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About Speaker, an Open Source Contributor

SAMSUNG Research

O NNStreamer: founder (2018)

O Linux Kernel
« Maintainer / founder (2012), "devfreq”: DVFS for non-CPU devices
« Maintainer / founder (2011), “extcon”: External connectors (not active)
- Committer: ARM, regulator, clock, PM, ... (not active)

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

O Tizen
 Architect: “System Framework”, “Base Libraries” (2012~2014)
* Architect: “"Machine Learning”

O Others (commits)

« Tensorflow, RPM, glibc, libunwind, obs-build, obs-build-service, libsolv, perl-
BSSolv, 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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https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.



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.
O Special-Purpose Hardware

« CNN H/W Accelerator

« ASR H/W Accelerator

O Model Compression
« Quantization
 Pruning

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



On-Device Al. Issues

O Higher Performance....

O Complexity
» Data paths
« Multiple sensors
« Multiple neural network models
« Multiple applications

https://github.com/nnsuite/nnstreamer

SAMSUNG Research

© 2019 Samsung Research. All rights reserved.



On-Device Al. Examples
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O Autonomous Vehicle

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

Camera

Image Segmentation

Lane Detection
SLAM

Planning

Control

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



Case 1: Autonomous Vehicle
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Case 1: Autonomous Vehicle

SAMSUNG Research
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Case 1: Autonomous Vehicle
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O Complex Pipeline Topology
« £5| (g B2I0| S82= A0 A2 V2 BE*?
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Case 1: Autonomous Vehicle
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O Synchronization
« =2l Process2 2510 =z| Of

[

How fast should I process?

Object Detection 1

Which frames should I use?

Object Detection 2 Object Recognition

Queueing policy? ’

O Parallelism
* Zt NodesS =E&/ 53

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
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O Latency
« M3 MemcpyZ 218l Communication Latency &7+

O Jitter Control
- 2t Node=0] CHst Resource/Rate 4|0 0{2{
* Node?t 4 =0] Cist s7/st O1HZ

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 Sensors

7t 2, BFo[3, IR, 2, 1
Q| Gt

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

I=| . .

= Intelligence Service 2
Intelligence Service 3
Intelligence Service 4

LI, BRFOIAL STT, U
GIZ, 1 9| AArstAE Of

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

— | meligence serice 3 _

— - 1 .
Intelligence Service 3
© M O| Al
O O - 1
Intelligence Service 4
S} X}OI Al
25 014

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

20|12 T2 Y2AS B AR 7|E 247

=

02 MO
=t
i
Ral
Mo
>t
ro
el
Mo
>t
%
1A

12
-1
M
e
g
ro
el
N
o
ro
el
<

Intelligence Service 1

obpizxy
Intelligence Service 2
Aol
b 24/ 24 21 A
Intelligence Service 3
S04 2ol AY
Intelligence Service 4
IS LIZNESESVAY
2014 Aol 4| AV

https://github.com/nnsuite/nnstreamer © 2019 Samsung Researc. AL rights reserved.



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

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

Issue 2. Neural Network Frameworks

Caffe tensorflow Tensorflow-lite
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Case 2: Multi-Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

Issue 3. Multimedia Data Processing
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Media Preprocessor Filter= =

HY 24 /5424 Ol Al OlEA TH=1 STSHA|?

5|74 Ol Al
S MO0lAl ztxiolAl Data Stream X| O =7??
SHAFQIA ern . (BE2A A=)
2ol ABHoIA AV

https://github.com/nnsuite/nnstreamer © 2019 Samsung Researc. AL rights reserved.



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

Issue 4. Data Stream Synchronization

A Bt THE £ 2 S4orH

reprocess COlATS OEH ots Y el
;

Model A A, BS =8 A[7|7} LS| o™
?

1T S

\ Preprocess

l ore Model B Model C

e
!
ro
-

https://github.com/nnsuite/nnstreamer © 2019 Samsung Researc. AL rights reserved.



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

Issue 5. Data Stream Rate Control

Ol2i = E|L}?
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Case 2: Multi-Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

Issue 6. Dynamic Stream Pipelines
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Case 2: Multi-Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

Issue 6. Dynamic Stream Pipelines
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Case 2: Multi-Modal Interactions
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Robots, Consumer Electronics, Mobile Devices

Issue 6. Dynamic Stream Pipelines
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Recap: On-Device Al 24

« CHEF LY Sensor & 29| AA|ZF X g
« Stream HENO| Data N 2|
o HAIZEHEX /22X HR

« Sensor / Data Stream Ct= =X

« Neural Net & AH|A Ch= =X @

« 02 Neural Net2| &
« O{2{ Neural Net 7|8t MH|A Q| EFXY
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Do NOT Reinvent the Wheel

-

~gstreamer
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Do NOT Reinvent the Wheel ~g«freamer

gstreamer for intelligence!

What is gstreamer?

«  Pipeline 7|8t Open Source Multimedia Framework (2001.1.~)
« Linux A€ E&

— Linux, BSD, macOS, i0S, Windows, .

- TV: &4, LG, Sony, -
« Audio/Video A, 7|= /\EEI%/%F%';—, Het MY 5

— Stream Filter2 AL 7t=st

— Pluging A|&5t7| 2/t &t
— C/C++/C#/Java/Python/Perl/CLI/--- 02| HE APl A&
— Pipeline 82 Holste A 2t 2 F2t6t= Application0| 2HJE!

* GUI ToolZ Pipeline J&{A Bt&E7[%--

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



-~

Do NOT Reinvent the Wheel ~g«freamer

gstreamer for intelligence!

Why gstreamer?

of=

00|I

+ Data Stream Pipeline 2 3 22|, Al
OFH =l H=Z Framework

o AAZE Issues 0|0 £=41E =l Multimediall =2 Issue!
— 0|0| sl{ 2ot 24| CtA| S A| LR}

« AlAHQl == Data Stream Filter!

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



Do NOT Reinvent the Wheel ~g«freamer

gstreamer for intelligence!

Why gstreamer?

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

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



Do NOT Reinvent the Wheel ~g«freamer

gstreamer for intelligence!

Why gstreamer?
« Configure & run complex stream pipelines... even with GUI tools

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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Don’t Reinvent the Wheel, Perfect it!
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gstreamer for intelligence = nnstreamer

GstreamerZt A1 E 2 0|35t Al Devicel| 7|8H0| £ ==

- ClQfst AMALQ Framework / Model S0|AH 2£E22 =0{2! Data
Stream HEZ
o C}QFst AMATQ Framework / Model & Invokeg BitH

« Audio/Video/Text 2| C}= Data StreamS GStreamerd|A Ct&
5 Y

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



Don’t Reinvent the Wheel, Perfect it!
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gstreamer for intelligence = nnstreamer

GstreamerZt A1 E 2 0|35t Al Devicel| 7|8H0| £ ==

« C}QFst AlAL Framework / Model S0|AH 2E2 2 202! Data
Stream H=
o« CtSHAAA Framework / Model &2 Invoked &4

« Audio/Video/Text 2| C}= Data StreamS GStreamerd|A Ct&
5 Y

> nnstreamer g

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



Don’t Reinvent the Wheel, Perfect it!

SAMSUNG Research

gstreamer for intelligence = nnstreamer

5> nnstreamer @

License: LGPL 2.1
7|2 GStreamer LGPL Z.E Z{AIR

Public Open: 2018.7. (vO.0.1) -=------ 2019.9. (v0.3.0)
https://github.com/nnsuite/nnstreamer

Please add “STAR" ©

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.
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Don’t Reinvent the Wheel, Perfect it!
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gstreamer for intelligence = nnstreamer

Gstreamer?} A BYE O[ali5t0| Al Devicel| 7|EHO] &[T -

. MY AL CIHFO|A/ONZ2|H|0| M THR)

- ZE|O|EO] ZHER}

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



Don’t Reinvent the Wheel, Perfect it!

SAMSUNG Research
gstreamer for intelligence = nnstreamer

Gstreamer?} A BYE O[ali5t0| Al Devicel| 7|EHO] &[T -

abc.tflite
| :Il —>ltensor_converter: tensor musx Tensorflow-lite
- ' . Application
—> tensor_filter 9| tensor_sink l—% Thread
sync_policy=slow
< Sensor )—9 tensor_src_iio

$ gst-launch-1.0
v4l2src name=cam_src ! tensor_convert | mux.sink_© \

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 ! \
tensor_sink name=sink

https://github.com/nnsuite/nnstreamer

© 2019 Samsung Research. All rights reserved.



Don’t Reinvent the Wheel, Perfect it!

SAMSUNG Research
gstreamer for intelligence = nnstreamer

Gstreamer?} A BYE O[ali5t0| Al Devicel| 7|EHO] &[T -

» BT AE
_ 22

T =

EIHH)I/\/OHEF—|9'1|0|*:I ZER
Stream Pipeline 2|

T.
ol

L oY el =+

ox o
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Fu'[ﬁzr—f
Ry
>

a

L 2 1L
40|10 W2C} AH[E! A==
2|S/2E | WA E £Ct,
OSOH HZ AP| 2|¥
C, C++, C#(.NET), Java, Python, Perl, Rust, D, Qt, Haskell, Ruby, CLI (shell)
Linux, BSD, Solaris, Android, macQOS, iOS, Windows, OS/400
— CtFSt Input 2 Media Filtere| AHAtE

o -

—LJ > rE H
e
2 oy

nue o

AN

— CYst

— 7|& SW Platform&| AHAIE / E¢F.

https://github.com/nnsuite/nnstreamer
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Don’t Reinvent the Wheel, Perfect it!
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gstreamer for intelligence = nnstreamer
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How GStreamer handle neural networks?
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MABLE &£ 5| Media Filter 24,

12 AlAAF AH0|2Q] H|0|E{= Video Stream? Audio Stream? Text
Stream? ---

= “Tensor Stream’!

~_+ Tensor : Multi-Dimensional Array

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



How GStreamer handle neural networks?
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AMEBE I SHLEC| Media Filter. Tensor®= & SHLEC| Media Type.

Data Stream2=2A{2| “Tensor”0f| Clet A9

other/tensor

framerate: (fraction) [ ©/1, 2147483647/1 ]

dimension: [1, 65535]:[1, 65535]:[1, 65535]:[1, 65535]

type: (string) { uint8, int8, uintl6, intl6, uint32, int32, uint64, inté64,
float32, float64 }

Refer: https://github.com/nnsuite/nnstreamer/wiki/AD % 3A-Data-Type % 2C-Caps%2C-and-
Flow-Design “GStreamer 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: Tensor8| F=

SAMSUNG Research

MAYE & 3HLEC| Media Filter. Tensore TensorsE & 5L Media Type.

Data Stream2=Z A{2| “Tensors”0f| CHet H2|

other/tensors
num_tensors = (int) [1, 16] # GST_MAX_MEMCHUNK_PER_BUFFER
framerate: (fraction) [ ©/1, 2147483647/1 ]
types = (string) Typestrings
dimensions = (string) Dimensions

Typestrings = Typestring | Typestring, Typestrings
Dimensions = Dimension | Dimension, Dimensions

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

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

https://github.com/nnsuite/nnstreamer © 2019 Samsung Research. All rights reserved.
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Neural NetworkE Stream Pipelinedf| £0|7|

SAMSUNG Research

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

Src

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII’M

Code: src ! sink

sink

SIc

—

Tensorflow-lite
abc.tflite

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII’L

sink

Code: src ! tensor_filter mode=tensorflow-lite model=abc.tflite ! sink

Src

—

Tensorflow
def.pb

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII’L

sink

Code: src ! tensor_filter mode=tensorflow model=def.pb ! sink

SIc

—

Caffe2
ghi.pb

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII’L

sink

Code: src ! tensor_filter mode=caffe2 model=ghi.pb ! sink

53
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Neural NetworkE Stream Pipelinedf| £0|7|

SAMSUNG Research

0 NN F/W £ MX| %= NN Model S 0{2...

)| 00—

XyZ.SO

SIC
sink

Code: src ! tensor_filter mode=custom model=xyz.so ! sink

SIc

™ PO )
defpy '

Code: src ! tensor_filter mode=python2 model=def.py ! sink

sink

>4 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 Of|A| HIo|E{S F7| o 02| EH| & L= X e

1920x1080 h264 3x300x300, float32

Src
sink

Tensorflow-lite
abc.tflite - '

Code: src ! tensor_filter mode=tensorflow-lite model=abc.tflite ! sink

3x300x300 uint8
3x300x300 float32

300x300 RGB Ensure
1920x1080 RGB 300x300 RGB ‘/{ [
o £
1920x1080 yuv raw 0N [\] = o
y < -g ~E;:::==L"//// % “g 3x300x300, float32
1920x1080 h264 | |-S > E S S ©
@ o K = 2 N
© () (@) wn - o
5 - | e o £ Tensorflow-lite |l =
] e ] e B > o o abc.tflite @
Code: src decodebin ! videoconvert ! videoscale

|

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

I tensor_convert

I tensor_transform mode=typechg option=float32

I tensor_filter mode=tensorflow-lite model=abc.tflite ! sink

55
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Neural NetworkE Stream Pipelinedf| £0|7|

SAMSUNG Research

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

Src
sink

— 3* Tensorflow-lite |
: obj_detect.tflite ‘

Code: src ! ... ! tensor_ filter mode=tensorflow-lite model=abc.tflite ! sink

tensor_decoder
) mode= bounding_box

ani o

O

>z

0110101 0110101 7

1010101 1010101 DD O
1001001 1001001 CE)_

®)

O

videoconvert
ximagesink

»' Tensorflow-lite
) abc.tflite

SIc
fee

-

p—)

videoconvert

Code: src ! tee name=t
t. ! queue ! ... | tensor_ filter mode=tensorflow-lite model=abc.tflite
I tensor_decoder mode=bounding box option=... ! videoconvert
I compositor name=c sink ©0::zorder=2 sink 1::zorder=1
I videoconvert ! ximagesink
I 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 v
£
U tensor_ tensor _filter > a|| Thread
- pm— tensor_mux : tee S
aggregator (tf-lite) > Q
or " tensor filter
ensor_ L\ lensor_ | | caffe2
demux | 7| __split [~ ( )
— | | ;
tensor_repo_src tensor_repo_sink UDP (internet) File
N~

Code: src ! tensor_aggregator frames-out=3 ! tensor_mux name=m
I tensor_filter mode=tensorflow-lite model=a.tflite ! 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. ! queue ! tensor_sink name=appsink
Keep adding filters, stream paths! 57
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Activity Recognition Sensors

SAMSUNG Research

2 48 Al

Images from: https://pixabay.com/ko/%EC%8B%A4%EB%A3%AB%ECY697%A3-%EA%BO%B0-%EB%I6%AB%ECHI6%BA%ECKAT %B0%EBYBAY%I4-%ECIBE%I5%ECY86%8C-%ECY84%ICIEC%E2%ACIHECIKHBB%IC-
96EB%94%94%ECIHIE%I0%ECIHID%BE-%ECKHI5%84%ECHID%BA%ECI)BD %I8-%EA%BBY%EB%ECKHIC%B5-3172280/
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Activity Recognition Sensors

SAMSUNG Research

[ e ————

DVS —> Preprocessorsi Aggregator — Static LSTM
A 4 s p= out=8 frame Tlf_ﬂso" A?ggc_?ator = Tg_ﬂsor
> offset=8 frame iter out=12 frame ilter
Tensor > Transform Customl |refresh=3 frame| | Custom Mux N;Lé;al
Zoneerer oma) Aagregator Sink (CNN-
! Bramrraccre. ' Tensor out=75 frame y| Transform o} Merge Tensor | [Sync @ based)
 Preprocessors > - ier [ offset=25 frame (Stand) Sync@ > Filter Slowest
_T Aggregator Transform B Slowest TFLite
Uuwe Tensor  |yf out=75 frame [P (Stand) |
Converter offset=25 frame —> media = tensor > tensors
o ~1000 Ilnes 9 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% 9 51,4% CPU ! tensor_aggregator in=1 out=12 flush=3

! tensor_filter frame=custom m=./lstm.so
0 ~40 MiB > ~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

I{ Display Sub pipeline ; ................................................... :."""""-"_.I:.{.:]:":"i_‘"“"""":“".""""".“".“"“..“."".“".-._":";";-:“;":“;“.:; ------
{"} = Tensor {*} i i S
‘ Queue > Video Convert [»| Composite P Video Sink | ! e.g., T.Filter = Tensor Filter R-Net Stage:, Eg‘Net :
il N w iotage !
.= s I: ]
’ P-Net Stage P-Net | [NMS/BBR] " n :
Queue ,_I:,. Q Video|y | ~ 'I'(.Transfortr;’l T.Transform | T.Filter || T.Filter |y h '
ueuep = T.Converter (Typecast/ B > : N .
: Scale Ngr?'nalize) (Transpose) " | TF-Lite| |Custom{ | Mux E: Tg?nsfr :
> L PP : |: + :
(R Sync n i
—:)- Iayerf i i SIB:Z)WG% '- NMS!BBR 1
Tee | ILE——— layer i+1 T TFilter] |
T — B — T PN MS/BE Custom
>Queue| 90T Converter» (Typecast H{ -1 7ansform_I TFilter Ly, T.Filter :: A :
\L Scale Normalize) (Transpose) |TF-Litel [Custom n [O-Net]
-------------------------------------------------- Fi uy | T.Filter|
Queue P» T.Converter T.Transform . > T.Transform ""H h TF-Lit X
(Typecast / Normalize) (Transpose) s D]

O Easier to implement
 Easier Parallelism & Synchronization

O Higher performance
» Throughput +83.2%
« Latency +15.4%

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

SAMSUNG Research

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

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

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

O Core-ML 2: 2018.9.~ (Apple)
 Limited pipelining. Closed-source

O Media Pipe: 2019.6.~ (Google)
* Not production-ready?

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



NNStreamer 0.3.0 (1.0-rc1)
O Supported Platform >
« Tizen 5.5+ T I 2 E N
 Standard machine learning API
Ubuntu 16.04/18.04 @
* PPA: ppa:nnasteramer/ppa

Android

« Android Studio: JCenter, "nnstreamer”
« Play Store: search "nnstreamer”

NG Research

 Yocto/OpenEmbedded
« “neural-network” layer standard framework. ‘0)
openembedded
* macOS

* Brew: nnsuite/nnstreamer

Incoming: i10S, 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
- 2t3: TensorFlow (1.9~1.14), TensorFlow-lite (1.9~1.14)

Custom C Model, Custom Python2/3 Model, +
Caffe2, PyTorch, Movidius-X (NCSDK),

« WIP: nnfw-runtime, openVINO
« A= Tensorflow (2.x), Keras

0 2/=3 A Frameworks

.« 2tZ: ROS, Linux-110 Rf)s.orq
:ROS?2
- A =l: Protobuf, Flatbuffer, ROS2 33 protobuf

65
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NNStreamer Benefit

SAMSUNG Research

Tensor

. HZ7lo| HAPAH O] BHOE App/System A
= 145 OjCjof NH2|7|Qt AEZ Mool RfALR

o o
. CHEE29| &3 ZHL 0/0] Multimedia 7} XS 0| o
Xt &l +E7k 19I5 2 2R Y. HO X2 HE2=
0] o) =)
O Ch¥et 7|2

« M Aot #15
- Data Pipeline Parallelisma &% BHE3} X7l 7|7|0f EXxY
«  Memcpy-less Data &
« Stream 7t S7(3t & £ = F

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



Open Source Project!

SAMSUNG Research

O F1Ll XtF&4 24 = ASL| O
» License: LGPL 2.1
« NNStreamerE Shared Library2 A%t App2 €= ZE 37 2| F Qi3
« License 1 X| o2
. MYN ARE XIREE.

O+ XR&E st = ASLH L.

» https://github.com/nnsuite/nnstreamer
« Github IssueE E3t EE, 25 HE 58
. AL XJpAN MY

« Code of Conduct: https://github.com/nnsuite/nnstreamer/blob/master/CODE OF CONDUCT.md

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

« Pass all test cases (coding rule/style, unit tests, integration tests (Tizen, Ubuntu,
Android, Yocto), static analysis, ...) and code reviews

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

68
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https://research.samsung.com/

NNStreamer DevTeam

SAMSUNG Research
OI"'|.h i
O Bol= X

* https://github.com/nnsuite
 Samsung Research (M7 2MHE)

O Software Release
TR RA)
 https://github.com/nnsuite/nnstreamer/wiki/NNStreamer-Conferences

O =0}
 System Software
e Linux kernel, system libraries, frameworks, firmware
 LinuxCon/ELCx, ATC 15, 16, Eurosys '16, ...
 Software Engineering

« CI/CD systems, OS integration & release
« ICCE "19, ICSE 19, ...

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