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LIVE @53K

Corey Ponder o

LOOK &t them. Amazing

Uzair Chutani

| Cant Imagine Now anvone gets w

done with these guys around the

Shirley Ip
What kind of puppées are they?

Hani Ahir

OMG! They are so adorable!
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/A PRISM Live Studio

Multistream

Crer S SIS0

SAI0E

ISOMIR.

YouTube, Twitch, afreecaTV, V LIVE, NAVER TV, Periscope
H™E PBSHHL Facebook| RTMPE As

= =0

ofod, o AH'20f| SA|f|

YSHEMR. T o] 2F 2= AR =7} Hio} ELIC

P NAVER TV

afreeca™'s

Q Periscope

+ Add Select Channel

- Multistream ON

PRISM Grou
n p

D) Music Channel

P PRISMTV

Q Afreeca TV
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PErsoOngi

/A PRISM Live Studio 4
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Multistream

Crer S SIS0

A0 TSI K.

YouTube, Twitch, afreecaTV, V LIVE, NAVER TV, Periscope
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WS R. ot Ho| BFO = ARt =2} B2t ELICH. e

PRISM Group

@ Music Channel

3 YouTube twitch afreeca™'s B PRISM TV
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&3 YouTube twitch afreeca'™'®

Dvuve P NAVERTY | Q Periscope
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MOS PSNR SSIM  [SSIMPLUS| VMAF

S =5 7 X Predictive value Best Relatively low | Slightly higher| Much better | Much better
g o g2 oc (53 . Basis Subjective Math Math Math + ML | Math + ML
— _ Reference Can be Yes Yes Yes Yes
@ SIS 4L =5 e
U @1 020304 Scoring 1=5 0=100 0-1 0-100 0-100
@ =9 13O | x264 e
Hhs AH| QD0 AX 2H HE Mo artifact threshold NA 45 dB 0.99 100 93
C-g ete £ W2 MEE [ 19201080 - -
Artifacts likely present NA 35dB 0.5 NA NA
E HIt2 HIOIEIE Ao [CBR - ;
- Interpreting scores
O gz HIEdI0lE [2500 ; 2]
- BZlterli R Sall ke Excellent 5 45+ 0.99 + 80-100 80-100
,n_ aa 3=l 2429 (= T, 0=AE) [0 2]
£ CPU A2 AHEE (22 = A2 CPU 25D venfast - Good 4 38 0.95-0.99 60-80 60-80
=2 high -
=8 [(@2) - Fair 3 30 0.88-0.98 40-60 40-60
O oK =2 (vFR)
(264 8T (@Wo= 22) | Poor 2 24 0.50-.088 20-40 2040
Bad 1 <15 <.5 < 20 <20
Just-noticeable NA NA NA NA 6
difference
— L e Device ratings No No No Multiple Standard,
— o - Phone, 4K
Ownership Open source | Open source | Open source | Proprietary | Open source

https://www.streamingmedia.com/Articles/ReadArticle.aspx?ArticlelD=130675
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@ - 1080p YUV Low-complex, High-complex (10~15sec) ~2GB
SHAIE Xt e 720p YUV Low-complex, High-complex (10~15sec) ~4GB
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X X{ HIEH
T O O H
- HE G H|EY[O|EE QI3 G429 QoE Metric &8

o
- 1sec THP| 2 EMH SHH PSNR, SSIM =74 H| W

- Video Bitrate (500Kbps ~ 2Mbps), bitrate step = 500Kbps

Q|3 mi2{0|E
- H.264 (High Profile 3.1 Level, GOP 1sec, 30FPS)
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1Y &2 H|weBYHE #Iet QoE metric 178
1. 2|CH4IS Of 2t H WS 9I3F PSNR 2. 1= A CHH| LEH QAT £HS I3t SSIM
1 m—1n—1 . o The SSIM index is calculated on various windows of an image. The measure between two windows x
MSE = oy Z 1(3,7) — K(4, )] and y of common size NxN is:[°]
i=0 j=0
The PSNR (in dB) is d f'J d SSIM(z, y) (2ppopty +€1)(200 T c2)
e in IS defined as: rd) —
(k2 + py + c1)(oz + oy + c2)
MAX? o
e u, the average of z;

_90. logm ( MAX; ) * 1, the average of y;
vV MSE * o2 the variance of z;
= 20 - log;o(MAX;) — 10 - log,( (MSE) * o}, the variance of y;
* o, the covariance of z and y;
e c;=(k1 L)%, cy=(kyL)? two variables to stabilize the division with weak denominator;
e I the dynamic range of the pixel-values (typically this is 27#bits per pizel _7 );
e k;=0.01 and k,=0.03 by default.
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Download % ﬂ Upload
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nMobile Device Pool

% Download
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Analysis Server
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2 Bd, 32 URTY 220||A, 2HfZ THE2S| I3 =2Fa X0t US7H?

O|0|X| =X : https://newatlas.com/best-smartphones-specs-features-comparison-2017/49418/
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Complex scenes with motion and textures require higher bitrates than scenes with less movement.

ZA0M, M= CHE SEES A G 22l 242 S2 X10l=?

O L_—

O|O|X| =X : https://bitmovin.com/per-title-encoding
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Complex scenes with motion and textures require higher bitrates than scenes with less movement.
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25 A ; : v M v ; ; 25 T T T T T l T T
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PSNR, SSIM 2| 3]

VIMAF s a perceptual video guality assessment algorithm developed by Netflix.
VMAF Development Kit (VDK) is a software package that contains the VMAF
algorithm implementation, as well as a set of tools that allows a user to train and

https://github.com/Netflix/vmaf test a custom VMAF model.



H.264 720p VMAF %7t 23

100

90
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70
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50

40

= VIAF

: Excellent

: — i

: E Good

Fair
2000 2500 3000 3500 4000 4500 5000 5500 6000

Bitrate(kbps) VMAF
2000 59.1107
2500 67.959517
3000 74.214315
3500 78.915293
4000 82.524579
4500 85.3576
5000 87.618399
5500 89.468072
6000 91.00941
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H.264 720p VMAF %7t 23

100

90

80

70
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50

40
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2019

VMAF
Predictive value Much better
Basis Math + ML
Reference Yes
Scoring 0-100
No artifact threshold 93
Artifacts likely present A

Interpreting scores

= VIAF

: Excellent

: — i

: E Good

Fair
2000 2500 3000 3500 4000 4500 5000 5500 6000

Good 60-80
Fair 40-60
Foor 20-40
Bad <20
Just-noticeable 6
difference
Device ratings Standard,
Fhone, 4K
Ownership Open source




MBI E H 265 (HEVC)
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VMAF
: : Excellent
: :
: : Good
. .
: : Fair
1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Bitrate(kbps) VMAF
1500 68.928233
2000 76.204665
2500 81.291183
3000 84.97686
3500 87.753544
4000 89.868598
4500 91.528826
5000 92.855763
5500 93.92815
6000 94.809386
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Capture Encoding RTMP(TCP) Network Service
(30fps) (1500Kbps)
1. 30| If2t SUSHE = U= 2. 52 & 00K & 3. ©& O[O|E HXl 0|2 =7 =71s
O|Cfo] 2|9 =2l= Q1R O|O|E{e| EAIA 37|

Huang, Te-Yuan, et al. "Confused, timid, and unstable: picking a video streaming rate is hard."
Proceedings of the 2012 internet measurement conference. ACM, 2012.
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Adaptive Bitrate Publish

RTMP Protocol2| £/40j| Metot Adaptive Bitrate Publish 7%=
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Simple ldea

Throughput Z70| O{FCHH, 'THE 7| =(=Buffer) 2= TITH S0

7|& A=l Buffer 7|2t2| Adaptive Bitrate estimation & 2{0|E &= 0| Ar22

Kevin Spiteri, Rahul Urgaonkar, Ramesh K. Sitaraman:
BOLA: Near-optimal bitrate adaptation for online videos. INFOCOM 2016: 1-9



DEVIEW

Simple ldea

‘ Send Buffer
A Socket Buffer
H 0Oo0ooo -]]) ODOo000 &S @l
oy,
f | 4 %

Encoder P recent Poia RTMP

P = presentation time

Buffer Duration = Precent— Poid

Buffer Duration > Down Threshold Duration = Bitrate Down
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Bitrate Down Action
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NewBitrate = CurrentBitrate * (1.0 - BufferDuration / (Interval * lterationCount)) * weight
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Bitrate Up Action
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Bitrate Up Bitrate Down Stable FPS Up FPS Down
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Iteration #1
Interval 1000ms
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Environment Environment Environment
set #1 set #2 set #1
Scenario 1 Scenario 1 Scenario 1
Scenario 2 Scenario 4
Scenario 3 Scenario 3
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DEVIEW

Android MediaCodec

PARAMETER_KEY_VIDEO_BITRATE Added in API level 19

public static final String PARAMETER_KEY_VIDEO_BITRATE

Change a video encoder's target bitrate on the fly. The value is an Integer object containing the new bitrate in bps.
See also:
setParameters(Bundle)

Constant Value: "video-bitrate"
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BW: 500Kbps
+ 2~373 L{0of] 2000Kbps -> 450Kbps= bitrate down

BW:2.0Mbps

BW: 1200Kbps
+ 503 {0 450Kbps -> 1200KbpsZ bitrate up

BW: 500Kbps
+ 2~33 L0 1200Kbps ->= 450Kbps= bitrate down
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ABP = LIVE SDK?}| M&%F BE U|0|H AH| AV AR S
V LIVE, PRISM LIVE STUDIO, WAV, BAND &

o2l 5=, =222 AMH|A S| AFEHOZUES 5

M 2|
Cellular 2+42| QoS A|LIE| Q2 CHS ZCHMO| OFXJH AISHO| A ] &= HXS
| O

1= 1
= s M e+t

Pensieve’ 2F Z2 Deep Learning =&

H. Mao, R. Netravali, and M. Alizadeh.
Neural adaptive bitrate streaming with pensive. SIGCOMM, 2017.
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Kitty! Kitty!
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% 7 Cutest cat ever!

Awww just look at that doll! &

Multi Encoding / Media Overla
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Exception O|A| #1
E/ACodec: [OMX.gcom.video.encoder.avc] ERROR(0x80001009)
E/ACodec: signalError(omxError 0x80001009, internalError -2147483648)
E/MediaCodec: Codec reported err 0x80001009, actionCode 0, while in state 6
E/ACodec: [OMX.gcom.video.encoder.avc] ERROR(0x80001009)
E/ACodec: signalError(omxError 0x80001009, internalError -2147483648)
E/MediaCodec: Codec reported err 0x80001009, actionCode O, while in state 6
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When | try to decode H.264 raw stream with MediaCodec on Note3(N9005, Android 4.3) , | get these

errors:

12-25 19:57:48.362:
12-25 19:57:48.362:
12-25 19:57:48.362:
12-25 19:57:48.362:

<

But the same codes work on Note3(N900) and Google Nexus 7 (th
code what | referenced to: htip://developer.android.com/reference/:

P.S: the header of my H.264 raw stream looks like this:

. B0 60 00 01 68 ...00 B8 00 @1 65(tatol 4

| can attach my testing video file for you if need.

E/ACodec(19827): [OMX.gcom.video.decoder.avc] ERROR(@8x386018089)
E/MediaCodec(19827): Codec reported an error. (omx error 8x30001889, inter
W/System.err(19827): java.lang.IllegalStateException

W/System.err(19827): at android.media.MediaCodec.dequeuelnputBuffer(Natiwve

>

| implemented a video encoder by MediaCodec API to encode 2560x720 videos. | veri
several devices but | encountered a configuration problem on Samsung Note 2 (Androi

following is my code to prepare the codec instance:

Format = MediaFormat.createVideoFormat("video/avc", 25608, 728);
Format.setInteger(MediaFormat.KEY_BIT_RATE, (int) (25608 * 728 * 28 * 9.5f));
Format.setInteger(MediaFormat.KEY_FRAME_RATE, RefreshRate);
Format.setInteger(MediaFormat.KEY_COLOR_FORMAT, MediaCodecInfo.CodecCapabilitie
Format.setInteger(MediaFormat.KEY_I_FRAME INTERVAL, 1);

try {
Codec = MediaCodec.createEncoderByType("video/avc");
Codec.configure(Format, null, null, MediaCodec.CONFIGURE_FLAG_ENCODE);
CodecFound = true;

} catch (Exception e) {
CodecFound = false;
if(DEBUG) Log.e(CodecTag, "Failed to find available codec", e);

¥

<

No exception is thrown during this try-catch block. But after starting codec operation, ni
encoded data nor the output format is output by the encoder even if the input buffers al
("dequeueOutputBuffer" always returns -1). The following is the log after starting codec
errors are reported:

85-84 11:29:17.071:
85-84 11:29:17.071:
@5-84 11:29:17.111:
B5-04 11:29:19.326:
B5-04 11:29:25.606:
B5-04 11:29:25.606:
B5-04 11:29:25.606:
85-84 11:29:25.606:

E/MFC_ENC(10@6): SOMXVE_Init: isSEIOn : ©
E/MFC_ENC_APP(10@6): SsbSipMfcEncInit]  IOCTL_MFC_ENC_INI
Aflibc(1086): Fatal signal 11 (SIGSEGV) at 8xPeeEEEES (code
E/VideoCodecInfo(1353): Failed to get track format due to c
E/ACodec(1353): OMX/mediaserver died, signalling error!

E/AudioService(2462): Media server died.
E/Camera{1353): Error 160

DEVIEW
2019

From Grafika project, file DoubleDecodeActivity.java. | tried 3 simultaneous video(h264) decoders
using MediaCodec APIs on 3 SurfaceViews. On adding 4th decoder to 4th SurfaceView to Nexus 7
with Android 5.1 CRASHES, So how many simultaneous decoders would be possible or supported.

PS. After this crash, MediaCodec doesn't work anymore. Need to restart the device to use

MediaCodec.

Below is the crash log. Crashes at decoder.start() function for 4th decoder thread.

COom.

com
Com

com .

Com

COom.
com.

com

com.

Com
Com
com

com.
com.

com

com.
com.

com
Com
Com
com

cCom.

example.
.example.
.example.
example.
.example.
example.
example.
.example.
example.
.example.
.example.
.example.
example.
example.
.example.
example.
example.
.example.
.example.
.example.
.example.
example.

? E/ACodec:
? E/AndroidRuntime:

E/MediaCodec(1353): Codec reported an error. (omx error 8x8vwwiwwa, interr

app-
app.-
app-
app-
app.
app-
app-
app.-
app-
app-
app.
app-
app-
app.
app-
app-
app.
app-
app-
app.
app-
app.-
registering GraphicBuffer 4 with OMX IL component failed:

one
one
one
one
one
one
one
one
one
one
one
one
one
one
one
one
one
one
one
one
one
one

V/DecodeActivity: Mime: wvideo/avc
I/OMXClient: Using client-side OMX mux.
V/DecodeActivity: Mime: wvideo/favc
I/OMXClient: Using client-side OMX mux.
V/DecodelActivity: Mime: wvideo/avc

E/ACodec:
E/ACodec:
W/ACodec:
W/ACodec:

[OMX.gcom.video.decoder.avc] storeMetaDatalnBuffers failed w/ et
[OMX.gcom.video.decoder.avec] storeMetaDatalnBuffers failed w/ et
do not know color format 9x7fa3@cB83 = 2141391875
do not know color format @x7fa3@c@3 = 2141391875

I/OMXClient: Using client-side OMX mux.
V/DecodelActivity: Mime: wvideo/avc
I/0MXClient: Using client-side OMX mux.

E/ACodec:
E/ACodec:
W/ACodec:
W/ACodec:
E/ACodec:

[OMX.gcom.video.decoder.avec] storeMetaDatalnBuffers failed w/ et
[OMX.gcom.video.decoder.avc] storeMetaDataInBuffers failed w/ et
do not know color format 9x7fa3@c@3 2141391875
do not know color format @x7fa3@c@3 2141391875
registering GraphicBuffer 9 with OMX IL component failed: -2147:

V/PlayerFromFileThread: inputBuffer not available.

E/ACodec:
E/ACodec:

Failed to allocate buffers after transitioning to IDLE state (e:
signalError(omxError 8x80001001, internalError -2147483648)

V/PlayerFromFileThread: inputBuffer not available.
E/MediaCodec: Codec reported err 9x80001001, actionCode @, while in state

-2147483648

FATAL EXCEPTION: Thread-485

Process: com.example.app.one, PID: 17143
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getMaxSupportedinstances e Added in API level 23

public int getMaxSupportedInstances ()

Returns the max number of the supported concurrent codec instances.

This is a hint for an upper bound. Applications should not expect to successfully operate more instances than the

returned value, but the actual number of concurrently operable instances may be less as it depends on the available
resources at time of use.

int
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2019
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AOSP CTS Z2Z

int getActualMax(boolean isEncoder, String name,

String mime, CodecCapabilities caps, int max) {

for (int 1 = 0; 1 < max; ++1) {
try {
codec = MediaCodec.createByCodecName(name);
codec.configure(format, null, null, flag); CTS =
codec.start(); AH A
codecs.add(codec);
codec = null;
} catch { platform/cts X% master E2HX]
tests/tests/media/src/android/media/cts/MediaCodecCapabilitiesTest java
} finally {
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5142 7|7|2] OMX Server 7} £0{H2|= 77|

E/ACodec: OMX/mediaserver died, signalling error!
E/ACodec: signalError(omxError 0x8000100d, internalError -32)

AY3.0SAHZ IS, e|RE 28 717
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o442, 71712] OMX Server 7 Z0{H 2| = 2|7

E/ACodec: OMX/mediaserver died, signalling error!
E/ACodec: signalError(omxError 0x8000100d, internalError -32)
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1280x720@30, 4500 Kbps 1280x720@30, 10000 Kbps 1920x1080@30, 20000 Kbps

PEr B G CEre EY ET PTUTT Man@u HiheLs
AX|ZAF D27 |A Max 16 16 16 16 16 16 16
Andorid 8.0.0, API 26 gctualMax 14 14 14 14 14 14 14
BH|ZA =27|A Max 16 16 16 16 16 16 16
Android 7.0, AP 24 gctualMax 16 16 16 16 16 16 16
AR Z=AF D27|B Max 16 16 16 16 16 16 16
Android 8.0.0, API 26 gctualMax 1 4% 1 4% 15% 15% 15% 15% 1 4% 1 5% 1 5%
BX|=AF HZI|A Max 9 9 9 9 9 9 4 4 4
Android 6.0.1, API 23 gctualMax 9 9 9 9 9 9 4 4 4
BX| XA H27|B Max 9 9 9 9 9 9 4 4 4
Android 5.0, API 21 gctualMax 9 9 9 9 9 9 4 4 4

* OMX/mediaserver died, signalling error!
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FHD, 272h2| Q1R E2F n7he| C|R L M (= /C|ZE 4=2h)

Encoder : 1920x1080@30fps, 20Mbps, High@L4, VBR

Decoder : 1920x1080@30fps, 20Mbps, High@L4, VBR, 120 op-rate

2 enc + n-dec n-dec
X ZEAFB 557 Android 7.0, API 24 14 16
QUAH|Z=AF A EE7 Android 6.0.1, API 23 7* 9*
N ZAFB HE7]A Android 6.0.1, API 23 2 4
M2AFB E=7(B Android 5.0, API 21 2 4
M ZAFA D=7]A Android 8.0.0, API 26 14%* 16
N ZAFA I1=7(B Android 8.0.0., API 26 12* 14

* OMX/mediaserver died, signalling error!

OITAC{O CITC{= A JHs 20f A5 HHS O|X|= 2402 29

N —/ L_
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FHD, HD Q13 2+ 174 =

N Z=AFB 27| Android 7.0, API 24

QAN EALA EE 7| Android 6.0.1, API 23
XA B EZ71A Android 6.0.1, API 23
MZAFB E=7(B Android 5.0, API 21
MIZZAFA OZ7(A Android 8.0.0, API 26
MZATA I127|B Android 8.0.0., API 26

QAN A B 127 Android 8.1.0, API 27

23H9F n 72| UHD |2

2 enc + n-dec (UHD)

a8 (URY/LET =)

1920x1080 1280x720

3 3
5* /%
0 0
0 0
7 QK
10 10

1 Pk 1 ¥k

U Chalojlkf= UHD LIRS A4J51X| Rot= 32 o

-1

* OMX/mediaserver died, signalling error!
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Device Model  Android 0S  Max. CameraMax. Camera Max'grﬂg rsapeed Max. High Speed | 1080p AVC Enc2+ 1080p AVCEnc1+ 1080pAVCEnc2+  1080p AVC Enc 1 +
Version Resolution FPS (>=30) Resolution Camera FPS 2160p AVC Dec 2160p AVC Dec 1080p AVC Dec 1080p AVC Dec
1=7|A Android 8.0.0 4032x3024 30 1280x720 240 3 3 14 16
1=7|B Android 9 4032x3024 30 1920x1080 240 3 4 16 16
1=7|C  Android 9 4032x3024 30 1920x1080 240 3 4 16 16
HZ2|A Android 6.0.1 1920x1080 N/A N/A N/A 0 0 2 3
HZ7|B Android 6.0.1 3840x2160 30 1280x720 120 0 0 2 3
s=7|A  Android 8.0.0 4032x3024 30 1280x720 240 1 1 7 7
=7|B  Android 7.0 4032x3024 30 1280x720 240 1 1 6 7
5=7/C  Android 9 4032x3024 30 1280x720 240 3 4 16 16
157D Android 9 4032x3024 30 1920x1080 240 3 4 16 16
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