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ABSTRACT

This project introduces an artificial intelligence camera for plastic sorting of
automatic trash recycling system. The prototype of plastic sorting process focuses on
various types of plastic bottles with the recycling marks representing the different types
of plastic resin, such as PETE/PET, HDPE, PVC, etc. These symbolic images are classified
by camera which is the significant part of the classification. Machine learning knowledge
and artificial intellisence is applied for creating intelligence capability of low-cost
Raspberry Pi-camera module which is utilized to create the datasets of various plastic
recycling marks for developing the accurate trained model. Then, the Al camera
module is able to classify each type of plastic bottles accurately. In addition, the
proposed prototype can control the correct bucket locations of each plastic wastes
bottles using servo motors. The visualization and user interfaces developed by Node

Red which expects to simplify usage and data gathering.
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2.1.6 svdIbUAANINELAY 6
Tndalsfuinuaudd dusdie la dewmanudoush anufeufauuiua
$ou anuvuui: 1.03-1.06 n./cc Tl 2542 Lifinsly PS 1Wusdumanaiadin Indalasu
anunsevindundniariudoselnuld avaeumadrge msldnuussyiaeiny 9w dwe

Youdou a1nLile nanaly

H,C CH;
\

CH

o= —'n

gﬂﬁ 2.6 LLamqmﬂmaqaﬁuaq Polystyrene

i - http://www.kru-aor.com/Chem Tips/recycle plastic-pic/PS.jpg

2.1.7 sWissluhananeay 7
finnauiuansratuluauesdusznauisdu ull 2502 fimslfisturiinidesd
Tusnengluwinnaiain mnavisndasiulag fsildssymnean 1,2, 3, 4, 5930 6
vienssuiuronsdumdrestioeniin  nisussgiiuse wntauwagunaaoy,

VnHAnAuRMTUn Kiaduesluaa Wwsgunanadn, dumduifiey

2.2 Edge Impulse

Edge Impulse L‘ﬁuLLwaWWas’mmsﬂ’mm%guﬁwﬁ’m%’umiﬁaui’mauﬁ%‘éwuqﬂnmﬁ
Edge WIdwiutiniauuazldsuaiulindanesans lasuanulindaandilaaieiu
setiniaunfididulasinsnisifoudvenndssiidifyaindiegadeyatiudui Edge
impulse Weldauiniauielsgtuiiuuinnssilmidieairsuazusuliluea Machine
learning ﬁﬁwmuuqﬂmaﬁﬂqﬁa Freaunsssfimenuanluensy Cortex-M MCU — RAM
tfoundn 128K - iuFessrnnniteatns naaeu uazuuldlumansFousvoaniodilein

fauAdayni Edge Impulse W Edge Optimizednaxlwaaidsyam (EON™) [2]



2.3 Transfer learning

Transfer Learning WHunsih Weight U89 Model ﬁgﬂ Train #7e Dataset lusumile
(Pre-trained Model) ndusnl#luslfusnau unufiezdes Train daefiesduidy dsonaay
Tnanduiug wiaduerfiad Ineuenandunsdaiiveussudanainds n1svi Transfer

Learning §aiaLiinyseanan1nnisiseuives Model lusulvsisie (3]

Inputs

Input Layer

Output Layer
Label A Other Labeled Data

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

Label € : () ()

Label D .4 .
o2 &N

Inputs

Input Layer

New Output Layer
Trained on the new labels,

Label W |45 now predict those labels

Label X
Label Y

Label Z

gil‘ﬁ 2.7 uanelasaasie Transfer Learning
i : https://www.bualabs.com/wp-content/uploads/2020/01/An-example-of-
Transfer-Learning-1024x951.png

2.4 Convolutional Neural Network

wieveUszamiisnnuuaauligdu (convolutional neural network (CNN))QG]L%SJ(;]JU
vaslaTsvreUszamifisuiuuaeuligtugnldlag LeCun et al. (1990) taun3sn1sAuIn
wuureuligiunlifiudiuneteuszamisniiefazldmummdnuuiamzvesgunn
Tneduiildannnisdunieiiaoulgiudoni du Snvmsanz (Feature Map) uaglé

[

aldneaeuivdoyadian (Digit) lnatiusiusiu swalusudldansys angesannuiy

o«

sounlud 1998 (LeCun et al, 1998)lduiauslasstrsUszamifisuuvuasuligtude

LeNet-5 Taglulassased la i g uvi ton11 “Full Connection” n3at3un11 “Fully
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Connected Layer” dsluduiliusuiadouturaslassrigussamifisunuy MLP (Input

Hidden-Output) #sdnslgagraunsnatsluseou 5 Vnuun

£
v a

convolutional neural network Usznausesu (layer) Ansqanunsassuneldsail

1. Input layerﬁa%uﬁ’n"ﬁ}ﬂ input data L“ﬁJug YN matrix YuIn 32x32x 1pixel
Jugunmuuu grayscale

2. Convolutional layer (C1) %uumﬁa%u@auh@usﬁu (Convolutional Layer)
Tneruualsdl filter sianum 6 usiazfilter fluwnm 5x5 waxiinng stride TufiasLunit feuaz
lsiAn output ﬁgﬂ‘wm 6 feature map YWINNIMUBEUIIN 32 x32x1 LT 28x28x6 pixel

3. Subsampling (S2) %uﬁZﬁ@ Sub-Sampling Layer fifmunliidifitter ﬁgdwm
6usiay filter flvunn 2x2uazfinig stride WUfiaz 2unit saduasyiliiAn output anun 6
feature map YPUNAAMLUABLAIN 28x28x6 11 14x14%6 pixel

4. Convolution layer (C3) Fu #i3foduneulagdud fuualidl fiter fivun
16usiay filter fuunm 5x5 waziing stride lWflaz tunit Feiuasilian output haviam 16
feature map gunnUAsLRIN 16x14x6:0U 10x10x16pixel

5. Subsampling layer (S4) $uit 4 fe Sub-Sampling Layer fitnualirdfitter
Taun
L6ustaz filter fvunn 2x2 uasiingg stride Wilas 2unit fauazshliin output Vavun 16

feature map PURANURBUAN 10x10%16 i 5x5%16 pixel

i
o a—_| U

6. Convolution layer (C5) Tufi5Aadu asulagu i fmunliFeature Map
Y
120 Fu

7. Fully Connected layer Ussnaugag 8dunit uasimtifidoniusu Cs

8. Output layer Funansmadnsluduiazi Layer F6 fiusznaudae 8aunit
WFuIe3s Euclidean Radial Basis Function units (RBF) tievinan mauvetusas Unit

Output Layer Usznausig 10 unit (@aav 0-9) [4]

| Full connection ‘ Gausslan connections
Convolutions Subsampling Convolutions  Subsampiing Full connection

Ul 2.8 inSeteUsvamifisuuuuneuligiu
i - https://miro.medium.com/max/720/1*HMP8TthpVR|InDPONHS5A.webp



2.5 Raspberry Pi 4
2.5.1 auauUA Raspberry Pi 4
Raspberry Pi 4 Model B Ju Single Board mauf1Lm®9$1n Raspberry Pi
Foundation 4% Broadcom BCM2711 Quad-Core ARM Cortex-A72 A214L52 1.5 GHz il
WI8AUAN LPDDRAE-2400 9uM 4 GB unsoudin Wireless LAN WUy Dual-Band $845U
2.4 GH uay 5 GHz W3pu5995U Bluetooth 5.0 BLE fiwasen LAN 995U Gigabit Ethernet
WosM USB 3.0 Host Type A 37U2U 2 Wasn ag USB 2.0 Host Type A 9117 2 wasa i

NOIA Mmicro-HDMI 371UIU 2 WaSH S8I5UNTSITDUADID 4K60P

g‘dﬁ 2.9 ua@n3 Raspberry Pi 4

i - https://th.elementl4.com/productimages/large/en GB/3051885-40.jpg



252 msinng Raspberry Pi 4

#1115 format SD card AigiasnisTauiu Raspberry Pi 4

Etcher - X

[+

Pimotion_...127en.img

@ balenartchor

5UN 2.10  uanstunaun1s format SD card
msanaslng IMG tiefass OS d@m3u Raspberry Pi 4

W7 Etcher - Starting... - x

Pimotio...7en.img

SDHC Card

Pi-hole 7

Starting...

our project here

& batenattcher {J balena

JUN 2.11  uansnsiinss OS

10
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A15a519 Text Document d@usuldaudie Secure Shell Wutainiai

aunsawanideudeyalaedemiiilaeniy  Secure  Channel  sewingunsalieguu

WardsaReiy

Uil 2.12

Waltaunae PUTTY Configuration lnanisidessie raspberrypilocal WWouse

A8 Secure Shell

@ PuTTY Configuration ? ¥
Category
=] Sesszon Basc aptions for your PuTTY session
o Lug'fr'; Specfythe destnation you want to canrect to
Tarrna
Hoat N: focIP addreas Port
Kevboard ame or P ad ) Y
A= faepempi koca| &2
Features Connection typs:
LA ~
=i Vilndow ®SSH () Senat ' (J0¢her Telnet
Appearance . r
Behaviour Load. 2ave or deleta 3 gtorad sazgion
imda::cn Saved Seasions
+ S=ection r 3 Tl ° o
Colours ]
Connection Defaukt Setting: Load
Data
h-y Save
t}-SSH
Saral Delete
Teinet
Flogn
sSuPDUP Ocas window on exnt:
(D Mways (O Never (@ Only on cean ext
Mot || o Cacs

WEAINNSES1S Text Document @1%5u Secure Shell

sUN
Y

2.13 WAAINISHUABNIY PUTTY
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Login tWe¥in1369AINIIN Raspberry Pi 4

&P pilraspbemypi: ~ O X

Ul 2.14 uaninn3aendu Raspberry Pi d

(%
Y

A4AINTT Interface Option 984 Raspberry Pi 4 A8 VNC \iefianunsn

= 1 1 - a s A oA ' <@ as a LY
ﬂmmhﬂmm Raspberry Pi 4 31NABRUNILABDILATDIDUNLYDUFADLURNLITALALIN

2P pi@raspbenyp - T O X
lgqggaqqaau Raspberry\Pidfoftiares Caniguraticn Todl (Traspi=-confiqg)itaqaqaqaqaql
x x
| 1 'Syatem Options Configure system sectings |
[x 2, Display Options B
[ 3 O x
% 4 ce Sesrcings RS
e 5-Lotalisarion Opficons Confagure language and regipnal settings *
% Syadvanged 'Options Contigure adyanced sscrings x|
P g Updace Opdateé chis [tood RO ENE lptest wersion ]
% 9 About Fraspa-ronfig Information |about,this copfiguration seAl x|
x es
[ x|
e «
[ x|
be «
% <Select> <Fiplgny B
% x|
a3 I99e I3QEd3I3I3 73939998 A9a3T3I3a99 eI 139399939393 939999 984S 9393 q3q3qIqI D),

v

UM 2.15 UanIN1sAeAT Interface Option



LREINU

2P pieraspbernypi: - - a] x
1oq9q9qgqgu Raspberry £i1 Software Configuraticn Tool (raspi-config) t9q9qeqaqaal
e B
e Pl Camera Enable/disable to the y F1 Camera B
3 P2 SSH Enable/disable remote command line access using SSH B
3 P4 SPI Enable/disable automatic loading of SPI kernel module B
3 BS I2C Enable/disable automatic loading of I2C kernel module E:
3 P& Serial Port Enable/disable shell messages on the serial connection g
e P7 1-Wire Enable/disable one-wire interface x
e P8 Remote GPIO Enable/disable remote access to GPIO pina e
e e
e e
e e
e e
e e
[x <Select> <Back> x
e e
EC CL L L L L L b el b ek Ck Ch ek ke e e e e e e e G G Gl G C L L L L e L L e b e L)

<

SUAl 2.16 uansmsaldan VNC

vinnnsaendunldeu Raspberry Pi 4 Tne VNC fagnouiiaine

' | @ i §

/ 1B Authentication X

Authenticate to VNC Server
rrypiJocaks!

Foragt pasgacs

Signatures - 63-891-

31]17; 217 LaAIN1TABNDU Raspberry Pi-4 {11 VNC

NUANLENAUEMTUNTIEU Raspberry Pi 4

JUN 2.18  uanateaSuAuYes Raspberry Pi 4

13

AFuiaise
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2.6 MQTT

MQTT (Message Queue Telemetry Transport) ﬁaiﬂﬂmﬂaaslumi?iﬁazgaﬁﬁmmm
iel#luszuu PYTHON siuvismuiuy Broker and Clients Network sfugnesnuuulsiansnsa
dedioyauuy Real-Time lutinadeyaiies yilildndsnumsiugnifaunuein TCP/P 1
finsdstoyauuy One-To-One shlwAuideminensainndslimansfussuy PYTHON
iles91nTuszuy PYTHON fnsdsdeyamasniian uas 1 gunsalonasunieddeyaludanas
gunsal viFonsdsteyauuy One-To-All Taggunsaimnaivinis Subscriber TU Topic
19 Ul Broker %iéf%’usﬁ’au”aﬁ Publisher &% Topic tauy Broker Wavian lneugnAnAuy
Fuanlud 1999 Tag Andy Stanford-Clark 210 IBM wag Arlen Nipper 21a Cirrus Link lagsiu

anldiansivaeuvieasidulunsiansielaed e fe Lﬁuiﬂﬂmaaﬁﬁﬂizawﬁquq s

Y

¥

Fogavunalivnn Mmdsnu ifesniiusesdenseriuanifisudiisinnisdedeyage
wnluvnuziiu MQTT Usgneulude

Broker (Server) fiafiana1stun1ssutonadn Publisher wazdstoyalviiu Subscriber
Clients (Subscriber / Publisher)

1Y

Publisher Fiafvadstayaliiiu Topic Neglu Broker 13831015 Publish

Y

v v ¥

Subscriber AgFITUTRLAIN Topic ﬁagﬂu Broker 138131115 Subscribe

Topic Aevhizasiiindenisiudadiaya seving Publisher iU Subscriber
MQTT ﬁ?ulﬁﬂmsjLﬁuﬁﬂﬂumi%’udaﬁﬁaga%q PYTHON uy TCP/IP, HTTP ifiossenis
doansves HTTP tufiuuuy Request and response fiedhialunsiudsioyalaoils Client
fiaiinns request LUk server ynassiidosnistoyalagluszuy Python vnansdiisdesnis
Suteyanaonliakuy Real-Time 3whliifindednAalunisuteya wazuenain HTTP uag
Tep/P fafiumsiudideyauuy  One-To-One  sufiuniseinfiazdetoyaisnualugann

aunsal wsgldnsneins wazndsuegranndsly PYTHON dwduisesUsniniavdsdoya

LUU One-To-All [5]
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Broker

Publish_Data1
e e Topic_1

¥

Publish_Data2

Topic_2
Topic_3
Subscribe
-~ - - DATAT = -»
- == DATA2 = -»
- - = DATA3 = -»
- - - DATA4 = =»

gﬂﬁ 219 uansnsidensakuy MQTT
i https://iiot.riverplus.com/wp-content/webp-express/webp-
images/uploads/2020/05/MQTT Diagram2-1.png.webp

2.7 Node Red

Node-RED Wundasileldlunsidolusunsunmssiosiuivuesgunsal Hardware,
API, wazuinseeulatdpinmeiulusuuuuln Tnefisualavuusmesfiseionis
Feusia maeusie Flow tngld Node finannwadefithanusuld wazansausuldiusy
Inilaluadnifen

Node-Red asnsaldsruilandu JavaScript lagld rich text editor Inalaus3luga vin
Tanunsagaeliuiinilaitumannan vide Flow Miuusslosidieruldls

nsa%1e Runtime v Node js Inglduselavdannmsldfndnvesnsaliingy vinls
nzaufuN33UUL Hardware #umusigi Raspberry Pi 9afaszuunand seluga
WINNI1 225,000 Tga Auuiiainaves Node vhliiesanisvenediswes Node f1aq il
WYUANAINTO

Flow fia¥s¥ulu Node-Red aggnimifiulng JSON dwnannisinduasdsooniio
wslviEaulFegsd1ane library flow online aansautsiiu Helnaldsu flow fiian

Running on Raspberry Pi

Install and upgrading Node-Red
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(%
Y

arsURdMSURAGY Node.js, NPM, Node-Red asut Raspberry Pi Tnganunsaldidie

BNLNIANSARRINIDE

bash <(curl -sL https://raw.githubusercontent.com/node-red/linux-
installers/master/deb/update-nodejs-and-nodered)

- AUIBDITUNUDYUDY Node-Red

Y
[

- winiinsfinga Nodejs 13udr azasaaaouindu via Tuld udfsniissuuas
ngan15via waglildindulainasld Node-Red V1 sdalunsaduinn
Node js lunasdu LTS #lminin mnlinuddlaez@inge Nodejs 16 LTS
release Angltufinng Nodesource

- Fiada Node-Red 1ia$usnanlngld NPM

- Bendlavindereaanduvesliuaeing Pi fiduuslend

- A3F1 Node-Red titevinsnaduuimsnazdnnsaugarduitorinausiuiu [6]

JUT 2.20 uansminasusuYes Node-Red



3

=b.

UNn

A5115ALHUU

F 2
% (] )
3.1 YUNBUNITANUUNIG
Tutupaun1soenkuuNMIvNuvsIndesdygUseivginansantennataind msu

szuuiluAavezuuudnludfuszneulumegunsal uazunanvlesudsguin 3.1

[y = L1 ThingSpeak

Node-RED

<,

JUN 3.1 uaasn1sesnuuun1sinau

3.2 Hardware Software

lunisasnndesdygiuseavginenisaniennatafind msussulsloaveswuy

IS & v A

gnludfny dzilgunsalndneia Raspberry Pi 4 Wldluns Sudeua Usviiawa uazaiuay

)

gunsal  mudeuleiidmun  Taeilendesanunsafiazdausnussinmvesesslofaudas
UssinldietlynuseAugiiaismennaniedi Edge Impulse i azdiyarduiloniun
Servo lumsAnuenvegludaumisiigndes WeiinsAnuoniazuansuaiiae LCD Tnsuans
{1U node-red-dashboard wazdsiinsideuselngld Protocol MQTT Tunsdsdeyaluifiud

Think speak
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3.3 Edge Impulse
wwanWeasu Edge Impulse Wunwanwesudmiunisvin Machine learing uuaunsails

Widmsutnimun wazlasuaulingdaainesdsieg

3.3.1 Login Edge Impulse
vinsase U ldanudmsu Edge Impulse lnsasdudgdnlddmsuigouse
fiu Raspberry Pi 4 avinisguluanteyazunin vitlaea Machine learning uagldlunis

aluanlunanasnsduiu Edge Impulse

== EDGE MPULSE produgt “soktlondy | beveiamens- | riciod _€ompany miog Log m

We put ML into
real products

developers ) by et st

- EDGE IMPULSE

Login
-

Pr—

Start building embedded
machine learning models

\‘ today.

5UN 3.3 wananthanedmsu Log in Tdanuunanvlesu Edge Impulse
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3.3.2 Create new project

asalusiaalml wazinisasslusiaadmsuldanuunanesy Edge Impulse

Select project

i

i

i
89000000

UM 3.4 uanamineed@muaing project vuunanWasu Edge Impulse

(% ”(
AN

JUN 3.5 Uanaithesdmsun1snsie project

@ Wolkome 1a your rew Edge impase project
ing in Trash Recycling

Colaborstors (14) @
. £ . [ ©
sU# 3.6 wanwmisvdmsultauunanesu Edge Impulse




20

3.3.3 Device
& al A i 1% s o
Qﬂﬂmﬂsﬂumswama Edge Impulse IﬂEJ?!’]@J']iﬂi’JUi’JiJ‘U@HﬁQWﬂ‘U’eJifﬂ‘Vl

lpSumsiam, angunsalmeuiiames aunsnlny wislaen1sdulnanyadeyanie

U

e

3.3.3.1 Connect a new device
Mnssalasiies Inedenluil Device Connect a fully supported
development board tievinsiteudeiugunsaiiingg lnglunisaisyanaesdyaiuseivg

dwmsunsAaueniionss ifavezenluda laglunidlduesn Raspberry pi 4 Tun1sasg

. EDGE IMPULSE

Ty e ™ my o

SUN 3.7 uanavitsdmsuidenyinveinsdulnandeya

3.3.3.2 Officially supported CPU/GPU targets Raspberry Pi 4
Fontumouves Raspberry pi 4 iiievhnisinsslasiesfiasdouss

Fdge Impulse U Raspberry Pi 4

. EDGE IMPULSE
Officially supported MCU targets

Officially supported CPU/GPU targets

-

JUN 3.8 wanasedegunsaiiildluniswensiariu Edge Impulse
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3.3.3.3 Installing dependencies
nN3eNYAAIAIYBY Raspberry pi 4 7 Terminal tieyini1sfnfslagiies

¥99 Edge Impulse asuuuesa Raspberry Pi 4

pi@raspberrypi: ~
File Edit Tabs Help

pi@raspberrypi:
( t 1 tt N

1 tt ir

U1 3.9 uanamsinsslasiiesves Edge Impulse (1)

Y &1L K< N K

File. Edit, Tabs~ Help

B

pi@raspberrypi:

DEPRECATION WARNING
Node.js 12.x 1s no longer actively supported!

You will not receive security or critical stability updates f

e https://github.com/nodejs/Release for detail

r

sUl 3.10 uanansinnaslasiesues Edge Impulse (2)



File

Cr

Edit Tabs

pi@raspberrypi:

erl.o-t

pi@raspberrypi: ~

I @ ¢~ (iocnbertn ) SO — B

Help

12 uansn1sanAslasiiesves Edge Impulse (4)

A\

22
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File Edit Tabs Help

etchM tslib
5UM 3.13  uanan1sinnslasiiesuas Edge Impul

(5)
3.3.4 Data Acquisition
Jumsiiudoyadmsuiiunad1e Machine leaming shaunasvosy Edge

Impulse Tnguusgntayailudwmsunismsuluing wasn1snaaeuling

3.3.4.1 Connect Edge Impulse
NsIeuna Raspberry Pi 4 AU Edge Impulse laanislasiua
SN ihnsdenlusiaafidesmsian  waziengunsaliweusaiu Raspberry Pi 4

wienatldlunisasiedeyadmiunisainalues

2 QRIS EBEITI ~ oSS

File' Edit Tabs Help

wWhat is your user name or e-mail address (edgeimpulse.com)?

What is your password?
To which project do you want to connect this device?

Select a microphone (or run this command with --disable-microphone to skip sel

U 3.14  uanstumeun1siouse Raspberry Pi 4 fiu Edge Impulse
~ [ A 1 °o & = X 4 .
Wavin1swensiadise asdin1suansiuil Your Devices lngazsey

Uoyar199 YN Yeuse
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Your devices ¥ Commast s om oo |
.. e
§ o . sk R — Tsm 2500
@ Collect d;
- s st o M8

Device dc:a6:32:52:46:92 is now connected

| # cetstanee

® % @ 3 x

gﬂﬁ 3.15 wanInssdeusia Raspberry Pi 4 fu Edge Impulsedia

vinmsiaen sensor NapdfitteLAeaiyU Raspberry Pi 4 tieavhnisiiu

¥ a a 1 1 v @ % 1 14
Toyanmveziloda laenisld Label vosusiazUszinnidesnisiiudiegedaya

nnnnnn

o o & @ Y
:IJ‘U‘VI 3.16 HEANINITNTNUATUABUNTIINUTDLR
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3.3.4.2 Training data
Guganmdlflunsairdana sioma 14 o Tneddoya 3 sz
laun nmwam  polyethylene terephthalate 7wy 4 AW AR high density

polyethylene 71U 4 nw Awaagliivindiuiu 6

< G O mpzimeons

== EDGE IMPULSE

Click on a sample to load.

duterm

bessgen

gﬂﬁ 3.17 LLam%ga Training ﬁLﬁumﬂ Raspberry Pi 4

3.3.4.3 Test data
Wugannildlumsveaeuluea vimmn 6 A Ineiidoya 3
Uszianlawn aanwan polyethylene terephthalate 91121 2 AW AMWYIn high density

polyethylene 411U 2 AW A g liivInguIu 2 aw

== EDGE IMPULSE

click on a sample to load.

LLamst’Iaga Test MAUN Raspberry Pi 4

[-2V)]
[l
=D.
[N
—_
oo
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3.3.5 Impulse design

Juppunsdonaa1tnenssues Edge Impulse  Tunseonuuuisnisasny

Tuna Wngldyadoyan niiudeyadmsu training

3.3.5.1 Create impulse

Image data  dzynsWdsurwinnmyatayaraualinatedu
R 9696 leeidennszuiunsustananailu  Image denisnisiieuiiiy  Transfer

Learning (Images) wazls Output features 91U 3 Uszlan

= EDGE IMPULSE

UM 3.19 uwansn1simuean1dnenssuves Edge Impulse
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3.3.5.2 Image

JUADUNIIANUANITILADTANNSUNIN raw data Lieas9e features

dmiuteya

- EDGE IMPULSE

w N ow

On-device performance @

(o R Q" .
5UM 3.20 uanansivuaduneu Image

o g 50c: < W S R o

= EDGE IMPULSE

impuise:

On-device performance @

[ Jye == I

UM 3.21 uand Feature explorer T09YnvaLa

3.3.5.3 Transfer learning

Fupoumsadrslumalnglilasareusvamiion Tnefinstmuaseu
N13MIU 20 58U §M31N1963855 0.005 YANIATIAABY 20% Laedl Input layer e 27,648
features 1% convolution neural network ¥ila MobileNetV2 Tagazld Output layer Hanum

3 classes



JOme 1 AR ST S e A 22 SR T PN [ ]

= EDGE IMPULSE

Neural Network settings Training output .

Traiving setings

g cyclon O 2

PomoN om

Valdstion set see @

Autopslance catszet @

Neural netwodc architacture

5UN 3.22  uaasnisimvuadunaun1singu

Model Model version: ®

Last training performance (validation set)

ACCURAGY 10SS
100.0% 0.08

Confusion matrix (validation set)

NONE ONE TWO
ONE - - N
F¥SCORE 1100, 1.00

UM 3.23  LaRIHANITMTY

Data explorer (full wraining set) @

none - correct ®
one - correct (]
two - correct

one -incorrect ®

0090

On-device performance @
INFERENCING TIME PEAK RAM USAGE FLASH USAGE
106 ms. 346.9K 582.1K

31]17; 3.24 @9 Data explorer
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3.3.6 Model testing
° a4 v X o o v P P
‘L!’]IllLﬂaﬂ’]WVlﬁi’]ﬂ"UuiJ’Wl’]ﬂ’ﬁVlﬂﬁaU ﬂUﬁ@%@Hﬁﬂ’]WVﬂﬂuﬂ’ﬁVIﬂﬁ@U bW

NaAN F1 Score UadkAazfaganitglunisnaaau

gﬂ‘ﬁ 3.25 Uaninan1T Model testing

3.3.7 Download model
nstdgafdsdmsunisnilvanlinafiasi@uuninanilosy  Edge Impulse

a9uU Raspberry Pi

W 1 W

0 < TR0 e e L
- 8§ W}l A JEL

File- Edit Tabs™ Help

pi@Blynk-chutithep-1504C:

1@Blynk-chutithep-1564C:

pi@Blynk-chutithep-1504C

gih'?i 3.26 @nMIN13 Download Model
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3.4 Servo Control

N13AIUAN servo Wandadausaseyviinveslssnnuessledalaud servo a8vins

Ankenvegludsiumnisgnaes

3.4.1 Download driver

Mnshnnslasiiesues servo asuu Raspberry Pi 4 iioanunsaldeiuniy

Python3

i p@asthenbi

File Edit .Tabs Help

pi@raspberrypi:
Fo jiEn

SUN 3.27  uanensinnslasiiesves Servo (1)

¥ QORI GG~ NI

File’ 'Edit«Tabs Help

UM 3.28 uanan1sinAslasiiesves Servo (2)
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File Edit Tabs Help

spberrypi: mkdir proje
spberrypi:
raspberrypi:
pi@raspberrypi:

JUN 3.29 uannnsinnslasiieived Servo (3)

3.5 Node-Red
WuuuinsdeulAnuuy Flow-Base 50 Visual Language Programming 2¢l4 Node-
red Wam3 Graphical User Interface agl@ninanas LCD 7 17 tNoUAAIAIIUILASALUDINT

ANLENVBIVINLAaZUSELAN Laely node-red-dashboard Li@aBnNWUUNSLEAIKE

3.5.1 Tumaun1sAnns Node-Red
¥nsAnRe Node-Red iioldauiu Raspberry Pi 4 dndufssdinisinms

Node js ivia59u 14 Fuly

(P S T e S

File Edit Tabs Help

RED install for user pi at /home/pi on

Pr in Node-RED

5UN 3.30 uanIn15Ancs Node-Red
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352 vnsaage node-red-dashboard

INN15AAAY node-red-dashboard teldeu graphical user interface

ANNSULARINAUWD LCD

Ul 3.31 LaneN13AARY node-red-dashboard

3.5.3 aanuuy Flow-based programming
nN15d3U8Ya3IN Raspberry Pi 4 1183 Node-Red vhlilasnisldun Pin 31,32

Vauziin1sfnuLenvan iodsdyg1aangs Node-Red uazuaninan1sAnuen lagtden Nodes

971 Dashboard l6ln Gauge IWoRanIIIUIUTINATANLARZUTEAN Chart [ioUndTEY LAY

THinaUSauieuIne@n UseLan

.....

tmestamp & apnmiaace ||

gﬂ‘f/’i 3.32  ud@nIN1Ieeniluy Flow-based programming
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3.5.4 Node-Red graphical user interface
Tunad¥ 1 9zuananIazauYevIn PET waz 30 HOPE Tawaunsadisiuaule
1ngm 100 1IN wagdlty Reset ioynsTienen
Tuwafl 2 avuanwIsnazauveswIn PET uaz vIn HDPE
Tuwea?l 3 asuanaan Jufl wazesanasinasauUSouTiouseninewin PET

ey vIn HDPE

= Develop

g‘d‘ﬁ 3.33  ug@nd graphical user interface

3.6 Thing Speak

msiudeyaiidanin Node-Red Liuuszuupanasues Thing Speak

3.6.1 BaAnnsieuss Internet of thing Wuu MQTT kW Node-Red
T4 Nodes mqtt out Lﬁaﬁmsdﬂ%’agaaaﬂiﬂé’q Thing Speak lag35n15 MQTT
1AgnNISAINUA
Server : mqtt3.thingspeak.com
Topic : channels/1887837/publish
Port : 1883

Protocal : MQTT V3.1.1
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3.6.2 NI5LEAINAUYN Thing Speak
15%a MQTT Client ID vasThing Speak nsanluzes Client ID ifievinis
Feusio

U Thing Speak

CIThingSpeak *  cwnnes~  Aps~  Desices=  Suppart=

MQTT Devices

T

g‘dﬁ 3.36 U@ MQTT Devices 984 Thing Speak

a5199150% Field iatAuA1fidauan Node-Red Tpguuady asadimsuein

PET Lae v3n HDPE

LIThingSpeak *  chavs~ | apps

Chutithep
eronne N

)

vz wraryas e vaie vl

;nlﬁ 3.37 u@ng Channels 989 Thing Speak
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UNn

NaN13INNAD

4.1 Wan13 Transfer learning

N19a3NlNAAINNINVIANAIERN Uszlan PET 91u2u 4 A Usetan HDPE 91uau 4
A wazvaszlidfivan Fawau 6 a1 Insusuranimiduwuin 96*96 A1 alpha 0.35 (final
layer: 16 neurons, 0.1 dropout) Tneiisuauseunsmsuiavaa 20 sau ﬁé’mwmiﬁauf
0.0005 ¥mN13MTIREDU 20% Imedl Input layer 27,648 features 1% convolution neural
network iin MobileNetV2 Ingagldy Output layer Waun 3 classes

A1 Accuracy 100% Loss 0.08

A15199 4.1 wan1sAAken Confusion matrix

None One Two
None 100% 0% 0%
One ; - 1
Two 0% 0% 100%
F1 Score 1.00 1.00

Tgnswenns Inferencing 106 ms. Peak Ram Usage 346.9K Flash Usage 582.1K

4.2 WNan13 Model testing

NamﬂmwmaalﬂuL@aﬁ'usqmmwﬁm%’umimaau U58LAN PET 97U9U 2 AW USehAn

HDPE 91121 2 M hazvadzlaidiuan 91uau 2 naw 1Al Accuracy 100%

A15197t 4.2 Model testing results Confusion matrix

None One Two Uncertain
None 100% 0% 0% 0%
One 0% 100% 0% 0%
Two 0% 0% 100% 0%
F1 Score 1.00 1.00 1.00
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4.3 Nammgnﬁawmmsﬁ’mwn

M13197 4.3 HAANLYNABIVDINITARLENAIDE19UIN

518015 JUUsznau Usstan none one two

1. WAuAsada

600 Hadans

/L 0 0.99 0.01
2. Ymanuaria
Wentan
600 {adans

1 0.01 0.94 0.05

%

3. UANBIN

500 Uaaans

1 0.13 0.86 0.01
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2]
o A VU a

4. WdAuvinsan

600 1adans

0.01

0.96

0.03

5. LASD9AULNED
LILNLADLSA

500 3888y

0.04

0.95

0.01

6. WA589RL
N3¥YILYIIAAAA
NG

280 1aaans

0.03

0.97
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%

7. dwnwaliig v

300 Uadans

1 0.09 0.91 0

8. T3

¥ 500 UAaasS

1 0.01 0.96 0.03

9. WNYIA5A
12U 198d 500

FGRRIZF

1 0.14 0.86 0
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10. UL
NAUNZANDAAN

500 $aaans

0.1 0.89 0.01
11. Touisanday
Ausanaliisa s
Taa 400 Jadans

0.04 0.01 0.95
12, uuland
Wwasksd avliad
400 1adans

0 0.03 0.97
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13. lgsisansiau
AUTAYALUBSTS §Y

fiad 400 Nadans

0.01

0.99

14, wasen
w¥aunuldlusTy

wilaa 400

L GBAIZE

0.01

0.99

15, wsUsenvin
leLisnsaanasuas
3 Onnu

300 Uaaans

0.01

0.99




a2

16. wiUSgIvin
TeLAsnsay U

nIAU 300

GRARIZE

0.01

0.99

17. wasen U
NAU

300 adansg

0.02

0.98

18, UNNELNDT
1sd avilad v

=3

Fanlnuan

200 {aaass

0.01

0.99
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19. UNYLANTDI
TULLe NS
l5d Wshugs sa

Fonlnuan g
340 Uaaans 2 0.02 0.01 0.97
20. thasefiues s
3 300 fiadans
2 0 0.01 0.99

4.4 wan1sfauenltudiuvisignsias

A5 4.4 wang

Anuenludssiumiangneaveiieg1awin

318N19

suUsenay NANITAALEN

1. WPuAsada

600 Haaans

anansadauenludsiumisngndes
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2. WnuuELaLNe

lafl 600 fiadans

ausadanenludiunisiignaes

3. UANPa

500 198805

anansoAnuenlugiumiangnees

4. 1URNSEN

600 1adans

anusadanenludsiunisigndes
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5. LASDIAULNABLILN

WaLSA 500 Hadans

ausadanenlugsiunisignaes

6. LAIDINUNTEVNLVU?

Aanawd 280 ladans

anansaAnkenlugiumangnees

7. Winualdein

U

300 Haaang

annsoAnuenludaiumiangnees
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a

8. 1huTIve

500 198805

ausadanenludiunisiignaes

9. WNPIMITAULUNY

193% 500 Jaaans

aunsadanen lUdiunisignaes

10. U lgandungd

noAAT 500 Hadans

aunsadanenludiunisiigndes




ar

11. loisansounusa
naldsiu fvdiad

400 198805

ausadanenludiunisiignaes

12, wulannaaaslss

futiad 400 Nadans

aunsadanenlUdwiunisignaes

13. loisandaunu

a (3

sayALUass fvilad

400 19a805

anansoAnkenlUgasiumiangnees
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14, wuSendaunu
Taifllagiu fodiad

400 198805

ausadanenlugsiunisignaes

15, uUsenwie
ToRsnsaanaiuass
NUAY

300 dadans
mmsaﬁ’mLLaﬂlﬂé’aﬁflemﬁgﬂﬁaq

16. uusevfalewns
ATEU UnInu

300 HA58aNS

ausadanenludiunisiignde
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17. wusen Inunu

300 18880

ausadanenlugsiunisignaes

18, UUNALNDSISE Fu
fad sadoanlnuan

200 198895

aansoadanenludiunisignde

19. uusUaNIo9IyY
WE WALRe5Led TUSAY
a9

< 1
sadenlnuam gus

340 aAanS

anansoAnuenluSsiumangnees
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20. U1ATDIUDSS

300 188805

ausadanentudeiunisignaes

4.5 wammgnéfm Graphical User Interface tU3guliigu Thing speak

NAUDINITLARINALLDINITAALENYIN

A 1 @
WaldfinisAnwen

[ L P — Gl U piO

SUN 4.1 uansmsiUSeuiisuidisifinsAnuen

WatinsAweNYIN PET 1 129

UM 4.2 uansmsiUieuigudiedinisAnuenin PET 1 930
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Lﬁ@ﬁﬂ?iﬁﬂLLSﬂ‘U’m PET 1 ¥ HDPE 1 998

B T ——

sUN 4.3 wananiswIesuiiiguiilelinisAnuenyin PET 1 v3a HDPE 1 30

Lﬁaﬁmiﬁmwﬂmm PET 2 93 HDPE 1 296

CIThingSpeak™ u..- Agae bussms s —

4.4 LanansUSIUNeULIaNNNSARLENYIA PET 2 920 HDPE 1 27@

CaN
c
=D.

Lﬁaﬁmsﬁmwﬂmm PET 2 v3%n HDPE 2 976

I ThingSpeak™

sUN 4.5 wananisiwIeuiiiguiilelinisAnuenyin PET 2 ¥3a HDPE 2 430
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ATUNANITNAADILASUBLEUDLUY

5.1 @gunaniimaasy

Y

USueyriinusadudl

o

nauendeslyyussAvsdmiunsdaueniientsileda ves
daluilA lnefqaamneiiiefnwiFeusifoafuiygiussivg uazmansnisin Machine
learning 7itanUszynaldiundeslagldunanlody Edge Impulse 1l panvaglunisvin
Machine learning smsviilayaUseAnsvie Artificial Intelligence Fufinisldenilaseie
Uszamifisuaiin Convolutional Neural Network tasinsldeuluwna MobileNet V2 163
ﬂ1iﬁmumsqwﬁaaﬂagﬂmwiﬁﬁsumm 96*96 i1 Input layer 27,648 feature, alpha 0.35, final
layer 19 neurons, 0.1 dropout, Number of training cycles 20,Learning rate
0.0005,Validation set size 20% azle output layer 3 classes, Accuracy 100%, loss 0.08,
Inferencing Time 106 ms., Peak Ram Usage 346.9K, Flash Usage 582.1K, F1 Score =1 Tu
vaugtAatulalin T8 nkuUNIIAIUAN. Servo MATH130911IUAINNITIILUNUTEAN VDS
nded lendesaunsniiazAnuenysuinnlduds Servo agsimiaiiasuruvsrnanainluds
dumisiigndes Tuvaisiienfu wisdiedenisldau Iddnsesnuuuuesidoulusunsy
Node-Red titel#lunnsanslariugldan Tnedinslésm nodered-dashboard Tunsuansea
uuIe LCD Tuvaisifieniu itomstiufindeya leinstufindeyasiiuszuu loT laeld MQTT

s1u Node-Red ifladsdayaluifuds Thing Speak

5.2 Uynuazaudssa
1. napsnltauiimnuazldennl YilidaIuAnAaaUlUNSAAKENUIELNNVE
a a
NANARNS boLAa
2. ANNWINADNANIUNIUNITNAADITNARBNTAALENYINLALAMLAIALARDULUNNS

[

ARLENUSELNNELNANERNS LYLAa

3. Fasrtalunsldfannsadauonveznanainilodalans Ussnnvanluawind
AU

4. msuanssateyas Thing Speak InsUszananaiilsiealvsl ilhAnmu

a1 lunIswanINa
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1. TunsAnkenveenaadng kAanlsilusznnvaInisaakenuIndu tneldinae
M5ineg1edunielunisindula

2. msfimsdaiuvesnatainsludaniinisdauenudiliegluivanzan
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Poyan1w1 Python lun1siigulusunsy
import pygame

import cv2

import os

import sys, getopt

import signal

import time

from edge impulse linux.image import ImagelmpulseRunner
import RPi.GPIO as GPIO

runner = None

show camera = False

framee_count=0

from adafruit_servokit import ServoKit

kit = ServoKit(channels=8)

led pinl =12

led pin2 =6
GPIO.setup(led pinl, GPIO.OUT)
GPIO.setup(led_pin2, GPIO.OUT)

def now():
return round(time.time() * 1000)
def get_webcams():
port_ids = []
for port in range(5):
print("Looking for a camera in port %s:" %port)
camera = cv2.VideoCapture(port)
if camera.isOpened():

ret = camera.read()

58



if ret:
backendName =camera.getBackendName()
w = camera.get(3)
h = camera.get(4)
print("Camera %s (%s x %s) found in port %s " %(backendName,h,w,
port))
port_ids.append(port)
camera.release()
return port_ids
def sigint_handler(sig, frame):
print(Interrupted)
if (runner):
runner.stop()
sys.exit(0)
signal.signal(signal.SIGINT, sigint handler)
def help():
print('python classify.py <path to model.eim> <Camera port ID, only required
when more than 1 camera is present>')
def main(argv):
framee count=0
try:
opts, args = getopt.getopt(argy, "h", ['--help"])
except getopt.GetoptError:
help()
sys.exit(2)
for opt, arg in opts:
if opt in (-h', --help):
help()
sys.exit()

if len(args) == 0:
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help()
sys.exit(2)
model = args[0]
dir_path = os.path.dirname(os.path.realpath(_ file ))
modelfile = os.path.join(dir_path, model)
print(MODEL: ' + modelfile)
with ImagelmpulseRunner(modelfile) as runner:
try:
model_info = runner.init()
print(Loaded runner for " + model info['projectl'owner] + '/ "' +
model _info['projectl'name’] + ")
labels = model info['model parameters]['labels']
if len(args)>= 2:
videoCaptureDeviceld = int(args[1])
else:
port ids = get webcams()
if len(port_ids) == 0:
raise Exception('Cannot find any webcams')
if len(args)<= 1 and len(port ids)> 1:
raise Exception("Multiple cameras found. Add the camera port ID as a
second argument to use to this script")
videoCaptureDeviceld = int(port_ids[0])
camera = cv2.VideoCapture(videoCaptureDeviceld)
ret = camera.read()[0]
if ret:
backendName = camera.getBackendName()
w = camera.get(3)
h = camera.get(4)
print("Camera %s (%s x %s) in port %s selected." %(backendName,h,w,

videoCaptureDeviceld))
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camera.release()
else:
raise Exception("Couldn't initialize selected camera.")
next_frame = 0 # limit to ~10 fps here
for res, img in runner.classifier(videoCaptureDeviceld):
if (next_frame > now()):
time.sleep((next_frame - now()) / 1000)
# print('classification runner response’, res)
data =[]
framee_count = framee_count +1
print("Frames: ", framee_count)
if "classification” in res["result"].keys():
print(Result (%d ms.) ' % (res['timing'l['dsp'] +
res['timing'['classification']), end=")
for label in labels:
score = res['result]['classification][label]
#  print(score)
print('%s: %.2f\t' % (label, score), end=")
data.append(score)
print(", flush=True)
none = round(datal0],2)
one = round(data[1],2)
two= round(data[2],2)

print(none, one, two)

if (one >=0.80 and framee count%10 ==0):
while(one >=0.80):
kit.servo[3].angle = 95
one=0.01

time.sleep(1)



kit.servo[3].angle = 150
pygame.mixer.init()
pygame.mixer.music.load("PET.mp3")
pygame.mixer.music.play()
GPIO.output(led pinl, GPIO.HIGH)
time.sleep(1)
GPIO.output(led pinl, GPIO.LOW)
kit.servo[3].angle = 95
if (two >=0.80 and framee_count%10 ==0):
while(two >=0.80):
kit.servo[d].angle = 85
GPIO.output(led pin2, GPIO.HIGH)
two=0.01
time.sleep(1)
kit.servold4].angle = 30
pygame.mixer.init()
pygame.mixer.music.load("HDPE.mp3")
pygame.mixer.music.play()
time.sleep(1)
kit.servol4].angle = 85
GPIO.output(led pin2, GPIO.LOW)
else:
time.sleep(0.01)
# print('%s: %.2A\t' % (Green,Red,Uncertain), end =")
if (show_camera):
cv2.imshow('edgeimpulse’, img)
if cv2.waitKey(1) == ord('q):
break

elif "bounding_boxes" in res["result"].keys():
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print('Found %d bounding boxes (%d ms.)' %
(len(res["result"]["bounding_boxes"]), res['timing['dsp'] + res['timing['classification']))
for bb in res["result"]["bounding boxes"]:
print(\t%s (%.2f): x=%d y=%d w=%d h=%d' % (bb['label],
bb['value, bb['x], bb['y'], bb['width'], bb['heightT))
next_frame = now() + 100
finally:
if (runner):
runner.stop()
# framee_count=0
if name ==" main "
main(sys.argv[1:])
cap.release()

cv2.destroyAllWindows()
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