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Abstract
This contribution describes the simulation software submitted for AGH18 on ultra-low latency and packet loss resilience based on contribution JVET-AK0193. The purpose of this document is to give an introduction and help to be familiar with software. The document describes main modifications of encoder and decoder applications of VTM, entry point for network transmission emulation, and basic logic of main modules. Content of this document was mainly presented during AHG18 teleconference call on 2025-02-19. The software is available in https://vcgit.hhi.fraunhofer.de/jvet-ahg-ull/VVCSoftware_VTM/
Introduction
[image: ]To simulate video communication under ultra-low latency restriction in practical communication channel a following test environment based on VTM v23.5 has been constructed:
The test environments includes VTM Encoder, Network model, and Jitter buffer model combined in Encoder App. Depending on transmission status frame maybe available for decoding or not. The receiving status is identified by Jitter buffer and feedback to Encoder in order to adjust the reference picture to be used instead of missed one. The NAL units received in time are stored to the disk and can be decoder by Decoder App in a usual way. Decoder application has just one modification allowing to identify missed frames and repeat the last successfully decoded frame instead of missed one. The more detailed description can be found in JVET-AK0193.


Running sample
Encoder
The following sample can be used to run encoder with network simulation enabled with latency restriction set to 16 ms.
./bin/EncoderAppStatic -c ./cfg/alternative/encoder_IPPP_vtm_fast_DPB.cfg -q 22 -f 300 
-fr 60 -i BQTerrace_1920x1080_60fps_8bit_420.yuv -wdt 1920 -hgt 1080 -b bitstream.bin 
--PacketTracePath=./cfg/wifi_simulation_trace/080mbps_room16x8_bw20MHz_nb10mbps_140s.csv 
--PacketTraceStartLine=87476 --LatencyRestriction=16 
Decoder
Use the following command line to decode obtained bitsteam:
bin/DecoderAppStatic bitstream.bin -o dec.yuv --NumFrames=300 
Here NumFrames specifies to decoder how many frames were originally encoded since this information cannot be available from bitstream. In case of tail of bitstream is lost and decoding application will repeat last successfully decoded frame until the total frames reaches the specified number.
Additional command line options
Encoder
The following options were introduce to encoder application:
--LatencyRestriction=<ms>: Specifies latency restriction in ms. 
--PacketTracePath=</path/to/packet/trace/file> : Path to packet trace file. 
--PacketTraceStartLine=<line_num> : Start line for packet trace file. 
--PacketTraceEndLine=<line_num> : End line for packet trace file. 
--BypassIDR : Bypass network model for IDR, will be transmitted without loss. Debug option, disabled by default. 
--RetransmissionTimes=<num> : Lost packets retransmission attempts, 5 times is default. 
Decoder
The following option was introduced to decoder application:
--NumFrames=<num> : Number of frames requested to produce by decoder. Can be useful if tail of bitstream is lost and decoder cannot know how many frames was originally encoded. If specified, the last decoded frame will be repeated till total decoded frames number reaches specified value.
Software modifications
[bookmark: _GoBack]The software modifications required to enable encoding with network simulations are enclosed by JVET_AK0193_NETWORK_MODEL macro defined in TypeDef.h.
The following picture illustrates the list of modified files. Mainly encoder and decoder application files are changed. No changes in decoder itself. Encoder has one modification related to reference picture selection. 

[image: ]
Encoder
The main entry point for encoder simulation is located in outputAU function. In original VTM implementing is used to store encoded bitstreams of access unit to the disk once encoding slice is complete.
Encoder call stack:
[image: ]

[image: ]outputAU - network simulation entry point

Network model
If JVET_AK0193_NETWORK_MODEL macro is enabled the outputAU function is overridden introducing the following logic. If packet trace file is not specified then application behaviour is same as default – just store bitstream to the disk. Otherwise if packet trace is specified the frame bitstream is written to string buffer corresponding sending payload of current slice and sent to networkSimulation function implementing to network model. Once payload is received from network model it is stored to disk. The delivery status success or not is obtained from network model and used for EncLib notification about last successfully received POC.If network model is not enabled: same as default - dump on disk
Write to string to get payload
Simulate payload transmission over network
Dump to the disk what we got from network
Print transmission time, for information
Notify encoder about last successfully received POC

The picture below illustrates network simulation details. Firstly, transmission time is defined as current frame number multiplied by time distance between two frames. Then the check whether current AU needs to be bypassed for transmission. If not, then transmission payload is cut on list of IP packets. The list of IP packets is fed to transmission media, and list of received packets is obtained as return. Starting from this point the receiving side is emulated. The packet list obtained from transmission channel is fed to receiving pipeline of network model containing Jitter buffer model inside. As a second parameter acceptable packets receiving time controlled by latency restriction is specified. Finally, received payload constrained by latency restriction is combined with receiving status returned as output of network simulation.Bypass first frame, and other IDRs if requested
Frame sending time: current frame * ms/frame, e.g. 16.6 ms for 60 fps
1. Chop payload on IP packets
2. Transmit over channel
3. Collect payload back from packets received by latencyRestriction time


Jitter buffer
The logic of Jitter buffer model is illustrated in a picture below. As a first step, packets headers are removed and packets payload is added to jitter buffer. This part corresponds to packets arrival from network. As a second step the jitter buffer process method is invoked, corresponding to desired decoded frame generation time. The time of decoding is specified as input for jitter buffer processing function. Inside of the function the analysis of packets availability and frame integrity is performed. Once compete payload is available it is extracted from internal buffer and returned as a receiving process output.
Inside of jitter buffer process function the packets available by latency restriction time are firstly extracted from the buffer, and collected by frames. Then the frame integrity check is performed ensuring all the packets for the frame are available. If all the necessary packets are received in time then final supplemental information for the payload is filled in, and obtained frame’s payload is stored to internal buffer. Otherwise, the message about lost status is outputted to stdout.
1. Add packets to Jitter Buffer
2. Collect payload from packets received by rx_time
Remove headers
Pop what payload we have in JB and return

Check if all packets are received
Process only packets with receiving time below requested time
If all received Collect payload, set tx, rx_times
Collect packets by frame
Ignore late packets
Notify about loss otherwise 

Decoder
The modifications of Decoder application contains storing of last successfully decoded picture in internal YUV buffer. Once gap in POC order is identified the stored picture is repeated for the dumping and corresponding message outputted to the user.
[image: ]Repeat dumping of last decoded picture if current POC is ahead of last picture
Regular YUV dumping
Update by last decoded picture

Similar dumping repetition is performed if amount of outputted pictures is less then requested.
[image: ]
Network bandwidth simulation point
In a picture below the bandwidth of packet trace file is illustrated. The total file is ~140 seconds long. Any part of the trace file can be used by specifying PacketTraceStartLine parameter. 
In a given encoder run sample the following part of 5 seconds long is used.
[image: ]
Patent rights declaration(s)
Huawei Technologies does not have any current or pending patent rights relating to the technology described in this contribution.
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v CALL STACK Paused on breakpoint ()
EncApp: :outputAU(EncApp * const this, const AccessUnit & au, bool * delivered)
EncGOP: : compressGOP (EncGOP * const this, int pocLast, int numPicRcvd, Piclist & r
EncLib: :encode(EncLib * const this, const InputColourSpaceConversion snrCSC, std:
EncApp: :encode(EncApp * const this) EncApp.cpp (1951:1

main(int argc, char ** argv) encmain.cpp (329:1
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#if 1JVET_AK@193_NETWORK_MODEL
void EncApp::outputAU( const AccessUnit& au )

const std::vector<uint32_t> &stats = writeAnnexBAccessUnit(m_bitstream, au);
rateStatsAccum(au, stats);
m_bitstream.flush();

#else
void EncApp::outputAU( const AccessUnit& au, bool *delivered)

if (m_packetTracePath.empty()){
const std::vector<uint32_t> &stats
rateStatsAccum(au, stats);
m_bitstream.flush();

writeAnnexBAccessUnit(m_bitstream, au);

i

else

{
std::stringstream out;
const std::vector<uint32_t> &stats = writeAnnexBAccessUnit(out, au);
const std::string payloadTx = out.str();

auto payloadRx = networkSimulation(au, payloadTx, stats);
for (auto& [payload, info]: payloadRx)
{
m_bitstream.write(payload.c_str(), payload.size());
*delivered &= !info.is_corrupted;
if (!info.is_corrupted)
‘ printf("\ttrans_time: %.3f ms", info.transTime / 1000.f);

}
if (*delivered)
{
m_cEncLib.setLsrPOC(m_auCnt); // notify encoder whether frame has been received
}

m_auCnt++;
rateStatsAccum(au, stats);
m_bitstream.flush();

// TODO:

add RTT

emulation here
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2095
2096 #else
2097 void EncApp::outputAU( const AccessUnit& au, bool *delivered)

2098 {
® 2099 if (m_packetTracePath.empty()){
2100 const std::vector<uint32_t> &stats = writeAnnexBAccessUnit(m_bitstream, au);
2101 rateStatsAccum(au, stats);
2102 m_bitstream.flush();
2103 }
2104 else
21085 {
2106 std::stringstream out;
2107 const std::vector<uint32_t> &stats = writeAnnexBAccessUnit(out, au);
2108 const std::string payloadTx = out.str();
2109
2110 auto payloadRx = networkSimulation(au, payloadTx, stats);
2111 for (auto& [payload, info]: payloadRx)
2112 {
2113 m_bitstream.write(payload.c_str(), payload.size());
2114 *delivered &= !info.is_corrupted;
2115 if (!info.is_corrupted)
2116 printf("\ttrans_time: %.3f ms", info.transTime / 1000.f);
2117 }
2118
2119 if (*delivered)
2120 {
2121 m_cEncLib.setLsrPOC(m_auCnt); // notify encoder whether frame has been received // TODO: add RTT emulation here
2122 }
2123 m_auCnt++;
2124 rateStatsAccum(au, stats);
2125 m_bitstream.flush();
2126 }

2127}
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2128
2129 std: :vector<std::pair<std::string, network::FrameInfo>> EncApp::networkSimulation(const AccessUnit& au, const std::string payloadTx, const std::vector<uint32_t>& stats)
2130 {

2131 int mspf = ((Fraction){ 1'©00'00@ * m_frameRate.den, m_frameRate.num }).getIntValRound();

2132 int frame_num = m_auCnt;

2133 int txTime = frame_num * mspf;

2134

2135 std::vector<std::pair<std::string, network::FrameInfo>> payloadRx;

2136 network: :FrameInfo recieved = {

2137 .transTime =0,

2138 .frameNum =0,

2139 .is_corrupted = false,

2140 };

2141 if (frame_num == @ || checkBypass(au))

2142 {

2143 payloadRx = { { payloadTx, recieved } }; // bypass transmitting

2144 }

2145 else

2146 {

2147 auto packetsTx = m_networkModel.send(payloadTx, txTime, recieved);

2148 auto packetsRx = m_networkModel.transmitOverMedia(packetsTx, txTime);

2149 payloadRx = m_networkModel.recieve(packetsRx, txTime + m_latencyRestriction * 1000);
2150 }

25

2152 return payloadRx;

2153}

2154 |

2155 bool EncApp::checkBypass(const AccessUnit& au) const

2156 {

2157 if (!m_bypassIDR)

2158 return false;

2159

2160 for (auto& itNal: au)

2161 {

2162 const NALUnitEBSP& nalu = *itNal;

2163 if ( NAL_UNIT_CODED_SLICE_IDR_N_LP == nalu.m_nalUnitType
2164 || NAL_UNIT_SPS nalu.m_nalUnitType
2165 || NAL_UNIT_PPS nalu.m_nalUnitType
2166 || NAL_UNIT_CODED_SLICE_CRA == nalu.m_nalUnitType
2167 )

2168 return true;

2169 };

2170 return false;

2171}

2172 #endif
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38 std::vector<std::pair<std::string, FrameInfo>> NetworkModel::recieve(PacketList& packets, int rx_time)
33 {

40 std: :vector<std::pair<std::string, FrameInfo>> merged;
41 for (auto it = m_layers.rbegin(); it != m_layers.rend(); it++)
42 {

43 packets = (*it)->receive(packets);

44 }

45

46 m_jb.add(packets) ;

47 m_jb.process(rx_time);

48

49 while (!m_jb.empty())

50 q

51 merged.push_back(m_jb.front());

52 m_jb.pop();

53

54

5 return merged;

56}

v
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184 template<class DonePolicy> template<class Policy> inline void JB<DonePolicy>::process(int time, Policy policy)
185 {

186 while (!m_events.empty())

187 {

188 auto [rx_time, packet] = m_events.top();

189 if (rx_time > time)

190 {

191 break;

192 }

193 m_events.pop();

194 if (packet.frameInd < m_frameOffset)

195 {

196 continue;

197 }

198 m_recievedPackets[packet.frameInd - m_frameOffset][packet.packetInd] = std::move(packet);
199 }

200 while (!m_recievedPackets.empty() && policy(m_recievedPackets.front()))
201 {

202 m_frameOffset++;

203 FrameInfo info;

204 std::string payload;

205 bool allRecieved =

206 std::all_of(m_recievedPackets.front().begin(), m_recievedPackets.front().end(),
207 [1(const std::optional<Packet>& packet) { return packet.has_value() && !packet->lost; });
208 if (allRecieved)

209 {

210 auto maxRxTime = m_recievedPackets[@][8]->rx_time;

211 auto minTxTime = m_recievedPackets[@][0]->tx_time;

212 for (auto& packet: m_recievedPackets.front())

213 {

214 payload += packet->payload;

215 maxRxTime = std::max(maxRxTime, packet->rx_time);

216 minTxTime = std::min(minTxTime, packet->tx_time);

217 }

218 info = m_recievedPackets[0][8]->frameInfo;
219 info.frameNum = m_recievedPackets[0][8]->frameInd;
220 info.transTime = maxRxTime - minTxTime;

221 info.is_corrupted = false;

222 }

223 else

224 printf(" lost ");

225

226 m_Frames.push({ payload, info });

227 m_recievedPackets.pop_front();

228 }

229}

220




image14.png
G EncApp.cpp @ NetworkModel.cpp C NetworkModelh 9+ X
source > App > EncoderApp > € NetworkModelh > {} network > @ process<Policy>(int, Policy)

184 template<class DonePolicy> template<class Policy> inline void JB<DonePolicy>::process(int time, Policy policy)
185 {

186 while (!m_events.empty())

187 {

188 auto [rx_time, packet] = m_events.top();

189 if (rx_time > time)

190 {

191 break;

192 }

193 m_events.pop();

194 if (packet.frameInd < m_frameOffset)

195 {

196 continue;

197 }

198 m_recievedPackets[packet.frameInd - m_frameOffset][packet.packetInd] = std::move(packet);
199 }

200 while (!m_recievedPackets.empty() && policy(m_recievedPackets.front()))
201 {

202 m_frameOffset++;

203 FrameInfo info;

204 std::string payload;

205 bool allRecieved =

206 std::all_of(m_recievedPackets.front().begin(), m_recievedPackets.front().end(),
207 [1(const std::optional<Packet>& packet) { return packet.has_value() && !packet->lost; });
208 if (allRecieved)

209 {

210 auto maxRxTime = m_recievedPackets[@][8]->rx_time;

211 auto minTxTime = m_recievedPackets[@][0]->tx_time;

212 for (auto& packet: m_recievedPackets.front())

213 {

214 payload += packet->payload;

215 maxRxTime = std::max(maxRxTime, packet->rx_time);

216 minTxTime = std::min(minTxTime, packet->tx_time);

217 }

218 info = m_recievedPackets[0][8]->frameInfo;
219 info.frameNum = m_recievedPackets[0][8]->frameInd;
220 info.transTime = maxRxTime - minTxTime;

221 info.is_corrupted = false;

222 }

223 else

224 printf(" lost ");

225

226 m_Frames.push({ payload, info });

227 m_recievedPackets.pop_front();

228 }

229}

220
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1154 ChromaFormat: :UNDEFINED, m_clipOutputVideoToRec7@9Range, m_upscaleFilterForDisplay, m_upscaledOutputWidth, m_upscaledOutputHeight);
1155 }

1156 else

1157 {

1158 #if JVET_AK@193_NETWORK_MODEL

1159 if (m_lastPicBuffer == nullptr)

1160 {

1161 initLastPicBuffer(pcPic);

1162 }

1163 if (pcPic->getPOC() - 1 > m_lastReceivedPOC)

1164 {

1165 // repeat last decoded picture

1166 CPelUnitBuf rpt = *m_lastPicBuffer;

1167 for (int k = @; k < pcPic->getPOC() - m_lastReceivedPOC - 1; k++)

1168 {

1169 m_cVideoIOYuvReconFile[pcPic->layerId].write(

1170 rpt.get(COMPONENT_Y).width, rpt.get(COMPONENT_Y).height, rpt, // Repeated Buffer for write
1171 m_outputColourSpaceConvert, m_packedYUVMode,

1172 conf.getWindowLeftOffset() * SPS::getWinUnitX(chromaFormatIdc), conf.getWindowRightOffset() * SPS::getWinUnitX(chromaFormatIdc),
1173 conf.getWindowTopOffset() * SPS::getWinUnitY(chromaFormatIdc), conf.getWindowBottomOffset() * SPS::getWinUnitY(chromaFormatIdc),
1174 ChromaFormat: :UNDEFINED, m_clipOutputVideoToRec7@9Range);

1175 printf("\trepeat POC: %d as %d\n", m_lastReceivedPOC, m_lastReceivedPOC + k + 1);

1176 }

1177 }

1178 m_lastReceivedPOC = pcPic->getPOC();

1179 updatelastPicBuffer(pcPic);

1180  #endif

1181 m_cVideoIOYuvReconFile[pcPic->layerId].write|

1182 pcPic->getRecoBuf().get (COMPONENT_Y).width, pcPic->getRecoBuf().get(COMPONENT_Y).height,

1183 pcPic->getRecoBuf(), m_outputColourSpaceConvert, m_packedYUVMode,

1184 conf.getWindowLeftOffset() * SPS::getWinUnitX(chromaFormatIdc),

1185 conf.getWindowRightOffset() * SPS::getWinUnitX(chromaFormatIdc),

1186 conf.getWindowTopOffset() * SPS::getWinUnitY(chromaFormatIdc),

1187 conf.getWindowBottomOffset() * SPS::getWinUnitY(chromaFormatIdc), ChromaFormat::UNDEFINED,

1188 m_clipOutputVideoToRec7@9Range

1189 }

1190 }

1191 // Perform FGS on decoded frame and write to output FGS file

1192 if (!m_SEIFGSFileName.empty())

1193 {
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1515 }

1516 m_iPOCLastDisplay = -MAX_INT;

=7/ #if JVET_AK@193_NETWORK_MODEL

1518 if ((m_NumFrames != -1) & (layerId == NOT_VALID) & (m_lastReceivedPOC + 1 < m_NumFrames))

1519 {

1520 // repeat last successfully received frame

1521 CPelUnitBuf rpt = *m_lastPicBuffer;

1522 for (int k = @; k < m_NumFrames - m_lastReceivedPOC - 1; k++)

1523 {

1524 m_cVideoIOYuvReconFile[m_lastLayerID].write(

1525 rpt.get(COMPONENT_Y) .width, rpt.get(COMPONENT_Y).height, rpt,

1526 m_outputColourSpaceConvert, m_packedYUVMode,

1527 m_lastConf.getWindowLeftOffset() * SPS::getWinUnitX(m_lastChromaFormatIdc), m_lastConf.getWindowRightOffset() * SPS::getWinUnitX(m_lastChromaFormatIdc),
1528 m_lastConf.getWindowTopOffset() * SPS::getWinUnitY(m_lastChromaFormatIdc), m_lastConf.getWindowBottomOffset() * SPS::getWinUnitY(m_lastChromaFormatIdc),
1529 ChromaFormat: :UNDEFINED, m_clipOutputVideoToRec7@9Range);

1530 printf("\trepeat POC: %d as %d\n", m_lastReceivedPOC, m_lastReceivedPOC + k + 1);

1531 }

1532 }

1533 #endif
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