ) {
      MapData<T>& mapData = parameterSetMap_[psId];

      // work out changed flag
      calculateParameterSetChangedFlag( mapData.changedFlag_, mapData.naluData_, pNaluData );

      if ( !mapData.changedFlag_ ) {
        // just keep the old one
        delete ps;
        return;
      }

      if ( find( activePsId_.begin(), activePsId_.end(), psId ) != activePsId_.end() ) {
        std::swap( parameterSetMap_[psId].parameterSet_, lastActiveParameterSet_ );
      }
      delete parameterSetMap_[psId].naluData_;
      delete parameterSetMap_[psId].parameterSet_;

      parameterSetMap_[psId].parameterSet_ = ps;
    } else {
      parameterSetMap_[psId].parameterSet_ = ps;
      parameterSetMap_[psId].changedFlag_  = false;
    }
    if ( pNaluData != 0 ) {
      parameterSetMap_[psId].naluData_      = new std::vector<uint8_t>;
      *( parameterSetMap_[psId].naluData_ ) = *pNaluData;
    } else {
      parameterSetMap_[psId].naluData_ = 0;
    }
  }

  void setChangedFlag( int psId, bool bChanged = true ) {
    if ( parameterSetMap_.find( psId ) != parameterSetMap_.end() ) { parameterSetMap_[psId].changedFlag_ = bChanged; }
  }

  void clearChangedFlag( int psId ) {
    if ( parameterSetMap_.find( psId ) != parameterSetMap_.end() ) { parameterSetMap_[psId].changedFlag_ = false; }
  }

  bool getChangedFlag( int psId ) const {
    const typename std::map<int, MapData<T>>::const_iterator constit = parameterSetMap_.find( psId );
    if ( constit != parameterSetMap_.end() ) { return constit->second.changedFlag_; }
    return false;
  }

  T* getPS( int psId ) {
    typename std::map<int, MapData<T>>::iterator it = parameterSetMap_.find( psId );
    return ( it == parameterSetMap_.end() ) ? NULL : ( it )->second.parameterSet_;
  }

  const T* getPS( int psId ) const {
    typename std::map<int, MapData<T>>::const_iterator it = parameterSetMap_.find( psId );
    return ( it == parameterSetMap_.end() ) ? NULL : ( it )->second.parameterSet_;
  }

  T* getFirstPS() {
    return ( parameterSetMap_.begin() == parameterSetMap_.end() ) ? NULL
                                                                  : parameterSetMap_.begin()->second.parameterSet_;
[bookmark: _GoBack]  }

  size_t getPSMapSize() { return parameterSetMap_.size(); }

  void setActive( int psId ) { activePsId_.push_back( psId ); }
  void clear() { activePsId_.clear(); }
  void calculateParameterSetChangedFlag( bool&                       changeFlag,
                                         const std::vector<uint8_t>* nalDataPtr,
                                         const std::vector<uint8_t>* nalData );

 private:
  std::map<int, MapData<T>> parameterSetMap_;
  int                       maxId_;
  std::vector<int>          activePsId_;
  T*                        lastActiveParameterSet_;
  static void               setID( T* parameterSet, const int psId );
};
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