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ABSTRACT

This project presents an AloT Camera for Analog Water Meter, an innovation that
employs artificial intelligence to monitor the quantity of water utilized by an analog water
meter via a mobile application and an loT system. From the water meter, numerical water
usage image datasets are collected and used to develop an accurate classification model.
Compiling and downloading a trained and validated Al classification model FOMO (Faster
object, more object) accuracy of 98.6% into the microcontroller board Arducam Pico4ML
TinyML for real-time numerical water usage data classification. The mobile application is
designed to be user-friendly and to support Section 9 of the Sustainable Development
Goals (SDGs), which involves developing resilient infrastructure. Promote sustainable and

comprehensive industrial development.
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2.1.1.3 Reinforcement Learning
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2.1.2 M3EYUIYeAN (Deep Learning : DL)
P s | i - . a o = PPN A )
Jumansuwuusgaegly Machine Learning 8ntumily Nl manewuieniv
Machine Learning Aevilvineuiiamesiinnisdeus uaitnnuiuuinldeuus Deep Learming

T3S nsusawmealinanuaziAsadeUsza ey (Artificial Neural Net-work) fiainudnyianedu
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(Deep Neural Network: DNN) #ilfgusuunsviuveasiasedieauss nMsvssendld Al 9
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A (image Classification)



2.1.2.1 n1353muNAIN (Image Classification)
a § o 1 d' [~ 1 @ d' I Ly
ASNATIZI hazawunnIn Wi A ukud/lidy anidudiia
nmTuduiRaUnfannseds nmdulseie/ladu w8 Tnslumadinsuanusiwunning?

alulZaninudiAe FOMO (Fast object, more object) fiflitug1usnan MobileNetv2 Gl

#e Convolutional Neural Network (CNN) [18] #l#l¢ifdm¥ugunsaivuaidn

fc_3 fc_4
Fully-Connected Fully-Connected
Neural Network Neural Network
Conv_1 Conv_2 RelU activation
Convolution Convolution A /—M
(5 X 5) ke".‘el Max-Pooling (5 X 5) kerr.lel Max-Pooling (with
valid padding valid padding (2x2) N dropaiit)

(2x2)
r—M r‘L\ @ o

INPUT nl channels nl channels n2 channels n2 channels | E “ 9
(28x28x 1) (24 x24 xn1) (12x12xn1) (8x8xn2) (4x4xn2) @ OUTPUT

n3 units

UM 2.2 wansaandnenssulassieuseainiion CNN dv5Un1s3wunam
11 : https://towardsdatascience.com/a-comprehensive-guide-to-convolutional-neural-

networks-the-eli5-way-3bd2b1164a53

2.2 Fast object, more object (FOMO) wag MobileNetV2 [11]

FOMO (Faster Objects, More Objects) [9][10] tudanasiiulusivesnis Edge impulse
IdanntusnihinauslunsSeuvenaiesdnsfiilulilugnsaififdedidamn  Suteldam
annsofuing, miumisvesinglunm uasamuinguats q Jaglunaiduealnslaeld
NaUUTTINaNaLaEIgANTIteradne 30 Witleundl MobileNet SSD %38 YOLOVS way
yhauiiviheauditesndt 200K 1¢ Tng FOMO annsathluldsaniu MobileNetv2 [11] Ml
anndnenssuedetieUssamidionuy NN FadhlueanisGeuiiBsdnsendondmiuns

TuungunmuugUnIaiuszudana
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240x240

Ul 2.3 uansanntnenssy MobileNet V2
i - https://forums.tinyml.org/t/tinyml-talks-on-april-5-2022-constrained-object-

detection-on-microcontrollers-with-fomo-by-shawn-hymel/865

Height and width are each 2D convolution with 1x1
divided by 8 (default) kernel is used

3 1 B e : M M

c =l B BR o o o

& 02 e ) @ o o =

5T c a cQa c E o £ o £ Class predictions

2 md S5 9= g = o Qo o x &£ er cell

5 EEl BERl B GRS [ UES SR 5 B

2= (oe) 05 0B > > > i

S i Yl e 5 5 5

2 2 2 i i i Looks like
240x240 segmentation of
Weights in residual 16 feature maps feature maps
; ]

blocks are pre-trained each 30x30 cells

from ImageNet
gﬂﬁ 2.4 uansan Ununssy Fast object, more object (FOMO)
i - https://forums.tinyml.org/t/tinyml-talks-on-april-5-2022-constrained-object-

detection-on-microcontrollers-with-fomo-by-shawn-hymel/865



2.3 Transfer learning

Transfer learning [5] Wunsth Weight veslunadignilnduseyadoyaluny (pre-
trained model) nduuldlvalfudnnu unuitdedntusesiesdundu Fiormarldnaniuiu
q vieending lasuenanndumsdaditieussndanan nsvi Transfer leaming Sstiesiiy

UszAnsnmmseuivedamalunuluiime

Inputs

Input Layer

Output Layer
Label A Other Labeled Data

Label B Label W  Label X 'Label Y ! Label Z

Label C ® 1 (]

Label D a' . . .
) 0

Inputs
Input Layer

New Output Layer
Trained on the new labels,

Label W to now predict those labels

Label Y
Label Z
g‘ﬂﬁ 2.5 uanslasiasny Transfer learning

i - https://www.bualabs.com/wp-content/uploads/2020/01/An-example-of-Transfer-

Learning-1024x951.png



2.4 Edge impulse

Edge impulse [12] uunannasuniswauduiid msunissouivenaisadnsuy

gunsaluasalulasroulnsaaesang q Fansdmsuinimu wazlasuaulindannesdnstu

'
a o v v 1

11 IsuanulindanndniauiidudulasinisnisBsuivenaisednsndiAyaindiegi

LY ~ v A

ayatudui Edge impulse Ualdnusmelggtuiduuinnssulniiioads wazdsuliluna

e

N"3138U3Y0AT099N5 (Machine learning) Aiviinuuugunsalilaiinie Cortex-M MCU - RAM

=

Wend1 128K Wuesennuniieasns nageu wazdsulilumanisseuivenniesdnsiidedialy

nsuAdaymnil Edee impulse l@amun Edee Optimized poxlmassuszam (EON)

‘0
' - 5
=" EDGE IMPULSE puailaiy
TensorFlow .
'/"'x 14 target: cortex-m4f-80mhz
e ‘fﬁ) ;39‘}/ :Bks

O PyTorch <Z= % 3 D

@ @. Python SDK

ONNX

Ul 2.6 uanslnozunsa Edge impulse
fian : https://www.prnewswire.com/news-releases/edge-impulse-launches-bring-your-

own-model-for-ml-engineers-301789120.html#

2.5 MQTT

MQTT (Message Queue Telemetry Transport) [6][7] ﬁﬁﬂ‘ﬂﬂmﬂaaslumiﬁﬁa%aﬁﬁﬁum

wnieldlusguy 10T Sfuviauiuy Broker and Clients Network sfugnesnuwuulvianinsads

[

Toyauwuy Real-Time TudSunadoyaiies vluldnasanuidugniauiinain TCP/IP Ndinnsds

¥

Uoyauuu One-To-One yhlvawUaeminensundalimungdussuy 10T Wesnluseuu 10T
fimsdsdayanasniial war 1 gunsalenasunsedileyaludmansgunsal visenisdedayanuy
One-To-All Tnggunsainndanviinis Subscriber WUy Topic 19 vy Broker avlasudoyad

Publisher asl¥ Topic Huqu Broker Hamun Iﬂaﬁugﬂﬁmﬁuﬁuuniuﬂ 1999 1ae Andy Stanford-



Clark 370 IBM uag Arlen Nipper 310 Cirrus Link lngdugnldivensivaeuviedsdiuly
nzianselaodmunefe  \Wuluslareaniiusz@nnmeas  dvfeyavualiunn  Tdwdanuei

\Hernndudeadousdeniuaisndalsianisadioyaganluvaeiu

2.5.1 dauusenauves MQTT [19]
1 < 1
anansauuseandu 3 @

25.1.1 lpadud (Clients) MQTT Aagunsalla Awsdsnnesluaudslulasaou
Insaeintenitlaus’s MQTT ymnlaaduddsdonny duvihwthiiludinewns uagvinlea
WuRsutoay Suvihmihidugsu Teeniluuds aunsalle deanslagld MQTT HiwpSetie
Aaganunsasenindugunsallaaldus MQTT

2.5.1.2 Tusnines (Broker) @wvies MQTT ussuuulnioudnuszauaunisiu

(%

deforruszninlaaioudsngg niNvedlusninesiusIiNITTULaZNIINTBLBANN N1558Y
lpadudnadnssudennuusazdonny  waenisddenrnululilaaoudivaiiu wenaniidedl
WPNUBY fae WU Moy IRkazNsSUTeIRLgnAesilaadus MQTT, midwedeninuly
[ dl' -dl' a ¢ a a

§asEULAULIaMTNATIZVILRLLFY

2.5.1.3 nsaan1stemuinaiall wazwatuvaslaadud

2.5.2 #ANNITVINIUVEY MQTT
wiNN1391191U8I MQTT Aenmsiudsdoyaseninudiesiusnines uaz laaidus
(Publisher/Subscriber) lasnsusgmardanissudsdayadoniy Topic Blulusninasaniu
Publisher agdadayaluds Topic thi 9 uay Subscriber ﬁ%lé’%’m’fauuaﬁgmmlu Topic 9

R UNY
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Broker = Facebook

. Subscribe =
Publish ; Topic = juil * . Like
Data = §auun a1n1Asau Data = §auuin
—Publisher—>»
——Subscribe—»
Y 20 ADATAY ~>

UM 2.7 uanamannsianures MQTT

s - https://iiot.riverplus.com/maqtt/

NFUN 2.7 UDIMANNITNIUTEY MQTT whdeazausalousialavain
GRIAIINY laig10uda9dl Publisher %130 Subscriber LedAe7 Fea1u1501Ma8@INTaL
sewiiasuddoyaiulusnines I uarlaaidus arunsaiduvia Publisher uaz Subscriber lunfoy

q fulel fagui 2.8
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’ . J‘/’Publish_DATAlt
Publish_Data1 | k
= | — > Topic_1

Publish_Data2

Pubnc_oatas"" - Tapic 3
—Subscribe—> G ‘
- - - DATAT - -»

- - - DATA2 - -»
- - - DATA3 - -»
- - - DATA4 - -»

sU# 2.8 uansnsweusiawuy MQTT

s - https://iiot.riverplus.com/maqtt/

MQTT dulsinaneiluimilalunissudioyavesssuudumnesiialunnds (oT) unu
TCP/IP, HTTP \ilessnenisaeansved HTTP duduiuu Request and response de31inlunng
Sudstayalagile Client #o9NT request WY server nnasanifesn1steyalnglussuy
a ¢ a ) Y% . =% o8 Ya Y o w
dumasilnlunnda (IoT) vensaldesnisiuteyanaenailuy Real-Time dwiliiAndeddaly
mMsudeya warwenan HTTP way TCP/P dullunssudsdayauwuy One-To-One fudunis

v
[ Y

PN [ § v a [y [ 1 = o ::l'
gniadsdayavianualudmnaunsal Sufunsneins wasndsuegranddy 10T duduFes

Y

[

UnAnazasvayawuy One-To-All

Y

2.6 User Interface (UI)

druseUszanuiuglton vie dwildlumswensedugldnu nande diunlyldnu
anunsalanauiunsidanundndoeile FvdadulunEeweminmm nMseenwuy waznsalyl
gNIOYITY YTNTe nanWasy Ly Wasus1a 9 11931901 YWRAIBNYS i wluilud Ldes
=) 4 ' [ ¥ 2/ 14 a v o LY a2 a 9
wsaududwadli Wudu  TaeniseenuuunisedlinuluweundintudmsulSyginusdeg

av019 W1ledne THaude duesgrusazdudinsserldeu



12

2.7 User Experience (UX)

Usraumsalvasgldanuluiunnuianinevaussdenisidnundndug vsessuusig 9
gnogIty ANwEzAInaU1Y Weude antaynauy suiaduanuiiielaaaviedin

Uszaunsalnfvesldan

e
UX

Ul
<< 1900 -

users color
usability DD D content
wireframe DDD branding
navigation layout
visual

analysis
O 4

gﬂﬁ 2.9 ueEng UX/Ul
U1 : https://www.bitmotion.co.th/2019/08/12/ux-ui-design/

2.8 Thunkable [16]

HuTesfleataluunsusundiedu ilefnssuuauivinudldssuudfifinig Android
way i0S lme Thunkable fwannisviiumiloudu MIT App Inventor legldwannisdeu
1UIUATULUU Visual Programming Language %aLflul,l,mmqﬂ'm%sJuIUimeﬁﬁuimJ WUAY

1 1 a Y v 1 v A 1 I @ v v [ a
Pesan1nleu waglinannisisnuuala Asdalduuden 9 (Blockly) Inedssnwudnnisnisiisu

a

TUsunsudlanneene Thunkable fnzosdiasng o ildlaegeasuasunniu oy gldaunse

[
==

Wiy front lavannuanededy, NaWLENUINTITU WUNLENSULNNAILLOUNALATUUULNSANA

200

)}
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Ul 2.10 wanaduled Thunkable

i - https://www.scimath.org/article-technology/item/9099-thunkable

2.9 Arducam Pico4ML TinyML

v v Aaa

vosaiauvunanevinsaiildmeluladives Raspberry Pi RP2040 fisidulilasroulnsa
@05 ARM Cortex MO+ @o3nasildndsaus PicodML 52u RP2040 Jushmiuaundn, ndaq
QVGA Wuluwasnn, Inertia Measurement Unit (IMU), #tinaans1iinauns 0.96 53 \iowans
Forundunadng, wazlulastiudmsunissude. Wuvesaiinumunaznsiinsadimdu TFLite

Micro @lddniumssusagnisiindiegeinsiBeuiveinsosdng Faduvasanusendandsay

3‘1]17; 2.11 u@m Arducam PicodML TinyML
i - https://static.cytron.io/image/catalog/products/ADU-TINYAML-2040/ADU-TINYAML-
2040 fjps
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mM3Beusuuuiidaeu (Supervised Learmning) Wunisvinlvireufiawmesanansamdmauvestym
Ievhesies ndsnBeuianyndeyaiedisignszytmnsvessiazyrdeyaudneuiiunes
afeualuuszana viedamnany (Classification) LiteduunUszianvestoyaseld Tunns
aan

wuunsisudveaedesinsdildiunannesy Edge impulse ulddmiuseniuuuazai
lupansduunussianesnmiiay  (Image  Classification)  lngagiinsinseuyadeya

(Dataset) voIsavunsIntnaui N lugwnannasuasalunanald

3.4.1 yadaya (Dataset)
lunafivgadogadiawennasintdudfiay 0 TuRsiuand 9 Tdwau
favim 2000 3U iusznauludaeyadona 2 daundn 4 léun gndeya MNIST uaz yndeya MR-
AMR ffaguil 3.7 307 3.8 sudiu Tag3smslsundsyadoyamnainlugandes HiMax HMO1BO,
QVGA (320x240 @60fps) ¥osuasn Arducam PicodML Tiny Aldaslusunsalilaunsaniesy
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H N |
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u LU 3 1|
&

5 7 8 9

JUN 3.7 uansnisuensunmanyadeya MNIST

0(0-1)-1-4 0(0-1)-2-4 0(0-1)-3-4 1(1-2)-1-4 1(1-2)-5-4

1(1-2)-11-4 2(2-3)-1-4 2(2-3)-9-4 2(2-3)-10-4 3(3-4)-1-4

5UN 3.8 uanansuensunmanyateya MR-AMR
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3.4.2 Edge impulse
uwannosudmiunsiinsGouiueandesing (Machine Learning) Tuszuunis
Uszananaeguugunsal (edge devices) Wy lulasaeulvsaiaes uarlslasnonfiomos Sons
dsuinianuandulinsdedduiuAnusuluadldsummalindanesdnsing q fedu s
vumsaaluinaduunyssanvesnmiiavazsl 4 dundn q lud 1. msldndsesteya
(Data acquisition) 2. n1sAANUluLAG (Training model) 3. MsnagaUluLaa (Testing model) ag

4. n31991u (Deployment) ﬁ'ﬂgﬂ‘ﬁl 3.9

v = v o v v
mMslaungsnastaya ASLASE? 2 . A5 lEY
TIUGFIPIN | o S Training model —> Testing model —>|
Data acquisition Preprocessing Deployment

JUM 3.9 wanInszuILNITEIlilaan1sIMUNUTHAVIVRIN TN

3.4.2.1 mslfndsvasdaya (Data acquisition)

mathdngedeyania 9 dunanesy Edge impulse anmstiudeya

| 3 = Y] 1% Aa 1wy 29 van Y] v o
NULNARNDIL Vﬁ@f\nﬂﬂqiaiﬂﬁaﬂﬁﬂsﬂ@%amﬂiagLLa'J IUWmﬂﬁﬁﬂqiﬁﬂiwaﬂﬂﬂm@%amjLaGUGUEN
1 ¥ o =

WnsImifideguds $1uu 2000 §U AU 3.10 Faeziuindeyaldlinsgnuiaduyanisiin

Y

(Train) wagn1snageu (Test) snnisuusadeyailugalnuaznaaeveg IUsvaI 80/20 N9

wnanvlouluzn fsgun 3.11

== EDGE IMPULSE
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5UM 3.10 uanwisesuinanyadeyadiarvesnasini

Thanawit

== EDGE IMPULSE stermeter ver 2 o

Datasources | Labeling queue (0)

Collect data

2,000 items B80% /20% @

Dataset

alning 11465
. Click on a sample to load...

JUN 3.11 uansensn1swusgndoyarni 80 Wosius uasvadeu 20 lWasidus

nlihyedeyadnunFeusosuds seluagyhnisnsesnisiivieyalag
fade (Label) dwisugadoya MNIST Wifudnawusiasin wozyadoyafidudias MR-AMR
snfagatu naksdolsitugadeya MR-ARM wiosfaianil 9 Mdsasdsuludusaiay 0 awdng
faelidu o ewindaudslddu 0 fuede lumsisteiinisliiainaannda (Labeling
queue) MmEN1sAan1Ldng (Object tracking) ﬁagﬂﬁ 3.12 g‘dﬁ 3.13 L@PNNNTEUIUNITANRAN

o
Y [

Auazmsfauingnidlunisistedeyavesyadeyansasiiosanmnideiinudidalunis

o

Y

srumLaviaglusun1neg9gnaeuarAITIzgNALduNsegNTeuUAsy  INT1EIINITREUIURY
al % i o 1% o [ d' Ve o 4 v v o
\A3043N5 (Machine Learning) fnanunsanvuaveulwaingiaulalanagyilvinisnsiaduingih

919590159
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- EDGE IMPULSE

T Dashboard

- DATA COLLECTED TRAIN £ TEST SPLIT Collect data

2,000 items 80% /20% @

€ Data acquisition
& connect

raining (.50 Test = o
o m Click on a sample to load...

8(9.0)-204

5201

8204 I Apr 112023, 01:01:37

5(9-0)-134

9162

& 1

8193

8191

5UN 3.12 uanamsideninaain@ (Labeling queue)

Dataset Data sources | Labeling queue (22)

Labeling '0-24-4' (22 items left) Label suggestions: |Track objects between frames v

Use your mouse to drag a box around an object to add a label. Then click Save labels to advance to the next item.

i

Delete sample Save labels

;nlﬁ 3.13 uanIn1sAnnNIng (Object tracking)

ety geadayadmsunistindulueaiideyadiuiu 80 wWesiiusd veen

(% 1
1% CY = o

Joyaviavin Fuvindu 1600 JU uazgedeyaneaeuitoyaiiuiu 20 Wesdud vesyadeya

KY) KY)

Ve Favinfu 400 5U mua1diu Asgun 3.14 lneyadeyausenaumeniniiiay 0-9 luyadeya

MNIST wag MR-AMR %ayiia 10 #2183
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2,000 items 80%/20% @

Dataset

5U# 3.14 uansdunugllugadeyarinilu uasnagey

3.4.2.2 amsenauluea (Training model)

) e PP % = o a s |

Jupputiilunszuunldineaivseusulluinanauiiumes wu 1y
ABEUIVRUATEY (Machine learning) vive lunatayausedivg (Artificial intelligence) T

] ¥ = Y d' o ¥ U 1 a & A !

anasavinumuanadesnsviseuidemiidmunll  aglunalzgnuivusdanisiimesvion
aeludilunaeaiielianunsaiuneviseus nussteyasg19gneies

nsHnNulnaluwwanwesy Edge impulse 92158n21 Impulse design
FuludwidenanitnenssuluniseenuuulumanasMmvuanisnseriveslaaadnsunisiseus

a o v Y ' ¢ 4 Yy P
YouA3sInTimzauiussuuNsUssananasguuaUnsal (edge devices) Inglddayainiey

[l

3.4.2.2.1 Create impulse
luide Image data vMsiUREUILIANINYATBYAVIAVA
Tinanadusuna 32* 32 lnuausurwiadu Squash Tnedennssuiunisussananaily Image

3%?173@814?57’;8 Object Detection (Images) wag Output features 971UU 10 Usztan
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= EDGE IMPULSE

AN Animpulse takes raw data. uses signal processing to extract features. and then uses a learing block to classify new data.

TR Image data e Object Detection (Images) o Output features °

. Input axes jame. Name 100,1.23456789)

° image

Image width Image height
CENNE CHENNE Dieae oy
1ge () image
Resize mode
R-R R
10(0.1,23.4.56.7.89)
L |

1@ For object detection use a square image

size, e.g, 96x96, 160x160 or 320320,
a ¥ i
-

5UT 3.15 uanansimueanidnenssuly Impulse design

3.4.2.2.2 Image

Y =

nstimuarnsfivesividmiuteyanuvieynvayailii
W ey Color depth 1Uu Grayscale wiswyatoyazunmiauduui-a Weinun
msfiwesiaiusuuios fenn9zviin1g Generate features wigbmiuingadeyainisinizngy

wnteeiiiedlanaunazididnszuiunsnisiieuivedesesdng (Machine leaming) fagui 3.17

= EDGE IMPULSE

ription for this version

= Raw data

Raw features DSP result
Image
Paramet: .
- |mag Processed feat
Colo Gray

n-device performance ®
PROCESSING TIME PEAK RAM USAGE
34 ms. 4 KB

5UN 3.16 wanamsimunnnsiwesdmiudeyaiu
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Thanawit / Watermeter ver 2 o

= EDGE IMPULSE

#1 = Click to set a description for this version

s - Training set Feature explorer

.
'y
L] ® o o
2 ® 3 . .
.
° L °
- e o ° o . - Y
.
== e e @V »
. L]
@ @ L °
.
Feature generation output B.(0) ° .’ L] L] .
bl e ®
L] o .
.
¥ ° L
- ites heve change
o - On-device performance @
- ic TIME ;
34ms. 4KB

U7 3.17 uan Feature explorer Ya4yAtaya

3.4.2.2.3 Object detection

Fupoumstindulinnaligunsaiisidaiay 0 §1 9 Taglilass
PeUszamiiioy (Neural Network) Tngn1simvuanisnimes seUn1smsy 15 58U 8rsinIs
Feud 0.005 gansns1adey 20% TnsiBunmawasnun 1024 fiwed anitlmenssulassdng
Usgamifisudy FOMO (Faster Object, More Object) MobileNetV/2 alpha 0.1 LLaszﬁwma
Wwosfavun 10 AATA

Aanvsimungunsalidminy (Target device) dmsuns
AU szansnmaesinatazlaldanunsusulnmnzananzildimuig 1@en Raspberry Pi

RP2040 (Cortex-MO+ 133MHz) wagiumsmsulana fsgud 3.18 3U7 3.19 anudisy



== EDGE IMPULSE

O Dashboard

Devices

Data acquisition
o  Impulse design

®  Createimpuise

® maz

®  Object detection
@ EON Tuner

3% Retrain model

assification
B Model testing
P versioning

@ Deployment

GETTING STARTED

=~ EDGE IMPULSE

@ EON Tuner

GETTING STARTED

Upgrade to Enterprise

Upgrade plan

a W UL
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Thanawit / Watermeter ver 2 o

Neural Network settings i Training output

Training settings
Number of training cycles @ 80
Learning rate & 0.005
Data augmentation @
# Target device
Advanced training settings Configure your target device for model performance calculations. and to enable target specific optimiz ‘

Cortex-MO+ 133MH2) v

Raspberry Pi RP204

Neural network architecture

[FOMO [Faster Objects, More Objects) MobileNet2 0.1

Choese a different model

UM 3.18 wansnsmvungunsaiidmaneaunsal (Target device)

Thamawit | wazerm

[s LI —

P3040 Corea WO 3001 |

Neural Network settings

Training settings

Model Model version: @ | Quantized 0
Number of training cycles @ 15 —_—
Lesrming rate @ —— ng performance (siasr
F15COR
Dats augmentation @ 3
98.6%
Advanced training settings - Confusion matrix (ualkdaon sex)

Neural network architecture

INput Iayer (1,024 features)

‘OUtput layer (10 classes) On-device performance &
e — PEAK RAM USKGE I
m 264 ms. 441K 72.9K e

JUN 3.19 uanawansiniulamg
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Model Model version: @

Last training performance (validation set)
F1 SCORE
98.6%

Confusion matrix (validation s=t)

BACKGR( 0 1 2 3 a s 6 7 ) B

BA(KGRDuNm 0.1% 0% 0% 0% 0% 0% 0% 0% 0.0% 0%

F1 SCORE

On-device performance @
INFERENCING TIME PEAK RAM USAGE FLASH USAGE
264 ms. 441K 72.9K

;s‘l.l‘ﬁ 3.20 udng Confusion matrix

3.4.2.3 nsvadauluaa (Testing model)
Wilueanlafumstlnaduliniiduay 09 Augadeyasuamililuns
nadey  WensladeultEdnsanlune  manivedeunullueadinuuiugl  94.50

Wesdud fuyadeyanageu

= arad /A o

8 Dot acqussition Test data =D Madel testing output o -

Sel the ‘expected outcame’ for each sample 1o the desired outcome to automatically score the impulse.
Model testing results

SAMPLE NAME EXPECTED QUTCOME LENGTH, F1 SCORE RESULT, =
9204 o . q AECURACY @
94.50%
9241 s = 1000 "
Feature explorer @
9203 s E 100% '
R n———
B @ chject detecsion : o
9252 s o : ® -
9254 9 00w i P
& : @ O °
P versioning e o . B 1 = @ % Y o
L)
Depleyment
@ 9242 9 o ' e ®
o
GETTING STARTED 9224 s 00% 1 -
@ @
N 9251 9 100%
-
Upgrade to Enterprise ey . . - .
gh Job imits
5233 9 100%

' o
5UN 3.21 uanawansmaaauliimg
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3.4.2.4 n3l991u (Deployment)
nsvilslueantasunmswmsudasulmduresalaanaiuisatiiuiusy

(%
Y [

Tlimnzauiuaunsallaflinasrstuuuunanesy Edge impulse lnefidunaunsdl

3.4.2.4.1 Create library
@on C++ lausnslunisasrawasalen wsiznniwn C Wu

mMwlassadafidifamsnensiigaanunsevirnuladuszansanluiudaiuites

= EDGE IMPULSE Thanawit / Viatermeter ver 2 o

Deploy your impulse

ARDUINO

&

M ] <@

¥ versioning

% Deployment o synaptics .z E’fQiQ?hip
- 43 TEXAs INSTRUMENTS L:;Jme‘_nrgx £ 74

JUN 3.22 wanantaanisiden C+ lausns

3.4.2.4.2 Select optimizations
1800 Quantized (int8) 7 Ram usage 45.3KB, Latency 194
ms, Flash usage 58.7KB @uiianzaufu Arducam Pico 4ML #l43Uuszanana RP2040 i Ram

264KB
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=" EDGE IMPULSE

W Enable EON™ Compiler o
. i me accuracy e
°
Available optimizations for Object detection
Quantized (int8)
Unoptimized (float32)
€ 646 Im
3K
7 TN
o 4
D)

sUfl 3.23 wansnisiden Quantized (ints)

3.5 ThingSpeak

dliuinisranaeianilanldlunmsinudeyauasnisdanisteya Tneanunsasudeyasin
aunsalleledl uazuwessn o uazduiindeyatulilusuuuuvesgiudeya (database) vuiiu
ac ¢ . = v A a ¢ Y !
@iesves ThingSpeak wwanansagnldiiensiinsieyt uaznsuanmatayasie 9 lugy
LUUNIINYEERNSIe ThingSpeak IneiluuwnannasunFuazdsuuvunisiiouinie vilimng

dmsuilusafiendu loT Aissamsiiudeyanasasivaeutoyalinaiass (real time)

3.5.1 n15adAENITN ThingSpeak
nsadpsaudniiedildnuivledves  ThingSpeak  vinisnsendoyadua,
Usene, To-wwana wazadndusisly (Continue) seuvavasdsisuduludduanldadiaslim

nsguduliiseuiesneunisldou fsguin 3.24 uaggun 3.25
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DThingSpeak” Channels  Apps  Support~ Commercial Use  How to Buy

To use ThingSpeak, you must sign in with your existing MathWorks account or create a new one.

Non- ial users may use Thil k for free. Free accounts offer limits on certain functionality. Commercial users are eligible for a time-limited free evaluation. To
get full access to the MATLAB analysis features on ThingSeak, log in to ThingSpeak using the email address associated with your university or organization.

To send data faster to ThingSpeak or to send more data from more devices, consider the paid license options for commercial, academic, home and student usage.

4\ Mathworks-

Email /

By signing in you agree to our privacy policy

DATA AGGREGATION
AND ANALYTICS

CI1ThingSpeak-"

MATLAB
Zanl

SMART CONNECTED DEVICES ! ;(

ALGORITHM DEVELOPMENT
SENSOR ANALYTICS

sU# 3.24 uanssuniaduasinsaundn ThingSpeak

- ThingSpeak ™ Channels Apps Support ~ Commercial Use How to Buy

To use ThingSpeak, you must sign in with your existing MathWorks account or create a new one.

Non-commercial users may use ThingSpeak for free. Free accounts offer limits on certain functienality. Commercial users are eligible for a time-limited free evaluation. To
get full access to the MATLAB analysis features on ThingSeak, log in to ThingSpeak using the email address associated with your university or organization.

To send data faster to ThingSpeak or to send more data from more devices, consider the paid license options for commercial, academic, home and student usage.

Create MathWorks Account

Email Address
| °

Missing required information

DATA AGGREGATION

B To access your organization's MATLAB license, use your —
school or work email * AND ANALYTICS
Location mThlngSpeak"
= .
3 MATLAB
Thailand b
First Name =

>
-

| | - Zunll
Last Name @ | SMART CONNECTED DEVICES =
=
-

| } ALGORITHM DEVELOPMENT

SENSOR ANALYTICS

[ ]

5UN 3.25 uananthiensadasaundn ThingSpeak

3.5.2 15149 ThingSpeak
NAINAITDN NS BUSDULAITAUNIVINNTAS 19U UE (Channels) Tnaaanly

'
a

ﬁ‘t!:u New Channel pagu#i 3.26
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[JThingSpeak™ channels - Devices-  Support- CommercialUse ~ HowtoBuy (8B

signed in successfully.

My Channels Help

Q ‘ Collect data in a ThingSpeak channel from a device,
from another channel, or from the web,

Click New Channel to create a new ThingSpeak
Name $ Created ¢  Updated $ channel.
Click on the column headers of the table to sort by the
entries in that column or click on a tag to show
channels with that tag,

of Command 1 2023-02-02  2023-03-2214:19

private | Public | Settings | Sharing | APIKey By
. = — = Learn to create channels, explore and transform

- amwnﬂa‘nu‘fm 2023-02-11  2023-02-12 08:00 data.

= Public | Settings | Sharing | APIKeys } Data Import / Export Learn more about ThingSpeak Channels.

of' AioT Water Meter No.1 2023-04-26  2023-04-2619:20 Examples

Private | Pubic | Settings | Sharing | APIKeys | Dataimport /Export

Need to send more data faster?

Need to use ThingSpeak for a commercial project?

Ul 3.26 uanannsaEa Channels

D.

Pnuasnuiunhuuunesuasswuua lngludiegianimasl 2 dw dagun
3.27 MBuiiugunissie dsludau A Tivihnsdsteuvuuaiazilunldinudeyauazdiu B v
M3iden Field sudtwiuiidesnisiinu Wy mndesnsivagamgiliiulu Field 1 wagvin

faansinuaInuTulrweniuly Field 2 1udu

[JThingSpeak * Commercial Us:

New Channel Help

A Name | Ao iater Betar Mol | Channels store all the data that a ThingSpeak application collects. Each channel includes
eight fields that can hold any type of data, plus three fields for location data and one for
status data. Once you collect data in a channel, you can use ThingSpeak apps to analyze and

Description visualize it
#
Channel Settings
Field 1 FieldLabel 1
B = Percentage complete: Calculated based on data entered into the various fields of a
channel. Enter the name, description, location, URL, video, and tags to complete your
Field 2 Field Label 2 channel,
= Channel Name: Enter a unique name for the ThingSpeak channe
Field3
= Deseription: Enter a description of the ThingSpeak channel
Field 4 0 = Field®: Check the box to e  the field, and enter a field name. Each ThingSpeak
channel can have up to 8 fields.
Field 5 = Metadata: Enter information about channel data, including JSON, XML, or CSV data.
= Tags: Enter keywords that identify the channel. Separate tags with commas.
Field 6 = Linkto External Site: If you have a website that conta formation about your
ThingSpeak channel, specify the URL
Field 7 * Shew Channel Location:
o Latitude: Specify the latitude position in decimal degrees. For example, the
Fielda latitude of the city of London is 51.5072.

gitude: Specify the longit po in decimal degrees. For example, the

Ul 3.27 uanaesuaiis Channel
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MHIRINaF TR EUSaBLEaEnuiundunnSoudsoyaund
ThingSpeak FumaumoulRvINIAISRNRENALAASNALUUAIAY (Numeric Display) waguiinaig

%156 (Chart) {1un1e Add Widgets é’fﬂgﬂﬁ 3.28

CJThingSpeak™  channeis -

Commercial Use How to Buy L4

Access: Public

[+] v ! O Add W G E=port recent dat MATLAB Analysis
ct 130f H
Channel Stats
Created: 5 days2g0
Last entry: Adavs 2ge
Entries: 81

AT Water Meter No.i

JUN 3.28 Uanai0g 19N SiamTAIuaRIHAR1 9

3.5.3 ThingSpeak API ﬁél,ﬁai%"lun'ﬁ%'ueia%'aga

AANY APl Adazuansliiiiudiudoy waza1u AP Adanuwanaeiudddly

A5WeUlUSHNSULNDADINTG D11/ W8U
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[JThingSpeak™ channets -

Write API Key

Key | AQWWTDM23DZW44RZ
API Keys Settings

.

Read API Keys

Key OGHCL23PXYGWFeGZ

5UM 3.29 uanantheneng APl

3.5.4 feAINsweNsiaaUnIal MQTT

AANLY Devices Ldan MQTT Lieviin13m%A1 MQTT Devices Tinsausudsdoya

fundeslyussivgiios uuesinuinuusundeniiudumesiannassnds  (oT) laen

ThingSpeak a¢1% Client ID, Username, Password m“fﬂumaﬁam\'aﬁuqﬂﬂmﬁ loT

CJThingSpeak™  channeis - s~ Devices~  Support- er HowmoBuy Q)

MQTT Devices

Authorized Channels and Permissions MQTT Client 10:

MQTT AioT Watet Meter No:2 (2123856 o publish + subscribe Hys212cdBIAVC ADTIDQiMYS s Edit

© 2023 The MathWorks, inc.

Ul 3.30 wanswiisng MQTT Devices
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3.6 Thunkable
nanfenseensuukeliialtudmiunisuetimesiieganeulsnnuinsinin uagds

[

Asasslunmaztunauy fail

3.6.1 n1seanuuuneUndlAtulag Thunkable
nseenuuuwheeild Ul (User Interface) Mdudruvaimsuanaaiiiinislimey
Audldnulunisesnuuussansiuanuiseuie wasdulinsdedld Tneilsiduneluluuieuey
wanduannsawtesivszneundn q Wy 3 dw Wud 1 wiheadednldon 2. ms

wailinas (monitoring) 3. Yuiinteya (Datalog)

3.6.1.1 @313Ug¥1¥9u Thunkable
N13851905199U Thunkable LOWAEINSWEINTANS & AINFoUEMTU

WaleenkuULazas 1 luuIsoUNa LAt

@& thunkable Why Thunkeble  Solutions v Resources v Integrations Pricing | Login | m

Build Custom
Mobile Apps
No Coding
Require

e verywhere. Join the millions of
Creators bringing their ideas to life

m Seo>Ticle A

t for Free ¥ Personalized Onboarding

Ul 3.31 wanswiisng Thunkable

3.6.1.2 #5191UswAUY Thunkable

[V
v A

as9lusalyi waryinn1sasTedInsunIsas1aUnaIAtu



szuu” ol mndslidusundnanunsandniivy “adasaundn” iead1aday v

& P 0 O

Design  Blocks

Componant Tree

Add Compon

(=] e}

Bution Labst
o

Creste New Project

ccess this project h

Use the Drag and Drop buider &

U 3.32 uamamsasralusiaalmivy Thunkable

3.6.1.3 N1RRNUUURLNANAYa Y (Log in)
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niningszuvildesdmiutdouteyaverlduassiariu sy “ig

& Aot 9. 88 8« 0O

' aa AlaT for Analog Water Moter

o INSTRUMENTATION PRGINEERINGS
Signup
x P
’
]
i
Username’
4 Password" : |
1
@ - T
mage 3 Not Reglstered? Sign Up )
1] - /&4 [Btrumentation [Btrumentation
ﬁ‘?w EngineelingKMITL B Engineering

UM 3.33 uaneniseenwuuninanawerly (Log in)

0 togin
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mE 9z 0 : @

@  Design Blocks Fyy

Ul components
= O Login -
© bnGoToRegister
=) Imagels
& Imagels
[ Image13
3 Label9
3 Laball
3 Ibiwarning
O txtpasword
O txtuser
= Btnlogin

g
@

Control
Logic
Math
Text

Lists
Color
Devica
Objects
Varisbles
Functions

e e e e

App Festures ~
i Spesch
1 Sound
3 Share
@ Cemera
G Files

UM 3.34 uanenisseudanuienastodly (Log in)

3.6.1.4 NMsANUUUNENA1ATATENNTN (Sign up)
misnensadasaundveddidldlouteyadiuauazsvianu wielv

SnwnAanuUasnny Azt udusran uRLRuiat st uANURANaN LN U uSHERNIU

& it 5 mE <O : @
Regi Datslog oh /| Lécatio [ Pusic §
g~ e LA ¥ | PR - - 3
w * Screen
18 @ 1’_
B | Aol for Analog Water Meter B
Aiol.for Analog Water Meter - D Bethon il o
4 INSTRUMENTATIONENGINEERING fo
r DigitalWater Meter
: oo
osa
{
s B
g | B ova000059)
v Basic woru ] Translucent®
o o Q h i Andr
Buion || abel || image ) » I .
- ’ : Afready have an account? Login
L= B : T o +
oo || oo || e i = Wil
Strumentation ] @‘ g\ WrumenﬁaﬁonKMlTL
= Engineering Engineering ] P 2 al B o
m_ Data Vies Des jer

3UN 3.35 uananiseaniuuntssadasaundn (Sign up)
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@ Design Blocks & AT 268 3< 0 : @
Regis Monitring | Datalog | Graph | Lecat m

egnol EECEBSICE O 0 B preeaira o 0 B e (TS B8 0

w TR v pasovod WA

Email and Password cannot be blank.

JUT 3.36 wansnssevionvitiensadnsaundn (Sign up)

3.6.1.5 n1seenuuuvingeueiiinas (Monitoring)
nihnsileanuuuiiteliylvaninsagleyaveunasinuy - lnenisnady

“Request” ATIAYT warszUUITUSTINARataYaLazLansRIaYULLaUNEInTuUUINSAnYilleds

kX va

Vo4l lngdnlugf

@ Dosign  Blocks & Aot 9 @Q < @ : .
0 Register | iMonitoring ~ Ostalog/ Graph t etting 4 D
M. w R e RO\ i for g Wt e o) i 85 o 4] o e i
| " Aot L CE STRMENAION GNEERNG WS sTRUMENTATOWERGINEHING + s

(0] benGolokegiste: 3

i Al Digital Water Meter DATALOG
] Signup v g : } kg T

.....

i

Add Componants i November 07,2023 113eM =
# 158 o«
]
SANWA water meter 1/2°
- = @ !
Euron Lavel | Image Sitrumentation [ | 1 - + Stows Bar
ﬁ Engineering g

" L 2 Wm0 f 2 L] o]

JUN 3.37 uaneniseenwuunisnataiiwes (Monitoring)



@ Design Blocks & AioT

JUN 3.38 uansnisseudenuingnsueilines (Monitoring)

3.6.1.6 nseenuwuuntiftuiindaya (Datalog)

@ a< 0

38

(%

VRIINNTHARITILaTeE 1B UM UUnTeg [T uLad Jayadiavil

zgniudinludamhsinsduiindeya (Datalog) Inefigldaunsagioyaditardounda lidasiu

TusUuuudeyadiauvsoniideya

@ Design  Blocks & Aot
] Dstalog | Geapt
g  Compenen tree o}
® S, o,
g n— LAt 1
] 2 - AloT for Analog Water Mater ° AioT for Analog Water Meter
. Nom UMENTATION ENGINCE R z T'Q INSTRUMENTATION ENGINEERING
e Digital Water Meter DATALOG
iy Value A
2 Value me
3 Value T
Add Components. 4 Value
5 Value 7
6 Value me
7 Value T
=] = 8 Value Time
roe 9 Valu
- "'[a 10 Volue
RS S S i
f a ] o] L 2 | a

3UN 3.39 uananiseaniuuntidsiuiinteya (Datalog) Wuumlay

O 3@ 3« O

Alo] for Analog Water Meter
INSTRUMENTATION ENGINEERIN

DATA GRAPH

Field 2 Chart

0 Datalog
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@ Design Blocks & AloT 28 3« i .

JUN 3.40 wansnissiaudenuiisaduiindeya (Datalog) wuusialau

@ Design  Blocks & Nt O BE 9= 3 .
o S el R Y =
e ™ 8- roN, . Malfer Analog Water Meter ~ Aiol for Analog Water 2 a1« S g
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Background 0 1 2 3 a4 5 6 7 8 9
Background 99.9% 0.1% | 0% 0% 0% 0% 0% 0% 0% 0% 0%
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5 0% 0% 0% 0% 0% 0% | 100% | 0% 0% 0% 0%
6 0% 0% 0% 0% 0% 0% 0% | 100% | 0% 0% 0%
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wanen1sldauLeUnalAty MsmuannsauvesgUnsalmelnsdnsidenas 9 e

a1 a 1w

Tvihumumd lazneuausnufeInsvely Insueundnduasidiuinsenugly (User

Interface w30 Ul) itefivziludinanslunisldanusingg  agluseundnduiiuylndonldau

=

Vanue 5 1y A lWYN1IATIIERY (Monitoring) yn1stuiindeya (data log) lynsml (Graph)

Y

A 1%

LysUILaNRe (Location) Wagliynnsaaen (Setting)

A5199 1.1 LEASITNSANAT I ULDUNALATY

1. ¥n1sAafaLaUnaLATY L afadLasa

auysallinadueunaiady ﬂ‘

1o

2. mndalddvedly (Username) Tildon €4
Tuilsaameidou asde (Not Registered? Sign AioT for Analog Water Meter

Up) wiefiazsinisadasdildam INSTRUMENTATION ENGINEERING

Username

Password

Not Registered? Sign Up

trum;rgitriiir%rg KMITL
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3. nsanAswi g Inenstddwa way

FATIANIU INTUUNA A9T8 (Sign up)

Already have an account? Login

NS} ”%‘%%BKMITL

A oo W\

4. vinisdgszuulasdunisld Jedld
(Username) wagsvianu (Password) 3101y
nAIgsEUU (Log in) WeYNITguung

Tgausngeg

\%Whaczth
~

Not Registered? Sign Up

Qg trumentation M (T
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1. Yn1399380u (Monitoring)

P o a )
WavN1sNASLAIE (Request) A8LTUNITUEA

1%
I3

Miaveguuiinadi

AOB

November 03, 2023

A

Monitoring

AioT for Analog Water Meter
INSTRUMENTATION ENGINEERING

Digital Water Meter

11:33 PM

SANWA water meter 1/2"

- A T | e

Hatalog

2. wymstuiindeya (data log)
vunisuansadlavid 0lin15nnsLAL4

(Request) 91U 10 A1 lnedlava1andy

'
v a

LAAIDYAIPUN 10 LaTUNIRIUAIRU

Y

LA

AOB

AioT for Analog Water Meter
INSTRUMENTATION ENGINEERING

DATALOG
4567.00 2023-10-24T07:29:42Z
5978.00 2023-10-24T07:36:29Z
7150.00 2023-10-24T07:44:10Z
7130.00 2023-10-25T09:44:14Z
7196.00 2023-10-25T09:50:20Z
7196.00 2023-10-25T09:51:56Z
7196.00 2023-10-25T09:52:61Z
7215.00 2023-10-25T09:56:35Z
7255.00 2023-10-25T09:56:58Z
7451.00 2023-10-25T10:10:06Z

":BB

: o4 om0

Datalog
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3. N3 (Graph)

<, A v 9 A
Junisuanansiindenlaaindeyaind
FeasidunisfstoyavnnSeaiin (ThingSpeak)

19U

AioT for Analog Water Meter

‘{:} INSTRUMENTATION ENGINEERING

November 03, 2023

Unit1

DATA GRAPH

11:33 PM

AioT Water Meter No.1

Unit1:125
Mon Oct 23 2023
21:50:46 GMT+0700

Field 2 Chart

T
a v

4. yRLnenag (Location)

[ o A Y L4
L‘U‘Llﬂ'ﬁLLﬁﬂ\‘W]’]LLMUQV]W\TGUENQ‘Uﬂim

Google

A

Monitoring

Natural & Premium

Food Co., Ltd
Sugsemsaasuniin
4N’ ——
anzmalulad 9
- aTEUINA §011Y...
N
L) e
o -
GRRMI
walulad = .
w ANZINIIATAT
NIZADAUNAY (KMITL)
WAL
a

¢

NaYUTEYHIAINTZEN
g5 heda i (25...

¢ 9
T

Datalog

2]

Location Setting




5. Luyssa (Setting)
Wuntsuanatoyavesdines uazuen E O\ Setting [ g

AR Yosliines
SANWA water meter 1/2"

Model 2565 Model 2566

Meter Details

Dynamic rang (03/Q1) 50
Max. Flow Rate 1 Hr/day 2
Pressure loss <063
Permanet flow rate 16
Transition flow rate 0.0152
Min. flow 0.032
Starting flow rate 15

A & 4 B ¢

Monitoring Datalog Grapt Location Setting
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const byte numChars = 32;

char receivedChars[numChars];

char tempChars[numChars]; // temporary array for use when parsing
char messageFromPC[numChars] = {0};

int integerFromPC = 0;

float floatFromPC=0.0;

int flag=0;

boolean newData = false;

void recvWithStartEndMarkers() {
static boolean recvinProgress = false;
static byte ndx = 0;
char startMarker = '<';
char endMarker = ">,
char rc;
while (Serial.available() > 0 && newData == false) {
rc = Serial.read();
if (recvinProgress == true) {
if (rc I= endMarker) {
receivedChars[ndx] = rc;
ndx++;
if (ndx >= numChars) {

ndx = numChars - 1;

}
else {

receivedChars[ndx] = \0'; // terminate the string

69



recvinProgress = false;
ndx = 0;

newData = true;

}
else if (rc == startMarker) {

recvinProgress = true;

void parseData() { ~ // split the data into its parts

}

char * strtokindx; // this is used by strtok() as an index

strtoklndx = strtok(tempChars,","); // get the first part - the string
strcpy(messageFromPC, strtokindx); // copy it to messageFromPC

strtokindx = strtok(NULL, ","); // this continues where the previous call left off
integerFromPC = atoi(strtokindx); ~ // convert this part to an integer
strtokindx = strtok(NULL, ",");

floatFromPC = atof(strtokindx); ~ // convert this part to a float

#include "mqtt_secrets.h"

// Ensure correct credentials to connect to your WiFi Network.

char ssid[] = "TP-Link_48F1"

char pass[] = "38171697";

// Ensure that the credentials here allow you to publish and subscribe to the

ThingSpeak channel.

#define channellD 2123619
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char mqttUserNamel[] = SECRET _MQTT_USERNAME; // Change to your MQTT device
username.
char mqttPass[] = SECRET MQTT PASSWORD;  // Change to your MQTT device
password.
char clientID[] = SECRET _MQTT CLIENT ID;  // Change to your MQTT device clientlD.
// 1t is strongly recommended to use secure connections. However, certain hardware
does not work with the WiFiClientSecure library.
// Comment out the following #define to use non-secure MQTT connections to
ThingSpeak server.
#define USESECUREMQTT
// Comment the following line if not using an ESP8266.
#define ESP8266BOARD
#include <PubSubClient.h>
#ifdef ESP8266BOARD
#include <ESP8266WiFi.h>
//const char®* PROGMEM thingspeak cert thumbprint =
"271892ddad26c30709b97ae6c521b95b48f716e1";
//const char® PROGMEM thingspeak cert thumbprint =
"9780C25078532FCOFDO3DAEO1BFD8C923FFF9878",
const char®* PROGMEM thingspeak cert_thumbprint =
"6D2BDAA629BDFB924CB783332230A13F53AF51F6",
#telse
#include <WiFi.h>
const char * PROGMEM thingspeak ca cert =\
"-----BEGIN CERTIFICATE-----\n" \
"MIIDXTCCAg2gAWIBAgIQAgxcIMoLQJUPC3nyrkYldzANBgkghkiGOWOBAQUFADBS\N" \
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"MQswCQYDVQQGEWJIVUZEVMBMGA1UEChMMRGINaUNLcnQgSW5iMRkwFwYDVQQLEXB3\n
n \
"d3cuZGlnaWNIlcnQuY29tMSswKQYDVQQDEyJEaWdpQ2VydCBlaWdolEFzc3VyYW5j\n" \

"ZSBFViBSb290IENBMBAXDTA2MTEXMDAWMDAWMFoXDTMxMTEXMDAWMDAWMFowbDEL\

n"\
"MAKGATUEBhMCVVMXFTATBgNVBAOTDERpZ2IDZXJOIElUYZEZMBCGATUECXMQd3d3\n" \
"LmRpZ2jZXJOLMNVbTErMCkGATUEAXMIRGINaUNLcnQgSGlnaCBBc3N1cmFuY2Ug\n" \
"RVYgUm9vdCBDQTCCASIWDQYJKoZIhveNAQEBBQADgSEPADCCAQOCggEBAMbMSXPm\N"

\
"+9S75S0tMgbf5YE/ycOlSbZxKsPVIDRnogocsFIppkCxxLeyj9CYpKIBWTrT3JTWAN" \
"PNtOOKRKZEOlgvdKpVMSOO 7zSW1xkX5jtqumX80khPhPYIG++MXs2ziSAwblCJEM\N" \
"XChBVfvLWokVfnHoNb9NcgkOvjodUFt3MRUNs8ckRZgnrGOAFFOEt70T6 1TEKMEFB\N" \
"k5lYYeBQVCmeVyJ3hlKVOUu50cUyx+mM0aBhakaHPQONAQTXKFx01p8VdteZOE3\n" \
"hzBWBOURtCmMAEVF50YiiAhF8J2a3il dd48soKgDirCmTCv2ZdlYTBoSUeh 10aUAsg\n" \
"EsxBu24LUTi4S8sCAWEAAaN]MGEwDgYDVROPAQH/BAQDASGGMABGATUJEWEB/WQF\n" \
"MAMBAf8WHQYDVROOBBYEFLE+w2kD+L9HASYJholAu9jZCvDMB8GA1UdIWQYMBaA\N" \
"FLE+w2kD+L9HAdSYJholAu9jZCvDMAOGCSqGSIb3DQEBBQUAAAIBAQACGgaX3Nec\n" \
"nzylZgYIVyHblUfdKmeqvxeydkAQV8GK83rZEWWONfge/EWIntiIMMUudkehDLI6Z\N" \
"eM7bd41N5cdbliZQB2IWHMIRk9opmzN6cN820oNLFpmyPINNngiK3BD41VHMWEZ 7 1jF\n" \
"hS9OMPagMRYjyOfiZRYzy 78aG6A9+MpeizGLYAJLQWGXFK3XPKkKmMNEVX58Svnw2\n" \
"YZiI9RKR/5CYrCsSXaQ3pjOLAEFedyHYSkVXySGnYvCoCWwWIE 1CAX2/S6cCZdkGCe\n" \
"VESXCS+0yx5DaMkHJ8HSXPfglbloEpw8nL+e/IBcm2PN7Eeq)SdnoDfzAIJ9VNep\n" \
"+OkuE6N36BIK\N" \
"-----END CERTIFICATE--—--\n",

#endif

#ifdef USESECUREMQTT



#include <WiFiClientSecure.h>

#define mqttPort 8883

WiFiClientSecure client;

#else

#define mqttPort 1883

WiFiClient client;

#endif

const char® server = "mqtt3.thingspeak.com”;

int status = WL _IDLE_STATUS;

long lastPublishMillis = 0;

int connectionDelay = 1,

int updatelnterval = 15;

PubSubClient mqttClient( client );

// Function to handle messages from MQTT subscription.

void mgttSubscriptionCallback( char* topic, byte* payload, unsigned int length ) {
// Print the details of the message that was received to the serial monitor.
//Serial.print("Message arrived [');
//Serial.print(topic);
//Serial.print("] );
char recv[length+1];
for (inti = 0; i < length; i++) {

recvlil=(char)payload[i];

}
flag = atoi(recv);
Serial.print("<Successful. M
Serial.print(flag);
Serial.print(">");
while(flag==1}
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recvWithStartEndMarkers();
if (newData == true) {
strcpy(tempChars, receivedChars);
parseData();
ifintegerFromPC==1)
// Update ThingSpeak channel periodically. The update results in the message to
the subscriber.
//if ((millis() - lastPublishMillis) > updatelnterval*1000) {
//mattPublish( channellD,
(String("field1=")+String(WiFi.RSSI()+String("&feld2=")+String(WiFi.RSSI()));
mqttPublish( channellD, (String("field1=")+String(integerFromPC-
1)+String("&field2=")+String(floatFromPQ)));
Serial.print("<Published. )
Serial.print(integerFromPC-1);
Serial.print(">");
integerFromPC=0;
flag=0;
//lastPublishMillis = millis();
/1}
}
newData = false;

}

}
// Subscribe to ThingSpeak channel for updates.

void mattSubscribe( long subChannellD X
//String myTopic = "channels/"+String( subChannellD )+"/subscribe”,
String myTopic = "channels/"+String( subChannellD )+"/subscribe"+"/fields"+"/field1";
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maqttClient.subscribe(myTopic.c_str());
}
// Publish messages to a ThingSpeak channel.
void mqttPublish(long pubChannellD, String message) {
String topicString ="channels/" + String( pubChannellD ) + "/publish”;
maqttClient.publish( topicString.c_str(), message.c_str() );
}
// Connect to WiFi.
void connectWifi()
{
Serial.print("<Connecting to Wi-Fi... ,0>");
// Loop until WiFi connection is successful
#ifdef ESP8266BOARD
while ( WiFi.waitForConnectResult() I= WL_CONNECTED ) {
#else
while ( WiFi.status() I= WL _CONNECTED ) {
#endif
WiFi.begin( ssid, pass );
delay( connectionDelay*1000 ),
//Serial.print( WiFi.status() );
}
Serial.print("<Connected to Wi-Fi. ,0>");
}
// Connect to MQTT server.
void mattConnect() {
// Loop until connected.
while ( ImgttClient.connected() )
{



// Connect to the MQTT broker.
if ( mgttClient.connect( clientlD, mgttUserName, mqttPass ) ) {
//Serial.print( "MQTT to " );
//Serial.print( server )
//Serial.print (" at port ")
//Serial.print( mqgttPort );
//Serial.println( " successful.");
Serial.print("<MQTT Connected. ,0>");
}
else {
Serial.print("<MQTT connection failed ,0>");
//Serial.print( "MQTT connection failed, rc =" );
// See https://pubsubclient.knolleary.net/api.html#state for the failure code
explanation.
//Serial.print( mqttClient.state() );
//Serial.printin( " Will try again in a few seconds" );

delay( connectionDelay*1000 );

}
void setup() {
Serial.begin( 115200 );
// Delay to allow serial monitor to come up.
delay(3000);
// Connect to Wi-Fi network.
connectWifi();
// Configure the MQTT client

mqttClient.setServer( server, mgttPort );
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// Set the MQTT message handler function.
mqttClient.setCallback( mqgttSubscriptionCallback );
// Set the buffer to handle the returned JSON. NOTE: A buffer overflow of the message
buffer will result in your callback not being invoked.
mqttClient.setBufferSize( 2048 );
// Use secure MQTT connections if defined.
#ifdef USESECUREMQTT
// Handle functionality differences of WiFiClientSecure library for different boards.
#ifdef ESP8266BOARD
client.setFingerprint(thingspeak_cert_thumbprint),
#else
client.setCACert(thingspeak ca cert);
#endif
#endif
}
void loop() {
// Reconnect to WiFi if it gets disconnected.
if (WiFi.status() '= WL_CONNECTED) {
connectWifi();
}
// Connect if MQTT client is not connected and resubscribe to channel updates.
if (ImgttClient.connected()) {
mgttConnect();
mqttSubscribe( channellD );
}
// Call the loop to maintain connection to the server.

mqttClient.loop();
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Uil a.1 uandlaszunsutasie Arducam PicodML TinyML

i - https://static.cytron.io/image/catalog/products/ADU-TINYAML-2040/ADU-TINYAML-

2040 g.jpg
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M13199 A.1 YaYaTInIzved Arducam PicodML Tiny

Microcontroller Raspberry Pi RP2040
IMU ICM-20948

Camera Module HiMax HM01B0, Up to QVGA (320 x 240 @60fps)

Screen 0.96 inch LCD SPI Display (160 x 80, ST7735)
Operating Voltage: 3.3V
Input Voltage VBUS: 5VDC +/- 10%

VSYS Max: 5.5VDC

Length 51 mm

Width 21 mm

e USB 1.1 PHY Duol_—Core
e Host and Device 32-bit ARM Cortex M0+

e USB Mass Storage, Easy Flexible Clock upto 133MHz
Programming with UF2 2 x On-chip PLL

30 x GPIO:
30 x Digital 1O DMA Controller

4 x 12-bit ADC .
2 x UART On-Chip 264 KByte SRAM

L]

L]

L]

e 2x12C
e 2 % SPI| Upto 16 MByte External Flash
L]
L]

16 x PWM

2 x PIO Block e Interpolator

Integer divider peripherals

e QFN-56 On-Chip Programmable
e Compact SMD LDO for Core Voltage

@ R P2040 by Raspberry Pi

gﬂﬁ A.2 wansdada RP2040

i - https://static.cytron.io/image/catalog/products/V-RPI-
RP2040/RP2040 Features b.jpg
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1st Microcontroller Silicon designed by Raspberry Pi (Raspberry Pi Silicon)

Proven with Raspberry Pi Pico

Dual-Core, 32-bit ARM Cortex MO+ Processor

Flexible clock, configurable max to 133MHz

On-chip 264KB of SRAM

Support up to 16MB of external Flash (QSPI)

12 Channels of DMA (Direct Memory Access)

Ready with USB 1.1 PHY, supports Host and Device

Connected to the USB port and it will appear as USB Mass Storage by default, no

driver is needed

Supports MicroPython, CircuitPython, C, C++, C alike in Arduino IDE Programming

Language

Drag and Drop Program loading method, just like moving file in Windows Explorer

Peripheral rich :

® 30 GPIO (4 reserves for QSPI interface to external Flash IC)

26 multifunction 3.3V General Purpose I/0 (GPIO)

23 GPIO are digital-only

5 x 12-bit ADC capable of 500Ksps, Analog to Digital Converter
® 4 x ADC extended to GPIO

® 1 x ADC tied to an internal temperature sensor

2 x UART (Universal Asynchronous Receiver/Transmitter)

2 x SPI (Serial Peripheral Interface)

2 x 12C (Inter 1C)

16 x PWM (Pulse Width Modulation)

1 x Timer with 4 alarms

1 x Real Time Counter

2 x Programmable 10 (PIO) blocks that can emulate high-speed interfaces

such as SD card or VGA

3-pin ARM Serial Wire Debug (SWD) port
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Accelerated floating-point libraries on-chip

Arducam Pico4ML TinyML Dev Kit

RP2040 Board wf QWGA Camera, LCD Screen, Onboard Audio, Reset Button & More

0302

Instruction Manual

Introduction

on Detection,
your models on it

Specs
MICRO USB
Microcontroller Raspberry Pi RP2040 .
¥ ] o 3o
IMU 1CM-20048 em

CameraModule|  HiMax HMOLBO, Up to QVGA

H
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Operating

Voltage 33v [mu] e
InputVoltage | VBUS:5V+/-10%VSYS Max:5.5V [camera}
Dimension 51x21mm
Quick Start

Pre-trained Models

Wake-word detection

A demo where PicodML provides always-on wake-w
15 say
model

Magic Wand (Gesture Detection)

A demo where PicodML casts several

d detection on whether someone

g yes or no, using its onboard microphone and pre-trained speech detection

es of spellsin one of the folloy

gestures: “Wing”, “Ring” and “Slope”, using its IMU and pre-trained gesture detection

model.

Uil .3 uansdoyadumng Arducam PicodML TinyML (1)

s : https://www.arducam.com/downloads/b0302 pico4ml_user manual.pdf



Person Detection
A demo where picodml predicts the probabilities of the presence of a person with a Himax

HM}1B0 camera module.
First Use

Go to the https://github.com/ArduCAM/pico-tflmicro/tree/main/bin p:
find the .uf2 files for the 3 pre-trained models.

hen you will

Wake-word Detection

L. Click on the corresponding uf2. file

2. Click on the “Download” button. This file will be downloaded ta your computer.

3. Go grab your berry Pi ar laptop, then press and hold the BOOTSEL button on your
PicodM|

icro USB cable into the board

ile you plug the ather end of th

4R the button aftert vard is plugg . Adiskvolume called RPI-RP2 should pop
up o r deskiop.
5. Double-click to apen it, and then drag and drop the UF2 file inta it. The volume will

automatically unmount and the screen should light up.
6. Hold your Picod4ML closer and say “yes” ar “na”. The screen will display the correspand-
ingward

Magic Wand (Gesture Detection)
1. Repeat the first 5 steps mentioned in “Wake-word Detection Using” to light up the scraen
with the

uf2 file for magic wand.

2. Wave your Pico4ML quickly ina W [wing), O {ring), or L (slope) shape. The screen
display the corresponding mark.
Person Detection

1. Repeat the first 5 steps mentioned in “Wake-word Detection Using” to light up the screen
with the .uf2 file far person detection.

2. Hold your PicodML to eapture images. The screen will display the image and the
probabilities of the presence of a person.

What' s Next

Build models on your own

83

If you are developing your own models on Pico4ML with the Raspberry Pi 4B or Raspberry Pi
400, you can refer to:

https://github.com/ArduCAM/pico-tfimicro

Source file for 3D-printable enclosure
Ifyou' ve gota 30 printer, you can print your own enclosure for Pico4ML with the source file in

the link below,

https:/fwww.arducam.com/downloads/arducam_picod4ml_case_file.stp

Contact Us

Email: support@arducam.com
Website: www.arducam.com
Skype: arducam

Doc: arducam.com/docs/pico/
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