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v v
A =

fudiiifulegldsud NDWI, MNDWIT uaz MNDWI2 saufuwmaile
AUALUERLWTRLUY Otsu fuATauwlInumgef) ndeyanineiy
AABL Sentinel-2 USHIAAILDITINInvoULAUT A.A. 2016 WA
msAnwmudn WewSsuieufuuauiivhinauiildannainaneniy
aw18ungs Google Earth AnugnAedlnsssnazduussavisuauilunms
afnfiuivafuvossud MNDWI2 dremadndauiesmlus@uuy
Otsu fiAngeanyiniu 0.989 #u 0.343 suddy nsAnwduandlsiitu
Sl MNDWI2 gnansathunidlunsadaituiitiisnuluendedls

Abstract: The objective of this research is to compare effectiveness
of urban surface water bodies extraction using NDWI MNDWI1 and
MNDWIZ2 indices from 2016 Sentinel-2 satellite image in Khon Kaen.
Results of the study show that MNDWI2 index provided highest
overall accuracy and Kappa coefficiency values of 0.989 and 0.343,
respectively compare to surface water area interpreted from Google
Earth high resolution image. Our study reveals that MNDWI2 index

can be used for urban surface extraction.
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1. unun

Frtnveunnwdudmiadifisiuiu
i uivszudefougadududu 4 vos
mMsUszUrdugiinig (nMsuszurdiugiinig,
2564) LLazﬁmiLﬁzyLaUImsuaaLﬁQQﬁqdﬁ‘ﬁuﬁaaﬂ
(Ongsomwang, Pattanakiat, & Srisuwan, 2019)
Uszneufunansznuatnantizlandouiiufiu
A Asse A RURN5T IR T1a 13”|Vi'lii, LY
Audeu uar 1iuds Sadeedluaunisaam
n$nennsinldegramnyauuaziivme (Beringer,
Inmuong, & Kaomuangnoi, 2018)

£

walulagnissuisseslnaninane
AuflsugninsnAnmuiiufiihffuisiuuiine
WALATNN sufefeRvhduihuunamasdi
seeulanumaneduddsssudaalddielunis
sflunsdlodisutunssndunisiaeeiasdu
LasyanARURY (Chawla, Karthikeyan, &
Mishra, 2020) Usznaunun1swauimieinalulad
Tugas 10 8¢ 15 Y Frhunvilfanunsasiiunis
AanutiafulusununsduazBunsyu
ﬁuﬁlé’ (Topp, Pavelsky, Jensen, Simard, &
Ross, 2020) Tuussniauiieuiuy Optical il
aunsndndsdeyalaglifialdanedu s
Sentinel-2 [Wuanflendifisvazidondeiiui
mnﬁqmLLaﬂ%’aﬂmuﬁﬁaaﬂéflﬂuaﬂwﬁ (Huang,
Chen, Zhang, & Wu, 2018)

watlansduundimiulagldtaya

Awangaisuausanuela 4 3udne fs 19

amilataandy, nsviial, insBeuineeies
uay Spectral unmixing Tasn1svinawiinIwane
pdfteadhiisnsfifeunniigenonsiedisnms
Funnilidudouriliiesonsldmuuaylésu
msfigaiudrinduisiiiussansamlunsdiuun
fuihiinfu fausknis
gnpsnniigausidodldnsduinidudeunn

Y

Machine learing 3iA3

3%1??&%91 (Bijeesh & Narasimhamurthy, 2020)
il NDWI waz MNDWI fuansuuufianunse
dnldasaiuiinfanuldedediussansam
Ui, Zhang, & Wylie, 2009) Tngtidisndunasdides
fu Tnadunssa unas199vil NDWI (McFeeters,
2007) wazleiuFuugesiut NOWI 1y MNDWI T
annsoafafiuiiiRundeufununmusieds
foa¥1antu (Xu, 2007) Tt IenauLEs
A1Te7 U BunlssnTaIPAUALL wag BunsIse
FremaAudu2 11ad1s MNDWIL uaz MNDWI2
(Acharya, Subedi, & Lee, 2018; Ji et al., 2009;
Ozelkan, 2020) Usemelneflaudnunussdnsaim
dil NDWI wag MNDWI snldainituiivfafu
srufunsldndaudssnlualuiuiivaussmu
(laan Al uazyRwin 2adiies, 2019) msld
il NDWI wumastiitetmunduungein
01713 (ASEya san, 2562) warldmunai
AduaUseIne (Jvs¢ Avuan, 2563) Tu
S¥INNU 2557 9 2561 laglinmateniiisu
Landsat 8 uaganglugimtnieuvsslseimndalng
wigaladderufnuinisasaiufiviAaauly
walllosvedlney

¥
= a

o & = & X ¢
ANUU QWUﬁﬂH’]ﬂiﬂuf\Nllﬁ!ﬂﬂi%a\‘iﬂw\la

WisuguUsransninnisananunuiiaulag
il NDWI, MNDWIT ag MNDWI2 a1ndeya
et uiien Sentinel-2 TuuShududio
WIAUDULAY

2. 3501581 HUNISANED

k74 1
=

2.1 NUNANYI

NuiiFnunivun 59,299,200 ZaEgn
Fan31a 8,520 WA UAZET 6,960 403 maa
1/1Nmmwaumnsummmawammu Nuidnwd
mamquwuw fuaunsivg suathuds dua
fa wazeualuiiley wanssn wuseneu 1
(ANNANEITIVBIANABU Sentinel-2)
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AMNUSENBU 1 LEAINUNANY (NSBUALAY)

2.2 dayaninangnniiey

AaLfioy Sentinel-2 Andaadedilo
Multi Spectral Instrument (MSI) Yuiindeya 13
Fr9nay suluranausustag Visible, Near
infrared liag Short wave infrared dANuazLden
Failufiuiunans saus 10 WS 8960 w3 (Drusch
et al., 2012) @wnsalvandeyain https./
earthexplorer.usgs.gov/ wWonnmusenoulad
warUnagu TufinnmidleTuil 28 fuau 2559
seiuvesdoyan ey L1C Hrsndudiunld
NuAe PrrauiiiruezBenditui 10 was
I@ungspauR 2 (Blue), 3 (Green), 4 (Red) @
8 (NIR) futrenaudifiauasiden@aiuit 20
wns Tounieedy 11 (SWIRL) way 12 (SWIR2)

wissudayanneng Sentinel-2 lngly
30938 Cen2Cor Tuluswnsy SNAP yinsusu

uinnugnAeadedsd Wasusedudeyaan L1C
(Top-Of-Atmosphere) 1 L2A (Bottom-Of-
Atmosphere) (Louis et al., 2016) 1nu1fanIw
Tfdomziuiidnwiioannainisussinana
foya udlfiadoslle Sen2Res imsiiiuay
avBuaileiiuiion 20 wes veswiemdud 11
waz 12 10U 10 WS (Brodu, 2016)

fFoyanmdenruazBondsiuiias
YB3 Google Earth nipdasile Historical Imagery
v9lUsnIu Google Earth Pro fusz@nsnin
gefiannsaliifudeyalunisnsivaeuniugn
FOIRTUAINY U VOINTARUENNTTITUSE oYY
fiAu (Tan et al., 2021) dieldsamiuiun wuaw
da399naiivy Landsat-8 duszleviilunis
Tunslinsedevituiivianu (Acharya et al.,
2018) Wdnusnnguasinuathinfuiinudn
siany (Ozelkan, 2020) waglgsiuiuanuiieu
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sentinel-2 aunsal¥adrsunuiivouraiiui
YhiRuannsanveuaREIBENe (Du
etal, 2016 ; Yang, Zhao, Qin, Zhao, & Liang,
2017) ufnmEsahamuszneutuiinglefud
21 $urau 2559 wnldadraunudiveusitudii
dwielfidudeyalunsnsaaoumiugnies
Tuusnufnm

2.3 A5n15AUIUAYT NDWI

wihmshammiaaeauldmid
dhaulalnenss udnsvhduiaunsaandiiin
UsniTiAnaniuanaziald San1sdendiendu
s aldvhsriiiudenandnvar msasviou
warn1sandundauwdinantiinaining
Whmnefidesnsadateyasenun (Bijeesh &
Narasimhamurthy, 2020)

dihunnansUsni MNDWI (Modified
Normalized Difference Water Index) 15@ﬂﬂ'@h14’1
dioatafiuiiinfiafu anmsiithiisuuuuasiiou
w&sulut19ndU Green 110 wavaTOUNEY
Turedu NIR Tos Feanunsaugntinesnain
fnssanaziufitavioundsnulugiedu NIR
ﬁqa il faRuasiiAnnnniy 0 vausiiau
moNwnssauazdalndnsetosnin 0 @115
mMunalaraannis (1) (McFeeters, 2007)

NDWI =

(pGreen_pN\R) / (pGreen + pN\R)

(1
e p__ ﬂ@ m V03T AR 3 uay

P Ao A" %aamaﬂaw 8 m‘maaﬂmfﬂvasﬂu
Y9519 -1 D9 1

fytuanA1aUsNA MNDWI (modified
normalized Difference Water Index) Walu1
11970098 NDWI a9 nwuIees NDWI &

Snwarnsasvoundsnulugieniu Green uaz
NIR gUnuUIRafudsgnasis Sudenliviendy
SWIR1 sl anuunutisadu NIR vnldiuiivan
Auanawl MNDWI dianunnninaeuil NDWI way
yhlsiasgnasnaidnainunnndi 0 Wulfesndn 0
wWieafuRuLasienssafidatosnin 0 (Xu,
2007) 1iosa7nil SWIR oy 2 %19mdu Ao SWIR1
waz SWIR2 fatfu MNDWI @nsnsaduails 2
a1n13 A9 MNDWIT Agaunis (2) taz MNDWI2
ansaAwalanannis (3) (Acharya et al,

2018 ; Li et al., 2020 ; Ozelkan, 2020)
MNDWll - (pGreen ) pSW\Rl) / pGreen +
pSV\/IRl)
(2)
Lﬁj’e] p ﬂ@ ﬂ’] Guammau‘m 3wy

p Ao A" Guaqmmaum 11 ﬂ’ﬁ/l@?]ﬂll']ﬁ]u@ﬂiu
229589379 -1 e 1

MNDWI2 =
pS\/\/lRZ)

(pGreen B pSV\/IRZ) / (pGreen +

(3)

Bp) p ﬂ@ ﬂ”l °U’PJ\‘1°U’NF“IGU‘VI 3 ey
p fio A" “U@Q‘U’Nﬂﬁu‘w 12 ﬂ?ﬁ/l’e]ﬁ]ﬂll']ﬁ]u’ﬂﬂiu

‘U'N‘Jui/n’]\‘i -1 iN 1
2.4 351153ATIZRAITALLUS

AUALUA (Threshold) 8slugiFwuu Otsu
WunisidenAdauusdmnlusaindalaunsuves
ANLAAIANLNTEAUALNN (Gray Scale) WUy
laidosaou (Unsupervised) ASMENAMUMSS
aaﬂmﬂmwﬁwﬁwmﬂmia%ﬁaﬂﬁjm;mmw 2 gyl
Aflauusununelunguiiesiign (Otsu, 1979)
faduitfouulflunisadniifiafuandeya
amannssudszeglnailuegnaunn (Bijeesh &
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Narasimhamurthy, 2020) nuAnuiilfieadesile
Binary Thresholding function Tulusunsy
ArcGIS 10.8 uaunisildundnnsiunauuy
Otsu (“Binary Thresholding function—ArcMap
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Abstract: The current utilization of resources in the upstream areas of Ban Dan Na Kham
Sub-district has changed by agriculturist changing the way of agriculture from a mixed fruit
tree—based agroforestry that relies on the balance of nature to be agriculture that focuses on
increasing commercial production that requires increasing chemical use in production. This
has resulted in the environment impacts and cause of ecosystem degradation. This study
aimed to assess the sustainability of the native durian-based agroforestry system compared
with the commercial growing durian-based mixed orchard by using 17 sustainability indices.
The sustainability indices were chosen and then classified in the basis of the four dimensions
of sustainable developments, namely dimensions of household economic, social and cultural
dimensions, local policy dimensions and environmental dimensions. The native durian-based
agroforestry system has statistically significantly higher numbers of large forest tree and useful
plant species, and amount of soil organic matter than the commercial growing durian-based
mixed orchard (p<0.05). Assessment of the sustainability level under the current durian
garden management system of both systems. In the overall, native durian under agroforestry
system indicated a higher sustainability than the commercial mixed durian orchard particular
in social and cultural dimensions and the environmental dimensions (p=0.0016 wag p=0.03,
respectively). The local administrative organization can use this sustainability dataset on both
durian-based production systems for planning the effective use of resources in upstream
region including creating a public awareness program for the impact of changing agricultural
way on the sustainable local development.
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Figure 1 Location of the study area and watershed class in Ban Dan Na Kham Sub-district
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Table 1

FIAUNATUNNTOUANUAALT BN TN

2

ffafu (Sustainable Development Goals:
SDGs) S2fufT AL Eunisnsinens
(Sustainable agriculture) w84 Talisa et al.
(2014) Asuanslu Table 1

Sustainable indices categories by sustainable development dimension for

sustainability assessment of native durian-based agroforestry system and

commercial growing durian-based mixed orchard

Indices of agricultural
sustainability

Dimension of
sustainability

Indicators of agricultural sustainability

Household )
i Household income
economics

- Total household income

- Off-farm income

- Number of household labor in agriculture

Outsourcing household work

- Number of activities to hire workers outside the
household in the process of taking care of durian
gardens.

Household expenses and
debts

- The adequacy of the total household income

- Household loans

Household saving and asset
holding

- Holding area for residents.

- Holding area for agricultural

- Number of land parcel for living with document of
title

- Number of land parcel for agricultural with
document of title

- Household savings

- Savings

Spending behavior of
household consumption

- Purchases of goods and services in accordance
with household income.
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Table 1 Sustainable indices categories by sustainable development dimension for
sustainability assessment of native durian-based agroforestry system and
commercial growing durian-based mixed orchard (cont.)

Dimension of Indices of agricultural

L o Indicators of agricultural sustainability
sustainability sustainability

- Decision on purchasing goods and service
according to the needs of household members

- Purchasing goods and service existing within local
markets

- Purchasing goods and service in accordance with
the - local way of life and culture

- Production organic fertilizer or biofertilizer used in
durian garden

- Utilization of medicinal plants available in durian
garden

- Utilization of fuel wood available in durian garden

- Utilization of wild animals in durian garden

Occupational development - Cooperation and networking of durian farmers

- Using local wisdom for developing the
occupational potential of durian plantation

- Benefits obtained from networking of durian
farmers

- Promotion of occupational development in durian
plantation provided by government or provide
agencies

. Culture, tradition, and local - Daily practice according to the culture, traditions
Social and culture ) o
indigenous knowledge and belief of local communities

- Use of local wisdom in the way of life

- Use of local wisdom in durian orchard practices

- Benefits from applying local wisdom used in durian
orchard practices

Relationships of relative and ] )
. - Social group membership
local community

- Mutual listening among household members

- Having breakfast with family members
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Table 1 Sustainable indices categories by sustainable development dimension for
sustainability assessment of native durian-based agroforestry system and
commercial growing durian-based mixed orchard (cont.)

Dimension of Indices of agricultural

L o Indicators of agricultural sustainability
sustainability sustainability

- Helping the workload among members of the
household

- Joint activities of household members after work
or after school

- Building relationships with family members or
relatives

- Participation of family members or relatives in
durian orchard practices

Way of life relied on suffi- - Purchasing the necessary materials and equipment
ciency economy philosophy  for durian orchard practices

- Production that corresponds to the purchase
demand of customers

- Business operations according to business plan

- Consideration of the value for buying materials and
equipment used for durian orchard practices

- Planning for materials and equipment procure-
ments used for durian orchard practices

Participation of household

members in community - Participation in government supports related to
activities or government durian plantation management

projects

- Participation in non-government activities related
to durian plantation management

- Participation in local government supports related
to durian plantation management

Development policy of local .
) o . o - Supports from LAO related to occupational
Local policy administrative organizations

development of durian plantation management
(LAO)

- Supports from LAO related to durian plantation
integration with natural resources conservation

- Development of water resources for durian
plantation
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Table 1 Sustainable indices categories by sustainable development dimension for
sustainability assessment of native durian-based agroforestry system and
commercial growing durian-based mixed orchard (cont.)

Dimension of Indices of agricultural

L o Indicators of agricultural sustainability
sustainability sustainability

- Financial support of road construction and
maintenance for distributing products from durian
orchard

- Empathic listening in the problems of durian
plantation

- Supporting people’s participation in developing
durian market and production

) Diversity of species and ] )
Environment - Numbers of economic tree species
non-wood forest

products (NWFPs) - Numbers of wild edible plant species

- Numbers of local plant species for household use

- Numbers of medicinal plants

- Numbers of non-wood forest products

Soil productivity - Soil bulk density

- Soil organic matter

- Total nitrogen

- Available phosphorus

- Exchangeable K

- Cation Exchange Capacity

- Soil pH

- Clay content

- Plant available water capacity (PAWC)

Health of family members - Annual health check-ups

- Absence of pesticide-related disease

- Absence of disease and infirmity

- Absence of health symptoms

Safety pesticide use behavior - Use of a pesticide protective equipment

- Use of protective clothing during pesticide
application
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Table 1 Sustainable indices categories by sustainable development dimension for
sustainability assessment of native durian-based agroforestry system and
commercial growing durian-based mixed orchard (cont.)

Dimension of Indices of agricultural . . o
. . X . Indicators of agricultural sustainability
sustainability sustainability

- Separation of laundry after applying pesticide

- Consuming food or drinking surrounding the site of
pesticide application

Food security - Accessibility of food sources

- Cost of food consumed

- Source of raw materials used in cooking

- Preserving of products obtained from durian
orchard for household consumption

- Preserving of products obtained from durian
orchard for sales

- Numbers of edible plant species for sufficient
household consumption

- Numbers of plant edible species for sufficient sales

- Reciprocal of frequency of food purchase in
households

Food safety - Growing vegetables in home garden

- Non-hazardous chemical used in home garden

- Numbers of vegetables grown in households

n153Aszidayainauseiiuan n1sUsEiuAI g 8uYasTEuY
gt uvasszuuIununstudagiu AAUNITIUNUTN UL DILUUIU
LNEATUALTZUUAIUY T U UNEN

Toyadad inuaziiulsine Alaainnis .
CRITRIL T
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nsfaildnan ey warieneideyauuy  wuudssifiuanudsduiliiivualivananidng
duawal Melusunafesgiada SPSs (BM i ldhanddumsdnseiunnudsdunas sy
SPSS Statistics) TaglémsiFoufisudnads  azuuulifumdiadanann Gesegndunain
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wiazfiTneendu 3 syau tewn 1) seaulidl
AMUEIEU (Non-sustainable: N) 2) seaundsdiu



msUszidiunnudsiudadiouiisussninssuumuySouinudeuuiunems...
23055 Yy, Aayativa Wi, Ynuns gangans, nea gviuds

23

NIaTInemsasauneaLazinaluladuszend, 4(1): 2565
Journal of Applied Informatics and Technology, 4(1): 2022

agaiitiouly (Conditionally sustainable: C) ua
3) sysuiideiu (Sustainable: ) antiu lrifmua
ArAzuuuANS T uesdunsnIAty (Class
interval) g5t Snenu st uBasinm wie
fvnezuuumTuresuag sz deya
(Category) dwiusad faamudBubenmnn Tng
fusmaziudliiussfuanuduseiznis

1%
=1

UszanadAkuudne (Simple rating scale) W
imundennandosiulimnidauassui
At uiszdumudirintu anduiien
FflanudfureudasifinfuisnaTIILUY
Talghaimiin (Unweighted Aggregate Index)
iiothwaTaAfT inudduresssuuaan
nL%uﬁu'ﬁ:ﬁul,ﬁaqLLUU';ummeLazmmszUU
AU EURATI YN USsUBUAY Lay
aSuneNansUSsudisusERuAudEuluusiay
ffdmsusruuamuFeuia 2 Uy

3. HaN1528azN15aNUsIgNa

ANWULVDITIANNYVDIFIUYITOY
WULHBILUUIUNYAT

dnufivauyGeuiudosuiunuas
Usznaumelddundaly linundalu Tnganm
fufifanuaindugs fuduuudanudunsa
dnteglaudensadauin nsuneauiseusen
Uszanaufosay 80.35 3nNMsdTIanuTilaiug
YU 76 viia 49 ana 43 136 Lleu (Tree)
vualvyfing Tiun nidsuiuiles nEeunou
yas nsriau wazdwszesd uaul denuse
Aume p19uea wasth mmzﬁﬁﬂj‘ﬁuéwﬂﬂﬂqu
Udhefivduan gnliuasndlivesialifuuay
Lvnyiinnnes agnemuiuy

ANYALVDITIANNYUDIFIUY Y
AEHIG AL

anuwauTlUvasdnuivaIunSeunay
Bevndvgusznaumelduawmsugiadudilng

Tnsanmiuitauaaduliunans Auduuy
Yo BeuNaLBundudiiaudunsadn
fensndaunn nsunAguTeuYsTINSoYaY
40 MNNFETIRINVYTANUTANYI U 40 %A
35 ana 27 1d Wnedurliaiuglifudiuou 8
%in 6 ana 5 29 vhatl Wisuaualgfin
puvias VFeuiuiles niFeumounes wasy ey
NG

L3 ¥
aeAUsznauLarlAsTIasavREIu
NI UN UL DIUUUIUNEATUAL
AU TeUNANT N Al e

amunSeuiiudiosuuimnunsiadel
AamvaInylin (H') vealdduwindu 1.71 endwil
AdnAny (V1) veslddugaan 5 duduusn laun
nFouiiuidies sosmunliun assnes azuun
NEeurIoUNDY Wazansana Balia IVI iy
73.61,63.29,32.96, 22.15 Uag 19.35 muany
funeiuiividanesiifulassu whitu 3.36
ps1numseols danunuiiduvesldive a4
dusiels wilalidmanumnuiugean 6 d1du
wsn ¥ud ansenn n3ouiiuigion ni3sumeunes
819870 Uz warAzkUN dmTU @S
HaugalvddAdvtanuainyin (H) ves
IRuwindu 1.16 Aeastanuddey (V1) vedld
AugeEn 5 suduwsn laln viSeuntounes so4
asldun nFeuiiuiios aowmnes suview uas
yiFounasduua Seiian IVl winfu 142,66, 51.03,
48.06, 15.32 way 11.66 muafy fuiveinge
vasldAulagsiu 0.803 M131LUATHBLT AU
wiuvadliivgfluaiuySsunaudande 26.31
Fusiels wialidmanumnuiugean 5 d1du
usn ¥ud nieuvieunas assnes yisuiuilies
puey wagyiFouvasduua el aaunFeu
fudlesuummnumsinmaunaquidouseavdlsl
Tuajsnnnindesar 72 GailnnninaiuamunFeu
Haudndvdegnuulatn (Soeay 28.62-53.94)
fananslu Figure 2



mMsdszdiunnudidudadieuiisuszninsruuauySeuiiudeauuinines...
23055 Yy, Aayativa Wi, Ynuns gangans, nea gviuds

NIaTInemsasauneaLazinaluladuszend, 4(1): 2565
Journal of Applied Informatics and Technology, 4(1): 2022

Tree canopy cover of commercial growing durian-based mixed orchard (CD) (Plot size of 40m x 40m)

Figure 2 Tree canopy cover of the studies sampling plots
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Table 2 Comparison of native durian-based agroforestry system (ND) and commercial
growing durian-based mixed orchard (CD) categorized by indices of agricultural

sustainability
Dimension Percentage of sustainable level (%)
of sustain- Indices of agricultural sustainability ND CD
ability MEAN  SD. MEAN  SD.
Household incomes 65.00 15.17 66.78 13.32
Outsourcing household work 81.33 - 81.33 -
Household expenses and debts 61.11 29.85 63.89 19.64

Household Household saving and asset holding* (p=0.028)  56.89 27.54 47.33 31.81
economics

Spending behavior of household consumption ™  63.89 15.11 67.78 19.55

Occupational development ™ 62.22 15.14 62.00 14.93

Mean value of sustainable level of household
o ) 62.48 7.47 60.76 7.25
economics dimension

Culture tradition and local indigenous

78.89 5.59 70.00 6.67
knowledge* (p=0.016)

Relationships of relative and local community ™ 80.00 15.08 76.06 6.27

Socialand cul- Way of life relied on sufficiency economy
52.80 10.22 47.73 10.93
ture philosophy ™

Household participation in community** (p=0.007) ~ 65.33 12.72 46.67 10.58

Mean value of sustainable level of social and
) . 70.29 16.26 62.69 15.68
culture dimension ** (p=0.0016)

Development policy of local administration
s 58.48 10.73 57.33 15.47
organization

Local policy

Mean value of sustainable level of local
o . 5848  10.73  57.33 1547
policy dimension

Diversity of species and non-wood forest

80.45 20.94 36.11 20.91
products** (p=0.002)

Soil productivity ™ 66.67 36.06 57.78 30.73

Health of family members* (p=0.024) 87.56 11.43 78.89 9.55
Environment

Safety pesticide use behavior ™ 95.33 3.80 91.00 9.10

Food security™ 53.62 21.13 52.53 21.48

Food safety™ 94.33 7.57 72.42 28.32

Mean value of sustainable level of environment

. . 76.18 27.42 61.03 27.21
dimension* (p=0.031)

Mean value of overall agricultural sustainability (p=0.024)  68.52 22.15 61.02 22.35
*indicating a significant difference in sustainable level percentage at the 0.05 level (t-test paired samples) ;

** indicating a significant difference at the 0.01 level ; ns indicating no statistically significant difference
(p<0.05)
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Abstract: This study aims to provide an understanding of the horizontal positional accuracy
and Goosgle Earth height compared with RTK GNSS Network Surveying in Hanacaraka Province.
The results demonstrate that the Root Mean Square Error (RMSE) obtained in E, N, and Z
(TGM2017) is 1.317, 1.330 and 4.453 m. respectively with a horizontal error (E) ranged from
-2.415 m to 1.836 m, (N) ranged from -2.840 m. to 1.940 m. and a vertical error Z (Thailand
High Precision Geoid Model 2017: TGM2017) ranged from 0.258 m. to 8.874 m. for all
48 measured points. The results show that the horizontal RMSE of Google Earth is likely
appropriate for a class-1 mapping scaled as 1:10000 recommended by ASPRS-2014 rather
than the vertical RMSE for positional accuracy of Goosgle Earth. However, the correlation
between the field survey and Google Earth could be adjusted from the original Google Earth
elevation data for preparing class-1 mapping as well. Statistical results showed a good R2
between Google Earth and HTGM2017 is 0.9947. It shows H Google Earth strongly correlated
with TGM2017.

Tusunilsves Google Earth Tu Addis Ababa,
Ethiopia Nan15ANwINUI1 RMSE Y0458 UUiiin
93 Google Earth auumsg U ASPRS 2014
Weuldfuunud Class 1 #flunnsndau 1:20000
du RMSE wesanaugs lalagluinassiveausui
Class 1 9g13l3finu andoyaseruanuges
Google Earth feanunsausunnliainugnaes
YosAINIIMGs dmTunsiusud Class 1 160
51891UN15998909 Goudarzi wavamg (2017)
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Concept: Virtual Reference Station (VRS)
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6. UseLunInTaIuLEud (Scale) way
PrduTUAUES (Contour Interval) 11753U
WHUTI989 ASPRS-2014
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[

6. NANISANE

MMNTASATNNAALAZAISEAUAIN Google
Earth mamwﬁﬁanﬁwmwmaauﬁ% 48 90 by
NaN1SSTINANARAIY RTK GNSS Network 1y
FunaAsEuMnsTRUT MU LN BLUY
a9 TGM2017 lanansuandly a1519 1

A5 1 ANAALAYAISEAUAIN Google Earth Wag Wan15593neae Static GNSS
Google Earth Coordinate GNSS Coordinate (Zone 48Q) H_
Name () N () N o Ellipsoidal N TGM2017
m) Height (m) (m. MSL)
MS-001 27397453  1778966.11 204  273973.657  1778965.429 169.801 -28.89626 198.697
MS-002  284544.89  1785760.79 179  284543.925  1785759.799 145.174 -28.75257 173.927
MS-003 28725053 178450545 163  287249.664  1784504.714 129.496 -28.6968 158.193
MS-004 28751547  1790219.65 170  287517.202  1790218.253 134.831 -28.69659 163.528
MS-005  290248.47  1785977.24 165  290247.090 1785979.641 131.260 -28.6326 159.893
MS-006  290614.71 179510454 163  290613.190 1795103.855 127.521 -28.60724 156.128
MS-007 29110391 178822097 161  291102.698 1788219.031 127.871 -28.61244 156.483
MS-008 29417877  1793900.35 157  294177.533  1793899.234 123.885 -28.51562 152.401
MS-009 29363622 1778226.14 185  293635.116  1778225.131 152.411 -28.53348 180.944
MS-010  282676.18  1768603.10 208  282675.527  1768602.557 174.159 -28.65698 202.816
MS-011 29336827 1770087.56 198  293367.271 1770086.328 165.739 -28.49226 194.231
MS-012 28587520 177744860 172  285874.271  1777447.751 140.561 -28.69099 169.252
MS-013  286258.88 1777880.38 167  286257.255  1777879.802 133.129 -28.68757 161.817
MS-014 29142185 1770300.37 188  291420.993  1770299.974 156.731 -28.5314 185262
MS-015 29290851  1797947.79 158  292910.906  1797946.873 120.598 -28.52837 149.126
MS-016 28806856  1770607.39 204  288067.131  1770609.048 169.456 -28.59384 198.050
MS-017  286064.08  1777279.84 173  286063.373  1777278.681 141.004 -28.6862 169.690
MS-018 27751951 177641458 213 277518.761 1776413.493 180.370 -28.81842 209.188
MS-019 26798228 1772630.44 192  267981.278 1772629.872 159.942 -28.93331 188.875
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A5 1 ANAALAYAISEAUAIN Google Earth Wag Wan15533neae Static GNSS (i)
Google Earth Coordinate GNSS Coordinate (Zone 48Q) H_
Name () - () N o Ellipsoidal N TGM2017
m) Height (m) (m. MsL)
MS-020 27335062 1769950.17 216 273349341 1769958.634 182357  -2882036  211.177
MS-021 27362972 1770749.40 212 273631713 1770748036 178691  -2882256  207.514
MS-022 27632266 177226404 213 274321229 1772266629  179.936  -28.82633  208.762
MS-023 28107695 177579247 198 281075367 1775791.702 165623  -2875366  194.377
MS-024 28245349 177638138 179 282452654 1776380.268 146701  -28.73619 175437
MS-025 280549.27 177880269 188 280548761 1778801.892 155169  -28.78916  183.958
MS-026 28587064 178255812 163 285869322 1782557.740  130.756  -2871717  159.473
MS-027 28583272 177745369 170  285834.904 1777452538 141050  -28.69172  169.742
MS-028 29179149 178045191 176  291790.054 1780453927 142116  -2858195  170.698
MS-029 29141398 178099137 178 291413775 1780990.273 144335  -2859257  172.928
MS-030 28923513 178299108 162  289234.008 1782990.194  129.482  -28.64981  158.132
MS-031 27504516 1780311.17 190  275944.943 1780310.745 155392  -28.8765  184.269
MS-032 29262438 176807199 201 292626795 1768070.468  169.179  -28.4854  197.664
MS-033 29099365 177201399 195  290992.875 1772016830 163019  -2855694  191.576
MS-034 28102020 176667599 216 281019516 1766675473 184975  -28.6641  213.639
MS-035 280087.95 176662447 212 280086115 1766623377  177.705  -286771  206.382
MS-036 28241692 177712335 179 282415603 1777122.846  147.923  -28.74374  176.667
MS-037 28129680 177735454 199 281298333 1777353103  168.121  -28.76389  196.885
MS-038 28091804 1776547.84 194  280917.028 1776549.868 161309  -28.76302  190.072
MS-039 27889511 177877022 194  278894.483 1778769.635 162599  -2881482  191.414
MS-040  285184.47 177575605 184 285183452 1775754.305 150245  -28.68639  178.931
MS-041 27591996 177494220 205 275921269 1774941021 171422  -2882968  200.252
MS-042 27989384 177261237 214 279892348 1772614220  181.468  -28.73963  210.208
MS-043  274069.72 178277679 208  274068.043 1782775508 173872  -2892103  202.793
MS-044 27506920 178152067 196 275071163 1781519.604 163958  -28.89854  192.857
MS-045 27374118 178346526 208 273740614 1783467.360 176107  -2892996 205037
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A5 1 ANAALAYAISEAUAIN Google Earth Wag Wan15533neae Static GNSS (i)

Google Earth Coordinate GNSS Coordinate (Zone 48Q) H_
T e N N Em N Bt T
m m m m
(m) Height (m) (m. MSL)

MS-046  281323.04 177098559 221  281321.414 1770984.384 187.469 -28.70019 216.169

MS-047 27964386  1772594.82 214  279645.358  1772593.631 181.612 -28.7433 210.355

MS-048  276174.98 178020538 193  276174.626  1780207.266 160.314 -28.87208 189.186

' [

ATALAEANSEAUIIN Google Earth  afiAvestoyaldun A1 (Max) g (Min)
wATKAN13TAIRANARAIE RTK GNSS Network ey (Mean) AUeuusdnggy (STDEV)
lngAnnauiszRuaInIgAudmzaUIuname  wasAlasANUAaInAEaUENNE@ed (RMSE)

LUUINEBY TGM2017 1ayinnISAIuIMAINe  LAgLEAISI8AZLANARILEAILY A1 2

A9 2 NANISAUIAUSIUTIIUAIALLANAIURIATN AN IS TULAEN9AIUDY Google Earth
iU N15599RA78 RTK GNSS Network LagA1uiua1seaumeluuinass TGM2017

Horizontal_Diff (m) Vertical_Diff (m)
No Name
E(GE)-E(GNSS) N(GE)-N(GNSS) Diff H_TGM2017
1 MS-001 0.874 0.682 5.303
2 MS-002 0.966 0.992 5.073
3 MS-003 0.867 0.737 4.807
a4 MS-004 -1.732 1.398 6.472
5 MS-005 1.381 -2.401 5.107
6 MS-006 1.521 0.686 6.872
7 MS-007 1.213 1.940 4.517
8 MS-008 1.238 1.117 4.599
9 MS-009 1.105 1.010 4.056
10 MS-010 0.654 0.544 5.184
11 MS-011 1.000 1.233 3.769
12 MS-012 0.930 0.85 2.748
13 MS-013 1.626 0.579 5.183
14 MS-014 0.858 0.397 2.738
15 MS-015 -2.396 0.918 8.874

16 MS-016 1.43 -1.658 5.950
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A9 2 NANISAUIAUSIUTIIUAIALLANAUBIATN AN NI TULAE NSRS Google Earth
flu N15593AA8 RTK GNSS Network WagAuiuAIseaumenuudnass TGM2017 (cont.)

Horizontal_Diff (m) Vertical_Diff (m)
No Name
E(GE)-E(GNSS) N(GE)-N(GNSS) Diff H_TGM2017

17 MS-017 0.708 1.160 3.310
18 MS-018 0.750 1.088 3.812
19 MS-019 1.003 0.569 3.125
20 MS-020 1.280 0.537 4.823
21 MS-021 -1.993 1.365 4.486
22 MS-022 1.432 -2.589 4.238
23 MS-023 1.584 0.769 3.623
24 MS-024 0.837 1.113 3.563
25 MS-025 0.510 0.799 4.042
26 MS-026 1.319 0.381 3.527
27 MS-027 -2.184 1.153 0.258
28 MS-028 1.437 -2.017 5.302
29 MS-029 0.206 1.098 5.072
30 MS-030 1.123 0.887 3.868
31 MS-031 0.218 0.426 5.732
32 MS-032 -2.415 1.523 3.336
33 MS-033 0.776 -2.84 3.424
34 MS-034 0.685 0.518 2.361
35 MS-035 1.836 1.094 5618
36 MS-036 1.318 0.505 2.333
37 MS-037 -1.533 1.438 2.115
38 MS-038 1.013 -2.028 3.928
39 MS-039 0.628 0.586 2.586
40 MS-040 1.019 1.746 5.069
a1 MS-041 -1.309 1.180 4.748
a2 MS-042 1.493 -1.850 3.792
43 MS-043 1.678 1.283 5.207

a4 MS-044 -1.963 1.067 3.143
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HAN1TAUIALUSHULTIBUAIAIULANAIIBIATNANIITIULAEINIRBS Google Earth

M99 2
U N15593AA8 RTK GNSS Network hagAuiIuaA1seauflgwuuaIand TGM2017 (cont.)
Horizontal_Diff (m) Vertical_Diff (m)
No Name
E(GE)-E(GNSS) N(GE)-N(GNSS) Diff H_TGM2017
45 MS-045 0.567 -2.100 2.963
a6 MS-046 1.627 1.207 4.831
a7 MS-047 -1.498 1.190 3.645
48 MS-048 0.355 -1.886 3.814
Max 1.836 1.940 8.874
Min -2.415 -2.840 0.258
Mean 0.501 0.383 4.228
STDEV 1.231 1.287 1.412
RMSE 1.317 1.330 4.453
230
[ S [ § o /;\
210 2 A A\ /a\ /X
= % A « R F ™M\ 7 3\ \\ F \
E a A\S A I\/J \ Al | o ¥ \/ |\
2 190 ) { VW h | Y
z:
-&
170
150
0 5 10 15 20 o5 30 35 40 45 50
——Google Earth =e=TGM207/

amUsznau 5 nswlSeudisuAseduiildan Google Earth wag TGM2017

230.000
S 10000 y = 1.0127x - 6.6428 'g-"
- R2=0.9947 g
L ¢
g 190.000 “,l"
G ,_..l'
& 170.000 o
150.000 —*"
150 170 190 210 230

H google earth (m)

AMUsENBY 6 AuduuSASEAUTIlERIN Goosle Earth wag TGM2017
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¥1m3 plot nsvlile Wisuifieusszau
#il¢an Google Earth waz TGM2017 fauana
Tu nUszneu 5 manuduiusaseduiiladan
wa AMuLRUSAsyRUTildan Goosle Earth
war TGM2017 wiemaunisusundmsziuves

Google Earth fauansly nmusznou 6

MnsUsunnAISEAUYeY Google Earth
anaunsiils H TGM2017=1.0127%H Google
Earth)-6.6428 laglansnan1susuLAlun1sg
7 3 Tngaznuinal RMSE ve9A5sfunas

AMsUSURNTANYINAY 1.378 m.

A543 LEARIRANNSALIAUSULARNSEAUYBY Google Earth Tiduansyaulaely TGM2017
No Name H_TGM2017 (m MSL)  H Google Earth Adj (m MSL) Diff (m)
1 MS-001 198.697 199.948 -1.251
2 MS-002 173.927 174.6305 -0.704
3 MS-003 158.193 158.4273 -0.235
q MS-004 163.528 165.5162 -1.989
5 MS-005 159.893 160.4527 -0.560
6 MS-006 156.128 158.4273 -2.300
7 MS-007 156.483 156.4019 0.082
8 MS-008 152.401 152.3511 0.050
9 MS-009 180.944 180.7067 0.238
10 MS-010 202.816 203.9988 -1.183
11 MS-011 194.231 193.8718 0.360
12 MS-012 169.252 167.5416 1.711
13 MS-013 161.817 162.4781 -0.662
14 MS-014 185.262 183.7448 1.518
15 MS-015 149.126 153.3638 -4.238
16 MS-016 198.05 199.948 -1.898
17 MS-017 169.69 168.5543 1.136
18 MS-018 209.188 209.0623 0.126
19 MS-019 188.875 187.7956 1.080
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A1919 3 uwARINaNISAIMUSULARANSEAUYBY Google Earth Tmiduarseaulaeld TGM2017

(cont.)
No Name H_TGM2017 (m MSL)  H Google Earth Adj (m MSL) Diff (m)
20 MS-020 211.177 212.1004 -0.924
21 MS-021 207.514 208.0496 -0.536
22 MS-022 208.762 209.0623 -0.301
23 MS-023 194.377 193.8718 0.506
24 MS-024 175.437 174.6305 0.807
25 MS-025 183.958 183.7448 0.214
26 MS-026 159.473 158.4273 1.046
27 MS-027 169.742 165.5162 4.226
28 MS-028 170.698 171.5924 -0.895
29 MS-029 172.928 173.6178 -0.690
30 MS-030 158.132 157.4146 0.718
31 MS-031 184.269 185.7702 -1.502
32 MS-032 197.664 196.9099 0.755
33 MS-033 191.576 190.8337 0.743
34 MS-034 213.639 212.1004 1.539
35 MS-035 206.382 208.0496 -1.668
36 MS-036 176.667 174.6305 2.037
37 MS-037 196.885 194.8845 2.001
38 MS-038 190.072 189.821 0.252
39 MS-039 191.414 189.821 1.593
40 MS-040 178.931 179.694 -0.763
41 MS-041 200.252 200.9607 -0.709

a2 MS-042 210.208 210.075 0.134
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A1919 3 uwARINaNISAIMUSULARANSEAUYBY Google Earth Tmiduarseaulaeld TGM2017
(cont.)
No Name H_TGM2017 (m MSL)  H Google Earth Adj (m MSL) Diff (m)
43 MS-043 202.793 203.9988 -1.206
a4 MS-044 192.857 191.8464 1.011
45 MS-045 205.037 203.9988 1.039
46 MS-046 216.169 217.1639 -0.995
a7 MS-047 210.355 210.075 0.281
a8 MS-048 189.186 188.8083 0.378
Max 4.226
Min -4.238
Mean 0.008
STDEV 1.392
RMSE 1.378

a ¢ =
4. 317UNANITIANYN

INNANTANYINUIT AINAANINIIU
E, N 910 Google Earth suaﬂa;wmaauﬁgwm
flnanapdeuadsvindu 0.501 WAs waz 0.383
WS AUENRU FeaenndostunisAntiaves
Kattan wazmay (2016) way Rusli wazmeue
(2016) fifiAuAAIAAEEWRAENINIVIINGY
T3ifin 0.69 m. Fanuin Aadevesnnuainndou
nasveglunaEilnaifesiu uagainuans
AnwImui1A1 RMSE 983 Google Earth E=1.317
m. Wag N=1.330 m. lagunnsgiu ASPRS-2014
dmsuneTadIuvesNLiinuit Google Earth
ﬁmmmmzauﬁ%ﬁ%muﬁgﬁﬂizmm Class-1
11M5189U 1: 10,000 luvasiinanisine
WU AIAUARIALAEEUTNIRIUEY Google Earth
owFeuiiouiu TGM2017 aglutag 0.258 m.

f4 8.874 m. warA1 RMSE 913 ¥84 Google
Farth wi1fiu 4.452 m. lagunnsg1u ASPRS 2014
seyhliaunsafiagshusuiiduduniugs Class-1
¢ ueehslsimunisaneniilgnisasnaning
FUNUSTEMINNTETINNIAAUILAIN TGM2017
U A3z 183 Google Earth LileUSuniansziu
299 Google Earth laganANUEuNUSI¥NiNg
ASEAUVDY Google Earth fiu TGM2017 wuind
Anduszavsnisinaula (R2) g0 0.9947 uae
ANSEAUNAINTUSULAIINWNANSNADUTIAT RMSE
Wiy 1.378 m. viluman1susulnaunsndn
e Class-1 lelaganunsanansantidy
%gummajﬂ (Contour Interval) 5 AT %89N15
USuuimsesu Seaenndastunanisfinenves
(2019) ‘ﬁi:ﬂg’i”l Google Earth
ansaUiuuiassdudieliadutunugadu
TUmanaei e uuNLfl Class-1 789 ASPRS-2014

Mulu thazAly
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5. @unanIsAnen

KaMSANYIMUI Msnfidesespiade
AuAAIALAABUENIEd@es (RMSE) Tilduas
ANNNANINSIU E, N baga15eau Z (TGM2017)
WINAU 1.317, 1.330 way 4.453 L8R5 1uaeu
TnefirswesrianuAaIAEaun19sIU Wiy
-2.840 AT D9 1.940 LWAT LAZTINAIAIY
AANPLARDUYINGAY WU 0.258 wins 9 8.874
wAs nsnnugeilivagey 48 90 Tngan
11M351U ASPRS-2014 waTian Google Earth
anansovhunuiniusema Class-1 11as1dy
1: 10,000 uaztruduTUNEINTUSUUR 5 Wwas
Tngnan1sANYILEAsliLiuI1 Google Earth
lsianansaliifian uagAanugeRidiauwiuggs
a8 usoghslsiny s lddesnisauaziden
gnAeanin AAANI931U3IN Google Earth
aunsaldusslevilavaigogne Wy n13sey
ALY A1TUTZNNITEEENN WIBN1TInTUIN
fHuit s3ilURsAnsEsuan Google Earth @wnsa
Uszdiufirmanslvaveai dafumnsmsiuen
AuREALADUTBLAas Uy lThs S sannsa
T¥Uselewiann Google Earth lapgramnga

6. VOLAUDLUY

mstimsfinwiiudiludnvagivseme
Muansauazlvinsounguituiunu Inefdnuau
ANAADUATULINTTIUNULHUTYEI ASPRS-2014

7. 19Nd1591999

Charoenkalunyuta, T., Satirapod, C., Keitniyomruneg,
V., & Yomwan, P. (2019). Performance
of network-based RTK GNSS for
the cadastral survey in Thailand.
International Journal of Geoinformatics,
15(3), 13-19.

Damrongchali, P., & Duangdee, N. (2019). Evaluation
of TGM2017 for height system using
GNSS/Levelling data in Thailand.
Transaction Journal of Engineering,
Management, & Applied Sciences &
Technologies, 10(10), 10A10N.

Farah, A., & Algarni, D. (2014). Positional
accuracy assessment of Google Earth
in Riyadh. Artificial Satellites, 49(2),
101-106.

Goudarzi, M. A, & Landry, R. J. (2017). Assessing
horizontal positional accuracy of
Google Earth imagery in the city of
Montreal, Canada. Geodesy and
Cartography, 43(2), 56-65.

Kattan, R., Abdulrahman, F., & Hassan, H. (2016).
Evaluating the accuracy of Google
Earth DEM using GPS Coordinates, case
study: Duhok Governorate. Journal of
University of Duhok (JDU), 19, 1-16.

Koivula, H., Kuokkanen, J., Marila, S., Lahtinen,
S., & Mattila, T. (2018). Assessment
of sparse GNSS network for network
RTK. Journal of Geodetic Science,
8(1), 136-144.

Martin, A. A., & McGovern, E. (2012). An evaluation
of the performance of network
RTK GNSS services in Ireland. FIG
Working Week.

Mulu, Y. A., & Derib, S. D. (2019). Positional
Accuracy Evaluation of Google Earth
in Addis Ababa, Ethiopia. Artificial
Satellites, 54(2), 43-56.



msUsadlunnuuiugivesiumisnn Google Earth Tagnisiatadessuu... MsaTInensasaumaazmalulagUszynd, 4(1): 2565

Wil Ay, A1 uiud

47

Journal of Applied Informatics and Technology, 4(1): 2022

Radicioni, F., Stoppini, A., Brigante, R., Brozzi, Rusli, N., Pa’suya, M. F., & Talib, N. (2016).

A., & Tosi, G. (2020). GNSS network A comparative accuracy of Google
RTK for automatic guidance in Earth height with MyGeoid, EGM96
agriculture: Testing and performance and MSL. In IOP Conference Series:
evaluation. In International Conference earth and environmental science
on Computational Science and Its (pp. 1-6). IOP Conference Series.

Applications (pp. 19-35). Springer,
Cham.



Mahasarakham University, Thailand
http://jit.it.msu.ac.th

[ Journal of Applied Informatics and Technology, 4(1), 48-61 | [ Research Article ]

ANSWAILLUSNNBID AR BTN TBINUNISINNDARANBRINN ST INTHNaN 2935
Development of Smart Circuit Breakers to Prevent Fire

from Short Circuit Current

quR AUzl N1y 019, WS TE Yruauiud'

Suchart Khummanee!”, Aekkarach Artcharoen’, Peerawat Chanobrum®

1

MAAAINGINTABNTUADS AULINGINTANTAUMA UANINSNUUMNETANY WNA15AIN 44150 Useindlne

! Department of Computer Science, Faculty of Informatics, Mahasarakham University, Mahasarakham 44150, Thailand

* Corresponding Author: Suchart Khummanee, suchart.k@msu.ac.th

Received:

25 November 2021
Revised:

8 December 2021
Accepted:

13 December 2021

AdALy:

daAdy, nszwalididnaens,
AUSNUSNLNDS, Dumasiiin
ypsassnas (lalaf)

Keywords:

Fire, Short-circuit current,
Smart breaker, Internet of
things (IoT)

UNARYD: 1INNTANTIINUIIANMHVRINTANIAALY 3 duusndmiy
Usaindlngiu flo 1) mswnveziazvgui 2) nsvualifidanes
way 3) Malfidemdsinds lunuidedislifmunninnssuiuuoy
ﬁm%’uamﬂzgmmilﬁmé“ﬂﬁﬁa%qLﬁﬁmﬂﬂizLLﬁiﬁ/\lﬁﬁé’mwiGﬁuﬁaﬂdﬂ
“Lwsninesdanses” dmsulasiunsindafdeainnssualningnass”
viedendug 1 “ausmusnines” fuflaaauiBlansu Tiun A
annsalunsuoaiu (wuwed IR, DHT11) aundu (MQ-2) wayduds
feamuoundsivilld (PZEM 400T) uenainiidussannsaseay
AnuRnUNAIINN1ITINTUdRAduadlUSaunminuveadvemingdu
deuddlinsunsuiiaudemessianuguusenniy sndnusnines
UszgndliinalulaBuosassnds (intemet of Things: IoT) tilewain
Jusuuuy waiildainnisaseugunsalnsadusafdudunuy wang
Tiumuwduglunisnsiadudafdueglunaiuiugy (X=3.42)
wioRnlusevaz 68.4%

Abstract: According to the survey results, the top three causes
of fire in Thailand: 1) garbage and hay burning, 2) short-circuit
current, and 3) misuse of fuel. In this paper, a prototype innovation
for reducing the fire problem caused by short-circuit current
has been developed, called “Smart Breaker”. It has outstanding
qualities including the ability to see (IR and DHT11 Sensor), smell
(MQ-2) and sense (PZEM 400T) the cause of a fire. Additionally,
it can also report anomalies from fire detections to property

owners' smartphones to let them know before the damage escalates.
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The smart breaker applies Internet of Things technology (IoT) to develop the prototype. The

result obtained from testing the prototype fire detection device shows that the fire detection

accuracy of is accurate (X=3.42) or 68.4 percent.

1. Unun

gpfNY (AuAndsaIuAIuUasnde
Tunsgsgudug, 2020) nuneda ndunsieduiia
Mnliifivinnismuaugua iliAansansde
qﬂamlﬂmm%nmﬁﬁL%@LWSQLLazLﬁmﬂﬁqﬂiwﬂ
sarles aemugaydelmindauuasdin “ln”
Huugiseediviavisfisdinduie “mswlus”
Fuduufisensiusewiniesdusznou 3 Adldun
Wowds (Fuel) sandiau (Oxygen) LazAUToU
(Heat) Tuanmsfimueanud lindsnueonin
TUsUTRINAINUAIINTOULAT NN ULASATNS
(nsudosiularussinalsnsase, 2020) 910
adincauety w6, 2560 §4 n.n. 2564 vesdtney
Uasiuasussimansisuds nvy. (MsnngaA
ff, 2016) wulwlusifTanmnuianlii
Sonaasiisuuieay 2810 a1 Tneiiusznwu
Tasuualdusmnal 475 s1e @edin 56 519
nindaunidemeluiiyadnnn eindiazdsuidiy
1§ Fragnandannsnisnissuiiofusafsei
Afigaide n1stosrudewdnlulvsituos
VANEVLRENLYBINATTITMUAN QNG
lunismuaunsiindaasie Wy Allen1suus
UAUTEANTENTNEAEMNTIY (oe N3
Jostunazsziudaanslulssnu (mydesiunay
s2§udnAse, 2016) 10udu ualumsufoaudndu
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\flesnneudenuaynevanegvosgUnsal
Twilsingg Aldsmegliannsansaaeuaiy
amgsmﬂlﬁmaamnmﬁul@q
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a A 2/

H9UATNaeTUNNLUTUN1INTIVEOU
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LAESIEULBIANDAANY WU Chen wavAy

(2019) lamsaraduidarlvainainaielagly
NaNN13Y83 Support Vector Machine Tngwan
wdatedangiisnismsndulimiuuugaiugs
Lifiusgansnmiieswe wu ldaunsalingnmgl
uagieFesnsduatuli inszgunsaivanissd
Fosrfnludemesituilunsnsiadu Aruciay
uazruazoadluena nadnsalsgideududui
annsansduaillauaugninnsldgunsal
wuuiy wadndudedddnsnenslunisusyana
KanmUsEnaUgann daudessliansntin
Uszensrunislanuaieq I 9n3dede Chen uas
aniz (2016) Iieenuuussuuiiousdionialnlug
vuszuuilesslagld Arduino MEGA 2560 ey
Aaldunuy Master-slave Lﬁ@Iﬁﬂi@Uﬂquﬁuﬁiu
madhse¥s Inedidunuitiuasuusdlifadaty
thuvEeeensiflanethdna aiuegudn deun
1nifede Zhao wazmaiz (2020) lel¥nsiFous
\F9@nTedn YOLOV3 lunisasyasuanlnmiy
1an39 (Realtime) Lios91n YOLOV3 WnSwenns
allun1suszananalareud1ediuse@nsnm uay
fAranuusiuglun1snsIadugedia 96.89% lny
wnwdusunduusinanianselingedu
madalnlmilanunaiasadaglinsnensdmsu
Uszananaiisansuld nuddeves Sowah uasanz
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Fomnudue (Short message) ilnsiwsiilede
WInBudussuudinaaInTaudLiould
MUIATHarIUTEENSA NG IngeuUTeNY
Wermaneietunsasaaoulrlundudall
AvgUsraunadifavinfindsiianmnidesnain
liansanswlduidninlnagsnlvifivinule
Saduermsdeanuiinfiuinaniieg Swein
son1smsraduifisty Islam wagAmy (2015)
Taneneruundamainanlagesniuuliszuy
HT9FUVDININANTTNATOUAGUA LTINS
Tandlsinanndu Tnserdgunsnl ZigBee
aflgnuanBmsdomslusnuaslaseielowasy
Tnelindanuiishuaziisumulunsiafedlaung
uiuld lngwinndniunmeaeussuunely
Tsanudenfsiien sl dagihy
Sumesifinvesassnds (oT) fanuasayfimii
snvisgunsalisuees (Sensors) wargUnalil
Tdaauma (Actuators) S3UReANNENNTAIUNNT
doasteyaszindvuamunuiiusyansnmn
aende faifu Ahmed uagany (2018) Tel4
o1 loT maaduszuusuuuuiiolidmsu
avaeullminmelutulegldlulasreulnames
mENa Arduino (Nano) TS uiuwuLesnyasu
Wailyl Ay sinaugeoinAwagsd dmsunsiadu
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L L

DHT11
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dmsuisudiudide Tshdu ssuuifanansodanmsadondudly
pdaAud dn1sgnuil uardnmiadmild ssuuiaulugusouy
waUndadusmen 1w PHP wag HTML lagldgenauwas MySQL Tunns
vimsdanspudeyadedinius lifissusinamaaeu Black-box Wity
flalumsUssiudssansnmuessyuudl urddlduuuesunsusadu 5
syiutousziiuaufianelavesinnusenisiuvesusagilaidy
BN wansmAeIMUIINISAdEURIY Black-box SwVAVLA 100
a3 Inedoyafleansnannmeaouldmuiinaniouar bifdofianann

dvaansusziivangliaueglusyiud

Abstract: This research aims to develop the warehouse management
online system for Preform Limited Partnership. This system
can manage stock of product in the warehouse, debtors and
creditors. PHP, HTML and MySQL software used to manage
relational databases were utilized to develop this system. Not
only Black-box testing are used to evaluate the performance of
this system but also the five level assessment form to assess
satisfaction of the population are employed. The experiment results
of 100 rounds of Black-box testing showed output as expected

and no error. The evaluation from users is at a good level.
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1. Unun
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YFUANININEAT WU 91NTdad o uay
gunsainansinenseneg Jagdu meiudiudngn
TUsvhsu TTUswnsu Businessplus Tunstudin
foyavesadsaui Sadulusunsuildiedorne
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svuvsaulatle Jaitedndalunisldanu nina
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Covid-19 Aifeslymiinauviranuiithu gndn
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soulald

syuvueaulat Wusyuuiivsenlusnisy
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syuueaulall lawA A1 Personal Home Page
(PHP), HyperText Markup Language (HTML)
JauAUTTUUgIUteya MySQL (aigi5eu
5550395103, 2562; NUNITIU AAEFUTTA
wazAnE, 2560) etelinsiaunuseundndu
lpegsagmin san57 Sanuvasnde wagdl
UsevBnmlunslivhaou @58u Tangse uavawysol
w8l 2563; @38u Tangsy LLazauyjiiﬁ
gveles, 2563) Inefiinidulauien PHP way
MySQL $NsIUNSEUU WY 3507 9auus way
\eside eewteu (2562) [Wun1swaunsEUY
dothelhdaseulavlifuusdnimesduilie
U mausINgIMmEinuLasd1vesianIsiiang
Fanelaszaud uvesdsuan tudusazm
(2562) leWauszuusivunededunduriny
szuundugdidnvselind nausingimidnau
IngFendiren13ouys TANuNanelsaus
dauaws fan wazAny (2563) temunszuy
fndwnhedudununsussulumniiuiidmde
ummiiﬁmaaﬁuﬁwLﬂﬂﬁliLLUﬁgﬂluLﬁumﬁuﬁé’wfm
uAsANTIA NauTNg I linusEuuianuiiswela

JEAUR dUAMING LaLDNA LazeYiE ATYeUen
(2563) leimudvledszuundsdanuianuas
gUnsalnsdlfing veaus il iudlnd narsisn
e Gilsidundn lawn 1On 9edangunsal
nsdadoYangunsal fudn warseatusingeg
HansUsEuANuianelavesssuvegluseaud
T80 N wawARLY (2562) ansEUUMIUINS
Jansadendudesulatiuiliealeianauns
\Duszuuedud uazdnnisaddu uaznans
Usgliuanuianelavesseuvaglussaufiuiv
giuissuumaiad g asdunisdnnis
dvAudIfionse viFeaiiion1sdnie

NneAeiAetesthesuilgide
fuudafiszauniuseundindussuunis
Sansadeduinooulafisiiennsindeuazang
snsamegluszuAIy waranansoldlduny
Tup3osnouines uazausaluy wWevioiy
Uszandamlunisiaunazdrsunlutgmd
Adadulsifuiaiudmddalusisa de
191 PHP HTML uaggudeya MySQL luns
Tausganinmuasszuudidelalyd Black box
testing LilelHlunisnaaounitugniesues
ToyaiuALToYaDBNLARINAYBITEUY LAY
THuwuuusefiuanuianelaannussvinsnignuu
Uszldiu 5 52AU

2. A0 UN159Y

TusmAseatuildthnsyuaunsiamn
YUY MNITNIHAIUITEUU (System Development
Life Cycle: SDLC) unlgluasaniiun1sive
Fauszneusie 5 Tuneu fll

< 1
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U A Va v

maiunuTdeyalummidetiideld
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318 Yufisrense Sufmuesudui deya
gl 118 ensBuiiidieanisvie A
senAuduazannsaduiindeyaiiieviisiens
SuRulumihnisuRu

NNAMYTENDY 4 Uanamtin1sI1ety
Tneildasdesnsentoyn wafiseniste e
Tuiads Juiiluiada @onguuuunisdssiiuiy
fyunudud waranansatufindeyaifievinns
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Tufmuasudua wazarunsaduiindeyaiive
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2.4 NNSWRIUITSUU

Tumsauszuuadsd §3deldwamn
szuvlugluuuduweundnduiienisw PHP
HTML uagszuugutoya MySQL Tunisuims
Jansgrudeyaeduius lunshnseiusening
wevneiilenia wily uanwwadeya sewrinedlio
wargudeua gIduldldvrdannisues MysQLi
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Fandnnistlannsetaoiiunnudasndeliud
feya nnduvudafuie aunsndeulsunsy
LLUU Object Oriented Programming 845U
msviheuuuils Server 19 wazsasusdiu
Tusunsugrutesa hauthiulsiuils Server
wntu BeluninfussuuiisannsahlUldfuan
Solniuladnsnaidosanlildundnnisves HTML
Responsive Web Design Tunswaiunszuy

2.5 NMInNndauTEUU

msnagouszuUlueAsed THudnnis
NSNAFBUILUULUUNABIAN (Black Box Testing)
wazUsziumnuianelanislassuuves winau
AAAUAITUEINTR TWsihsu 91w 2 Ay
wagdnnsvinaviudiudiin Wy daau 1
Au AAufianelawtseanly 5 sedu seeu
UoENIN FTAULDY TEAUUIUNAN TEAURA SEAU

3. HAN15I8

3.1 HANIINAFIUIZUUUUUNEDIAT

ASNAFRUTTULLUUNERIAN tTunis
nageuiilddosmdedamdenielulusunsy
1neMAEaUN1IINUIRIlUSUATUMINAINABINT
vouliau Tnsgardeyaiithidn (input) wazen
fiuanseanyn (Output) InszuLiinuaenndes
fluvise dlusunsuvinaugnsiesidie Output
AedonARINUAU Input ANANTITNAADIIN
Hun1svaaes Fsluauisuianmun 12 screen
yn1ameaesTi 100 aladedeyaiiindnd
AnuuanasiuluLiaaSieinisagoy
gansalanINanIsNnaaulafInIsg 1

INANTN 1 UAAIKANITNARDUTEUY
WUUNABIMT IAENINAGRUTIaNUA 12 screen
finsvageu doyatdn wagnailld Wuduou

o
e 100 Feya wui wadndldandeyathidndan
nfeslariNaNIINABIHILT IV
AN 1 HANTNARBUTTUULUUNGBIAT
Screen doyaind HAEWS HANNARDY
M3t 10 Joya gnseenn1siId1vesdaya HAY
981159 10 daya gndewnNsi1vesteya H1U
MUy 8 Yeya gnseenn1sid1vesdaya HAY
QRPERKTS 6 Yoya gndeennsidnvesteya HAY
diudeyagnvil 9 eya gnseenn1sid1vesdaya HAY
uiludoyagnuil 9 Jeya gndeenn1sidi1vesteya HY
diudeyadmil 9 eya gnseenn1sid1vesdaya HAY
uilvdeyaidmil 9 deya gndeenn1sidi1vesdaya H1Y
Wiadiayadudn 5 Jeya gneeennN1sUI1vestaya HAY
wilvoyadudi 5 Yeya gndewnn1sii1vestoya HY
Suduen 10 Yoya gndeanmMaiidi1vesteya HY
eFUA 10 Yoy gndeenn1si1vestoya KU
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3.2 wan1snagauAd unNInelavas  nnsadsdusesulatnuuiesniduksazeiu
ﬁfl‘fﬁ'\‘nu TnefiiuATINNLAINABINTTVRIF ST UU AN
ANSYNUANUTIATUYBITLUU ATUAINUGE

nsUssiiumnuisnalavedngudiesns ) y " o
AansidausEuy MunsinwanuUasndy

PRINNTIIUTEUUNITINNISAGIAUA1UlaY
ARdeliiuuudszdiu Inedemouluussnu
LAYINUAIUNINDTINAINT I UTETUUNIS

YotayalusEuY MskuuUssliuauianela
INNFUAIDENUUUTEUNE 5 T8aU U
MANRRSRALAIUTEAULLINTFIUAINITI 2

M3 2 saussiluanuisnelalaedldseuy

s18n15UTELEU ALafeY S.D. nsuuana

N15UTEIUIEUUAUASIANUAIINARBINSVDIR 153U (Functional Requirement Test)

1. mseenuuubildiuing wylidudou 4.33 0.58 1N
2. szuuiauAsuiiug auysaluazgnsiesuestoya 4.00 1.00 1N
3. SEUVANNTONDUAUDIAIUADINTURIH T9Y 4.33 0.58 110
4. msvuiinteyavlaaeainuazity 4.67 0.58 Wniiean
5. syuuanusandslaaganiaging 4.00 1.00 110
wAsnIUseiuszuuiunsImuALgeIn1svesdldsruu 4.27 0.70 110

A5UsEENTEUUAUNTINOUANTlaATuYaIsEuU (Functional Test)

1. msdaivdeyathidndnnugnees 4.67 0.58 Wnfian
2. msvsulsiladeyaiinmugnes 4.67 0.58 Wnfian
3. Myaudeyaimugnaes 4.67 0.58 Wnidn
4. M3AUMTeNaTiANNANABY 4.67 0.58 Wniidn
5. mgndosasradndfildainnisussananalulusunsy 4.67 0.58 Wnfian
wasmsuszdussuusumsiaumuiliiduressuy 4.67 0.49 WnTian

nsUsEllusEUUAUANLNERRNSIt9USEUU (Usability Test)

1. szuuldaudie 4.33 0.58 1N
2. PUIAVDIFIBNBTUUIDN NI AL ZEY 433 0.58 110
3. fapuitldanunsessuiedenmumnglsmanyay a.67 0.58 Wniidn
4. MsUfFuTUsSIARURURITUTiA AL dl 4.33 0.58 110
5. mdwirtldlulusunsufusdnifiduasuandilade 4.33 0.58 1N
wasnsUssduszuuiuanuhesensidnusyuy 4.40 0.51 110

nMsUsEUSEUUAMUNS SN ANUUasnisvesloyalusyuu (Security Test)

1. MSMTUAE AL IENIU @1snsanTIaaeula 4.33 0.58 110
2. ssuuiimsmunudvsiidszuuldondes 4.33 0.58 110
3. syuuiinsniadevavsnisldnuvesldszuulusysumaeg 4.67 0.58 Wnidn
4. mydhdvevalusyuuiimnuasasededols 4.33 0.58 1N
5. szuufinsudadieulunsdifiindeianatnaseg inaduasmvay  4.33 0.58 110
wasnsUszdussuuiunmsihwanuasadevesoyaluszuy 4.40 0.51 1N

QA5 4.43 0.55 2N
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M504 2 hanINan1TUTELIuAINY
fanelavesynainsgldnuszuu lnsuvaiy
4 g lewa 1) FunsININAINABINITVB
Alsuu 2) MsUssdiussuuaunIsnuy
laiduvesszuy 3) MsUssliussuumuAdY
AoNTINUTEUY 4) munssnwianudaensy
Y9ITRYALUTTUY NANITILNUI SeUUUTEIY
syuvdnni1sAasduaieaulalaiuisaiinu
yaandulmiuedgned nan1suszifiuniy
flanelavesglirussuunuhiidadeeglusesiu
Aunyneu IngkansusziiussuuAunsYinauy
mulanduvesseuy (Functional Test) Ay
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lnganAunisiseusiedn Tnewmnpdadldfenssuunluusunlngldnou
haﬁnumsaamwmﬂ Feannenssuiidnuluidldun LeNet 5 VGG16
RestNet-50 u,auamﬂmsﬂﬁummmuauuwu%mmaq VGGNet Tpenis
‘Ui‘U‘Ui\‘l Hyperparameter miﬂiuﬂiaam‘ﬂmaﬂssuuwumﬁamsuum
‘UaQ‘UUﬂﬁLiSUi LLaumaammmuWﬁmmawaﬂmww Faagylv
nsUsvnanaituslsyans nmeinain 9annsaseaiiusIuT
Foganmarelunzunifier d1u 5,710 am Huamd RGB Tasuus
Wlungunii@ulsanaglidulsaniniu wagyihnsudandeyaiu
Ynaouiouay 80 Wavyanaaeauauar 20 nuUsEanNsnIwnTIATIE
v LeNet-5 finnugndesiosay 78.90 deiluszavdnmegn Tuvme
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Abstract: Currently, lime is a type of plant that has been cultivated in many places.
Because limes are used in cooking, and their properties are herb. In Thailand, limes are used
for drinking and medical herb to use in health care. From this popularity, the cultivation
of limes became widespread and began to be planted more on farms and more at home.
Nowadays, lime cultivation can be controlled to produce off-season produce. However, lime
is also prone to diseases without proper care. For these reasons, this research is to study
the analysis of decease from lime leaves by using deep learning. The Convolutional Neural
Networks (CNNs) of deep learning is used to classify the disease. In this study, LeNet-5, VGG16,
and RestNet-50 architectures of CNNs are to the proposed architecture based on VGGNet
by adjusting hyperparameter. This improvement in the proposed architecture is to reduce
the size of the learning layer and can decrease the number of network parameters. This will
make processing faster but the performance remains the same. The total number of single
lime leaf images is 5,710. The input images are RGB color. The normal and decease lime
leaves are separated equally. Training and test sets are 80 and 20 percent, respectively. The
evaluation result is found that LeNet-5 has the lowest accuracy at 78.90 percent, while the
proposed architecture has the highest accuracy at 89.06 percent but it is not different from
ResNet-50.

v
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svazusniuazdthinsudnvazvedlsaiiinly
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anudsmaludiuiuannls wavdulvginis
AelsrszerusnBuiufailureszun udris
gnanuludedineineg vesuzunsisly
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Tulagiu ffaulavgnuzsuradudu
unlulsenelng FslagundudmnaiiFouay
Tugunluduedonsussaluoms waxd
anudeInsgdludomaiitelilunisusesa
wagludagtuuzunufundnnalyisslovise
g IngmswazunaLASosRuIioTh39aY
o wardmdunadlifiomiiutas widutuuzun
Huiteilinandnlfianzagma wilulagtusy

MMsEnIseTiiedes Hinton &
Salakhutdinov (2006) lstiauen1siseusidean
(Deep Learning) Fauanslhifiuiusaziures
Feedforward Neural Network 3gyiaulseeng

fnsfauUasmsugnuzualuisediuudiiioly
Idnanannaond Jsuzuniisnisdinanagtae
Tinananldnaent feuludagiuianuasns
wazauvlulglfanuaulalufinu wagsiuan
Ugnuzuraludnnunn wiognslsiniu uzun
\Duiwiinulsaldvarnuans snladld3unsoua
Snwndid Felsasiney . iAaunandagiy B
danaliuzunlidsgiuln wiolvnandnla
pueants wenanid mngaulavgnuzunly

Huszdnsnmlanenaunisaeusiy Unsuper-
vised Restricted Boltzmann Machine uaglu
Fussulnonsuunsvhaugie Supervised
Back-propagation #s5en3§mssinanain Deep Belief
Network (DBN) a1nnsiauenseiizadu
BuduYsnUITenenunsSousidedn
Wuduun Wicht & Henneberty (2015)
IsiuszyndlinsBeusidsdnlumsa sudoku il
Tesavaneiiodeuwarfuionamusznoudiven
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nassilede lnely Convolutional Deep Belief
Network Tun1s31uun Feature 2100 WA139
Fuunlagld Support Vector Machine Tngdaya
ddfunmiianeiio@euainam Sudoku
$1unu 200 nMmdszneuldainndssiiedefions
sxflmaedeulmuazuans nadnsilaiions
ns3andu 97.7% awiiuinnisuseendld Deep
Belief Network anansatiglunisainaudnuaey
I¥anamstaiidushfisivasaneilodeu

NIV Guo et al. (2018) ladAnen
Plant Leaf Recognition Using a Convolution
Neural Network titeldlun1ssiuunvila
vosnuldlagld CNN Taeldlassadisves
GoogleNet fiug1u (Model 1) wagn1susegnd
GoogleNet (Model 2) AU Flavia dataset
Tneuusgunmtu 8 wila (Lanceolate, Oval,
Acicular, Linear, Oblong, Reniform (Kidney-shped),
Cordate (Heart-shped) W8z Palmate leaf) tag
guidensunmviaas 100 3U Fsguamdsnan
fasslufieeingg Ao wuaks wuaueu sy 45 a3
war 90 991 WUIUIEANTAMANUYNABY
(Accuracy) w89 Model 1 1Uu 99.6% (1aan
Uszanawa 8 ¥y, 43 u1¥l) uay Model 2 1Ju
99.8% (naruseanana 9 wu. 18 ur¥l) Tuanmn
WndeIieaiu 81 Model 2 fUsyavSandingn
Model 1 Entios usnarlunsuszuanaiiado
35 w7 aghalsimuagiiuinUseansamaenann
Auusliiieddy vasiinanfiutulunns
Boud usanmsmeassidulddnwfiudy
Tngmsasaudasdnmimnnndlanudeneiie
Fuluguuuusne lasnmusenauiidRafieuan
PO (Discolored image) 5%, 10%, 30%,
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e mﬁ]Lﬂugmﬁmﬁmﬁawmmeﬁ’mmmﬂuﬁu

I@aa"iﬁamwﬂizﬂauﬁgﬂLﬁﬂ%uﬁ 5%, 10%, 15%
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98% Waz 94% MIUANU
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Tudnwazaneg fu (Projective) AUAIWAUSHY
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FuuniugiivlesTeuiiounisld CNN Ay
nsannAMdEnuuzluulanen LArgIUeInNIN
(Bags of Visual Words) menisiseuilagld
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Convolutional Neural Network (CNN),
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A28 Supervised Deep Network %Gﬂf\]i}ﬁ’uﬁamu
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(Convolutional Neural Network,
CNN)
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wanet (Multi-layer Perceptron, MLP). an
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N153311889 (Speech recognition) NsUsEI8
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AUsEnau 4 aanUnenssy CNN WUy 2 526U (LeCun & Bengio, 1998)
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Feature map
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max pool Yu1a 2x2 filters
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aUsEnau 5 N13ttiunis Pooling

e §u Convolution udruilifeuse
sgwindeyatind (input data) ddudeu
(Hidden layer) Ingn15UsgenAduILNYDNEn
FInN399 WU WA 3x3 or 5x5 FanTesuand
Wunisulasnmiiduazasie Feature map.

* 4 Pool (Pooling layer) t8un1sm
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map mﬂ%u Convolution Lag %‘u Pooling
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ﬂaui’ag‘ffu (Convolutional Neural
Network Architecture)

Tul 1998 LeNet-5 lagnuauslag
LeCun et al,, (1998) Faidiu ONN Hugnuiliduiidan
34 LeNet-5 Usznauludenaulagiu 7 4u iold
Tumsduuniias Bsliuszgndldiuidasuinns
Afamidnduniwsgdumiisivuiniig
32x32 finiwa Andsaindl NN Ieiinstiaue
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mssnmangrudeyavunelg Tnelassnisi
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(Krizhevsky, Sutskever & Hinton, 2017) W
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#U LeNet-5 wiflsruautuunnnin wazsuau
Filter Tuusazdusnni Tnefivianun 8 4u
TnensSoudiiaan 6 Yulaeld Nvidia Geforce
GTX 580 GPU $1uau 2 &2 danilnenssuiitnaue
19y (Krizhevsky, Sutskever & Hinton, 2012)

Tul 2013 ZFNet (Zeiler & Fergus,
2014) Wugyuznisutstuanilnanssy CNN
Tneflsiuau 8 du wazUsu hyper-parameters
v83 AlexNet siaungyugn1sudeadulul 2014
launaaUnenssu GoogleNet (Inception V1)
910 Google team UsAnEn1mANgNFDIUD
na¥ilndiAssiuUsavsnmmssunyes
uywd anilnenssuiiviomn 22 $u faseney
§e Convolution vwiadnifieansiuiuves
W5 0w Feaansnandiuiumsfivesann
AlexNet @sfivunn 60 dumisfiwesaunde
Wee 4 d1un1dnes GoogleNet (Szegedy,
et al,, 2015) ffiug 1970 LeNet-5 (LeCun,
Bottou, Bengio, & Haffner, 1998) laguiaus
Tupalmaidadendy Inception Fslunaiild Batch
normalization N13¥11A W distortion LagAn
RMSprop e?fqimﬂédwﬁ%L*Tluiuaammmﬁﬂﬁ
sfiunssng melulaseng luvasdoatuly
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¥ 2014 Fafianrdnenssu CNN Snussiavdiodn
VGGNet (Simonyan & Zisserman, 2014) %Gagﬁlu
5 SUAULINTBINTHTITU taglasunuionly
msinUszgndldedaunsvas lngusenaudme
Convolution 16 9u warillassadrady Uniform
§935T0lis991n AlexNet anntin Tnoflunad
YUIN 3x3 AIYAINTDITIUIUNIN VGGNet
gniseuieguu GPU d1uau 4 dudunan 23
i Jamangdmsunslilumsduunnadnung
M Fdeaiiisiuay 138 Sumsiines
a01Unen3su VGGNet Lansnin1mdsenau 6

Vi

conv 1_1

abew

conv 1_2

pool 1

conv 2_1

conv 2 2

pool 2

conv 3_1

conv 3 2

conv 3 3

pool 3

conv 4_1

conv 4_2

conv 4_3

pool 4

conv 5_1

conv 5_2

conv 5_3

pool 5

fc6

fe7

-
o
(]

< senligeqoid

AWUseNau 6 VGGNet (Das, 2017)

dmiugvuglul 2015 ve9 ImageNet
1ouA ResNet @1 Microsoft (He et al., 2016)
Taglaunausanrtaanssulnilay “skip
connections” a1 Batch normalization
WisTy Fesrunutuioun 152 Sutunsiden
WUU residual connection @elinududounin
VGGNet veuuu 8 GPU Junan 2-3 dUa
Faannilnanssu ResNet uansdanmusznau 7

dmsulunuaed thauemsiFouiiion
TWnsBeuGSuiaedneay CNN anandnenssy
3 Uszunm lonn aantnenssu LeNet-5 VGGNet
WaE ResNet dsiisroazidunditl

|
sizetz | TXTconv, 6412

max poolf2
Size:56
- 1x1 conv, 64
3x3 conv, 64
1x1 conv, 256

|

1x1conv, 64
3x3 conv, 64
1x1 conv, 256

sy201q [013>

|

1x1 conv, 64
3x3 conv, 64
1x1 conv, 256

Size:28
1x1 conv, 128/2

3x3 conv, 128
1x1 conv, 512

i
i
i
i

1x1conv, 128

3x3 conv, 128

1x1 conv, 512

b

1x1conv, 128
3x3 conv, 128
1x1 conv, 512

|

syoo1q [LISf>

1x1 conv, 256/2
3x3 conv, 256
1x1 conv, 1024

3x3 conv, 256
1x1 conv, 1024
—
¥
1x1 conv, 256
3x3 conv, 256
1x1conv, 1024

sy201q [718)>

1x1 conv, 256 }

Size:7
1x1 conv, 512/2
3x3 conv, 512

1x1 conv, 2048

1x1 conv, 512

3x3 conv, 512

1x1 conv, 2048
1

sy201q [€]8f>

¥
1x1 conv, 512
3x3 conv, 512
1x1 conv, 2048

g ool

fc,1000

AMNUILNBYU 7 ResNet (Das, 2017)
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C3: f. maps 16@10x10
S4: 1. maps 16@5x5

C1: feature maps
INPUT 6@28x28

32x32

S2: f. maps
6@14x14

Convolutions

Subsampling Convolutions ~ Subsampling

Full coanection
Full connection

awdsznau 8 @aUnunssu LeNet-5 (LeCun et al., 1998)

2.3.1 @a1Unenssy LeNet-5

Input 32x32

LeNet-5 (LeCun & Bengio, 1998) 1¥u
andnenssuiiugiuues CNN 35 easidunued

3x3 conv, 64
3x3 conv, 64
2x2 maxpool/2

antnenssusanmysenau 8 tnedvu Convolu-
tion Y19%uA 5 TU (C1-C5) 9u Full connection

3x3 conv, 128
3x3 conv, 128
2x2 maxpool/2

1 9 wag Fu Output 8 1 Fu 52 7 Fu

2.3.2 @aUnenssy VGG16

3x3 conv, 256
3x3 conv, 256
3x3 conv, 256
2x2 maxpool/2

dmsuandnenssy VGGNet Tufitilld
VGG16 (Simonyan & Zisserman, 2014) @a.du
anUnenssuves VGGNet Nilnansudsdunian

3x3 conv, 512
3x3 conv, 512
3x3 conv, 512
2x2 maxpool/2

Tneil Convolution Vavua 16 YU FILATIASI
2949 VGGNet 2zt udnwaiznuy uniform laedlun
anflalmesvun maxpooling 2x2 Way stride=2

3x3 conv, 512
3x3 conv, 512
3x3 conv, 512
2x2 maxpool/2

andu Activation Tuwmaztuuas Convolution
Ao ‘ReLu’ e Nlumatianuiunisiimes 138
U39S @aa1nenssuves VGGNet hand

FC, 4096
FC, 4096
dropout, 0.2
FC, classes

fanmUsenau 9 Tun1sAnwIASItns ety

OQutput

Activation Tudumeugavinesdu SGD

awdsznau 9 anUnenssy VGGL6

Gaussian connections
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256-d

AnUsEnau 10 1As9as19 Residual block veeaatnenssy ResNet-50 (He et al., 2016)

Intial Image

100

199

i o
0 100 200 0

Augmented Images

T} o

.‘ 100 X
= ..

— 200

0 07
100 s 100
I

200 €00

100

20 +—

AnUIzNaU 11 ANLEAINITYIN Augmentation
7u: https://towardsdatascience.com/image-augmentation-14a0aafd0498

2.3.3 d@a1Unenssyu ResNet-50

dwiuanlnenssu ResNet agvannvany
aonenssudslufitidentd ResNet-50 (He
et al, 2016) lngan1tnenssy ResNet-50 1o
Uszgniinenn VGG-19 dalassainswesandngnssu
ResNet-50 #hdenldariilassadiedeuandly
fannUsEnau 7 waziilaseadng Residual block
U 3 layer fanndsznau 10

2.4 n1591 Augmentation

ANSYIN Augmentation (Pawara et al.,
2017) WiugadeyaiiimnBoudindeiv
AuvaInvaneveyadeyalitiniuvainvaiy
iefl Model a¢ldi3ouslduszavsa iRty
Taen13vi1 Augment laiun n1393unm (Rotation)
Tuguengg nsideuntm (Shift) n1sdnnm
(Shearing) N3¢y (Zooming) MFUTULEILN
(Shading) tJudiu wielildnmludnuamesineg
U d1TU19819115911 Augment @UNTOLARS
ledsnndszneu 11
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1319 1 Confusion Matrix
NAINALUA
anuyazvamANIIal (Predicted Result) HATIUNITIIUUN
Negative Positive
Naﬂqwqﬁq Negatlve TN FP TN+FP
(Actual Condition)  positive FN TP FN+TP
NATINATIMLUN TN+FN FP+TP TN+FN+FP+TP

2.5 msi’wﬂszﬁw%mwmsiﬁq

M3InUseansnmyeIn1sILUNNgY
(Classification) vi3on1ssmuuntiy fvane3sily
lun1sTausednsam wu dnsnsnsiadugn
@84 (True Positive Rate, Recall) 81517153 1bUA
Apmann (False Positive Rate) udiu Tngvialy
nadnsAldanasTuunvzdnegluguuuures
#1979 Confusion Matrix (Fawcett, 2006) R
\Hunistanamudnuazaiefilagnduundign
Fodliuduazasuranisduundldannmsiuneg
Frawmeieviosanesuiusneg fhuldau &
Confusion Matrix kandlanam1sng 1

1ae?

TN flenaainnisduungniesiledaya
.U Negative (True Negative)

FP fenadinnsdiuunianainiiledoya
\Uu Negative (False Positive)

FN fexannnsdiuunianainiiledeya
\Ju Positive (False Negative)

TP Fonaannsduungndeaileteya
Ju Positive (True Positive) #4An91nm1974
Confusion Matrix @11159U111AIWIUNNTIR
UsAnsn1munsgiumeg Tun1sdniuneanis
vhune il

1. A1ATIUYNABIYBINITTIUUN (Accuracy)

o 1

AadndIuraIHANTYIWIENgNARIIINTOYAN N
nanuadldlunsmageu Awinlanaunis

p P+ TN N
Y = TN T EN+ FP+ TP

2. $ns1nsduungnioailedoya
\Jua34 (True Positive Rate : TPR %38 Recall)
fodaduvemanissuunngulsignies Ssdun
l9anauns

TP

Recall = TP+—F1V

2)

2 o . Aa o a a
FIAPINA1IUTUNITINU TZANTAN
WevsvanIssuvaInsndmziamlagnees

1NNUDYWLA Y
3. AIANLLUEY (Precision) @11158
AMuadlanadl
TP
Precision = ——— 3)
TP + FP
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3. 350 UN15IY

TusAdedidunsussgndlénnadou
39N (Deep Leaming) Tun1sdnuunyszian
Tsauzumanlungurifendsdiiugueguu
lasaeneuligdu Ineieuiiguussavsnmiu
MUz Geeziiouidiou 4 aaninonssy
foil LeNet-5, VGG16, ResNet-50 wazaningnssu
finaueileguuiiugiuves VGGNet fsil

1 k24

3.1 d@01UnenssuNUIEUaUUN
§1UVDY VGGNet

'3%ma1’7ﬁ1Lauaslwuﬁﬁaﬁagjuuﬁugm
983 VGGNet Ingu3uusa Hyperparameter 484
aodmenssusanan aldun vuaves Filter
(Filtering size) vowusazd wulu VGG16 Hu
YUIRVaY Filter U89 Convolution LLﬁaz%ULﬂu
64, 128, 256, 512 way uﬁiuﬁfﬂﬂ1432,64,128
Way 256 uaﬂﬂﬂﬂﬁéﬂﬁﬂuau%ﬁ Convolution
Tuustay Block widowfies 1 44 512 dau Full
Connection §i Hidden Node Liige 1024 Tag
VGG16 & Hidden Node 18 4096 @sazanunsa
AATUIAVDITIUIUNSTMeTALlR

Input 32x32
3x3 conv, 32
2x2 maxpool/2
3x3 conv, 64
2x2 maxpool/2
3x3 conv, 128
2x2 maxpool/2
3x3 conv, 256
2x2 maxpool/2
FC, 1024
FC, 1024
dropout, 0.2
FC, classes

Output

awusznau 12 andnenssuiuiaus

3.2 AMNSIUNISUSLAUUTLANT AN
Ya9luLna

dusunmsiunisuseliuysednsnm
YaalAANTSEUFNITIIUN UanwianmUsEnay
13 lnsyadoyalunzunissgnuialuynasu
(Training set) Saway 80 wavyanadoy (Test
set) $ovaz 20 FeluinagATEYRINITILUNDY
gnusziiulszavsamlaglduemaaeuiitoduun
Usstnvilunzuniidulse violiidulsa

4. NaN1INAAD

dwsunisveaesd] Iaiununiudeya
| va & P9 1% P '
mwaneluliianuldansuuzuniidulse wagll
< = Aa X vy a
1Hulse dalsafniadulawnlsanusuveulu lsasnd
11918 15AIAN LSAUINID 1SANLUAINALNE
wazlsaluni Tusddeididunisimsiziinlu
yzundulsanselidulse Tnglufinsduuniie
289l5A AIUUTIUIUARET LTI UNNTILUNT L
2 yiinde Wulse wazliidulsa lnanisdwunlu
1 I~ Gl (=S Y o a o
yzunIdulseansaluidulsa lasfiunisanwun
IngdiAe 1 IRNUAITNGEAT FEUUAMEY

___+ L P___

Y
[ 70 Validation | | TANAROL

gatayaluazu

'gﬂaau |

!

[ Augmentation

!

| Souimaiwwnidszinnlasld CNN
—P[ dszfudszansnmluies
[ Tuaagarhy

[ Uszifiudszdnsniwmadwun

ST

AMWUIZNBY 13 AMNTILTUABUNITIIEUS
Wan1siwunlsnntuugu
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MAUTIUTWIETS WL 5,710 A Huazunll
Julsa 2,855 i wazvuzundulse 2,855
warwlsdoyaluyndeu uazyavngeu (80:20)
YUIAVBINNWUNINTUUIR 224x224 WnLea
Taemsthiinnagynnsennmenglmvdenniy
duvosnmlulifeluguuuuamd RGB Tng
nsnaaeUssUBUNanIsUsEIIUUSEENS NN
peanUnunssusnge ve9 CNN il LeNet-5,

Loss Curves

VGG16, ResNet-50 wazisnisiiviiauouu
WUFIUUD9 VGGNet

mﬂmiﬁau@ﬁaa%ﬁﬂuLmaﬁm%’ums
AnnAlsannamenglunzun meaalnenssu
wiazkuy lnednuiuseuveamsseuivualy
fi 40 50U FaaunsauszAvEIMveINIEoUS
A28e1 Loss WagA1 Accuracy lanennuseneu 14
e ndszneu 17

Accuracy Curves

—— Training set
— Validation set

= Training set
—— Validation set

] s 0 s )

)
Epochs

9 H ) B )

)
Epochs

AUsZNBU 14 Lans Loss (§19) wag Accuracy (1711) vesannUnunssu LeNet-5

Loss Curves

Accuracy Curves

—— Training set o
— Validation set
S :;j
o o2 = Training set
00 = Validation set
0 : o s Epulcnhs E R T 0 S o 5 Epolcnhs E R
nnUsZNaU 15 Lans Loss (§18) wag Accuracy (171) vesaaniUnenssu VGG16
Loss Curves Accuracy Curves

—— Training set
— Validation set

—— Training set
—— Validation set

o 5 » 5 2 3 o

5 2
Epochs

AMUSZNBU 16 Lans Loss (§18) ag Accuracy (1711) 983aa1Unensss ResNet-50

Loss Curves

Accuracy Curves

—— Training set
= Validation set

Loss

Accuracy

075

0.950

0.900

0.850

0.825

== Training set
—— Validation set

[ 5 PR ] )

)
Epochs

o H 0 1 5 30 35 40

2
Epochs

MMWUSZNBU 17 AMLEns Loss (€78) wag Accuracy (131) UesannUnenssufiuiaue
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5192 HansUstllulssanSaniuyanageu

Wosidud
gdanUnenssu CNN
Accuracy Precision Recall
LeNet-5 78.90 79.23 79.11
VGG16 86.30 86.64 86.31
ResNet-50 88.26 88.42 88.29
ihuaue 89.06 89.32 89.08

AMnAMUTENBU 14 B3 nwdszneu 17
JumsiuSeudieuan Loss uay A Accuracy ¥ed
Tayaynaeu (Training set) kavyaUssluUseansnm
Tuna (Validation set) Sanuinannilnenssu LeNet-5
thuieuuansnsresdn Loss wag Accuracy U84
JoyayaaeuLazyaUsiduinn LazUsgansam
YoM IBeuIgaindundwiunniandnenssy
3uq duaninenssudue Hue Loss uay
Accuracy vestayaynaeulazynUssduliunnig
funnihuasBuasdisusiseui 20 dausantinenssu
fihuaue Bunsideussouit 25 1Huduly

1NH1IN 2 Nan1TUTEIUUTEaNS AN
nMeszilsnanlutzum nuisiivhaue Tag
nsuSuaandnenssuann VGGNet inUseendly
aglwlseansnmlunisduunlsaannimaislu
UPUMIMBANANLYNARS (Accuracy) fin Precision
wazAn Recall aegn uoillunne1aius ResNet-50
wntdh dmduisTiiauetiansnsaannailunis
ewaddileioutu Vee16 wsziisuau
Futesniniues @ LeNet-5 lridszansam
weitgalunng du uiagldnadesiigalunis
Uszananaidesaniidnuiutosiian uas
WUd1 ResNet-50 Alvinadnsiifiuszansam

(%

49171 VGG16 uay LeNet-5 analanau

(9

fg1an na8luNLUILENIRIT

~ @

) IsAsdumarsesian

2) lsAnusuvaulu

A

) lsAANLUAIA AN

e

9) Isaluimdasuagluwnia

Qs

) Tuun@

AwUsenau 18 fregrennagluugunn
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5. ajunalazUalauaLuL

INAIVABINUINITNTUATIZIATUNEUT
Adulsauarldidilsaannmangluien TnaSou
\igunansmageuanlumailiannsFeus
FreFBnsiug i 3 331U LeNet-5 VGG16
L& ResNet-50 tumuin ResNet-50 Siuszavanm
Tnegdidgn da LeNet-5 Toiszansan
fnam woiiilesan LeNet-5 fnudutiosan 3
vilvinsBeusidulusgnamag Jsunnsneann
VGG16 Uy ResNet-50 Fafisnunuduann sanmsth
@ueIsNslen1suFuUTandnenssu VGGNet
vranlinadeuiUisuiioulssavanwiuisi 3
199U Tiuszansnmuszneaudnin ualduiniin
dlawfieuiiu ResNet-50

\esnnnimaaeadunisidenld
Hold-out Method lun1sutsteyaionsious
waznaaey wudlamdnnudeyaidoutislios
ilesannsielsaliildfidiuaumnnin wagiinng
dAnlsadutasgania Jsdesin Augmentation
dhdelunsFeuslitiussansnmannty us
othalsfiny deyailinaaeudifedin s1um
AfosiAuly fenaldfinnuvainuans vinls
UsyAvBammaEeussilififivemerien 7 Class
fdlunssuuniiiies 2 Ussiamindu

dmiumsidesiely iloviuusaszaviam
nsiesgliaty asdduninfusiusa
foyaliiuniu uenaniasliislunisusndu
UsednSnmlagldis Cross-validation §1v1n
Suuteyafiinnutosusdediiaiesszina
wafifiussAnsamgstu ilosmnamidndoun
TngiddldnanlunisSeuiuiudeenaaude
PAAtuNINAaDY kazUTuUTINTTIUNUTELAN
Tnganunsaszylsausazainvasluuzunsield

6. NARNTSNUIZNA

AMEHITEVOVOUAN AMEINGINIT

ANTAUWA WAINEIREUMIEN TN NV LaTUayY
o Aa a v Y ve ! v v a
nsAliunsITeaseiilvidusagalulanes
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