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private val TIMEOUT_US 10 000L
private val MEDIA_FILE = "somewhere_in_your_sdcard"

private fun createVideoThread(surface: Surface) = thread {
val extractor = MediaExtractor().apply {
setDataSource(MEDIA FILE)

}

val trackIndex = extractor.firstVideoTrack
?: error("This media file doesn't contain any video tracks")

extractor.selectTrack(trackIndex)
val format = extractor.getTrackFormat(trackIndex)

val mime = format.getString(MediaFormat.KEY_MIME)
?: error("Video track must have the mime type")

decoder = MediaCodec.createDecoderByType(mime).apply {
configure(format, surface, null, 0)
start()

}

doExtract(extractor, decoder)

decoder.stop( )
decoder.release( )
extractor.release( )
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private fun createVideoThread(surface: Surface) = thread {

MEF thread Ai/d
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val extractor = MediaExtractor().apply {
setDataSource(MEDIA FILE)

}

val trackIndex = extractor.firstVideoTrack
?: error("This media file doesn't contain any video tracks")

MediaExtractor, MediaCodec
A4 9l F

extractor.selectTrack(trackIndex)

val format = extractor.getTrackFormat(trackIndex)
val miume = format.getString(MediaFormat.KEY_MIME)
?: error("Video track must have the mime type")

decoder = MediaCodec.createDecoderByType(mime).apply {
configure(format, surface, null, 0)
start()
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MediaExtractor, MediaCodec
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decoder.stop( )
decoder.release( )
extractor.release( )




private fun doExtract(extractor: MediaExtractor, decoder: MediaCodec) A
val info = MediaCodec.BufferInfo()

var 1nEos = false
var outEos = false

while (!outEos) {
if (!'inEos) {
when (val inputIndex = decoder.dequeuelnputBuffer(TIMEOUT_US)) {
in 0..Int.MAX_VALUE -> {
val inputBuffer = decoder.getInputBuffer(inputIndex)!!
val chunkSize = extractor.readSampleData( inputBuffer, 0)
if (chunkSize < 0) {
decoder.queuelInputBuffer(inputIndex, 0, 0, -1,
MediaCodec.BUFFER_FLAG_END_OF_STREAM)
inEos = true
} else {
val sampleTimeUs = extractor.sampleTime
decoder.queuelnputBuffer(inputIndex, 0, chunkSize,
sampleTimeUs, 0)
extractor.advance()

} } input
else -> Untit :
} empty input buff ers flled output buff ers
; ' !
if (toutEos) { Client Client
when (val outputIndex = decoder.dequeueOutputBuffer(info, TIMEOUT_US)) { g Em e
in 0..Int.MAX_VALUE -> { L h__J |
if ((info.flags and MediaCodec.BUFFER_FLAG_END_OF_STREAM) != 0) { flled input buff ers discar ded
decoder.releaseQutputBuffer(outputIndex, false) output buff ers
outEos = true client pr ovides client consumes
P GLGE A input data _ output data
decoder.releaseQutputBuffer(outputIndex, true)
g
}
MediaCodec.INFO_TRY_AGAIN_LATER -> Unit
MediaCodec.INFO_OUTPUT_FORMAT_CHANGED -> Unit
MediaCodec.INFO_OUTPUT_BUFFERS_CHANGED -> Untit
else -> error("unexpected result from " +
"decoder.dequeueQutputBuffer: $outputIndex")
}
}



https://developer.android.com/reference/android/media/MediaCodec

if (!'inEos) A
when (val inputIndex = decoder.dequeuelnputBuffer(TIMEOUT_US)) {
in 0..Int.MAX_VALUE -> {
val inputBuffer = decoder.getInputBuffer(inputIndex)!!
val chunkSize = extractor.readSampleData( inputBuffer, 0)
if (chunkSize < 0) {
decoder.queuelnputBuffer(inputIndex, 0, 0, -1,
MediaCodec.BUFFER_FLAG _END OF STREAM)
inEos = true
} else {
val sampleTimeUs = extractor.sampleTime
decoder.queuelnputBuffer(inputIndex, 0, chunkSize,
sampleTimeUs, 0)
extractor.advance()

}
}

else -> Untit
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if ('outEos) {
when (val outputIndex = decoder.dequeueOutputBuffer(info, TIMEOUT_US)) {

in 0..Int.MAX_VALUE -> {
if ((info.flags and MediaCodec.BUFFER_FLAG_END_OF_STREAM) !'= 0) {

decoder.releaseOQutputBuffer(outputIndex, false)

outEos = true

} else {
decoder.releaseQutputBuffer(outputIndex, true)

}
}
MediaCodec.INFO _TRY_AGAIN LATER -> Untit
MediaCodec.INFO _OUTPUT_FORMAT_ CHANGED -> Untit

MediaCodec.INFO_OUTPUT_BUFFERS_CHANGED -> Untit

else -> error("unexpected result from " +
"decoder.dequeueQutputBuffer: $outputIndex")
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when (val inputIndex = decoder.dequeuelnputBuffer(TIMEOUT_US)) {
in 0..Int.MAX_VALUE -> {

val inputBuffer = decoder.getInputBuffer(itnputIndex)!!
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val chunkSize = extractor.readSampleData( itnputBuffer, 0)
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if (chunkSize < 0) {
decoder.queuelnputBuffer(inputIndex, 0, 0, -1,
MediaCodec .BUFFER_FLAG_END_ OF _STREAM)

} else {

decoder.queuelnputBuffer(inputIndex, 0, chunkSize,
sampleTimeUs, 0)
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when (val outputIndex = decoder.dequeueQutputBuffer(info, TIMEOUT_US)) {

in 0..Int.MAX_VALUE -> {
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if ((info.flags and MediaCodec.BUFFER_FLAG_END_OF_STREAM) != 0) {
decoder.releaseOutputBuffer(outputIndex, false)

} else {
decoder.releaseOutputBuffer(outputIndex, true)

}
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when (val outputIndex = audioDecoder.dequeueQutputBuffer(audioBufferInfo, 0)) {
in 0..Int.MAX_VALUE -> {

val outputBuffer = audioDecoder.getOutputBuffer(outputIndex)!!
outputBuffer.position(audioBufferInfo.offset)
outputBuffer.limit(audioBufferInfo.offset + audioBufferInfo.size)

audioTrack.write(outputBuffer, audioBufferInfo.size,
AudioTrack .WRITE BLOCKING)

audioDecoder.releaseQutputBuffer(outputIndex, false)




private fun doExtract(extractor: MediaExtractor, decoder: MediaCodec) { 3 2 A E x AH-é- 7
. —r @)

val info = MediaCodec.BufferInfo()

var 1nEos = false
var outEos = false

while (!'outEos) {
if (!'inEos) A
when (val inputIndex = decoder.dequeuelnputBuffer(TIMEOUT_US)) {
in 0..Int.MAX_VALUE -> {
val inputBuffer = decoder.getInputBuffer(inputIndex)!!
val chunkSize = extractor.readSampleData( inputBuffer, 0)
if (chunkSize < 0) {
decoder.queueInputBuffer(inputIndex, 0, 0, -1,
MediaCodec.BUFFER_FLAG_END_OF_STREAM)

inEos = true

} else {
val sampleTimeUs = extractor.sampleTime Video vid
decoder.queuelnputBuffer(inputIndex, 0, chunkSize, Demuxing & Dec;&fﬁ’ s
: _ -
sampleTimeUs, 0) Decoding & Renderfig
extractor.advance() Rendering
} Audio/Video |
} Demuxing
else -> Untit Audio rudio
Demux%ng & —» Decoding &
} Decoding & Render:
Rendering snceting

if ('outEos) {
when (val outputIndex = decoder.dequeueOQutputBuffer(info, TIMEOUT_US)) {

in 0..Int.MAX_VALUE -> {
if ((info.flags and MediaCodec.BUFFER_FLAG_END_OF_STREAM) != 0) {
decoder.releaseQutputBuffer(outputIndex, false)
outEos = true
} else {
decoder.releaseQutputBuffer(outputIndex, true)
}

}
MediaCodec.INFO _TRY_AGAIN LATER -> Unit

MediaCodec.INFO_OUTPUT_FORMAT_CHANGED -> Untit

MediaCodec.INFO_OUTPUT_BUFFERS_CHANGED -> Untit

else -> error("unexpected result from " +
"decoder.dequeueQutputBuffer: $outputIndex")
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thread {
while (condition) {
blocking_call(TIMEOUT)
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thread { thread {
while (condition) { while (condition) {
blocking_call(TIMEOUT) val ready = nonblocking_call()
if (ready) {

} else {
sleep(TIMEOUT)
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class Scheduler {
fun schedule(block: () -> Unit, delay: Long)

thread {
while (condition) {

val ready = nonblocking_call()
if (ready) {

}

scheduler.schedule( {
val ready = nonblocking_call()

} else {
sleep(TIMEOUT)

Lf (ready) {

scheduler.schedule( , 0)
} else {
scheduler.schedule( , TIMEOUT)

}, 0)
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val task = object : Runnable { fun postTaskRepeatedly(delay: Long) {
@Override scheduler.schedule({
fun run() { val ret = nonblocking_call()
val ret = nonblocking_call() i1f (ret) {
if (ret) {
postTaskRepeatedly(0)
scheduler.schedule(this, 0) } else {
} else { postTaskRepeatedly(TIMEOUT)
scheduler.schedule(this, TIMEOUT) }

+ }, delay)
}

}
postTaskRepeatedly(0)

scheduler.schedule(task, 0)




private fun doExtract(extractor: MediaExtractor, decoder: MediaCodec) {
val info = MediaCodec.BufferInfo() DEVIEW
2020

var 1nEos = false
var outEos = false

while ('outEos) {
if (!'inEos) A
when (val inputIndex = decoder.dequeuelnputBuffer(TIMEOUT_US)) {
in 0..Int.MAX_VALUE -> {
val inputBuffer = decoder.getInputBuffer(inputIndex)!!
val chunkSize = extractor.readSampleData( inputBuffer, 0)
if (chunkSize < 0) {
decoder.queuelnputBuffer(inputIndex, 0, 0, -1,
MediaCodec.BUFFER_FLAG _END OF STREAM)
inEos = true
} else {
val sampleTimeUs = extractor.sampleTime
decoder.queuelnputBuffer(inputIndex, 0, chunkSize,
sampleTimeUs, 0)
extractor.advance()

}
}

else -> Untit

}

if ('outEos) {
when (val outputIndex = decoder.dequeueOutputBuffer(info, TIMEOUT_US)) {
in 0..Int.MAX_VALUE -> {

if ((info.flags and MediaCodec.BUFFER_FLAG_END_OF_STREAM) !'= 0) {
decoder.releaseOQutputBuffer(outputIndex, false)
outEos = true

} else {
decoder.releaseQutputBuffer(outputIndex, true)

}

}
MediaCodec.INFO _TRY_AGAIN LATER -> Untit

MediaCodec.INFO_OUTPUT_FORMAT _CHANGED -> Untit

MediaCodec.INFO_OUTPUT_BUFFERS_CHANGED -> Untit

else -> error("unexpected result from " +
"decoder.dequeueQutputBuffer: $outputIndex")




while ('outEos) {
if (!'inEos) {
when (val inputIndex = decoder.dequeuelnputBuffer(TIMEOUT_US)) {
in 0..Int.MAX_VALUE -> {
val inputBuffer = decoder.getInputBuffer(inputIndex)!!
val chunkSize = extractor.readSampleData( inputBuffer, 0)
if (chunkSize < 0) {
decoder.queuelnputBuffer(inputIndex, 0, 0, -1,
MediaCodec.BUFFER_FLAG_END_OF_STREAM)
inEos = true
} else {
val sampleTimeUs = extractor.sampleTime
decoder.queuelnputBuffer(inputIndex, 0, chunkSize,
sampleTimeUs, 0)
extractor.advance()

}
}

else -> Untit

DEVIEW
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private fun postExtractVideo(delayMillis: Long) {
demuxHandler.postDelayed({
if (!videoInEos) {
when (val inputIndex = videoDecoder.dequeuelnputBuffer(0)) {
in 0..Int.MAX_VALUE -> {

val inputBuffer = videoDecoder.getInputBuffer(inputIndex)!!

val chunkSize = videoExtractor.readSampleData( itnputBuffer, 0)

if (chunkSize < 0) {
videoDecoder.queuelnputBuffer(inputIndex, 0, 0, -1,

MediaCodec.BUFFER_FLAG_END_OF_STREAM)

videoInEos = true

} else {

val sampleTimeUs = videoExtractor.sampleTime

videoDecoder.queuelInputBuffer(itnputIndex, 0, chunkSize,
sampleTimeUs, 0)

videoExtractor.advance( )

}

postExtractVideo(0)

}
else -> postExtractVideo(TIMEOUT_MS)
}

}
}, delayMillis)
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while ('outEos) {

private fun postDecodeVideo(delayMillis: Long) {
videoDecodeHandler.postDelayed({

if (!videoOutEos) {
when (val outputIndex = videoDecoder.dequsueOutputBuffer(videoBufferInfo, 0)) {

in 0..Int.MAX_VALUE -> {
if ((videoBufferInfo.flags and MediaCodec.BUFFER_FLAG_END_OF_STREAM) != 0) {

videoDecoder.releaseQutputEuffer(outputIndex, false)
videoOutEos = true

} else {
videoDecoder.releaseOutputEuffer(outputIndex, true)

if ('outEos) { }
when (val outputIndex = decoder.dequeueOutputBuffer(info, TIMEOUT_US)) {
in 0. .Int.MAX VALUE -> { postDecodeVideo(@)
if ((info.flags and MediaCodec.BUFFER_FLAG_END_OF_STREAM) !'= 0) { return@postbetayed
decoder.releaseOQutputBuffer(outputIndex, false) }
outEos = true MediaCodec.INFO_TRY_AGAIN_LATER -> Unit
} else { MediaCodec.INFO_OUTPUT_FORMAT_CHANGED -> Unit
decoder.releaseQutputBuffer(outputIndex, true) MediaCodec.INFO _OUTPUT_BUFFERS_CHANGED -> Unit
} else -> error("unexpected result from " +
"decoder.dequeueQutputBuffer: $outputIndex")

}
MediaCodec.INFO TRY_ AGAIN LATER -> Untit

MediaCodec.INFO_OUTPUT_FORMAT_CHANGED -> Untit
MediaCodec.INFO_OUTPUT_BUFFERS_CHANGED -> Untit
}

else -> error("unexpected result from " + e
"decoder.dequeueOQutputBuffer: $outputIndex") }, delayMillis)

}

postDecodeVideo( TIMEOUT_MS)
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private fun postDecodeVideo(delayMillis: Long) {
videoDecodeHandler.postDelayed({

if (!videoOutEos) {
when (val outputIndex = videoDecoder.dequeueQutputBuffer(videoBufferInfo, 0)) {

in 0..Int.MAX_VALUE -> {
if ((videoBufferInfo.flags and MediaCodec.BUFFER_FLAG_END_OF_STREAM) != 0) {

videoDecoder.releaseQutputBuffer(outputIndex, false)
videoOutEos = true

} else {
videoDecoder.releaseQutputBuffer(outputIndex, true)

}

postDecodeVideo(0)
return@postDelayed
}
MediaCodec.INFO_TRY_AGAIN LATER -> Untit
MediaCodec.INFO OUTPUT_FORMAT_ CHANGED -> Unit
MediaCodec.INFO_OUTPUT_BUFFERS_CHANGED -> Untt
else -> error("unexpected result from " +
"decoder.dequeueQutputBuffer: $outputIndex")

}

postDecodeVideo(TIMEOUT_MS)

}
}, delayMillis)
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} else {
val curTimeUs = SystemClock.uptimeMillis() * 1000L
if (startTimeUs < 0) {
startTimeUs = curTimeUs
}
val curPtsUs = curTimeUs - startTimeUs
val sleepTimeMs = info.presentationTimeUs - curPtsUs

videoDecoder.releaseOQutputBuffer(outputIndex, true)

if (sleepTimeMs > 0) {
TimeUni1t .MILLISECONDS.sleep(sleepTimeMs)
} else {

}

videoDecoder.releaseOQutputBuffer(outputIndex, true)
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4.1 A/V sync s

private val syncThread = HandlerThread("SyncThread").apply { start() }
private val syncHandler = Handler(syncThread. Looper)

private val audioFrameQueue: Queue<AudioFrame> = ConcurrentLinkedQueue<AudioFrame>( )
private val videoFrameQueue: Queue<VideoFrame> = ConcurrentLinkedQueue<VideoFrame>( )
private var startTimeMs = -1L

private data class AudioFrame(val data: ByteBuffer, val bufferId: Int, val ptsUs: Long)
private data class VideoFrame(val bufferId: Int, val ptsUs: Long)

private fun queueAudio(data: ByteBuffer, bufferId: Int, ptsUs: Long) {
audioFrameQueue.add(AudioFrame(data, bufferId, ptsUs))
postSyncAudioVideo(0)

}

private fun queueVideo(bufferId: Int, ptsUs: Long) {
videoFrameQueue.add(VideoFrame(bufferId, ptsUs))
postSyncAudioVideo(0)




4.1 A/V sync

in 0..Int.MAX_VALUE -> {
if ((videoBufferInfo.flags and MediaCodec.BUFFER_FLAG_END_OF_STREAM) != 0) {
videoDecoder.releaseOutputBuffer(outputIndex, false)
videoOutEos = true
} else {
queueVideo(outputIndex, videoBufferInfo.presentationTimelUs)

in 0..Int.MAX_VALUE -> {

if ((audioBufferInfo.flags and MediaCodec.BUFFER_FLAG_END_OF _STREAM) !'= 0) {
audioDecoder.releaseOQutputBuffer(outputIndex, false)
audioOutEos = true

} else {
val outputBuffer = audioDecoder.getOutputBuffer(outputIndex)!!
outputBuffer.position(audioBufferInfo.offset)
outputBuffer.limit(audioBufferInfo.offset + audioBufferInfo.size)

queueAudio(outputBuffer, outputIndex,
audioBufferInfo.presentationTimelUs)




4. 1 /V Sync private fun postSyncAudioVideo(delayMillis: Long) {

syncHandler.postDelayed({
val curTimeMs = SystemClock.uptimeMillis()

val audioFrame: AudioFrame?
val videoFrame: VideoFrame?

audioFrameQueue.peek( )
videoFrameQueue.peek( )

if (audioFrame == null && videoFrame == null) {
return@postDelayed
}
® if (startTimeMs < 0) {
if (audioFrame == null || videoFrame == null) {
private syncThread = HandlerThread("SyncThread").apply { start() } return@postDelayed
private syncHandler = Handler(syncThread. looper) }
private audioFrameQueue: Queue<AudioFrame> = ConcurrentLinkedQueue<AudioFrame>() val startPtsUs = min(audioFrame.ptsUs, videoFrame.ptsUs)
private videoFrameQueue: Queue<VideoFrame> = ConcurrentLinkedQueue<VideoFrame>() startTimeMs = curTimeMs - startPtsUs / 1000L
private startTimeMs = -1L }
| . if (audioFrame != null) {
private data class AudioFrame(val data: ByteBuffer, val bufferId: Int, val ptsUs: Long) val renderTimeMs = startTimeMs + audioFrame.ptsUs / 1000L

private data class VideoFrame(val bufferId: Int, val ptsUs: Long)

postRenderAudioAtTime(audioFrame, renderTimeMs)
audioFrameQueue.remove( )

private fun queueAudio(data: ByteBuffer, bufferId: Int, ptsUs: Long) { ;
audioFrameQueue.add(AudioFrame(data, bufferId, ptsUs)) _ .
postSyncAudioVideo(0) if (videoFrame != null) {
} val renderTimeMs = startTimeMs + videoFrame.ptsUs / 1000L
if (renderTimeMs >= curTimeMs) {
private fun queueVideo(bufferId: Int, ptsUs: Long) { postRenderVideoAtTime(videoFrame, renderTimeMs)
videoFrameQueue.add(VideoFrame(bufferId, ptsUs)) } else {
postSyncAudioVideo(0) | kip3] , | ‘ JL |
videoDecoder.releaseQutputBuffer(videoFrame.bufferId, false)
s
videoFrameQueue.remove( )
+
if (laudioFrameQueue.isEmpty() || !videoFrameQueue.isEmpty()) {
postSyncAudioVideo(0)
} else {
postSyncAudioVideo(10)
+

}, delayMillis)




private fun postSyncAudioVideo(delayMillis: Long) { Zi 1 A/V Sync
syncHandler.postDelayed({ O

val curTimeMs = SystemClock.uptimeMillis()

val audioFrame: AudioFrame? audtoFrameQueue.peek( )
val videoFrame: VideoFrame? videoFrameQueue.peek()

1f (audioFrame == null && videoFrame == null) {
return@postDelayed

}

i1f (startTimeMs < 0) {
if (audioFrame == null || videoFrame == null) {
return@postDelayed

}

val startPtsUs = min(audioFrame.ptsUs, videoFrame.ptsUs)
startTimeMs = curTimeMs - startPtsUs / 1000L

}

if (audioFrame !'= null) {
val renderTimeMs = startTimeMs + audioFrame.ptsUs / 1000L
postRenderAudioAtTime(audioFrame, renderTimeMs)
audioFrameQueue. remove( )

}

if (videoFrame != null) {
val renderTimeMs = startTimeMs + videoFrame.ptsUs / 1000L
if (renderTimeMs >= curTimeMs) {
postRenderVideoAtTime(videoFrame, renderTimeMs)
} else {

videoDecoder.releaseOQutputBuffer(videoFrame.bufferld, false)

}

videoFrameQueue. remove( )

}

if (laudioFrameQueue.isEmpty() || !videoFrameQueue.isEmpty()) {
postSyncAudioVideo(0)

} else {
postSyncAudioVideo(10)

}
}, delayMillis)




4.1 A/V sync

val curTimeMs = SystemClock.uptimeMillis()




4.1 A/V sync

i1f (startTimeMs < 0) {
if (audioFrame == null || videoFrame == null) {
return@postDelayed

}

val startPtsUs = min(audioFrame.ptsUs, videoFrame.ptsUs)
startTimeMs = curTimeMs - startPtsUs / 1000L




4.1 A/V sync

if (audioFrame !'= null) { 7'. 7:"*|.

val renderTimeMs = startTimeMs + audioFrame.ptsUs / 1000L
postRenderAudioAtTime(audioFrame, renderTimeMs)
audioFrameQueue. remove( )




4.1 A/V sync

if (videoFrame != null) {
val renderTimeMs = startTimeMs + videoFrame.ptsUs / 1000L
if (renderTimeMs >= curTimeMs) {
postRenderVideoAtTime(videoFrame, renderTimeMs)
} else {

videoDecoder.releaseOQutputBuffer(videoFrame.bufferld, false)

}

videoFrameQueue. remove( )




Seeking
2
4

X

=
O|s
O

x*_

xI -

olo|9|

b~ 1

A=



4.2 SeeKing OEYEW

00:39 00:59

05 35— 00:59

00:39 X E =i =0, A X422 00:35 FE A%



4.2 Seeking e

Group Of Pictures (GOP)




DEVIEW

4.2 Seeking

=




DEVIEW

4.2 Seeking

=




DEVIEW

4.2 Seeking

I-Frame= 7 |&=C =2 &K

e

-Frame 2152 AATPA 28 (1=, 5=, 10, )

00:35



DEVIEW

4.2 Seeking

=M FXIE 7IElR
- SEEK_PREVIOUS_SYNC

- SEEK_NEXT_SYNC
- SEEK_ACCURATE

SEEK_ACCURATES| 21 A28t A5 23| 24l Jts

:




4.2 Seeking

oflOF of= &

- DE MZo| EXS HX

- Pipeline flush

- Decoder flush

- Demuxer ¢|X| O|=

- D= MY E EfA T A|E

Audio/Video
Demuxing

DEVIEW
2020







m DEVIEW
2020

S35 Y= Es 2THEY,

OrE XS LILT



Outro

A K&

- https://qgithub.com/leandromoreira/digital_video_introduction
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https://github.com/leandromoreira/digital_video_introduction
https://exoplayer.dev
https://www.vcodex.com/h264-resources
https://github.com/FFmpeg/FFmpeg/blob/master/fftools/ffplay.c
https://developer.android.com/reference/android/media/MediaExtractor
https://developer.android.com/reference/android/media/MediaCodec
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