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Development of Parking Guidance System using Internet of Things
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Abstract

This research involves the development of a parking recommendation system using Internet of
Things (IoT) technology. This project aims to improve parking management efficiency and to evaluate
the performance of this system. The methodology includes designing and fabricating hardware, defining
the operational procedures of the system, developing software, conducting tests, and installing the
system. The outcomes of the project can be divided into two parts: 1) The results from the system
development, where users can view available parking spaces via the Blynk application. When a car is
parked, sensors detect this and send the information to the nodeMCU, which then updates the status
in the Blynk application to indicate that the parking space is occupied. 2) The results of the system
performance evaluation by experts, which has an overall average score of 4.03, are considered to be

good.

Keywords: Internet of Things, Microcontroller Unit, Ultrasonic Sensor

Please cite this article as: P. Enkvetchakul, J. Yoyram and K. Boonkate, “Development of Parking Guidance
System using Internet of Things,” The Journal of Engineering and Industrial Technology, Kalasin University,
vol. 1, no. 4, pp. 1-7, 2023.
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Abstract

This study aims to : 1) Develop a motion graphics to create recognition and recognition about
the effects of smart device in early childhood. 2) Evaluates the quality of a motion graphics to create
recognition and recognition about the effects of smart device in early childhood. 3) Evaluates user
satisfaction with a motion graphics to create recognition and recognition about the effects of smart
device in early childhood. The process of designing using ADDIE Model. The samples used to assess the
quality are three experts and the samples used to evaluate satisfaction are the media users, which
include teachers teaching at primary levels and 30 school media workers. The research tools include a
motion graphics to create recognition and recognition about the effects of smart device in early
childhood, a questionnaire for assessing the quality of a motion graphics to create recognition and
recognition about the effects of smart device in early childhood, and a questionnaire for evaluating user
satisfaction towards a motion graphics to create recognition and recognition about the effects of smart
device in early childhood. The assessment questionnaires are in an online format. Descriptive statistics
are used for data analysis. The study found that there was motion graphics to create recognition and
recognition about the effects of smart device in early childhood that resulted in the quality assessment
of professionals in highest quality, with an average rating of 4.60. and the highest level of user satisfaction,

with an average score of 4.63.

Keywords: Motion Graphics, Smart Device, Early Childhood
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Abstract

The objective of this research was to: 1) develop a cooperative and work integrated education
application, 2) assess the quality of the cooperative and work integrated education application, and 3)
study user satisfaction with the cooperative and work integrated education application. The sample
group used in this study comprised 30 fourth-year information technology students from the Faculty of
Information Technology at Rajabhat Maha Sarakham University. The tools used for the study included:
1) the cooperative and work integrated education application, 2) an assessment questionnaire for the
quality of cooperative and work integrated education, and 3) a satisfaction survey questionnaire for the
cooperative and work integrated education application. The statistical measures used in the study were
the mean and standard deviation. The research findings indicated that: 1) The developed cooperative
and work integrated education application was of high quality and could be effectively utilized. 2) The
quality assessment results of the cooperative and work integrated education application showed a mean
of 4.83 and a standard deviation of 0.43, indicating the highest level of quality. 3) The satisfaction results
for the cooperative and work integrated education application yielded a mean value of 4.50 and a

standard deviation of 0.70, indicating a high level of satisfaction.

Keywords: Mobile Application, Operational Records, Cooperative and Work Integrated Education
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Study of mixture factors on the compressive strength of the mortar
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Abstract

The research objectives are: To study the effects of limestone Mix ratio on the compressive
strength of mortar, and to determine the optimum level of limestone Mix for the desired value of
compressive strength. In this study the 42 full factorial experiment design with 48 specimens. The results
show that the interaction between limestone mixture (X;*X;*X3*X4) has no significant effect on the
compressive strength of mortar. At significance level of 0.05, it was found that mixing factors X,
(Limestone 0-0.1 mm), X, (Limestone 0.1-0.6 mm), X5 (Limestone 0.6-1.15 mm), and X4 (Limestone 1.15-
2.5 mm) have a significant effect on the compressive strength of mortar (R* = 99.95%). As for the
optimum mix ratio of limestone mixture ratio that yields the desired compressive strength (44-54 MPa),
the following results have been found: X; = 0 g, X, = 250 g, X5 = 250.127 ¢, and X4 = 817.978 ¢. Before
implementing or starting actual construction, further experiments should be performed in order to

confirm the results.

Keywords: Limestone mixture ratio, Compressive strength, Mortar, Full factorial design

Please cite this article as: T. Maniwong and M. Sasananan, “Study of mixture factors on the compressive
strength of the mortar,” The Journal of Engineering and Industrial Technology, Kalasin University, vol. 1,
no. 4, pp. 25-32, 2023.
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13 24 d2luaudalivinnsunsfounadeusonain
Fuuueg19sziinssiud otesudounaasu
Fomeoudtiluuadly 27 fu

%z
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7) NAADUANUATUNIUKLTIDAVBINOUNAADU A15199 2 NSNAABIANULUY 42 LNANDLSYA
4 Yo & o AN
VAIIINATU 27 TU AIYLAS BINAFDUAINUAINY i) | 0w | o | e | T
AIUNIUKLTIOA LAYUINDUNAABUNIINIUULYIU
N P ] = Y o = = )
Nenareauar lifliAyiuvsensin nUuvinng Runs £ £ £ £
v v v { v — Q L(\.
AANAFBUAIUATULIIDAAILLAS DINANS BUIN p= . = o (Pa)
o e | an v CI> ; \lo "Q
JuUAnAnLe 2 3 2 -
1 50 350 | 350 | 850 52.14
4.2 NM15NMNUAsLAUUY 2 0 250 | 350 | 750 48.36
N1IYAIURANYBY UNBTAITUTENBUA Y 3 0 | 350 | 250 | 750 | 4518
o o v v e A 4 50 250 | 250 | 750 46.22
Ja3eia1u1sausuAlawazA ANl NS nane
P 5 50 250 | 250 | 850 50.52
NANDUAUDIVBINTTUIUNITNARDS YU HIwbH
_ y 6 50 350 | 250 | 850 49.66
0.0 - 2.5 mm AILEAILUAITIN 1 - 0 20 | 250 | 750 2520
8 50 250 | 250 | 850 50.64
dl L2 U % d‘
A151990 1 Uaduazseauvraatdaduqn by iunns 9 0 350 | 250 | 850 49.44
I 10 50 250 | 350 | 850 53.11
11 0 250 | 350 | 850 52.80
Jaay 429530V (nSN) 12 50 250 250 750 46.20
13 50 350 | 250 | 850 49.60
Limestone 0 - 0.1 mm (X;) 0-50 14 0 350 | 350 | 750 47.40
Limestone 0.1 - 0.6 mm (X») 250 - 350 15 0 350 250 850 49.40
. 1 2 2.
Limestone 0.6 - 1.15 mm 250 - 350 6 0 >0 350 850 >2.83
17 50 350 | 250 | 850 49.54
Limestone 1.15 - 2.5 mm (Xq) 750 - 850 18 50 250 350 850 53,00
19 0 350 | 250 | 750 44.89
4.3 N158NLUUNITNAADUTILNANDLI BAKUU 20 0 250 250 850 50.42
4% (4? Factorial Experimental design) 21 0 350 350 850 >181
o ) 22 50 350 | 350 | 750 4750
Nuideiesnuwuunisnaasaduwuy 4
| . . 5 . 23 50 250 | 350 | 750 48.60
LWNANBLSEE LW adnNyINansenuan (Main ” o 250 250 - 1542
Fffect) WagNav0I8 UASN 38190 kMA Az U7y 25 0 250 | 250 | 750 46.04
(Interaction Effect) Tuwuu 4 U338 2 seavU way 26 50 250 | 350 | 850 53.02
Y91 3 59U LN DIATITANANTLNUNS NLAZHA 27 0 350 | 350 | 850 51.80
BUATNSYIVDINITNAADINIF UTIUIY 48 NS 28 0 350 | 350 | 850 51.78
a" 29 50 350 350 750 47.59
VAADI AIUANTNN 2
30 0 250 | 250 | 850 50.36
31 0 350 350 750 a7.44
32 50 250 | 250 | 850 50.60
33 0 350 | 350 | 750 47.43
34 50 250 350 750 48.62
35 0 250 250 750 46.00

- ]
%z
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AUATY
Xeg) | Xzg) | (Xz9) | (Xag) o
L3980
)
IS IS
€ €

Runs £ £ E E

— © - N
< < N ! (MPa)

< - o~ 2

o (e} o —
36 50 350 350 850 52.00
37 0 250 350 850 52.77
38 50 250 350 750 48.54
39 50 350 250 750 45.20
40 0 350 250 750 45.00
41 50 350 350 850 51.92
a2 0 250 250 850 50.40
43 50 350 350 750 47.60
a4 0 250 250 750 46.12
45 0 350 250 850 49.39
46 0 250 350 750 48.44
a7 50 250 250 750 46.15
48 0 250 350 750 48.40

4.4 afuazn1TInszvidays

1) afAfildAaseitadosnsdunaniuyy
fifnasenuauTRANufunULISAvD I uNDS
A3 TAuA NTILATIERAINLUTUTIULUUEDINIY
(Two-way ANOVA) Lagn153tAs18%n190n00y
LT aLd u WUUNY (Multiple linear regression
analysis)

2) adafldlumsiaseiseRuiimuauves
Jadesnsdrunaniuyuivilijusesénsiinimg
FunTuLsISaRuTifnue A Msiesieinng
DANDELUUT URImBUALBY (Response surface

regression analysis)
5. #3UNaN1599Y

5.1 ﬁaﬁ’aé’msﬂdquwauﬁuQuﬁﬁwam’aﬂ's'm
AUNIULSDAVRIYUTLUUANDIANS

1) n1snsa9aeut ey aidosdunyi
ANANNAANAIALAWUGD (Residual error) s
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WaNLIIWUUUNG (Normal distribution) dA374
Judaseraiu (Independent) wagiluiatios
YoaU5U5U (Variance stability)

2) NS Nad uUnINs 815en1 190379
X1 *X,*X5*Xa L@ INanamIuA I UNIULII8 A8
Yuse$dsfisziu 0.05

3) il a5 B nE nandn nu1a Jade
AIUNAN Xy, Xo, X3 hag X doNSnanoning
AUNTURTITAVRIYUNDT AT o 19l Yed Ay
V@R AT sEAU 0.05 @1u15a3aufunensal
ANAIUNIULTIO AV uNBTAT taTeeas
99.95 (R? = 99.95%) faa151971 3 laun1sns
0A008 T BF URUUNN AT UNEINT AQNY
AUNUL AR ULDTINS Eeh

Y =9.61+0.00387X, -0.00990X, +0.0239X,, +0.0439X,

o Y ' a a a !
M15199 3 Uadeensidrunauiuduninane

Y

ANUAIUVNULTITAVRIYULBIANS

Source Coef. F p
Constant 9.610 | 2,907.366 0.000
X1 0.004 84.270 0.000
X2 0.010 11.751 0.000
X3 0.024 11.751 0.000
Xq 0.044 | 43236.200 0.000
X1*Xz 0.002 0.030 0.860
X1*Xs 0.004 0.140 0.710
X1*Xq 0.009 0.790 0.381
X" X3 -0.007 0.420 0.519
X2*Xq -0.005 0.210 0.653
X3*Xq 0.015 1.960 0.171
X1*¥X*Xs3 -0.009 0.660 0.424
X1*¥X*Xaq -0.005 0.210 0.653
X1*xs"Xq 0.007 0.370 0.545
X2*X5*Xq 0.000 0.000 0.984
XX X3*Xq 0.007 0.370 0.545

R*=99.95% R’ (adj) = 99.92%

%z
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5.2 sEAufi mnnzauvastadednsndounay
Audunneg ﬁﬁﬂiﬁﬁjuuas‘ﬁﬁ‘ﬁmméf’lumu
SIS ARINTIRIVIUA
NAN15ILATITINNSARD DLV U 1A DU
AU03 (Response Surface Regression analysis)
Wednsziseiuiimnzauvesifadesnsdiu
wanduyui vy unes dsdanuduniu
LSITARIUT A9UA (Y=Mean + 2*SD) = 49
+ 22,500 = 44 - 54 MPa Wu31 Szduvesiaded

WiLNZaY Ao Uade X; NszauU 0 NSy Uy X, 7
SEAU 250 NSU U338 X5 N15eAU 250.127 nSu
wartady X, NSeaU 817.978 N3y

6. 8AUTIBNANTIVY
nansAnwItadednsdrunanfiuyuiidng
MOANATUNIULITITAVBIYUNBT AT WU
AIUNAN X, X, X5 WAY X HONSNane
ANUAUNIULIITATBIY LB SRE I Aty
NeEBATISEAU 0.05 (R? = 99.95%) o3uneldan
i‘]fﬂé’]’aé’m'lﬁaumammﬁuguﬁmmmma6] inasio
nsiAngngululaseadrenisluresneunind
YUIAVIAUY UA GIA AR BAIIULTIULTIVOY
AoUNSRMEITURL aenndaafuuuIAnTiIngHyy
wazdanuiasinlumsuninddniuanandy
wdeusaesmaunInegeiitedAy [4, 5]
HaN1SANESEAUT Iz auveetadus g
ﬁ’mmamﬁuguﬁﬁﬂﬁgum%ﬁw%ﬁmmG’humu
W59 AAILAT ATUARE X, = 0 nSU X, = 250
NTU X5 = 250.127 YU wag X4 = 817.978 niu
a5 uleladnaursaduundnsnavesdadeain
AUNINEINTUNTANNBELTLEULUUNY L 2 Nau
NaUWINIALA X1, X5 wae X, Nfinsnane
AMUANULTISARIUVUINYDIRUY UlAEI AN
vosdnsnalulunisuin denndesiuiuised
na1ITanuIasINdwNalaen 1T UAULT IS
Y29ABUNSALALNANLAUTUSVIAIULTILTIVD S

NsaFimnssukazmealuladgnamnsy uAnerdunindus I 1 atuil 4 nsngran - Awmnau 2566
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 1 No. 4 July — August 2023

'S’aqmaiamwuLLUiﬁumiaﬁummLLG‘ﬁqLLiwaq

P < a ~ a ~
ABUNTA LU X; NVUINDUNIATAZLBEATIER
f9vSnasanuudusivoinaunintoaiign
TuN19MsInUT 1Y Xz hae XsazddnSnane
AU TILTIN VLA

A a oA v o Aa a

Weasannquiasslaun X, Feddninalu
AU @ansaedu1eINAneIn X, Hvuialng)
unddesinmiegngululassaseinlily
anunsaunsndllule useananlai1vuinves X,
Wudtnuinansisesdiivelaseasieanisvinutng
Uszauvesyudiuuniiuies Ndaennaodny
NUITYNNA1II1VUIAYB9Y 9T 11T BTN U
SvSnaromuLTwTIeIRaUnIA [1-3]

7. YaLduUDMUY

7.1 davausnuzlunisuinanisnisAne luld
Uszload

1) an153dunuiianiwanadnvesdade
drunauiuyuLsavIuIndmanafuauiRAY
FununsIsaveayudiuud luvugd snsna
dunsiseseninsdunauiuyuunazvuinly
dananon uauyA AU TUNIULTIE AVD S
YuTiaud fadu lunsiaungnsaiunaufinyy
mmaaﬂ%’mﬂ?{ammmﬁugu (0 -2.5 mm) e
dasymanu

2) lumsihdnnaunasiiuyuiimngauivh
THanudumuussavo sy udiudiia1nu i
AualUldnuns el unmnanasenisagdosin
nsneaefied udunanesusaudinisusuanin
Usunwaztadedue MAededifianumanyan
AUNINENDI

%z
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7.2 Yaiauauurlunsvinidesialy

1) ffauloamnsafnudadodug saufv
Jadvdrunanfiuyud dnasenuauAnlig
AUNULTISAYRIYULDTANS

2) faulaannsdnwviTouiisunuads
AL LS IaLasauaNT AT sl faduves
Yuuosi$iiAnaindadsdug saufuifads
drunanfiuyui ol ld Jadod imunzaniian
dvsunammjusesinsndaanm
8. 1aN&a1581984
[1] E. Luga and C. D. Atis, "Optimization of
heat cured fly ash/slag blend geopolymer
mortars designed by “Combined Design”
Part 1,
Building materials, vol. 178, pp. 393-404,

2018.
S. Jin, J. Zhang, and B. Huang, "Fractal

method: Construction and

analysis of effect of air void on freeze-

thaw resistance of concrete,"
Construction and Building Materials, vol.
a7, pp. 126-130, 2013.

R. Sugrafiez, J. I. Alvarez, M. Cruz-Yusta, |.
Marmol, J. Morales, and L. Sanchez,
"Controlling microstructure in cement
based mortars by adjusting the particle
size distribution of the raw materials,"
Construction and building materials, vol.
41, pp. 139-145, 2013.

A. M. Matos, L. Maia, S. Nunes, and P.
Milheiro-Oliveira,  "Design  of  self-
compacting high-performance concrete:
Study of mortar phase," Construction and
Building Materials, vol. 167, pp. 617-630,

2018.

(5]
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B. B. Mukharjee and S. V. Barai, "Statistical
techniques to analyze properties of nano-
engineered concrete using Recycled
Coarse Aggregates," Journal of cleaner

production, vol. 83, pp. 273-285, 2014.
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n1suszgnaldaunisussanananmdmivvueudliemnslauudnluda

AUIWIN doufansd ™, Fady wien’, asgns nIsA° wae st danliudh’

! s dmnssumans univerdomalulagsvienadaiu e unveuuny
2 augInennsneniiawes i Inedusvsigauasvsiil
54 pugdmnssumansuazinalulagonanssy e dun1wadug

3

*UssanuunANusuatu: amomnthep.so@rmuti.ac.th
(Fuunanu: 27 dquieu 2566; wilvunau: 29 FWNAN 2566 2566; ABUTUUNAIIL: 30 FWNAN 2566)

UnAnge

JagtunumsnsUszaudgmnidunumananiugeiy Jgmnsauesuussnuniainens 1ansld
walulad wasnardndulngdslaifinunmifuesgu ouidedldfnvuasiuussuaninvhsudmiunis
Tiomnslaundnlud® lnethesdanuiuwmelulagasaumeaniug Sidnnsednddaaies uaunszuvdmsu
mslormslauululsausou Immu‘i%’aﬁiﬁﬁm31Jszqﬂsﬂ%’{]auJaunUﬁxﬁwﬁiumsﬂizmamwﬁm%’mWﬁmwﬁ
anuzaseguaslauntaqiu ilelisyuussyiitadumiswemjusudlulsadeu wazmsliemmsiaulsosiad
UszanSnmiluszuudmlud® anunsaannisldndinuresiueuidmsunislitemisiaun daeliinunsnsd
UsgAvsnmlunsuinmisdanisfiutu anuanismaassnanisUszidiulssavinisussananindimiunis
Ansgianiuzaseguoslauntagtunuinnaia MobileNetv2 Wumaidaimunzanuniigadmiunig
Uszgndlder Feflvunadesiign 14 wnzlud fanufunniigalunisnovaussi 0.001 Jundl waziia
wiud1egi 97.22 Wesidud

ATE1ARY: INWNTTARTEE NITUTLLIANANTI VUBUALAL ST UUSHLUTR

M38BIUNAY: BUTIN deuRansd uasang, "mMIvssgndldnunsussiiananndmiuusudliemnslaus
onluili," 75a153mnssuuazimaluladenamnssy un)Inenagniwaug, Ui 1, atud 4, i 33-43, 2566.
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Applying Image Processing techniques for Automated Dairy Feeding Robots
Amornthep Sonsilphong"*, Chutchai Kaewta®, Sarayut Gonwirat® and Ronnachai Sangmuenmao’

! Faculty of Engineering, Rajamangala University of Technology Isan Khon Kaen Campus
2 Faculty of Computer Science, Ubon Ratchathani Rajabhat University
%4 Faculty of Engineering and Industrial Technology, Kalasin University

* Corresponding Author: amornthep.so@rmuti.ac.th
(Received: June 27, 2023; Revised: August 29, 2023; Accepted: August 30, 2023)

Abstract

At present, farmers are facing problems with increasing production costs, agricultural labor
shortage problems, lack of technology and most of the products are not of standard quality. This
research has studied and developed a smart farm system for the automatic feeding of dairy cows. By
bringing knowledge of information technology together with intelligent electronics to develop a smart
system for feeding dairy cows in-house. This research has applied Al to image processing to analyze
the current cow status and the positioning of robots in the cow house. The main purpose is to
improve the efficient feeding and minimize the energy consumption of the smart farm system for the
automatic feeding of dairy cows. The experimental assessment results of the image processing
efficiency for the analysis of the current cattle state showed that the MobileNet technique was the
most suitable for the application. It has the smallest size of 14 megabytes, has the fastest response

time of 0.001 seconds, and an accuracy of 97.22 percent.

Keywords: Smart Farm, Image Processing, Robot and Automation

Please cite this article as: A. Sonsilphong, et al., “Applying Image Processing techniques for Automated Dairy
Feeding Robots,” The Journal of Engineering and Industrial Technology, Kalasin University, vol. 1, no. 4, pp.
33-43, 2023.
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1. Ui
awnsuazmsliownsduedeiiddalunis
Aesdnd Wesandunulunisifesdn sz
60 - 70% \Judunueremsfidnideddluns
AITITN N19LaSeLAule waznslinandnsg o
Faunslermsludsunadimanvan iolidn s
Iasulaguin1sniuaINfeInIsluliazy19e7y
wazszeynsiinandniadudssndy vailaas
AN NWULNITHA UV IVIBNIAUDIIT LU
wiagsreviasyiiulaniy Tudagdunisly
mﬂiuiaﬁléfﬁuaaiwuwiwawmmsﬂﬂéﬂﬁﬁm
N9N¥ATALANA199 N YRV ULRL T uld
wsssruaulfiudsululduianssy 75endn
AN1SNINTUNTOINEATOIRI8E (Smart Farming)
Fadusduvunisuinisdanisiidulaeld
wmaluladansaumeduigroniudunou
NILUIUNITAI LU N1TIATIBRRATATUAYY
n1sandula (Decision Support System) n1g
Fsunuudaludfsessuululaslusisaises
(Microprocessor System) wazintatleynineg
SyUUdansey (Intelligence System) 1Judu
LuIAAT@115aUINISTANISI a8 19 E
Audanguldnaon antodnRULIIIY SEUY
T msdnTudAuiem Lely Vector [1] Falu
wnAnfitautulneanusauiieantynives
RTINS LABdANAINITAVRITTUUNTIADINNT
Taua Ao nswasulssiamnisteusmisieuas
590157 Wasuwasamsevdalunisliernsia
wule naslienisiinanuudugldusunui
wownzAiulauuuazydn Tnon1sHeAILaznIg
Tdnuvesszuulifinududouasesenn day
ganguluni1siie1mslaul a1u15n KUY
wazssalumslromislausld annisldussay
wazaINnsanIuAEuNImIealunisiomis
Tauald nrsliermsidusiuminudesnisveala
uy elklaundnisaigdvlalduinsgiu
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1 6

FULUA D IM13INUTENAINEI TGN
fmsundanlraululssimalng
nuiseidsadiuwiAndnunazWauisyuy
anrsnisudmsunisiienslauudalud®
Fadunsiienszuumaluladansaumaniug
dlannsefinddanies LazyusuANIAIUANNIS
nuliemslaundnludfuasinudeyaluszuy
Fudeya uanrasisudeyanieg lunisli
g1m1sH RS eY s umesiiaifioassnds
(Internet of Things : loT) WI0N1IRIAITINS
WUUERLWITR MuuLuIAnTEUUALNSNYNSUSIR3YE
Fasvuuilezdresruneanuarminuiinensns
wagnaknuNIsdLsInuEauariulauy suds
Wunisusuisdaniswisulauuedidl
UszaAnsnm Tasunauiazaatiuimunsuens
o sonlud@ laeiinisiaszianiugsunus
vaslauy Inein1sussendldleyyiuseivgun
dinuszansaanlunisussunananin dany
favguiunzaufuntisUszanave wjusudii
Fodriin uazindouiludsganlomslulsaiou
lauuliagregnaauaziusednsam

2. n1sUsENRaNanINGEn1sUsEENA LY
Unyeyruszhieg
66) ¥ a 1 a b
n13Usrenaldlayniuseivinasnisiseus
- . . =
YpIATDY (Machine Learning) N#aInN#aIg1u
wagldarunitevnainduludagdu Ing
= Yy A o o PR
nsrUINNsseusinseadnslaenaly wanslasagy
1 1 feun1sinszrineduundeya wheeain
AMdnEMe (Feature Extraction) hagdunauil
Aoaflan1e feIAn STV as1edanaiiiy
(Algorithm) Liteldasnenadnyasivanzaudy
dunm (Input) Yo9anesNUNIIIEUSIATEIANT
wazdwalilaiendnn (Output) NUsEANTEY
WNTu Fanssuauasiequdnvasiuiniy
Jednfanivaimsiaulanisiieuiiniasdng ns

oSN aeuRansd uazany, N15UsrendldaIunIsUsraIanan Wa U U A e sl A LA
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L) v

38u1T98n (Deep Learning) unilsluusziam
danesuNISsEUsATeeIns Nlasuanudeuly

v A

‘ﬂ"ﬂ%‘U‘NL‘uaﬂﬁ]’WﬂLUUﬂiSU’JUﬂ’]iﬁﬁ’WN’]iﬂﬁ%}’N

9
LY

AavaNURlAmERLLEL USRI WA

Input Feature — et . Output
[ (Car) Extraction ] [ Classification (Car/Not Car)

MACHINE LEARNING

Input . . . . QOutput
[ (Car) H Feature Extraction + Classification H (Car/Not Car)

DEEP LEARNING

JUN 1 wananszuIuMIUsEaiaTeninensiteus
YDUATOIINITUALNTSBUSLTEN [2]

1595199991538 USAENTN UF VNN
IAsevneUszamiisy (Artificial Neural Network:

ANN) AUsznauluaievatedu Ineviateduluid

9zd1989famaudn FagniFendndoniain
198U TEa M98 (Deep Neural Network:
DNN) §slase91eUszarmdsdndnainnany
Uszian fregnavedlassnefilufifden anfigu
Deep Belief Network (DBN), Auto-Encoder
(AE), Convolutional Neural Network (CNN),
Recurrent Neural Network (RNN), Long-Short
Term Memory (LSTM), Deep Reinforcement
Learning (DRL) &k & ¥ Generative Adversarial
Network (GAN) tJufu

21 TasevrgUseanuuunaaulagdu
(Convolutional Neural Network: CNN)
Imqm"]wsva'mLLUUﬂauI';a%'umﬁ'nauaImsJ
3] Tud 1998 wazlagninluly
N9AY ABNAUABSITIAY N133T1NIN NITUUS
d7u (Segmentation) N15M5333UTMY (Object
Detection) Wa¥n15t3gnAuIUAIN (Image
Restoration) usiu Inglassadraiallvedluina

LeCun, et al.
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LARIRIFUN 2 Usenauniedunnee s1eaviden
Aaralyil

. C3:1.maps 16@10x10

cature may S4: 1. maps 16@5xS
INPUT P,

3232 sazbas §2 1. maps

g1 FllmA chon | Oiapwaln coriacona
Full connecton

5UN 2 lassasvedlassieussannuuy
moulgtu [3]

1) ﬂauIaQ%uLLuu%u (Convolutional Layer)
Hudunoundnveslassisussamuuuasulag
Fu Mdmivahaunuiinudnvuznionsioas
wun (Feature Map) sagsaiun1sneuligiu
() uanadisaunisi 1 laerwuald xP Ao Bunm
fifif1uru n 9os (Channel) wazagfiduadui
p, lALuanImes (Filter Kernel) K fflyuin
mxn %84 LALedne (Output) n30WILA0TUUN
X0 fifi§uau m o

1
Xt = Kon *x! (1)

mewm (Output) W3wosuundldanusay
%umwuwvmmmu Batch Normalization [4]
n3oflendunsgsu (Activation function) Luu
Rectified Linear Units (ReLU) [5] fsaunsii 2

RuLU (x) = max(0, ) (2)

2) Pooling Layer tfun1seuinfiuiigos
(Spatial Computation) tia%8anT1uIuYTLIA
Yaansimestulassnelagldisns wu A1l
ANgeqn APgaLazALade uana1n# Global
Average Pooling (GAP) finuluuide Network
in Network (NiN) [6] iansuaufidledunnid
NARAUNIATETT wxh TIRUALILIA
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Anadumdonia Falassarslasaiguszam
wuuasuligfuilagiuisuld AP unudy
Pooling

3) Fully Connected Layer (FO) \dunns
ousoynlvun (Node) 9ndunislugamnlnun
maqsﬁxué’mlﬂl,l,az%uqmﬁw (Output Layer) 84
TnssingUszamuuuasuligdu 1dife s
Avua T uulnuawiuIILINYeIUTTLAY
Taya lneldfeandu softmax TunisAuIum
o dwALansfsaunsi 3 laefl x, Ae Lnned
AMANYE WAz | AD ADNLINLUUATDINADST X
o U

soft max(x) = Nexpi (3)

> exp(x)

lasangysramuuunauligduisulasunig

AuaulalagiiBninaiuuITeNn1wIunT3an
aduagiege daudluina AlexNet [7] 14
Boudyndoya ImageNet (8] uagvdsntuldd
n1sUsuleuasimunlasaselasaedseam
wuuasuligdusuuuuduq léun Ve [9]
fjnausnislineuligdu Allvuinvesaiua 3x3
Wiy vl mdnmnsiwesildanas
N9N5IUL GoogleNet [10] lauanisidauin
YDUALLAVAINMAIBYLA TaEn I RuTauTy
Wusnnilaguuuulaseairadivinliszansam
Wi Sy InceptionV2 waw InceptionV3 [11]
1@ T4 Batch Normalization, ResNet [12] wa ¥
Inception-ResNet [13] 14 Residual Connection
yhlsfinsuauduldinnnd 100 $u

DenseNet [14] latauaguuuu Dense Blocks
firuandnunzandunounihivlitubulis
Foyaifistu Snuuamanianisuiulga fe nng
AATUIANITAIUINUALIUINTIUIU YT

WIS10 1RO 19U SqueezeNet [15] L@
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.1

InceptionV2 @4 InceptionVa lauUsu Touning
WUU Factorization wag MoblieNet [16] lal%
lugamnauligduiluy Depthwise Separable waz
MobileNetv2 [17] 1 ufiy Inverted Residual
ag Linear Bottleneck Lmuﬁgmwmauhg%’u
1n91511 Tumenssdudiunismlassadnslaies
wuudnlufadie3siizondn n1si3euives
\A3UUUSAILTR (Auto machine learning) Wy
TusruiddenisAunilaseadng (Network
Architecture Search: NAS) Tae NASNet [18] 1@
l9n15i5gunuuLasuna9 (Reinforcement
learning) Wag RNN tletausgjuuuuvasiaseaing
funnzay wazlasatne AmoebaNet AURILUY
danesNULTIITa uan1s (Evolutionary
Algorithm) wag EfficientNet Funinisifievene
yun CNNs Hiaamning snauazuundlegdu
(Resolution) ¥03ftmBsAMAN Y ﬁqﬁgﬂuw
NAS #1199 Ana1aun IfinUszansamnissan
qqs‘ﬁuﬂdﬂmmaﬁﬂ"mumimqa%’wwa wa Aol
naUsvnamauIuiy Wesniisiuilaseedig
Frumisimndululaiivainvats anfinaaun
lassaiveddasseuszamuuuasuligdulagn
Wauegranarnnanaifiedfinuszansnm lnad
udTedlduniauediedie 1 luina
MobileNetV2 [17] a5ulalassasiesiuazidun
Fadl

2.2 MobileNetV2
iioflayldauuugunsalindieuil MobileNet
[16] TE1anN15aATIRIUVUIANISIHLABIA2EIT
mauligduuuyu Depthwise separable 7
Usgnoauaae Depthwise thag Pointwise
Convolution fivl#nisansiuiunisfinedas
Uszanas 8 - 9 winanguuuulasesrgyszam
wuuaauligduiiy dwwaluldiiainiseuin
Yovasusidinssansnmnisiindigs
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@195uL0sTufl 2 MobileNetv2 [17] 1¢
Wauilnold38v09 Inverted Residual @ <
Usgnounien13v1aauligduluy Depthwise
waz Linear Bottleneck wazlénsidenuuudig
(Skip Connection) anugUuuyU ResNet [12] wail
MobileNetV2 fg1uauduiiifiuduainnisiusi
Residual Blocks wasigruiunisnilinesituayas
71 MobileNetV1 safitiiosainnisldsiuiutes
fiforas wivinnsvenedenfiududeunsvinou
Tgfuuuu Depthwise

laseas19lagsuu09 MobileNetV2 Wansns
gﬂﬁ 3(n) Usznoudlodu 1@un Convaxs,
Bottleneck Blocks, Convixl, GAP L& zﬁf?u FC
meileaitu softmax Iy Convax3 Fensuligdu
LUUN193157U (Standard Convolution) Afun
LALA 3x3 LAY C32 WNUTIUIY 32 T4 Tad
Tnsesadramdnvesluimaie Bottleneck block
LansdIuUsEnouds JUA 3 @) Aoty
Bottleneck t6 c96-n3-s1 Usenausiy t6 91U
AN1VLIYVUINYDY WINAU 6 111 c96 ABITUIU
96 94 n3 ABFIUIUASIVBINTTY VB9 Blocks
#8513 a1 way s1 Ae Stride 1 Tnoudenusn
289 Bottleneck Block 18in15l4 Stride 1 (s1)
9813u 18 Inverted Residual Block (IRB) &3
wansduUsENBUYDY IRB gﬂﬁ 3 () Usenausme
N3 VE18UUINYDS (Explain Channel) é’aa%’u
Convixl fifurni@ae Nonlinear ReLU6 G4
A1 ReLU Function ﬁﬁmumﬁﬁmmqqq@ﬁm 6
Intusededy DwiseConvax3 e Depthwise
convolution Yu1ALALYE 3x3 wazly relus
dwiutuanielu IRB 14 Linear ¢ae Convixd
\iol#guau Channel anausinfu Input vas
Block ¥inl##@13158 Residual Connection A3g67
andiunisulnle lunsal Bottleneck BlockStride
2 (s2) 98130 @18 Transition Block 7113157
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Residual Connection L899 1NA8IN15aAL A
wxh 6ia5U#l 3 (1)

Comizh Bems

oy D v 31 Rk

Inveried Residual Block Tramition Black

| I

(RE)
Botticneck
MabdleNatV2 (stride 1)

m @) @ @

5Uf 3 Tnssainswes MobileNetV2 (n) Core
block (9) Bottleneck Block (A) Inverted (9)
Transition Block

ad o a

3. 3AIuNI5IY

dedfyiimsidaddunsiaussuuaunsy
Wsudmsunistiemslauudnlud® fAe Mueud
Temstaundalud® usudazdleladiivu
waouitldanudunisluszeginsimunganly
yaugdisinisliemnsiuniivesnendnd Usunu
o1nsivdesaslvazgninvunlaessuuseniuas
ABNNIMDT TEUUNITTRUNAAMILYUIAEYN
vhunlfiitelugagadideants uazsvuulsvanana
aitelyinslienslauandunuudnluifazan
Usegnaldanu

Tussanduadeluiiusznaudie susudli
91M15AUNTALULR wuIAnveLnAlAnIg
UszanananmiithuUszgndldan gunsalild
Tun1suszuianin wagn1sinusednsaan

(Evaluation Metrics) A4t

3.1 yiusualviomslaungnlulia
usudliownslaundnludd azUsenausie
2 dundn Ao diulassailauwaznaln wazdqu
JEUUAIUAY
AusvuusudalieInislaundnlud
UseNaurmigdinTadlAseaiakasnalnveavueu
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Tonmslauugnluds annsaussgomsiauule
Uszanaulidifiu 50 Alansu Musudiinames
Fuindounazueimeiteusmaiduviauuulyiin
nszuansa dvwausadiulnd 12 Tad ey
wvaandasulunisduindeu uazifuuvas
WHIUYDIIRTAUANEUNIAIBIENNTOTnd
usudldlulasneaiass Arduino ilearugy
szuvduindounazszuuteuomis lasiililas
AaALaas Arduino dzdlayauaysutayasig 9
fululasiusiwesioes Raspberry Pi ilaldouse
svunansiadeyanviitnonanmadoyad
VUBUS LagyUIf1anInanIuLATod Y
Buwesiin

nnsiudoyaiiiouieenuuusz UV
Tsadouidsslauy quéitonasiinousugde
unAngrdeniwdus lasuatudaualunislv
a1slauy wudn Tudagduiinisiiemisiauy
otaferTuavansivanunds uazdodldusenuny
sensliermsudadunadssuunidadals
yhlsdidunulunisrdnainussanuay 9uidsiids
Iiaunszuulromslauusalud@iieanduyu
LIILAY

luszuunisAvAuueudlie misiauy
SolusTh avanunsnnuny eeuFensiadouHy
fumosin Tnsiaseauitneasyinssudeyauay
wannadoyanieq dwivled auisadids
Toyaldfalnsdniiindoud ifunay vie
Aoufiunos lnofiusudazdanisiiugenduag
NUSTUUIATDILITEAAF Warazilszuuiivnis
lneldidugesnsiaduidunidméin tlned
lulasroulvsaiaeionsndlu dununanosdoii
aoasnu WielijusudiAunisludsgadideanis
Jouomnslilau faguil 4
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foT System

A O HE

(R —

5 ¥
N
L : Nediino Mogs 2560 {

LED

=8 o @ © 8

Motor Driver Right Navigation Sensor

JUN 4 unudansniswensiegunsalaiuay
YDIWULUA

N15YIN9UYBIUEUA D19 TLAULBRLULIR
Tnoiilulasneatans Arduino vimiimileuases
gdumanwesiwesduduusimdniileduindou
vuudlslumudunugaidesnis lngagun
nszuusEyAnsundaiielviinusudes
wdeuildlromsnssgalniliinngauiunis
Tomnslaunanniigauasinesonisiuemves
Tauy vidsniujusudagiinistouotmslau
wagsiiunslvomnsliasunnaamudiunly
Fauanslusud 5

Guduniminnu

Fudrfimuaiaavinau

vususiiadouiinudulugegadousmis

sEuusEYRARAILIG >

-y =

n52F0UIEY wisli? Aae3Ems
Uszanananm

L'H

WM

JUN 5 TunauMITinauYeueus
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3.2 WA vaLNAdANISUTENIaNaNINAYIN
Uszgnaldanu
a 6 v a ¢
Muansuszenalddyaussivgiaznis
SeuFveuAIesfivainvatgunaglday
nsvnaiudulutagtu Inenseuiunisseus
a @ ] Y] ~ '
309N slaealy wanafeguyn 6 nounIs
AATIENNTRIUUNTBYALADIAT AN YUY
(Feature Extraction) kaztunaulsaananIande
NS eIy as1edanesiu weldasng
@mé’wmzﬁmmzamLﬁuﬁuwmaq{)’aﬂﬁﬁmmi
a v A o | P '3 aa a a
Seusin3edng wardwalvldiendnanduseans
RNy %amzmua%ﬁmmé’ﬂwmsﬂud%ﬁu
Jadnianilavasnisiavlanisiseusinsesing
= Y oa = & P ) a e
n1ssguidnilunilalulssinndanefunis
Seufinsesdnsnlasuaiiufisnlulagdu
Wesndunszuiunisfiaunseadranaaudle
AIUAULDILUUDA LU
NuTeillaldnsseudiddnieuitdymly
AnsUszalanan nlaunluren f9lgluma CNN
dmSuNIsAUMIANANYMELAZNITIIININ N3
WUIdIU (Segmentation) N15M5233U TN Y
(Object Detection) wagn1sisgnausuain
(Image Restoration) 1usu laglassasienaly

YBILUAAKARS AIFUN 6 UTENBaUAIETURIT 9

Uil 6 Tnssa¥aves CNN [3]

3.3 gunsafildlunisuszanann

Raspberry Pi 4 Model B @ U 8 30
AOURIMBSIUIALENTidIu1TaLTouRe iy
JpuailinesAduasaLaziundls @1u1sauiun
Uszgnaldlunisvinlassunisinudidnvsedng
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nseulUsunsy wazdiaunsaUseaiatoyale
ogfiUsyAvEn duunevmasausmdn 4 fin
nelud wazAusIveaniieUszuiana 64 Un
1.5 Ainnzidsnd uadvuiadnIavanzanlung
Ansaiieldusznananwluviueus fasuil 7

gﬂ‘ﬁ 7 Raspberry Pi 4 Model B [19]

v = =~ ! s

Payanldlunisneaesilsiusinanvueus
aulaunlumreniulseseunaudidouasinausy
QAW UM INYIFYNINEUT FailNmUA 99 AN
A e v a ¢ Y & o
iernasulvineufinmesiseus 1 UuTIuIu 100
59U WidFnAMIMAeBN 42 ANUIMAFY
Anugnaadlunsdwun Astayalunisned 1

A15199 1 uiudeyanldlunisinaounay

NAFDU
Uy
ASLUIUNIS o "y

Lt | 9% 573
ANSHNADU 16 83 99
AsUSuigu 6 36 a2
ANINAEDU 10 26 36
33U 32 146 178

3.4 nM33aUszAnSn (Evaluation Metrics)
Mnguuuuilymvedifei Ussneudeiins
Uszifludsgdninm nmsdadimnugnaen1sidn
(Accuracy Recognition: AR) A1AI1U)NABINTTS
I TadAugndeweInisinvestung
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=< A

madoudidedniivssgndlden TnesnAdeilald
iWiensiauszansnmnssalaunlulsadeu i
LanaaNn1si 4 fdnsrdruioazuessiuiy
Toyanimilumanavldgniesdesiuay

Toyan nilinageurianie

_ #correctly recognized samples
#all tested samples

AR

x100 (4)

4. NanN15938

4.1 Han15US8ULNBUNAYRITANDINNNIS
Usenlanann

NNTMAaBINNTIATIZIA N AU o1
vusuddousinisiuudazya lneidunas
WiguiguraIusazdanaInun1sUsEuIananIm
iloynsanesiiuiilannumuzanuinfiganuin
Fane37iu MobileNetV2 finsimsnzauanndiae
fisluduruinvesdaneiufidaesdian i
AnuEigean wazdauusiugroglussiuia
wandlunsef 2

o ~ a o a
A15199 2 NANTSIUSHUNEUNAYBIDANDINUANT

UszaananIn
matlAng WA lTeivop) 1287013 189 FBns n3aY
Uszanananw wd uls Anaou Nedsy Anaou Tounns
(MB) Geoud
VGG16 528 14,715,714 | 3m 30s 0003s | 97.22% | 97.22%
MobileNetV2 14 2,260,546 1madds | <0.001s | 72.22% | 97.22%
NASNetMobile 23 4,271,830 5m 16s 0.002s 72.22% 100%
EfficientNetB1 31 6,557,801 3m 30s 0.002s 91.67% 97.22%

4.2 #an153LAI1ZRAINBA UG TUNI1TTIRUN
2N
NNTVABDINTINULAAIAIANLIUGTUNTT
FIWUNNIN LHEUFUALARAIAIAINLLUEINYA
fnasuiioldmaiin MobileNetv2 §1u7uNn1s
Syu3 100 dle1 1 wazldudileiuanA1ndIy
wiuganyanaasy 0.9 agnuinilednsle
windla MobileNetV2 waiaiauuaiuglunis
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Fuunamanyamaaeuiisngs Tndidesiueniile
Mnyeilnaou uazfisiuiun1siioud 100 9z
wuIunAlla MobileNetV2 aglvidszansainlu
mssuunnwidealunmsiunegniesgedu &
LLamgUﬁ 8

JUN 8 nymlanianuduiugsening accuracy,
loss AU epochs UadMALlA MobileNetV2

5. agunan1innaasy
syuvausnisudmsunisiienmisiauy
L va [ 66 ¥
anludd awilunisussenaldaunisussuians
Anagredinseaniuslaunluudazaonly
lsasaunndlauuvsely Ingldmaiin MobileNet
FelAIUEEUNIluAUIUI kAT AL UL
Tunsldaunululasinsiwaiwes Raspberry Pi
Usgansnisauiundnde Fllvuiatesngn 14
wnglud anusunniigalunisnouaued
0.001 U1 uagiad1uuduegmegn 97.22
§ & s A Y 1 v v 14 1 =
Wasidud ielvivusudlatdeusmisiaegied
Usgansan lilvomisasemenndslufilaunds
yrgliann1sga e nasauveuLun
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