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ABSTRACT — Water is crucial for all lives, yet recently its quality is increasingly affected by
waste and pollution. As water quality inspection is important for ecological and water resource
management, this work therefore proposed a water quality inspection technique based on deep
learning to automatically classify water quality on an Android application. The process started
from collection of 480 images which were divided into four grades of water: A, B, C and D. The
images were used for training a model for water quality classification, and three algorithms
were compared: MobileNet 0.5 MobileNet 0.75, and MobileNet 1.0. Model assessment was done
using accuracy, precision and recall. The model was developed into an application, which was
then finally tested. The test found that (1) the MobileNet 1.0 was the most suitable model with
100.00% accuracy, precision and recall, and (2) application test showed that it had classification
success rate of 82.50%, with good performance. Application was assessed by experts and the
result was 4.33 on average, or highly suitable. The test showed that this approach and
application could be used for water quality inspection from images with high efficiency and ease
of use.

KEYWORDS: Water Quality, Image Classification, Deep Learning, Convolutional Neural-
Network, Application
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private static final String MODEL_FILE = "file:///android_asset/retrained_graph.pb";
private static final String LABEL_FILE = "file:///android_asset/retrained_labels.txt";
v

JUN 8. uanimsiauenam Tuns9ae U U W

3.5 msnaaevuazlszfivssansmnueUnamiu

3’/ dy ' I~ 1 9 1

Tuaouil uteenilu 2 dildun (1) MmInageuaNu
Y a @ 3| a a

gndesvoualndmsuiunmsnaaeuisz@nsaimaiu
C o . o y

sudrweselwangulunssuunszavgauainiinn

mumeinlszianas 20mwiMsiaanmfesazany

v o ] o &
andeslumsdwunanleelgaumsasi

Y



LN,

io

_ fNo. of Correct Cla;sii}-'\
= Dl |

A I".f".'l'“'f.f".}' —_—

by

# 4
\\ Mo. of Total Clas:ify ,). ( )

waz (2) mylsziiugunimuelwimdulaodizernguay
Al lifluns faanuitane lagems I¥nuued namdu
vouiserriyd1umalulad uazgldauiahl Taeld
L [ a 3
sudeunudmatelumsdszdiveanilu (1) &
@ Y Y
ANEINITOVBITTVUATINUANNABINITUBIA 1T (2)
MuanumnzaudumsonuuLay 3) auilss lewiin

Vo - | = o a o
Vlﬂi‘]J"lﬂﬂLL’E]‘]JWmﬂ%um’m‘lﬁﬂ‘ﬂmﬂﬂﬂﬂﬂﬁ’JlﬂiW%‘Viﬂil‘lﬂTW

v
°

sduuuaw

L)

4. #aN1INAaod
av ] I 1 A U @
Nan15 LNl u3aIuAed INYeINaM TN TuRe
FIUYDINANISWAU DU NAIATULASTIUVOINANIST
2
nagevYszanimmueUnwansuLaaInanall

4.1 wamsnanlaaa

o

a0 4, = 2 a o
uIvelinimsnageufSeufeudsednsamnissuun

o y . o , o
sgaugumminnnmnaelagldlasaiielszamnon

v ° o a = v '
ﬂauiag%umuau3 ANBDINY vlﬂuﬂ

k4

MobileNet0.5,MobileNet 0.75 ttaZMobileNet I‘ON’dﬁ’Wf‘ﬁqﬂ
waaelua1sed 3uazgln 9
4 - o o~
15197 uaaswamsnSeudeuilszaniamlumanin
vy o v A v Y v
mansdeyadmsusouiuaznaaeulagldninnugndaes
(Accuracy)A 1A UL UE (Precision)  UAZAIANNTLAN
< 14 J o a R
(Recall) Eumnmal wan1snaaoswu lumavesdanssiy
MobileNet 1.0 @115z @ninmgaga Tasiininiugnaes
1RD100.00% AIANULIUEUNINDY 100.00% HAZAINIIN
FZAMNIAY 100.00%3098937 A MobileNet 0.75 ua
v

MobileNet 0.50  Fa'ldA1nugnAeuniiny 97.10% uaz

o

v
94.10% eudiny Tuauisetsudenlsluina MobileNet

'
A o

1.0 Faldanlsza@nsnmgaiigaionldsegnd 19hiam

A o o W o ¥
uaﬂ‘wmﬂ%ummmmuﬂﬂmmwuma"lﬂ

37

J]ST Journal of Information Science and Technology
Volume 12, NO 2 | JUL — DEC 2022 | 3141

>~ = a a
Msnd 3. uaaswamsafFeudioudseansnm luna

Accuracy | Precision | Recall
Model
(%) (%) (%)
MobileNet 1.0 100.00 100.00 100.00
MobileNet 0.75 97.50 95.23 100.00
MobileNet 0.50 95.12 95.23 95.23
100.00 -
99.00
98.00 -
97.00 - I MobileNet 1.0
96.00 [l MobileNet 0.75
95.00 - | | [ MobileNet 0,50
94,00 1 . |
93.00 {
92.00 T T
Accuracy (%) Precision (%) Recall (%)

FUi 9. msnfFeuitevdoyalugiwuns

4.2 mam g Unandy
oo . . y
nnmsiarelndnduiiuunszauguainidien
U a wua g o
MUz UUI AN UATEEN udAINaNIT WAL
a o yve & A o a o 9 v
volwdaduldasil Weodlaueindndudndsn
v v
iFoni nihvendnuelndindudwaasluzin 10Tagnihil
v ' 2 99 9 a A v
vzuTa 1wyndetn1edadlFanisoadnniuyndes
' 4 s 4
togiimemonmainndesuean1inIvlu(Camera) 1iio'ld
&9 Y g9yt H a o
mmideamsudrlinaiuaienim mimivued wamduay
Fonl¥msilszunanannlumamsizouizeani ladnaou
YA a ’e o day Y a ’e o A
Wit izinmradninldainnisinsiziuaasdagln

11-14

CLASSFIER WATER
e’

-,
[ ©

" o

Uil 10. niheenanuerwamu



AruNTw A 1 00.00%

anuruaoood

LIlesnevea [ aley i

i o

' Ed
JUN 11 wamsnagougamIWuNIA4

310 11-14uaasdrodminenadninis ins1ziamn

: 2 ‘ P
FalsznevlUdreszduguaimimieuuansainnuiule
K 1
(Confidence Score) uazuﬁma’f@yaiwamﬁﬂﬂaﬂymzﬁum

aztlszan

wasawes

Arumw B 100.00%

anuraoodn

LhiluFesdunanm 1(Oucmhoco

canusnialnsmnuuntloun™ied

i o <

’ Ed
FUN 12. mamsnaaeugmA M uNTAB

WEETWIES

AOuNIw C PP.99%

anuru-aoodd

i [ e VI P W W AT o G TP e T PN LW PR TN

LTnsansTFiRuS OensSiusuaoeIos]
o I 1.

i (e <

T E4
7UN 13 mamsnaae UMMM UNTAC

JIST Journal of Information Science and Technology
Volume 12, NO 2 | JUL — DEC 2022 | 3141

waasaws
AcUuMNIw D 1 00.00%

Snuecrusasoun

iSar S oaaonikasritisho

Souucie 4 Tud

MU

i o

! Ed
U0 14. mamsnagevgmAIW A D

4.3 wamsnaaeulssansmnuelwamiu

o Y a @ Y v A
mengamsanuelnansy lannineasaldauie
nagevlszaninmanuuuudrilumssunainve e

v
9 o o

wandu Taelidoyadmsuminadouguaminlsznanaz

U

v
o o

3 £
200N IWTRYANINNATINIY 80 AN Tasdoyaszgn
naaeURazd) ToMMUATDININATDY ABMITAIBATNADA
o ¥ g1 v ' v Y ¥ o o a4
i ldudnazaisnndiuuuveudi aedied1agln
A A
1-14Insdwnjuildnaaon Ao Samsung Galaxy A5l
A wa s ¢ o ' t4
szuUU AT UATOIALIBTFY 10N1TAIININAILL
£
89 TU37A (Auto Mode) msnaaauustndmgulddrnsa fe

AANUYNADY (Accuracy) ogAIWANIs 0 TUMSHENNGY

< - o A ~ o
MINA 4. uaasnamssaiudseaninmusnamn sy

v Jmun JWuUN | Accuracy
UMW Y -

gndes | Aawma (%)
N30 A 18 2 90.00
INA B 16 4 80.00
N30 C 15 5 75.00
1n38 D 17 2 85.00
Manugndounde 82.50

Application Accuracy

95
90 -

85

80 - W Accuracy (%),
75

70 -

65 -

INiA A nin B niac NIAbD  Average

= o o o J '
3717” 15. WﬁﬁWﬁﬂ'lﬁV“!uﬂ@mﬂ'Iwu"?ullﬁﬁgﬂfé‘f!ﬂw



nanisnadevlszdnimmuedndmdu aalsinglu

a S o = v o
@]151\1%4!!@331]71 15wm1mmaammgﬂmaﬂumﬁmuuﬂ

o

K 2 1 2 L a a
sEAUAMA NN 41)52mmnus2.50% Fallszansam
anuuiudiogluszana MwnleasimstwungInga

K '
90.00% #o NMHUNTA A TodUNAIINNITNATOU WD

£ ' %l ]
NMNUUNTA A ﬂﬁﬂﬂmzllﬁﬂﬁ]N%Tﬂﬂ'lWNT]J‘JZ!ﬂ‘V]ﬁMC]

o

= o q ¥ o = A v
ﬂﬁ]u’ﬂﬁ‘nﬂﬁWﬁﬂ'lﬁﬂ']u]ﬂllﬂ'ﬂllﬂﬁ'lﬂlﬂa@uu@ﬂ HasnIn

o o

oA IMITwunAINga 75.00% Ao NNLLUNTA CIilo991n

K = 1 @
MNHUNTA Cﬁaﬂymzmmﬁmmuu ﬁWiLL“U’JuaﬂEJﬂ'L%}TEJﬂ'U
P} P}
ANHUSUDININUUNTA BVI11ﬁ’§UN§ﬂﬂ"IW‘UENﬂTWH'Hﬂ§ﬂ
o I ¥ ' 9 a a
CQﬂ%TLLuﬂLﬂuﬂTWNMﬂiﬂ Bdwwaldsz@anininnis

Sumnma N szandu

o w A P AA ya Y e
ﬁWﬁiUﬂﬂJﬁTﬂWUiuﬂ1§”ﬂﬂaﬂ\1ﬂi\1u A9 D1TVOIUINA

v a o Ay Y Ay a
’E)E)ﬂa’ﬁ\liﬂﬂlﬂu“lﬂﬂﬁvﬂlﬂﬁml‘lﬂﬂ%Wlli’]WﬂWﬁW]i’N NI

o

Y

(Y ' Z A 2 vy Y A2 9 = Y o a
mamaum“l%’“lummﬂugﬁﬁuuuaﬂ gz I maviuedl

A kY

Y
"o a <
mmgﬂ@fﬂmuummnﬁﬁu fﬁi’famummz D ABDIUNITIND

v s A yq 9 E
5'31]5'.]“"“@Haﬂ’]WﬁTﬁﬁUﬂ'ﬁﬁﬂugqﬁNTﬂ"’Uu

> a =
MTNA S, uaaanansUsadun Nunane ?9

- Aveanag | @il
semsdszdiun
Mean | S.D. | Mean | S.D.
LAUANNEINTa 4.00 | 0.00 | 4.60 | 0.49
VBITLUVVATINY
ANUABINMITVB
Al
2MUANUMINEAN | 433 | 047 | 440 | 0.66
MuMIenIUL
v s
3.a1utlse Towun 467 | 047 | 470 | 046
T@5unnuetwdin
o A ~ o
FudonfTouReviy
MIINTIZHAUAMN
Wglunu@y
1nde 433 | 031 | 4.57 | 0.54

Tuaudselaimsdsziiuanuitane loms 1Famuedwan
Fu Fauaaawan1sUsziiudinisneh 5 wunwadseiiu
= oy vq ¥ <
anuiiane lvaesnquiidervigaunazdlgaruna la
Fa
srutoautiudlu U ludamafertu Taswatlssiliuni
A W

= ¥ v L )
WQW@Glﬂﬂﬁ?ﬁﬂ'luaJﬂﬁuﬂa(l) ATUANNTINITOVUDITESUUATI

fuarudeanmsves 1y TnodizormnauaslFauna

1

39

JIST Journal of Information Science and Technology
Volume 12, NO 2 | JUL — DEC 2022 | 3141

a o =

Hszavanuianeleegluszduunuazinniiga@ aw
v v ]

ANumzaudumsoenuuy Tasfieinguazd 19

m fisgauarwitane lvegluszaunin) auilse Tomin

Yo a o A& a Y a o
llﬂi‘lhﬂﬂui’]‘ﬂwmﬂ%um’E)L‘lﬁ"ﬁl‘]Jl‘ﬂflUﬂ‘lJﬂﬁ3Lﬂ§13ﬁﬂmﬂ1w

v
°

igdunudn Taedisormauazdlsaun luliszduany

U 9 ]

=

wamelveglusesaunniga

-
5. aguazennewa
ae 2o o . o y
QAT IE UM WAINSZUDTIMUNTZAUAUAINIININ
' ) A ~ Yya 2 Ao s A )
amaglasldmatinmsisoudidean Iiagiszasamoaing
© o . o ¥ g
TuwaanagWauinelwamdusmunszaugunIwiing
UsganTammsanyutsesndlu 2d2u 18us mswann
v
Tuweadwunszauguniwiiuazmswa e dnangu
o @ ¥ 2 v o &
FuUNTZAURUAINUING 2 n1snaaedliwadns 11y
a = v A U =) v Y
namufeInuae luaaainlnsaiienisFous CNN 14
o daa a o P, Aa
Waaning enwsansznnuuannuas 18 Tumaniiany
wiudga

u

4 4 :
NNWANITNAADY (M13199 3 a3l 9) sgwun Tuaa
msFoudizanlaeldinssirodszarmiiounouTigiu
o a= . v o ° Ao
9ano3 NN MobileNet 1.0 Idwadwinssuunmming
UszAnsnmgage TA1ANYNR9100.00% ArAUILUE
100.00% 1AZAIAINIZAN 100.00% LANUADAARDIND
41U799 Sinhatla2El-Sharkawy [14] 141829147398 Arfan 1ag
A [15] FalFimaiina1n TuiaaMobilenctt 1o 31AT 124
o % A oo Y2 1
swunnimuaz I8 Tuwandanuuivdrgaaaslfiiun
FmsiiuauelanumuzauiailuaanisGouia
o ¥ & a o A o
wanniullafreduned wamFuiverirliszgna 19
a1
Tudruvealszanimuwmssuunamusauenansu 4
4 4 o4 v
(M350 4 wazgdi 15 wud Anndsanugndedlunis
¥ 9 f o '
SwunszauunWINg 4 Uszinnnnus2.50%
Usganinmanuuiudregluszaud daulngiiiue
Aawaiaiioannamniinade U MBanyuzIAY
o ' ° 4 ' a o
IndiReariy iy msswunmmiunse C uanelndngu
2 - o7
swunflunmiiinge B 1iiesnnain dnvazvesdinuaz
AMAUARIBN Fa0Insz@nInmmssunaznuaIm
' 4
duniiuilFlunsBouiianuddguin fednyuzd aaw

YUUATANHULIAUAINY FOANROINUITUITY Naseer HAZ



Y o a @ ' o o v
Ay [16] Wuteduna@ednuinssuvazyiinssuunld
A a a ) v & o a
2819352 @NTanuInTu A1auIsadanUdn YT Ay
A a Y ¥
mwzvesn il lumsiond 1dun
' o ~ ' v A o
FrunaaninNuiiane lanemslsauuelnamsu
' a P A = '
nunTagsauwansUsziunndiForny Inunde 433 of
luszavianunuizanuin vazradsuiuanuivanela
a o P A A ' o A
soUndnsunngldnu Taunde 4.57 egluszavuiniga
DI a o Ao 3
NAnansneaeaaadlimiu wedndndunvinausilu
A A A 1 E% ' o 9
i3 esiio NamIsaondTynIn g Ind Ut uveIns
Fd
asnaeuaunwinld ansou 14z Tenilunis
Y \ o
udtgyminisdamsaunimi ldiugandenisi 114
sz Temiae 1
o o aw Y Y 9 A a
dmsumsiveluemaadi Idinissruswdeyamuau
A v ~ v = ) ' 9
weliTumanisiseuiamnsansnuanyuziauyoanInld
naANuIANA1eTEnINTeyan muAazlszmnldimunin
2 o q ¥ o A P
Ju g ldamnsanau Tumansisouinaainlunis

v Y
Twunmwedilszaniamuingsiu

19NE1591999
[1] N. Tangkhananurak and K. Tangkhananurak, Principles
of chemical water quality analysis. Bangkok: Kasetsart

University Press, 2007.

[2] Department of Health, “Water quality criteria,”
Department of Health Laboratory Center, 2021.
[Online]. Available:https://

rldc.anamai.moph.go.th/th/water-quality-standards
[Accessed: Aug. 9, 2021].
[3] Department of National Parks Wildlife and Plant
Conservation, “Water quality of the basin,” Department
of National Parks Wildlife and Plant Conservation,
2021. [Online].

Available:https://www.dnp.go.th/Research/watershade/q

ullity.html [Accessed: Sep. 19, 2021].

[4]  Pollution Control Department, “Water quality and water
pollution,” Pollution Control Department,
2021.[Online]. Available: https://

www.pcd.go.th/fags/waterqualityandwaterpollution

[Accessed: Sep. 12,2021].

40

(5]

(6]

(10]

[11]

[12]

[13]

(14]

JIST Journal of Information Science and Technology
Volume 12, NO 2 | JUL — DEC 2022 | 3141

K. Sraubon, LearnAl:Deep Learning with Python.
Bangkok: Intermedia Press, 2022.

N. Phromrit and S. Wichanya, Fundamental of Deep
Learning in Practice. Bangkok: IDC Premier, 2021.

G. Lin, and W. Shen, “Research on Convolutional
Neural Network based on Improved Relu - piecewise
Activation Function,” Procedia Computer Science, vol.
131, no.1,pp. 977-984, 2018.

F. Pu, C. Ding, Z. Chao, Y. Yu, and X. Xu, “Water-
Quality Classification of Inland Lakes Using Landsat8
Images by Convolutional Neural Networks,” Remote
Sensing, vol. 11, no. 14, pp. 1674-1688, 2019.

A. Mahmood, M. Bennamoun, S. An, F. Sohel, F.
Boussaid,R. Hovey, G. Kendrick,and R. Fisher,
“Automatic annotation of coral reefs using deep
learning,” In Proceedings of OCEANS 2016 MTS/IEEE
Monterey, pp. 1-5, 2016.

R. Barzegar, M. Aalami and J. Adamowski, “Short-term
water quality variable prediction using hybrid CNN-
LSTM deep learning model,” Stochastic Environmental
Research and Risk Assessment, vol. 34, no. 1, pp. 415-
433, 2020.

J. Orlando, E. Prokofyeva,M. Fresno and M. Blaschko,
“An ensemble deep learning based approach for red
lesion detection in fundus images,” Computer Methods
and Programs in Biomedicine, vol. 2018, no. 153, pp.
115-127, 2018.

S. Krishnan, S. Antani and S. Jaeger, “Visualizing Deep
Leaming Activations for Improved Malaria Cell

Classification,”In  Proceedings of First workshop

Medical Informatics and Healthcare, Machine Learning
Research, pp. 1-8,2017.

H. Wu and Z. Zhou, “Using convolution neural network
for defective image classification of industrial
components,” Mobile Information Systems, vol. 2021,
no. 1, pp. 1-8, 2021.

D. Sinha and M. El-Sharkawy, “Thin MobileNet: An

Enhanced MobileNet Architecture,” In Proceedings of



[15]

[16]

IEEE 10th Annual Ubiquitous Computing, Electronics
& Mobile Communication Conference
(UEMCON?2019), pp. 0280-0285, 2019.

T. Arfan, M. Hayaty, and A. Hadinegoro, “Classification
of Brain Tumours Types based on MRI Images using
Mobilenet,” In Proceedings of
2ndInternationalConference on Innovation and Creative
Information Technology (ICITech2021), pp. 69-73,
2021.

S. Naseer, MR Ali, A. Muneer, and A. Fati, “iAmideV-
Deep: ValineAmidation Site Prediction in Proteins
Using Deep Learning and Pseudo Amino Acid
Composition,” Symmetry, vol. 2021, no. 13, pp. 1-19,
2021.

41

JIST Journal of Information Science and Technology
Volume 12, NO 2 | JUL — DEC 2022 | 3141



