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Abstract

The research titled Guiding Cane for the Safety of the Visually Impaired aims to design
and develop a cane capable of accurately detecting obstacles by integrating microcontroller
technology with ultrasonic sensors, a vibration system, and a buzzer. The system is designed
to enhance safety and confidence for visually impaired individuals during mobility. The
Arduino Uno R3 board serves as the main controller for signal processing and operation of the
alert components.

Experimental testing of the ultrasonic sensor was conducted 30 times. The results
showed that the sensor successfully detected obstacles in every trial, achieving 100 %
accuracy, with both sound and vibration alerts responding effectively. These findings indicate
that the developed cane performs efficiently, demonstrating high stability and reliability
suitable for real-world applications in assisting the visually impaired.

In conclusion, the developed suiding cane successfully meets the research objectives
in terms of design, functionality, and performance. Future improvements may include
integrating additional sensors for omnidirectional detection, enhancing the alert system to
distinguish obstacle distances more precisely, and incorporating technologies such as GPS or
wireless connectivity to further increase usability and improve the quality of life for visually

impaired individuals.

Keywords: guiding cane, visually impaired, ultrasonic sensor, microcontroller,

vibration system, buzzer.
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Abstract

This study investigates the factors influencing the waste generation rate in the cashew
nut peeling process using a newly developed peeling and size-grading machine aimed at loss
reduction. The experimental samples consisted of raw cashew nuts classified into three quality
grades, namely Grade AA, Grade A, and Grade B. For each ¢rade, a total of 2,160 nuts were
tested, derived from a designed experimental scheme comprising 18 experimental conditions
with six replications per condition and 20 nuts per replication. The examined operational
variables included blade clearance, slider speed, and lower herringbone blade angle. The
experimental design was based on the design of experiments (DOE) approach, and the
collected data were statistically analyzed using two-way analysis of variance (Two-Way ANOVA)

to evaluate the main effects and interaction effects of the operating parameters on waste
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generation. When statistically significant differences were detected, simple main effect and
interaction analyses were subsequently performed.

The results indicate the factors influencing the waste generation rate in the cashew
nut peeling process by examining key operational variables, including the blade clearance,
slider speed, and herringbone angle. The results indicate that blade clearance and slider speed
consistently affect the amount of waste across all grades in the same direction, whereas the
lower herringbone angle does not have a statistically significant effect on waste generation.
Performance evaluation of the peeling machine shows that Grade AA vyields 16.12 kg,
comprising 12.76 kg of whole kernels and 3.36 kg of broken kernels. When extrapolated to an
8-hour operating period, the total output reaches 128.96 kg, of which 102.08 kg are whole
kernels, corresponding to 79.15%, which is classified as good quality. For Grade A (three
channels), the machine produces 24.18 kg, including 19.80 kg of whole kernels and 4.38 kg of
broken kernels. Over 8 hours, the total production amounts to 193.44 kg, with 158.40 kg of
whole kernels, representing 81.88% and indicating excellent performance. Similarly, Grade B
(three channels) achieves a total output of 193.44 kg over 8 hours, yielding 153.12 kg of whole
kernels, or 79.15%, which is considered good quality. Comparative analysis reveals that Grades
A and B achieve higher total production than Grade AA due to a greater number of sliding
channels. However, Grade A provides a higher proportion of whole kernels and a lower fraction
of broken kernels compared with Grade B. These results demonstrate that Grade A offers the
best overall production efficiency for the cashew nut peeling machine investigated in this

study.

Keywords: Cashew Nut, Cashew Nut Peeling Machine, Size Grading, Loss Reduction,

Agricultural Machinery Engineering
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Abstract

This article aims to (1) design and develop a prototype quadrotor unmanned aerial
vehicle (UAV) and (2) evaluate the performance of the developed UAV for surveillance and
life-ring deployment in rescue operations. The research process begins with a study of the
operating principles, structure, and components of quadrotor UAVs, which are then applied
to the design process. Emphasis is placed on weight control, appropriate material and
component selection, and the design of a radio-control flight system integrated with onboard
software to enable efficient takeoff and landing, directional control, and autonomous flight
along predefined routes. After the prototype was constructed, flight tests were conducted
under various conditions, including hovering flight, translational flight, and life-ring deployment
tests.

The results show that the developed quadrotor UAV performs well in open-area flight
conditions and is capable of transmitting real-time visual data, as well as altitude and speed
information, effectively. The UAV can hover for approximately 10 minutes and perform
translational flight for about 6 minutes, with a flight range exceeding 500 meters, meeting the
specified design requirements. In addition, the UAV is able to deploy the life ring accurately.
These findings demonstrate that the proposed UAV prototype has strong potential for

application in future surveillance and rescue missions.
Keywords: Unmanned Aerial Vehicle, Survey System
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Abstract
The purposes of this study to develop an automated work piece detection system on

a conveyor belt using digital image processing techniques with a camera, fulfilling  specific
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operational conditions. The system design was implemented using the CiRA CORE software,
and artificial intelligence (Al) was utilized for object detection. The camera captures image
signals, and the system is tested for detecting three types of work pieces: Bolt, Nut, and Washer
test results showed that when the work pieces were placed normally, the model achieved a
100% detection rate. However, in cases where work pieces were stacked or overlapped, the
model was unable to detect them with 100% accuracy. The detection accuracy is directly

correlated with the amount of training data; a larger dataset improves the model's precision.
Keywords: Artificial Intelligence (Al), Detection system, CiRA CORE
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[2-4] Finanendudadeddyauasvgiouas Msutstussnnasema ilnszuu Al Sunuinesns
A219v9nT U [5) Usznaladi aunsaimunnalulad dle nrenuesfseudanulaiseuds
grsAans wavaansfianalulagainuisnanend dssmelngladnsiauiassdrdya Al
081993931 nenildlulassnsfilaaiaude GRA CORE Faduunannesunyaussiugdawdlne [6-
71 Waunlagairusaudeseni an v umaluladwszaeuina M 1A UNNITAIANTET
uAiver§eveusny wazinIngdomaluladnsresinamszuasvile ndwinnszuanisiiule
89 Deep Learning sausi 2010 vilnaumasmsloay Al diudusgnmeiiios [8] aufinniswaun
uwnanwWesu CiRA CORE ﬁamyizﬂuazgﬂﬂﬁlﬂlsgmm%ﬂunﬂﬂqma'mmmmyﬂuﬂwﬁu [9-13]

5’;%%%6‘1’%6?@si%%’a?ialgﬁmmLLmﬁ@iumsa;'mwu*um’sﬁ]aaufumuﬁwﬁiy@miza@uu
wwannesu GRA CORE Lﬁ'alﬁzﬁﬁu&iﬂuuwmiﬁauiuazmaamzw Al lusunsrageud uau
QAAMNTTY Tngoonuuulnsruvansasiasinsnsadusastus I unuindouiivuaen

SLA8Y 2INAITTUNNGARYIAAIENABT [14] INTUUTENIANE [15] LT UTUNULALLAAINANITHY

ANUFABINTT
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2. IngUsTaAvaINTITY
2.1 BT NIEUUTINBININTIVABUTUILUUA g W eenelUsunsd CIRA CORE

2.2 1 NaNAEBUUIZANS AN LUUIIABINITATIFADUTUIU

3. ngufjlenansuazauideiiieadas

Turveiagnanienszuiunsnsafuiunuuuaeniudndewmismaianisuszanananm
a%maaﬁlauﬁuﬂmﬁgwwawﬁﬁﬁﬁ

3.1 umaaWesy CiRA CORE Aalusunsufilesmfuszuunsniamenmiuioguansguuuy e
wufilsunsudnfaguiiiannlaeuisniinessuuiamenmisdsagauaruuulusunsuiianns
fimurguuuvreanslyaulaesesiary Weunsuifavans 1wu CIRA CORE uay MATLAB 3o
TWsunsuiilufiduads wwu Open CV (Open source computer vision), C , Python Juau Tsunsu
wandannsaiaulimzaunudnvzauiinesns ugiaudiiuresdianusiiugiurounasy
Tsunsudanzannsadeulsauunaslsunsulalusunsuunaziasdlsun3advandudmiunis
Aneagiimsseuifisuienfuszuunmisilnnslanuagmnundeiu suidedaslalusunam
CiRA CORE Tumstmurlusunsulynusufuganuuuunsnmagouaisnim Waunsudlydidud
doulyvislugnamnssy $1uide [10], [13] MsiSeunsaeu wazslusunsuddadifendudifau 1o
dmsumsitauilusunsumsaaeuiueunenin Suhlamstaulusunsuasain wasuiuisu
sUsuumMslATEalanety

3.1.1 CiRA CORE LﬂuLLwamWa'{uﬂ’mfmUwﬁwﬁ (A) [9], [11-12] FiiAna1nnisadusausle

semaniumaluladnszaominanaigummsaianse iU A feve uLn ULz N §Y
waluladwszasunamszuasnie Insgsundulunoununitudeuntd 2010 Wdunuun Deep
learning [5], [8] Fauduanuves Al Bulasumudonunniy wazdaunesmslalunsimuiiiiy
1nTueEeBaEan MaWmun GRA CORE Tudagtulniiuszansnmuazaunadesunnnelunisily
implement mumuaesnslsaula waglafinsifiausyansamlunsussanana fasiluanunse
wsu Al 'laEa3u Tae CIRA CORE Usznaulumie 3 @au lawn Programming engine wazdiufinme
U Hardware ffavansdsazoglayniiluinaziduansvinuvienouinnesid 3saonnaseiy
nasIdeues (AT yauas. 2563) lafmuunanosualulafguniunisysannsssuuiiiesy
nusun sz uUseludd wasdygUsziug é’m%“uiﬁz?muiuizwqmamﬂﬁu 4.0” agdrinau
AZNITNNTALATINeIans Idunazuingsy (@anad) SeduwAalunisiauinalulad CGRA
COREURyqy1UsAvg thanaelunisanaiudsslunisunsssuiaves COVID-19 Tag3fi CiRA
CORE wlysaufunassneialefisunmyauluaniuiinns 9 lny CIRA CORE agvivuniitiasizn

USunaanunusuuvesUseinsiwilles luaaunivinludnisiiussgnianedenuniaSocial
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Distancing 5¥UUCIRA CORE faranunsadsdayananiiousnuuendindy Line iilsuaafioulumanides
malluaniuiides (6]

3.1.2 nMsUszgnalseudagty CRA CORE (iufifiondsasnuiuluszuugpaimnssumany
wnaiflesninnistaunlsunsuvinla s ludusou vewlad SnnsUssganisly visudinn
welulad Usemdlng $1im U Giien 1A (v warduq wiwanislseuiu PLC (3] ey
PUANANENSHAR e snmedoaakIu Line Aanusalsamila

3.2 Uy szAnguieluiaa Al (Artificial Intelligence Models) [2-3] Aodane3fiufignoonuuusn
dielnponfimosaninan "Fous’ wag vhue' Mnveyaiiladu Jaatuilluea Al waneussanitly
Tuau 1wy n1sUszanananIm mIzdndes nsviunedias uagdug Tuiea Al aunsouusoonidy
saeUszsnvaunslsnuiolsnisyha

32.1 Uszianvesluiaa Al orfilguluinanisifougidadin (Deep Leaming Models) 1%
\3ov1eUszamifion (Neural Networks) fifiuaiassoutunasduiiioifousvoyaidstureu 1y
CNN (Convolutional Neural Networks) @115 un15Usg11anan1% 159 RNN (Recurrent Neural
Networks) dw$unisuszananatayanudIdiu 1wy eauLazdss fosdlnaa #o YOLO (You
Only Look Once) d@u¥un1snsaduinglunin lumaninfousidednuuulunssiifugua
(Unsupervised Learning Models) ludndunasiiaainveya (label) dwsunisilnluina luinaqs
AumgULUULazALduledluteyaies 1wy mMIdangu (Clustering) faenslinaa Aa K-Means
dnfumsinnguuaya, Autoencoders dwsunmsandiivosvaya unu

3.2.2 Tama YOLO (You only look once) 1duluinanisnsaaduing (object detection) it
AruEIgenn dsannsonsaduinguansrialunimnseniulaluanfeltu (one pass) luina
YOLO ladmsunansraduinglunmvdoidle lasvhmsuusiuiiniwesnidumans geq (grid) uas
v bounding box wazAaavesingTioglunnaztesosnin lasveiveslung YOLO A1nitgs
YOLO fisgavBamgannluniuainds wsgvinsanaduinglusiaden nslunoauusniwmie
Uszananavatsseu Auannsolumanmadunatsng YOLO anunsansiadungratstulunam

N [y

wieaiula lvawae YOLO gnaunlvaninsalyaulane dvarenestulndenlyaunuaiiy

€

MBIN13 LU YOLOVE, YOLOVS, YOLOVE, YOLOV7, YOLOVS B33/ atuuAd 135 3gelukasAd 1L wiug
anmANlagenzlun13n333U real-time wagn1svauuugunsaninineInsInie
3.3 AUuuInenIsA LY
d' [ qy = ! d' o & s i it ¥ I3
A3 BINTIITUTUN UL AU sENOUNAALAD gUNTaaIenIy Nalmastni nasiulay
way PLC (Programmable Logic Controller) 1u3d8fiagidunswaiunssuunsiadudununignass
Auuay 1U09nuiazoanIUULATETNYARULUUTZUUATIINTIDTUTUIIUAIINADLIULAL WAzl

IUiLLﬂiﬂJG]i’]‘\]Gﬁ’J"’U‘UWU%‘LN'TUWJBﬂaaﬂL%ULLﬂNBU’]NWS W DATIVFEOUINT U UA A AUALARIUNTS
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n519dunsely Tuaiulusunsu GRA CORE, Image processing TiklunsnauIlAIoenulu Uil

ThduieluAnwifeatulusunsy CRA CORE way Image processing kaglaidudonisiseunisaou

4. YUNBUITNITANIUNUIY

TuihreilaSu1eTunauNITeaNLUULALAT T UIIUBENALLBEN LTUAIUANITAINUALLIAA N1
9BNKUU N1FATRUKVY N1INAFRY N153LATIENRAaNS tUIudan1susulswnluauussquaniy
wWavnnefinaly nsdiinadnsludulumugeauszasaaziiniseSuisfanszuiunisuageuduiton
HATNETINBINTS L alnussaingUizasnvein1sanidusunuey Irinudunounal

4.1 msfnwveyalewmu

o & Faw oAl o ¥ & Y oA A ¥ ) &
nsdnwlutuneut dinguszasaiiofnwiveyail oamuniieivesiunisly Image w1

Uszgnalyaulunmsnsiaduynduau fil

4.1.1 Anw1msley Image Tnely Image TunnsnsraaounistusuIuguauIin L ue
yiFeunnasanamaLatuInnuesialvy n1sleanu GRA CORE lumsnsaaaauaugnapaiifell
1) mmwaummgﬂéjawaﬁwmuéjuv:ﬂ 2) maaaauﬁwmuaamﬁa% (Bolt) 3) Myr9ABUTUILLEN
ALily (Nub) 4) A539aUTIUIULIIUTEY (Washer)

4.1.2 Anwssanidenvosgunsaiiiiisnestiuaiu dall 1) naesfunay 7 lyluns
argn1nkaziinIndananlulszunana Lﬁ'a%"umﬂiswﬁyumu 2) TPUUANYNIUS UGB
(Juie 9dnsfl dnfoed uruiignanansuaeniududesannsnuussiuamnsmesasny
19 lelnFunuadoufinunanmsiady Wessystuny

4.1.3 paufinneswsonlusunsy CiRA CORE 1y 1 U

4.1.4 madenlea Al udnlimazautuniigUszananansiin (GPU) Model wugyiluidu
Va way Va-tiny

[

V4 fo YOLO 18544 4 5831910 You Only Look Once YOLO wuszuunsiasusng

q

wuuSealnaiiviuadie Lﬂuisummai’ﬁmqufuuL%Salwﬁﬁmmwammﬁﬁmqwma%ﬂummLﬁm
YOLOVA-tiny 1dut10s fudusnues YOLOVA Snnstauaniy YOLOVA it ovinln
Imqa%am‘%as&iwéwﬁmmsamwwmﬁLm@J%Lﬁaiﬁl,ﬁulﬂlﬁyﬁm%’umiﬁ’wmuuqﬂﬂiaj‘wﬂWﬂLLaquﬂiaj
AN[R)
4.2 %gumaumi Deep Train
luduneuilaznaniianis Deep Train Mmwmdenisiiamiiisinesnsaglvlusunsunse Al

ASIVADUAIINGNABIVBINMTILTINBINTS Lwaeudunisiisiuuendu Al Tnandrdsilinainn

' '
a a o Y

MIINUNTONAINAUNFYL AT Y IUDDNNIFIDENFINING 1
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: - — —
adascana w“(::w - o S 18 o adase amove 52 . e ) 32
: - |

¥e | . . .

(¥) Step 2 ATAVADUAINTUNY
T E = ot e 3
| = g
T 8 - .
(A) Step 3 NMIATOUIATINBINIS(BoLlL) (3) Step 4 NIATOUATINBINS(NUD)
T2

(7) Step 5 1d0n Auto Gen (8) Step 6 \donii Training

| e

(4) Step 7 1@0n Avg Loss (@) Step 8 Fonlwaiilaannisnaasesn

AN 1 Tupoun1s Deep Train
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4.3 JURDUNITBDNWUY
Tudunauily 399vIN191a19911580NUUUYAATITTUT UTUVUATUNIUANT B LA
N91UHUAIYRRUNTANEINDY 9 IATIT1NYBITEUUATINTUYATUNUUUE NI UG LT BIRIeATla

M3 Uszananan1naanea (Digital image detection system for work pieces)

(n) AIUNUN (¥) AUVU

(A) AUV (@) AUNAY

AN 2 1AT9519VDITEUUATIRTUYATUY

5. djUuazafuTeNan1IdL
5.1 wan1sveasslumanisinaau
nan1svaaedlnensidenynsinaeulumans 3 Tuwma Ao YOLOVA-Tiny, YOLOVS-Tiny
WAy YOLOVS-S uagfvunaauag,88nvesnim 416 Pixel Batch size 32 $391nn15358103 CiRA
CORE Batch size 32 umilagyinlvlusaiivssansnmnniign luwmaslunagedsununmoyd

180 AN 270 AW BAY 360 AN KAIINNT U LULARNTINUANINAADINITATIFTUT UINU LINBI A

UseAnsnmusaluwma
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5.1.1 NN5VNaBdlAg YOLOVA-Tiny “Lumsmmaaqa]zﬁfmumi’m';umwﬁLLmﬂﬁhqﬁ’uTﬂaﬁwmu
AN B9t 1) 180 AW AzTNINYB9 Bolt 60 AW Nut 60 AW wag Washer 60 210 2) 270 AN A
Jn1wa9 Bolt 90 AW Nut 90 AN hay Washer 90 AW kaz 3) 360 AN 9¢dn1nwad Bolt 120

A Nut 120 7w way Washer 120 a1

A15797l 1 nsnaaeslana YOLOVA-Tiny

Model Data set Avg loss Time lteration
YOLOV4-Tiny 180 AW 0.01/1% 2 4. 00 u. 18,950
YOLOVA-Tiny 270 AN 0.02/ 2% 3 99U, 30 u. 34,102
YOLOV4-Tiny 360 AN 0.01/ 1% 3 9. 12 u. 29,954

NN15NAABILULARILLAUINAN Average loss AANAIuA 0.02 Teanansadlumaunlyaula

¥
[y

3auarluunag Data set aziiudloniailunisilngeu (Training) Muanaaiudeazduey fuduiy
soulumsilnaeu

HAN1IVAa0IUsEANTAIMYBILULAR YOLOVA-Tiny WazN1SWaAIHaN1SYNUIeNgnaoItay

a o

Rana1admsuwaay class Insazuusveyasenidu 4 nqu Ae 1) TP (True positives) WuTwa &

TUIUITE 2) FP (False positives) wutiuau waluddusnuase 3) TN (True negatives) luwudusnu
wagludyuanuase 4) FN (False negatives) Tunuaiueu uadduenuass lnonsinuss@nsnmazuus

20U 2 N3 AT NTEN 1 FUIUINUNA NN 2 TUIUINWTULUT 2INN1TNAADILULARILLIIY

' [
Aaaa

MNauwLgvestaaa YOLOVA-Tiny lunsalitusunsnfasiiniuer 100% unlunsalfifidue
MugeuiuINTUIUTmLA 150 Tu wu%umuﬁgmyaq 118 $u NUTUNLUARANAIN 10 Tu uaz
Tuwudus 22 Tu aslap TP = 79%, FP = 7%, uag FN = 14% waslunsdl 2 veslana YOLOVA-
Tiny 7 Data set 360 A Han1sVnaswadlnaiUsEavEAMwlunsswunFuueennlalumnly
nsdlfl 1 efivszAninmiuegfudiuu Data set TagvhnisiauszAnsnmainnam Normalized

Confusion Matrix kandlanansine

Normalized Confusion Matrix

10

True Bolt

True Label
True Nut
I

- 0.4

-02

True Washer
|

| - 0.0
Predicted Nut Predicted Washer
Predicted Label

Al 3 nansvaaedluea YOLOVA-Tiny 7 Dataset 360 aw lunsélif 2

'
Predicted Bolt
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91NN13VAABIYBI Normalized Confusion Matrix e‘z?qLLamé’mé’m*‘anm5'1/‘1"1magml,azﬁmsuaq
LABEARIADING LITUTIlUN1TVARDS 150 G Fanavasnisviuefe Bolt Winunegn 100% (1.00),
Nut ¥iuiegn 91% (0.91) vinuneid atdu Washer 9% (0.09) wag Washer viuegn 85% (0.85)
vimunefadu Nut 15% (0.15)

5.1.2 mavaasslinaa YOLOV5-Tiny Tumsmaassazimusdniunmilumnnsiulngsiuou
Al 9l 1) 180 n1w axdinweas Bolt 60 A Nut 60 AW Wag Washer 60 AW 2) 270 11N 1z
#nmwas Bolt 90 AW Nut 90 Amiag Washer 90 210 3) 360 A1w Azdlanves Bolt 120 A1

Nut 120 A ey Washer 120 A

Gﬂi’]\iﬁ 2 M3neaesling YOLOV5-Tiny

Model Data set Avg loss Time lteration
YOLOV5-Tiny 180 A 0.008 / 0.8% 1 2. 30 wu. 12,623
YOLOV5-Tiny 270 AN 0.01/ 1% 1 2. 08 u. 10,310
YOLOV5-Tiny 360 NN 0.01/ 1% 1 2. 54 u. 13,599

< ! ! =) ' :J’ ' d! o ¥ ¥
ANATNAADILULABILLIAUINA Average loss dA619LL6 0.02 Feaunsadlunaunlvaula

[y [

2Sauazluunay Data set azifiuanluaalunsilngeu (Training) AuanA19iud ezt use fus1uIY

Y

saulunsinasy

NaN1SNAaesUsEaNs N nwesluLaa YOLOV5-Tiny LLagﬂ’]iLLﬁ@QNaﬂ’]i‘lfT’m’]ﬂﬁQjﬂﬁENLLEW

a o

Ranatndmsuwnag class Insvzuusveyasenidu 4 nqu e 1) TP (True positives) WuBuau

TUIUITE 2) FP (False positives) wutiuau waluddusnuase 3) TN (True negatives) lunugiugnu
uazlufiFusnuass 4) FN (False negatives) Tunu@ueu uadldusiuass Inensinuss@nsamazuus

panLlu 2 n3el fell A5EIN 1 FuNUIWAR NTEN 2 FuruNiureuil naaInnsnasdunavy
Winanauusugwedluina YOLOVS-Tiny Tunsaifiguauinalniaziinnuegn 100% walunsaind

[

FUNUINTULBUTUIINTUNUNIMUA 150 TU NUTUUTQNABI 128 JU WUTUUUARANAA 2 TU
warlunuduanu 20 Ju Galamn TP = 85%, FP = 1%, waz FN = 14% uazlunsalil 2 vedluna

YOLOV5-Tiny 91 Data set 360 AW wan1svnassteslinaiuszansainlunisdmuniusiusenula

= o

Ludimlunsddd 1 FeluseAniamtusydudiuiu Data set lagvin1sinusza@nsnaimainngim

Normalized Confusion Matrix wandlasansind
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Normalized Confusion Matrix

1.0

True Bolt

True Label
True Nut
|

- 04

-02

True Washer
|

' - 0.0
Predicted Nut Predicted Washer

Predicted Label

|
Predicted Bolt

AT 4 nan1sveaedluaa YOLOVS-Tiny 71 Dataset 360 n1w Tunsdifi 2

NN1INARBIYBY Normalized Confusion Matrix s‘z?qmeé’i’mé’mmaqm5ﬁwuwaQﬂLLazﬁmaq
uAazAAERINg uamTislunIsmaaes 150 4u denavesnisviuisde Bolt uegQn 96% (0.96)
Vinunefiadu Washer 4% (0.04), Nut ¥iunegn 100% (1.00) wag Washer vimunggn 100% (1.00)

5.1.3 Mmavaaedluiaa YOLOVS-S lumsnaassagimuadiuiunmiuanmisiulagdnoy
Al fal 1) 180 n1w awdininwas Bolt 60 AW Nut 60 nWLAY Washer 60 AW 2) 270 A Az
101 Y9 Bolt 90 A Nut 90 AmWuaz Washer 90 AW wag 3) 360 AN A8d N 1MUY Bolt 120

AW Nut 120 7w way Washer 120 a1

A1579% 3 Nsveaedlaina YOLOVS-S

Model Datasets Avg loss Time lteration
YOLOVS-S 180 AW 0.02/ 2% 2 4. 05 u. 11,717
YOLOV8-S 270 AN 0.02/ 2% 3 . 02 u. 15,638
YOLOV8-S 360 AN 0.02/ 2% 4 ¥, 12 U. 23,394

Mnmsnnastlunasziuanan Average loss SArdaun 0.02 Feaunsalunauiloeule
a5wwarluumay Data set azuiurluiaarlunisilngou (Training) ﬁLmnmqﬁwﬁwzﬁfuaq Yudnuau
soulunisinaou

HAaN1SNAaRIUsEANSAINvedluAa YOLOVS-Tiny LLazmiLLammamiﬁmmﬁgﬂﬁ"mLLag

Aanatndmsunnay class lagazhusveyasendu 4 nau Ao 1) TP (True positives) WuTuIY &

De

PUUATE 2) FP (False positives) wudue1u aludliusuass 3) TN (True negatives) Tuwu@ueu
wagludayuanuase 4) FN (False negatives) Tunudueu uadduenuass lnensinuss@nsnmazuus

20NLUU 2 NS FI8 NTEN 1 TUIUIUNR NN 2 FUNUITULBUTY NAIINNISNAADILULAADE
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' (%
Aaaa

Whueuudugeddiea YOLOVS-S lunsdifivunusniiszinnue 100% unlunsdifiizuny
MaTUgUR LN LU ILA 150 Fu wu%umuﬁgﬂﬁyaq 132 Fu waglunuduay 18 Fu dlaan
TP = 88% waz FN = 12% wazlunsdldi 2 vosluna YOLOVS-S 7l Data set 360 A0 HaN15MIA@4
voslunaiiszdnsamlunsiuunduaueenunlalufimilunsdd 1 Safluseaniamiueyfu

31u7U Data set Ingyin1sinuszanSamannsml Normalized Confusion Matrix wandlasansiwi

Normalized Confusion Matrix

True Bolt

0.8

0.6

True Label
True Nut
\

- 0.4

-0.2

True Washer
'

| -0.0
Predicted Nut Predicted Washer

Predicted Label

i
Predicted Bolt

Al 5 nansvaaedliea YOLOVS-Tiny 91 Dataset 360 aw lunseidi 2

3NN1IMARB9YBY Normalized Confusion Matrix Fauanidnaiuvein1svinuegnuasinves
WAAEAATAIINT WY TlUNITNAABY 150 Fu Fanavesnisviuieae Bolt ¥uregn 100% (1.00),

Nut ¥i1unegn 100% (1.00) uaz Washer vitunegn 100% (1.00)

feduannsmnaedlunsdd 1 awdfuresifunmnufianatnvedluiaa YOLOVA-Tiny, YOLOVS-
Tiny, YOLOV8-S flaumiiu 0 waanrlunsaiitizununnilunanmunausansiaduivenla
og19fiUsEAVE N MLAZIILEN

msnaaeslunsdld 2 ATunusiugeutuvesina YOLOVA-Tiny, YOLOVS-Tiny, YOLOVS-S
luannsoasaduiulagnass 100% annsafiansanalszansamueslueadnamaunmi 6
waneruuugvaslaaa YOLOVA-Tiny, YOLOVS-Tiny uag YOLOVS-S 71 Data set 180 n1w 270
AW WAE360 A AsfiumAnuuLus i eUsAMEnmuaslinaduogfus UL Data set Alalunig
Train Tawna wagtuey funesduredinaane minlweadinesduilunifeiivssdnsamlunis
p9RTUTuNUinnnT lueadifiussaninmaniigaainnisvaaes e YOLOVS-S i Data set 360

A aeantuazlualululunsnsiaduduau
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100

_
|
_

$ YOLOV4-Tiny

= YOLOV5-Tiny

W YOLOVS-S

180 mn 270 MmN 360 NN

AN 6 LUTsuisuUsEansSnnedluna

6. #3UNAN13IY
Ummmiﬁ’aﬁylﬁ"ﬁﬂLauamsaamwuLLazﬁwmszwmnaau%jumw?’swﬁﬂm'iﬂfy,zgmizawﬁuu
unanwesu CiRA CORE lagly programmable logic controller (PLC) Iuﬂﬂsmuqumw‘mmuaﬂ%
unanylasy CIRA CORE TunnseenuuuaiuaiLiiorn1svaaes Tnelgnass Webcam Tunisduaw
Uszinanadwooniuillusunsy ienseseudoulanissiwunvesiueu lumsmaasafionaasining
wuugvasluaa YOLOVA-Tiny, YOLOV5-Tiny, YOLOVS-S daunazluinaayil Data set a&“J' 3 LUUAB
180 Aw 270 amua 360 A Taglannlunisnnass 50 A1 100 anuay 150 MwaadduTes
Data set Ingwanisnaaoslunsdldl 1 A3unuiemulnfvemnluinauag Data set nafoluina
annsonsaduiunulauiug 100% uwalunsdil 2 Aflfununaivseutuvedina YOLOVA-Tiny
NANINAABIABT Data set 180 amdamuuudiwesluinaoyi 70% mﬂummawamaqm
Tana HAN1SMAABAYEY Data set 270 nwdinuiaug1ayl 75% wazil Data set 360 nwdA
uiud1egd 79% Faduariininiigavedluiaa YOLOVA-Tiny nanisvmaaeslunsdlil 2 vosluina
YOLOV5-Tiny 71 Data set 180 awiia2uusiugog il 84% wan15mnasdves Data set 270 AW
AsLaugNDYT 87% Ul Data set 360 AwiAuuLEIYR 87% Teilnrmuuug iy Data
set 270 AN INNTNAGBWTUITIAG YOLOVS-Tiny Sauwiusiuinniiluma YOLOVA-Tiny
vn Data set Lagnamsnaaadlunsdldl 2 vedluaa YOLOVS-S 71 Data set 180 nmifienausndiey
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