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About Speaker, an Open Source Contributor

SAMSUNG Research

O NNStreamer: founder (2018)

O Linux Kernel
AMaintainer [ fdedwiegter DY E S 1GPY devide® n
AMaintainer /| fexteon’d:erE x(t2e0rinla)l(notcaiven ect or s
ACommi tter: ARM, r e g (not active) r , cl ock, PM,

O .NET Core
A Main committer: Linux -ARM C# Runtime (not active)

O Tizen
AArchitect: “System Fr a(@02-2014) " , “Base Li
AArchitect: “Machine Learning”

O Others (commits)

A Tensorflow, RPM, glibc, libunwind , obs-build, obs-build -service, libsolv, perl-
BSSoly pipeviz,

Talk is cheap. Show me the code.
- L. Torvalds

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.
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Conventional. (Cloud Al)
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On-Device Al
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On-Device Al. Why?
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O Privacy & Data Protection

Q O
( @) VS @ @
O Low Latency

O Operating Cost

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



On-Device Al. Performance.
SAMSUNG Research
O Special-Purpose Hardware
A CNN H/W Accelerator
A ASR H/W Accelerator
A ..
A ..

O Model Compression
A Quantization

A Pruning
A..

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



On-Device Al. Issues

SAMSUNG Research

O Higher Performance....

O Complexity
A Data paths
A Multiple sensors
A Multiple neural network models
A Multiple applications

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



On-Device Al. Examples
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O Autonomous Vehicle

LIDAR

Camera

O Multi-Modal Interaction

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



Case 1: Autonomous Vehicle
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Object Detection
Object Recognition

Object Tracking

LIDAR

Image Segmentation

Camera Lane Detection
SLAM

Planning

Control

10 * AN A| AR ECE

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



Case 1: Autonomous Vehicle
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Planning-1

Camera

__ Text / Sigr / Signal
Camera Object Detection \\ /] Control-1

Lain2 Derortion

| LIDAR
Camera % Image Segmentation s / Planning-2
Camera ¢ Q‘_ \_
) i— Object Detaction N\ ; ‘
Camera | 8 H-.*' Object Recognitian
L Object Detection  r<a *‘vﬁ‘-!'l

Control-2

* N AAFECE Tzt ELE.

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.




Case 1: Autonomous Vehicle
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O High Bandwidth

Aa <« O R
Aol ph )

A 1 b

0 o £ 3 Workstation 4 » |
bd ., ta !

Y

(Memory Transaction!)

SLAM Planning-1
—— 7 < |
Camera

: lanning-2
— Image Segmentation Object Tracking /
Camera ; Q,_“\‘_
Y i— Object Detaction ‘

Camera & ——Jg» ., Object Recognition
= Object Detection "‘\T Iy
, ext / Sigr / Signa
Camera Object Detection ‘\V—‘ Control-1
. Laine Detection
Control-2
ADAF

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



Case 1: Autonomous Vehicle

SAMSUNG Research
O Complex Pipeline Topology
A JY®I NI NEVe " X271 wl2-=

Planning-1

SLAM
“A/.
' Planning-2
T'«-Im\ egmentat'on ‘ Object Tracking |
.v
— Object Detaction DN . ‘
‘._, Object Recognitian
< *‘vﬂn

\VText / Sigr. / Signal
\ - Control-1
Laine Dewaction '

Control-2

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



Case 1: Autonomous Vehicle
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O Synchronization
A L 'Q ProcessE n Jx M 2 !

I

How fast should I process?

Object Detection 1

Which frames should I use?

Object Detection 2 Object Recognition

Queueing policy? ’

O Parallelism
AP Noded L Q81 n

Plannlng -1

Plannlng -2

Image Segmentation

“\‘ ObJEd —
N
Object Detaction ..'4 " Obiect Recoqnltl n
2 Upject Uetection -’
Camera _— \‘Text / Sigr. / Slgnal
Camera Object Detection Control 1

Lain2 DeLeftlon

Control 2

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



Case 1: Autonomous Vehicle

O Latency
AOl Memcpy'E Communication Latency b

0O Jitter Control
A P Nodet 4 Resource/Rate A A AN
d A A'AN

d
A Nodep 9 £ 1 4 d

© 2019 Samsung Research. All rights reserved.
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Case 2: Multi -Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

Multiple Sensors

) ) IRI )

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



Case 2: Multi -Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

Multiple Al -based Services

Intelligence Service 1
: , STT,
’ Intelligence Service 2

Intelligence Service 3

Intelligence Service 4

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



Case 2: Multi -Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

Intelligence Service 1
Intelligence Service 2

/
Intelligence Service 3
Intelligence Service 4

https://github.com/nnsuite/nnstreamer © 2019 Samsung Researci:. Al rights reserved.



Case 2: Multi -Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

Ce

eud A, T 1

\4 Intelligence Service 1

Intelligence Service 2

Intelligence Service 3

Intelligence Service 4

https://github.com/nnsuite/nnstreamer © 2019 Samsung Researci:. Al rights reserved.



Case 2: Multi -Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

Intelligence Service 1

Intelligence Service 2

Intelligence Service 3

AV

~~

Intelligence Service 4

AV

AV

https://github.com/nnsuite/nnstreamer © 2019 Samsung Researci:. Al rights reserved.



Case 2: Multi -Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

Preprocess

Intelligence Service 1

Intelligence Service 2

Intelligence Service 3

AV

~~

Intelligence Service 4

AV

AV

https://github.com/nnsuite/nnstreamer © 2019 Samsung Researci:. Al rights reserved.



Case 2: Multi -Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

Data Stream Pipelines

|‘1| Bl -Dreproce
0 —— >

Intelligence Service 1

Intelligence Service 2

Preprocess). Intelligence Service 4

https://github.com/nnsuite/nnstreamer © 2019 Samsung Researci:. Al rights reserved.



Case 2: Multi -Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

Issue 1. Data Stream Performance.

Intelligence Service 1

Intelligence Service 2

Ay (Socket

https://github.com/nnsuite/nnstreamer © 2019 Samsung Researci:. Al rights reserved.



Case 2: Multi -Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

Issue 2. Neural Network Frameworks

Caffe tensorflow Tensorflow-lite

\ ﬂ \
| :]] — ’Dreprocess‘ | Caffe  tensorflow > Caffe
ors Hll T\ \Y
Obe A\

Intelligence Service 1

/ﬁ
i I‘

Custom C co ]
ff Custom C cod
cafte ustom ﬁ; Framework..

Tensorflow-lite Custom C# code /
/ AV ??7?
I/
tensorflow | Caffe
AV

https://github.com/nnsuite/nnstreamer © 2019 Samsung Researci:. ALl rights reserved.



Case 2: Multi -Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

Issue 3. Multimedia Data Processing

9
\
_>
- % —> ) \% )

Media Preprocessor Filter

/ ?
% Data Stream ?7?

/\

m ....;_;;)

AV‘/

https://github.com/nnsuite/nnstreamer © 2019 Samsung Researci:. ALl rights reserved.



Case 2: Multi -Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

Issue 4. Data Stream Synchronization

’ Preprocess’
|

ors

Model A

Model B Model C

A, B
C
A, B
C

https://github.com/nnsuite/nnstreamer © 2019 Samsung Researci:. ALl rights reserved.



Case 2: Multi -Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

Issue 5. Data Stream Rate Control

ors

’ Preprocess’
|

Model A

T
"""
Model B W Model C i

https://github.com/nnsuite/nnstreamer © 2019 Samsung Researci:. ALl rights reserved.



Case 2: Multi -Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

Issue 6. Dynamic Stream Pipelines

|‘1| Bl -Dreproce
0 —— >

Intelligence Service 1

Intelligence Service 2

Preprocess). Intelligence Service 4

https://github.com/nnsuite/nnstreamer © 2019 Samsung Researci:. Al rights reserved.



Case 2: Multi -Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

Issue 6. Dynamic Stream Pipelines

> >
\
_>
_— % i - :
: = =5 / Intelligence Service 1
N
'7 Intelligence Service 2
/ .

Y
’ / Intelligence Service 4
o

Y
AV/

https://github.com/nnsuite/nnstreamer © 2019 Samsung Researci:. Al rights reserved.



Case 2: Multi -Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

)

Breprocess, |

Issue 6. Dynamic Stream Pipelines

/ Intelligence Service 1

/7 Intelligence Service 2

7 Intelligence Service 3
r v

’ / Intelligence Service 4
Tav

AV/

https://github.com/nnsuite/nnstreamer

© 2019 Samsung Researck. ALl rights lecserved.



Recap: On-Device Al
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A Sensor

A Stream Data
A /

A Sensor / Data Stream

A Neural Net
A Neural Net
A Neural Net

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



Recap: On-Device Al S/W
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Contents / 7

On Device Al (Why NNStreamer?)

NNStreamer Design

NNStreamer Example

Shape the Future with NNStreamer Status/Future
Innovation and Intelligence

Conclusion / Off Topic

© 2019 Samsung Research. All rights reserved. SAMSUNG Resedrch



https://pixabay.com/photo -2490210/



https://pixabay.com/photo -2490210/



Do NOT Reinvent the Wheel

-

~gstreamer




-~
Do NOT Reinvent the Wheel -streamer o

gstreamer for intelligence!

What is gstreamer ?

A Pipeline . 'Q Open Source Multimedia Framework (2001.1.~)

A Linux &N
I Linux, BSD, macOS* g MQ* Ug.l bmuqg*
I TV.=mt* JE* Oml w*
A Audio/Video o, E° o ", U
i StreamFilter'E [T 63 2 &t Plugin 1.
i Plugin, ) A
i A-A))-Al-H t_ - NwHfml -ARlcpj - AJG- "
i Pipeline dut vy QN CEn v Application + £ O!
A GUI Tool'E Pipeline ., Ab» "Qt , |~

Q —_—C -

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



-~
Do NOT Reinvent the Wheel -streamer o

gstreamer for intelligence!

Why gstreamer ?

A Data Stream Pipeline , L Ow,’ 8
v o O Framework

AN Olssuee 0 2 g O Multimedia 0 Issuel
| 0 M i a° a |

A > Al == Data Stream Filter!

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



-~
Do NOT Reinvent the Wheel “'“'streamer o

gstreamer for intelligence!

Why gstreamer ?

A Configure & run complex stream pipelines,
dynamically in run -time!

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.
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Do NOT Reinvent the Wheel -streamer o

gstreamer for intelligence!

Why gstreamer ?
A Configure & run complex stream pi pel i nes .. even wi

o

/M -2
s <
P N

Add Openfile B || W [P

1IHEREEe EEm

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.
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Bml +r Pcgl tclPerfeatitlc Uf ccj *
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gstreamer for intelligence C nnstreamer

Gstreamerb ~ Ai _ J AlDevice @ Q 061 F

A av ~ Al Framework/Model t 41 W N'E A Data
Stream

A av ° Ai Framework/ Model t ., Invoke

A Audio/Video/Text T a 0 Data Stream, GStreamer4 + a i
I "E I}

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.
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gstreamer for intelligence C nnstreamer

Gstreamerb ~ Ai _ J AlDevice @ Q 061 F

A av ~ Al Framework/Model t 41 W N'E A Data
Stream

A av ° Ai Framework/ Model t ., Invoke

A Audio/Video/Text T a 0 Data Stream, GStreamer4 + a i
I "E I}

& nnstreamer

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



Bml xtr Pcgl t clPerfestit!c Uf ccj] *
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gstreamer for intelligence C nnstreamer

C Nnnstreamer

License: LGPL 2.1 '
GStreamer LGPL t |1

PublicMncl 8 0./ 6, 5, &t ., ., [ 0./
https://qithub.com/nnsuite/nnstreamer

Please add “STAR"” J

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.


https://github.com/nnsuite/nnstreamer

B ml| Remvent the Wheel, Perfect it!

SAMSUNG Research

gstreamer for intelligence C nnstreamer

Gstreamerb * A1l _ J AlDevice = Q 0 w”
AYAl Ma®d kQ

AYAL T ua 11 ® dk Q

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.
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gstreamer for intelligence C nnstreamer

Gstreamerb * A1l _ J AlDevice = Q 0w

ATAi Mad kQ
i Na P ct+0 ° | "E
T A: abc.tflite

Tensorflow-lite
| :: %tensorconverter> tensor_mux

—>  tensor_filter 9| tensor_sink '—9 Application
< Sensor )—9 tensor_src_iio

. Thread
sync_policy=slow

$gst -launch -1.0
v4l2src name=xam_src ! tensor_convert !'mux.sink 0 \

tensor_source_iio device=name device -number=100 trigger= abc ! mux.sink_ 1 \
tensor_mux sync_option =slow ! \

tensor_filter framework= tensorflow - lite model= abc.tflite A
tensor_sink  name=sink

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.
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gstreamer for intelligence C nnstreamer

Gstreamerb * A1l _ J AlDevice = Q 0 w”

AYAlL T ua 11 @ dk Q

[ Data Stream Pipeline
A N a
A"A edl \Na I | |
A 9 at0a |
Adt vMaw /0T x 1 Na. |
T av /‘l N ]OS4 APl 4

A C, C++, C#(.NET), JavaPython, Perl, Rust, D, Qt, Haskell, Ruby, CLI (shell)
A Linux, BSD, Solaris, Android, macOS, iOS, Windows, OS/400

i av Input O Media Filter i

i, SW Platform |0/

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.
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gstreamer for intelligence C nnstreamer

Gstreamerb * A1l _ J AlDevice = Q 0 w”
AA DUAKQ
i~ Ai Ma ® ., MediaFilter'E |i !

k &, Context ~ ,Style” *

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.
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How GStreamer handle neural networks?

SAMSUNG Research

“Ai |l A U  MediaFilter 4.

Y AL | h v Video Stream? Audio Stream? Text
Qrpc_k= "~

AC 2 Rcl gmp Qr pc

~A Tensor : Multi -Dimensional Array

W v https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.




How GStreamer handle neural networks?

SAMSUNG Research

Al 1l A U  MediaFilter. Tensor] A U  Media Type.

Data StreamN "E+ 2 Rc | 4| thp 3

other/tensor
framerate : (fraction) [ 0/1, 2147483647/1 ]
dimension: [1 , 65535]] 1, 65535]:] 1, 65535];[ 1, 65535 ]
type : (string) { uint8, int8, uintl6, intl6, uint32, int32, uint64, int64,
float32, float64 }

A Refer: https:// github.com/nnsuite/nnstreamer/wiki/AD%3A -Data-Type%2C -Caps%2C -and-
Flow-Design 2GStreamer data types (pad capabilities)”

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.


https://github.com/nnsuite/nnstreamer/wiki/AD:-Data-Type,-Caps,-and-Flow-Design

Tensors: Tensor n..

SAMSUNG Research

Al 1l A U MediaFilter. Tensor] Tensors A U  Media Type.

Data StreamNX "E+» 2 Rc |syl ndp

other/tensors
num_tensors =(int )[1, 16] # GST_MAX_ MEMCHUNK_ PER_BUFFER
framerate : (fraction) [ 0/1, 2147483647/1 ]
types = (string) Typestring s
dimensions = (string) Dimension S

Typestring s = Typestring | Typestring , Typestring s
Dimension s = Dimension | Dimension, Dimension S

Typestring = (string) { float32, float64, Ce intl6, uintl6, int8, uint8}
Dimension = (string) [1 -65535]:[1 -65535]:[1 -65535][1 -65535]

A Refer: https:// github.com/nnsuite/nnstreamer/wiki/AD%3A -Data-Type%2C -Caps%2C -and-
Flow-Design 2GStreamer data types (pad capabilities)”

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



https://github.com/nnsuite/nnstreamer/wiki/AD:-Data-Type,-Caps,-and-Flow-Design

Neural NetworkE Stream Pipelinedf| £0|7|

SAMSUNG Research

O Neural Network & S}LIC| Stream Filter & % ..

Src

—' .

Code: src !sink

sink

o =
@ abc.tflite Z
Code: src ! tensor_filter modezxensorflow - lite model= abc.tflite I sink
S [
S —) def.pb =
Code: src ! tensor_filter modezxensorflow  model=def.pb ! sink
S Caffe2 )|
S —) ghi.pb =
Code: src ! tensor_filter mode=caffe2 model= ghi.pb ! sink

53

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



Neural NetworkE Stream Pipelinedf| £0|7|

SAMSUNG Research

0 NN F/W £ MX| %= NN Model S 0{2...

9— C/C++ model —'é
@ XyZ.S0 [z
Code: src ! tensor_filter mode=custom model=xyz.so ! sink

S — Python2 —' <
@ def.py 2
Code: src ! tensor_filter mode=python2 model=def.py ! sink
54 Need to wrap custom models with nnstreamer APIs

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



Neural NetworkE Stream Pipelinedf| £0|7|

SAMSUNG Research
O NN oA Hlo]&{& F7| ¢lsll Oj2] EH| & €= X2
1920x1080 h264 3x300x300, float32

SIc

Tensorflow-lite -
abc.tflite '

Code: src ! tensor filter modezxensorflow - lite model= abc.tflite I sink

sink

3x300x300 uint8
3x300x300 float32

300x300 RGB Ensure
1920x1080 RGB 300x300 RGB ;{ [
L {o) £
1920x1080 yuv raw 0N = ()
y : £ ?¥=Q/ “é @ 3x300x300, float32
1920x1080 h264 | |- > IS o S @
) S ? = © =
S S o 47 J o
(@] (@] (D] (@] (@] (@] .
o 5) ) 5 © %) ) Tensorflow-lite x
= S < o el o c
2] B e B > & 5 abc. tflite — =
Code: src ! decodebin ! videoconvert ! videoscale

I'video/x -raw,format =RGB,width =300,height=300

I tensor_convert

I tensor_transform modezxypechg option=float32

I tensor_filter modezensorflow - lite model= abc.tflite I'sink

55

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



Neural NetworkE Stream Pipelinedf| £0|7|

SAMSUNG Research

O GUIE H2E s{E0 HN20 L. CIE App Code 2HEX| T,

Src
sink

— Q tensorflow-lite - o ooy
: obj_detect.tflite

Code: src !...! tensor_filter modezensorflow - lite model= abc.tflite I sink

0110101 0110101
1010101 1010101 D []
1001001 1001001

tensor_decoder

compositor

videoconvert
ximagesink

videoconvert

> o 1 Tenastc))gfiﬁ;{[ve-llte W) mode= bounding_box =) < ) —
' opti on=..[..
Code: src !tee name=t

t.!queue!..! tensor_filter modetensorflow - lite model= abc.tflite
I tensor_decoder mode®dounding_box option=...! videoconvert
I' compositor name=c sink_0:: zorder =2 sink_1:: zorder =1
I videoconvert ! ximagesink

t.  queue ! c.

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.




Neural NetworkE Stream Pipelinedf| £0|7|

SAMSUNG Research

0 EZI%t Topology: E/27? (O|A

muin

UDE Y| CHESLICH

o O ™
c
k%)
— || App
' Thread
© tensor_ tensor_musx tensor_filter oo > @
aggregator (tf-lite) SE
v P tensor_filter
tensor_ LA N N caffe?
demux | ' split |7 ( )
—— iyl L .
tensor_repo_src tensor_repo_sink UDP (internet) File
N~

Code: src ! tensor_aggregator frames-out=3! tensor_mux name=m

I tensor_filter modezensorflow - lite model= a.tflite I tee name=t ! queue
I tensor_demux name=d

d.src 0! tensor_repo_sink  name=a

tensor_repo_src  name=a! m.sink_1

d.src_ 1! tensor_split name=s option=... ! udpsink host=Samsung port=8000
s.src_ 1!  tensor_filter mode=caffe2 model= b.pb ! filesink location=/ tmp/tmp

t. I queue'! tensor_sink  name=appsink

Keep adding filters, stream paths! 57

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.
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Activity Recognition Sensors

SAMSUNG Research

Images from: https://pixabay.com/ko/%EC%8B%A4%E B%A3%A8%E C%97%A3%EA%B0%80%E B%96%A8%E C%96%BA4%E CY%AT%B0%E BBE C%B6%95%EC%86%B %E C%84%9C%EC%82%ACYHECY%8BY%IC
Y%EB%94%94%E C%IE%90%E C%ID%BEE C%95%84%E C%IDY%BA%E C%BD%IBEA%BEY88%E C%ICY%BS172280/

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.




Activity Recognition Sensors

SAMSUNG Research

[ e ————

DVS ——>» Preprocessorsi Aggregator NN W0 L Static LSTM

v ittt [-------- out=8 frame Tlf'rllsor A?g1rzec_.;;ator N TFe_ﬂsor

D offset=8 frame iiter out=12 frame ilter
Tensor |4 f Transform Custom | |refresh=3 frame| | Custom Mux Nﬁlgtal
Converter (Normal) Aggregator Sink o
R [ Tensor out=75frame || Transform |y | Merge Tensor | |Sync @ based)

: Preprocessors; Converter 9 offset=25 frame (Stand) Sync @ P»| Filter Slowest
j Aggrega'tor Transform _)‘ Slowest TFLite
Converter offset=25 frame —> media = tensor > tensors
o ~1000 Ilnes C 16 Ilnes 5 gst-launch-1.0 tensor_mux name=mux ! fakesink

! tensor_converter ! tensor_trans mode=arith
! tensor_aggregator in=1 out=8 flush=8
! tensor_filter frame=custom m=./cnn.so

0 @ 30FPS input, 90,4% A 51,4% CPU ! tensor_aggregator in=1 out=12 flush=3

! tensor_filter frame=custom m=./lstm.so
0 ~40 MiB A ~17 MiB Memory (RSS) ! mux.sink_0
tensor_merge name=merge sync-mode=slowest
! tensor_filter frame=tflite m=./uwb.tflite
! mux.sink_ 1
multifilesrc location="./input_uwb0_%04d.data"
! tensor_converter dim=1:1:32:1 type=float32
! tensor_aggregator in=1 out=75 flush=25
! tensor_trans mode=stand ! merge.sink_0
multifilesrc location="./uwbl_%04d.data"
! tensor_converter dim=1:1:32:1 type=float32
! tensor_aggregator in=1 out=75 flush=25
! tensor_transform mode=stand ! merge.sink_1

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.




MTCNN for Face Detection & Alignment

SAMSUNG Research
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ueue Queuep> B T.Converter® (Typecast/ B o Fiiter N '
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1 i rolla yers in the image pyramid Sync ' p
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e s e Bl e T R L T T e Fiter_[TFiteq]
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O Easier to implement
A Easier Parallelism & Synchronization

O Higher performance
A Throughput +83.2%
A Latency +15.4%
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Related Work

SAMSUNG Research

O NNStreamer: 2018.7.~
A Production ready for Tizen & Android.
A Integration w/ OS Standard APIs/Packages

O DeepStream: 2018.7.~ (NVidia, Gstreamer-based)
A For Nvidia H/W.

O GST-MSDK: 2018.9.~ (Intel, Gstreamer-based)
A For Intel H/W. Not actively maintained.

O Core-ML 2: 2018.9.~ (Apple)

A Limited pipelining. Closed -source
O Media Pipe: 2019.6.~ (Google)

A Not production -ready?

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



NNStreamer 0.3.0 (1.0-rc1)

e sn%u
O Supported Platform
A Tizen 5.5+ TIZEN.
A Standard machine learning API
A Ubuntu 16.04/18.04

A PPA:ppa:nnasteramer / ppa @

NG Research

A Android AT\
A Android Studio: JCenter nn$treamer” | '
APl ay St ormstreasmerar ch
A Yocto/ OpenEmbedded
A“neuretilwor k” | ayer stan@ framewo
openembedded
A macOS

A Brew: nnsuite/ nnstreamer

A Incoming: iOS, Windows

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



NNStreamer 1.0.0 (1.0-rc2)

SAMSUNG Research

O Neural Network Frameworks
A . TensorFlow (1.9~1.14), TensorFlow-lite (1.9~1.14)

Custom C Model, Custom Python2/3 Model, y

Caffe2, PyTorch, Movidius - X (NCSDK),

A WIP: nnfw-runtime, openVINO

A . Tensorflow (2.x), Keras
o A== A Frameworks
A _ . :2: ROS.org
- ROS, LinuxIlO
:::ROS2
A : Protobuf, Flatbuffer, ROS2 *§ protobuf
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NNStreamer Benefit

SAMSUNG Research

Tensor

T

App/System

T

A Multimedia

A Data Pipeline Parallelism
A Memcpy-less Data
A Stream

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



Open Source Project!

SAMSUNG Research

O 5Lt Xtf&AH 24 = YSL| L.
A License: LGPL 2.1

A NNStreamer Shared Library App
A License

A

O+ XR&E st = ASLH L.

A https://github.com/nnsuite/nnstreamer
A Github Issue , ,
A / !

A Code of Conduct: https:/ github.com/nnsuite/nnstreamer/blob/master/CODE_OF CONDUCT.md

A How to Contribute: https:// github.com/nnsuite/nnstreamer/blob/master/CONTRIBUTING.md

A Pass all test cases (coding rule/style, unit tests, integration tests  (Tizen, Ubuntu,
Android, Yocto), St ati c anal ysis

A https://sethrobertson.qgithub.io/GitBestPractices /
Commit Often, Perfect Later, Publish Once!

68
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https://research.samsung.com/

NNStreamer DevTeam

SAMSUNG Research
OlalLL 11
O Bol= X

A https://github.com/nnsuite
A Samsung Research ( )

O Software Release
A

A https:// github.com/nnsuite/nnstreamer/wiki/NNStreamer -Conferences

o 20}
A System Software
A Linux kernel, system libraries, frameworks, firmware
A LinuxCoWELCx ATC ’'Eursys’ ‘1166 ,
A Software Engineering

A CI/CD systems, OS integration & release
Al CCE 19, I CSE ‘19,

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.
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