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Raspberry Pi, RS components (2014)

Linklt series, MediaTek (2015)

Tinker SBC, ASUS (2017)

Movidius NCS, Intel Taiwan (2018)

Azure Al-AGV, Microsoft Taiwan (2018)

Jetson platform, NVIDIA Taiwan (2019 ~ now)




MIT x CAVEDU =

MIT CSAIL x App Inventor
Dr. Hal Ableson
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MIT Media Lab Lifelong Kindergarten
(Scratch)

Dr. Mitchel Resnick
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Scratch 3.0 P31k

Scratch 3.0 Jof4RIES,



http://iot.appinventor.mit.edu/
https://preview.scratch.mit.edu/
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NVIDIA. DEVELOPER HOME BLOG FORUMS DOCS DOWNLOADS TRAINING
Welcome! Explore this page for everything you need to succeed as an NVIDIA DLI Instructor.
Current Ambassador Achievements
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Jetson series in campus

5 / Bl

 Jetson nano 2G(cost)
- Jetbot — #£33 A 1%
« 2% Python 12055
- B0 E/ MHER
o BURIZZATN SRR I8

- K2
« Jetson Nano / NX / ORIN
- JetRacer — P& 23 A 12|
« ROS?2
« BESFESH (Intel RealSense / ZED)
- IR ERIERA




— ———————————

! L/

e

ﬂﬁﬂ!l:ﬁﬂ

GUEEND |\ oot & st

y .

Ta |pg| ), |

compgltlon ,.




NVIDIA. #suiz&
RK-lethoti#52 8

jE KRR E




EAAlOT

"B/ Al REE

s}



Bl =

« $300 USDLA MAVEMR B » 292014 F-B46 0L Raspberry Pl
s
1 /JIL

* 2014~2016%G £ THRIE R S HAN » (HEEER | PRI
PHVEETERINE Rpl (BR / Z HUS | EmE=an)

* Rpi 3 HYZEEHEZES| T 1.4 GHz / 1GB ram » EL 0] #hi T304
/NI N PR A AR [P T i

* 2019 » Google #H: T Google TPU Edge * NVIDIAtE#EH T
NVIDIA Jetson nano #£ A | (& {E & & E 7 o




N J

Raspberry Pi E

=]

[===]
=

o®

Pi

®

3

i
e
&1

B 1S
PythoniExl:ESIRTIE=R

\!!I /

7

@

/l
\
/

ES R B

d|ul

{ « -
00 O}
T1¥8019 NNy

N

r1du-£5602 I
a1 228 g

avId¥-828ve

DISPLAY

g 1apoN ¥ d Lryoqdsoy M ;

=3
a
.
2
=
b
Yy
g
L=<
o
o
g
—
o 3

| TRIGO926HENL |

China M 1904

cRAus

uy
plo Py




Raspberry Pi4 B+ ($35-55USD)

&

. 1.5 GHz
.1, 2,4, 8GB
- WI-Fi / BLE




NVIDIA Jetson nano

4GB($99) 2GB($59)




Google TPU Edge Coral Al ($149)USD ~ |
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https://coral.ai/

USB Accelerator ($75 USD)
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ASUS Tinker board
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https://www.asus.com/tw/Single-Board-Computer/Tinker-Board/
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https://software.intel.com/en-us/neural-compute-stick
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https://up-board.org/

M5StackV
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640X480
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https://www.tinyml.org/
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MOTORIZED

SELF

1 SOLVING

RUBIK'S
CUBE

Make:

MACHINE
LEARNING

Swear Bear... Trash Sorter... Easy Al Trainers
Teach your project to think for itself

BENJAMIN CABE'S “NOSE” KNOWS!
Build this smell-identifying Al sniffer

23 PROJECTS!

- Raspberry Pi Meteor Camera
- Digital String Art Portraits

- Animated LED Skirt

» Arduino Borealis Lights

e

™ oL %
N BUILDERS

- Digital Mobile Radio
= Hack a Knitting Machine

com | makerfaire.com VOLUME 77

ine.com |
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IEf2 : Wio Terminal (B2 BARIRMR)

##8 : Arduino IDE + Edge Impulse




Wio Terminal

Wio Terminal @ — X EFIARL 1oT & TinyML B2 THEER R — B2 1
ATSAMD51P19 & R L ARM Cortex-M4F &41Z /0y (20MHz) « ST iR 218 et ¥ 3% hll 23
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Grove %88 x 2 - O] B #3001 Grove FRl&:



https://www.seeedstudio.com/Wio-Terminal-p-4509.html

Multi-Function Grove \| :
Connector “a

USB Type-C Connector

Multi-Function Grove Conector

° N
/oMi,cro-SDCar‘d‘Slot /o

Power §witch’7§e§é’t ®

5-Way Switch

SPI Flash

FPC

RTL8720DN
(Wi-Fi & BT)

DC-DC

2.4G & 5G Antenna

40-Pin GPIO Header

Programmable Buttons

LIS3SDHTR

Light Sensor

IR Emitter

N

microSD Card Slot

ATSAMDS51P19

Mo

> V\}/?y Switch Microphone & Buzzer
(Behind) (Behind)
Multifunctional Grove x2 USB TYPE C
2 1 3v3
4 3 [ETE
ESTE - s EER
s 7 7 Tl
[ R0 [ Bomis JET s EETH
12 1
["ono JEPY 13 [EEA (oo | a0 JPwmo
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8 8 18 17
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CE1 D/\C1 l: 5“‘ 26 25 GND
CEum 2 27 [ETE
30 20 VAN (EES
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[ono = 8 (06 T Ac Trwwa]
[Gomie I STl ScM9 J125 LRCLK
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New insights with legacy sensors
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https://docs.edgeimpulse.com/docs/development-platforms/fully-supported-development-boards
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=512 Edge Impulse

Wio — PC - Edge Impulse
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g EON Tuner
Retrain mode
{ Live classificat
Model testing

I versioning

Wg Deployment

GETTING STARTED

@ Documentation

https://studio.edgeimpulse.com/studio/14620/acquisition/training?page=1#!

DATA COLLECTED
11s

Collected data

SAMPLE NAME

paper.json.2h2bk17e

rock.json.2h2bjn46

rock.json.2h2bjahj

rock.json.2h2bj3tk

rock.json.2h2biudt

rock.json.2h2bin6és

rock.json.2h2biej1

rock.json.2h2bhu7r

rock.json.2h2bhkct

rock.json.2h2bh1u0

rock.json.2h2beu20

LABEL

paper

rock

rock

rock

rock

rock

rock

rock

rock

rock

rock

TRAIN / TEST SPLIT
100% / 0% A

ADDED

Today, 21:13:07

Today, 21:12:57

Today, 21:12:44

Today, 21:12:37

Today, 21:12:31

Today, 21:12:24

Today, 21:12:15

Today, 21:11:59

Today, 21:11:49

Today, 21:11:30

Today, 21:10:20

Record new data

[ +% Connect using WebUSB

Device @

wio_cavedu

Label

paper

Sensor

Sensor with 1 axes (light)

Sample length (ms.)

1000
000

Frequency

39Hz

RAW DATA

paper.json.2h2bk17e

Start sampling




CREATE IMPULSE (NISSIN-PROJECT-1)

4\ Animpulse takes raw data, uses signal processing to extract features, and then uses a learning block to classify new data.
b =52\
I

Time series data

Output features

Axes

nl 5 A L] =t/
Add a learning block ; E!J L] Y 1E

light

Window size

Window increase

T y | BERRE

Frequency (Hz)

. -

Zero-pad data

Ta
N
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O
i
B
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AY

v
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¥ Add a processing block

DESCRIPTION

Flatten

Flatten an axis into a single value, useful for slow-moving averages
like temperature data, in combination with other blocks.

Image

Preprocess and normalize image data, and optionally reduce the
color depth.

Audio (MFCC)

Extracts features from audio signals using Mel Frequency Cepstral
Coefficients, great for human voice.

Audio (MFE)

Extracts a spectrogram from audio signals using Mel-filterbank
energy features, great for non-voice audio.

Spectral Analysis

Great for analyzing repetitive motion, such as data from
accelerometers. Extracts the frequency and power characteristics of a
signal over time.

Spectrogram

Extracts a spectrogram from audio or sensor data, great for non-
voice audio or data with continuous frequencies.

Lo o @
/
\ @& /

P2 E R
Rich built-in blocks

AUTHOR

Edgelmpulse Inc.

Edgelmpulse Inc.

Edgelmpulse Inc.

Edgelmpulse Inc.

Edgelmpulse Inc.

Edgelmpulse Inc.

o 35

£

RECOMMENDED

(had)

(rss)

(0

(i)

(e

(]

Y|

EII;I%IEQ A

4 Add alearning block

DESCRIPTION

Classification (Keras)

Regression (Keras)

for predicting numeric continuous values.

Anomaly Detection (K-means)

to complement classifiers.

o A \
B / s ll \
,"'/1 \ \\
= A P i \ _®
B - e
/ pl 2
® P =
.«/// \\,
@
Some learning blocks have been hidden based on the data in your project.
AUTHOR RECOMMENDED
Learns patterns from data, and can apply these to new data. Great Edgelmpulse Inc. [ Add J
for categorizing movement or recognizing audio.
Learns patterns from data, and can apply these to new data. Great Edgelmpulse Inc. [ Add J
Find outliers in new data. Good for recognizing unknown states, and Edgelmpulse Inc. [ Add J
Cancel
(o | E—
)
gQ",; Man Coek




CREATE IMPULSE (NISSIN-PROJECT-1)

4N Animpulse takes raw data, uses signal processing to extract features, and then uses a learning block to classify new data.

Time series data Raw Data 0 Classification (Keras) e Output features

Axes Name Name 2 (paper, rock)

light Raw data NN Classifier
Window size
Input axes Input features Save Impulse

light (v) Rawdata

Window increase

e

Output features

2 (paper, rock)

Frequency (Hz)

EX -

Zero-pad data

v o o

Add a processing block Add a learning block
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Neural Network settings

Training settings

Number of training cycles ® 500

Learning rate @ 0.0001

Neural network architecture

Input layer (39 features)

Dense layer (20 neurons)

Dense layer (10 neurons)

Add an extra layer

Start training

Al

Training output

Model version: ® | Quantized (int8) ~

Model

Last training performance (validation set)

Output layer (2 features)

ACCURACY LOSS
75.0% 0.65
Confusion matrix (validation set)
PAPER ROCK
PAPER ‘ !
F1 SCORE 0.80 0.67
Feature explorer (full training set) ®
© paper - correct
® @
@ rock-correct & ®
® paper - incorrect < [ ] @ [}
R
5 15 .
g o ©
5] @
2 B
g °
® @ ;
0 :
= 27— 5 =
A0 < -8.5 S
Visuga, - “ 3 =
"2atiopn s ’ =95 =
“yero g




NN CLASSIFIER (NISSIN-PROJECT-1)
#1 > testl

Neural Network settings H
Training settings
Number of training cycles @ 500

Learning rate @ 0.0001

Neural network architecture

Input layer (39 features)

Dense layer (20 neurons)

Dense layer (10 neurons)

Add an extra layer

Output layer (2 features)

Start training

. nissin

Training output -

Model

Model version: @ | quantized (intg) ~

LOSS
0.62

Last training performance (validation set)

ACCURACY
100.0%

Confusion matrix (validation set)

PAPER ROCK

F1 SCORE 1.00 1.00

Feature explorer (full training set) @

paper - correct
rock - correct
paper - incorrect
rock - incorrect

e s 2 0

¢ Jafe| uoneziensia

On-device performance @

INFERENCING TIME PEAK RAM USAGE FLASH USAGE
1 ms. 1.7K 18.0K

\emu

I

~|~
1<
7/

-

J

-

lml

[TENY

J

LLEES |

7}
%
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Edge Impulse makes it possible to repeatedly
modify / retrain and test your solution
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Neural Network settings

R L] TR A

4a &

O A B R AREREIUNS

(tf.keras)
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EDGE IMPULSE

Dashboard
Devices

Data acquisition
Impulse design
® Create impulse
® Rawdata

® NN Classifier
EON Tuner
Retrain model
Live classification
Model testing
Versioning

Deployment

GETTING STARTED

/ f \
/ — @
s 7
9 P \
o P \
Gy \
/ N
7 3 \
o \
/

NN CLASSIFIER (NISSIN-PROJECT-1)

#1 > Click to set a description for this version

Neural Network settings :

Training settings

Neural network architecture

1 idmport tensorflow as tf
2  from tensorflow.keras.models import Sequential
3 from tensorflow.keras.layers import Dense, InputlLayer, Dropout, ConvlD,
Conv2D, Flatten, Reshape, MaxPoolinglD, MaxPooling2D,
BatchNormalization, TimeDistributed
from tensorflow.keras.optimizers import Adam

model = Sequential()
model.add(Reshape((int(input_length / 1), 1), input_shape=(input_length
» )

9 model.add(ConvlD(8, kernel_size=4, activation='relu', padding='same'))
180 model.add(MaxPoolinglD(pool_size=2, strides=2, padding='same'))
11 model.add(ConvlD(16, kernel_size=2, activation='relu', padding='same'))
12 model.add(MaxPoolinglD(pool_size=2, strides=2, padding='same'))
13 model.add(Dense(classes, activation='softmax’, name='y_pred'))

4
5
6 # model architecture
7
8

15 # this controls the learning rate

16 opt = Adam(1r-0.0001, beta_1-0.9, beta_2-0.999)

17 # this controls the batch size, or you can manipulate the tf.data
.Dataset objects yourself

18 BATCH_SIZE = 32

19  train_dataset = train_dataset.batch(BATCH_SIZE, drop_remainder=False)

20 validation_dataset = validation_dataset.batch(BATCH_SIZE,
drop_remainder=False)

21 callbacks.append(BatchLoggerCallback(BATCH_SIZE, train_sample_count))

23 # train the neural network
24 model.compile(loss="categorical_crossentropy’, optimizer=opt, metrics
=["accuracy'])




- |.|.
/It
HH

=
>k
T

anp

crrm

4b 1z

Training output

Model
Last training performance (validation set)
ACCURACY
75.0%
Confusion matrix (validation set)
PAPER

ROCK
F1 SCORE

Feature explorer (full training set) @

© paper - correct

® rock- correct o
® paper-incorrect = []
in
o @
= -15
PN
=3
=)
-
g 7 ®
[+
©
w55
AD 5
15111
Yelizatie,

SANINEIFEF

:|:E
mA AN

Model version: @ | Quantized (int8) ~

LOSS
0.65

PAPER ROCK
66.7%
0.80 0.67
® @
e @
e
o ©
@
O —
5
o % o 8 2
35 8
] o
2 95 N
layer 5 5
=
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4c £ Model testing®@REZIFRL -~
@
test data E/\] g';:%:lilt% C T = This lists all test data. You can manage this data through Data acquisition.

Yashboard 2
\/{ j;ﬂn éu t . d t t (] Dashboard Test data 8 Classify all
o] DA#g#l train datase
JE Devices
_ J— a z # Devices
E —A: B= %ﬁ- EJ ” “‘;ﬁ Set the 'expected outcome' for each sample to the desired outcome to
= Dataacquisition automatically score the impulse.
A Impulse design a
- SAMPLE N.. EXPECTED O.. LEN.. ACCURA.. RESULT
@ Greusimpulse testing.js...  testing 1s 1 scissor
. ::‘ . .
testing.js...  testing 1s 1 scissor
® NN Classifier
scissor.js...  scissor 1s 100% 1 scissor
@ EON Tuner
SCiSsOr.js...  scissor 1s 100% 1 scissor
Retrain model
® SCiSSOr.js...  scissor 1s 0% 1 uncertain
\ .® 73  Live classification
\ o rock.json.... rock 1s 0% 1 uncertain
~o0_ ) Model testing
- \ ™ . . /’ 1
® \ : testing.js...  testing 1s 1 paper
\ ‘ P Versioning
‘ @ SR1F w
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Classification result

FERCRIZE E R ARED I RIE

Summary : RAW DATA

testing.2ku5r438

Name testing.2ku5r438
Expected outcome testing
AR ERTOMAIIRER S

— + £
K E§ o | 75_alcohol 1 Raw features [0
15 A m 410, 607, 495, 792, 409, 606, 495, 793, 409, 67, 496, 792, 409, 607, 4.

coffee
surrounding Flatten (679 samples) ®@
uncertain
X Axis Y Axis Z Axis
Detailed result Show only unknowns NO2 Average v C2HSCH Averag ~ VOC Average v~
TIMESTAMP 75_ALCOHOL COFFEE SURROUNDING ® 75 alcohol 900
® coffee
® surrounding 800
0 1.00 0 0 @ classification0 © 700
Z g0
500 O‘
400 o0
0 S 4’%
TR e o @ 3p <
4 & 200 C
5 e

Processed features

415.6200, 409.8800, 423.0080, 415.6358, 3.5387, ©.1253, -8.9479, 623.51..



4f EON tuner - st¥FA#R&ELL
Performance optimizer for your dev board

EON Tuner

=T
4 EON Tuner settings
Find the optimal architecture for your machine Dataset category [
learning model )
Motion events ¥ il
Target device
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Seeed Studio Wio Terminal (Cortex-M4F 120MHz) $ el
u
Time per inference (ms) ol
ai
100
" y
0
P o4 m | M
b
//
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5. Export NN model for various HW platforms e

Deploy your impulse

Build output
Select optimizations (optional)

You can deploy your impulse to any device. This makes the model run without an internet connection,

minimizes latency, and runs with minimal power consumption. Read more. Model optimizations can increase on-device performance but may reduce accuracy. Click below to analyze

i i . . . Creating job... OK (ID: 1388447)
optimizations and see the recommended choices for your target. Or, just click Build to use the currently selected

Create library options. Writing templates...
< ) Writing templates OK
Turn your impulse into optimized source code that you can run on any device.
Enable EON™ Compiler ( '_.'j. Jab started
Same accuracy, up to 50% less memory. Open source. — Copying Edge Impulse SDK...
% ! & Copying Edge Impulse SDK OK
ARDUINO . A . . 11 \
Available optimizations for NN Classifier Compiling EON model...
Compiling EON model OK
: N o Quantized (int8)

Removing clutter and updating headers...
1.7K 1 ms

Removing clutter and updating headers OK
M @z Creating archive...
NVIDIA. 18.0K - Creating archive 0K
Job completed
ebAssembly TensorRT library Unoptimized

(float32) 1.8K 1 ms

Build firmware \ Click to select |

: . . 20.6K
Or get a ready-to-go binary for your development board that includes your impulse.

"




6.8 Arduino IDE LEEFEIR LN
/. BEERMATMLIEA | "

static_buffer | Arduino IDE 2.0.0-beta.12 - O X

File Edit Sketch Tools Help

static_buffer.ino -

e static_buffer.ino

1
2
3
4
5
6
7
8
9
10
11 The ahmue. cammedoht et e and thic narmmceion natice chall he el mdod
Serial Monitor X vy @ £

MNew Line ¥ 9600 baud -

Edge Impulse standalone inferencing (Arduino)

run_classifier returned: 0

Predictions (DSP: 0 ms., Classification: 0 ms., Anomaly: 0 ms.):
[0.47656, 0.52344]

paper: 0.47656

rock: 0.52344

&
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tinyML education kit
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/ Smart plant kit
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Wio Terminal B4R
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RK Wio Terminal Education Kit — 20 projects!

« Wio TerminalF 284
*Grove -ZREBE R A= EOHI g

» Grove - MOSFET#&= 48

« Grove -sg /B RUHIzR(BME280)

*Grove -8 E RO 4H

» Gravity: #28EET0PE7KE
FERCH| 28

« EILZKTUIHK 54

« Z AN ER Bo A

(Tl
)
=
.
rfil
X




a zzwos | G
ano | @

v | 00 (w08 | @Y

125_SDIN
125_SDoUT ~ BCM21

#4233 AEE www.robotkingdom.com.tw
BidmAEEREPFER _EK16558 14 TEL | 02-2306-2900

EMAIL | service@robotkingdom.com.tw




Any question is welcomed!
Or contact me:

nissin@cavedu.com
Facebook: &=k

Wechat; cavedu nissin
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