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PCB fabrication

Figure 2: QFN48 pin assignments, top view

Table 3: QFN48 pin assignments
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PCB fabrication

- PCB 7j% tools
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PCB fabrication
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PCB fabrication
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Artificial Intelligence
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Artificial Intelligence: History
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Artificial Intelligence: History

o =
ThHst7| ol =St xt Y F20] 1950 0]

1956 Dartmouth Conference:
The Founding Fathers of Al

L

John MacCarthy Marvin Minsky Claude Shannon Ray Solomonoff Alan Newell

P

b
»

Nathaniel Rochester Trenchard More

Herbert Simon Arthur Samuel Oliver Selfridge

TorING TEST
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Artificial Intelligence: History

Perceptron (1958, Frank Rosenblatt): First model of neural network

Frank Rosenblatt
(1928-1971)

P
Original Perceptron Wi

(From Perceptrons by M. L Minsky and S. Papert,
1969, Cambridge, MA: MIT Press. Copyright 1969

by MIT Press. c
Simplified model: 3

W2
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Artificial Intelligence: History

N - X R Al HE (1974~1980)

- No one on earth had found a viable way to train
MLPs(Multi-Layer Perceptrons) good enough to learn
such simple functions

- Perceptron2| XOR A4t 2752 O|2M L= SY

Perceptrons

- QiAo TR CPU HELL B2l BE

CEH SEMES Po17| Qo) TR A A AT
RS HEE, oy WO 21

Marvin L. Minsky
Seymour A. Papernt
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Artificial Intelligence: History
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Artificial Intelligence: History

- MAYO| B2 Back propagation (1974, 1982 by Paul Werbos, 1986
Hi )

https://developer.nvidia.com/blog/inference-next-step-gpu-accelerated-deep-learning/

Training Eﬂ]
- ' e Forward e
- - T, , dug
- . s II_:"-:-?'. Ly \ F
- . _klj.\}'i* ._h. >: * : labels | |
p rﬁz? **, = =? <& “hyman face” |
-« ; }, .,J' el .
- e
s Large N o backward  grror
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Artificial Intelligence: History

- = ¥R A-F (1987~1993): Vanishing gradient

~

hidden layer hidden bayer bidden layer hidben layer haddra bayver

Vanishing Gradient
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Machine Learning &=+

m 50| ArE5t= HIOIE 2] HEfL kg Aol Wl 34| M| 7HX]

Machine Learning

X| & &t& Supervised H|X| = & Unsupervised 2l 8t& Reinforcement
P RLE HIOE (x, ) - 2t gt BIOJE] (x) H & (reward) 7|5 St
. 25 (Classification) -8 &4 (Clustering) -AHE - B FA M
- 2|7 (Regression) CHI QI =Z (PCA) CSIADE MBS ER
O AT 2R 7HA ol % - Ofl: 074 M| 23t Ol AR, 22 Hof
\_ J g J \_ J
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X| = &t& (Supervised Learning)

- HAO| Y= XtZ(labeled data)S CHAC 2 &t
- YUE xEFH HAO| A= XtE yE 2| mapping= &&ot= EHE
Y1 X11 X12 X3 't Xqp
-yt HFEHQ BL > &&/ (Classification) Y2 X1 X2z X3 " Xop
— 0f)) spam M| 23, face detection, 2 25
Yn Xn1 Xnz Xn3z " Xnp

2|7 (Regression)

9
- 4 7H4 o=, 284 A8 o5, 7|2 o=
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HAO| 9l= XtZ(labeled data)S CHAC 2 &t

X21 Xa2 X3 "

Xt=Z9| &7 Xl X (hidden structure)E & 1At &

[ot

Yn Xn1 Xnz Xp3 '

Y1 X11 X12 X137 Xip

SHA|2H EA10| U= y7F Q7| W20l ZHOFH structureZt X0 TSt S5 2 E7tsE
=zl 2022 0|8d 2t 2= S M T2 ArEE

=
T
=& 2 (Clustering): feature x2| SAtE S 0|23 H 7|o| IECZ 258
—- Ex) 1 JAE 149 5822 HIF O 2 &/, K-means clustering, Support Vector
Machine (SVM)
A 2 2l F=ZF (Latent factor extraction): feature = xO| M ZHSE|X| 2 LU=
EH
=

XK E 8= gt
- O

- Ex) Y& 24 (Principal Component Analysis, PCA)

21




| lo|EjBt =01, mEo| A
S mEolL 28 OF

Ol
YN

At o|sf:

0|57 = AF
28t A7/ QO 0/ B 7 24T A

A
7l dif 5L

A X X2

- "
M &= 72 b

AFELO) 2P QOLE GJOJEH = AXE BHA

22




74 M2} (O|OFE - )

TOf 0|2t 231 "g0LEE nZr "4of ZHEHAl 1
2" Y H|oh AH| I EHO| OES LAY UE F

i o L
== 24

7= o] & el EX

WA A6 HEHS S&e) SACHE A sel 2o

ZHAME EOM A B A2l S ZAe

-1 a

o] 595 =44l = B lO0|= &2(7]7} H
=¢t 57|2] |0 S0|2|2EE TE

B w2 7[AF /& (HIoIH w£)

2o A2 O 7|AtSS HE 20| AHEo=
ot 23(22AE)2E 20t BOIF

23



B =0T 230] oo A28 S FdA7= s g E
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el s Wine MNIST  Farm ads

Haberman survival: x = (LI0|, AT, QA 2/ :»'H:’r-)-r

Iis: x = (27| Z00|, 2HE 40|, 29 Zo| 2 LfH))’

Wine: X = (Alcohol, Malic acid, Ash, Alcalinity of ash, Magnesium, Total phenols, Flavanoids, Nonflavanoid phenols
Proanthocyanins, Color intensity, Hue, 0D280 / 0D315 of diluted wines, Proline)”

MNIST: x = (B}AL, B}A2, -, 5}A784)

Famads: x = (HOfL, THOf2, -, £t0{54877)"
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- O B2 37l o] E{H|of &
~ 7|A 52| xnt2[= oA X|= 37tX| H| O] B[O £: Iris, MNIST, ImageNet
— 2|7| | C| OLOf| M “list of datasets for machine learning research’ = 24 A4

—UCl 2l HX|E2| (2017H118 7|F2 Z 3947 Cf|O|E{H|O| A X&)
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* Iis CIO|EH|0| A= SAHSAIR! DM w7+ 193601 ZHLICH S5 sHQte] 7tA N BH=0| MAGH= 3

Z 9| 2 Z(setosa, versicolor, virginica)S 504014 5101 BHSUCHFisher1936], 15070 MZ 2tztoj|
sl YR Zo|, BYE Ud|, 2Y 20|, 2Y HHIZ S50 7|25ct M2t 4kt EX
0| SMEH SEYUS 35S A2 BAIE=ZM 1, 2, 3 ZF £2| 5HL}0|Ct, hitp:/archive.ics.uc

datasets/InsOf| L3510 LH2{RHE 4~ QULCtH

@

Sepal length ¢  Sepal width ¢ Petal length ¢ Petal width ¢ Species

52 3.5 14 0.2 I setosa (;)

4.9 3.0 14 0.2 I setosa M

—

47 32 13 0.2 I setosa 2

46 31 15 0.2 [ setosa -
7.0 32 4.7 1.4 I versicolor &
6.4 32 45 15 I versicolor ®
)]
6.9 3.1 49 15 L versicolor ~
5.5 23 4.0 13 I versicolor o
o
6.3 3.3 6.0 2.5 I virginica &
5.8 2.7 51 19 I virginica =’
7.1 3.0 59 2.1 I virginica 5
6.3 2.9 5.6 18 L virginica o
Q
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* MNIST G|O|E{H|0|A= Ol=FEZHNST)0|A =Fet 7| <Xt do|EH|0|AZ, =EHE S 60,000X}, A
EXIgt 10,000Xt2 HMIZstct hitp//yann.lecun.com/exdo/mnistOf] EL&6HH FE22 LHBHEE & UL,
1988ERE AlEfSt QIME A 712X = 4 UL 2017d 88 7|&E2 2= [Cresan2012] ==0]| 0.23%2]
LREE |1 X2|E XHX|st RUCt HAERE U= 1000070 S0l =X| 23742 Z2 ZA0|Ch,

LSO MNOO0 T IO 2

FFZHABIDS 207 S
S e 2O 3. 7977
&F A M F 0\ 3 .1 J &
I | H 26 37) .7 A
7‘7 551l Qq (023_22'3 9?1(
13/55_06(’334‘18%1/00
F g LD 7 (9.1
55'#839?229(‘ 9?8%996Lp
Hedbng |l LS
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 imageNet CIOIE{H|0jAS FEZIM SOt BHE WordNet®] HHOf 715 25E 1012 mRtn, 88

ofch SuolA 48 JHo| HAg HESIACHDeng2009). & 21,8417 LR sl 5 14,197,1227H2)
GAIg BR5tD ATk 2FUM 10007 SFE 0} ILSVROM:Ne! Lage Scae Viual Recogon Crakneah ¢
AOIAl AXICHEIS 2010 E] 0f HEISHD UCH ThEl Zol hSH XM LSS 44 B3t

2}, http:// image-net.orgdi| A LH2{Et=S &= QULCE

=
A
T

(b) ‘Great white shark' B&

ImageNet2| || S4t



G o|E{t| 0| A 27|29} 7| A| &t

- H|O|E{H|O] 22| i Tt T 7]
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Xt gt 7 M=
= — a2

60,000 6 x 104
~ ~ 10—231
278¢ T 10236 1) HlO|E| 72 B
784X St =
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U= O|0|X[&= 2 SH0M =3 F2 Yot =2 US.
2) 13O £ &50| Et
278474 E C} X 22{™ O[5 7} &
= 6Tt oo 2 E &AM XS E 2!
AR == M =AH=2 784K FA|O] 201X U= Al OFL
ef, 2N &2 AR L ZFEET) fl0 =2 7| Y.
=Xt O|0|X| & Z2Hst= AA AtFes 22 w7#7(.7|127]
7] X -EH7| AEY HE — =4 7§ =& 0| X[ 78474 7}
Otd.
3) At 2| M Fof CHet B
ZE 7| Xt (784)0] OtF 2| HE 2H XHRH0| HoH M2
HWEE ot50| 7tsotH BH2{d0o| nXtR GO oM ES
St= O| /7t HE=Z 0| 4 &,

100

—~
o [
= -
z

o~

rot ]

a
5]

|'|_|>i
Bl

=t




<
Y
o
Y
]
{|
o
E)
[}
o
uy

Al

HO|E{H|O| 22 OE

F

ef &l

CHet S ZHO A 2 X HIOIE 7t

_ "t
o

J

(=)

Of tch2r o g Al &

Xl
Al

_HL



AKIH O] ol =

of2{ 7}X] 7tAl=2} 7|
~ 274 m3tsto] off jol dgjm 1

-l-

0

| -

3.0 4.0

20

25

05

ote 78S

HHRHO| 7kA =t 27t

230 = @=setosa, @=versicolor, ®=virginica

|||||

T T T T T
45 55 65 75

i- ..
ond < elwe ZutEl L]

et ;% .
Lt

L
45 55 65 75

HIOIE| 7tA|=}




ZHEhel 714 == of

e b L -1

a4 24 = A

= [18 14 4 (1.2)° A RES ALESrEE F 7Ho| Oi7i = 0 = (w, b)"

y=wx+b (1.2)
(S EX])
7
£
fi

IIIIIIII>\_::
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e b L -1

A i p— N .
_-II Sk~ objective function (EE = |:|| Z~cost functlon)

1> oo
0

© fo(x)= OIS 29, y= OSet7t &F00F ot= FELUO[EZ fo(x)-yi= 24t

1) == (folx) = 30 19
=1

" X-I 01|I_ x|I-| I:IH7HI:I:| A% %F$8122§ I_'I_l-_)lk_E @1:(W1,b1)TAE-|IO-I 9@2:(W2,b2)T

E M > 0; = (ws,b3)TE M > 0, ZHS| ©

- O j(®,) > J(©,) > J(03)



xu¥1 — (fo,(2.0) = 3.0)" = ((0.8 » 2.0 + 0.0) — 3.0)" = 1.96
X5 V2 — (fo,(4.0) — 4.0)" = ((0.8 + 4.0 + 0.0) — 4.0)° = 0.64
x2.7: — (fo,(6.0) —5.0)" = ((0.8 6.0 + 0.0) — 5.0)" = 0.04
x0Vs — (fo,(8.0) — 6.0)° = ((0.8 +8.0 + 0.0) — 6.0)° = 0.16

= 0,5 I3t 05 = (0.5,2.0)T7F E[ACHD 71

= O|lf j(®3) = 0.00| &0 0,2 XA 4 © O] &

IIIIIIII}&:

T
2 4 6 &8 10
(a) =7| 0H7HH=S 0,

IIIIIIII>\<

kS

0.8
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04

=
0,2 7HM3tA 0, = (0.8,0.0)T7t & UCtD 7t

Jfo»

T
2

|
4
(b) ©,= 7HMstH 0,7} &

6

—> J(0) =07
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- O A ™l M2utHo|| Cjet "Deep Learnings 2| H| &

“To some extent, we are always trying to fit a square peg(the data generating process) into a round hole(our
model family). 0= H= 2|7t st €2 g 32 (27t U ZE)of b= o7 |(ClolE
MM IPHE 7Y E= Holztn LE 2 UrcHGoodfellow2016(222%)].

. B 7|2 el MY
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oz

- — —1 7
-4 1112 F M &2 X 22 M 7tSK 27| & A wmAIGHE

1 n
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Arduino Nano 33 BLE

sot

—

Ot

FE2E0| 1ds MCU + Ct¥st MM + BLE 7t 25 LHZ

|
rot
e

= L2 MM : Nordic nRF52840 — ARM Cortex-M4F @ 64MHz (&2 8 A
)
— 22| : 1MB Flash - 256KB RAM — %2 AMAA2 22|7|0| 52
« 24 : Bluetooth 5.0 LE(BLE) LH& — =& Z1IE ANEE.PCE & 7ts
« M3 - usB == ZQNAE|&E HiEH [, Y SE (3 mA)
= 71 : Arduino IDE/CLI 2 Z2 2 Edge Impulse’t O| EEE 54| X[ &
1 :Rev2E IMU-25 % X0O| €& HE(BMI270 §) — Edge Impulse= +

o *

HH 25 X
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Studio(#l) : OIO|E 2tEE, EZF=Z(Dsp) 24, 3% o5, ds

AtE Z =2} : EON Tuner’t MCU AHA(HI 22| X[ 2)0f = & Fd5 At HY
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Eol =2l=5T4 =&

m A HO[ES RO} gtastn, &2 RHE o)

N\ N\

©) E“;)EJE-I T AA @'6_'!-& L

FZE+NN Train model

/L /L

— EdgeAldepoly / Motion Classifier | reason & Target: Arduino Nano 3.
EDGE IMPULSE eAldepoly l—p
Keys  Expor Jobs

& Devices
= Motion Classifier
B

Th Impulse proj

@ EONTuner and train mode

W Impulse desigh . " acceeromeren NI RNEVTONY

® Createimpu

Getting started - Sharing @ Public v

Start building your dataset or validate your model's on-device performance: Anyone on the internet can view and clone
this project under the 3-Clause BSD

cense. Only invited users can edit.

E] & S SHARE LINK

https://studio.edgeimpulse.com/pub

T
Add existing data Collect new data Upload your model

GETTING STARTED
Published versions (0)

Start with a tutorial
& Documentation
Not sure where to start? Follow a tutorial to build your first model in just minutes!
% Forums This project has no published versions.

¥ Publish a version of your project

B Discord

.

*
Upgrade Plan Motion: Gesture recognition Images: Object detection Audio: Audio classification

Collaborators (1/4) 2



Al = H)

mAE SE: 20| s MAE £SREHANS ERoIE DY OHS7)

« Z=H|& : Nano 33 BLE Sense, USB #|0|&, PC(Z &), CIF 4l

= @ Edge Impulse A8 d’d = M ZEHE (New project) Zt=7|

= @ PCO|| Arduino CLI 2} Edge Impulse CLI & X|(Node.js 7|Eh

= 3 EE0|| Edge Impulse 34 HSH = oF H =7|(flash) — |O|H =& &

- 25T SU2EIE) o : idle(ZX]) - wave(ZHR E=7|) - circle(®) - updown(? Ot2H)



m22 d952/ 82 HOIE & —ofeff A= X7 |H =4

= 1=

- SelATY SE6] 4 A2 0 ¥, XA 2-32 EEN(HSTE £

« CHUSHA| - S M7|.8ieF2 T CHEA|, o2 AtEHO| =& H &

= dX|(idle) EeiA 5 : OfF S&E Ot d [ E YtEA| 2t OF 2%}
= /20% HIAE KI5 23 Al

= Train / Test &€t : E& 80% &t
- ohE datd . 2 X

— [ X
— Studio?t S22 E HIOJH #¥S JZ2 E0F - X 2KA[H

* Idle - just sitting on your desk while you’re working.
* Snake - moving the device over your desk as a snake.
* Wave - waving the device from left to right.

* Updown - moving the device up and down.

=




B Impulse = #A| M2 & N[5 50 2= M2 ooj=2tQl' — 37 =222 +4

- @ Y8 S5 A|AE MM HolHE €78 Z0| F(window)2 = Eef R ((0f: 2,

62.5Hz)

« @ X2| 25 (DsSP) : AA| M= 0|M EH-(feature) & — 50| F| X1 2Ol ZOFA
- S&/MAKN — Spectral Analysis ( A &3/ 22| - MFCC-MFE

_I_ =)
QS EE =S EXNCE MAWERI)SS - A =

—

= @ Generate features 23 - EX Z7H0|M 271 & SK|=X| 22
A

o
- 222 S0 M2 & 22|= 2O|H 50| 2 E M2

=

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

Time series data i Classification

Input axes (3)
aceX, accy, accZ

Window size
—e

(v] Spectral features

Window increase (stride) Output features

4 (idle, snake, updown, wave)

Train on data subset

100 %
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FFT

A=K ALt
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W FFT (Fast Fourier Transform) : 212 0f Ot Faj~=7} HOtL} 4404

Foi3¢ 29 ﬂ-;requency domain)

AlZt 9o (Time domain) IHZ (@
"ﬂi?%ﬁinoﬁ%‘ﬂl H5H=7" n /
FFT 8 Hz (oFel)

=

: <
: —> =
i

D F2(0f gt
Hxrsf| Ho|x|gt )\l! & FOreo g U $ b FE [EpaHedal s oue i
0 3 s 8 10 15 20

AlZHt [s]—
FObe f [Hz] —



ol
=<
30
ol

i |

-

"

<0

AZE—




4 (FFT)
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M Filtering, O| &

X vs. data

Input data

Smoothed data
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W Classifier BO|A| et& Li2t0|EHE

e o
gdotn RES

Z(Training)

(=

—

Mot

- 82 M3 : epochs, Iearnlng rate (&t=&), HIER} A T+ ZX(Dense %, ANN S)
. 7|EZI 2 AZES| = 24 - epochs 30~50, learning rate 0.0005 £

= [Start training] — &
« UXZHint8) &M : On

- ﬂﬁ S E b AAZEEA
oz EH McuE ZdEF REIEX| sH M A
A
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2 Sd=(confusion matrix) : X vs O|F 2 B2 — 2 H0| Zigd+=E £2

- 53 £ SM0| M2 ESEE 1 Z2j2 HOES H £

Model testing : {0 & HIAEMNC = Ytz 45 =0l(ehs H2=oF & AO|H tA S
EON Tuner(&) : 0{2| DSP-Z & =gl S At A &e-A7|-&= 7 & Xt =M
2H: HAE ML E £0|HA RAM/Flash-X|®0| EE budget 90 S



Arduino 20| B 22| 2 H{ =

W Deployment B0 A 2 &S Arduino 2t0|E&{2|(.zip) 2 L EHL|Ct

= @ Deployment > Arduino library 41 &4

- @ X3 M : Quantized(intg) & — O =1 WE

= 3 [Build] — .zip It¥ CI2E2E

= @ Arduino IDE : Sketch > Include Library > Add .ZIP Library

- ®OH B7]: oY > oA > (Z=2HMEF) inferencing >
nano_ble33 sense accelerometer
— O] oM 7} MM E 210 HA[ZI2 2 FEIK| =~
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Al= 0J|H| #1 IMU sensor

= Arduino nano 33 BLE rev2 B E = IMU (inertial Measurement Unit)
HME Z2teln U8

5 N
ceed N
3+ M

BMI270 Accelerometer
e, MY C

ALE Of| M| 2

ex06_imu_raw_stream_rev2.ino



Al= 0J|H| #1 IMU sensor

- IMU 1D &2 Sdll IMmU dIA 2715 E)0| L= A2 =10l

Live Signal ADC m IMU 2D Gyro 3D Class Dataset Model PPG HRV
IMU 125 - NONE - NONE - 32058
win seq w Filtered [ Auto scale

ACCEL X Y ACCELZ
-0.128 g -0.057 g 19649 41.3 Hz



A= O X| #1 Edge Impulse

- IMU MM 7|8 SEHERE St 2EE B ofX
https://studio.edgeimpulse.com/public/1051428/live

won 1 1t
== EDGE IMPULSE 00

® Target: Arduino Nano 33 . Clone this project

Dashboard Welcome to Ed; pulse, the largest f edge Al
This is a public Edge Impulse project. use the navigation bar to see all data and medels in this project: or dlone to retrain or deploy to any edge device,

sis t for the tueo s \ recognition’. Fro \ des pulses and train models

About this project Run this model

unch

Classify Your Gestures

Dataset summary

ve you ever

dered how you can use acceleration to predict the &

pe of input me

n? Clone this |

ject to build an embedded ML project ta detect v

us hand

stures from your device's accelerometer!

accX, accY, accZ @ 62.5Hz
¥ou can alsa follow our tutorial to guide you through building your continuous motion recognition madel, from data collection to deployment an embedded devices

LABELS
idle, snake, updown, wav

Sensor & Block Information

006

« Accelerom:
+ Spectral Feat
+ Neural Networ

data (.cbor fi
€5 DSP black fo

625 Hz
me-based sensor data

ssifier with prediction outputs: “idle”, “snake”, "u
etection block for anomaly scare

fown”, “wave'

output of unknown motions (gestures/r

ans the model was not trained on) B,
Project info

Data (104 samples) ProjectiD T0stazs

updown.14.chor. 1q530s8r idle.14.cbor. 1q530s6p snake 3.cbor. 19530595 idle.16.cbor. 1g530sba

License 3:Clause BSD o


https://studio.edgeimpulse.com/public/1051428/live

GETTING 5

Q
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>
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Time series data, Spe... >

® Create impulse

®  Classifier

®  Anomaly detectior

L]

Documentation

A
3
M
40
gt
Ha
ne
I
X

24

Y¥oo / Tutor

Time series data Spectral Analysis Classification Output features

Input axes (3) Name

5 (idle, snake, updown, wave, Anomaly score)
acex, accy, accZ

Spectral features
Window size

- Input axes (3) Input features
(] Spectral features

Window increase (stride} Qutput features
-

4 (idle, snake, updown, wave)

Frequency (Hz)

625

Zero-pad data
L]

LI HjolE| HAz| 238

Anomaly Detection (K-means) o
- - - Spectral Analysis

Name
Anomaly detectio

Input features

U OojE fd A
- Time series data

1 (Anomaly score)

| spectral features

Ho
fn
ko
ng
x
b

26 Edgelmpulse Inc. Al
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—
+. EDGE IMPULSE

Classifier

— o o o o o = =
Neural Network settings

Training settings

Number of training cycles ®

Use learned op

Learning rate ®

Training processor @

Advanced training settings

validation set size @

Split train/validation set or

takey @

Batch size @
Auto-weight classes @

Profile int8 model @

Neural network architecture

-

30

0.0005

cPU -
20 9%

Input layer (39 features)

Output layer (4 classes)

I* Clone this project to train this model

= OF7| x| XXt

&= HloEe

|

Aol 2 ANN, CNN

=
o

Model

Last training performance fualica

Confusion matrix jvalidation set)

Metrics pualication seq)

Area under ROC Curve @ 1.00

Weig] ore® 0.93

Data explorer (dassified sampies) @

On-device performance @

NFERENCING TIME PEAK RAM USAGE
1ms. ° 1.4K

@ i

® [ 1
°

@ vave - comect “' .

@ updown - incorrect .‘

® wa OTect

Yare B of7|HK S

M

| W Target: Arduins Nano 33

(o>

\

[



Al Ol H| #1 Edge Impulse

YYoo / € & Target: Arduino Nano 33 @ Cione this project

=" EDGE IMPULSE

Run this model

I Configure your deployment

= I;‘>

I Deployment target

I C++ library

. N |
Inference engine — - .
— : £ BEH 4954 (C++, Arduino, Android )

o EON™ Compiler

f == == == omm mm omm Em Em Em Em Em Em SR Em R Em Em Em Em e e
Model optimizations and performance

o |
@  Deployment r— T
I 15K I
Unoptimized (float32) I
'™ 7ms
™
a I I
-

ntization A&

A S Pt qua

Arduino library
ARDUINOG  An Arduino library with examples that runs on most Arm-based Arduino development boards.

Arduino library & 2 Build > 2I0|E&E| CIRRE



Ol Xl #2 PPG

« Photoplethysmography

. "2 E=XS 9|5t T 7|l XX H

'J—/L* Light Source

Other

tissues
Venous blood
t Non-pulsatile
component of
artery blood
Pulsatile
component of
artery blood

LED

Time

phase : phase
/\ i / 1\

\ _‘\// \{ A/ i) - / Ac:

\\ / \i /7 \ J Pulsatile part

Dc:
Steady part

Time



A= oA #2 PPG

RGB LED
BUILT_IN LED [LED_BUILTIN)
L Pover | [ Leb_Pwr )
L ~012 |
o1 |
016 ]
L 09 ]
<08 |
L
G
(/Y S
-3 ]
02 ]
DD
(_RESET )
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AlRf BHE Q| BHAS} Q| X| 2 XH=C} BHE
A& 0| M= ConviD Peak Detector2} Ridge

25 9IK|E &

S ?1XE €8 HR

11, regression= HR

HR: Heart Rate 120{ A%0| & &

| = x|

T =

HRV: Heart Rate Variability. HIS
7tA0| AotLt E5E[=X]

Regression: E*E.O.J At SHLEE

Ol 55t ¢ H



A= oA #2 PPG

- ADCOAM 02 PPG A2 E ™S window= AFEL},

- MX2| & ConvlD path2 regression pathZ S A| 0| £ HHC,

ConvlD path= peak timing= &1, regression path= HR 4t &%
Of| = kLt



A= OiH| #2 PPG

- PPG Dalia dataset 2896} at5 : 1703 9| | AFX 22 H PPG2f
HRO|O|E & (F7IX 22 7I&, ECG, 2%, EDA 7HX| M& &)

Time ace_x acc_y acc_z ppg eda temp hr activity  activity_lak Subject
44:52.0 -27 1 58 0 0 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.0 -27 2 59 0 0 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.1 -27 1 59 0 0 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.1 -27 1 58 0 0 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.1 -27 1 59 0 0 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.2 -27 1 59 0 0.832765 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.2 -27 1 59 0.01 0.832765 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.2 -27 1 58 -0.03 0.832765 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.2 -27 1 58 -0.05 0.832765 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.3 -27 1 59 0.13 0.832765 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.3 -27 1 59 0.66 0.832765 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.3 -27 1 59 1.37 0.832765 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.4 -27 1 59 2.06 0.832765 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.4 -27 1 59 2.79 1.180231 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.4 -27 1 58 3.8 1.180231 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.5 -27 1 59 5.06 1.180231 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.5 -27 1 58 6.2 1.180231 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.5 -27 1 59 7.15 1.180231 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.6 -27 1 59 831 1.180231 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.6 -27 1 59 10.09 1.180231 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.6 -27 1 59 11.88 1.180231 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:527 -27 2 59 13.14 1.618462 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:527 -27 1 59 14.65 1.618462 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:527 -27 1 59 17.91 1.618462 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:527 -27 1 58 229 1.618462 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.8 -27 1 59 27.58 1.618462 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.8 -27 1 59 31.68 1.618462 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.8 -27 1 58 37.81 1.618462 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.9 -27 1 58 48.15 1.618462 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.9 -27 1 59 59.83 2.09644 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:52.9 -27 1 59 69.58 2.09644 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:53.0 -27 1 58 79.34  2.09644 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:53.0 -27 1 58 9376 2.09644 3215 76 NO_ACTIV NO_ACTIV Subject_1
44:53.0 -27 1 59 11262 2.09644 3215 76 NO_ACTIV NO_ACTIV Subject_1
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O[OJX| CNN2 %2 ZEII ALY 2|5 220
U= PP

textures &&= f 7|z EE 7L A
Z O pulse peak 2= &=Lt

stride=2 T

H - B

2x2 kernel

2x2 output

5x5 input



A= oA #2 PPG

ReLUE= S5 B2 02 £ HHELY

Y4 HFS 2 peak-like evidenceZ H ZICt #& Ql= B3 O|L} BT 2 2Fo| HE
S22 M=t

fused[t] = average(relu_1[t], relu_2[t], relu_3[t])

7,9, 11 tap filter= A| 2 CtE Z9| peakE 2Lt
Zt filter2| ReLU map= Bl otLt2| fused map= TH=LC} &2 peak, 57t
peak, 5= peakO| CHet SH7 S =Lt

0

A Xl pooling= downsampling©| OfL|2} A|Z+= smoothingO|Ct. Pooling radius
= 0.06X0|H, 32 Hz 7| & &5 & 2 sample® E&$IC} 22 spikeE E0| 1,
peak score’t T =S=2[X| A THELH HF 2 pooling2 7HIHZ beatE &
K7L} peak }IX|E ZE|A BtE = ULCE



A= oA #2 PPG

- Pooling Z1HE 0-1 ¥ 9| 9| peak score £ H#3}8tC}. Threshold 2 Ct
Z local maximums peak 22 MEHSICE {2 7H7H2 peak=
refractory rule2 L2 HZICH Threshold7t &2 ™ false peak”’} &1,

=2 W & peakE =& & UL

- HO|HA0|= HR label2 UKX| Tt 7=tk peat $/X| annotation= SiLCF.
HR label 2 0f| & beat periodE Al 4t2tC} PPG local extrema & 0| 2
period?} St= T H & pseudo peak 2 MEHSICE pseudo peak FH
waveform snippet= E Sl ConvlD filter template=2 TH=C}
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A= oA #2 PPG

Regression 2.&

Regression peakE & A| @11 HR <X} StLIE & 0| F o0t 15
PPG windows& 697l feature2 H 20T} Autocorrelation, spectrum,
slope 2t&# featureE A $HCt. Ridge regression HR labeld} 0=
HRS| @XIE E0| =& weightS &H& ot}

HR = bias +wlfl +w2f2+ ...+ w69 f69

Regression2 45 X|
2= QUX| 2t beat timing

HRVE A Atgh = QICt

o Hl
>
I
Py
2
A%
(@)



A= oA #2 PPG

Regression 2.&

Regression peakE & A| @11 HR <X} StLIE & 0| F o0t 15
PPG windows& 697l feature2 H 20T} Autocorrelation, spectrum,
slope 2t&# featureE A $HCt. Ridge regression HR labeld} 0=
HRS| @XIE E0| =& weightS &H& ot}

HR = bias +wlfl +w2f2+ ...+ w69 f69

Regression2 45 X|
2= QUX| 2t beat timing

HRVE A Atgh = QICt

o Hl
>
I
Py
2
A%
(@)



