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Abstract

Recently, waste management is one of the biggest problems encountered by many
countries. Improper waste management leads to many ensuing problems for society such as
health issues due to germs and global warming since many people destroy waste by burning.
One possible solution to alleviate this problem is to properly classify the type of garbage and
handle each type efficiently. For example, some organic waste could be fermented to be used
as fertilizer or some waste could be recycled. However, waste classification in many countries is
neglected due to many factors such as incompetent authority or lack of waste management
awareness leading to inefficient waste management system. In this project, we propose ‘Trashy’
(An loT - based Smart Recycling Bin System), an intelligent waste classification bin that can
accurately and automatically classify trash into 4 types: glass, metal, plastic and others. We
employ Raspberry Pid (RPi4) as the main processor to control the overall system. The bin
utilized visual information to classify garbage where a deep learning model called resnet 50
(Residual neural network 50) is employed. Once the type of garbage is decided, RPi4 controls a
motor to send the trash into the appropriate bin type. The trash employs Ultrasonic sensors to
measure the level of trash in the bin and informs responsible authorities through Line
messenger to pick up the trash. All trash information is stored in cloud database for further
analysis. Our model yields 98% classification accuracy for training dataset but achieves 84%
classification accuracy for testing dataset. Performance drops on the testing dataset are due to
several factors such as external light and shadow. Image classification using resnet50 takes
approximately 5-6 seconds. Future works will focus on improving classification speed using less

complex models.


https://en.wikipedia.org/wiki/Residual_neural_network

nnANIIUUIZNA

Tnseauunsed frveedaadoiiianissiada (Trashy : An loT - based Smart Recycling Bin
System) anxnsasnfiunsladniogas lneldsuanutiemae sullouasmnuewasizt annaigiie
Hueded Telasveveunszanyana wazmienusig delud

YOVBUNTEAT HTILAMANTINTINT.Jumd WaUszlasy e1a1sdfivsnuilassanuglinimg uay
ﬁ’]LLuzﬁwL?’imﬁ’umeé’uﬂ%ﬁﬂm%’aa&aﬁLﬁuﬂﬁziasuﬁ sy Tunisuily Jey wising
luseninanisdninlassaunasn aun1sasvaeulilataunnsadlunisyitlaseny wasyuatvayuly
AvilasIuLnEE frvezdenseziiionisTlada (Trashy : An loT - based Smart Recycling Bin
System)

YereuNIEANeINTENNYulunAIr inensreuianes uvninendeauaiunsilaa Angan
Tduuzi dodauiiu wuenumenisudlalymlunisdarilasenu waglinnug seq Aduuselowd
don1sdailasaeuwsnd fwesdasesfienisilada (Trashy : An loT - based Smart Recycling Bin
System)

YeveuUAMLiiaus MAlr e nsAeNianes iinenderuniunsilsa Aldugiisnisi
wadawazlimusnuluniswaulasenuwnsed Swessansoziionissloda (Trashy : An loT -
based Smart Recycling Bin System)

voreUnITANLanyUlaT NN sutETuTmuTU s suReuR e swisUsEnAlne A% i
nndineuiauineimaniuazmaluladuisnd Aldliugavyudmiumsiamlasenuunssd &
veydaaseuiiion1sluda (Trashy : An loT - based Smart Recycling Bin Systern)

anvietiveveunszaminiunsniuarasounss Mdalenald@nuiandou  sudddianna

Hewdenarlimadaamsidavhaulasaulszavanudnsalusg e

AN IR



d19Uay
UTIARBD ....vvorveersesessessssessessssss e sssssssasss s sbasss s s bas s s s bess e b s st b s s S sesbaess e bR bbb e s b basns s ba st nnes n
AADSTIACT. c.u ettt ettt s e st e sae st st e s e sae s e e e e st e s s e s e e e e resae e e et et e ae s st et esaessee e e aessasaaenes U
AN TTHUTENI . reererreerreressesieesesesessses e ssssssssssss s s sss st sssssssessssssse s s ssssss s s s sssssesssesssesssesssessssssnssnns A
BITTUBY crvvverreresesssssessssssessssssssssssessssssesssssesssssessssssesssssssssssse s s s ssses s b s R AR s AR b AR X
BIVTURININ e revrnreesneeessesssseessssssssesssssssssssssssesssssssssssssssesssssessssessssessssesssssessssessssesssssessssesssssessssassssassssssssneses %
BINTUIATTN cerrererecesssseeesssseesssssessesssssessssse e s s ks b e Rk bbbk Y
UTT L eeeeoseeeeseeee e essessssesssseessss e sssesssss e ssseessse s s ssse s s snse s s 1
UTHT cvterveesteessee st ssss s sses b s e s e b s b s b b SRR e bR A SRR A e bbb e b e s b sen st 1
1.1 T TAZAIUENTEYVBITEI oo sees s 1
1.2 TAQUTEAIAUDIITUITE 1o sess s 2
1.3 UDULIAUBIIATI MU oo 2
1.4 UTE IYITANATIRLIITU oot ee e ess et es et sees e 3
UTT 2.ceeseeeeeeeeessmseesssssessnsse s sssesssssssssssse s s s s s st ssssssssssse s s a
NOUAUAUURATIHIUNIIIINITE ..o 4
2.1 NIRRT THTUNIIITATI oo 4
2.1.1 Convolutional Neural Network (CNN) ... a4
2.1.2 Residual NetWOrk (RESNET) ......ouoiiieiieiieieee ettt 4
2.1.3 ClOU COMPULING. ..ttt ettt 7
2.1 RASPDEITY Pttt 8
2.1.5 UITASONIC SENSON ..ttt bbbt bbbt b e esne 9

2.0.6 ArdUINO UNO R3 ..ottt e e e e e e e ere e e e e eeneans 10



217 LINE NOTIY 1ottt 11
2.1.8 Background SUBDTIACTION ......c.oiieiieieii e 12
2.2 ATUATITURHATOU oo seeeesesseesssssseees s sseesesseeesssessenees e 13

2.2.1 Multilayer Hybrid Deep-Learning Method for Waste Classification and Recycling...13
2.2.2 RecycleNet: Intelligent Waste Sorting Using Deep Neural Networks..........ccccevveeene. 13

2.2.3 A LoRa-based loT Sensor Node for Waste Management Based on a Customized

UIrASONIC TrANSCEIVET ...ttt ettt n et eneetenseaensesensanas 14
2.2.4 S3UUAAMINENIBEERTEE Smart Trash Tracking SYSEEM ... 14
UTITE Beeeeeee e seeeeseessssoeessesesssesesseesssesesssessssssess s ssesses s sseeessessessesessssssssesesssesssssssessessssseressees 15
A NI TANMTUITUANTIAUATY oot sesessseassssss e esssesesssesssessssssassasssesesasesasssasssassanes 15
3.1 AN ITATIUNTITIY oot sesssessssasesssssssassasssassasesssassasssassassssssassasssssassssssases 15
3.2 WAUATITANAUITUARDALATINIU coverereeeeeeeeeeeseesenaessesesassssessssssessesassssesssssessssaseasessssassssesases 16
3.3 QUASAILAZIATE BN ITIUNITITY ..oooeeoeee s s s 18
3.3.1 FIFOWIT (HAMAWATE) oo 18
3.3.2 YOWUDT (SOTEWATE) .o s e e e ee s eees e e s e eee s eseseeeeeses e eeessenns 19
3.3.3 ATTFLUNTTWAIUY (LANGUAZE) oo ees e 19

3.8 NNITODNWUUBAZIAIL cevevveeeececeeeecesessesesesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssanes 19
3.4.1 MIATIUYATOUR (DATA SE)evvverrrrrrverrressimeerresssssessessssssesessssseseeessssesse s 19
3.8.2 00T TTAIN MOAE .ttt eneans 22
3.0.3 LATIASTNIUDGEIUEL 1o eee e s e eesseseees s eeesseseeeess s eees e eeeseeeseseeseeeeseeeeessenes 23
3,00 FUADUNTIVIILYBITEUU oo 27

3.4.5 MIAIWANNTINUNATUANIAY RASPDEITY Pi.covrrrcvcerrrssvecrrrssesicssnesescsrsssssneessesssnnee 29



3.4.6 mimuqmmiﬁwmuﬁ'muau‘lma AFAUING UNO ..o 30

3.4.7 MIATUANLDADTIAY ATAUINO ovvvvvveceveieceeeeiecieeee e 31

3.0.8 NS OURDITVTANTIII U oo 33

UTITE Gvereereeeeeeeeeeseseeessssssessseesessssssssssssesesssessssseesssesesesessssseesssssssessssssssssssesessssssssssesssesesssssssssssmmeeee 35
AN TTATEEUI N e seesee s ssesssssssssssesasssssesssssassssssssssssssssssssssssssssssssssssssssssssssasssssssssssssssssssses 35
4.1 #an15USEUNEUNIS Train model UAZ TESt MOAE ... . cceceeeeeeeeeeeeeeeeeeseeeseeeeseseaseees 35
4.1.1 NANITLUSHULTIBUNNT TraiN MOGEL coveeeeeeeeeeeeeeeeeeeee e eseeeeeee e eee s eseseeeeeseseeeseseenns 35

4.1.2 wansi3eu model ALFYNT Test U ATNVIZTI oo 37

4.2 NaN19 Train wag Test model ‘ﬁgmﬁan ................................................................................ 38
G.2.1 WANTT TTAIN NOAEL ceeiiiieceee ettt aeenaes 38

4.2.2 NANTS Test Model AUAMWUBZTI ..o eeeeee 40

4.3 AFUHAIATIEIUNI T URIAUAVOITIVEL ..o 44
UTITE 5 eeveereesesseemeeeseesesssssssessseeesessessssessseessseeesssssessssesesseesssssessssesssesesssssssseesesssssssssessseessssssssssssmreeee 45
ATUNANTTANTUIIL ceovrrreernrrriencernsasesrssssesssassessssssseesssssseesssssseesssssssesssssssesssssssesssssssesssssssesssssssenes 45
5.1 HTUNANTITANTUII covorrrrrenncreriasecmsianecssssseeessssssesesssssesssssssesssssssesssssssesssssssesssssssesssssssessssense 45

5.2 Unyn ez UassATUNITAMIUIIL coocceeeeeceeeeesseeeresisseeeessssssessesssssssesesssssssesesssssssssssssssnase 46

5.3 DDUEUBUL coevveeeeeeereeseeeeeeseseeeasessesssesessessssasesssssessssasessessesasessesaseasessesasessessessessssaseasessssasessesases a7
UTTOUTUNTH cerrrreereerrmsesneessssssessssssesssssseessssassesssssssesssssssessssssssesssssssesssssssesssssssessssssssssssssessssssseesssssseesssss 48
DITRBIU DN oot ss s s s s s ss s s s ssssass s s s ssssssssasss e s ssssssssssassssssssassassssssessssassasssssassassassassassans 50
DITABUDIN 1 cerreeeeeeeeeeceesessesesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassassans 51
ATOMNITANGY UU RASPDEITY Pl 51

@:ﬁamsa@ﬁgﬁ Jupyter Uu Server http://10.1.136.181:8888/tr€€.......ccovviuieeriieereeeeeee, 60



AHOMITAARIUL ATAUING e 62
AVARUAN U oovorriivinnnicssssessssssissssssssssssssessssssssssss s ssssssssssssss s sass s sss s ss s ss s sss s sessssens 64
AMABUIN B cooererienasisssssassssssss s sssss s ass s as R bR R s aR R R AR R0 85

NANTT Train VBN MOUEL. ... s 85

HANTT TEST ATIUBINN MOTEL.eeeeiiirrrreeeeceeensssisssssssee e eesssssssssssssssss s 89
AIAHUIN Gooririrerniemsnsissseesssssesesssesssssssesssssssssesasss s sassesass s as s ba s bbb bs s s s s sees 93

ALDNVTITIMUTIVGEL e 93



AT 1
AT 2 -
m‘wﬁ 3:
AT 4 -
Al 5 -
AT 6 -
AT T
AT 8 -

NN 9 -

m‘wﬁ 10 :
Al 11 ;
Al 12 ;
Al 13 ;

A 14 -

A 15

AN 16 -

AW 17

A 18 -

A 19 -

A 20

A 21 -

A 22

AT 23 -

ﬂ’]‘W‘ﬁ. 24

m‘wﬁ 25

A13UN N
ATTVTITUUBY CNN oo 4
Architecture Of RESNETEO . ... 5
ATV MEX POOUNG ... 6
Sigmoid and ReLU Activation FUNCHION ......coiiieri e 7
RASPIDEITY Pl ottt 8
UTASONIC SENSOT ...ttt ettt ettt ettt ae ettt eae e ettt eas ettt eae s et et essen s seseeens 9
Arduino Uno R3 ATMEGAB28P ......c.cuiiiiiriiieitieieiecie sttt 10
UTNNT LINE NOTIY oo 11
VTR e 12
PNTTIRD et 12
FIDENIYATVBUR TIASNYSEL ervvvrrrrrreerrrresseesrsssessesssssssessssssssssss s 21
N3UUNISTUNT train TOUANINIUNITUINUEL v 22
ANUMTNYBIEIVBL ..o e e s e s seeee s eeeesse e 23
ANUMAIUDIEIUYL ..o e eeeeeee e see e eeeeee e eeeeee e 23
 AIATNITHIOUIORASPOCITY Pheoreees e seess s sees s ser s ees s eer s 24
ADITUTBE oo 24
D VETHETIUAUBEY oo eeeeseeeeese e eeeseeeeeesee e s eeseeeneeeees 25
ANGIUNGDIAU ArTUINO UNOrriieeeeeeeeeeeeeoeeeeeee e eeeesessseseseeeseseseseeeesessssssessseeesesesseeseeseeees 25
SR LINCAT GUITE .o eeeeeseesses s sees s ees st eer e 26
T T 27
LINE INOTIY vttt sttt 28
 1ATIATINITVINIUTUNITATURI eerrreeereerersseenesseseesssseseesssssesssseses s sesessesseses e 29
ANTUARBUTIUBY MOTOT oo seers s ees s eesses s s e 30
 AIITNITTOUADTIWIIN ATAUING UAZ MOTOT oo sees e 31
NS LA IITTULNRDITUTHE oo 33



ﬂ’]‘W‘ﬂl 26 :

A 27

Al 28 -
AN 29 ;
m‘wﬁ 30 :
AN 31 ;

ﬂ’]W‘I?]I 32:

A9 learning Rate THANTIANNZEN T.81E-08 oo 38

: Confusion Matrix AINNTTNAEDU UK SEIVET ..ottt e e 39

DY NIYATBLADTV ceerrrroneerrrssseeresssses s 40
VNATEUDINTIVUIIR oo e oo a1
a Idl o a
ATNNATFIANVNVITUIGGMATRO. .o 42
¥ d‘ o a
AN ITTVUVIQARAZER ..o essseessse s sseesse s esessses s a2

AMNYYLDU AVVUVIQNRAZER <..orrererreerreerneesesssssesessesssesesssssssses s ssssses s 43



AN5197 1
A5197 2 -
miwﬁ 3:
AN5197 4 -
AN5197 5 -
A15197 6 -
AN5197 7
AN5197 8 -
A15197 9
M157971 10

AN 11

2

UV MR
LA T TA MU oot 16
sqm%’a;ga THASNET ettt 19
LUSHUEUT AU TNLUYATBUR 1o 20
sqﬂsi’fauua TASNYSEE et 21
mMsouse Pin S2ring Raspberry Pi A% ArdUINO ........co.oovveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 34
$udfu model AANAAY Accuracy 3 SUFULIARER oo 36
A1 Train model ResNet50 171’5\1 B TDU ettt 36
NaUBINTITUT Model UIINNT TeSt U AMNVUZATI oo 37
HAGNEANAITNAADUAIMNVELTT TUTU CONFUSION ML orvvvrrrverrrrvernesseeresnereesnncnns 40
- AT UN ST U VL AUDITSUILUFRERT e a4

: ﬂq;muammwwmmﬁlﬁu ........................................................................................................... 46



uni 1
UNUI

1.1 NMuuazanudIAgyvaslym

[ '
= 1 1

UagtudsswalnefivSinamesiiugeuegaaiiios anludl 2561 UsenalnedivSunauvesya
Hoefiindunivauseinalssanas 27.8 audu Weweuiguiul 2560 Usunaiiudusesay 1.64
WeenNMsveneivesyuuiias waznsuSulliswindinandenununsnssugdauies nsiiiudy

| a 1 = a o a =3 ! DT L o a
Y99UTEYINT NTANETUNITVDUNET NISUSLAATILANNNNTU aqwa"l‘mﬂsmmmax;ﬂaNaa’lwmawumwm

[

1nTU wazdadinsdanisvezignindnensligniesssuna 7.36 1w vseAnduiosas 27 [1] e
#1sumuIUSIvEzyan eIl I LYY
NnMsaglanunMsaitaivvessemealngd 2561 ANUINNUTIVETLANBEYUTY 27.8 S1URY

Iegninlumdnednagnsesdszunn 10.88 dusiu vieAndudosas 39 veslsunuvezyarosvianun

> 4

wazdhnaululduselewtd 9.58 drudu vieAalusesay 34 WnTuanUiduuniesay 13 dulvaidu

a

nslduszletanvesilofanazinledunid vezyassgurudiunmaoduresiignitdnedisly

Y

gneieslszann 7.36 a1udu vseAalufeway 27 [1] 1w wiNea N15WIAIRNAIHAY N15IAdnty
wnauadnilifinisiidauaieniseinid wagnsdnasuiisluiiufiane [2]

Tunsadudindssdniuvesuyuddaaneitosiunisgulng uslaa vison1siAanssusiigg veq

(%
@

uywd neliiinvazyaney Mavezdunsie sesfidesaasls wazvezfdevaasluls Jeymvezilulym

Y

lngyseauaue vesmateUsemeaneinazuilunisluiube msgvesiindunniukasdiiuiuuiny

44' a O o A o w aM o a a ! v % A a A |
bIDY aﬂ‘VNmi‘m’mSwiaﬂﬁﬁ]@%wlmuﬂiza%ﬁmw @']Qﬁﬂmﬁi%%ﬂ%@ﬂﬂqﬂ WiaLﬂ@ﬂin'}@umWNNW LYU

n1siaganatafniuvini wniswenvianatainiugenaiainld vannaunsainluslufauayly

v A

Usglowsialula uigananafindesendunisidniignis mszn1sgesaaienalainausssuyifnedld

Y
msgeaarailunaiuiu nmsvhatenaradnlaeniswiiugd eravilidsaiudadulymniaivns
2171A 1nAIRETYMIAe InaIAugEInYeseminternuddgyveslamil JaduausuuInig
nilslun1sunlatdgymee Tnen1sviasesdmnsunenyuseinneey eivssimaitul udiunssuiunig

[

dnet1agnis dilslada uildldusvlevd wasviliinanuasainsegiuives lundiuiniign



31NINIINTANTRVEERENYNABINTTiBaTosar 39 B1aAnIINNITIANTISVEE NlldasanIs

lUsloda elatinssaserengg wu nsuenvesiivetlusluda winsnsevinvesuyyd

% 1 a o =
o Jindeuarvndndiin
e prnuivisennuldlalunisuenyey
=3 = o 1 1 a a
o msiiuvseangvezedsliiuszansam

1%
o

Pindamdang s lassnuiiiauedwessaaiosfiansauenvegld Ineisaginisuenaes
ganilu 4 Uszan fie wia wanafin nseledlany wasvesdug Fasiulufivesiianunsilusladald
UsyAvEnmosuvesnmadnuenyssinvuezegituszanmdosay 98 finmsld Ultrasonic sensor Lita¥n
Usunamezaeluds Tnsagdnisudafeulmdmininsu Wevsaerndifuduasiinisidouse

grudaya AWS S3 HaAUToyaN NMEIINNTHENUTZATIELY Wi

1.2 InUsaAvasIuIY
1.2.1 WaundwesiiannsasuenvezUssaviladans 4 Ussam degreiiussavsnm
1.2.2 fFnwn15W Deep learning wloulasizsinnlunissuunves
1.2.3 finw1 Embedded system titeldlunismunudsves
1.2.4 Fnwunaluladwuwesfildlunisnsaduresuas nuSunanes

1.2.5 Anwuuannisiudeyanmuezaiuuszuy Cloud

1.3 Y9ULIUAVBILATINY
1.3.1 anansansadulBuamezludslainesfundeds (runaimadouldiiu 2 - 3 cm)
1.3.2 ansosuunvezsilunds wanadin nsxledave wazvezdus I
1.3.3 @13nsasuverlaiies 1 Uselan fe 1 5aUn1syinaIuuesiveysansey
1.3.4 Tidayannamiiesegaferlunmsduunves

1.3.5 dwezazldndanuanluiinsswaadu (AC) annnsidsuuan



1.4 Uselevidfinndnazldsu
1.4.1 L%EJH?L?%EJ’J?TU Machine Learning
1.4.2 Boufifetv loT
1.4.3 Hwandgmsdnnisvezilignees
1.4.4 Hvanlonvuzduda

1.4.5 frgaaialunsAnlenvey



UNN 2
a a A o aw
ngeiuazuulnanltlunisindde
2.1 ngufuazuuniildlunisinlaseay

2.1.1 Convolutional Neural Network (CNN)
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Input Image Convolutions Pooling Fully Connected

AN 1 : n5YIeIUYes CNN

2.1.2 Residual Network (ResNet)
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layer vrstuiuonaazlddndu waziauelifinnig skip 910 layer 13 drduniley laudnduadey A

umtinuu layers wia1tunaggn train Jidlng 01U drudeyanidnluidaiunsa flow wu skip

connection TUsusalule [4]



Tneanzddnvhldidonld ResNet50 nszanuantsnaaesinuats luea lunaddaay
andeslunisiluvszgndldasannnilinedug dduinatiilasiadrsvas ResNet fiusznaudae 50
layers MstiusautuiesieiulUludasaufioanuuusinnd 2 axfiuldinsinnsyihem 50 layers L
ag layer 3g8n13AMUAAIRIS LU Convolution, Activation function LLazﬁlu"] uDINSUSUADENY

Learning rate Hudu

ResNet50
Deep Residual Network

weight layer

F(x) relu =

weight layer identity

F(x) +x d

relu

Residual Learning Block

3x3 conv, 64
3x3 conv, 128, /2
33 conv, 128
313 conv, 128
343 conv, 256, /2
33 conv, 512, /2
avg pool

pool, /2

7171 2 : Architecture of ResNet50
i - https://kharshit.github.io/blog/2018/09/07/skip-connections-and-residual-blocks

TngazUsznaulume layer wanqeadl

® Convolution layer (CONV) agl¥ filters Nhefsnnanvazvadunaildlunissiningesn laedl
N13MmUA hyperparameters e filter %150 padding Muanwazduns [5]

® Max Pooling Aia fnseniildlunisidenfiuniigaluuiiaasumsndifiensiu [5] Asnni 3



Max Pooling

Pooled Feature Map

wd el 5 B Max Pooling 1{1]0
O NG | e 4|21
1 r2irato ol [F2NIN 1

Pooled Feature Map
Feature Map

AA 3 : N19Y11 Max Pooling

i : https://medium.com/@pradyasin/what-is-convolution-neural-network-bf2e525089f5

Batch Normalizing (BatchNorm) e wnadafildssninanisivsu Machine Learning Liieudu
Shift, Scale 1% Activation ﬁ@gjmﬂu Hidden Layer 983 Deep Neural Network lsdauin
winzau ldidnvseliingauiuly Tnegiiisuaind Mean way Standard Deviation ¥83)n
Activation Tu Layer y@393 Batch ﬁ?u wazin15L@3uaIY Learning Parameter el model
Feuifiazuiu Activation Iduiideanisldies Batch Normalization ¥inlviusay layer lu

Neural Network ansnsaseuslanigiiiesannisuniniu layer 8ue (6]


https://medium.com/@pradyasin/what-is-convolution-neural-network-bf2e525089f5

® Rectified Linear Unit (ReLU) Ao #arduidunseiignuiuud Rectified lalld fsnnd 4 Faazidu
landuilisaudtaniann activation function due leada input WWuuan slope azwiiu 1
maeAnTa vl gradient lalve (ldifim vanishing gradient) dswaliistinsu model lal5:0uann

[7]

sigmoid " ReLU

10

R(z) =maz(0, z)

08
0.6
04

0.2

’1o = 0 5 10 1o = 0 5 10

A 4 - Sigmoid and RelLU Activation Function

fian : https://www.bualabs.com/archives/1355/what-is-relu-function-why-popular-deep-learning-

training-deep-neural-network-activation-function-ep-3/

2.1.3 Cloud Computing

Cloud computing Aamalulaguuulnilunsiivdeya Jeviluguuuuseulat Fwaunsadnis

(% '

1 a !

levisinumauiames dade wivdnrieaunsaldus duilmdnfslayniivniaal Cloud computing

q

v @ Y v a § @ o
EJ\‘iLU‘L!WJLLV]usU@\ﬂ;ﬂNﬁﬁ’lﬂaumaiLum{jﬁ]ﬂUu

Inganzgdniilidantd Amazon Web Services (AWS) Wuunanvlosuszuuaanafinsounay
waglduiuannfigaiiveuwnn1sliusn1snninewing wagdalinsinanuiasuiaesigaluusnisivaiiu

A0Y19YU [8]


https://www.bualabs.com/archives/631/what-is-gradient-descent-in-deep-learning-what-is-stochastic-gradient-descent-sgd-optimization-ep-1/
https://www.bualabs.com/archives/1789/what-is-vanishing-gradient-problem-fix-vanishing-gradient-problem-with-xavier-initialization-kaiming-initialization-neural-network-ep-2/
https://www.bualabs.com/archives/1355/what-is-relu-function-why-popular-deep-learning-training-deep-neural-network-activation-function-ep-3/
https://www.bualabs.com/archives/1355/what-is-relu-function-why-popular-deep-learning-training-deep-neural-network-activation-function-ep-3/

Amazon Simple Storage Service (Amazon $3) fie UsnsiufisaiiuSeudng fueunisusu
vua arameuldnuesdoys amnuvasade uasdssaniamdui Wy duled ueundiaduiiede
n1sd1sesdeya wazn1sAual n1siuans nsldauluesdng gunsal loT wazn153AsIen Big Data
Amazon S3 ueunuaniAnisinnsildnuldie Weliannsadnsudoudoyauasimundinisaiun

ANFHUIDNNIRSINY LNDRBUAUBINBAIUABINIT [9]

2.1.4 Raspberry Pi

6

Raspberry Pi fousinnoufinnosvuadniianunsailoureiuiousiines Adussa wnd waz

g
dnvavesn Raspberry Pi §45035uszuud]ifin1saynd (Linux Operating System) lavianassuu 1y
Raspbian (Debian), Pidora (Fedora) uas Arch Linux tu@u lne@nfauu SD Card Uasa Raspberry Pi

lgnesnuuuunlvd CPU, GPU wag RAM agnglufivideniu deanslunmi 5 dyaeuse GPIO T

ldanunsaluldsindugunsaldilinnsednddus e [10]
40 Pin General-purpose
input/output Header
: ' 7 s Gigabit Ethernet

Micro SD Card Slot

2-lane MIPI DSI
display port

USB-C Power g y .6
Port 5V/3A 4-pole stereo audio
2 x micro HDMI lanepiplos
ports(up to 4Kp60) P

AN 5 Raspberry Pi 4

fan https://raw.githubusercontent.com/SeeedDocument/Raspberry-Pi-4/master/img/hardware-

overview-1400.jpg


http://thaieasyelec.com/products/development-boards/raspberry-pi/raspberry-pi-2-model-b-detail.html
http://thaieasyelec.com/products/development-boards/raspberry-pi/raspberry-pi-2-model-b-detail.html
http://thaieasyelec.com/products/development-boards/raspberry-pi/raspberry-pi-2-model-b-detail.html
http://thaieasyelec.com/products/development-boards/raspberry-pi/raspberry-pi-2-model-b-detail.html
http://thaieasyelec.com/products/development-boards/raspberry-pi/raspberry-pi-2-model-b-detail.html
https://raw.githubusercontent.com/SeeedDocument/Raspberry-Pi-4/master/img/hardware-overview-1400.jpg
https://raw.githubusercontent.com/SeeedDocument/Raspberry-Pi-4/master/img/hardware-overview-1400.jpg

2.1.5 Ultrasonic Sensor

Ultrasonic Sensor \luwuiwasininulagerdendudesiifinnudgindn 20 Aladsa (kHz) &

@ d' 1 a 1 Ya a § a LY a o o N
uJuﬂauiumuwwwﬁlmmmi@sml,asm wulgasrindanslaininulagenfuni1snszany wen1s

e

a Y 1

\wdeunvasnaudstlUnTEnURUNURIYDINANS uazudiuveIndudss asunsnn i luluminans
W uagdnlngvesndunnuiagadl azagvaunduisendt "Echo" lngdiaa1vean1saeaunaureinau

deosdudndiulnensatuszaziaszningingiuwuees [11] dsanslunind 6

AT 6 : Ultrasonic Sensor
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2.1.6 Arduino Uno R3

vesalilnsnoulnsaaesiiuu Open-source Uuumanwasu Arduino Tagld3u ATmega328 $uil
A 16 MHz witheausiuas 32 KB usy 2 KB vasaldlidss 7 e 12V fisziuusesulndirlunis
M9ULaZY ”a;iymaauiﬁl 5V (TTL) & Digital Input / Output 14 41 (Fu PWM 16 6 v1) & Analog Input
6 ¥ Serial UART 1 9 12C 1 9@ SPI 1 9 Weulusunsuuugenyiuds Arduino IDE waglusunsuniu

o3 USB §anndl 7 [12]

Rx Tx 5u Gho[e[e @ ©]
SDA SCL3.3UGND| ®[ @ © @)

71971 7 : Arduino Uno R3 ATmega328P

fian : https://img.dxcdn.com/productimages/sku_370842 1.jpg


https://img.dxcdn.com/productimages/sku_370842_1.jpg

11

2.1.7 Line notify

LINE Notify

A7 8 : U313 LINE Notify

fan https://images.app.g00.¢l/gjbgekKTWmjmXMvK9

LINE Notify fia uSnsnsudemnuudaiouainiivwesianie naulalanis LINE lnevdaasa
Funseureiumaiuwesiauad arlasunisudasouaintydnienisues “LINE Notify” &slwu3nng

lag LINE gnansaliausaiuuinmsivainvany wagdianaunsasunmsudassunangulasnaig

[

nsldanulagsinves LINE notify agilguuuudail fie suusnaasluasng token vas account lu
JEUUVRY Line nou 91ntuAU token old Wedosnsnagdetonnuudaiouniss azld token diile

A9DANULINADY HIUNS http post [13]
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2.1.8 Background Subtraction
N3 Background Subtraction Uun15¥ANNANSYRIAMN foreground UMW background

Taen15uNMsaaauUTY 1asantuAnadnsaInn1IsauiuYed 2 AW Ui Threshold Fadunis

1% Y
= o 1 o

TdAmsia1nie Tunsiseueunuaved Pixel Tuwsaziy a1A1994 Pixel Tuiundulia1desninaaei

v Y [ Y
A A S oA !

AdziUAsum Pixel VoINuNtudu 0 wid1A1ved Pixel TuluntuiliAuinninAaziuasuan Pixel ¥a9

Aundudu 255 Inelunuiddedisladu Threshold Binary nasaindushainilaainnisvin Threshold

1MIN198U noises AI8N15%1 Median Blurring az Gaussian Blurring wagndianntuinnnlauivii

[

13 sum A1gAdu1 e dinguseld lnanmitlifiingazinainnisinin foreground  AunIn

[

background Junmuuuiieniuazlanmgavinaidunmdidiudnind 9 waznmadingazlann

q

Y  ada a Y} & Ao o 2 ) =
q@V]']EJV]ll'UiLUﬂJi@US'] 'JWQL‘U'UE‘TWW wagnnL

q

UFU AN NN 10

29N 9 : p sl g

@

AT 10 : N Ing

U1 : https://docs.opencv.org/2.4/doc/tutorials/imgproc/threshold/threshold.html#threshold-binary
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[

2.2 MUI8NNYIVD

2.2.1 Multilayer Hybrid Deep-Learning Method for Waste Classification and

Recycling [14]

ﬁju,ﬁi\‘i : Yinghao Chu, Chen Huang, Xiaodan Xie, Bohai Tan, Shyam Kamal and Xiaogang
Xiong

(%
av A

nAeiduns@nwiieadunswenvey  Iagldgunmdmiunssuiunmsifaweslaua
@iuls Teensyuaunshilafiianzdaneiniunitie Tunisduunvegiiieaiity wadsdl Sensor finge)
angaelinisdwunuszansninlunisdnunveziindy laun Bridge sensor aaelutinsvein1sin

11u11n Inductor Ta@nsuinlany

2.2.2 RecycleNet: Intelligent Waste Sorting Using Deep Neural Networks [15]

EE’LLGN : Cenk Bircanoglu, Meltem Atay, Fuat Beser, Ozgiin Genc and Merve Ayytice Kizrak

£%
av A

uIdeiidunisud Convolution Neural Network uldlunisiuunuezvesyadaya TrashNet

%
(% d\ly

= a % ! ~ ~ Y yYo o = )
YIPINNI1IIYUY @a@ﬂwma@UIﬂﬂisﬁ CNN bUURINE UUssungu LLa’JI@VﬂﬂWiUUWﬂW@ AITHLLHNUYIUBD

[ '
U =

model Wiantiu F9n1539ila AT model wiantuiiauwsiugng LalunisyinungAautatn

o

MepRInIIaladinisuiaue model wuulvfiausiaslunisviruneunduiielmuunziunis

Tdnuwuusealngl


https://ieeexplore.ieee.org/author/37086101120
https://ieeexplore.ieee.org/author/37086458137
https://ieeexplore.ieee.org/author/37086460074
https://ieeexplore.ieee.org/author/37086459258
https://ieeexplore.ieee.org/author/37072814900
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2.2.3 A LoRa-based IoT Sensor Node for Waste Management Based on a

Customized Ultrasonic Transceiver [16]

Q’Lwia : Tommaso Addabbo, Ada Fort, Alessandro Mecocci, Marco Mugnaini, Stefano
Parrino, Alessandro Pozzebon and Valerio Vignoli

[

Jnan8an1sly Ultrasonic Sensor 51A7MkNe  1iau1ns13 0 USuuvezludavey &

[

NUINY

3
;Y

Ultrasonic Sensor Nis1alduwnsaziinisnsivinnlddesududuindn daauideitlady Ultrasonic
Sensor M5 kiwnanUsulse WdimsiadsunamesludwesTiududunniu wagliveasaidwesnd

AsUSuseaa lURARR Ul oIanLsud Usemadana

2.2.4 S3UURANNANVZEA3YL Smart Trash Tracking System [17]

BAia : ANl nagaRTTl, aUNeY ARy Uay AR gYiBuIa

a 1 o

spuuRnmudmezsansey Wussuuildlunsinnstgwessiidiunouimue wasdndumdu
Tnsfimsudadioudiunadlimsuisdaesilndazifuuds vezindumiu vdensaaeuitverifiuudn
tugnmnsliyala Tasnislfisumesuadunsnsnfafigasieg e tnusuuuesluds matheugesin
AN MeINAlonTIvEaUN AU uTiea NI NYeS Mnturrdsiumiswesiivey tneldszuuiims
(GPS) FeyaUinamaznauvesoziunsgunsainsaduudithdadeyaludandesuinng (Server) uaxdl

FTUUTIBNULTAR UMW uazuoUndnduuudiete wWeousmsdanisuazuilutymaezluiesayn


https://ieeexplore.ieee.org/author/37273064100
https://ieeexplore.ieee.org/author/37273670900
https://ieeexplore.ieee.org/author/37294807500
https://ieeexplore.ieee.org/author/37299508800
https://ieeexplore.ieee.org/author/38108758700
https://ieeexplore.ieee.org/author/38108758700
https://ieeexplore.ieee.org/author/37888946100
https://ieeexplore.ieee.org/author/37273668600
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A5N15ATEUIUANEIAUAIT

3.1 35157 IUN5IY

o/

3.1.1 ANEIAUAILNETT LAZITUIBNNYIVDY

[ ] =) ¥ av o a v ~ o oA A Y v o o
Judunoun1sauAuendls  warduldeiineldeansinuiseinueddnvinaula wazyvinnis

Y

FnLaanauIdeniiendes ethunduwuinidunisyilassnukasiunivelas sy
3.1.2 ANW135N1391191u989 CNN twasnUszendldfiuyadayanwues

NNSEARNWILDNATINUITENNIVINUTATIU TuLen@1591u3T8tain151d CNN 39699

nsfny) CNN eanudnlasasdnlidssandldlunszuiunisiauludiunisasns model
3.1.3 Anw135n15199u Raspberry pi Tunisi@ausauainasiias Cloud

\Hosanaaddnvhdeinisiiugiudeyavesnimuezivhnsvihuends Tussezenisssondeiug
Wudwauun wazagaanlunisdnnisninlusunan Jslaanuinisienseszning Raspberry Pi luns

Fousauawmesuay Cloud Wieanudangulunisiiudeyauazliiasesdiovhausiuiula
3.1.4 {n15anuUUiwes Walinseniunsldau

Wuduaoulunisoenwuugliuudiazn1500nkuunszUIuN15NeItvey tneA1deds
4N1MwINARNNITYINNUISITUgUNTaiNlaTin sARRIlTaNN5aR 1L TUNS IR INAN T NILIATONANSY WAL

JUUsEINalUNSINYINE e DS 8
3.1.5 NAFIUNISNIIUVBINIVYL

lutunaunis Train model faeitnIsnageuUsEaniaIMUes model Waiiguuseansainlu
N3Y1UITeaNINATUNaN13YINY enanmwindeuvasnmildlunis Train limileuduninly

A01UNN5AI959 39919V IALNNSYITUIBRANAIALS

3.1.6 A3UNANT5IY LauBLUE Lasdnsinguiay



3.2 uNuNsAuUnaanlATIUY

AN 1 1 LRUNNTAMEUIY
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JURDUAWIUNT 62 | 62
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1. SUAULAZINLHUIATIY

1.1 R UTIATLATI9NY

1.2 MYpyaRNYILUIAALAENG Y]

1.3 LARNLATDLB

1.4 AnwsEUUUIngIT89

2. N15ATITHTZUU

2.1 naasdln CNN 11 Trian wag Test model

Ingldyadaya “Trashnet”

I3 ¥ 1
2.2 LﬂUi')Ui’JiJ‘QWU@Hﬂﬂ’]W“UEJSGLVIN

A5uns Ynun Test model

2.3 USue1 Learning rate, epochs

P I a o v Aaa
wemeAnfivinlinlea accuracy NA7ian

2.4 295z UUUURNT58Y Raspberry Pi

waz1 model #lauaunla Raspberry Pi

3. NNT9ANLLUUISUY

3.1 9ONLUURINIVEY

3.2 9ONLUUTZUUNNTNNIUYDINVYY

4. NISNAIUIATANNITEUU

4.1 1Fouste Raspberry Pi fiu ndog, AWS S3,

Ultrasonic Sensor tag Arduino




4.2 Usenauminauey
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4.3 NAFDUNS N UDIVYY

4.4 mdeiianainuazuiluuuls

4.5 Ipvinena1snsAnassruuLarailanisldeuy

5. 3ULAZINEUNINUATY




3.3 gunsaluazinzasdionldluniside

3.3.1 915au25 (Hardware)
a 6
1. AUNIMDS

a s A A
ADUNFDILAIDIN 1

- 5yuuUURNTS: Windows 10 pro (64-bit)
- uaeUsENING: Intel Core i5-3470
- MUI8ANDN: RAM 16 GB

a s & A
ADUNILFBDILAIDIN 2

- 5yuuUURANTS: MacOS Mojave
- eUszuIng: Intel Core i5
- WEAINA: RAM 8 GB
Server
- syuudfUANTS: Linux/Ubuntu 18.04.1
- weUszara: Intel Core i7-8700

- MUIEANIN: RAM 62 GiB

2. Ultrasonic sensor ju HC-SR04

3. Raspberry Pi 4 model B Ram 4 GB
4. Raspberry Pi camera V2.1

5. Arduino Uno R3 ATmega328P

6. Motor

7. Relay 5V 2-CH 10A 250VAC

8. LED strip

9. DRV 8255 Stepping motor Drive

18



3.3.2 9avlw3s (Software)

1. Google Colaboratory (lun1s train wag test Model)

2. Jupyter Notebook

3. Amazon Simple Storage Service (Amazon S3)

3.3.3 awniildluniswaun (Language)

1. Python 3.7.3

2. C
3.4 N152BNLUULASWAIUN

3.4.1 Msinseuyadaya (Data Set)

31971 2 : yadioya Trashnet
Ussnnuesves UAN Tuurazussinnves
NTANY 594
W7 501
UGER 482
nszladlany 410
NTANYLTS 403
VAU 137
394 2,527

19
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91015197 2 Wuyadeya Trashnet Nivianan 2,527 3U uasuundu 6 Uszan loun nszany

o

uia wanadn nszloslany nszawuds wazvezdug Famenmzfdailimihyadeyadnaioniyiinns
dauas  ifelimnzautunuided lnensanuszinnvesiiaedanenlivie 4 Uszam 1dud ufia
wanadn nszloslans uazvezdu wagldfinmsifiunmuszlnidnluuisdin elideyanmussudas
Ussanildruuiaugadulunndszian Wamnsadanldauldedrsiiuszansaim Tngaziinisda

anmuandeuvaanmlydlillan niindeulndifssiunmluyadeya Trashnet

A d = ° v
HITNN 3 : L"LJ?EJ‘ULV]?JUQ']U'JUJ]WWELUGQWGU@NU@

Ussinuasvey uunwluyadaya Iuunluyadaya
Trashnet Trashyset
i 501 950
wanan 482 950
nszUotlany 410 950
YerHUe 1,134 950
33U 2,527 3,800

9915797 3 wansbiiudsuaunmlugadeya Trashnet 7ildvinisdaudas ngldvinnisiia
VUMWY 449 FU, WNTUnmwaain 468 5U, Wnduunwnszledane 540 §U uavan

UUNNVEEEUY 184 5U

[

Ingazlayndoyalifie Trashyset Ingfidnuiunanan 3,800 3U lneildiegasanini 11 lngag
wUstaya Aam15199 4 B39zl 91073 train sely Lieliild model Miaunsausnesnudu 4 Aana
leun win wanafin nszledlans uaz vezdus lnenisguuisgadoyanimdunis Train Sesay 80,

Validation 508ag 10 way Test Souay 10



glass

plastic

9 11 : fegeyatoya Trashyset

M1517 4 : Yatoya Trashyset

21

USELNNVDIVY TUIUANW Train (80%) Validation Test (10%)
Tunsazusznn (10%)
VYL
A7 950 760 95 95
NANEFN 950 760 95 95
nsedadlane 950 760 95 95
ey 950 760 95 95
571 3,800 3,040 380 380
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3.4.2 115 Train Model

<

|

Train 90% ] ? Test 10% ]

hyperparameter Test

tuning

Performance

Result

Glass Plastic Metal Other

AW 121 nzuIunslung train Jeyaninlumsuenes

N9 12 tnhgadeya Trashyset 9nTun15199 4 Fruunsnun 3,800 5U 11911015 train

Wiglile model fianunsauenesnundu 4 aana laun uii warafin nsydeslany uasaezdus laens

duuvsgatoyanmiunis Train Soeaz 80, Validation Seeaz 10 uay Test Soeay 10 nd1RINUUTNIS

A1 Learning rate lagrivuagislunisman lneeglugie le-6 - lel Walam Learning Rate

A o 1 & . Yy oa ° = ° ° A Y
LAUIZEN 9LADNUIATUUNN Fit method LAILNUIDUNITATUIA FILTIVINITATUI 40 59U LN@I@

model 123911 model 1U Test performance 1iiusgansnnlunisduunvsoli lnednuszansaimn

N19911971U989 model WU Confusion matrix W& model Huluas Raspberry pi WaulUsonas

Uszananatunsakunveglvausavinausuiudweznmseu e

Tun"s train data 157193 source code 1191NLAY

https://github.com/collindching/Waste-Sorter/blob/master/Waste%20sorter.ipynb


https://github.com/collindching/Waste-Sorter/blob/master/Waste%20sorter.ipynb

3.4.3 1596519009090

1.Raspberry Pi

\ S S
v - <
wn? wmamn VYLDUS

v &
3. Q9NUYYE

= v o o
AN 13 @ AMURUIUDINNVYY

NAMT 13 Bnvesiaiurezuiazszny n319 25 WURWAT g9 85 LwuRluns &n 60

WURLUAT LAZTUINVDINADISUIYY NG 40 LWURLUAT 9 30 LWURALUAS an 20 WURLAS

4. naaaLAu Arduino

5.5749189u Linear
Guide

AN 14 PUNSIVBID IV
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1. Raspberry Pi 1Jun1s6e13as  iiemiuaunisyineuiugunsalenae leun Raspberry Pi

camera Lagn 1S apuRONIY pin lawn Waay relay 1w LED Ultrasonic sensor 2 @u Ao @UU99n01s

ASI9FBUNNTI UL hazInUSunavezlune aen1na 15

3
?

&

AN 15 : 29930154 T0UsORaspberry Pi

2. napsFuey nthnsuverannglduuanihveglundasmssiurezaduds danni 16

.:4' W
AN 16 : NADITUVYY
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3. faAvYssntNAUTsLAAALenLa? Tngazuuadu 4 89 Ao wA1 lane walain wazves

DU AININN 17

4. n@oaLAiu Arduino Uno a4y Arduino Uno, Power supply Wag DRV8255 Stepping motor

Drive 914 2 944 A4 W 18

amd 18 : melunaeaifiu Arduino Uno



5. 919180U Linear Guide Ythil 1dounasssurslunedsdsezussLantiug asn i 19

29 19 : 51988U Linear Guide

26



27

3.4.4 YUADUNISNIIUVDITEUU

©

Trashy

a2 e
LUBYNUYZAINABDITUVYY

4
o A

ihgunangludszanana
Wevhueyssinnuee

UUu Raspberry Pi 4

Raspberry Pi 9zdsnalii
Arduino Wedinassliiou

UsvezauUssianvestiug

—

[OF Y-

—

Ultrasonic

Sensor LED Strip

Ultrasonic Sensor o Sensor avanyTng

sarnduilediTagiinn Raspberry Pi azdsloluiln

©

<

5

Subtraction

Raspberry Pi
A " Camera

hamiiae Raspberry Pi avdsli
uvi Subtration Raspberry Pi Camera

Wensrnildueyniel ﬂ"’lﬂz"d

Ultrasonic

_>

Line Notify
Sensor Souuelndid
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Model Aade Accuracy (%) Model size
ResNet50 98.68 98 MB
vggl9 bn 98.59 82.4 MB
Resnet101 98.59 179 MB

densenet121 98.41 32.6 MB
ResNet34 98.07 87.4 MB

INANTNI 7 UaAsUayan1s Train model ResNet50 ¥4 3 58U
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Model Learning rate (%) (min) Model size
ResNet50 7.41E-04 98.15 30.48 98 MB
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ResNet50 5.75E-04 98.68 30.65 98 MB
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A3eM3AAAY DY Raspberry Pi
1. ANAY Raspbian U Raspberry Pl 4

Wwduled https://www.raspberrypi.org/downloads/

atllvanlig Raspbian aslulATesAaNRADS AININT N - 1

Downloads

Raspbian is our official operating system for all models of the Raspberry Pi

Download it here, or use NOOBS, our easy installer for Raspbian and more

Raspbuan

A9 A - 1 Tumeunsadivanlid Raspbian

2. finnalusunsy balena etcher UULASBIABNNILADS

WA les https://www.balena.io/etcher/ anauluanlng balena etcher Fanmii n - 2

Flash. Flawless.

Flash OS images to SO cards & USB drives, safely and easily

29 N - 2 TURBUNITANUIMan g balena etcher
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https://www.raspberrypi.org/downloads/
https://www.balena.io/etcher/

3. Waluswnsy balena etcher

I
a o A

donlvla .img NagAnsa --> 1dan Micro SD Card wwsesionld > na Flash aennd n - 3

o Etcher - X

© — A

2019-07-1._-Ste.img (/media/g._D4A-7FCT)

@ balenaticher g balena

AT N - 3 TURBUNITAARY Raspbian 1aeld balena etcher

3 (7 a{'
SOLAAAULESY AININT N - 4

= Ercher - 4% Flashing x

2019-07_ite img

{/media_A-7FCT)

’

4% Flashing

Add Bluetooth to your old spoakers or Hi-Fi

- °o
A9 N - 4 soluanaudse



4. faen Raspberry Pi 4

111 SD Card 1d Raspberry Pi 99nuiuila Raspberry Pi —> A9A1@n1uilbaznIe) #9nInwi n - 5

Welcome to Raspbeny Pi

Set Country

Enter the details of your location. This is used to set the language,
j time zone, keyboard and other intemational settings

Country Singapore

Language English -

Timezone Singapore -
v Use US keyboard

v |Use English langquage

Press ‘Next’ when you have made your selection

Back

AN A - 5 TURBUNISAIAIEDTUTALBLAN

f9A1 Password > ne Next A9ANA A - 6

Welcome o Raspbemry P

,. Change Password

B The default 'pi’ user account currently has the password raspberry’
) 1tis strongly recommended that you change this to a different
password that only you know

Enter new password

Confirm new password
v Hide characters

Press Next' to activate your new password

Back

2N N - 6 : TUNBUNISAIAT Password



< v d'
S8LAaAULESY AININA N - 7

Update Software

The operating system and applications will now be checked and
updated if necessary. This may involve a large download

Press ‘Ne»
without cf

Reading update list - please wait

P °o
AA N -7 selnanaudnsa

WWouRDDUNDILIN —> NA Next fInIWA n - 8

ALY

Welcome to Raspbernry P
Select WiFi Network

jl Select your WiFi network from the list

Antigote
Antidote-guest
Ayngaran

oatman

Leelipena320

Press ‘Next' to connect, or ‘Skip’ to continue without connecting

Back Skip Next

2T N - 8 TusauAIADUMBSILN



AN OK A9NINA N - 9

Update Software

The operating system and applications will now be checked and
updated if necessary. This may involve a large download

Press Ne»
without ct

System 1s up to date

OK

2NN A - 9 : TUABUTWANTDNLIA

AM Restart AININA N - 10

Welcome to Raspberry Pi

Setup Complete
Your Raspberry Pi 1S now set up and ready to go

Press ‘Restart’ to restart your Pi now so the new settings will take
effect, or press "Later to close the wizard and restart the Pi yourself

AT A - 10 - TURBUIANIIN Raspberry Pi 4
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5. Install fastai

W1 terminal F9nIWA A - 11

® @ 3

Terminal

29 N - 11 : JuReun Terminal

fanemndesaluil

$ sudo apt-get -y update

$ sudo apt-get -y upgrade

$ sudo apt-get -y install python3-numpy python3-scipy python3-matplotlib python3-
pandas

$ sudo apt-get -y install python3-pip python3-pil

$ sudo apt-get -y install build-essential python-dev git

$ sudo apt-get -y install python-requests python-dataclasses python-typing

$ sudo apt-get -y install g++ cmake python-dev

$ sudo apt-get -y install nodejs npm freetype2-demos

$ sudo apt-get -y install zliblg-dev zip libjpeg8-dev libhdf5-dev libpng-devel libfreetype-
devel

$ sudo apt-get -y install libhdf5-serial-dev hdf5-tools

$ sudo apt-get -y install cython python-cuda

$ sudo apt-get -y install pkg-config libfreetype6-dev libpng12-dev

$ pip3 install freetype-py

$ pip3 install pypng



S pip3 install dataclasses bottleneck
$ pip3 install pynvx

$ pip3 install pandas

$ pip3 install fire

$ pip3 install jupyter jupyterlab

S pip3 install fastprogress

$ pip3 install torchvision --no-deps
$ pip3 install spacy==2.0.18

$ pip3 install fastai --no-deps

S mkdir fastai

$ mkdir .fastai/data

$ echo "done with partl - now logout, login again and run setup_jupyter.sh"

6. ANAY torch

1Aau git i https://github.com/sungjuGit/PyTorch-and-Vision-for-Raspberry-Pi-4B.git

Aanapdedaluil

$ sudo pip3 install torch-1.4.0a0+f43194e-cp37-cp37m-linux_armv7L.whl

S sudo pip3 install torchvision-0.5.0a0+9cdc814-cp37-cp37m-linux_armv7L.whl
7. famg boto

$ sudo apt install python3-boto
8. Anmg opencv

e : foadu python 1estu 3.7 Fuly

$ pip install opencv-contrib-python==4.1.0.25
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9. inA9 Raspberry Pi Camera

:den Raspberry Pi Configuration flan1wdl n - 12

Al - 12 Raspberry Pi Configuration

@8N Enabled 91 Camera > na OK A9A1WA A - 13

System Intestaces I Performance

Cames Desabled
SSH Enabled o) Desabled
VNC Enabled o' Desadied
SPy Enabled o Drsabled
Re Enabled ®) Drsadled
Sena! Port Enablec ) Drsabled
Senal Console )
1-Wire Enabled *) Desabled
Remate GPIO Enabled ) Disabled
Canced oK

A A - 13 Raspberry Pi Configuration
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NAFIUNIYAIN

W1 Terminal A9AWA N - 14

Ibc\
ﬁ
V]
%
&

@ |

AN A - 14 ;191 Terminal

o o

NUNAEIE8AIN $ raspistill -o Desktop/image.jpg Fannwdi n - 15

pifraspberrypa

NG N - 15 : AIFIR18ATW
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ANaN1SANAY Jupyter U Server http://10.1.136.181:8888/tree

1. 1U7 Conda tilea31s New Environment 1idmsuiings Module/Package ¢19e) Aisndudos

Tdaulymsau Ineas19%e fastAi 9nIng n - 16

es Running Clusters Conda
19 Conda environments +
Action Name Default? Directory
Zeeh@ Sign2 /home/weerayuth/anaconda3/envs/Sign2 a
ZaAaE Signlang /home/weerayuth/anaconda3/envs/Signlang
ZHa /home/weerayuth/anaconda3/envs/anaconda3
A /home/weerayuth/anaconda3/envs/autoSklearn
Z@E face3d /home/weerayuth/anaconda3/envs/face3d
@@ fastAl /home/weerayuth/anaconda3/envs/fastAi
]
AN A - 16 : Conda on Server
v v . 1 a Y A . A a O v o d'
2. LU Files ‘U“VILJJ‘L“} New WLa3Ladn Terminal tWaanMY IZLAAINUID AININWN N - 17

~ Jupyter

(base) weerayuth@weerayuth-System-Product-Name:~$

AW N - 17 : Terminal on Server

Aanedealuil

$ conda activate fastAi

$ conda install matplotlin - y

$ conda install --no-deps -c fastai fastai
$ conda install yaml

$ pip install yaml

$ pip install pyyaml

$ pip install pandas

S pip install scipy$ pip install requests


http://10.1.136.181:8888/tree
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S pip install fastprogress
$ pip install torch

$ conda install PIL

$ pip install PIL

$ pip install Pillow

$ pip install torchvision
$ pip install git+https://github.com/fastai/fastai.git
Sconda install glob2

$ pip install glob2

$ pip install sklearn

$ pip install seaborn

$ pip3 install fastai

3. WoUaldeulaaliiaean? Kernel wdalden Environment fAts1a319ld s Python

[conda env:fastAi] Wiieldau s a - 18

File Edit View Insert Cell Kernel Widgets Help Trusted | Python [conda env:fastAi] @
B+ = A B 4 ¥ MRun Interrupt v | =
Restart

Restart & Clear Output

In [1]: 1 %reload_ext auto Restart&RunAll
2 %autoreload 2

Reconnect
3 %matplotlib inli
4 %config InlineBa Shutdown ‘retina’
In [2]: 1 from fastai.visi Change kernel > Python 3
2 from fastai.metr Python [conda env:FaceRecognition]

3 from pathlib imp Conda Packages
4 from glob2 impon
5 from sklearn.met

Python [conda env:Fake2]

Visit anaconda.org Python [conda env:FakeNeg] _score,recall_score

[

[

[

Python [conda env:Fake]
import pandas as pd

import numpy as np Python [conda env:Gold]
9 import os Python [conda env:NetworkAnalysis]

16 import zipfile as zf
11 import shutil [
12  import re Python [conda env:Sign2]
import seaborn as sns [
[

Python [conda env:Saapfoodcam]

Python [conda env:Signlang]

Python [conda env:autoSklearn]

1 Extract data Python [conda env:face3d]

Python [conda env:fastAi]

il n - 18 Change Kernel


https://github.com/fastai/fastai.git
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M9UU Arduino
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1. a1tllvan Arduino IDE fiviules https://www.arduino.cc/en/main/software LaLaDNATM

seuuU{URANSALY dann n - 19

Download the Arduino IDE

OO

ARDUINO 1.8.12

The open-source Arduino Software (IDE) makes it easy to
write code and upload it to the board. It runs on
Windows, Mac OS X, and Linux. The environment is
written in Java and based on Processing and other open-
source software.

This software can be used with any Arduino board.

Refer to the Getting Started page for Installation

Windows Installer, for Windows 7 and up
Windows zIP file for non admin install

Windows app Requires Win 81 or 10

Get 52

Mac OS X10.10 or newer

Linux 32 bits
Linux 64 bits

instructions

Linux ARM 32 bits
Linux ARM 64 bits

Release Notes
Source Code
Checksums (shaS12)

m‘wﬁ N - 19 : Download Arduino IDE

2. Uelild arduino.exe tialdalusinsy Arduino IDE §enw n - 20

Name

drivers
examples
hardware
java
lib
libraries
reference
tools
tools-builder
arduino
EJ arduino.l4j

Date modified

27/1/2563 17:54
563 17:54
/2563 17:54
1/2563 17:54
27/1/2563 17:54
27/1/2563 17:54
27/1/2563 17:54
27/1/2563 17:54
27/1/2563 17:54
27/1/2563 17:54

/1/2563 17:54

2
2

arduino_debug 563 17:54
1] arduino_debug.l4j 7/1/2563 17:54
[ arduino-builder 7/1/2563 17:54
4] tibusb0.dll 7/1/2563 17:54
[] msvep100.dil /2563 17:54
[2] msver100.dil /2563 17:54
[5] revisions /2563 17:54
[7] wrapper-manifest 7/1/2563 17:54

29 A - 20

Type Size

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder

Application 395KB
Configuration sett... 1KB
Application 393 KB
Configuration sett... 1KB
Application 16,274 KB
Application exten... 43 KB
Application exten... 412K
Application exten... 753 KB
Text Document 92 KB
XML Document 1KB

Open Arduino IDE Program

3. Walalusunsuudrlidenslinuesanidesnisazinlanluld lagluil Tool WHenwuy board

LaLYINN15LaBN borad arduino ks W Arduino UNO #9a1nd n - 21


https://www.arduino.cc/en/main/software

9 sketch_apr17a | Arduino 1.8.11

File Edit Sketch Tools Help

sketch_apr172

void setup()
// put your

void loop() {
// put your

- O X

Auto Format Ctrl+T
Archive Sketch
Fix Encoding & Reload EoartlMapagery
Manage Libraries... Ctrl+Shift+| A
Serial Monitor Ctrl+Shift+M Arduino AVR Boards
Serial Plotter Ctrl+Shift+L Arduino Yin

. Arduino Uno

WiFi101 / WiFiNINA Firmware Updater

Board: "Arduino Uno"
Port
Get Board Info

Programmer: "AVRISP mkil"

Burn Bootloader

Arduino Duemilanove or Diecimila
Arduino Nano

Arduino Mega or Mega 2560
Arduino Mega ADK

Arduino Leonardo

Arduino Leonardo ETH

Arduino Micro

Arduino Esplora
Arduinn Mini

m‘wﬁ A - 21 : Select board arduino

4. vinsideu USB 117U board arduino waaden port Tinssiu

5. WeldlAnuailit Compile 1an ansadeuilanlidezlsianainaziiu Done compiling
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6. 91nWuYI1N15 Upload ieldlanluda Arduino 509U Done uploading wlansinasasa
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Folvld : TrainModel_ResNet50.ipynb

Ml : Python

64

A185U"e : lAansviaulunisasne model lngliAnnisiseuiainamudianunsadiunduunle 1anag

Sudaudnsidteyanin nsuutlng nsiseuivesnin MaUssdulsegdvznm waznisdseantngly

sunvuianansaldldaulalumsihweielddeudenalunisiseuinaieass

#n15ud1 Module 3u 9 dierhuSenldaululusunsy
%reload_ext autoreload

%autoreload 2

%matplotlib inline

%config InlineBackend.figure_format = 'retina’

from fastai.vision import *

from fastai.metrics import error_rate

from pathlib import Path

from glob2 import glob

from sklearn.metrics import confusion_matrix , accuracy _score,precision_score,recall_score
import pandas as pd

import numpy as np

import os

import zipfile as zf

import shutil

import re

import seaborn as sns

files = zf ZipFile("data-set.zip",r") # uanlua zip
files.extractall()

files.close()

def split_indices (folder,seed1,seed2): #n15WU4 folder Train, Test, Validation
n = len(os.listdir(folder))
full_set = list(range(1,n+1))
random.seed(seed1)
train = random.sample(list(range(1,n+1)),int(.8*n))
remain = list(set(full_set)-set(train))

random.seed(seed?)




valid = random.sample(remain,int(.5*len(remain)))
test = list(set(remain)-set(valid))

return(train,valid,test)

def get names (waste_type,indices):
file_names = [waste type+" ("+str(i)+").jpg" for i in indices]
return(file_names)

def move files (source_files,destination_folder):
for file in source_files:

shutil.move(file,destination_folder)

subsets = ['train','valid']
waste_types = ['glass',/ metal’,'plastic’,'trash’]
for subset in subsets: # 4An15 directory
for waste_type in waste_types:
folder = os.path.join('data’,subset,waste_type)
if not os.path.exists(folder):

os.makedirs(folder)

if not os.path.exists(os.path.join('data’,'test)):

os.makedirs(os.path.join('data’, test"))

for waste_type in waste_types:
source_folder = os.path.join('data-set',waste_type)

train_ind, valid_ind, test_ind = split_indices(source folder,1,1)

train_names = get names(waste_type,train_ind)
train_source files = [os.path.join(source_folder,name) for name in train_names]
train_dest = "data/train/"+waste_type

move _files(train_source files,train_dest)

valid_names = get names(waste_type,valid_ind)
valid_source files = [os.path.join(source_folder,name) for name in valid_names]

valid_dest = "data/valid/"+waste_type
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move _files(valid source files,valid_dest)

test names = get names(waste_type,test ind)
test source files = [os.path.join(source folder,name) for name in test names]

move _files(test source files,"data/test")

path = Path(os.getewd()/"data" # §1e path TUflls1azenld

tfms = get_transforms(do_flip=True,flip_vert=True) # WinUalalnen 151U LA LaY Lo

data = ImageDataBunch.from_folder(path,test="test",ds_tfms=tfms,bs=16)
learn = create_cnn(data,models.resnet50,metrics=error rate) # Laanle model “ResNet50”

learn.lr_find() # N5 learning rate

learn.recorder.plot(suggestion=True)
learn.fit_one cycle(40,max_lr=7.41E-04) # 15 Training 40 59UN13Y1147U

interp = ClassificationInterpretation.from_learner(learn) # miLLﬁmmeﬂgﬂﬁaﬂﬁﬁm
losses,idxs = interp.top_losses()

interp.plot_top_losses(9, figsize=(15,11))

interp.plot_top losses

interp.plot_confusion matrix(figsize=(12,12), dpi=60)

interp.most_confused(min_val=2)

preds = learn.get_preds(ds type=DatasetType.Test) # ﬁmwﬁ’um Test
max_idxs = np.asarray(np.argmax(preds[0],axis=1))

yhat =[]

for max_idx in max_idxs:

yhat.append(data.classes[max_idx])

y = [ # flernaSevaanmuniieuaugnees
for label_path in data.test ds.items:
y.append(str(label_path))




pattern = re.compile("([a-z]+)(\s[(J[0-91+D])")
for i in range(len(y)):

y[i] = pattern.search(y[il).group(1)

cm = confusion_matrix(y,yhat) # aUsgansnim modetiug‘d confusion matrix

df cm = pd.DataFrame(cm,waste_types,wa

plt.figure(figsize=(11,8))

ax = sns.heatmap(df cm,annot=True,fmt=
bottom, top = ax.get ylim()
ax.set_ylim(bottom + 0.5, top - 0.5)

plt.xlabel('Predicted’)
plt.ylabel('Actual)
plt.show()

correct = 0
for rin range(len(cm)):
for ¢ in range(len(cm)):
if (r==0):
correct += cm(r,c]
accuracy = correct/sum(sum(cm))

accuracy # wandUasiguinugnsied

ste_types)

g" .cmap="YlGnBu")

learn.export(‘TrashyNet.pkl') # Export model iailuldsie
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Folns : Automatrashsimple.ino

Al :

Aasune : lAnnsinnuvesdegludiuiiauauueinoindsainifinisussananaudrinvesidy
Usziamerls tneldnfiagshanuuy Arduino Ssagvhauaaugiunisld pin Afinisivundussiulily
Raspberry Pi lifsaifu Fvanunsnniuaunisvineusesdesliisasiosiidesnisld Ussneulugenis

LWRA NISAADUTIA ) VOIFINEDITUVLE Lasiinuvey

// favuanisideuseneaLneinutuReUN1STNY
// enmsindeuiivesiinassdures

ftdefine dirPinl 2

#define stepPinl 3

// FsAnmsindeuiivessasuey
#define dirPin2 4
#define stepPin2 5

// msUfuasuszesnsindsuiivesndsiud Iilugaday 9

#define stepsPerRevolutionl 200 ///------ Step distance Trash A (Trash)
#define stepsPerRevolution2 5000 ///---- Step distance Trash B (Plastic)
#define stepsPerRevolution3 10700 ///-——— Step distance Trash C (Metal)
#define stepsPerRevolutiond 15870 ///-——— Step distance Trash D (Glass)

// M3USUTEEEfnuYE

#define stepsArm 3100

// msuusseglvioglusumiasudu

#define stepsPerRevolutionHome 1

// fmunAiG
const int Ainl = 9;
const int Ain2 = 10;
const int Ain3 = 11,
const int Aind = 12;

// Apsfaglaliinmswasunlas lneandlazidunisiivun Pin
const int MoveHome = 8; // Pin 289snaadsuaey

const int ArmHome = 6; // Pin U99¢1aUY8%




// fwdsiaziimaiudsundas
int MoveHomeState = 0; // fhuUsiteganuzvesdudanisiuyasusiuvesiindesiuaey

int ArmHomeState = 0; // suUsiioganiuzvastudanisiugnsuduvesinuues

// tmuamulsiruagnugn1 g
int StateAl = 0;
int StateA2 = 0;
int StateA3 = 0;
int StateAd = 0;

void setup () {
// Usgne Pin Wunisudn
pinMode (Ain1, INPUT);
pinMode (Ain2, INPUT);
pinMode (Ain3, INPUT)

pinMode (Aind, INPUT);

)

// Usend Pin Wunisdsesn
pinMode (stepPin1, OUTPUT);
pinMode (dirPin1, OUTPUT);

pinMode (stepPin2, OUTPUT);
pinMode (dirPin2, OUTPUT);

pinMode (MoveHome, INPUT);
pinMode (ArmHome, INPUT);

Serial.begin(9600);
Serial.println("Automatrash system V1.0");
delay (200);

// wilinnasaneuntsvitnuegiduvdasusy iedesiunsillvdvvaeldom uay fa
movetrayhome ();
ArmtoHome ();

}

// Qeulymsiedounlugadaidesns Tnsazmuauussiuluvesri 4 Pin Tagludsdsil Pin Sy Low
void loop () { // 8114A19IN Raspberry Pi
StateAl = digitalRead (Ain1); // Tiduusanansaeuatanuzussulule Tnesiaudu LOW wie HIGH
delay (10);
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StateA2 = digitalRead (Ain2);
delay (10);
StateA3 = digitalRead (Ain3);
delay (10);
StateAd = digitalRead (Aind);
delay (10);

// tunideuly fiduds StateAl asraaevaniugléidu Low
if (StateAl == LOW && StateA2 == HIGH && StateA3 == HIGH && StateAd == HIGH) {
Serial.printin("Trash-1");
delay (500),
movetrayforward1();
delay (500);

Serial.printtn("Arm-push™);
movearm ();
delay (500);

ArmtoHome ();
Serial.println("Back-home");
movetrayhome ();
delay (500);
Serial.printtn("Finish");
delay (1000),

}

// fviuadouly fiduds StateA2 asradevanuzldidu Low
else if (StateAl == HIGH && StateA2 == LOW && StateA3 == HIGH && StateAd == HIGH) {
Serial.println("Trash-2");

delay (500);

movetrayforward2();

delay (500);

Serial.printtn("Arm-push™;

movearm ();

delay (500);

ArmtoHome ();

Serial.println("Back-home™";

movetrayhome ();

delay (500);

Serial.printtn("Finish");

delay (1000);

}
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// fvuadeuly fiduds StateA3 asiaaevanmuzldidu Low
else if (StateAl == HIGH && StateA2 == HIGH && StateA3 == LOW && StateAd == HIGH) {
Serial.println("Trash-3");
delay (500),
movetrayforward3();
delay (500);

Serial.printtn("Arm-push");
movearm ();

delay (500);

ArmtoHome ();
Serial.println("Back-home");
movetrayhome ();

delay (500);
Serial.printtn("Finish");
delay (1000),

}

// fviuadouly fiduds StateAd syradevanuzldidu Low
else if (StateAl == HIGH && StateA2 == HIGH && StateA3 == HIGH && StateAd == LOW) {
Serial.printtn("Trash-4");

delay (500)

movetrayforwardd();

delay (500);

Serial.printtn("Arm-push™);

movearm ();

delay (500),

ArmtoHome ();

Serial.println("Back-home™";

movetrayhome ();

delay (500),

Serial.printtn("Finish");

delay (1000);

}

else {
Serial.println("Wait-command");

}

delay (1000);
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// Mswedeuiivesiinaesiuluseiesd 1
void movetrayforward1() {
digitalWrite (dirPin1, LOW); // fwuan1svina1ues Pin lugaiuy LOW %38 HIGH
for (inti=0; i < stepsPerRevolutionl; i++) {
digitalWrite (stepPinl, HIGH);
delayMicroseconds (500);
digitalwrite (stepPin1, LOW);
delayMicroseconds (500);

// mawndeudivessindessuluestives i 2
void movetrayforward2() {
digitalwrite (dirPin1, LOW);
for (inti=0; i < stepsPerRevolution2; i++) {
digitalwrite (stepPin1, HIGH);
delayMicroseconds (500);
digitalwrite (stepPin1, LOW);
delayMicroseconds (500);

// Mawedeuiivesiindessuluswesdivesd 3
void movetrayforward3() {
digitalWrite (dirPin1, LOW);
for (inti=0; i < stepsPerRevolution3; i++) {
digitalWrite (stepPinl, HIGH);
delayMicroseconds (500);
digitalwrite (stepPin1, LOW);
delayMicroseconds (500);

// Mswedeuiivesiindesiulus et 4
void movetrayforwardd() {
digitalwrite (dirPin1, LOW);
for (inti=0; i< stepsPerRevolutiond; i++) {
digitalWrite (stepPin1, HIGH);
delayMicroseconds (500);
digitalWrite (stepPinl, LOW);
delayMicroseconds (500);
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// nMswedeuiivessindessululinduindsiuvtai
void movetrayhome () {
do {MoveHomeState = digitalRead (MoveHome);
digitalwrite (dirPin1, HIGH);
for (inti=0; i< stepsPerRevolutionHome; i++) {
digitalWrite (stepPin1, HIGH);
delayMicroseconds (500);
digitalWrite (stepPinl, LOW);
delayMicroseconds (500);

}
while (MoveHomeState == LOW);

}

// mandeuivessisuvesliinidu
void movearm () {
digitalWrite (dirPin2, LOW);
for (int i = 0; i < stepsArm; i++) {

digitalwrite (stepPin2, HIGH);
delayMicroseconds (500);
digitalwrite (stepPin2, LOW);
delayMicroseconds (500);

}
// mswndeufivessaruvey lindumng i
void ArmtoHome () {
do {ArmHomeState = digitalRead (ArmHome);
digitalWrite (dirPin2, HIGH);
for (inti = 0; i < stepsPerRevolutionHome; i++) {
digitalwrite (stepPin2, HIGH);
delayMicroseconds (500);
digitalWrite (stepPin2, LOW);
delayMicroseconds (500);

}
while (ArmHomeState == LOW);
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Folud : main.py

Al : Python

A185UTe : laansvinanuvesisverludiuiiniuaunissuninaieainvezaseietluuseuanadnsin

[ (%
&Y

Wuveruszinnluu wagivuaussiulnlinsafiedainisvinnunelvuswmesivegnuveyiiu g
lamunaans laeyimudunaunisinauaedlani Arduino folu

TnelAna1L it uFA I EUNITUENYITUNBUNI TN UITIVUARILARUAUIUNITVINIU

#n15uud1 Module 3u qiteaniSenldenlulusunsudn
import RPi.GPIO as GPIO

import time

import os

from TestModel import *

from Photo import *

from Motor import *

GPIO.setmode(GPIO.BCM) # n15riuuslinisiea18nsdansdavos GPIO

TRIG = 21
ECHO = 20
pinled = 26
pin_ready = 6

pin_working = 5

testmodel = TestModel () # n13ivunsulsues Module fiaziiuld
photo = Photo ()

motor = Motor ()

GPIO.setwarnings(False) # FaAusiaz Pin
GPIO.setup(pinled, GPIO.OUT)
GPIO.setup(pin_ready, GPIO.OUT)
GPIO.setup(pin_working, GPIO.OUT)
GPIO.setup(TRIG, GPIO.OUT)
GPIO.setup(ECHO, GPIO.IN)
GPIO.setwarnings(False)

try:
while True:
GPIO.output(pin_ready, GPIO.HIGH)
GPIO.output(TRIG, False)




time. sleep (0.25)
GPIO.output(TRIG, True)
time. sleep (0.0001)
GPIO.output(TRIG, False)

while GPIO.input(ECHO)==0: # wugainsiadulinuozls

time_start = time. time ()

while GPIO.INpUtECHO)==1: # LwuL10INTINTUNUITINUINBEITII

time_end = time. Time ()

time_duration = time_end - time_start # N15A1UI05 611990 LI ULTDT
distance = time_duration * 17150

distance = round (distance, 2)

if distance < 27: # szygneaundi 27 gy, nUILTNUIIREIS
GPIO.output(pin_ready, GPIO.LOW)
GPIO.output(pin_working, GPIO.HIGH)
GPIO.output(pinled, GPIO.LOW) # 1Ualwl LED
photo. capture () # aun 1w laeisenilsiduain class Photo
photo. crop () # AATAUATN
photo. CheckTrash () # nsraaaUinmsine v zuiveunielsl
if (photo. CheckTrash () == True): # flv8a3s
predict = testmodel. predict ()
motor. arduino(predict) # tuadnsilalumuaussiulil wWelinewesviaumuléalu Aruduino
photo. rename(predict)
photo.uploadtos3(predict) # Snlnanamtu AWS S3
ultrasonic. checkfull(predict) # asiaaauidaezfnvIalil
GPIO.output(pinled, GPIO.HIGH) # LTalyl LED
GPIO.output(pin_working, GPIO.LOW)

else: # lalflyey
os. remove(/home/pi/Desktop/test.jpg)
GPIO.output(pin_working, GPIO.LOW)

except Keyboard Interrupt:
GPIO.output(pin_ready, GPIO.LOW)
GPIO.cleanup()

finally:
GPIO.output(pin_ready, GPIO.LOW)
GPIO.cleanup()
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Folud : Photo.py
Al : Python
Aresune : Weileitunisiaueesdiuiiicnuiesdestunisidningie Afinisdeutu Raspberry Pi
Camera (undesililunisieniweganelusnds way Amazon Simple Storage Service (S3) lunns
Audeyanimuesiidnely tnsasiiilerdugeny deil ddsdoam davounw nssaouinglunw wWisu

Folwdn 1w onlvanlndniw

Toelanaruidusiabunisdes NUswnsundnazisenldau

#1511 Module 3w uiterhunSentdailulusunsy
from picamera import PiCamera

from time import sleep

import sys, os, glob, time

import os

import datetime

import RPi.GPIO as GPIO

from boto. s3. connection import S3Connection
from boto.s3.key import Key

import glob

from PIL import Image, ImageDraw, ImageFilter
import cv2

import numpy as np

from TestModel import *
testmodel = TestModel ()
pin = 16
GPIO.setmode(GPIO.BCM)
GPIO.setup(pin, GPIO.OUT)

class Photo:
def _init_(self): # nsriwuaiioldlunisidnis 53
self.directory = '/home/pi/Desktop/!
self AWS_ACCESS = "AKIA4JSFZIFQHABSYHEQ"
self AWS_SECRET = "PMFsTOAT5p9a2YyDwdQdfbBgdwJnWEUQ3sGuePv"
self.conn = S3Connection(self. AWS_ACCESS,self AWS SECRET)

self.bucket = self.conn.get_bucket('trashy2')




def capture(self): # N15a8N NV
start = time.time ()
camera = PiCamera ()
camera.resolution = (1280,960)
camera.start_preview()
sleep(3)
camera.capture (/home/pi/Desktop/test.jpg)
camera.stop_preview()

camera.close ()

def crop(self): # N13AAVBUNIN

im = Image.open(/home/pi/Desktop/test.jpg’)

thumb_width = 711

thumb_height = 568

img_width, img_height = im.size

im_thumb = im.crop ((img_width - thumb_width) // 2, (img_height - thumb_height) // 2,
(img_width + thumb_width) // 2, (img_height + thumb_height) // 2))

im_thumb.save (/home/pi/Desktop/test.jpg)

def renamel(self folder): # n1stUasudaludnm
Current_Date = datetime.datetime.now ()

os.rename (r'/home/pi/Desktop/test.jpg',r/home/pi/Desktop/'+ folder + - + str(Current_Date) + "jpg')

def percent_cb(self,complete, total):
sys.stdout.write('.")

sys.stdout.flush()

def getFiles(self, dir):
self.dir =dir
return [os. path.basename(x) for x in glob.glob(str(self.dir) + *.jpg)]

def uploadtos3(self folder): # Sulnanlndnmau s3
filenames = self.getFiles (self.directory)
path_s3 = folder +/'
for f in filenames:
print(f)
k = Key (self.bucket)
kkey = path_s3 +f
GPIO.output(pin, GPIO.HIGH)
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k.set_contents_from_filename (self.directory + f, cb=self.percent_cb, num_cb=10)
GPIO.output(pin, GPIO.LOW)

os.remove (self.directory + f)

def CheckTrash(self): # nsrvaauinglunin lnewlasnmdunmudineu
bg = cv2.imread(/home/pi/Desktop/TestSublmeg/bg.jpg’)
bg grey = cv2.cvtColor(bg, cv2.COLOR_RGB2GRAY)

frame = cv2.imread('/home/pi/Desktop/test.jpg’)
frame_grey = cv2.cvtColor(frame, cv2.COLOR_RGB2GRAY)

difference = cv2.absdiff(bg_grey, frame_grey)
_, final = cv2.threshold(difference, 20, 255, cv2. THRESH_BINARY)

final = cv2.medianBlur(final,5)

final = cv2.GaussianBlur(final, (3,3),0)

arr2 = np.asarray (final)

image_size = bg_grey.shape [0] * bg_grey.shape [1]

final2 = arr2 / 255.0

image_detect_size = np.sum(final2)

if (image_detect_size > (0.02*image_size)):
return True; # i30g)
else:

return False; # iﬂifmq
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Folud : TestModel.py
Al : Python

AN95UNY : LAATINTUNSYINUTBIAIUIUNNSTUNENAA NSNS LENUTELANVBLAINANAELABALYINNNS

sldisdedn Trashy_ResNet50_ Model.pkl uldildannnis Export #adn15 Train  model

)

a Y Y =~ v ° Y < =
LIYUIBYLLAT LW@IWﬁ'ﬁJ'ﬁﬂu’m’ﬂ“mﬂiﬁﬂLi'Jﬂﬂﬂsﬂu

Tnelanduiidusieuiunisdas NUsunsunanazisenldanuy

#n15Ud1 Module 9u quitethunsenldanululusunsy
from fastai.vision import *

import time

class TestModel:

def _init_ (self): # nsivuniieglianagldanu

self.path = "/home/pi/Desktop/Trashy"
self.learn = load_learner(self.path, Trashy ResNet50 Model.pkl')

def predict (self: # nstnmifiosviunenadnsudnianfulusuys predict
start = time.time ()
data = open_image (/home/pi/Desktop/test.jpg)
data = data.resize ((3,384,512))
predicted_class, predicted_index, outputs = self.learn.predict (data)
predict = str (predicted_class)
end = time.time()
print ("time to predict : " + strlend - start))

return predict
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Folud : Motor.py
Al : Python

AN95UNY : 1AATINTUNITYIN19IUYRIEAIUNILYINNSAABUNaR IS UL USRIt 9ve s NYinuIe

(%
g

walg dnsnseulalunsdinednsuuunige lagazasaraniuzussnulii LOW welwanusadoansiule

[
Y A v

sepnalantnulanlu Arduino Nlaiin1saeatiwan Tiuewasyinaunufenis

Tnelanduiidusieuiunisdas NUsunsunanazisenldanuy

#n15ud1 Module 3 uiterhaniSenldeilulusunsy
import RPi.GPIO as GPIO

import time

GPIO.setmode(GPIO.BCM)

from Ultrasonic import *

ultrasonic = Ultrasonic ()

GPIO.setwarnings (False)
pintrash = 24

pinplast = 23

pinmetal = 17

pinglass = 27

time chl =5  # trash
time ch2=9  # plastic
time ch3 = 14 # metal
time_chd = 21 # glass

class Motor():
def arduino (selftypebin): # n1suenaudszanvesildainnisviunelne predict = typebin uldni
if (typebin == 'trash’): # {Juvezdug feanli pintrash danue LOW

GPIO.setup(pinplast,GPIO.OUT)

GPIO.setup(pintrash,GPIO.OUT)
GPIO.setup(pinmetal,GPIO.OUT)
GPIO.setup(pinglass,GPIO.OUT)
GPIO.output(pinplast,GPIO.HIGH)
GPIO.output(pintrash,GPIO.LOW)
GPIO.output(pinmetal,GPIO.HIGH)
GPIO.output(pinglass,GPIO.HIGH)

time.sleep(time_ch1)




ultrasonic.checkfull(typebin)
time.sleep(time_ch1-3)

GPIO.output(pintrash,GPIO.HIGH)

if (typebin == 'plastic): # Wunanafin seelsk pinplas flaaue LOW
GPIO.setup(pinplast,GPIO.OUT)
GPIO.setup(pintrash,GPIO.OUT)
GPIO.setup(pinmetal,GPIO.OUT)
GPIO.setup(pinglass,GPIO.OUT)
GPIO.output(pinplast,GPIO.LOW)
GPIO.output(pintrash,GPIO.HIGH)
GPIO.output(pinmetal,GPIO.HIGH)
GPIO.output(pinglass,GPIO.HIGH)
time.sleep(time_ch2)
ultrasonic.checkfull(typebin)
time.sleep(time_ch2-3)

GPI0.output(pinplast,GPIO.HIGH)

if (typebin == metal’): # \Julane daenl¥ pinmetal Taauz LOW
GPIO.setup(pinplast,GPIO.OUT)
GPIO.setup(pintrash,GPIO.OUT)
GPIO.setup(pinmetal,GPIO.OUT)
GPIO.setup(pinglass,GPIO.OUT)
GPIO.output(pinplast,GPIO.HIGH)
GPIO.output(pintrash,GPIO.HIGH)
GPIO.output(pinmetal,GPIO.LOW)
GPIO.output(pinglass,GPIO.HIGH)
time.sleep(time_ch3)
ultrasonic.checkfull(typebin)
time.sleep(time_ch3-3)
GPIO.output(pinmetal,GPIO.HIGH)

if (typebin == 'glass) : # 1Tuuin RaAli pinglass flan1ug LOW
GPIO.setup(pinplast,GPIO.OUT)
GPIO.setup(pintrash,GPIO.OUT)
GPIO.setup(pinmetal,GPIO.OUT)
GPIO.setup(pinglass,GPIO.OUT)
GPIO.output(pinplast,GPIO.HIGH)
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GPIO.output(pintrash,GPIO.HIGH)
GPIO.output(pinmetal,GPIO.HIGH)
GPIO.output(pinglass,GPIO.LOW)
time.sleep(time_ch4)
ultrasonic.checkfull(typebin)
time.sleep(time_ch4-3)
GPIO.output(pinglass,GPIO.HIGH)
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Folud : Ultrasonic.py

Al : Python

a193une : Taadleddunisiauvesdiuiinsnsraaeuinvsuiameludufuvdeld Tng Ultrasonic
Sensor WwdBuNIsRTIdeuiflvezdulundessunieds unazldlunsaifidieslndifiy wiowy
rdinsudafiounumng Line Notify ieudslidmindiuvinisifivaesy

Tnelanduiidusieuiunisdas NUsunsunanazisenldanuy

#n15ud1 Module 3 quiterhaniSenldeilulusunsy
import RPi.GPIO as GPIO
import time

import requests

GPIO.setmode(GPIO.BCM)
TRIG =8

ECHO =7
GPIO.setup(TRIG,GPIO.OUT)
GPIO.setup(ECHO,GPIO.IN)
global msg

class Ultrasonic:
def checkfull (self typebin): # n1srmuadieldlunsidnda Line Notify uaz deoulunsdifmerlndifu/ifiu
url = 'https://notify-api.line.me/api/notify'
token = 'RuVYrUg3xGwxSgeesncMkKbRTUeJ5JCwyaNwdy5i5QU
headers = {'content-type"'application/x-www-form-urlencoded', Authorization"'Bearer '+token}
GPIO.output(TRIG, False)
time.sleep (0.01)
GPIO.output(TRIG, True)
time.sleep (0.0001)

GPIO.output(TRIG, False)

while GPIO.input(ECHO)==0:

time_start = time.time()

while GPIO.input(ECHO)==1:

time_end = time.time()

time_duration = time_end - time_start




distance = time_duration * 17150
distance = round (distance, 2)
if (distance < 5): # euluilofwesd
msg = The ' + typebin + ' bin is full. And distance : ' + str (distance) + ' cm'

r = requests.post(url, headers=headers, data = {'message"msg})

elif (distance < 10): # Heuludlodmerlndifiu
msg ="The ' + typebin + ' bin is almost full. And distance : ' + str (distance) + ' cm!’

r = requests.post (url, headers=headers, data = {'messagemsg})
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AANUIN A

WaN13 Train Y891 model lagdl 100 model

ANS9% A - 1 : Man1s Train VoIamua 100 model

Train | Validation | Test Training Model

No. Model (%) (%) (%) | Epochs | Learning rate [ Accuracy | time (min) size
1 squeezenetl 0 50 25 25 40 4.37E-03 90.65 141.53 5.1 MB
2 squeezenetl 0 50 25 25 40 5.75E-04 89.18 125.87 5.1 MB
3 squeezenetl 0 60 20 20 40 6.92E-04 91.18 157.09 5.1 MB
4 squeezenetl 0 60 20 20 40 5.25E-03 93.16 131.13 5.1 MB
5 squeezenetl 0 70 15 15 40 1.32E-02 92.31 149.58 51 MB
6 squeezenetl 0 70 15 15 40 4.37E-03 92.48 142.69 5.1 MB
7 squeezenetl 0 70 15 15 40 2.51E-03 93.35 153.55 5.1 MB
8 squeezenetl 0 80 10 10 40 8.32E-04 91.57 152.22 5.1 MB
9 squeezenetl 0 80 10 10 a0 3.63E-03 92.37 150.65 5.1 MB
10 squeezenetl 0 80 10 10 40 5.75E-02 86.84 150.64 5.1 MB
11 alexnet 50 25 25 a0 9.12E-03 87.92 5.68 11 MB
12 alexnet 50 25 25 40 5.25E-03 88.13 5.64 11 MB
13 alexnet 60 20 20 40 7.59E-03 90.39 6.29 11 MB
14 alexnet 60 20 20 40 7.59E-03 90 6.29 11 MB
15 alexnet 70 15 15 40 5.25E-03 90.2 48.36 11 MB
16 alexnet 70 15 15 40 1.74E-03 88.98 473 11 MB
17 alexnet 70 15 15 40 6.31E-03 90.55 49.02 11 MB
18 alexnet 80 10 10 40 3.63E-03 90.26 50.98 11 MB
19 alexnet 80 10 10 40 7.59E-03 88.94 51.49 11 MB
20 alexnet 80 10 10 40 3.63E-03 89.73 51.74 11 MB
21 vggl6 bn 50 25 25 40 5.25E-03 95.9 34.73 61.1 MB




22 vegl6 bn 50 25 25 40 1.74E-03 95.58 34.72 61.1 MB
23 vegl6 bn 60 20 20 40 1.45E-03 96.84 38.98 61.1 MB
24 vegl6 bn 60 20 20 a0 5.25E-03 96.31 38.93 61.1 MB
25 vegl6 bn 70 15 15 a0 1.74E-03 95.46 43.26 61.1 MB
26 vegl6_bn 70 15 15 a0 2.51E-03 96.5 a3 61.1 MB
27 vggl6 bn 70 15 15 a0 5.25E-03 97.2 43.28 61.1 MB
28 vgg16_bn 80 10 10 a0 2.09E-03 97.1 47.75 61.1 MB
29 vgg16_bn 80 10 10 a0 5.25E-03 98.42 47.82 61.1 MB
30 vgg16_bn 80 10 10 a0 7.59E-03 96.57 48.95 61.1 MB
31 vgg19 bn 50 25 25 a0 3.02E-03 95.69 39.4 82.4 MB
32 vgg19 bn 50 25 25 a0 4.37E-03 95.16 40.66 82.4 MB
33 vgg19 bn 60 20 20 40 5.25E-03 97.23 44.15 82.4 MB
34 vggl9 bn 60 20 20 40 3.63E-03 97.36 44.19 82.4 MB
35 vegl9 bn 70 15 15 40 2.51E-03 96.85 49.03 82.4 MB
36 vegl9 bn 70 15 15 a0 3.02E-03 97.55 49.08 82.4 MB
37 vggl9 bn 70 15 15 40 9.12E-03 95.63 48.96 82.4 MB
38 vggl9 bn 80 10 10 40 5.25E-03 98.68 53.87 82.4 MB
39 vegl9 bn 80 10 10 a0 5.25E-03 97.63 63.48 82.4 MB
a0 vegl9 bn 80 10 10 a0 4.37E-03 99.47 53.89 82.4 MB
a1 densenet121 50 25 25 a0 1.20E-03 96.84 25.82 32.6 MB
a2 densenet121 50 25 25 a0 3.63E-03 96.42 25.79 32.6 MB
a3 denseneti121 60 20 20 a0 2.09E-03 97.89 29.37 32.6 MB
aq denseneti121 60 20 20 a0 3.31E-04 97.1 29.38 32.6 MB
a5 densenet121 70 15 15 a0 1.20E-03 97.9 32.96 32.6 MB
a6 densenet121 70 15 15 a0 2.09E-03 97.37 32.89 32.6 MB
a7 densenet121 70 15 15 a0 251E-03 97.9 3359 32.6 MB
a8 densenet121 80 10 10 a0 1.74E-03 98.15 36.58 32.6 MB
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49 densenet121 80 10 10 40 3.02E-03 98.94 36.25 32.6 MB
50 densenet121 80 10 10 40 1.74E-03 98.15 36.44 32.6 MB
51 ResNet34 50 25 25 40 9.12E-03 94.75 10.89 87.4 MB
52 ResNet34 50 25 25 40 2.09E-03 96.32 10.83 87.4 MB
53 ResNet34 60 20 20 40 2.51E-03 96.11 10.93 87.4 MB
54 ResNet34 60 20 20 40 1.45E-03 97.24 12.05 87.4 MB
55 ResNet34 70 15 15 40 8.32E-04 97.55 13.38 87.4 MB
56 ResNet34 70 15 15 40 1.32E-02 94.58 133 87.4 MB
57 ResNet34 70 15 15 40 9.12E-03 95.62 13.45 87.4 MB
58 ResNet34 80 10 10 40 1.45E-03 97.89 14.81 87.4 MB
59 ResNet34 80 10 10 40 1.74E-03 97.63 14.66 87.4 MB
60 ResNet34 80 10 10 40 2.09E-03 98.68 14.71 87.4 MB
61 ResNet50 50 25 25 40 3.63E-03 96.64 22.04 98 MB
62 ResNet50 50 25 25 40 4.79E-04 96.74 22.02 98 MB
63 ResNet50 60 20 20 40 6.92E-04 97.76 24.87 98 MB
64 ResNet50 60 20 20 40 5.75E-04 97.1 24.99 98 MB
65 ResNet50 70 15 15 40 3.63E-03 98.25 21.72 98 MB
66 ResNet50 70 15 15 40 5.75E-04 97.55 271.78 98 MB
67 ResNet50 70 15 15 40 4.79E-04 98.07 27.68 98 MB
68 ResNet50 80 10 10 40 7.41E-04 98.15 30.48 98 MB
69 ResNet50 80 10 10 40 8.32E-04 99.21 30.52 98 MB
70 ResNet50 80 10 10 40 5.75E-04 98.68 30.65 98 MB
71 ResNet18 50 25 25 40 5.25E-03 94.43 7.44 46.9 MB
72 ResNet18 50 25 25 40 2.09E-03 95.27 7.42 46.9 MB
73 ResNet18 60 20 20 40 6.31E-03 96.32 8.24 46.9 MB
74 ResNet18 60 20 20 40 1.10E-02 97.63 8.2 46.9 MB
75 ResNet18 70 15 15 40 1.45E-03 97.37 9.04 46.9 MB
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76 ResNet18 70 15 15 40 1.20E-03 97.9 9.02 46.9 MB
77 ResNet18 70 15 15 40 2.51E-03 97.03 9.02 46.9 MB
78 ResNet18 80 10 10 40 3.63E-03 97.63 9.85 46.9 MB
79 ResNet18 80 10 10 40 3.63E-03 98.95 9.87 46.9 MB
80 ResNet18 80 10 10 40 1.32E-02 96.57 9.81 46.9 MB
81 ResNet101 50 25 25 40 4.79E-04 96.42 34.32 179 MB
82 ResNet101 50 25 25 40 5.75E-04 96 34.32 179 MB
83 ResNet101 60 20 20 40 8.32E-04 98.29 38.8 179 MB
84 ResNet101 60 20 20 40 3.02E-03 97.5 38.71 179 MB
85 ResNet101 70 15 15 40 2.75E-04 97.55 43.17 179 MB
86 ResNet101 70 15 15 40 1.74E-03 99.3 43.17 179 MB
87 ResNet101 70 15 15 40 1.20E-03 97.9 43.19 179 MB
88 ResNet101 80 10 10 40 1.20E-03 98.95 47.52 179 MB
89 ResNet101 80 10 10 40 1.20E-03 98.42 47.94 179 MB
90 ResNet101 80 10 10 40 8.32E-04 98.42 48.9 179 MB
91 squeezenetl 1 50 25 25 40 1.20E-03 88.55 69.32 5.05 MB
92 squeezenetl 1 50 25 25 40 3.02E-03 88.13 69.64 5.05 MB
93 squeezenetl 1 60 20 20 40 3.02E-03 90.92 73.77 5.05 MB
94 squeezenetl 1 60 20 20 40 1.20E-03 90.26 73.78 5.05 MB
95 squeezenetl 1 70 15 15 40 1.58E-02 91.25 82.67 5.05 MB
96 squeezenetl 1 70 15 15 40 9.12E-03 91.43 78 5.05 MB
97 squeezenetl 1 70 15 15 40 3.31E-04 90.56 79.6 5.05 MB
98 squeezenetl 1 80 10 10 40 3.63E-03 92.89 94.25 5.05 MB
99 squeezenetl 1 80 10 10 40 1.10E-02 91.84 96.74 5.05 MB
100 squeezenetl 1 80 10 10 40 8.32E-04 91.57 100.87 5.05 MB
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WaN13 Test 939v299N model lned

2
(%

N9UA 100 model

AN A - 2 : NaN1S Test 3998991911 100 model
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Glass
(25 Metal Plastic Trash Accuracy
No. Model images) (25 images) (25 images) | (25 images) (%)
1 squeezenetl 0 22 11 20 8 61
2 squeezenetl 0 21 18 18 7 64
3 squeezenetl 0 22 14 19 5 60
4 squeezenetl 0 19 16 22 7 64
5 squeezenetl 0 18 15 22 8 63
6 squeezenetl 0 18 15 23 8 64
7 squeezenetl 0 17 15 23 8 63
8 squeezenetl 0 19 18 19 10 66
9 squeezenetl 0 18 19 21 8 66
10 squeezenetl 0 23 15 12 10 60
11 alexnet 6 21 21 9 57
12 alexnet 7 20 22 8 57
13 alexnet 8 21 22 8 59
14 alexnet 9 21 20 9 59
15 alexnet 6 22 24 6 58
16 alexnet 10 20 18 9 57
17 alexnet 9 22 23 6 60
18 alexnet 2 19 23 7 51
19 alexnet 4 22 22 6 54
20 alexnet 6 21 19 9 55
21 vgelé bn 21 18 18 15 72
22 vgelé bn 17 18 21 10 66
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23 vgelé bn 17 12 22 14 65
24 vgelé bn 20 18 17 15 70
25 vgelé bn 20 19 18 13 70
26 vgelé bn 15 16 23 11 65
27 vgelé bn 15 16 11 14 56
28 vgelé bn 18 14 23 10 65
29 vgelé bn 20 20 21 17 78
30 vgglé bn 24 17 19 14 74
31 vggl9 bn 20 19 19 15 73
32 vggl9 bn 19 12 19 11 61
33 vggl9 bn 18 21 21 13 73
34 vggl9 bn 18 19 23 12 72
35 vggl9 bn 22 20 21 13 76
36 vgel9 bn 18 15 14 15 62
37 vgel9 bn 21 16 21 14 72
38 vgel9 bn 18 17 23 11 69
39 vgel9 bn 21 16 17 14 68
40 vgel9 bn 21 18 19 12 70
a1 densenet121 19 22 24 14 79
a2 densenet121 19 10 24 5 58
a3 densenet121 17 13 25 8 63
aaq densenet121 16 21 25 9 71
a5 densenet121 20 16 20 10 66
a6 densenet121 17 18 24 11 70
ar densenet121 17 21 22 8 68
a8 densenet121 20 15 24 9 68
a9 densenet121 19 17 22 8 66
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50 densenet121 17 14 24 10 65
51 ResNet34 17 11 24 11 63
52 ResNet34 15 16 24 6 61
53 ResNet34 17 15 24 13 69
54 ResNet34 16 16 25 9 66
55 ResNet34 21 14 23 13 71
56 ResNet34 17 15 17 20 69
57 ResNet34 22 22 14 14 72
58 ResNet34 22 17 22 9 70
59 ResNet34 20 14 23 13 70
60 ResNet34 22 11 19 18 70
61 ResNet50 19 20 20 18 77
62 ResNet50 20 13 25 10 68
63 ResNet50 22 18 25 16 81
64 ResNet50 15 12 25 12 64
65 ResNet50 16 18 24 16 74
66 ResNet50 22 16 23 19 80
67 ResNet50 20 14 23 16 73
68 ResNet50 23 18 22 21 84
69 ResNet50 20 19 22 19 80
70 ResNet50 21 16 22 18 7
71 ResNet18 15 9 23 13 60
72 ResNet18 24 14 22 12 72
73 ResNet18 14 11 25 13 63
74 ResNet18 16 17 22 9 64
75 ResNet18 21 15 20 14 70
76 ResNet18 18 17 23 10 68
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7 ResNet18 22 12 22 12 68
78 ResNet18 17 11 21 17 66
79 ResNet18 19 15 21 14 69
80 ResNet18 15 14 23 15 67
81 ResNet101 20 18 25 16 79
82 ResNet101 19 18 22 19 78
83 ResNet101 21 21 19 20 81
84 ResNet101 17 20 22 15 74
85 ResNet101 22 21 22 12 77
86 ResNet101 19 14 21 11 65
87 ResNet101 19 23 22 16 80
88 ResNet101 22 19 22 15 78
89 ResNet101 16 23 24 14 7
90 ResNet101 23 22 22 13 80
91 squeezenetl 1 15 17 20 7 59
92 squeezenetl 1 13 15 22 10 60
93 squeezenetl 1 13 16 22 6 57
94 squeezenetl 1 13 14 21 7 55
95 squeezenetl 1 12 16 22 9 59
96 squeezenetl 1 10 20 18 14 62
97 squeezenetl 1 11 17 22 8 58
98 squeezenetl 1 14 15 21 9 59
99 squeezenetl 1 11 15 21 9 56
100 squeezenetl 1 13 17 23 9 62




93

AMARNUIN 3

Adansldaudeves

1. sodygradwdiden uansinaansafisvezld aenIndg ¢ - 1

AT $- 1 dyanaluanaaneinaiaurineu

2. ldvezadludesiuvezlignaes lnsguladnlulundsaudiineves el Ultrasonic Sensor

AU19095293UN U VDIEE LA FININT 9 - 2

e - 2 ldvegludesiuvey



94

a A

3. ndwintilessn dyaralididerszdeuiuduns wansiteglusenininisussuiana Tu

SEUINUATD AN 9 - 3

2§ - 3 dyanadiudoududung wsesideUszaiana

4. LAFD9LMIIUANUNTEUIUNISIALDR LA LaINaBI5UaLLa aulUNSINUYD 98998998 UsELAT

& o <
UL NN 9 - 4

'
o

A9 Q- 4 ndessuveiafeunldwhumiadsignaes



5. fRUILNANVYL IAAITILAIADUNFUNALIUAL AININA 4 - 5

AN 9 - 5 manvezastaivitungle

6. dyanaldunsazildouniudifendnass enseusuvesdusell auded 1.

95



