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Al(Deep Learning)BifE 70— =

ETILEREDHardware(CPU,GPU,etc)
T8N T DY IO T

/

Training

> HERIUY

>

BREEAT—4

Cat

HA (HERER)




Deep LearningE®TILIBEDHE

- Example : Mobilenet (NN model for Image Classification)

Input Layer I'_“PUt Output
RGB888 x Width x Height ayer Hidden Layer(s) Layer
3 x 224 x 224 . 1000 (bytes) to classify up to 1000 objects
® ® !
@_/. . . . Armadillo Label file
—— (Text file containing 1000 objects name)
@ @ | 4 @/ Dog
9 : ® O ® cat
* O (] @ Dodo
. . . (] o
° °
o \ 1|
. Node Value a,=ReLU(w,a,+w,a,+wW,a,....-b)
Weights (w,) T

Bias

o
Lo |

mobilenet_ vl 1.0 224 quant.tflite 0
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AGSMNHAOSSDDeep Learning Framework

2020 2021 2022

TensorFlow TensorFlow TensorFlow
Pytorch Pytorch Pytorch
Apache MXNet Apache MXNet Apache MXNet
Apache PredictionlO Caffe2 Keras

Caffe2 Chainer Deeplearning4,
Chainer CTNK

CTNK Deeplearning4j

Neon Theano

PaddlePaddle Torch7



B3 TMDeep Learning FrameworkfE FA L 3
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2019

2020 2021
m Pytorch mTensorFLow = MXNet = Other

2022
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Define-By-Run &Define-And-Run

- Define-By-Run Define-And-Run

+ 2t - SN Ny ety X1) Iy RIJ—9 %
g Mg L AL ER B (CET
A1)y k FINyH LT BE&E{E LT

Framework Pytorch, ChainerZi &  TensorFlow, MXNet % &
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Tl

I I & 5B
TensorFlow Google FYHme, C
Java, Go
Pytorch Facebook Python
Python,C++
Apache ST ol
MXNet A== EYRE !

Matlab, Julia, etc

FIFAEMNZ L, Github’C%A—m‘“’
Keras(& L ANJLAPI) TEELAST LY

MESEFETOARLEL
Define-by-Run, T/3v 4 L% LY

Define- and Run

-Iq-.l- e = |:||:|
AWSH AR H7R— ~ >R EA
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DL7 71 (vision)BAE TEHN H50SS (TILS3

FAT A4 TR)

> HHRIOOY

— _7_“_9 —
L L - > EFIL
| E Validate(# iE)
REEAT— 4
RIVFAT47 | Gstreamer OpenCV
0SS NNStreamer

CV:DNN etc
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NNStreamer & [

- GstreamerOMLIVIE 7 2 7 A >

}‘_

- Samsungh‘FEF=LF Al Foundation|Z#%ZE

- NNShark TY 71 XA L7807 74l

NNStreamer

=A 9+
300x30 3:300:300:1 ’ *E affl ﬁ:l:l %
RGB - uinta p32
20 Hz 30 Hz . 30 Hz &
5 e T-Filter H T-Decoder
A I T-convert ————p e
e Sl Sub-plugin apple
v4l2 Bounding-Boxes
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ETILORELLEBEFEXFL—FAFIDER

Maodel Million MACs | Million Parameters  [Top-1 Accuracy
Ao b at iy 10 fo] RN
MobileNet_v1_1.0_224 569 4.24 70.9 AADEEH A X
MobileNet_v1_1.0_192 418 4.24 70.0 l
e e e MobileNet_vi[1.0][224
n
MobileNet_v1_1.0_128 186 4.24 65.2 —_ N
MobileNet_v1_0.75_224 317 2.59 68.4
MobileNet_v1_0.75_192 233 2.59 67.2
v — O O ==
ININ—INTG A —A
MobileNet_v1_0.75_160 162 2.59 65.3
=
MobileNet_v1_0.75_128 104 2.59 62.1 1.0: RERESL
=
MobileNet_v1_0.50_224 150 1.34 63.3 0.25 : NIBEEFERE ST
MobileNet_v1_0.50_192 110 1.34 61.7
MobileNet_v1_0.50_160 77 1.34 59.1 r= = >
- - - = — [ ] “ —
EE- Ry FD)—OHALX] &
MobileNet_v1_0.50_128 49 1.34 56.3
>
MobileNet_v1_0.25_224 a1 0.47 49,8 rACC u racy(*ﬁ ,x)J ‘j: ML » j 20 Eﬂ%ﬁ
MobileNet_v1_0.25_192 34 0.47 47.7
MobileNet_v1_0.25_160 21 0.47 455
MobileNet_v1_0.25_128 14 0.47 415

* KRG EER ST T )LMobileNet_v1 1o X
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Quantization(Z-F1t)
- T—R B E320itiFEN/ NI A O S 8hit BB Z LA
- ETFILY A XZELAIZHEIHE
- BEUALE(LZFE/NMNIRNELY £ EFE

- @Y T 1T Z (Xaccuracy(#EE)D O X [F4 70 32-hit
Floating Point

Pruning (FXIY))
cBETHWRY FIT—Y / —FZHIBRT 5
—PruningEEIIBENL— U F TS5 EAHEINET

8-bit
Fixed Point
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elQ BMFE YV 7 bz 7HAERIR

~z [Host PCTEN{E] |

elQ Portal

PLUG-INS  REMOTE DEVICES ~ MARKETPLACE  MELP

- £ )L
- ETILEM Rk etc

>
. @ nference
Engines

Hardware NRT
Abstraction Layer Seake

Sample

| m = [MCU/MPUTENE]|(BSPIZ#ER)

Application Detection Classification

TensEi:eFlow Pytorch DeepView RT OpenCV
Tensqr Flow ONNX Arm ® NN Glow
Micro Runtime

1 SIW

Compute
Unit

| HIW



elQ Portalf@MM(T—2 EE)

elQ Portal flower PLUG-INS REMOTE DEVICES WORKSPACES MARKETPLACE HELP —

(]
X

Number of Images v

Labels Train Test Total Data Set Curator

daisy 521 56 577 Tt —
dandelion 786 56 842

roses 529 56 585

sunflowers 587 56 643

tulips 687 56 743

Unlabeled Images

0
All Images 3110 280 @

I AUGMENTATION TOOL

DEEPVIEW DEVPACK ADD-ON




elQ Portal#B(Training BT — 2 #L5k)

elQ Portal flower PLUG-INS REMOTE DEVICES WORKSPACES MARKETPLACE  HELP - [

A tation Pipeli
P Randomly Generated Augmentation from Selected

Default Augmentation - NEW Pipeline
Augmentations o o [ comeare e v s
Rotate v Original Augmented
Horizontal Flip v
Vertical Flip v
Random Blur v
Gaussian Noise v
Hue Saturation Value v

< GALLERY

TR ZEMI=>FEFRAT—2ZKiEL
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-

Performance

The performance-
optimized model seeks o
achieve the lowest
inference latency possible
at the cost of accuracy.
Choose this model if you
require maximum
performance or are using

elQ Portal#r(FL—=V T EE)

Y

Balanced

The balanced model aims
to have performance and
accuracy results that
strike a balance between
the performance model
and the accuracy maodel.
Choose this model if you
are seeking a balance of

©

Accuracy

The accuracy-optimized
model aims to provide the
best possible accuracy
with reasonable
performance on a typical
embedded platform.
Choose this model if you
reguire the best possible

a resource-co
microcontrolls

&

)

Ci

g [FE] O
g 2B IRATEE

ccuracy and are less
ensitive to inference
tency.
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Model Name
classification-precision-mcu-2021-0t

TRAINER SETTINGS ~
Weight Initialization t
Input Size 4 v
Learning Rate 0.01

l

Batch Size 16
D (o)
Epochs To Train =

SET STOP CONDITION

MODEL TOOL

DEEPVIEW DEVPACK ADD-ON

< SELECT MODEL VALIDATE >

REMOTE DEVICES WORKSPACES MARKETPLACE

HELP

v

== Train Accuracy

Evaluation Accuracy

28



elQ Portal #8 (HREE)

elQ Portal flower

VALIDATION SETTINGS ~

Softmax Threshold 0

@

Use Quantized Not Available
Model

Input Data Type

l Maintain Existing Data Type v‘

Qutput Data Type

| Maintain Existing Data Type V|

Post Training Quantization

MODEL TOOL

VALIDATE

DEEPVIEW DEVPACK ADD-ON

L4 TRAINER DEPLOY >

PLUG-INS REMOTE DEVICES WORKSPACES MARKETPLACE HELP

Validate

sunflowers P

Background —

Actual

53]

Predicted

Softmax: 0.927

RALFER A GUITHE

& A

29



B—Fy rTNARAETTAT74IL(GUI)

Host PC

elQ
o
=/

BB LI=ETILEE—F Y FTNAARATTOT7AIL

TJOJ 74 INEREGCUITHER
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elQ Portal#89r(Export)

Export File Type elQ Portal flower PLUG-INS REMOTE DEVICES WORKSPACES MARKETPLACE  HELP
Tensorflow Lite v EXPORT SETTINGS ~
Deepview RT
P Export File Type EXpOI‘t MOdeI
ONNX -
) Tensorflow Lite VI
Tensorflow Lite
Input Data Type ]
Keras Project flower
l Maintain Existing Data Type VI
tout Data T Model N classification-precision-npu-2021-08-
- odel Name
el 11T07-59-07.251Z
l Maintain Existing Data Type VI

LRI TR PR T

— B » B=
Export Quantized Model () % )b 0) E 1b ( ——— ? 1b )
Maintain Existing Data Type ~ <« J ﬁ E
Per Channel Per Tensor ]

Maintain Existing Data Type
float32 Number of Samples Labels daisy, dandelion, roses, sunflowers, tulips
. 10
int8 | |
. Epochs Trained 4

uint8 COMPATIBILITY v

Training Time 1235s

Training Accuracy 94.8%

EXPORT MODEL Validation Accuracy 85.36%
UPDATE DEEPVIEWRT

< VALIDATION

31 VAN



=T JLERGERE

elQ Portal B8 detection-performance-c pu-2022-06-07T15-08-13.9957_in-uinté_channel_ptq.tflite - el Model Tool 2.4.2 - O *

File Edit View Teoels Help

GUIRETETILOZE ]

Cpen... Ctrl+0

Open Recent b

Export... Ctrl+Shift+E

Convert 4 Deepview RT [.rtm)
OMNX (.onnx)

Close Ctrl+W
Tensorflow Lite [.tflite)

Exit

Corv2D

filter (16x3:2x30

bizs (1)

1=160=160=16

1=160=160=16

1=160=160=16

DepthwiseCom2D

weights (1=3=3=16)
bias (1a)

32
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elQ® IEMPUMCUS A > F v F

LMXSMZ T r—<avFatwy4 1) —X(Cortex®-A53)
) _ _ perforT nance
I.MX 8M 1.MX 8M Nano i.MX 8M Mini I.MX 8M Plus
> 5 -
o 4x/2x Cortex®-A53 @ 1L5GHz  +4x/2x/1x Cortex®-A53 @ 1.6GHz  +4x/2x/1x Cortex®-A53 @ 1.8GHz | .00 C®o|r\;e7xzp oo & 186
S +Cortex®-M4 @ 266MHz «Cortex®-M7 @ 750MHz «Cortex ®-M4 @ 400MHz -Glgruex - z
*GPU -GPU -GPU
*NPU (2.3TOPS)
Software Compatible
LMX RTY B R#—/3— « MCU$ 1) —X(Cortex-M33, M7)
5 i.MX RT600 i MX RT1050/1060 i.MX RT1170 performance
= 70
«Cortex ®-M33@300MH *Cortex®-M7@1GHz
. DEL%GOOMH(? ‘ *Cortex ©-M7@600MHz *Advanced Security
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FEIDNNSTREAMER % |

LNf=OBJECT DETECTION

35

Lo |



FEDNNSTREAMER(NNSHARK)

+

key -0000001 2021-11-19 17:32:10

10.8%  GCI000  nand _ 2047.82 MB/=
22.7%  GC8000 nand _ 1672.06 MB/=  WVCC_DRAM_T1V1 178.00
14.1%  GB20  nand 876.38 MB/s  YSYS_BY 293200 from capsfilter]
capstilter?¥ 763,46 MB/s  WDD_SOC 1248.00 buf rate: 30.49
frate: 30.51 0.00 Me/s  LPD4_VDDA an.TT bufsize: 3B9RE4
feize: 270000[] 0.00 MB/=  LPD4_VDO2 35980
391.03 MBS LPD4_VDDN 9.57
03,50 MB/=
282,36 MB/s Proct ime: 1054500
170,77 MB/= bverage: 1229217 .051282
0.00 MB/= ueue_level: 00
0.00 MB/s

Proct ime(ns) Ave proct ime(ns) Bufferrate(bps)
1054500 1229217 .051
a0.49

30.57

19817875 20254905, 256

30.52
30.57

0 0.000
30.04

643250 hhT148.822
a0,
30,

)
)
12750 23625897

30.49

30,49

30.51
30.51

29.70
29.70

21875 34797821

30375 32768.018




FEDNNSTREAMER(NNSHARK)

1i.MX 8M Plus Power Consumption Measurement$i %

FPower Group Supply Domain P{mWW)

" " ak ay
PR Measurement - ¥
YUL_ARM 4 10 m VDD_ARM 1004.20 |€6.37
"nn:_rmn_l V1 i :;:'Z':EI: VDD_SOC 257667 | 1652.31

FRA0 00 ik NVCC_DRAM 376.83 |174.54
1137 00 bt Group SOC | yvec_sNvs_1P8 0.51 0.39
I-' .. I-'- s ] :.I.
L ] Ll W VDD oo 1P81 + VDD _xxx OP82 -
o] =l 1 + VDD_USB_3P3 =
Total - 1914 57
Group DRAM |VDD1 +VDDQ + VDD2 - 259 26
N
37 VAN
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.MX8M PLUSIZ &K BAIVYa1—3 0T FE 7ERTH
+ NXP®Di.MX8M Plusgffifii— + & NXPIREEDEMFERRIRKZ (eIQ)ZFEAL -

[EdgeT/\M4 RIZ K S|/ TE] ZERELFT

7

USB to UART

i.MX8M Plus sE{fi-R— K

[7EDEE]
> Object Classification : E{&% 45

> Object Detection : ¥R H
> Pose Detection : £28&H

NXP Demo Experience

2 Demo Experience

Machine Learning - NNStreamer

Object
Classification

An example of how to use

-----------
S: . 10.00 (100L0

209 ik
RRILI-FO> FITR
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