(3GPP SA4-EVS SWG Ad-hoc Meeting #7)/TSG-SA4#70 meeting
Tdoc S4-121009
(11-12 Aug) /13th – 17th Aug, 2012, Chicago, USA


Source:
Fraunhofer IIS

Title:
Objective Performance Evaluation for JBM
Document for:
Discussion and Approval
Agenda Item:
8
Overview

This contribution addresses the need for objective evaluation of JBM performance, i.e. the measurement of jitter-induced concealment operations (JICOs) and the plotting of a delay CDF.
Discussion

The source provides this contribution to check fulfilment of the JBM design constraint, which requires conformance to the MTSI specification TS 26.114 [1]. This in turn requires that the candidate JBM solutions, though only an example solution, need to require to the requirements for JBM set in [1]. It has also been agreed that the proponents do the evaluation in-house with identical processing and executables identical to the ones submitted to the host lab.
The tool that is provided relies on network simulator and decoder trace files. Those are parsed so that for each speech frame the statistics can be calculated. The input formats are described in [2] and [3] . Internally the MTSI reference JBM implementation is processed.
The tool is invoked with the delay and error profile, the number if frames per packet, and the two trace files generated by the network simulator and the CuT decoder.  In addition, a parameter for improved verbosity can be provided on the command line.

checkObjectiveJbmPR.exe [-v] <delayAndErrorProfile> <framesPerPacket> <netSimTraceFile> <jbmTraceFile>
The output of the tool is then data that describes the success or fail for the JBM objective performance requirements and also a gnuplot file that is generated next to the jbmTraceFile of the CuT decoders, with a filename of <jbmTraceFile>.delayCdfPlot, where <jbmTraceFile> is the parameter given on the command line. In addition, the return value indicates passing or failing of the objective criteria, as well as a line of csv-formatted values, to allow importing into Excel.

The source code is provided in Appendix A-C, a compiled binary is attached for convenience.

Summary and Proposal

The source proposes to adopt the tool for objective evaluation. Furthermore, the source likes to remind that this tool relies on the trace file formats proposed in [2] and [3].
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Appendix A –checkObjectiveJbmPR.cpp:

/*---------------------------------------------------------------------------*
 * Objective performance requirements measurement tool for JBM, V1.0         *
 * -------------------------------------------                               *
 * (C) 2012 Fraunhofer IIS. All rights reserved. Provided by Fraunhofer IIS  *
 * for exclusive use of the measurement of objective performance             *
 * requirements for JBM in the 3GPP SA WG4 EVS codec standardization.        *
 * Any other use is not permitted.                                           *
 *                                                                           *
 * Fraunhofer IIS makes no representation nor warranty in regard to          *
 * the accuracy, completeness or sufficiency of The Software, nor            *
 * shall Fraunhofer IIS be held liable for any damages whatsoever            *
 * relating to use of said Software.                                         *
 *---------------------------------------------------------------------------*/
// system headers
#include <algorithm>
#include <climits>
#include <cmath>
#include <cstdlib>
#include <iostream>
#include <fstream>
#include <sstream>
#include <string>
#include <string.h>
#include <vector>
#ifndef WIN32
#include <stdint.h>
#else
typedef unsigned short     uint16_t;
typedef signed short       int16_t;
typedef unsigned int       uint32_t;
typedef signed int         int32_t;
typedef unsigned __int64   uint64_t;
typedef signed __int64     int64_t;
#define strtoll _strtoi64
#endif
// local headers
#include "ts26114refDelayAlg.h"
using namespace std;
#define IGNORE_SAMPLE_BASED_TIME_SCALING
struct SNetSimTraceEntry {
  unsigned int  frameId;
  uint16_t      rtpSeqNo;
  uint32_t      rtpTs;
  int           rcvTime;
};
struct SJbmTraceEntry {
  unsigned int  line;
  int32_t       rtpSeqNo; // uint16_t and -1 if concealed
  int64_t       rtpTs;    // extended to 64bits (overflows) and -1 if concealed
  int           rcvTime;
  double        playTime;
  bool          active;
};
//! Parses a delay and error profile as described in 3GPP TS 26.114 Annex D.
bool parseDelayAndErrorProfile( const char *fileName, vector<int> &delayAndErrorProfile ) {
  char line[64] = {0};
  delayAndErrorProfile.clear();
  FILE *file = fopen( fileName, "r" );
  if( !file )
    return false;
  while( fgets( line, 63, file ) )
    delayAndErrorProfile.push_back( atoi( line ) );
  fclose( file );
  return true;
}
//! Parses a network simulator trace file.
bool parseNetSimTraceFile( const char *fileName, vector<SNetSimTraceEntry> &netSimTraceEntries ) {
  ifstream file( fileName );
  if( !file ) {
    cerr << "Failed to open netSimTraceFile: " << fileName << endl;
    return false;
  }
  while( file ) {
    // split csv file into lines:
    //   rtpSeqNo;rtpTs;rcvTime;size\n
    string line;
    getline( file, line );
    // skip comments
    if( line.size() > 0U && line[0] == '#' )
      continue;
    // split lines into cells
    stringstream   lineStream( line );
    string         cell;
    vector<string> cells;
    while( getline( lineStream, cell, ';' ) )
      cells.push_back( cell );
    // create network simulator trace entry from cells
    if( cells.size() < 4 )
      break;
    SNetSimTraceEntry entry;
    entry.frameId   = strtoul( cells[0].c_str(), NULL, 10 );
    entry.rtpSeqNo  = strtoul( cells[1].c_str(), NULL, 10 );
    entry.rtpTs     = strtoul( cells[2].c_str(), NULL, 10 );
    entry.rcvTime   = strtol( cells[3].c_str(), NULL, 10 );
    netSimTraceEntries.push_back( entry );
  }
  if( netSimTraceEntries.size() <= 2 ) {
    cerr << "netSimTraceFile not valid, contains too few entries" << endl;
    return false;
  }
  return true;
}
//! Parses a JBM trace file written by the decoder.
bool parseJbmTraceFile( const char *fileName, vector<SJbmTraceEntry> &jbmTraceEntries ) {
  ifstream file( fileName );
  if( !file ) {
    cerr << "Failed to open jbmTraceFile: " << fileName << endl;
    return false;
  }
  unsigned int nLines = 0;
  while( file ) {
    // split csv file into lines:
    //   rtpSeqNo;rtpTs;rcvTime;playTime;active\n
    string line;
    getline( file, line );
    ++nLines;
    // skip comments
    if( line.size() > 0U && line[0] == '#' )
      continue;
    // split lines into cells
    stringstream   lineStream( line );
    string         cell;
    vector<string> cells;
    while( getline( lineStream, cell, ';' ) )
      cells.push_back( cell );
    // create JBM trace entry from cells
    if( cells.size() < 5 )
      break;
    SJbmTraceEntry entry;
    entry.line      = nLines;
    entry.rtpSeqNo  = strtoul( cells[0].c_str(), NULL, 10 );
    entry.rtpTs     = strtoll( cells[1].c_str(), NULL, 10 );
    entry.rcvTime   = strtol( cells[2].c_str(), NULL, 10 );
    entry.playTime  = strtod( cells[3].c_str(), NULL );
    entry.active    = atoi( cells[4].c_str() );
    jbmTraceEntries.push_back( entry );
  }
  if( jbmTraceEntries.size() <= 2 ) {
    cerr << "jbmTraceFile not valid, contains too few entries" << endl;
    return false;
  }
  return true;
}
//! Checks if a parsed JBM trace is valid and handle RTP time stamp overflows.
bool validateJbmTraceAndFixOverflows( vector<SJbmTraceEntry> &jbmTraceEntries ) {
  int64_t prevRtpTs = -1;
  int64_t rtpTsExtension = 0;
  double prevPlayTime = -1;
  for( unsigned int i = 0; i != jbmTraceEntries.size(); ++i ) {
    SJbmTraceEntry &entry = jbmTraceEntries[i];
    // require playTime > 0 and strictly increasing
    if( entry.playTime < 0 ) {
      fprintf( stderr, "Error in JBM trace file at line %d: playTime < 0\n",
          entry.line );
      return false;
    }
    if( entry.playTime <= prevPlayTime ) {
      fprintf( stderr, "Error in JBM trace file at line %d: playTime not strictly increasing\n",
          entry.line );
      return false;
    }
    prevPlayTime = entry.playTime;
    // require playTime > rcvTime
    if( entry.rcvTime >= 0 ) {
      if( entry.playTime < entry.rcvTime ) {
        fprintf( stderr, "Error in JBM trace file at line %d: playTime(%f) < rcvTime(%d)\n",
            entry.line, entry.playTime, entry.rcvTime );
        return false;
      }
    }
    // rtpTs must be strictly increasing
    if( entry.rtpTs >= 0 ) {
      if( entry.rtpTs + rtpTsExtension == prevRtpTs ) {
        fprintf( stderr, "Error in JBM trace file at line %d: duplicated rtpTs found\n",
            entry.line );
        return false;
      }
      else if( entry.rtpTs + rtpTsExtension < prevRtpTs ) {
        if( entry.rtpTs + rtpTsExtension + ( 1LL << 32 ) - prevRtpTs <
            prevRtpTs - ( entry.rtpTs + rtpTsExtension ) ) {
          // overflow of 32bit RTP time stamp, increase extension
          rtpTsExtension += 1LL << 32;
        }
        else {
          fprintf( stderr, "Error in JBM trace file at line %d: rtpTs not strictly increasing\n",
              entry.line );
          return false;
        }
      }
      entry.rtpTs += rtpTsExtension;
      prevRtpTs    = entry.rtpTs;
    }
    else if( entry.rtpTs != -1 ) {
      fprintf( stderr, "Error in JBM trace file at line %d: unexpected rtpTs: %d\n",
          entry.line, (int)entry.rtpTs );
      return false;
    }
  }
  return true;
}
//! Finds the frameId used by the network simulator for a jbmTrace entry.
bool matchJbmTraceEntryWithNetSimEntry( const vector<SNetSimTraceEntry> &netSimTraceEntries,
    uint16_t rtpSeqNo, uint32_t rtpTs, int rcvTime, unsigned int &frameId ) {
  for( unsigned int iEntry = 0; iEntry != netSimTraceEntries.size(); ++iEntry ) {
    const SNetSimTraceEntry &entry = netSimTraceEntries[iEntry];
    if( entry.rtpSeqNo == rtpSeqNo && entry.rtpTs == rtpTs && entry.rcvTime == rcvTime ) {
      frameId = entry.frameId;
      return true;
    }
  }
  fprintf( stderr, "failed to match jbmTrace entry to netSim entry: rtpSeqNo=%u, rtpTs=%u, rcvTime=%d\n",
      rtpSeqNo, rtpTs, rcvTime );
  return false;
}
//! Gets the number of frames dropped and transmitted by the network simulator between two received frames.
void getNetSimIntervalInfo( const vector<SNetSimTraceEntry> &netSimTraceEntries,
    unsigned int prevFrameId, unsigned int nextFrameId,
    unsigned int &nofLostFrames, unsigned int &nofTransmittedFrames ) {
  nofLostFrames = 0;
  nofTransmittedFrames = 0;
  // search previous frame id
  unsigned int iEntry = 0;
  while( netSimTraceEntries[iEntry].frameId <= prevFrameId )
    ++iEntry;
  // count all lost frames until next frame id reached
  while( netSimTraceEntries[iEntry].frameId < nextFrameId ) {
    if( netSimTraceEntries[iEntry].rcvTime < 0 )
      ++nofLostFrames;
    ++nofTransmittedFrames;
    ++iEntry;
  }
}
//! Calculates the delay CDF values from a CuT JBM trace.
/*! @param[in] jbmTraceEntries JBM trace written by the decoder
 *  @param[out] delays list of delay values, used to create the delay CDF
 *  @return false in case of an error */
void getCuTDelays( const vector<SJbmTraceEntry> &jbmTraceEntries,
    vector<double> &delays ) {
  delays.clear();
  for( vector<SJbmTraceEntry>::const_iterator i = jbmTraceEntries.begin(); i != jbmTraceEntries.end(); ++i ) {
    if( i->playTime >= 0 && i->rcvTime >= 0 )
      delays.push_back( i->playTime - i->rcvTime );
  }
}
//! Calculates the JICO rate from a CuT JBM trace.
/*! @param[in] netSimTraceEntries network simulator trace
 *  @param[in] jbmTraceEntries JBM trace written by the decoder
 *  @param[in] rtpTimeScale RTP time scale used for RTP time stamp in JBM trace
 *  @param[out] jicoInserted JBM induced insertion of speech samples [frames]
 *  @param[out] jicoRemoved JBM induced removal of speech samples [frames]
 *  @param[out] jicoLate deletion of a speech frame because it arrived too late at the JBM [frames]
 *  @param[out] jicoRate jitter induced concealment operations as described in 3GPP TS 26.114 8.2.3.2.3 [%]
 *  @return false in case of an error */
bool getCuTJico( const vector<SNetSimTraceEntry> &netSimTraceEntries,
    const vector<SJbmTraceEntry> &jbmTraceEntries, unsigned int rtpTimeScale,
    double &jicoInserted, double &jicoRemoved, double &jicoLate,
    double &jicoRate ) {
  jicoInserted = 0; jicoRemoved  = 0; jicoLate = 0;
  // go to entry of first received frame
  vector<SJbmTraceEntry>::const_iterator i = jbmTraceEntries.begin();
  while( i->rcvTime < 0 )
    ++i;
  // initialize statistics
  unsigned int prevFrameId;
  if( !matchJbmTraceEntryWithNetSimEntry( netSimTraceEntries, 
      (uint16_t)i->rtpSeqNo, (uint32_t)i->rtpTs, i->rcvTime, prevFrameId ) )
    return false;
  bool prevActive         = i->active;
  double prevPlayoutDelay = i->playTime - i->rtpTs * 1000.0 / rtpTimeScale;
  // iterate over all other entries
  for( i++; i != jbmTraceEntries.end(); ++i ) {
    // calculate JICO for interval between previous two received frame
    if( i->rtpTs >= 0 && i->rcvTime >= 0 ) {
      // calculate playout delay (playTime-rtpTimeStamp)
      double playoutDelay = i->playTime - i->rtpTs * 1000.0 / rtpTimeScale;
      // store frame id from network simulator trace
      unsigned int currFrameId;
      if( !matchJbmTraceEntryWithNetSimEntry( netSimTraceEntries, 
          (uint16_t)i->rtpSeqNo, (uint32_t)i->rtpTs, i->rcvTime, currFrameId ) )
        return false;
      // increase jitter induced concealment operations only if active speech
      if( prevActive ) {
        // evaluate difference in playout delay to detect time scaling
        double currTimeStretched = 0, currTimeShrinked = 0;
        double playoutDelayDiff = playoutDelay - prevPlayoutDelay;
        // convert time scaling from milliseconds to frames
        if( playoutDelayDiff > 0 )
          currTimeStretched = playoutDelayDiff / 20;
        else if( playoutDelayDiff < 0 )
          currTimeShrinked = -playoutDelayDiff / 20;
#ifdef IGNORE_SAMPLE_BASED_TIME_SCALING
        // count only frame based time scaling
        currTimeStretched = floor( currTimeStretched );
        currTimeShrinked  = floor( currTimeShrinked );
#endif
        // calculate number of late frame deletions
        unsigned int nofLostFrames, nofTransmittedFrames;
        getNetSimIntervalInfo( netSimTraceEntries, prevFrameId, currFrameId,
            nofLostFrames, nofTransmittedFrames );
        unsigned int currJicoLate = nofTransmittedFrames - nofLostFrames;
        // update JICO
        jicoInserted += currTimeStretched;
        jicoRemoved  += currTimeShrinked;
        jicoLate     += currJicoLate;
      }
      // update statistics
      prevFrameId         = currFrameId;
      prevActive          = i->active;
      prevPlayoutDelay    = playoutDelay;
    }
  }
  // calculate rate of jitter induced concealment operations [%]
  unsigned int nofTransmittedFrames = netSimTraceEntries.size();
  jicoRate = ( jicoInserted + jicoRemoved + jicoLate ) / nofTransmittedFrames * 100;
  return true;
}
//! Compares the CuT/Ref delay CDF as described in 3GPP TS 26.114 8.2.3.2.2.
/*! @param[in] refDelays list of reference JBM delay values
 *  @param[in] cutDelays list of CuT JBM delay values
 *  @param[in] nBins number of bins to use for CDF comparison
 *  @param[out] minDelayDiff minimum difference between CuT delay and reference delay of all bins */
void compareDelayCdf( vector<double> refDelays, vector<double> cutDelays, unsigned int nBins,
    double &minDelayDiff ) {
  // sort buffer delay values ascending
  sort( cutDelays.begin(), cutDelays.end() );
  sort( refDelays.begin(), refDelays.end() );
  // compare CuT delay CDF with reference
  minDelayDiff = 999999;
  for( unsigned int iBin = 0; iBin != nBins * 90 / 100; ++iBin ) {
    unsigned int cutIndex = iBin * cutDelays.size() / nBins;
    unsigned int refIndex = iBin * refDelays.size() / nBins;
    double cutDelay = cutDelays.at( min( cutIndex, (unsigned int)(cutDelays.size() - 1) ) );
    double refDelay = refDelays.at( min( refIndex, (unsigned int)(refDelays.size() - 1) ) );
    double reqDelay = refDelay + 60;
    double delayDiff = reqDelay - cutDelay;
    if( delayDiff < minDelayDiff )
      minDelayDiff = delayDiff;
  }
}
//! Plots the delay CDF as defined in 3GPP TS 26.114 8.2.3.2.2.
bool gnuplotDelayCdf( const string &baseFileName, vector<double> cutDelays, vector<double> refDelays,
    const char *title ) {
  if( cutDelays.empty() || refDelays.empty() )
    return false;
  // write gnuplot data file
  string pngFileName    = baseFileName + ".png";
  string configFileName = baseFileName + ".gnuplot.txt";
  string dataFileName   = baseFileName + ".gnuplot.csv";
  ofstream dataFile( dataFileName.c_str() );
  if( !dataFile ) {
    cerr << "Failed to create gnuplot data file: " << dataFileName << endl;
    return false;
  }
  // sort buffer delay values ascending
  sort( cutDelays.begin(), cutDelays.end() );
  sort( refDelays.begin(), refDelays.end() );
  static const unsigned int nDelayCdfBins = 1000;
  for( unsigned int iBin = 0; iBin != nDelayCdfBins; ++iBin ) {
    unsigned int cutIndex = iBin * cutDelays.size() / nDelayCdfBins;
    unsigned int refIndex = iBin * refDelays.size() / nDelayCdfBins;
    double cutDelay = cutDelays.at( min( cutIndex, (unsigned int)(cutDelays.size() - 1) ) );
    double refDelay = refDelays.at( min( refIndex, (unsigned int)(refDelays.size() - 1) ) );
    double reqDelay = refDelay + 60;
    double percent = iBin * 100.0 / nDelayCdfBins;
    dataFile << fixed << percent << ";" << cutDelay << ";" << reqDelay << endl;
  }
  dataFile.close();
  // write gnuplot config file - references the data file
  ofstream configFile( configFileName.c_str() );
  if( !configFile ) {
    cerr << "Failed to create gnuplot config file: " << configFileName << endl;
    return false;
  }
  double maxDelay = max( cutDelays.back(), refDelays.back() + 60 );
  configFile << "set term png size 800,600" << std::endl;
  configFile << "set out '" << pngFileName << "'" << std::endl;
  configFile << "set key right bottom" << std::endl;
  configFile << "set grid" << std::endl;
  configFile << "set title \"" << title << "\"" << std::endl;
  configFile << "set xlabel ''" << std::endl;
  configFile << "set ylabel ''" << std::endl;
  configFile << "set xrange [0:" << maxDelay * 1.05 << "]" << std::endl;
  configFile << "set yrange [0:100]" << std::endl;
  configFile << "set format x '%gms'" << std::endl;
  configFile << "set format y '%g%%'" << std::endl;
  configFile << "set arrow from 0,90 to " << maxDelay * 1.05 << ",90 nohead" << std::endl;
  configFile << "set datafile separator \";\"" << std::endl;
  configFile << "plot '" << dataFileName << "' using 2:1 with line title 'CuT', \\" << endl;
  configFile << "     '" << dataFileName << "' using 3:1 with line title 'Ref + 60ms'" << endl;
  configFile.close();
  return true;
}
int main( int argc, char** argv ) {
  // configuration
  const unsigned int rtpTimeScale   = 1000; // RTP time stamps are given in milliseconds
  const unsigned int nDelayCdfBins  = 1000;
  // parse command line
  if( argc < 5 || argc > 6 ) {
    cerr << "Usage: " << argv[0] << " [-v] <delayAndErrorProfile> <framesPerPacket> <netSimTraceFile> <jbmTraceFile>" << endl;
    cerr << "  Return values: error < 0, PR passed = 0, PR not passed = 1" << endl;
    return -1;
  }
  unsigned int iArg = 1;
  bool verbose = false;
  if( argc == 6 && !strcmp( argv[iArg++], "-v" ) )
    verbose = true;
  const char *delayAndErrorProfileFileName = argv[iArg++];
  unsigned int framesPerPacket             = atoi( argv[iArg++] );
  const char *netSimTraceFileName          = argv[iArg++];
  const char *jbmTraceFileName             = argv[iArg++];
  string delayCdfPlotFileName              = string( jbmTraceFileName ) + ".delayCdfPlot";
  // check command line parameters
  if( framesPerPacket > 2U ) {
    cerr << "Unexpected framesPerPacket: " << framesPerPacket << endl;
    return -1;
  }
  // parse delay and error profile
  vector<int> delayAndErrorProfile;
  if( !parseDelayAndErrorProfile( delayAndErrorProfileFileName, delayAndErrorProfile ) ) {
    cerr << "Failed to parse delayAndErrorProfile: " << delayAndErrorProfileFileName << endl;
    return -1;
  }
  // parse network simulator trace file
  vector<SNetSimTraceEntry> netSimTraceEntries;
  if( !parseNetSimTraceFile( netSimTraceFileName, netSimTraceEntries ) ) {
    cerr << "Failed to parse netSimTraceFile: " << netSimTraceFileName << endl;
    return -1;
  }
  // parse JBM trace file written by the decoder
  vector<SJbmTraceEntry> jbmTraceEntries;
  if( !parseJbmTraceFile( jbmTraceFileName, jbmTraceEntries ) ) {
    cerr << "Failed to parse jbmTraceFile: " << jbmTraceFileName << endl;
    return -1;
  }
  // validate JBM trace and handle RTP time stamp overflows
  if( !validateJbmTraceAndFixOverflows( jbmTraceEntries ) ) {
    cerr << "Failed to validate jbmTraceFile: " << jbmTraceFileName << endl;
    return -1;
  }
  // calculate the JICO rate from the CuT JBM trace
  double jicoInserted, jicoRemoved, jicoLate, cutJicoRate;
  if( !getCuTJico( netSimTraceEntries, jbmTraceEntries, rtpTimeScale,
      jicoInserted, jicoRemoved, jicoLate, cutJicoRate ) ) {
    cerr << "Failed to calculate the JICO rate from the CuT JBM trace: " << jbmTraceFileName << endl;
    return -1;
  }
  // calculate the delay CDF values from the CuT JBM trace
  vector<double> cutDelays;
  getCuTDelays( jbmTraceEntries, cutDelays );
  // process reference delay calculation algorithm - needed to check delay requirement
  const unsigned int refNPackets = ( netSimTraceEntries.back().frameId -
      netSimTraceEntries.front().frameId + 1 ) / framesPerPacket + 0.5;
  TS26114RefDelayAlg refDelayAlg( 200, 20, 0.5, 20 * framesPerPacket );
  refDelayAlg.setDelayAndErrorProfile( delayAndErrorProfile, 0, refNPackets );
  vector<double> refDelays;
  refDelayAlg.process( refDelays );
  // compare the CuT and reference delay CDF
  double minDelayDiff;
  compareDelayCdf( refDelays, cutDelays, nDelayCdfBins, minDelayDiff );
  // evaluate objective performance requirements
  bool delayCriteriaPassed = minDelayDiff >= 0;
  bool jicoCriteriaPassed  = cutJicoRate <= 1.0;
  bool objectivePRPassed   = delayCriteriaPassed && jicoCriteriaPassed;
  // create delay CDF plot
  char plotSubTitle[255];
  sprintf( plotSubTitle, "Delay criteria: %s (%.1fms reserve)\\nJICO criteria: %s (%0.2f%%)",
      delayCriteriaPassed ? "passed" : "FAILED", minDelayDiff,
      jicoCriteriaPassed  ? "passed" : "FAILED", cutJicoRate );
  if( !gnuplotDelayCdf( delayCdfPlotFileName, cutDelays, refDelays, plotSubTitle ) )
    return -1;
  // print verbose statistics
  if( verbose ) {
    sort( cutDelays.begin(), cutDelays.end() );
    //printf( "JBM trace file: %s\n", jbmTraceFileName );
    printf( "statistics:\n" );
    //printf( "  nLines=%d  nEntries=%d\n", nLines, jbmTraceEntries.size() );
    //printf( "  rtpTs: min=%d  max=%d  scale=%d  =>  duration=%fs\n",
    //      rtpTsMin, rtpTsMax, rtpTimeScale, cutDuration );
    printf( "  delay values: CuT=%d  Ref=%d\n", (int)cutDelays.size(), (int)refDelays.size() );
    printf( "  CuT delay:    min=%.1fms  max=%.1fms  minDiffToReq=%.1fms\n",
        cutDelays.front(), cutDelays.back(), minDelayDiff );
    printf( "  CuT JICO:     inserted=%.1f removed=%.1f late=%.0f\n",
        jicoInserted, jicoRemoved, jicoLate );
    printf( "  CuT JICO:     %f%%\n", cutJicoRate );
    // print result
    printf( "result:\n" );
    printf( "  delay criteria: %s\n", delayCriteriaPassed ? "passed" : "FAILED" );
    printf( "  jico  criteria: %s\n", jicoCriteriaPassed  ? "passed" : "FAILED" );
    //printf( "objective performance requirements: %s\n", objectivePRPassed ? "passed" : "FAILED" );
  }
  // print summary as CSV:
  //   delayAndErrorProfile;framesPerPacket;jbmTraceFile;minDelayDiff[ms];cutJicoRate[%];passed
  printf( "%s;%d;%s;%.1f;%f;%d\n",
      delayAndErrorProfileFileName, framesPerPacket, jbmTraceFileName,
      minDelayDiff, cutJicoRate, objectivePRPassed );
  return objectivePRPassed ? 0 : 1;
}
Appendix B – ts26114refDelayAvg.h:

/*---------------------------------------------------------------------------*
 * Objective performance requirements measurement tool for JBM, V1.0         *
 * -------------------------------------------                               *
 * (C) 2012 Fraunhofer IIS. All rights reserved. Provided by Fraunhofer IIS  *
 * for exclusive use of the measurement of objective performance             *
 * requirements for JBM in the 3GPP SA WG4 EVS codec standardization.        *
 * Any other use is not permitted.                                           *
 *                                                                           *
 * Fraunhofer IIS makes no representation nor warranty in regard to          *
 * the accuracy, completeness or sufficiency of The Software, nor            *
 * shall Fraunhofer IIS be held liable for any damages whatsoever            *
 * relating to use of said Software.                                         *
 *---------------------------------------------------------------------------*/
//! \file ts26114refDelayAlg.h Reference delay computation algorithm from 3GPP TS 26.114 Annex D
#ifndef TS26114REFDELAY_H
#define TS26114REFDELAY_H
// system headers
#include <vector>
//! Reference delay computation algorithm from 3GPP TS 26.114 Annex D
class TS26114RefDelayAlg
{
public:
  typedef int TPacketDelay;
  struct SPacketStatistics
  {
    //! packet delay as assumed from channel [ms]
    TPacketDelay x;
    //! [ms]      minimum delay value in in jitter_est_window
    TPacketDelay min_delay;
    //! [ms]     maximum delay value in in jitter_est_window
    TPacketDelay max_delay;
    //! [ms]      maximum delay delta
    TPacketDelay delta_delay;
    //! [ms]      target jitter buffer delay
    TPacketDelay jb;
    //! estimated delay [ms]
    TPacketDelay del;
  };
public:
  TS26114RefDelayAlg( unsigned int lookBack, unsigned int delay_delta_max,
      double targetLossRate, double frameLength );
  //! Sets a list of delay values [microseconds] (-1 for packet loss).
  void setDelayAndErrorProfile( const std::vector<int> &delayValues, unsigned int offset, unsigned int nPackets );
  bool process( std::vector<double> &delayValues );
private:
  //! packet delay as assumed from channel [ms]
  TPacketDelay& x( unsigned int iPacket ) {
    return m_packets[iPacket].x;
  }
  //! minimum delay value in in jitter_est_window [ms]
  TPacketDelay& min_delay( unsigned int iPacket ) {
    return m_packets[iPacket].min_delay;
  }
  //! maximum delay value in in jitter_est_window [ms]
  TPacketDelay& max_delay( unsigned int iPacket ) {
    return m_packets[iPacket].max_delay;
  }
  //! target jitter buffer delay [ms]
  TPacketDelay& jb( unsigned int iPacket ) {
    return m_packets[iPacket].jb;
  }
  //! jitter buffer additional delay [integer number of frames]
  TPacketDelay& jbq( unsigned int iPacket ) {
    return m_jbq[iPacket];
  }
  //! estimated delay [ms]
  TPacketDelay& del( unsigned int iPacket ) {
    return m_packets[iPacket].del;
  }
private:
  //! @name configuration values for 3GPP reference delay calculation algorithm
  //@{
  //! [#frames] look back factor when estimating the max jitter buffer level
  unsigned int    m_jb_adaptation_lookback;
  //! [%]       target loss rate
  double          m_target_loss;
  //! [ms]      length of a speech frame
  double          m_framelength;
  //! maximum allowed time scaling in ms (calc. from m_delay_delta_max)
  unsigned int    m_delay_delta_max_ms;
  //! [#frames] length of jitter estimation window
  unsigned int    m_jitter_est_window;
  //@}
  std::vector<SPacketStatistics> m_packets;
  //! list of additional delay values (integer number of frames) for each packet
  std::vector<TPacketDelay> m_jbq;
};
#endif // TS26114REFDELAY_H
Appendix C - ts26114refDelayAvg.cpp:

/*---------------------------------------------------------------------------*
 * Objective performance requirements measurement tool for JBM, V1.0         *
 * -------------------------------------------                               *
 * (C) 2012 Fraunhofer IIS. All rights reserved. Provided by Fraunhofer IIS  *
 * for exclusive use of the measurement of objective performance             *
 * requirements for JBM in the 3GPP SA WG4 EVS codec standardization.        *
 * Any other use is not permitted.                                           *
 *                                                                           *
 * Fraunhofer IIS makes no representation nor warranty in regard to          *
 * the accuracy, completeness or sufficiency of The Software, nor            *
 * shall Fraunhofer IIS be held liable for any damages whatsoever            *
 * relating to use of said Software.                                         *
 *---------------------------------------------------------------------------*/
//! \file ts26114refDelayAlg.h Reference delay computation algorithm from 3GPP TS 26.114 Annex D
// system headers
#include <algorithm>
#include <cmath>
#include <iostream>
#include <stdio.h>
// local headers
#include "ts26114refDelayAlg.h"
using namespace std;
/* 3GPP TS 26.114 Annex D:
function ref_jb(channel,jb_adaptation_lookback,delay_delta_max,target_loss)
% channel   = file name of the channel
% lookback  = look back factor when estimating the max jitter buffer level [number of frames]
% delay_delta_max = max timescaling related modification (%) of the delay
% target_loss = target late loss (%)
% example syntax:
% ref_jb('channel_1.dat',200,20,0.5);
framelength = 20;
% this value sets the speech data in each RTP packet to 20 ms. For 2 speech
% frames/RTP packet the value would be 40 ms.
jitter_est_window=50;
% Sets the jitter estimation window in number of frames
delay_delta_max_ms = framelength*delay_delta_max*0.01;
% Sets the maximum allowed time scaling
tscale = 1;
% Scale factor of delay data
% In this case the files are assumend to be ascii files with one delay
% entry per line, the entries are in ms, a negative value denotes
% a packet loss.
x = load(channel);
x =x';
% remove packet losses
% remove inital startup empty frames
ix = find(x > 0);
x(1:ix(1)-1) = x(ix(1));
% remove packet losses (replace with nearby delay values)
ix = find(x < 0);
packet_loss = length(ix)/length(x)*100;
for n=1:length(ix)
  if (ix(n) > 1)
    x(ix(n)) = x(ix(n)-1);
  end;
end;
% convert timescale to ms
x = x*tscale;
L = length(x);
T = 1:L;
% estimate min and max TX delay, estimate a delta_delay
for n=1:L
  ix = [max(1,n-jitter_est_window):n];
  max_delay(n) = max(x(ix));
  min_delay(n) = min(x(ix));
  delta_delay(n) = max_delay(n)-min_delay(n);
end
% compute the target max jitter buffer level with some slow adaptation
% downwards, just to mimick how a jitter buffer might behave
for n=1:L
  ix = [max(1,n-jb_adaptation_lookback):n];
  jb(n) = max(delta_delay(ix));
  % The timescaling is not allowed to adjust the jitterbuffer target max level
  % too fast.
  if n == 1
    jb_ = jb(n);
  end
  delta = abs(jb_-jb(n));
  if delta < delay_delta_max_ms;
    jb_ = jb(n);
  else
    if (jb(n) < jb_)
      jb_ = jb_-delay_delta_max_ms;
    else
      jb_ = jb_+delay_delta_max_ms;
    end
    jb(n) = jb_;
  end
  % jitter buffer target max level can only assume an integer number of frames
  jbq(n) = ceil(jb(n)/framelength)*framelength;
  % compute estimated delay
  del(n) = jbq(n)+min_delay(n);
end
if target_loss > 0
  % decrease the max jitter buffer leve until a target late loss has been
  % reached.
  late_loss = length(find(del < x))/L*100.0;
  jbq_save = jbq; % as the max level is increased until the late loss > target one
  % must be able to revert back to the previous data
  while late_loss < target_loss
    jbq_save = jbq;
    jbq = min(max(jbq)-framelength,jbq);
    del = jbq+min_delay;
    late_loss = length(find(del < x))/L*100.0;
  end
  jbq = jbq_save;
  del = jbq+min_delay;
end
jdel = max(0,del-x);
%Calculate and plot the CDF of the reference buffer.
figure(1);plot(T,jbq,T,del,T,x);
[n,x] = hist(jdel,140); y = cumsum(n);y = y/max(y)*100;
figure(2);plot(x,y);axis([0 200 0 100]);ylabel('%');xlabel('ms');title('CDF of packet delay in JB');
end;
*/
TS26114RefDelayAlg::TS26114RefDelayAlg( unsigned int lookBack,
    unsigned int delay_delta_max, double targetLossRate, double frameLength ) :
    m_jb_adaptation_lookback( lookBack ), m_target_loss( targetLossRate ), m_framelength( frameLength ),
    m_packets()
{
  m_jitter_est_window   = 50;
  m_delay_delta_max_ms  = ( m_framelength * delay_delta_max ) / 100;
}
// Sets a list of delay values [microseconds] (-1 for packet loss).
void TS26114RefDelayAlg::setDelayAndErrorProfile( const vector<int> &delayValues, unsigned int offset, unsigned int nPackets )
{
  // reset members
  m_packets.clear();
  m_jbq.clear();
  // copy delay values to m_packets
  for( unsigned int iNetDelay = 0; iNetDelay != nPackets; ++iNetDelay )
  {
    int value = delayValues[( iNetDelay + offset ) % delayValues.size()];
    SPacketStatistics newEntry;
    newEntry.x = value;
    m_packets.push_back( newEntry );
  }
  m_jbq.resize( m_packets.size() );
}
bool TS26114RefDelayAlg::process( vector<double> &delayValues )
{
  /*
  % remove packet losses
  % remove inital startup empty frames
  ix = find(x > 0);
  x(1:ix(1)-1) = x(ix(1));
  */
  // % remove packet losses (replace with nearby delay values)
  for( unsigned int n = 0; n != m_packets.size(); ++n )
  {
    if( x(n) < 0 )
    {
      if( n > 0 )
        x(n) = x(n-1);
    }
  }
  /*
  % convert timescale to ms
  x = x*tscale;
  */
  // L = length(x);
  unsigned int L = m_packets.size();
  // % estimate min and max TX delay, estimate a delta_delay
  for( unsigned int n = 0; n != L; ++n )
  {
    /*
    ix = [max(1,n-jitter_est_window):n];
    max_delay(n) = max(x(ix));
    min_delay(n) = min(x(ix));
    delta_delay(n) = max_delay(n)-min_delay(n);
     */
    max_delay(n) = x(n);
    min_delay(n) = x(n);
    for( unsigned int i = std::max( 0, static_cast<int>( n - m_jitter_est_window ) ); i != n; ++i )
    {
      max_delay(n) = std::max( x(i), max_delay(n) );
      min_delay(n) = std::min( x(i), min_delay(n) );
    }
    m_packets[n].delta_delay = max_delay(n) - min_delay(n);
  }
  // current jitter buffer delay [ms]
  TPacketDelay jb_ = jb(0);
  // % compute the target max jitter buffer level with some slow adaptation
  // % downwards, just to mimick how a jitter buffer might behave
  for( unsigned int n = 0; n != L; ++n )
  {
    // ix = [max(1,n-jb_adaptation_lookback):n];
    // jb(n) = max(delta_delay(ix));
    jb(n) = m_packets[n].delta_delay;
    for( unsigned int i = std::max( 0, static_cast<int>( n - m_jb_adaptation_lookback ) ); i != n; ++i )
      jb(n) = std::max( m_packets[i].delta_delay, jb(n) );
    // % The timescaling is not allowed to adjust the jitterbuffer target max level
    // % too fast.
    if( n == 0U )
      jb_ = jb(n);
    unsigned int delta = abs( int( jb_ - jb(n) ) );
    if( delta < m_delay_delta_max_ms )
      jb_ = jb(n);
    else
    {
      if( jb(n) < jb_ )
        jb_ = jb_ - m_delay_delta_max_ms;
      else
        jb_ = jb_ + m_delay_delta_max_ms;
      jb(n) = jb_;
    }
    // % jitter buffer target max level can only assume an integer number of frames
    jbq(n) = ceil( static_cast<double>( jb(n) ) / m_framelength ) * m_framelength;
    // % compute estimated delay
    del(n) = jbq(n) + min_delay(n);
//        printf( "n=%d  x=%d  jb(n)=%d jbq(n)=%d\n", n, x(n), jb(n), jbq(n) );
  }
  if( m_target_loss > 0 )
  {
    // % decrease the max jitter buffer leve until a target late loss has been
    // % reached.
    // late_loss = length(find(del < x))/L*100.0;
    unsigned int length = 0;
    for( unsigned int i = 0; i != m_packets.size(); ++i )
    {
      if( del( i ) < x( i ) )
        ++length;
    }
    double late_loss = static_cast<double>( length ) / L * 100.0;
    vector<TPacketDelay> jbq_save = m_jbq; // % as the max level is increased until the late loss > target one
    // % must be able to revert back to the previous data
    while( late_loss < m_target_loss )
    {
      jbq_save = m_jbq;
      // jbq = min(max(jbq)-framelength,jbq);
      TPacketDelay max = *max_element( m_jbq.begin(), m_jbq.end() );
      for( unsigned int i = 0; i != m_packets.size(); ++i )
        jbq(i) = min( static_cast<TPacketDelay>(max - m_framelength), jbq(i) );
      // del = jbq+min_delay;
      for( unsigned int i = 0; i != m_packets.size(); ++i )
        del(i) = jbq(i) + min_delay(i);
      // late_loss = length(find(del < x))/L*100.0;
      length = 0;
      for( unsigned int i = 0; i != m_packets.size(); ++i )
      {
        if( del( i ) < x( i ) )
          ++length;
      }
      late_loss = static_cast<double>( length ) / L * 100.0;
    }
    m_jbq = jbq_save;
    // del = jbq+min_delay;
    for( unsigned int i = 0; i != m_packets.size(); ++i )
      del(i) = jbq(i) + min_delay(i);
  }
  // return delay values (playoutTime-receiveTime) [ms]
  for( unsigned int i = 0; i != m_packets.size(); ++i )
    delayValues.push_back( std::max( 0, del(i) - x(i) ) );
  return true;
}
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