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https://github.com/nnsuite/nnstreamer

For Everyone!

nnstreamer—? /// SOSCON 2018
\

OS: Linux (Tizen/Ubuntuy/...), BSD, iOS, macOS, Windows, Android\ M\

Language: C, C++, C#(.NET), Java, Haskell, Qt, Python, Perl, Ruby, ... ... ...

ISA: x86 64, x86 32, armv7, aarch64, ...

Ubuntu PPA: ppa:nnstreamer/ppa
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“ase 1: At A 7 AMlEE DA SOSCON 2018
B

Object Detection
Object Recognition
Object Tracking

LIDAR Image Segmentation

Camera

Lane Detection
SLAM

Planning

Control

I: Simultaneous localization and mappin * ME| A|AMECH TS £ QA
§Iﬁttps://éfthut[l).com nnsuite/nnstreamer PPINg 25| A=B2t HEIXS



Case 1: AFEFE Data Stream Pipelines SOSCON 2018
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Case 1: AF2F 3 Data Stream Pipelines SOSCON 2018
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Case 1: X}2F 3 Data Stream Pipelines SOSCON 2018
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Case 1: X}2F 3 Data Stream Pipelines w/ ROS SOSCON 2018
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ECase 2. Multi-Modal Interactions SOSCON 2018
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Case 2: Multi-Modal Interactions SOSCON 2018
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[Case 2: Multi-Modal Interactions SOSCON 2018
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ECase 2. Multi-Modal Interactions SOSCON 2018
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Case 2: Multi-Modal Interactions SOSCON 2018
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L ase 2: Multi-Modal Interactions SOSCON 2018
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Case 2: Multi-Modal Interactions SOSCON 2018
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Case 2: Multi-Modal Interactions SOSCON 2018

bbots, Consumer Electronics, Mobile Devices
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ase 2: Multi-Modal Interactions

SOSCON 2018
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'Case 2. Multi-Modal Interactions
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L ase 2: Multi-Modal Interactions SOSCON 2018
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E*:ase 2: Multi-Modal Interactions SOSCON 2018
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E*:ase 2: Multi-Modal Interactions SOSCON 2018
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T'Do NOT Reinvent the Wheel “"‘g’ SOSCON 2018
&

gstreamer for intelligence!

What is gstreamer?

Pipeline 7|2F Open Source (LGPL) Multimedia Framework (2001.1. & =7H)
Linux A€ #&
— Linux, BSD, macOS, iOS, Windows, ... X|&.
- TV: &4, LG, Sony; ...
Audio/Video AH'd, 7|5, AE2[Y/4
— Stream Filter2 A2 7ts% =9 7LX| Plugin XS,
— Pluging AM|Z35t7] 2|t 28 =g
— C/C++/C#/Java/Python/Perl/CLI/... 0|2 EZF API N &
— Pipeline +82 BaSt= A TtC 2 SESH= ApplicationO| 2t &1
«  GUI ToolZ Pipeline J2{A THS7|E...
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UDO NOT Reinvent the Wheel “;EstreamerSOSCON 2018

[’ gstreamer for intelligence!

Why gstreamer?

0%t

- Data Stream Pipeline & &9, 22|, 2dot= QI =l & Framework

I/

o AGEl Issues 0|0 =& =l Multimediall =8 Issue!
— 0|0] sl &st &X| CtA| EX|] 2EXH
e AlZAQl == Data Stream Filter!
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Do NOT Reinvent the Wheel ﬁstreamersoscw 2018

gstreamer for intelligence!

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

36 https://github.com/nnsuite/nnstreamer
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Why gstreamer?

Do NOT Reinvent the Wheel

gstreamer for intelligence!

-

“"’tg"Stl‘eameI'SOSCON 2018

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

pi

Add openFile P || W [P

filesrco

src ll\| 2

/ sin
src

=
A
A
)
=
e
e
e
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@ROS vs GStreamer SOSCON 2018

~ Hm

T s astreaner

Community HIGH (11 years old) HIGH (17 years old)
Many robot-related plugins Many multimedia plugins
Maturity MEDIUM (Questionable for mass pr HIGH (Mass Production: TV, Wearable, ...)
(commercial products) oduction)
OS Linux, Windows 10 Linux, BSD, Solaris, Android, macQOS, iOS,
Windows, OS/400
Communication Socket Shared memory chunks (faster!)
(ROS2: DDS supported)
Distributed System Fully supported Experimental

(may use ROS as gstreamer plugins)

Sensors More varying. Video/Audio: good / Other sensors: unstable
| Many unstable (even sound)

Neural Network Custom plugins Custom plugins = nnstreamer

Q

38 https://github.com/nnsuite/nnstreamer
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“Don't Reinvent the Wheel, Perfect it! SOSCON 2018

~ gstreamer for intelligence =» nnstreamer

GstreamerZF AZ8t2 0|88 Al Devicel| 7|Ht0| E| =2 8}7| <d)...

« LIzt MAL Framework / Model S0|AH &2 = =0 & Data Stream E=

0

b Framework / Model S Invokedt it

0
r
r
0
OEI

« Audio/Video/Text 2| CtE Data Stream= GStreamerd A CIREE & o g

(

\
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TfDon’t Reinvent the Wheel, Perfect it! SOSCON 2018

\ gstreamer for intelligence =» nnstreamer
Gstreamer?t MEY 2 O|8SH Al Devicel| 7|8H0| £| =& 5}7| 2{df...
- LCrot MEY Framework / Model E0H 822 F=0{ & Data Stream E&

. CtYst MZAY Framework / Model 2 Invoked B

e Audio/Video/Text 2| C}2 Data StreamS GStreamerO| A CtEEE &f HiH

> nnstreamer -
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gDon’t Reinvent the Wheel, Perfect it! SOSCON 2018

gstreamer for intelligence = nnstreamer

> nnstreamer -

License: LGPL 2.1
7|Z& GStreamer LGPL ZE RALE

Public Open: https://github.com/nnsuite/nnstreamer

(12018.07: 0,01
-2018.10: 0.0.2
\Current: 0.0.3-rc1

42 https://github.com/nnsuite/nnstreamer
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TfDon’t Reinvent the Wheel, Perfect it! SOSCON 2018
|

gstreamer for intelligence = nnstreamer

Gstreamer”} A B3 = O|5l510| Al Devicel| 7|80 £|H

e A

—

oN
0%

gaig|
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H
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» 8T AE CHIO| /04 S 2| AH Ol ZhE AL
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~ gstreamer for intelligence = nnstreamer

Don't Reinvent the Wheel, Perfect it! SOSCON 2018

Gstreamer”} A B3 = O|5l510| Al Devicel| 7|80 £|H

. AFY 2D2|S e

—

o
- 43F MM /0|C|of y Go|e ~EE0 g1 S4X0 S8 > E HAE ) TEEEO|E
Oﬂ tflite model
queue [P|videoscale|tensor_converter tensor_filter tensor_decoder -
D: —)videoscaIeP tee < \ 4 :
queue textoverlay videoconvert ximagesink
$ gst-launch-1.0 v4l2src name=cam_src ! videoscale ! \ # “cam_src"Of|A E4&F BHOFA scale
video/x-raw,width=640,height=640,format=RGB ! \ # 3x640x4802| RGB Stream
tee name_t_raw \ # Data Stream =7|
t raw. ! queue ! videoscale ! video/x-raw,width=224,height=224 | \  # 224x224 rGB 2 7igt
tensor_converter | \ # “tensor” HOICE T3}
tensor_filter framework=tensorflow-lite model=mobilenetssd.tflite ! \ # tflite 22 5=
tensor_decoder mode=labeling optionl=labels.txt ! txt. \ # ZAdigt ofd &R XE > txt
t_raw. ! queue ! textoverlay name=txt ! \ # txtE 0|2 2XEZ gd
videoconvert ! ximagesink # A0S 2o =3

44 https://github.com/nnsuite/nnstreamer



-Don't Reinvent the Wheel, Perfect it!

~ gstreamer for intelligence =» nnstreamer

Gstreamer”} A B3 = O|5l510| Al Devicel| 7|80 £|H

« B ARE C|HIO| A /0 =2[A|0] 3 7H At
— =%t Data Stream Pipeline 2|
. E30| Hrt
@7, palE Aot Q) = o
AlsHo| 80| WHECt - M8 dm =
T dots €aeEs/2 2| WME ECt
— CtYsh o10f/0S0f =& API X[ &

« C, C++, C#(.NET), Java, Python, Perl, Rust, D, Qt, Haskell, Ruby, CLI (shell)
Linux, BSD, Solaris, Android, macQOS, iOS, Windows, OS/400

— CIFstH Input 1} Media FilterQ| AjAFE

— 7|& SW Platform?2| XHAE / £

45 hhttps://github.com/nnsuite/nnstreamer
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(Don’t Reinvent the Wheel, Perfect it! SOSCON 2018

|"’ ‘//

gstreamer for intelligence = nnstreamer

Gstreamer”} A B3 = O|5l510| Al Devicel| 7|80 £|H
- ZHE|OIC|O 7 E Rt

Al

-

oX

AF 22| =S Media Filter2 AF2SHAH

otE 7§, Context @14, Style HY, .........
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/[*How GStreamer handle neural networks? >05CON 2018

Vo MFTE E BILES| Media Filter Y.

3 AMZAak A0 Q| O|O|E{= Video Stream? Audio Stream? Text Stream? ...

e = "Tensor Stream”!

\
< « Tensor : Multi-Dimensional Array
(|

48 https://github.com/nnsuite/nnstreamer



T'How GStreamer handle neural networks? SOSCON 2018

ol

ox

UL IE SELEC| Media Filter. Tensor® EE SHLEC| Media Type.

Data Stream2 2 A 2| “Tensor"0|| CHTH ™ 9|

other/tensor

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

diml: (int) [1, 65535]

dim2: (int) [1, 65535]

dim3: (int) [1, 65535]

dim4: (int) [1, 65535] # Ot&l skt O|&2 X[RSHA| Q& LLCE.

type: (string) { uint8, int8, uintl6, intl6, uint32, int32, uint64, int64, float32
, float64 }

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

49 https://github.com/nnsuite/nnstreamer


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

ensor= L} E7tQ?

NO!

O AF
o O
3x640x480 uint8

A g
4410 int16

50 htt[_)s://github.com/nnsuite/nnstreamer

Tensor/f (2] 7if SX0F ot4|&....

SOSCON 2018

2t 25|o] 9IX|e} A7)
4x1000

2t 2H0| RO 28

-

1000x1000



@Tensorgl 222 HHSHA} SOSCON 2018
o

A2 =
= Olgd 57/ X< 3¢l

—

ofl A FOIFA[KX];:

1

e Tensor= L= 511 Data Stream 2] 7] AfE?
— Synchronization &4 F7} &4, (GST 7| & =&

« Tensor DimensionZt 7| Al ALE? &1 3x640x480
—- HEZ2| g 45 X

A2 1x1920x1080

« Tensorl| 5= LIEtE H= XNE? (“Tensors”)

C(C — nnstreamer v0.0.2 !

51 httbs://github.com/nnsuite/nnstreamer




ensors & HAE|H . SOSCON 2018

v

other/tensors

Tensor BtIO 2 = S 26X 2 4% H .

O AL
oo

3x640x480 uint8 Tensors

tensor_mux tensor0: 3x640x480 uint8
tensor1: 4410 int16

A g

4410 int16

52 htt[_)s://github.com/nnsuite/nnstreamer



ensors & HE3L|H

other/tensors

Tensor BtIO 2 = S 26X 2 4% H .

Tensors
tensor0; 4x1000
tensor1: 1000x1000

53 htt[_)s://github.com/nnsuite/nnstreamer

tensor_demux

SOSCON 2018

2t SN2 #lX[et A7
4x1000

24 =N FFRA =E
1000x1000



ensors & B L|H

other/tensors

Mux / Demux ‘d&

Tensors
tensor0; 4x1000
tensor1: 1000x1000

54 htt[_)s://github.com/nnsuite/nnstreamer

tensor_demux

SOSCON 2018

2t SN2 #lX[et A7
4x1000

24 =N FFRA =E
1000x1000



{ Tensors A &X|? SOSCON 2018
\

MUX/DEMUX [ ‘45 dH| giLtR?
Memcpy-less mux & demux!
«  GstBuffer Multi-memory-chunk 7| & AHE.
« CHAL X[CH 16702 TensorBt S &L|LCE,

- 167 E7|2{™ Gstreamer |2 E EH Q. (Hardcoded Parameter)

55 https://github.com/nnsuite/nnstreamer
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Data Stream2 2 X 2| “Tensors"0f| CHTH H 9

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

56 https://github.com/nnsuite/nnstreamer
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T'Tensor File Format SOSCON 2018
L

other/tensorsave

ot 2 tensor / tensors & X &St1 ZESH7| Qo &

M

- X v 0.0.2 O M= FAHSIHK| LS LT}

« =2 GStreamer E=2 = KN|QHE Format Draft= WikiOfl..
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nnstreame

actually does
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T' nnstreamer plugins SOSCON 2018

= o™ ZF9| Plugin =0]...

https://github.com/nnsuite/nnstreamer/blob/master/Documentation/component-description.md

 Converter
— 7|& Media Type = Tensor / Tensor > 7|& Media Type

e Filter
— Caffe/Tensorflow S Framework L nnstreamer APIZ BIEO0{ X MAL S =
« Utility

— Stream Pipeline X|0{, Tensor Hat/AL S
« Connector
— Gstreamer 2|F 224210 HZA (H| A/V M, ROS, Application, Filesystem & src/sink)

(

59 hhttps://github.com/nnsuite/nnstreamer



https://github.com/nnsuite/nnstreamer/blob/master/Documentation/component-description.md

/[" nnstreamer plugins: tensor_converter SOSCON 2018

v0.0.1 (video) / v0.0.2 (all)

nnstreamer/gst/tensor_converter/

Video (video/x-raw)

— RGB/BGRx X| . 7|Et Colorspace= &2 A& & A=l

— RGB7Z|Z& 3:Width:Height uint8 Tensor =3 (uint8[1][height][width][3])

Audio (audio/x-raw)

— Channel:Frames-per-buffer <type> Tensor =3 ( Frames-per-buffer: buffers sample
Text (text/x-raw)

— Frames-per-buffer uint8 Tensor & & (Frames-per-buffer: buffers text Z|C{f Z0])
Binary Blob (application/octet)

— OF& BinaryLt Tensor2 20} =&, App/HEAt7F Tensor dimension/type= X|°35H{OF .

60 https://github.com/nnsuite/nnstreamer



/[" nnstreamer plugins: tensor_converter SOSCON 2018

= v0.0.1 (video) / v0.0.2 (all)

nnstreamer/gst/tensor_converter/
o ArE Of:

(video stream) ... ! tensor converter ! ... (tensor stream)

video/x-raw other/tensor
—> tensor_converter

61 https://github.com/nnsuite/nnstreamer



/[" nnstreamer plugins: tensor_decoder SOSCON 2018

= v0.0.2 (partial)

nnstreamer/gst/tensor_decoder/ (= T%)

+  &Z Bounding box, object labeling & 0| 2= decode 7|& F7}. (video output)

o AFE Of:
(tensor stream) ... ! tensor_converter ! ... (text stream)

other/tensor text/x-raw

> tensor_decoder >
_%

7

mode = labeling
option1 = labels.txt

{0,..,090, ..} “laptop”

62 https://github.com/nnsuite/nnstreamer



T' nnstreamer plugins: tensor_filter

v0.0.1/v0.0.2

nnstreamer/gst/tensor_filter/

® 7"
—

A Framework & StLEQ| “Subplugin’ 2 X[ &
X (TF-Lite, Custom) X|&l.
— gkZ Caffe/Caffe2, Tensorflow &7}

— Subplugin FEf2M A F7t 7tsE. (Bx so OtY=E F7))

e r>

OI'

e Custom subplugin
— nnstreamer APl & O| &9l ATt L1 E Y BinaryE AME.
— "tensor filter custom.h” &=

63 https://github.com/nnsuite/nnstreamer

SOSCON 2018




/[* nnstreamer plugins: tensor_filter SOSCON 2018

v0.0.1/v0.0.2

nnstreamer/gst/tensor_filter/
o ArE Of:

I tensor_filter framework=tensorflow-lite model=a.tflite !
tensor_filter framework=custom model=b.so !

> tensor filter > tensor filter >
tensorflow-lite custom
a.tflite b.so
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v0.0.1/v0.0.2

nnstreamer/gst/tensor_transform/ (F=T%)

TODO: SIMD / Multi-op X|-&
A& O

. | tensor_transform mode=dimchg option=0:2 | ...

3:10:20:30

T, nnstreamer plugins: utility / tensor_transform

Transpose, Type HHR 7|, Normalization o7, &95}7], G52, ......

65 https://github.com/nnsuite/nnstreamer

>

tensor_transform

dimchg (0:2)

10:20:3:30

SOSCON 2018




/[“ nnstreamer plugins: utility / tensor_mux SOSCON 2018

= v0.0.2

nnstreamer/gst/tensor_mux/

« Tensor == FHA| StLIC| Tensors £ (v 0.0.2 °F71| 16)

- 7|2 d™M HH JHs (v 0.0.3 O|F). Memcpy AS.

- AR O

. mux.sink @ ... mux.sink 1 ... mux.sink 2 ... tensor_mux name=mux ! ...
> sink 0
> sink_1 tensor_mux >
Mmux

P sink 2
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/[“ nnstreamer plugins: utility / tensor_demux SOSCON 2018

= v0.0.2

nnstreamer/gst/tensor_demux/

Tensors == A A2 7HQ| Tensor Z.
Memcpy 812. “tensorpick” &84S &3l 7HE Tensor MEi 7t&.

o« ARE 0O
I tensor_demux name=demux ... demux.src O ... demux.src 1 ... demux.src_ 2
src_O >
> tenl:s.or_derlwux src 1 >
demux
Src_2 >
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nnstreamer plugins: utility / tensor_merge SOSCON 2018

v0.0.2 (partial)

nnstreamer/gst/tensor_merge/ (HF&T%)

.+ Tensor 2= FOA| SILtC| Tensor 2 (e.g., =S ZtOH|2F 3HH 0|0 E0|7))

- 7|2 d™M HH JHs (v 0.0.3 O|F). Memcpy 5. 1 2| “640:960", “640:480:2",

+ ARE Ol "2:640:480", "640:480/sum’,
"640:480/avg”, 371 O|& €0]|7|, 7}

Z/MEE 474 £0|7| & C¥et 7

. m.sink_© ... m.sink_1 ... tensor_merge name=m ! ... |50| gz =7} I}t

640480 = %

sink_O i y
tensor_merge ~1280:480

640:480 , m
‘ sink_1
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T, nnstreamer plugins: utility / tensor_split SOSCON 2018

= future item

nnstreamer/gst/tensor_split/ (O|F31)

.+ Tensor = H2tA O3 7HQ| Tensor Z (e.g., Xt SIHO Z X2 7))

OFro

« Memcpy ==.
- ALE Of:

I tensor_split name=m ! ... m.src_ ©® ... m.src_1 ...

640:480
src_O >

1280:480 tensor_split

‘m” 640:480
src_1 >
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nnstreamer plugins: utility / tensor_aggregator  sOscon 2018

v0.0.2

nnstreamer/gst/tensor_aggregator/

» Tensor Stream®| Frame Sequence§ %01*1 NSE
(e.g., HMEEH 1A 10742 Frame= SHHO| FO{A A AT A=)

- ARE O

I tensor_aggregator frames-out=4, frames-flush=2, frames=dim=1 !

e
P
/
/
/
/
/
/A
AN
A

Time =0,1,2,3,45,6,7, .. Time = (0, 1, 2, 3), (2, 3, 4, 5), (4, 5,6, 7), ...

tensor_aggregator

iIn=1/out=4
flush=2/dim=1

16:16:4 (if dim=2)
64:16 (if dim=0)
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@ nnstreamer plugins: connector / tensor_sink SOSCON 2018

~ V001

nnstreamer/gst/tensor_sink/

« Tensor Stream?2| Frame== Shared Mem2 Z 2|F AppOf| A XS

o AFE Of:
. | tensor_sink name=abc

Application “X"

attach to “abc”

tensor_sink

name=abc

Shared Mem

Buffer

71 https://github.com/nnsuite/nnstreamer



nnstreamer plugins: connector / tensor_ros_sink SOSCON 2018

Future Work

nnstreamer/gst/tensor_ros_sink/ (O/7%)

=1 =

» ROS Topic 2 £ Tensor Stream= &3 n
1| ROS Node X

« A& 0Of:
I tensor_ros_sink rostopic=mymanifest.xml

ROS Topic Subscribe

tensor_ros_sink
> : : :
rostopic=mymanifest.xml ROS Topic Publish

72 https://github.com/nnsuite/nnstreamer



@ nnstreamer plugins: connector / tensor_ros_src  SOSCON 2018

/ Future Work

nnstreamer/gst/tensor_ros_sink/ (O/7%)
ROS Node X

« ROS Topic #O}RIA] Tensor Stream ‘88
carsor o
tensor_ros_src rostopic=mymanifest.xml ! ... RN A,

>

ROS Topic Subscribe

tensor_ros_src

rostopic=mymanifest.xml
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/[" nnstreamer plugins: connector / tensor_src

\ Future Work

nnstreamer/gst/tensor_ros_src/ ( 0| 1o )

« 7|E} Input Source / Sensor 25 F Tensor Stream

- ARE O

tensor_src mode=II0 node=/dev/iio@! ...

tensor_src

M
o

SOSCON 2018

110 subplugin

/dev/iio0

T

Kernel / [IO Subsystem
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/[" nnstreamer plugins: connector / tensor_save

\f' Future Work

nnstreamer/gst/tensor_saveload/ (O/+%)

« Tensor Stream= File &2 2|2t Headed Dataz T

- ARE O

. | tensor_save ! filesink location=abc.tnsr

tensor_save

=13

L—

filesink

75 https://github.com/nnsuite/nnstreamer

!

File systems

SOSCON 2018




/[" nnstreamer plugins: connector / tensor_load SOSCON 2018

\f' Future Work

nnstreamer/gst/tensor_saveload/ (O/+%)

« File 28 E Tensor Stream (tensor/tensors) = ‘44
o ARE O
1. filesrc location=abc.tnsr ! tensor loadsave !

2. filesrc location=abc.tnsr ! autodecode ( “tensorsave” Gstreamer

filesrc > tensorload

[

File systems
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Usage ex

i
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Fall Detection Device, Elderly Care SOSCON 2018

= = & At

=

“
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SOSCON 2018

DVS Ml

(Samsung Artik 5 1oT)

H. Lee, et. al., “Embedded Real-Time Fall Detection Using Deep Learning For Elderly Care”
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Fall Detection Device, Elderly Care SOSCON 2018

DVS-Temporal Networks

Softmax
2 DVS-TN st
DVS DVS-TN

N

(Samsung Artik 5 loT) |
640x480x50
||.|||I
Fall
> DVS-TN —L> Averge |15 Detection

« H. Lee, et. al., "Embedded Real-Time Fall Detection Using Deep Learning For Elderly Care”
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Fall Detection Device, Elderly Care

SOSCON 2018

= =2 H& At
- NNStreamer Plugins /
Gstreamer Stock Plugins Application-Specific Adaptations
. T transform T__aggreglator T__ﬁ Iter T_E_aggregiator _
DVS Preprocessing T converter de= h (window =12, (mode = custom, (window = 3, T_transform T_sink
d Fitlers - < moti e_fﬁpeisg P interleave = 1, model = interleave = 2 mode=average (to App)
option=fioa step =6) customA.so) step=1)
customAsso
A A L _—
« nnstreamer 88O 2 MAM (£=HEIQ > £=42I0) / H5 (x ~4) | = TA
= X J7LS =]
2> A 7s/UEY Fore o A
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Fall Detection Device, Elderly Care, "Next-Gen” SOSCON 2018
M HE A

NNStreamer Plugins /

Gstreamer Stock Plugins Application-Specific Adaptations

T transform T_aggregator T_filter T_aggregator T_filter
Preprocessing — (window =12, (mode =custom, _ (window =12, (mode =custom,
DVS p Fitlers > T_converter b rgotfoen__tﬁzz(igg P interleave = 1, model = interleave = 2 model =
ption= step = 3) customA.so) step=1) customLSTM.s0)
M2
customA2.so customLSTM.so
740}
(oNe]
4
M HEY 1
2t AN - M AHEE 3
M AEZ 2

Q . LSTM H8, MEY 4T B8 TX B, AT MM L NEY Xt 5.
S
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live action
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T

-

Video
640x480

[>: =—plvideoscale =

Video
1920x1080

EDemonstration

;ttps://github.com/nnsuite/nnstreamer

Tensor
1001

SOSCON 2018

nnstreamer_example/example filter (C & Python)

tensor_sink

——>1 Example_filter

Video Tensor
224x224 3x224x224 .
tflite model
queue videoscale tensor_converter tensor_filter
tee
queue | textoverlay videoconvert

84 https://github.com/nnsuite/nnstreamer

$ ./example_filter

or

$ python example filter.py

ximaagesink

NNStreamer Example : nnstreamer_example_Ffilter




@?Demonstration SOSCON 2018

— nnstreamer @ Ubuntu Demo
tflite model
queue Pr{videoscalep®{tensor_converter tensor_filter tensor_decoder
D: —)videoscaIeP tee \ 4 ~ ~ .
queue textoverlay videoconvert ximagesink
$ gst-launch-1.0 v4l2src name=cam_src ! videoscale ! \ # “cam_src"O| A @Ak EHOFA scale
video/x-raw,width=640,height=640,format=RGB ! \ # 3x640x4802| RGB Stream
tee name_t_raw \ # Data Stream =7|
t_raw. ! queue ! videoscale ! video/x-raw,width=224,height=224 | \  # 224x224 rGB = Tgt
tensor_converter ! \ # “tensor” EOHOZ %}
tensor_filter framework=tensorflow-lite model=mobilenetssd.tflite ! \ # tflite 22 &
tensor_decoder mode=labeling optionl=labels.txt ! txt. \ # Adigt ofd &R XF > txt
t_raw. ! queue ! textoverlay name=txt ! \ # txt2 02 =XAg8S g4
videoconvert ! ximagesink # A0S 2o =3
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CI/ CD & How

IS developed
n contribute
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" nnstreamer Cl: TAOS-CI SOSCON 2018

““Continuous Integration (Cl)
Cl system= & 2= 7HE Commit2 AIs22 A

+ Regression &%
— Build & Unit Test
« Coding Style/Rule Z x|
« Integration 22!
— Tizen/Ubuntu Packaging & Ul App Test

G. Lim, M. Ham, J. Moon, W. Song, S. Woo, S. Oh, “TAOS-CI: Lightweight & Modular Continuous Integration System for Edge Computing”, ICCE, 2019 (Accepted)

(

\
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nnstreamer CD

SOSCON 2018
\_ftontinuous Deployment (CD)

CD systems o 2X|& Package Al E2[=

Ubuntu: launchpad PPA

 Tizen: OBS
NS

(

\

88 h‘ttps://github.com/nnsuite/nnstreamer



"How to Contribute?

““You are welcomed to contribute!

Github (github.com/nnsuite/nnstreamer) O| A 712 ZI&l

- Issue & Sl MEE 7|5, &Y HH1E 5.
» Pull RequestE S5l S IssueE S 2St= CodeE 5.

-

— Coding Style/Rule ¥ 2& Build/Unit/Integration TestS S1tsHOf
 Submit FOf| O|2] HE/HAE SN !

[|0|-

— M 72 Y 7|5 T Unit TestE EBSHE Commite =7+l 0fF &t

— Bug Fixe dHE BugE &2I8l= Unit TestS F7}sf{ofF &
— Maintainer/Reviewer2te| =2X0| A& A%

89 https://github.com/nnsuite/nnstreamer
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Work In Progre
treamer
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T'Work—ln—Progress & Plans SOSCON 2018
|

OS Integration

« 2018
— Tizen: the standard target. Tested: arm/x64 / Built (no test): arm64/x86-32
— Ubuntu: release via PPA. Tested: x64

« 2019

— Tizen: full SW platform integration & release

— Android: secondary standard target. Tested: arm or arm64
— Windows/macOS: built tested only: x64

— Other Linux Distro: release via openSUSE OBS.

\

/?/\;’\)‘\V\‘“ ~N\

(

\
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T'Work—ln—Progress & Plans SOSCON 2018
|

Features

- 2018

— Tensor _filter: tensorflow

— Tensor_ros_sink: send ROS topics (pub)

— Tensor_decoder: bounding boxes, object labeling
— Tensor_merge: more options required

« 2019

— Tensor filter: caffe/caffe2, LSTM (recurrent net) support

— Tensor_transform: SIMD support. Multi-op support

— Tensor_source: IO sensors, LIDAR/RADAR support

— Tensor_ros_source: receive ROS topics (sub): "FULLY DISTRIBUTED GST PIPELINE!"
— Tensor_decoder: more incoming!

— Tensor_save/load

\

/?/\;’\)‘\V\‘“ ~N\

— Try to become gst-plugins-good!
( « 2020

f — Support training phases

\ — Multi-computer/board support

92 h‘ttps://github.com/nnsuite/nnstreamer



93 https://github.com/nnsuite/nnstreamer



/[‘ Recommended Applications SOSCON 2018

_I_

NS ZA| o2t g ¢

- —

ACH.

o Cloud/Server?} OF'H Device Al 2™ MZAY X2

. MAIZICZ MME[E Audio/Video StreamOlf MZARY X |

. 3t Device 2 3t Stream Pipeline LJOj| 02 MALS =3 AHE
« 7|Z Audio/Video Media Filter&2| MAtE

»  Stream Topology 7t EIHPH L 55

. 145 Data Stream X 2| ¥

MO
Hu
|
HO
rin
P
[0
M

P& R JASBIA MA 2~ QoA At O
2. "Don’t Invent the Wheel!”
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nnstreamer Cheat Sheet

1 =275 OC|Cf oA AX| K27

Offthe sh
GStreamer pl

Stable
MMNStreamer
plugins

elf
lugins

wideo/eraw is converted to
#color : #width : #height tensor

——

Some
Video Source

I:—b

Video tensor_converter
Convert

audic/x-raw is converted to
#ch : #frame-per-buffer tensor

i

Some
Audio Source

Audio tensor_converter
Convert

| audio/ other/
erEw tensor

Some
Audio Source

[

Audio tensor_converter

other/
tensor

Some
Text Source

[

Audio tensor_converter
Convert

other
tensor

| "model-A tiite” |

Unstable/Experimental Planned Future Third Parties
MMStreamer MMStreamer (App writers or pad
plugins plugins other frameworks)
Whether it's tensor or tensors and their
dimensions are determined by the N
subplugin (t-lite and its madel) tensor_sink
> A
tensor_filter tee /lensor ORy
tensors
others other/ other/ I:
tensor OR tensor OR[>
tensors tensors tensor_decoder Some Gst
Media Plugins
tensor_filter:tensorflow_lite other/ video/xraw
| A|tensar| | sudioimw oy
texticraw

tee
dim=1:4 ["other
tensor

dims=1:4, 1:4

other/
tensor

tensor_merge
other/
tensor
other
tensor
dim=1:4
other/
tensor

Use “leaky = 2" to drop old frames ‘

—[]

with new incoming frames.
(and limit gueue size as well)

queus

tensor_source

other/
tensor

Some Aaaptanon|

Targetting LIDAR, RADAR, IO, ...

_——-'-'-'-F#’:_'_

filesrc | tensor_load

other/
ather/ ather/
tensorsave tensor OR

tensors

95 https://github.com/nnsuite/nnstreamer

other/ other/ tensors tensors
tensors tensors

dim=1:8 or 1:4:2

other/
depending on tensor other/
given properties tensor OR

o tensor_aggregator accumulated values)
tensor tensor other

tensor_transform

tensor_mux tensor_demux tensor_filter

ther! I
Ioen:Lr other/ other/
tensor OR

tensor OR)|

tensor_filter:custom

whateverso

tensor_split tensor_save

ofher: tensors filesink
other/
other/ tensorsave ™
e ]
‘Aggregator multiple instances of

incoming tenser inte a tensor.
{Te oeste chiclogedslly

—

tensor OR
tensors

Applies common tensor opertions.
E.g.. "dimenticn change/transpose”,
“arithmetic”, “typecast”, ...

———

SOSCON 2018

https://github.com/nnsuite/nnstreamer

/wiki/AD%3A-Overall-Design

nnstreamer github L Wiki page &=



https://github.com/nnsuite/nnstreamer/wiki/AD:-Overall-Design

THANK YOU
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M= Li=11Y EB 22pt
2H= L= 5 R 16pt
~N= L& 5 R 16pt
2N= Lhs 115 R 16pt
AM= Lis115 R 16pt
2H= L= 5 R 16pt
2M= Lk 5 R 16pt
2H= L= 5 R 16pt
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M= Lt=11Y EB 22pt % SOSCON 2018
l

AXZ LY R 18pt

W& L= 5 R 16pt

- =0E[7|Z2 L1115 R 16pt
- NE 20| 7|=, 14 pt
. 1220|120 202|7|S A/Ch 874 AL
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T:Xﬂ% L= 115 EB 22pt SOSCON 2018
V&K 2 LS R 18pt

{1 LHs 15 R 16pt

. 202|7|3 LHs 1T R 16pt

- NE 20| 7|=, 14 pt
. 152H0|20| 202|7|S A|Tf 874 AL
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MAACHZ Ls10E EB 22pt SOSCON 2018
AXZ LY R 18pt

<?php if( have rows('repeater field name') ): ?>
<ul>

<?php while( have rows('repeater field name') ): the row(); ?> <li>sub field 1 =
<?php the sub field('sub field 17); ?>, sub field 2 = <?php the sub field('sub fi
eld 2'); ?>, ete</1li>

<?php

$sub field 3 = get sub field('sub field 3');
// do something with $sub field 3

?>

<?php endwhile; ?>

</ul>

<?php endif; ?>
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