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Abstract

This research investigates the process of forming wood-substituted composite boards from
rubber wood waste bonded with epoxy resin. The epoxy resin serves as a binder under controlled heat
and pressure. The study explores three different resin weight proportions—15%, 35%, and 50%—with
board densities of 500, 700, and 900 kg/m3. Physical and mechanical properties were evaluated
according to EN312 Particle Board Specifications, including moisture content, water absorption, thickness
swelling, modulus of rupture, modulus of elasticity, internal bonding, surface soundness, and air-water
contact angle, which indicates the water resistance of the board. Surface porosity was examined using
a digital microscope at 1000x magnification, while surface roughness was analyzed through image-based
processing. Abrasion resistance testing was conducted to assess surface durability. The results
demonstrate that the composite boards exhibit enhanced mechanical strength, moisture resistance, and
surface durability compared to conventional particle boards. The study presents a promising alternative
to traditional wood-based particle boards, addressing common issues such as delamination and swelling

due to moisture, and offering a durable, scratch-resistant solution from recycled rubber wood waste.

Keywords: Composite Board, Wood Substitute, Epoxy Resin

Please cite this article as:  A. Loymuangklang, J. Wasuratmanee, S. Yodwangjai and S. Srijunruk, “Studies of Wood-

Substituted Composite Boards from Rubber Wood Waste with Epoxy Resin,” The Journal of Engineering and

Industrial Technology, Kalasin University, vol. 3, no. 4, pp. 1-16, 2025.
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European Standards
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. Particle Boards
19U
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1| @@unuinidy (Density) EN323
2 | muiu (Moisture Content) | EN322
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(Thickness Swelling)
4 | AuAuLIa (MOR) EN310
(Modulus of Rupture)
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M1 (Internal Bonding)
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(Surface Soundness)
8 | nagaduih (Water EN317
Absorption)

aBiius aeuillonans uazaniy, N13AnyIuRLIanReulnasnauwnlia Tl sIiudiondisdu



. &

d Joumal of Engineering

and Industrial Technology

UNAUIY (Research Article)

2.1 AUFuRUS Yo N UHaneAUITUTEAY
Aaubkiveuun (Contact Angle)

sududaveminfugussrimeaifuiiuia
o afivsaosiiufiadudady desdinasidldly
miﬂizLﬁuizﬁummhjmauﬁﬁLLaﬁ%mﬁmmu
duda anunsadhunldlunisiesieinisnseane
FesD AN IULALAY Dunsiayuseninadu
é’uﬁaiauuaﬂmawammLwaaﬁaQUuﬁuﬁaﬁU
Aufunundndudt 35nslunstnuududa
annsavililaemsinuazuiussionidudurda
uareuAnEudemesnm Wildndoaenin
voeneAL ud 1 UMY AUILLE
Tsunsudierunumyuremgathosnulagga
nsveaeuIzlsznouluiiy wrasilnuas g1u
FeseaiuRamaaey gunsaldmiuneavenan
wagNAaeaenIN inaein1sUsEliusEauauly
%Uﬁ;’]mﬂqmé’mﬁa A1UNIAT§IU STRI Guide
92/1 [6] louvsszaulalasindneanidu 7 szau
lagseau 1 %ﬁmmmimauﬁﬂqaqm WazSYAU
7 gfidnrulivouinsign defnuududaves
eath 7] fauansluansneil 2

M13197 2 MskusseRuAnantRnuliveuln

szauAY | Henu
Taiwauun
a a ] <
1 - Sifwvigauindude 9 nszane
WENAUAINRD
- wephdwlngaziiyn 6 > 80°
a Y 2
2 - ffiganemindude 9 nseaie
LNAUAINRD
- wemihaulvajasiiyn 50° < O < 80°
a o Y 2
3 - ffiganeaindude 9 nszaie
LNAUAINRD
- wemhaulvajasiiyu 20° < B < 50°
Hanwanluneaiiossseviiandu 9

Nsaimnssukazmealuladgramnsy umAnerduniudus I 3 atuil 4 nsngran - Awna 2568
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 4 July — August 2025

A15199 2 MsuussEauAnaudRnuliveu
(vi9)

sEAUAY | ey
lsdwauin

a - fitmentuazsesdunanyainlva

<

Todiu
- UShnuflennasntiaenin 2 cm?
wioufiunsouaquNuAtosndt 90%

YN UNNAADI

5 - JUsaunlennaanuIawretNug

¥
&

1NN 2 cm’ UAdInTauAgUNLT
o831 90 % VesHUTINAADY

6 - fusnnfidennasnnsounauiiu
11N 90 % vasiuTMnAes Widsd
Unaitlidenlvdanals (Duga
Ws0300LaN 9)

7 - fidnwausduilduiunaauitum
VARDIVIINRUA

2.2 ANURYIURD (Surface roughness)

r;‘hLLNumﬁmﬁmsﬁﬁﬁwumﬁmﬂmué’aﬁwm
aam AUNa 04 Digital M|croscope ALNUIN
mmawumuuummuﬂuaﬂﬂau Fegunulais
q ﬂﬂa ugaf me’gw warutd ud A1LVEY
47u% uaudi 9a8 uruanainfireut us ey
ANUneIURidNasenstdauduagiann wayd
m’mai’ﬂL‘T]uﬁﬁaaﬁmmimmvﬁﬂaﬁqmwwma
YA

- ATUNYIURA (Roughness)ﬂi nauUAIY
auladasiianoreiind uay ezmmwwaﬁas
1/1mmmmqqmammaﬂmaaiaqsaammim
anaue Wuanfildannsia

- anaduedu (Waviness) A USHIa5813I19
AuveuRa lnenesluiiuiivwialug (Usenneu
1 f8d1A3) T9919AAINASVUIAVDILALT Wl

aBiius aeuillonans uazaniy, N13AnyIuRLIanReulnasnauwnlia Tl sIiudiondisdu



. &

d Joumal of Engineering

and Industrial Technology

UNAUIY (Research Article)

nsdanzueIiiUsraIunIen1svusy Ledan
N13AUYDNATEIN (8]

2.3 A2NUNUNTUYRIN URITHAR BN AY

(Abrasion Resistance)

N1SNAEBUNNSANNTD (Abrasion Test) U89
Faneuiun1snamnggiu EN 13696 [9] 3ald
FBnsmeaeulanziil eUseidunamunIuYes
Fanronsdnusenieldan1ngiidnisldauate
wmsgiuiiinldlugnamnssudidesnmeasy
fanfifinsindouviedundouiivosdinuandd
F1un1unstag Taeldia3os Taber Abrasion
Tunsmeaeuusundnfas 499 ldainnns
VGRLY

2.3.1 Amsgeyideriviin (Weight Loss)

wellalldinuIunauiagignuineenlulag
Asidend wazlpeunfazsieauluniileiadnsy
LARILARIEUNISA (1)

L=A-B (1)

v
= o LY

lagfl L = msgeyvdetmil

o

(% [%

A = diinvestuauneunsing

B = 1 mtinYesuUnaIINNSUng

aviin1sdnnse (Wear Index) s¥ysnsInTsan

1%
° Y

w38 Awlagn1sianisgadetmin @adnsu)

AONITANNTDUNTINUTOU BIRVUNITANNTDAN

2

AUAIUNIUNITANNTOUNALTIRTY LaAnIla e
a
aunsn (2)

I'=[(A-B)*1000]/C (2)
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lg? /= dvlinsdnnse (Wear Index)
A = dinvestuauneunstng

[
% a

B = N0 uUnaIINNSUng

oY

[J

C = MUIUTDUNTNAFBU

2.3.2 AIN3aRYEEAUAN (Depth Loss)

Jun1sianisvasuudasesannuvuivse
mmﬁﬂmaaﬁuﬁaLLNumﬁmﬁm%ﬁLﬁmmﬂmﬁmQ
TUTENINNITNAAOU AD ANBULNITANNTD
AT UNITANAIVOIAINUNUI VDI LHY
HE AN N5 oAUENUIVBNT IR
nuvuveadanlunissnwanunuvesiiianly
dowwefuussdngluszeziiaiuiu drelignan
3o M Tanarursaitladseng n1sld e
Anamsallduaznsdnvsevesianneldaning
QUPISEGIEEN

N3MA1 NsgayLdeauan (Depth Loss) Tu
N1SNAABUNITUAE LYW Taber Abrasion Test
ansaildlaensieudisunudnvesiui
NOULATVAINIINAGDU ANNITAYLALAIINEN
flunndunnedstantuianumuniudenisdag
i1 vidoorafinindenanmliiiitu Anisgapde
anudniitiosuansitfantuiinrumuniudents
Tagf Iagldniseuinrgliaunsalseiiiu
AMANUAAMUNUNIUVDILHUNANA9TLA [10]
wamaldssannisd (3)

NsgauLduAuaEn = Do - Dy (3)

gdl D, = ANUANSUAUTDIIAR
ABUNITNAGDY

Dr = ANUANUAINITNAFDY
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3. 350157938

3.1 YUABUNISANYIIAY

o =

3.1.1 Fuldenanisisssuwfngninundne

Y

v

Fulsle1am131555091A 7 g s @nwnlu
uided 1aud Fulsforsmnsildlunseuaunis
nanuHWTULESR (Particle Board) FutAdaae
MZULNTI50U Sonic Sifter 31 VU100 A¥unsesau
YUR 1.24 TadLUnT hazgau1n 0.316 Hadluns
Tnoydand ety 195 uldaurndesnin 0316
faduns wavedaaudu 19snsd1uld (Core
Layer) A" UR 3111 (Face Layers) lugns1a1u

80:20 Wastduslaerinmen [11]

3.1.2 TanUsgarui unldlunisuaud uld
gNNIT

o &£ = T W Yy A ad a

dietusUiluuiuiannawnuldl Ao Bflondis
1 (Epoxy Resin) wilawian Iagldonsidiunau
NONTL5TURDAILTILTY (Hardener) Tudnsdiu
o1

N ®) &

3.1.3 dasdrunanvedulienmnsudnenTisdu

[
av a 4A

alunsidell Ao 85 : 15, 65 : 35 wag 50 -
50 Tngthntn sy 500, 700 wag 900
AlansusiognuiAiiuns (Kg/m?) Fawvsoamdy
ma%gﬂuw 1 %1 uazuuy 3 u lngvinssn
FJusulvidivnin 10 x 300 x 300 fiadiuns [12]

3.1.4 MN1INAFUANUANINNIBAINLAZNNNG

AINUIMITFIU EN312 Particle Boards -
Specifications Toun mwmaauﬂ%mmmm%u
N13QATLY N1INBIFIAILAIIMLY ATFTY
wssie vendadangu Anudiuussisdeainiy
Aawth anuBauvuvesinmii [13] ilevndeasy
é’mﬁﬁaumammmiﬁﬁugﬂﬁmmzam wafiliann
N1INAADUILHA DI UN NI NNUARNIULINTFIU
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LALDBNLUUNISNAABILAENISNAAD UGN
P9VUA 6 TUAIBENT TULAALNITNAADU

N a

A5 3 SnTauRaELTUlTE NN UBNENT ST
LUU 1 U

ANAURUIRUY 500, 700, 900 Kg/m?
Woddudlagwmiin
Fuldenmsn (uy.) SRondisdu
8031 Fuldidu
dounan | Fulfidu | uuwas o
5“.&9”;’ nang a9 15T m:sq
U (%) | qunn I (Resin) HU
. (Hardener)
0.316- | wewnin
1.24 0.316
15 68 17 10 5
35 52 13 23.33 11.67
50 40 10 33.33 16.67

o [y 1 Iy 2/ v ac N a
M99 4 EJGﬁ']ﬂ']uwﬁmsﬁu‘lﬂ‘EJ']\“]W'ﬁ"IﬂUEJWEJﬂ"’ZILisﬁu

WUU 3 %‘L!
ANAIURUILUY 500, 700, 900 Kg/m?>
a9 Wosdudlagrmiin
. fqufaﬁi Fuldl SRondisdu
NONTSTY | grgwasn
(%) yuatioy 158 fasauda
A91 0.316 (Resin) (Hardener)
faawung
15 85 10 5
35 65 23.33 11.67
50 50 33.33 16.67

3.2 YURDUNITHAR

3.2.1 MsmseuTull

13uldienanisAlglunssuiunSHARLE LT

1479m (Particle Board) U6 1UALLNTITOUYUIA

1.24 Ta3ALUAT hAZVUIN 0.316 JAALUAT LINDAN

weNVUIAAUNTHTUN1SVN T UV D ILNUNA RS U9 §19
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JUN 1 uddudeseseuiiielyiinioninudu
Uszanal 1-3%

Fuldivild Fulgiviiamin

TOUNTUAZLASTY

(Core layer) (Face layers)

UM 1 nssuaumansentuldl

ANUIUB AT IEIUNFUATUATAITLNU U UT
500, 700 @z 900 Kg/m® AMngnsuasaun1si (4)

AVIUVUILUY = WIaNIBUNTIN (4)

Jsung

Toed P = Aruvunuily (Kg/m?)
M = wanserntin (kg)
v = U31193 (m?)

322 %’umaumzmumséﬁugﬂ%ﬂﬁé’m

o 1 é’ Q’J Y v = o

n1sva et usui ulildn lagdnisiivun
gnydunanlunsvugulidaniosdusenaunuy
1 9u Usenoumie 3 d@aume 53U (Resin) Aabsd

I3 Ay v [ P
wU49 (Hardener) hazdulig19anis 9an15199 3
& Y o | & a o

LALBIAUSENBULUU 3 YU 3 4 @IUAD L5TU A9
wie Fulfonamisdunans wazdulionamisidu
YULALAN [14] AIR15197 4 YNITTIRIEIUNEL
NIvUALINAN MUY TngsouaIuNaLadluwUU
LR ugUwrugullgnling wdundglimiiiu
WaINAAIUNANTIALUY NEIINTUNDARUUBL AN
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MU3UN 2 iied g nszuiunsTusuiulden
melesesanlensedn Aaguil 3

Resin < 50%

NAIINTUABUNTLUIUNTEATUTUT UL En
WU TNEIUNT A IUNANNTDNONTL5BY UpsnI
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50% wivduldsalinmesn Junalildansaiu
sUBuusundndurils Feldvinstuglianzlu
drunauf snsdud Rondisdu 50% 7iAay
WuUILLL 500, 700 Lag 900 Kg/m?

3.3 UABUNITNAFDU
3.3.1 NSYRABUANUANIGAIYNTN

1% uiaeg1slunaaeuant@nisnienin
THuA AAurLLLY USinaumady nsnesin
AIUAITURUN LLazma@Jm%‘uﬁéw Fenrsvaaou
méwfr@i"lLﬁumimuLmeqﬁiquﬁummgm
ANATMNTTUVRININTFI1Ue 15U (European
Standards)

5U# 5 mseuuazinvundunagey

3.3.2 N1SYRABUANUANINNG

nadauAuLdIusilunisanse Inennaeu
REIGEOR Laboratory Testing Machine ’ﬁu
IBX700 11N15NAGDUAIUA1ULIIAA LBA
ganeu AUB USRI s n Ul antd Ay
PALUUYDININUN
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4' <3 v
E‘U‘VI 6 V]ﬂﬁ’e]‘Uﬂ’J’]ﬂJLLTQLLﬁﬂiUﬂ’]S@@LLUUﬁ’]@JQW

3.3.3 vageuyNduanenin (Contact Angle)

nMAsEUAIAIM T ALNENTANEA AN
n1sUszulIanNanIna 18mena 84 Digital
Microscope f1a39878 100 111 AuagLden 2.0
MPixels fa3Uf 7 iludnysdudanentidude
uududanemingiue wosyuduianeatisiy
wie yududaneaidldinanmsmataisves
s muduianeath 3 aduiofukunEnSoet

r

=1

SUN 7 ANANENEAUIULRILEUNARNA N

U

dld 7 1 goj %
Pliszaumnuldveutnseau 1

3.3.4 YIAADUNTIAAIAINNRYIUN?

n15TaA1ldn1siUSeuLisuR 3 (Surface
Inspection Using Comparison Methods) &a1u

A5N15 AFIVADUAINUNYULALLDYAVDIRI ALY
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n139m59980U J9Usznauludae Microscopic
Inspection wa¢ Surface Photograph FeApa
e (Ra) luMsiaAALmeuR e ves
A uit G971 Tl Wua i Tealdfuuinly
gaamnssun1snan Tvedu lulaswes (Um)
Afitfeenimnefnunmingianiy uazdnves
TAsvasiiuia (Waviness) W%’auﬁgms'm@gwquw
flufa gnisnszanedivestuldenamnsuasnis
fainyesiussaudiondisdy

5UN 10 Taseasagnyuuunuil

NINTLAYFHITNTUVUNURT 31NNTATIZN
laglusunsy Image) Tun1sPuguuHundn sl
WUU 19U dd1uiugngu 454 warlunistuguuuy

3 U PN 737

3.3.5 NAADUAITUNUNIUTDIN UK (Abrasion

Resistance)

NeaauTuUTanwuz duLHuA RS TV UA
100x100 48aLUAT YINN1SNA@auUN 900 - 4000
59U (Cycle) wagdinauiuiunin aua 250 Asu

ARLUYULNAADU

SUN 9 ANALNUNUEY Waviness

Y

ANAUNEIURT (Ra) LRABURINUNRRIN AL

fa1ungai 36.3058 Um Tun158 uguuny

¥

HARS I WUU 1 TU wag 30.6972 Um Tun1sdu

z SUN 11 NAFBUAIUNUNIURDNITUAY
UL 3 U v v

989us aoedleanans uaseme, NsAnwIusuIagpeuindavaunulinintulderwiriudientisdu
10



. &

d Joumal of Engineering

and Industrial Technology

UNAUIY (Research Article)

MMASYaaUudn 3 A5 TulAasAMUNUI LY
Fangaliiansiaaeunsgideumin@aingy)
warANan (Haawas) 7 900, 1500, 2000 way

[%
a

4000 59U LaglSeusfigunuwauliunsfLn
(Particle Board) ilanvunglunosnain

4. Nan15IY

uriuYaneeuTndsmaunulinnntulsienmns
Fudiondisdu Aasuiutureunuiuliuas
ALY Tiuanafeiy Ao uudullsaudn
Fuieanazunud vlisardaaudu drunsn
fAUMUILLL 500, 700, 900 Kg/m® Aud1su
nalainlunagevaud@nianienin warauys
NN AIUUIATFIUDAATINNTTUVDIY LT
(European Standards) NaN15AILHUIIUAINITD
srenududsuldselud

4.1 NANNSNAFDUANTUANIINIEATN
4.1.1 AUNRUIUL (Density)

AU UTBILH UTAR AR N TNA AT
Snsnduszninedulionsmandudiendisiu
Usum 50 ¢ 50 wWeodidudlasuvin §adu
Snsrdrumuny Taefidunuduaseumuiuy
fnnaiu Auanuduaadeildainnismagey
AILLNUAT UIATFIW EN 323 WUTT AIADNY
MUUUATIANLIIATFIUAMAMUILUUA 500 -
900 Kg/m?

4.1.2 AU (Moisture Content)

USmnnnuudunuandiiddyidmae
LD INNVDILARAZANUNUN UKL TR ADY
Tndn lunsfinudl Usinaenutuvesuaisy
Fanaoulndanaunuliaind ulforemnafu
Sfondis8u azunnd ey Anudusglugag
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3.94 — 6.23% s?quhummsﬁmummgm EN 322
Tamuall

4.1.3 MINBIFINUANLUKUT (Thickness Swelling)

WIn5TARINNUNT unadey LaIUITY
naaouluutilufigumgdives WWunan 24 dalus
LT UnAE UL TAANMUNYE T Taeen
N1SNBIRIRNUAIIURUT ABILULAY 10% A
LNEU9NUIATFIU EN 317

4.1.4 M3gaTuin (Water Absorption)

Faimintuneaeu udrthduneaeuluugii
Tuflgamnfiios iuinan 24 Falus udnidu
nadeUIN s MTnTunAEeUnd T TneAInng
@Jm%mfwwm'ﬁyummaauﬁ'mmumLLu'u 500
Kg/m® fauuu 1 4u uaghuy 3 $u gandunasi
upsg Uit e lsiiu 25% fnnsed 5

A135199 5 Nan1SNAdaUANUANIINILATN

o - on c
5 g = g
= n -B‘ ~ c q;,) 9'
£ s 2E | S| 2] 8s
© N S n © o
S R g <
£ g 2 g
[9) = ©
2 s £ 2
° 1 | 53583 394 207 3251
o
o 3 540 6.23 2.08 29.28
° 1 729 5.16 262 21.36
o
~ 3 7535 4.84 2.80 16.44
° 1 879.5 4.26 1.96 7.05
o
o 3 | 897.67 4.91 2.05 6.32

4.2 Nan1TNAaaUaNUANINNE

audAnenavsziinananuudusdunig
ansalasasianiely wasuRIveIwNuIanADY
INEn HANIINAABUAINITIN 6

aBiius aeuillonans uazaniy, N13AnyIuRLIanReulnasnauwnlia Tl sIiudiondisdu



. &

d Joumal of Engineering

&nd industrial Tech:

UNAU3IY (Research Article)

A151991 6 Nan1SVAdeUENURNNNA

% S 5| w 3
> w © nw © c c

~ =2 o = 2 © °
v 513333 8z%| 5=
L o o o > D a o a
cl gl 25| 28| 82| 5=
2 z ol ab = v

‘@ © 35 W5 [7] ©

c O & o o + =

o} = = £ 5

o = e )

o 1 11.85 3,144.43 1.27 2.22
o

© 3 9.89 3,159.78 1.14 1.67
o 1 28.07 6,945.65 1.41 2.22
o

= 3 22.19 6,391.18 1.35 1.85
o 1 31.52 8,342.88 2.06 2.14
o

> 3 31.46 | 8,349.46 2.03 1.33

Mnnansnageulumsei 6 nuiiaiad
FunssimeAsoglura 9.89-31.52 MPa dsdu
Tng)lulumannasisnmsgu fe ludesndn 11 MPa
Wulumugduuunisnageuwiulduisaia
(EN 310, 1993) wilaldarunnussnigluniayin
woeddined Amendadavguiad sy luyae
3,144.43-8,309.46 MPa visvuawduluauinmnsl
WMsgIU A9 Witesndi 1,600 MPa AIAIIUAI
wssfssarniuRamdiedseglutag 1.14-2.06
MPa wazAAmdnuiuvesiamiedseglurae
1.33-2.22 MPa aiduluamunnasiannsgiu

4.3 HANINAFIUYNFURENEALN

PNKANTITNAABIILIRLAUI Contact Angle
savuadamududaneatinunndt 80 seands
ogluszdu 1 wansliiiuiniuiausundadoust
fauth Anraildvouthgean Seaguoonuiléd
nsldEfondistududusranuannsatiouia
AnuanAnsiuiliese feguil 12
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105
o 100 / —
on
C
© 95
=
@ v o
“g’ 920 —— Ui 1
v Hud 2
85 .
JuN 3
80
a9 1 a9 2 a9 3

sUN 12 Ayududanemi

4.4 NANISNAFIUAIAINURLIUNA
ANANUNEIURA (Ra) LRABVDINUNRINIALA

dAnani 36.3058 Um lun15¥ U3 UnHy

[

MRS WUU 1 TU uag 30.6972 Um Tun1sdu
JUWUU 3 U slaguil 13

Gray Vake

—
s00

100

Gray Value
°

-100

| Three layers

-200

I L I L I I
(] 100 200 300 400 500 600
Distance (pixels)

JUN 13 A5LERIAIANUNENIUUURY
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,/ \ ) I/ﬁ\\\ /
m-\f’\\ Vi \\\/\ / \/ Vo
M \;‘/ \/ \ \. /
I One layer \/

..............................

D
=
L
;f;,)
l_>
T
/
p
-ﬁ—_"‘—-_
L

Gray value
g

| \/ \J \J/

300
Distance (pixeis)

UM 14 n519ILandIu09lATUBIiuRn

4.5 NANITNAFDIUATUNUNTUYDINUR?

HANINAFBURBAINTTE LA UMTINYDIUKY
NARAUNNAUNUILLY 500, 700, 900 Kg/m®
WiguduuwkwldUnsaina (Particle Board) 714

Inhglurewmann wanwegun 15

1200
« 000
(@]
— 800
<
% 600 ——50
‘A 0
= 400
—l—70
200 3
900 1500 2000 4000

Cycles

5UN 15 uansAnisgayidetimiin

nnsmluandliifuin msdinauuiwiy
dawaliAnisgdeiminanasesadaiau
FannA1ve9nIImaaey TunnANunUILL LTS
LLNuwﬁmﬁm%ﬁwmﬁmmiqmLﬁaﬁémﬁ’ﬂﬁaa
AUl SRRa
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drumrn1sdnused mnunuiLuy 900
Ke/m? diemsdnusesiiign sesanufiaaig
VLY 700, 500 wasunuling@ia augidu
Faguit 16

600 —&— 500
x
§ =l 700
:{‘3 400 900
= PB
8 200
©
'_

900 1500 2000 4000
Cycles

5UM 16 uansriviinisinuse

HAN1INAABUAINTgLAsAINEN Tunns
nAEa Ul 4000 50U AMVIUILLL 500, 700, 900
Ke/m® wazusiulsiUridiia den 0.62, 0.43, 0.26
uway 0.67 Hadluns AUEIFU TIuHURER el
fnneanuyuntuisnsgadenmdn desniy
wiuldUngiiia Tneflaanumuauyy 900 Kg/m?
fifmsgapdennudniosiign faguil 17

0.80
= )
EO o S ——500
- -
%)
.40 / 700
£
ol 900
.20

PB
0.00

900 1500 2000 4000
Cycles

JUN 17 uansrnisaayideadudn
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5. afUseuazasUNa

maﬁmmmzmunwﬁugﬂLLNui’a@ﬂaﬂwﬁm
naunulsianduldonsmnsfudfondisdu v
misfugﬂl,wu 1 FU wazuuy 3 Tu iy
NUIWUY 500, 700 Lag 900 Kg/m® laglaens
drunanvestulsiansmnsuaiendisdu 7 85 -
15,65 : 35 way 50 : 50 WesiFudlastutin
e?fwé’qmﬂsi’j”jumauﬂszmum55@6?’?‘14@6‘5141;3’5@
WU SRIVEIUT T A IUNANT B R onT 15Ty
founin 50% wiudulisnliinizd Wunald
laimmmﬁﬁugﬂLﬁuLLNumﬁmﬁm%‘lﬁ Jalavinnig
JusUiamesnrdrunaudiondisiu 50% lngvin
A1INAFDUANURNIINIYAIN NUTT ATAINY
VUL AIAINLEY AINISNOIEIAINAILTL
Wulumunaininsgiunismageu diflesanis
@m%mﬁwﬁmwwmwu 500 Kg/m? MUy 1 9
LATLUY 3 Fu figaninnaeiuiasgiud inun
Tagludaluiiu 25% wan1snadeuauianiana
WU ﬁwmmﬁﬂmmﬁ”mLaﬁlaaqslustm 9.89 -
31.52 MPa gadaulngjidulunnuinaeiunnsgu
Ao laifesnin 11 MPa Awendadavguiadvey
Tutiaq 3,144.43 - 8,349.46 MPa sTavuasduly
AIULNYTNINIFIU AB LYesndn 1,600 MPa
AAuA LSRR Auimiiadseglurag
1.14 - 2.06 MPa LagA1AINNE ALUUYDIRINT
avogluyia 1.33 - 2.22 MPa daifuluany
NEUNUIATFIU

ANSATIEAANUANITAUUN NNTNAHBULY
dudaneain Nn¥unaaeulantRvesNuRiniy
Wreylusedu 1 Ao den1siuuIgean any

Al = A A a
wnsgunlglunismeasy Weendiendsau
dneglunquineslautenaclndiues lon1u
N3rUIUNITUFUMAIREllia LTy

1 1y a.'l a g = a' U
agnan LAugY Ineviludnendisguasnauiv
ASANAULTY (Hardener) @aduasussianin
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Abstract

“Chanthaboon reed mats” are a unique local product that represents the traditional wisdom
and heritage of reed weaving in Chanthaburi Province, Thailand. However, the production and processing
of these mats generate a considerable amount of reed fiber waste, which is not easily biodegradable.
In response to this community issue, the objective of this research is to enhance the value of such
waste materials by applying technology and innovation to design and develop sound-absorbing
materials from reed pulp. The study aimed to determine the optimal conditions for fabricating the
sound-absorbing materials using waste reed mat fibers. The results revealed that the most suitable
condition involved soaking the waste fibers in a 15% by weight sodium hydroxide (NaOH) solution, based
on the dry weight of the material, and forming the product with a thickness of 25 millimeters. Under
these conditions, the sound-absorbing material achieved a Noise Reduction Coefficient (NRC) of 0.50
and a tensile strength of 0.40 + 0.13 MPa. Flammability tests demonstrated that the reed pulp sound-
absorbing materials met all UL94 standard criteria, confirming their flame-retardant properties and

suitability for indoor installation.

Keywords: Sound-Absorbing Materials, Reed Mat, Waste Materials

Please cite this article as: B. Netiworaruksa, S. Chanthana, W. Singsang, A. Rodbumrung, S. Panyata and N.
Lertcumfu, “Development of Sound-Absorbing Materials from Waste Reed Fibers: Utilizing Byproducts from
Dee Bang Sa Khao Community Reed Mat Enterprise, Chanthaburi,” The Journal of Engineering and Industrial
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Abstract

Drying is a common method for preserving food to extend its shelf life. However, the drying
process typically requires a significant amount of energy. In designing a dryer, it is important to
understand the drying kinetics parameters of the product. Therefore, this research investigates the drying
kinetics of pork using hot air under drying temperatures of 50°C, 60°C, and 70°C, with a constant air
velocity of 1.5 m/s. In this study, the drying rate, specific energy consumption, thin-layer drying models,
effective moisture diffusivity, and activation energy were evaluated. The results showed that increasing
the drying temperature led to an increase in both drying rate and specific energy consumption. Among
the tested models, the Two-term model provided the best prediction of drying behavior, with the
highest R? value of 0.99937 and the lowest RMSE of 0.00560. The effective moisture diffusivity ranged
from 6.956 x 10 - 9.916 x 107 m2/s, and the activation energy was found to be 16.29 kJ/mol. The
findings from this study can be applied to improve the design and control of pork drying systems for

better energy efficiency.

Keywords: Specific Energy Consumption, Activation Energy, Thin-Layer Equations, Mathematical
Modeling, Effective Moisture Diffusivity
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U 123.77 + 8.68 Mi/kg 7 70°C w5 oLl i
Wiy 42.5% Faazviouliiiiudn nnseunad
gaunilasdsudiizanunsoanseesiian widmalv
dnrsldndsaudonulsurauissineg iy
Tnslamzlussuveuwianuuanfouilifnini
AnuFeunsu bl nasuunsdIuI gy de
lWAundaiedeuiagn1sniAiIuseuseng
dawnden [21]

3.4 N5UTZIAULUUIIADIENNTITIULAITUUNS

MAdedldvhnisTinseiuazdouiiioy
LUUTIADIAINTOULA T UUITIUIY 6 aunIT
W ovannI i anzani andmdunisiuneg
WOANTTUNITOUNKIHAR A 917 Wsiazgamn 3
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puwite lgladsnsimsgviaunisanassuwuuly
FaduiiofmunaInsdimesvesusazaunis
wazifiosnemAdedldvinismeassiivareseau
pamgfiouusia Fasuidldusulgeaunisouuis
Fuvraiuanslunisned 1 Tnedvusldiney
s luaunsiduilsddud aduivgaumgf
Feaunnsi (14)

K=x,+xT (14)

o K Aa ANRelugauns (W &, k;, ky, n, a, b)
T Ao gauunqiliauuns (°C)
%, ¥ A9 AIASAILAAINNTIATIEAELNITOA0DE

A191991 3 HANITIATIERENNTOANDLLUU LT UEUVIEUNITOULAITUUN

Model Parameter X, X, R? RMSE
Newton k -0.00042 0.00009 0.99749 0.01152
k 0.00064 0.00009
Page 0.99808 0.00990
n 0.93481 0.00053

Henderson and Pabis a 1.06302 -0.00119
0.99791 0.01037
k 0.00007 0.00008
a 0.36743 -0.00488
ki 0.00726 -0.00012
Two-term 0.99937 0.00560
b 0.70744 0.00369
k2 0.00140 0.00007
a 1.08272 -0.00141
Midilli k 0.00268 0.00003 0.99905 0.00687
b -0.00035 0.00001
a 0.00045 -0.00009
Wang and Singh 0.99827 0.00951
b -0.00001 0.00000
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q
WANITUNITOURIILAY N dauwialagly
Ao sIiasevikenfiazaamnil Feludiuday
U a v d‘ 1 d’ o
LANFIIININUIFYNHIUNN [22-24] FINRIUN

° a a A aw A1y
LLUU‘UW@@QT@SLL&ﬂVIﬂ%QﬁUWQ@J GUQJSVN'TU']QEJ‘UVL@

AUVl lAUUIIaIN @1u150YINUNY
n

WAIUIWUUTI80IN AN TDYIUIENYANTIUNS
UL LANNYIQUN T ULATAN

A5 3 wansnan1sUsEEIuALLLuET
WUUINADY HANITIATIZANUIN LUUT1889 Two-
term AN R qqﬁqmvhﬁ'u 0.99937 way RMSE
siaainAy 0.00560 &3Usd Fearnuusiugigs
ﬁ'qmiumiﬁmwwqﬁﬂsmmsa‘uLm”a nIn
NAITUIEUNTT Two-term ENUI1UTENBUA I
WaneNglnuuLTsadnsyn vilbvaunsaesuneg
Snwaznsasuulawesdndiunuduldiiy
o8Pl 98NN ToULT IRs LA 198
nseuLtIanas tnotan1zlund s aei v i
Tassadadudou wu nandusiidedns [25]

dusuluudians Midilli nawsdugnluszau
TnalAeeny Two-term lasdian R way RMSE
WiInfU 0.99905 LAy 0.00687 ALANRY @NnTTE
US¥NoUAIULBNLDNTLULLT A AL DL T EY
Feannsausulimdniudulas MR Afidnwasiu
duladldegrsmiuiy wasduwuudiassiteould
2E19NTNA18 LI UBULAINAN S UL NERT [26]

LUUT1aDY Page, Henderson wag Pabis Lag
Wang wag Singh a1 A7 ag luy a9 0.99791-
0.99827 way RMSE agsywing 0.00951-0.01037
ntayaudiaziarnuwiugluseaun g
AUAANALAA oY LTl D99 NLUUTIaBMANT 1]
TnssadsaunisitldanunsaeSurednuasnisuny
Aruduiasundasiuanunaldodisnsudu
Tudrunuusiass Newton @eilaseadieaunis
dwﬁ'qm nuldAn R m‘l’wﬁ'qm (0.99749) way
RMSE gafign (0.01152)
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Han13AnwIasulain wuudiaes Two-term
Wunvudiasei inunzaud galunisiung
Paunarand n1seuws il eny dasandou
FaTeunuudraedlifsannisd (15)

MR =(0.36743 —-0.000127") x
exp(—(0.00726 - 0.00012T)t)
+(0.70744 + 0.00369T) x

exp(—(0.00140 + .00007T)t)

(15)

U Q‘ 1 1 a a
3.5 duuszAnsnisunianuvulssansnauas
WANIUNTEAU

Arduuszans n1sunsaud uuszdnsua
(D,, ) wagnasunsedu (E,) lasun1sinsigs
Wi efnudnuazveinalnnisad euiinnnuty
AelundnF el e 119N T8UIUNITOULA T
wisfiesmandazdisasisanudlaiiugiu
AeafungAnTsuneuuisrewdndnmidanind
Massadredulovaslodiu wavdrglunisusuuss
NTLUIUNITOURIILUTEAURAAIMNTTY [27] NS
AnTziaduUsE A MsunsaLuUsEAnSng
dudunslagldngnisunidefiasvesiiadmiy
JUNTUHUUIMATE1? TAefaITUINIINTEINY
astuSuduTiaiiatewarlifersanaveanis
wada Msiesesildanede o, 1Hes91nn1s

unsnud unislud veg fugung fidundn
vngfinsdemiaii nuiagldSudninaain
ANILTIAN [28]

UR 4 wandliifiudndn b, iinTusgned
Toddymueamgd Inefigumgd 50°C, 60°C
Lag 70°C dAwviny 6.956 x 107° m?/s, 7.959
x 1079 m?/s uag 9.916 x 10" m?/s a1uaGU
nsiuduresnisundtaenadostundnnig
fhema namAefionmgiigaaziiundnuaat
vosluiana dewalinisiadoufinnudunisly
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[
6 =2

Tnseadanandaeintu [29] muUsyansnsuns
ﬂ’mwﬁyuﬂizﬁmmamlmmﬂmmfﬂauaqiuma
6.956 x 101°-9.916 x 1010 m¥s \lewUFausiiey
Fuauwes Kim et al,, [30] fidnwldnsonisuis
fifeudusudusiietu wudreglutiadeadiu
lag Kim etal,[30] 57897UA1 D, 51719
7.29x107%-17.79x10™° m#/s Tuogjfuuiunanii
TugnsndnSmeis aus 0-50% A21uLANA 19T
anunsaesungldandnvarvemansae Tnale
syanlunuidlesiaiadulondudesssunii
B osonisunsanudy luvasdildnsenves Kim
et al,, [30] Wunansasilassadrslmifidiadann
89 50% lugns dawalvinnuniuuasdeanienis
WHIgendn uaﬂmﬂﬁu'wﬁa‘imi'wﬁ%%a #1150
FeupnuduiusvesduUseansnisunsauty
UszanSwalamaaunisy (16)

16.29

L =2.9475x107 exp| ——— (16)
RT
-20731694 = =In(D,)
. _R2=0.9761
o -20.95159 4 .t
In(D.;)=-1958.877(1/T) 15037 -,
-21.08627 ~.om

0.003 0.0031

YT

0.00292

gﬂﬁ 4 ANUFUNUSIENINAT In(D,,) woe /T
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LW BNAITUIDINAUNITIENUIY ATNE U
n3EAUWIAY 16.29 k/mol Feeglutrswnnsgu
YDINANN UNTININTNDULAILUUNITNIAINUS DU
lngdoyaanaudTe kU NUILAIRETENI
12-110 kJ/mol [31] AINE19UNTEH Ul U
Fhiwuinalnnisunsanuiuniglundadousign
ruAumsaamn i undn wavdmSududsyans
mmwmmmuﬂi“awﬁmaﬁuaamm%ummm
fanfidululFvinty 2.9475 x 107 m¥s Feanil
a a ' | A a a = | a
Fyu3en31 A1AIANSLENTIUWLLT A YTDANAT

¢ ~ & 1 an v Y] o 1 oa
o15wsillea (D, ) FeriladennansiumINsIeuy
ANNTUNAAAUNTININA T A NeULIATIAT

Aaneiu [32] uavaanenan1sAnw D, uag E,

lunuidedaiuisoldidudoyaddndimnsu
gankuUkazUsuUgeanszuIun1sounely
PAaNMNTIY e Uz nnsldndsny

4. #3UNan153Y

uamsfnwlusnuisednudi MaLfingamad
AUWINAN 50°C LU 70°C @11308RLIAB U
16 36% waziindnniseuniaade 55% Tuvue
fidwwalianuduivdemdsnusimezi uiy
42.5% WagaINNITILATILULUUTIABIAUNT
puwsuumUI U180 Two-term @110
vihungaunamaniniseuwisliiaiugiign lag
oien A2 way AMSE winifu 0.99937 way 0.00560
PIEIFY uanIINTuSnuInAdudseAning
undmudulsyAnBnaegsEing 6.956 x 10
- 9.916 x 10 m’/s lagdA1INa991UNTEH Y
Wiy 16.29 ki/mol gavineesAnusdileann
muddeiannsolfifudoyalunisoonuuunay
U§uUssnszuruniseuwiafioifinuszansam
RSN

nud newdl uazay, N1sUsHdUIaUNamansuaynslnatlunisevwialonydigauso

40



d Joumal of Engineering

and Industrial Technology

.

UNAUAGY (Research Article)

5. 1PNANTD1999

[1]

(6]

S. W. Kim, A. Gormley, K. B. Jang, and M.
E. Duarte, "Current status of global pig
production: an overview and research
trends," Animal Bioscience, vol. 37, no.
4, p. 719, 2023. DOI: 10.5713/ab.23.0367.
M. T. See, "Current status and future
trends for pork production in the United
States of America and Canada," Animal
Bioscience, vol. 37, no. 4, p. 775, 2024.
DOI: 10.5713/ab.24.0055.

T. Nakrachata-Amon, J. Vorasayan, K.
Pitiruek, S. Arunyanart, T. Niyamosoth,
and S. Pathumnakul, "Optimizing
vertically integrated pork production
supply chain: A Lagrangian heuristic
approach," Heliyon, vol. 10, no. 6, 2024.
DOI: 10.1016/j.heliyon.2024.e26407.

K. Sena and P. Saeliow, "Stochastic
Frontier Analysis of Technical Efficiency
in swine Production in Nakhon Si
Thammarat Province," Economics and
Business Administration Journal Thaksin
University, vol. 17, no. 1, pp. 127-144,
Jan. 2025. DOI:
10.55164/ecbajournal.v17i1.273889.

M. Radojcin, I. Pavkov, D. Bursa¢
Kovacevic¢, P. Putnik, A. Wiktor, Z.
Stamenkovi¢, K. Keselj, and A. Gere,
"Effect of selected drying methods and
emerging drying intensification
technologies on the quality of dried
fruit: A review," Processes, vol. 9, no. 1,
p. 132, 2021. DOI: 10.3390/pr9010132.
D. Alp and O. Bulantekin, "The

microbiological quality of various foods

[7]

[9]

NIFIANTTIkaznaAlulaganamn sy wInenden1dug U 3 atuil 4 nsngiau - wnew 2568

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 4 July — August 2025

dried by applying different drying
methods: a review," European Food
Research and Technology, vol. 247, no.
6, pp. 1333-1343, 2021. DOI:
10.1007/500217-021-03731-z.

H. Sonarthi, S. Supreetha, and S. Mall,
"Emerging novel technologies for food
drying," in Food Process Engineering and
Technology: Safety, Packaging,
Nanotechnologies and Human Health,
Springer, 2024, pp. 3-12. DOI:
10.12944/crnfsj.6.2.29.

A. H. Zare, M. Azadbakht, and R. Naseri,
"Effects of pretreatments involving
ohmic heating and infrared radiation on
the drying process of bananas using hot
air," Journal of Food Process Engineering,
vol. 47, no. 4, p. e14612, 2024. DOI:
10.1111/jfpe.14612.

H.-Y. Ju, S. K. Vidyarthi, M. Karim, X.-L.
Yu, W.-P. Zhang, and H.-W. Xiao, "Drying
quality and energy consumption
efficient improvements in hot air drying
of papaya slices by step-down relative
humidity based on heat and mass
transfer characteristics and 3D
simulation," Drying Technology, vol. 41,
no. 3, pp. 460-476, 2023. DOI:
10.1080/07373937.2022.2099416.

P. Sirimark, S. Yotmanee, W. Pradubsri,
and P. Somsila, "Comparison of
efficiency between liquefied petroleum
gas (LPG) and electric hot air dryer: case
study of dried pork slice," CyTA-Journal
of Food, vol. 21, no. 1, pp. 181-188,

nud newdl uazay, N1sUsHdUIaUNamansuaynslnatlunisevwialonydigauso



d Joumal of Engineering

and Industrial Technology

.

UNAUAGY (Research Article)

2023. DOI:
10.1080/19476337.2023.2174603.

S. T. Wang, H. T. V. Lin, Y. J. Syu, and W.
C. Sung, "Effect of Drying Time and
Frying Conditions on the Quality of Pork
Rinds by Response Surface
Methodology," Food Science & Nutrition,
vol. 12, no. 12, pp. 10194-10210, 2024.
DOI: 10.1002/fsn3.4513.

M. N. Lemaster, M. Ha, F. R. Dunshea, S.
Chauhan, D. D'Souza, and R. D. Warner,
"Impact of cooking temperature on pork
longissimus, and muscle fibre type, on
quality traits and protein denaturation of
four pork muscles," Meat Science, vol.
209, p. 109395, 2024. DOI:
10.1016/j.meatsci.2023.109395.

R. J. Silva-Paz, D. K. Mateo-Mendoza, and
A. Eccofa-Sota, "Mathematical Modelling
of Muna Leaf Drying (Minthostachys
mollis) for Determination of the Diffusion
Coefficient, Enthalpy, and Gibbs Free
Energy," ChemEngineering, vol. 7, no. 3,
p. 49, 2023. DOI:
10.3390/chemengineering7030049.
Official Methods of Analysis of the
Association of Official Analytical
Chemists: Official Methods of Analysis of
AOAC International, AOAC, Washington,
DC, 2019.

R. Seodigeng, J. Kabuba, and H. Rutto,
"Modelling the drying characteristics of
human faeces using thin-layer drying
models and calculation of mass transfer
properties at ambient conditions,"

Environmental Challenges, vol. 9, p.

[16]

[17]

[18]

[20]

NIFIANTTIkaznaAlulaganamn sy wInenden1dug U 3 atuil 4 nsngiau - wnew 2568

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 4 July — August 2025

100648, 2022. DOI:
10.1016/j.envc.2022.100648.

Y. Gao, X. Yang, L. Chu, Y. Zhang, and Q.
Li, "Experimental investigation and thin-
layer modelling of cassava slice drying,"
Journal of Thermal Analysis and
Calorimetry, pp. 1-9, 2020. DOI:
10.1007/510973-020-10401-x.

J. O. Akowuah, A. Bart-Plange, and K. A.
Dzisi, "Thin layer mathematical
modelling of white maize in a mobile
solar-biomass hybrid dryer," 2021. DOI:
10.17221/56/2020-RAE.

A. Kushwah, A. Kumar, and M. K. Gaur,
"Drying kinetics, performance, and
quality assessment for banana slices
using heat pump-assisted drying system
(HPADS)," Journal of Food Process
Engineering, vol. 45, no. 3, p. e13964,
2022. DOI: 10.1111/jfpe.13964.

F. Akter, R. Muhury, A. Sultana, and U. K.
Deb, "A comprehensive review of
mathematical modeling for drying
processes of fruits and vegetables,"
International Journal of Food Science,
vol. 2022, no. 1, p. 6195257, 2022. DOI:
10.1155/2022/6195257.

A. Mencarelli, F. Marinello, A. Marini, and
L. Guerrini, "Two-stage drying of tomato
based on physical parameter kinetics:
operative and qualitative optimization,"
European Food Research and
Technology, vol. 249, no. 9, pp. 2253-
2264, 2023. DOI: 10.1007/500217-023-
04288-9.

nud newdl uazay, N1sUsHdUIaUNamansuaynslnatlunisevwialonydigauso



d Joumal of Engineering

and Industrial Technology

.

UNAUAGY (Research Article)

[21]

A. Martynenko and G. N. A. Vieira,
"Sustainability of drying technologies:
system analysis," Sustainable Food
Technology, vol. 1, no. 5, pp. 629-640,
2023. DOI: 10.1039/D3FB00080J.

0. Vega-Castro, J. Osorio-Arias, Y. Duarte-
Correa, A. Jaques, C. Ramirez, H. Nufiez,
and R. Simpson, "Critical analysis of the
use of semiempirical models on the
dehydration of thin-layer foods based
on two study cases," Arabian Journal for
Science and Engineering, vol. 48, no. 12,
pp. 15851-15863, 2023. DOI:
10.1007/513369-023-07623-0.

M. Popescu, P. lancu, V. Plesu, C. S.
Bildea, and F. A. Manolache,
"Mathematical modeling of thin-layer
drying kinetics of tomato peels:
Influence of drying temperature on the
energy requirements and extracts
quality," Foods, vol. 12, no. 20, p. 3883,
2023. DOI: 10.3390/foods12203883.

S. Ambawat, A. Sharma, and R. K. Saini,
"Mathematical modeling of thin layer
drying kinetics and moisture diffusivity
study of pretreated Moringa oleifera
leaves using fluidized bed dryer,"
Processes, vol. 10, no. 11, p. 2464, 2022.
DOI: 10.3390/pr10112464.

E. A. Mewa, M. W. Okoth, C. N.
Kunyanga, and M. N. Rugiri, "Drying
modelling, moisture diffusivity and
sensory quality of thin layer dried beef,"
2018. DOI: 10.12944/CRNFSJ.6.2.29.

B. Jakubowska, "Experimental Study of

Polish Sausage Drying Kinetics and

[29]

NIFIANTTIkaznaAlulaganamn sy wInenden1dug U 3 atuil 4 nsngiau - wnew 2568

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 4 July — August 2025

Contraction by Image Data Analysis,"
Acta Universitatis Cibiniensis-Series E:
Food Technology, vol. 27, pp. 185-198,
2023. DOI: 10.2478/aucft-2023-0016.

Z. Zeng, C. Han, Q. Wang, H. Yuan, X.
Zhang, and B. Li, "Analysis of drying
characteristic, effective moisture
diffusivity and energy, exergy and
environment performance indicators
during thin layer drying of tea in a
convective-hot air dryer," Frontiers in
Sustainable Food Systems, vol. 8, p.
1371696, 2024. DOI:
10.3389/fsufs.2024.1371696.

N. Sianoun, P. Pongyeela, N. Chairerk,
and J. Chungsiriporn, "Thin Layer Drying
Kinetics and Mathematical Modeling of
Moisture Diffusivity in Cocoa Pod Husk
(CPH)," Engineering Journal, vol. 27, no.
8, pp. 1-12, 2023. DOI:
10.4186/€j.2023.27.8.1.

A. Compaoré, S. Ouoba, K. H. Ouoba, M.
Simo-Tagne, Y. Rogaume, C. Ahouannou,
A. O. Dissa, A. Béré, J. Koulidiati, "A
modeling study for moisture diffusivities
and moisture transfer coefficients in
drying of 'Violet de Galmi' Onion drying,"
Advances in Chemical Engineering and
Science, vol. 12, no. 3, pp. 172-196,
2022. DOI: 10.4236/aces.2022.123013.
D.-H. Kim, Y. J. Kim, D.-M. Shin, J. H. Lee,
and S. G. Han, "Drying characteristics and
physicochemical properties of semi-
dried restructured sausage depend on

initial moisture content," Food Science

nud newdl uazay, N1sUsHdUIaUNamansuaynslnatlunisevwialonydigauso



. &

d'Err NIFIANTTIkaznaAlulaganamn sy wInenden1dug U 3 atuil 4 nsngiau - wnew 2568
Joumal of Engineering
end industial Technology Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 4 July — August 2025

UNAUAGY (Research Article)

of Animal Resources, vol. 42, no. 3, p.
411, 2022. DOI: 10.5851/kosfa.2022.e12.

[31] P. Waramit, B. Krittacom, and R.
Luampon, "Experimental investigation to
evaluate the effective moisture
diffusivity and activation energy of
cassava (Manihot Esculenta) under
convective drying," Applied Science and
Engineering Progress, vol. 15, no. 4, pp.
5518-5518, 2022. DOI:
10.14416/j.asep.2021.10.008.

[32] F. C. Muga, M. O. Marenya, and T. S.
Workneh, "Modelling the Thin-Layer
Drying Kinetics of Marinated Beef during
Infrared=-Assisted Hot Air Processing of
Biltong," International Journal of Food
Science, vol. 2021, no. 1, p. 8819780,
2021. DOI: 10.1155/2021/8819780.

nud newdl uazay, N1sUsHdUIaUNamansuaynslnatlunisevwialonydigauso
44



. . a = = 1Y) a ¢ aa o a
d.EI'I' NIeTIrnssukazmalulaganavnssy uningrdeniwaus U9 3 atun 4 nsngeu - danau 2568
Joumnal of Engir

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 4 July — August 2025

and Industrial Technology

UNAINIE (Research Article)
Face and Hand Gesture Recognition System Using MediaPipe

Sethakarn Prongnuch1’*, Tanawat Sangkhakutz, Nutchanon Angchounz,

Wuttipong Pinsarmsak® and Kant Charoenijit”

! Department of Robotics Engineering, Faculty of Engineering and Industrial Technology, Suan Sunandha Rajabhat University

2 Department of Computer Engineering, Faculty of Engineering and Industrial Technology, Suan Sunandha Rajabhat University

* Corresponding Author: sethakam.pr@ssru.ac.th, Tel: 084-1782616
(Received: April 15, 2025; Revised: May 12, 2025; Accepted: May 19, 2025)

Abstract

Current recognition systems face challenges related to accuracy, real-time speed, and limited
device resources. This paper presents a face and hand gesture recognition system using MediaPipe.
The research aims to create a real-time face and hand gesture recognition system utilizing MediaPipe,
OpenCV, and SciPy, running on a Raspberry Pi 4 board with a webcam. The experiment involved
a sample group of 100 participants. The experimental results show that the system achieves a success
rate of approximately 95% in unlocking a security door for individuals whose information is stored in
the database, despite limitations in camera angles and lighting. The highlight of this research is its
presentation of a dual authentication method using the cosine similarity technique for security systems.
The system’s performance and accuracy will be further evaluated in real-world scenarios, such as its

application in educational institutions within the Thai context.

Keywords: Face Recognition, Hand Gesture Recognition, OpenCV, MediaPipe, SciPy
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1. Introduction

In the present era, facial recognition
technology and hand gestures are increasingly
being utilized. Research challenges in face
and hand gesture recognition include
environmental and visual limitations, data
bias and representation issues, technical and
computational difficulties, dataset limitations,
user-centric and ethical considerations, and

deployment in challenging environments.

For example, security systems combine
facial recognition and hand gestures with
artificial intelligence to verify a user's identity.
This research proposes a method for picking
up and placing hazardous objects using a
hand gesture-controlled robotic arm system
via a Kinect camera, designed for use in
hazardous areas [1]. Numerous facial
recognition research projects employ the You
Only Look Once (YOLO) in combination with
various algorithms [2-3]. Real-world
applications are gaining popularity,
particularly for implementation on low-power
microcontroller boards [4]. Additionally,
research using MediaPipe has enabled simple
computer control through facial gesture

recognition [5].

MediaPipe provides a suite of libraries and
tools that enable the rapid implementation
of artificial intelligence techniques in
applications. By using MediaPipe as a ready-
made model, developers can achieve high
performance, multi-platform compatibility,
and low resource consumption. Its

applications span various domains, including
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virtual reality or augmented reality, disability
assistance, gaming, healthcare, and education,
all supported by an active open-source
community driving its continuous

development.

Therefore, this paper presents face and
hand gesture recognition system using
MediaPipe. The research objectives are
divided into 5 issues as follows: 1) Study and
apply Raspberry Pi 4 board to create a face
and hand gesture recognition system. 2)
Design a real-time face and hand gesture
detection and comparison system by
comparing the detected data with the
database. 3) Write an algorithm for a face
recognition and hand gesture detection
system using MediaPipe. 4) Develop a security
system that can access data from face and
hand gestures. 5) Evaluate the performance
of the created system in a real environment
and test the accuracy of the data in

recognizing faces and hand gestures.

The novelty of this article lies in the
presentation of a dual authentication
approach that utilizes the cosine similarity
technique for security systems. The system
demonstrates promising capabilities in hand
gesture recognition using this method. This
work underscores the need for greater
robustness in both face and hand gesture
recognition algorithms, particularly when
deployed in real-world, dynamic
environments. It also emphasizes the
importance of addressing detection
inconsistencies to ensure stable and reliable

performance across all frames.
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The paper is structured as follows: Section
2 reviews related work, Section 3 research
methodology, Section 4 describes the
experimental setup, Section 5 presents

results, and Section 6 concludes.
2. Theory and Related Work

2.1 MediaPipe

MediaPipe is an open-source framework
developed by Google Inc. It is a library
designed for processing multi-modal data
such as images, videos, audio, and sensor
data. One of MediaPipe's key advantages is
that it simplifies development and reduces
the time required to create algorithms for
computer vision, machine learning, artificial
intelligence, and augmented reality (AR) [6].
As a result, algorithms using MediaPipe are
more efficient and widely adopted. The
features of the MediaPipe library comprises

six key components:

- A structured pipeline framework with
nodes for tasks such as data input, object

detection, and processing.

- Core elements including graphs (data
flow structure), nodes (functional units), and

packets (data carriers).

- Pre-trained models for tasks like face
and hand tracking, pose estimation, and 3D

object detection.

- Landmark detection for identifying
key points on faces, hands, or bodies, as

illustrated in Figure 1.
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Figure 1 Example of using Landmark

detection function for recognition

- Cross-platform support for mobile,

web, and desktop.

- Real-time, low-power processing.

2.2. OpenCV

OpenCV (Open Source Computer Vision
Library) is a freely available software library
designed for computer vision and machine
learning applications. It was created to
provide a standardized framework for
computer vision tasks and to facilitate the
adoption of machine perception in
commercial products [7]. OpenCV stands out
due to its extensive documentation and
strong developer interest. Furthermore,
studies have shown that OpenCV offers
excellent performance in processing image
data, including its use in computer vision

frameworks for object monitoring [8].

Sethakarn Prongnuch et al., Face and Hand Gesture Recognition System Using MediaPipe
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2.3 SciPy

SciPy (Scientific Python) is a Python
library built on NumPy, designed to support
advanced scientific and numerical
computations. Developed as an open-source
project on GitHub [9], it offers tools for linear
algebra, integration, optimization, and
statistical analysis, enabling efficient solutions
for complex mathematical and scientific
problems. SciPy includes advanced
capabilities such as derivative computation,
Fourier transforms, and signal processing, with
optimization functions designed for
minimizing multivariable functions. It is widely
utilized in engineering and research
applications, including face mask detection

using deep learning techniques [10].

2.4 Raspberry Pi 4

The Raspberry Pi 4 Model B, shown in
Figure 2, is a compact, cost-effective
computer for education and loT applications.
Powered by a 1.5 GHz Quad-core Cortex-A72
CPU and VideoCore VI GPU, it supports 4K
video and comes with 1GB, 2GB, or 4GB of
RAM.

It offers connectivity via USB-C, dual
micro-HDMI, Gigabit Ethernet, 40 GPIO pins,
and Wi-Fi/Bluetooth 5.0 [11]. Its efficiency
and versatility make it ideal for embedded
systems and technology-assisted learning

research [12].
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Broadcom BCM2711, Quad-Core Cortex:

A72,64bit,1.5 GHz,28nm

Gigabit Ethernet

Figure 2 Raspberry Pi 4 Model B

2.5 Related Work

Numerous research projects have
proposed methods to recognize users' faces
and hand gestures. These methods have
been applied to verify user identities and are

widely used in smart and electronic devices.

Table 1 Comparative of related work

C
o
< 'ﬁ > 0]
2 O © o +
o € 3 & o
(%] Q O 1 (@)
Q c (8] -~
o < < w
5
<
YSAF [2] Face 92% | 90% | High
detection
Deep Hand 88% | 85% | High
Learning gesture
(3] recognition
Multimodal | Password, N/A 99% | N/A
[13] Face, &
Audio
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Table 1 compares existing authentication
methods based on accuracy, F1-score, and
cost. The YSAF (Yolo-Spatial Attention-FFT)
[2] and hand gesture recognition using deep
learning [3] approaches use face detection
and hand gesture recognition, achieving 92%
or 90% and 88% or 85% for accuracy and F1-
score respectively, though both incur high
costs. The Multimodal authentication [13],
combining password, face, and audio,
achieved a 99% F1-score, but its accuracy
and cost were not reported. This highlights
the trade-off between performance and
implementation cost across different

techniques.

Based on the literature review of the
aforementioned research, the study was
designed using two types of authentication
techniques: face recognition and hand
gesture recognition. The system was
developed to achieve higher Accuracy and

F1-Score values while maintaining low cost.

3. Research Methodology

This section presents the research
methodology used in the applied research. It
is divided into two main topics: hardware
design and software design. The details are as

follows.

3.1 Hardware Design

The system uses a Raspberry Pi 4 board
with a database in a hard disk drive as the
main controller, called the “Process” as
shown in Figure 3. The “Input” is a 640x480
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pixel camera OKER modell77 webcam
mounted for face and hand movement
recognition and connected to a main
controller via the USB port. The “Output”
consists of an LCD display and a security

door.

Data Base —

asberry Pi 4

Process

Door Security

LCD Display

Input

Oufgputt

Figure 3 Hardware system overview

3.2 Software Design

This system, designed for real-time
operations, uses Python integrated with
OpenCV, MediaPipe, and SciPy libraries.
OpenCV handles image detection and face
processing, MediaPipe facilitates hand gesture
detection, and SciPy computes the similarity
between detected gestures and database
data.

The system software design consists of
three algorithms: face detection algorithm,
hand gesture detection algorithm, and face
and hand gesture recognition algorithm. The

details are as follows.
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3.2.1. Face detection algorithm

The steps of the face detection algorithm
are illustrated in Figure 4 and consist of ten

sequential stages:

- Folder Verification: The algorithm begins
by verifying the existence of a folder named
saved faces, which is designated for storing

face images.

- Camera Initialization: The camera is

enabled using the cv2.VideoCapture function.

- Camera Status Check: The status of the
camera is checked using the
video capture.isOpened function to ensure

proper functionality.

- Image Capture: An image is captured from
the camera feed utilizing the

video_capture.read function.

- Face Detection: The face recognition.
face_locations function is employed to
detect faces in the image, identifying their

coordinates (top, right, bottom, left).

- Border Extension: A border around the
detected face is created by extending the

face area and adjusting the margin variable.
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Start
Y
Import libraries: cv2,
0s, face_recognition
¥
Face Create di
directory 'saved_faces’" — N 'reae "EC!CITI}r
exists ? saved_faces/

Yes

¥

Proceed without creating directory -

v

Print error: Could not

Is device opened ? —H : :
(2 ° open video device

|
Yes

r
Set face margin to 30 pixels

v
Start capture loop

v

Successfully

grabbed frame ? o= Break loop

Yes

A

Convert frame color from BGR to
RGB

4
Detect face in RGE frame

T

lterate over detected face locations
T

For each face, adjust bounding box

with margin

T

Draw rectangle around face

T

User pressed 's'?
|
Yes
A

. No
Save face image to 'saved_faces/
folder

v
Show frame with rectangles in 'Face
Capture' window
Y
User pressed 'g'?
|

Yes

L

Release video capture and destroy
all windows

End -

Figure 4 Face detection algorithm
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- Frame Drawing: A visual frame is drawn
around the face using the cv2.rectangle
function.

- Image Saving: The captured face image is
saved as a JPG file within the saved faces
folder using the cv2.imwrite function. This
operation is executed only when the user

presses the 's' key on the keyboard.

- Image Display: The captured image is
displayed on the screen using the cv2.imshow

function.

- Termination of Process: The camera is
released using video capture.release, and all
open windows are closed with the
cv2.destroyAllWindows function. To terminate
the operation at any point, the user can press

the 'q' key on the keyboard.
3.2.2. Hand gesture detection algorithm

The steps of the hand gesture detection
algorithm are illustrated in Figure 5 and
consist of ten consecutive steps, as described

below:

- Folder Verification: The algorithm begins
by verifying the existence of a folder named
saved faces, which is designated for storing

face images.

- Import Libraries: Import the required
libraries, OpenCV and MediaPipe.

- Initialize Hand Detection: Set up hand
detection using the MediaPipe Hands
function. This involves configuring real-time
hand detection with the static image mode
function, enabling detection of both hands

using the max_num_hands function, and
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setting the minimum detection accuracy to
0.7 with the min_detection confidence

function.

Start

1

/ Import Libraries: cv2 and
Mediapipe

L
Set up MediaPipe Hands

module

L]
Open Video Capture

(Camera)

L
Camera open ?

Print 'Cannot
open camera’
message

|
Yes

Convert frame to RGB
v

Process image for hand

detection with MediaPipe
A
Hands detected? — No—

|

Yes

Continue to next
frame capture

Draw landmarks and
connections on detected
hands

L
Display frame with hand
annatations

T
Save current frame
Key press g’ detected? ——Now as
‘captured_image.png'
|

Yes

v
Break loop and end program

Print 'Image saved | |
T successfully' message
Y
Release Video Capture and
Close Windows

Y

End -

Figure 5 Hand gesture detection algorithm

- Activate Camera: Open the camera using

the cv2.VideoCapture function.

- Capture Images: Loop through the camera
feed and capture images using the

video capture.read function.
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- Convert Image Format: Convert the
captured image from BGR to RGB format for
compatibility with the MediaPipe library, using

the cv2.cvtColor function.

- Detect Hands: Perform hand detection
using the hands.process(rgb_frame) function

from the MediaPipe library.

- Render Hand Landmarks: Draw landmarks
and connecting lines on the detected hand
using the results.multi hand landmarks and
mp_drawing.draw landmarks functions from
the MediaPipe library.

- Display Output: Manually display the
processed image with the cv2.imshow

function.

- Handle Keyboard Commands: Use the
cv2.waitKey function to check for keyboard
input. If the user presses the 'q' key, exit the
loop and terminate the program using the
video capture.release and cvZ2.destroyAll
Windows functions. If any other key is

pressed, save the current image as a PNG file.

3.2.3. Face and hand gesture recognition

algorithm

Face recognition algorithms compare
facial data from the camera with the database
using encoding techniques. Hand gesture
recognition relies on landmark point locations
and cosine similarity “CosSin” to confirm

correct gestures.

A'B

CosSin =1 =7
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where A and B are vectors of the relative
positions of the landmarks on the hand
gesture and the sign. If the dot product of the
two vectors is close to 1, then the hand

gestures are very similar.

This algorithm uses a database of finger
pattern detection criteria, which can be
verified by comparing different finger patterns.
The finger pattern consists of '1' which is any
finger up pattern and '0" which is no finger up
pattern. These algorithmic conditions are
used to determine if the detected hand
gesture matches a gesture recorded in the
database, which will result in authorization to

unlock the security door system.

Figure 6 illustrates the eight steps of the
face and hand gesture recognition algorithm

for unlocking the security door.

- Open the camera and load pre-stored
face and hand gesture data for recognition,

including results from detection algorithms.

- Camera Frame Processing: The algorithm
captures real-time images to begin face and

hand gesture recognition.

- Face Detection: Using the face recognition
library, the system searches for a face. If a
face is detected, it compares the data with

the face database.

- Face Comparison: If the detected face
does not match the data in the database, the
system displays an “Unlock failed” message
on the screen. If the face matches, the

system proceeds to hand gesture detection.

Sethakarn Prongnuch et al., Face and Hand Gesture Recognition System Using MediaPipe
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Start
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guesture data loaded ? o loading data” |
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Read frames from the camera -
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‘ |
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Compare detected face hand
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Display
Face match found? ——No. “Unlock
failed"
=
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| Mo

¥
Yes

e —
Compare hand gesture
with the database v

A
Gesture
similarity and finger patterns — Mo
comect?

Display
"Incorrect J'I

hand
gesture”
ves

. L
Display "User's name and
unlocked the door”
T

Press 'q' to quit?

T
Yes
'
Close the camera and
application window

v

End

Figure 6 Face and hand gesture recognition

algorithm

- Hand Detection with MediaPipe: During
hand gesture detection, if no hand is
detected in the image, the system displays
an “Incorrect hand gesture” message on the
screen. If a hand is detected, it is compared
with the data in the database.
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- Hand Gesture Comparison: The hand
gesture similarity is calculated using the
Cosine Similarity function, and the finger
pattern is analyzed. If the similarity value is
low or the finger pattern is incorrect, the
system displays an “Invalid Hand Gesture”
message. However, if the similarity value is
above 0.93 and the finger pattern is correct,
the system allows the security door to be

unlocked.

- Unlocking the Security Door: If the
user successfully passes both face and hand
gesture recognition, the system displays the
user’s name, and the message “Unlock” on

the screen.

- Stopping the Application: The application
closes and turns off the camera when the

user presses the 'q' button.

4. Experiments and Setup

This section presents an experiment on
face and hand gesture recognition using
MediaPipe, as shown in Figure 7. It is divided
into three parts: the sample population part,
the experimental condition part, and the
experimental part. The system is developed
on the Raspberry Pi 4 board, which is the
main real-time processing device, and the

details are as follows:
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Figure 7 Face and hand gesture recognition

experiment using MediaPipe

4.1 Data Collection

There were 100 participants from the
Department of Computer Engineering at Suan
Sunandha Rajabhat University. Data collection
is divided into two parts: data types and data

grouping.

Two types of data were collected: face
images and hand gestures. A total of 500 face
images were captured (5 images per
participant) under varying illumination
conditions and different angles. Additionally,
each participant performed 10 dynamic hand
gestures (e.g., thumbs-up, peace sign). The
data is divided into a training set and a test
set. The training set, comprising 70% of the
data is used for model training, while the test
set, comprising 30% of the data is used for

validation.

4.2 Experimental Condition

Experimental conditions include lighting,
camera angles, and environmental factors.
Light intensity should range from 300 to 500

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 4 July — August 2025

lux for clear images. The camera should be
positioned at face level, with the face 50-100
cm and the hand 30-50 cm from the camera.
A plain, patternless background is
recommended to minimize detection

interference.

4.3 Experimental Procedure

The experimental procedure consists of
three steps. Step 1: Select an individual to
stand in front of the Raspberry Pi 4 camera
for real-time face and hand gesture detection.
Step 2: The system compares the detected
face and hand gestures with database data
using CosSin. Step 3: If the data matches, the
system unlocks the security door; otherwise,

it displays a warning.

5. Experimental Results

From the experiment using a sample
group of 100 people, divided into two equal
groups, the experimental results can be
divided into two parts: the results of the
experiment on recognizing 100 consecutive
frames of faces and the results of the
experiment on recognizing 100 consecutive

frames of hand gestures.

Figure 8 shows the experimental results
of face recognition on 100 consecutive face
frames. The x-axis represents the face frame
number, ranging from 1 to 100, while the y-
axis denotes the number of faces detected
within each frame, spanning from 0 to 5. A

blue line with markers shows the number of

Sethakarn Prongnuch et al., Face and Hand Gesture Recognition System Using MediaPipe



. &

d Joumal of Engineering

and Industrial Technology

UNAUIY (Research Article)

faces detected in each frame, providing a

clear temporal trend.

A horizontal line at the 1 face threshold
serves as a benchmark for system
performance. Variations above and below
this line indicate fluctuating face detections,
ranging from zero to five, reflecting challenges
such as illumination changes, occlusion, and
varying numbers of visible individuals. The
average number of detected faces per frame
was 0.98 (+0.12 SD), demonstrating high
stability.

Figure 9 shows the experimental results
of hand gesture recognition in 100
consecutive frames. The x-axis represents the
frame number, ranging from 1 to 100, while
the y-axis displays the cosine similarity values
ranging from 0 to 1 and the binary finger
status ‘1’ for correct gestures and ‘0’ for

incorrect gestures.

] o L bl
AL

Figure 8 Face detection performance across

frames

Figure 9 Hand gesture matching across frames
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The green line with markers shows the
cosine similarity per frame, indicating
alignment with the reference gesture. The
red line marks the 0.93 similarity threshold
for acceptable matches, while orange crosses
denote binary correctness: '1' for correct and

'0" for incorrect gestures.

The average CosSin score was 0.91 (+0.05
SD) exceeding the 0.93 threshold, indicating
generally accurate gesture matching.
However, the alternating binary pattern of
correct and incorrect classifications suggests
that factors beyond similarity scores influence

gesture recognition.

Table 2 Summary of experimental results

. Authorized Unauthorized
Metric Overall

Users Users

Success
95% 95% 95%

Rate

Mean 125 1.5

Detect 1.35s

Time (+0.3s SD) (+0.4s SD)

Accuracy 95%

Precision 94% 96%

Recall 96% 94%

F1-Score 95% 95%

Table 2 presents the experimental results,
showing a consistent 95% success rate for
both authorized and unauthorized users. The
average detection time was 1.2s (+0.3s SD)
for authorized users and 1.5s (+0.4s SD) for
unauthorized users, with an overall mean of

1.35s. The system achieved 95% accuracy,

Sethakarn Prongnuch et al., Face and Hand Gesture Recognition System Using MediaPipe
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with precision and recall values above 94%
for both user groups. The Fl-score was
consistently 95%, indicating balanced and

reliable real-time classification performance.

6. Conclusion

This paper introduces a face and hand
gesture recognition system built using
MediaPipe. A highlight of this research is the
implementation of a dual authentication
approach using the cosine similarity technique
with OpenCV and SciPy for security systems,
deployed on a Raspberry Pi 4 board equipped
with a webcam. The study involved
experiments with a sample of 100 university
students. Results indicate that the system
achieves a success rate of approximately 95%
in unlocking a security door for students
whose information is stored in the database,
while effectively blocking unauthorized
access by individuals without matching data.
However, the system faces limitations related
to lighting conditions, which in the
experiments were set at 300-500 lux and the
camera angle positioned at face level. When
compared with studies [2-3], this research
shows an improvement in Accuracy and F1-

Score, reaching 95%.

Future work will evaluate the system in
real-world scenarios, focusing on refining
thresholding and adding features to improve
accuracy and robustness in face and hand

gesture recognition.
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drulnajvrnnutiung weznszuiumsdaugnuuus adaldinauy mu?%’aﬁ/ﬁi’mqﬂizaﬂﬁﬁaﬁwmszw
Fuunsziuaugnuasiinnesiugsmiu 342 lagldainnnumanu (Brix) 91ndaegns 30 feg1e wiadu 3 sziu
laun fu an wazaniu lneiudeyanmuazideanldflnlunalasstieyssamiisnnuunauligdu (CNN)
HaN1SNAAeINU31 Tunadi [ nmii ot ealian Fl-Score 11U 0.84 waz Sensitivity Wiy 0.85
vuzfluaildideafisegufedlian F1-Score winfu 0.87 waw Sensitivity Wiy 0.85 dmdulunadisan
Yoyanimuay Spectrogram Tinadnsafian lasfian F1-Score WinAU 0.93 uag Sensitivity 1y 0.92 49
Yoyaiildlunisnaasssznoufionmdiuiu 900 am (Fmsunaasy 150 a1m) Indides 900 Iwd (@wsu
nagay 150 id) wardayawuusiunan-aunlasunsy 1,800 518013 (@wsunaaeu 300 519013) Tednfinves
suideiieruinvosyateyaiisdlilnguin wagarilwesdoyadssdoanmwandon agrslsfinm sruy
fitmuntuddnenmlunissegndldasaniaauiy e unuuduguaganaugadsainnisdauen
wuuldussnuay

Aa1Agy: innes1iug 342 laseinguszamiiien CNN n1331hunnnwagides Spectrogram nATATDILATDS

NN5919BIUNAIIL: §1UUAT Yaans, INTU 5INENS wag ay Alstlglaies, "MITRILISEUUARLENTEAUAINENYEY
HinnassnenisiauteyanmuazidedlegliinalinnsiSeuivennies,” 155153Amnssuuazmaluladonavnysy
17NN mFug, U 3, atdui 4, v 59-75, 2568,
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Abstract

Pumpkin is a high-demand economic crop, but determining its ripeness remains a challenge due
to limited expertise among farmers and the labor-intensive manual sorting process. This study aimed to
develop a classification model for assessing the ripeness levels of "Ampan 342" pumpkins using Brix
values from 30 samples categorized into three levels: unripe, ripe, and overripe. Image and sound data
were collected and used to train Convolutional Neural Network (CNN) models. The image-based model
achieved an F1-score of 0.84 and a sensitivity of 0.85, while the sound-based model yielded an F1-score
of 0.87 and a sensitivity of 0.85. The combined image and spectrogram-based model achieved the best
performance, with an Fl-score of 0.93 and a sensitivity of 0.92. The dataset comprised 900 images (150
for testing), 900 audio recordings (150 for testing), and 1,800 combined image-spectrogram samples (300
for testing). Limitations of the study include the relatively small dataset and the susceptibility of audio
data to environmental noise. Nevertheless, the proposed approach shows promise for real-world
applications as an automated system for evaluating pumpkin ripeness in the field, enhancing accuracy

and reducing post-harvest losses.

Keywords: AMPHAN 342 Pumpkin, Convolutional Neural Network, Image and Sound Classification,

Spectrogram, Machine Learning
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1. UNUI

#nnog (Pumpkin) 1udvLAswgA a7 ba Su
aufiougsluuszinelne tnglud 2562 Fiui
WAuiesamusvana 23,384 13 waglvinananso
A91 51,520 A [1] sdaeduSununiIsHanaduiu
1N wansUsEiiuaugnuesilnnesdinsendey
wssouauduvan sfidedidnduninuusiug
LarANTING MIfauendligndosenailug
nsgudeniaATegha Halunsruiunisvuds
waymsdndving Tuszduanna faAdeiiiaun
waluladiil oUsziduauanvosnandnnig
n1stnuastasldinadan 1wl gygrUsen vg
91U $1UYB3 Smith et al. (2021) [2] Filddoyanm
wazidedlunisusziiuauanveusemendy
wlug1as wuINeRInaaINIalsEnald iy
flmosldiduiu sidediajsimunssuuduun
sEAUANNENURIinnaaiuge iy 342 lagldnm
wazidessuiuimaianisiFoudidedn ey
UsgAnSnImueen1sAauen annsgaide uas
seafumsldanuluniaauiuasa

wildlutgmmdnvesnsndniinnasienisda
wonsEAUAMLAN 1 esanszAuAILgniiug
Tnemseresani Liloduda uavaudonisves
pan agdlsfinu Jagiunsdanendansiiann
ViNYeaIuyAna NMIFUNRMIYEENT ¥38N15LATE
Weilades dsfuulduiAnnnuianaings
luasiave wasdosldussarusiuanuin
TnolamzlugLAvid 929 Tnandndiuauuin
douddymdanan vuldedsaifnguszasd
e svuuduunszduaugnuesilnnes
Wugorwy 342 lngldwmalulad Ugyausenvg
syavana lawn 1asenelssaniieuiuunou
I’JQJ%Uu (Convolutional Neural Network: CNN)
Fadumadadiunisisousids8n (Deep
Learning) 7ilesupufenlunisuszanananin
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wazides sruuiidandulideyaninamives
finnosuazidosiiinannisiaziana Tagin
HIUNTEUIUNITIATITLAsRNLuAas 38 CNN
W odunszduauan Tdun du 4n wazgn
Auly Tnsamznslddsssiudunimlugduuy
Spectrogram Y78 UL USTUN1IT LN
AN IDEREEG

foldssureunaluladil Aeanuanunsaly
N157LAT18Y oy a1 uININlA o 19U g
asinaue uarlitufuyaea FroanfunuuLIsny
inausnga uagamnsadluussgndldly
aeaurnlaasaeugUnsaindssuazlulasiy
AsmsgIUalY

2. NUNIUITTUNTIUTNEITDY

N5EUIUNISUTTUIANANINAILABUNILADS
(Image Processing) An NS¥UIUNSAVIIALAN N
AliAnuazdenaute sialiaiuisaunluldau

= v I ‘ﬂl (] U
wsan1swdasnnlieglugduuuimangaudmsu
MATIZARB LY [3]

2.1 dyyIuTUNIUAINRUULNIE LT 81U

(Gaussian Noise)

Wudnarasuniudssinnuidansauai f
A Iz | ' @ A
AR TuAURUILLLYDIANUN Dz T U AN
WINAUAINITNTZAFILUUUNG Farvoadaya e
sunuazdateglunisnseatednuuimdigen
1AEAUNTITVDIA QY IUTUNIUAMNLUULN A LT B Y
[4] anunsadanslaluaunisy (1)

><2+y2

1 AN
G # = — -202 (1)
&) 2nofe
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Tne

Gloy) fo Avasflawmesindideufisums
xy)

o fe dudsuuunasgiuiidmue
AUNTIVDINALNDS

2.2 Histogram Equalization

n15UFuUsaANuUIguang (Contrast) v
ANTAENITNTTIN8AIIUE VOIAIAIINAT 14
(Intensity) Ifnszaneag1sasinanaund ulugas
suaqmmadwﬁgmmﬁﬁaq'iumw wmeadaiieaeii
TﬁiﬂaazLﬁaﬂiuﬂwwﬁﬁmmLU%wiwﬁﬁgﬂmEnEJ
Tidaautu Tnsnmelunmiifinisnszgndves
A1ANAIIUUNNYIMAY 9 wazn1sUSUTUA M
TiinnsnszarefivesnuduLasegsaEe
Folinsmanudasauintududunss (5

A1U9a Histogram H(n) d1usunn o a1d
H(r) Tugasrn@viavaa (0-255 dmsu Grayscale)
H(r) = sauauiimaadi dend ro luniw duan
#Wangu CDF (Cumulative Distribution Function)
@319 CDF CDF(r) Tnguanaanudivues Histogram
ngglien

CDF(r) = Dt o Hr) 2)

USuugemdlunin Jsudgeandvesusas
Anwalunn I(xy) lagldan CDF

CDF(/(x,y)) - CDF,, L 1J (3)

lequatized(X,.y) = l
equa 1ze: ly MxN - CDF
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1agi

CDF,,;,, fi® AN COF tlaefiantunin

A o a

MxN @9 S1uauinalunn
= 1 =

L Ao ﬂqﬁjﬂq@maﬂa
(255 d1113U Grayscale)

4519010 USUUT WA A lequatized (X))
VA 19NN NU T T NI15NTLINAINNET 14
MUTuU U

2.3 N15N1AALEE95UNU (Eliminate Noise)

n15aansovdaLdeed ludean1s ey Ty

Fouanondes wu Fosau 13e39ne3esdng wie
L@89TUNIUNANINLINADUAS & Taesinayldl
wAtlArg 9 WU 1309 (Filtering) ian sy
malulagnisussutanadgyiu (Signal
Processing) 1% 1 Noise Reduction #5 9 Noise
Cancellation vl a8 NKELLE8ITUNIUDONAIN

a4 aAdw
LN DINTT

2.4 nswEsuUsEaNSnInLdee (Enhancements)

N5UTURA NI aUTuUTIA U NUB LT g
dielwildlddnniu wu nafiunueudanes
Aoe nisufuanuaunaveudes nionisiiy
TvazPealuUNEINTOId Y YIULEYS

2.5 a@ldnlnsunsy (Spectrogram)

;:;‘Uﬁ 1 anlnsunsu (Spectrogram)
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91n3UT 1 wansaUnlasunsuvednis
Tuiinidsadunisuaninateyaideslusuuuy
ASINT wanIn15LUE sunlasvosalud
(Frequency) Waguaunagn (Amplitude) veades
paenyaian aglylun1siiasiersivasidun
voudesficuiinly (6]

2.6 Convolutional Neural Network (CNN)

Julueauszamifienfiflassasieiieonuuu
uflemsUsznananmuazdeyanddnvausiiy
M1519 (Grid-Like Structure) lnud 4141781439
annudi 79 oyadlmnudrd g uiu aeluam
Tuiaa ONN dfaruannsolumadouiuazans
é’wmzﬁLﬁué’ﬂwmzﬁﬁﬁmmaﬁagaﬁasmul,aa
[7]

g‘lJ‘ﬁ 2 Convolutional Neural Network (CNN)

91n3U7 2 Ao Tumeunsinauvedluiag
lasegyssamiisuwuuaeuligdu uagaunis
Tuusaziaeas

1 '
v

Uil 1 Input Layer : SUANdunR

TUN 2 YU Convolutional Layer luiatyes
rauligduilawmes (Sawaesiua) gnlduuiiie
MTI9FUAMANBAULAN 9 VI maNNITADULIg
o ! a a 4 <
FusEninedung / uasilawes K sy
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(1%K) (i.j) = SmZnl(i+m,j+n)K(m,n) (4)

I a

| P dunm (LW Am)

2
)]

K @9 Nawmes

3

a

(ij) fe Analunadnsveraulgty

Fufl 3 Activation Function WeriduLlald
(Activation Function) gnuinanldii et alaiids
dulifuluea Fetheliannsadouiandeyai
Fuoutuld lerduiifenldfe ReLU (Rectified

Linear Unit)

ftx) = max (0,x) (5)

[ '
v a

Uil 4 Pooling Layer tatyasnaduinagly
Max Pooling Lieanvu1nuasdeya

P (/;J) = MaXm,n) Epooliregion/(/'f'myj'f'n) (6)

YUN 5 Fully Connected Layer Tutatgos
Fully Connected uiiazfia5oudgiiaunanuyn
Teululawesnountn naansAuulagly

y = Wx+b (7)

1ngi

= % s

Ao HaaNS

A9 LINABSUINLN
AB INWBSAUNS

o X X X

=]
Ao luwad
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Funaudi 6 Loss Function 1ol nruluina
CNN fasdiileridunisgaude (Loss Function) tile
TAAIULANA19TENINNITAIANITUVBILULAS
WazA939 (Ground Truth) feg1anilafe Cross-
Entropy Loss d@1msuleyninisanuun

L = -Sylog(p) (8)

1ned
Y, Ao A3

P. fa ANiANANSad

JuURBUN 7 n1sUSuundnlusEmInamsiniu
Tutnaly 75 Backpropagation Wagn1sanaAn
Gradient (Gradient Descent)

2.7 AUAUNUSVDIA Brix AUTLAUAIIUEN
vanald

A1 Brix 1unsiannududuvesansazane
vhanaluvesad FeinldifieTannnumuves
wald Tagan Brix vifi svuaewindyu 1 nfuves
glasalutn 100 n¥u farfu A1 Brix Fanunsa
wanadsUSnanaalunalsile

nalidlian Tussezusnniswmuivenald
U3nanianalunaliazdenuasan Brix aemnd
A walddldanuasisanAflanan
1N

o 2 o A PR ¥ =
aldigniaud Wenaldinuiuasidngseesi
gnifudl Usunaenalunaldoziinduegiaunn
VIR Brix g97u Fanungadnudualdiiniig

aa

a aa
M’JWULLagﬂJiﬁ‘ﬁqGWIWVI?j@
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naldgniiuly winualdaniiulduuu
11A1a919anaRlaIINNsasuwlaIni LAl

A1519% 1 AN Brix UaIinyag

FTAUNITEN A1 Brix | 32AUAINNNINY
fnnesdiv 5-8 utiey
finnasgn 9-14 UUIUNA"S
fnnesgn 15 Guly MIUNN
wAuld

. o vy &
91nM15199 1 @091 A1 Brix aunsaldusd

seauAINanvesiinnasld laumn Brix §4g¢

Hnnesdagnuaziinuvanuanu (8]

2.8 WSHUIBULaZNITNAILIABYDAAINITUIVY
friu

INATNUNIUITIUATIUNUL Y H91UT Y
wangadufivimalulad n1suszanananin waz
dea nldlunisdnuunseduanuanvoald 1w
Urde usWolna wazunaly lagly CNN use
Machine Learning lun1si58us anwaigianie
(Feature) voeUaya

Lee et al. (2020) T4 ¥ayatdesannnisiang
waslunuaady Spectrogram wda31As1EYie 8
CNN #slamnuuwsiueguszann 88% [9]

Chen et al. (2019) T9a RGB vewzLloine
Auluea CNN luniswenaatuan e F1-Score
Uszuna 0.86 [10]

ndeneuntivardinlddeyaiiiesseinn
e (MnuseLdes) asdnuulunaaldunsviia
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o w a v Yy a adg v o v : Y o w
a10U | U3 (81989) walulagnly Pyt ALAU Fagmn
. . wweenludd | ldssylanavsenadns
1 [8] Smith et al. Deep Learning | A1mAnyag -
ANKIIUAY WWeUSunn
CNN lbvihanewandn | ddlinaaeutoyadss
2 [9] Wang et al. ) AN RGB v o o
(Convolutional) Insgaumuanie AFU
Twmedia Al'Tuns | dedlimrseungudoya
3 [10] Chen et al. CNN Awilnyas . .
IANSNYNT GREIIVIEE
AmuiudgeEn |, :
ae CNN + - ., | deyadnwiues lasie
i 9113981 , AN + 1 Foe (F1 = 0.93) 14 -
Multimodal v e LEYNTUNIU
Toyanalui

a5 2 wudnalulad Deep Learing
Inatanz Convolutional Neural Network (CNN)
gnihanldlunisdnuunszauauanvesiinnes
lngordeadeyanimdundn tauenwinienludd
fvavannTsisanuLye uidinoazden
Fanafanaznadnsidusuna vaedl Wane et
al. Warwluaa CNN 99070 RGB Jaanunsada
seauaugnialagliviatenanda uwadsliniu
nnaaeUluaN NLIAA DAY dIU1UT09 Chen
et al. § lfufuisdneninves Al lun1sdanis
INEATNITN WAglvaIAnluaIuANUaINaIe
SIVGRRRHE

nsAnkenAunInvassulagldnalulad
N13UszUaManIN (Image Processing) 31U
TassngUszamifisnuuuneuligdu (CNN) e
FIUNAUA NI 8T AlUlR Tdimadianig
\S8U31398n (Deep Learning) Iagianiz CNN Tu
MFATEinndIsveTeu oduunsedy
AN LU AILEN VTDANINYBISEY [11]

NsiALILEUNGLATULN DT HUNAIINANTDY

a =) k24 1 =
nssuanidewaglagld lasewngdssaminioy
LLUUﬂEmI’JQ“ﬁJu (Convolutional Neural Network:
CNN) mstdimalulagnisinsieiides (Acoustic

Analysis) Wiaiaide Az seumarUseIiiusesiu
a
ANUFNYDINLIYUY [12]

3. 25AIUNSIRY

3.1 ANYBNEIT WAZIUIBNNYIVDY

wioldlunisimuaingUssasnuazvauiun
UYBINTIVY

3.2 mswnssudaya

3.2.1 Toyann

4

Tdyavayazunin (Data set) finneas lagiin

LVRERY)
] (%

nswdstayadmsulelunisiseus (Training Set)
AUAT Brix 91U 900 A Iddwmsuganaasy
AU NA B (Validation Set) 9113 150 AW
wazyavitune (Prediction) 31171 100 A lag
llasednguszamiiisuwuuasulgtulunisasne
Laa wayintn1snaaeuNsviney nMmegeulag
lawdsuszinnvestoyasandu 3 aada laun

flnnesdiu finnesgn Wﬂwmqmﬁulﬂ
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3.2.2 Uayaldes

a

Idyndoyaides (Data set) finnes lagvinis

| o

wusteyadmiuldlunisiTeus (Training Set)
P13 A1 Brix 913U 900 Fee Tddmsuyanaasu
AIUYNA DY (Validation Set) F7u3u 150 1d 89
wazyAvinuNg (Prediction) 9117 100 Wdes lag
IflasseUszamiiisuuuunsuligiulunisasa
luea wagvinnisnageunsvinnunsmaaeulag
leuus Ussinnvesteyasenidu 3 aana lawn
finnesdu finnesan Annesaniiuly wagyinis

wlaudesiinnesurazaana \Uu Spectrogram
3.2.3 Toyaninuazides

Idyndayanmuazides lagdasiinnasuwdas
\Ju Spectrogram daummfuﬁﬁagamwuas
Spectrogram (Data Set) N7 lauvINITHU
Toyadmiuldlunisisous (Training Set) auen
Brix 91UUAINILAY Spectrogram 98198y 900
A7/ Spectrogram 14 &1 uy ANAaauAIY
0Ne 89 (Validation Set) ¥1uUIUAINUAY
Spectrogram 150 AW/ Spectrogram La g Y M
une (Prediction) 31UIUAMNLAE Spectrogram
100 n1w/Spectrogram lagldlasedrauszain
Wenkuuasulgtulunisaialues

nsnaasulaglad uusUseianvesdoya
sondu 3 Aana ldun fnvesdiv finnesanuas
finnesaniiulusaguin 3

M om A m

ilwasiv ilnasan

ilmasgnifiuly

JUN 3 nsuusitnnesesnidu 3 Aana anuel Brix
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3.3 22ALUULUIAATZUUNISTIIUNISHEN
FTAUANGNVRINNNDY

3.3.1 N1SYINNIUVBITEUUNITHENTEAUAIINEN
YBINNNDINILAN

3.3.msv‘hnuvmssuu‘lumauunssﬁ'ua’nuqn'umﬁnmm

B i & »?
s e E e
Wnnasgn ‘

UM 4 N191UeeTEUUNTLENTERUAINEN
YoIfNNDIRILAN

9n3UT ¢ vdendl 1 Ae Data Set 1Tudu
voayadeyaiinnes A lddamsoudoyagunm
#nnas 31nn153AAN Brix Inedin1siieuifigude
Wae Brix Yaeiinnes niauyadeyanisiseusiay
ToyayannasUAIINgNH oL oUTEITY
Uszansnmluea

Udendl 2 fie Pre-Processing Wunszuiums
Plddmnsunisminuasandyyinsuniu 910
A nduiailulilnansadutagdgn
Hnaouuad yinnsiasgs

¥

ydenf 3 Aa CNN tdudanaSnunana 14
ANMSUAS19 LA AN DL UNUTLLANNITHENTZAU
ANAN

u&endl 4 Model Lf]u‘[mmaﬁlqﬂa%’wﬁw
9aneINy NNTLUIUNSITEUIVRITRYALALYN
n1sUFuATmTn (Weight) Wmunzauiuyn
Poyaiinnaslunisilulda

Udendl 5 Test Data tdugatoyagunin
AN LG UNITNAFDUTLUUBALAT Brix tNDYN
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UsgaAniamauwiuglun1sduunuszsinnves
Wnnes Wneduyadoyanlularunszuiunis
SgusuInou

uaenil 6 Training Data v uaunisiiyn
Toyazunmilnnadiazan Brix uTeusayRny
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lutma Convolutional Neural Network (CNN)
anilndaewisdwmesielud Tasld TensorFlow

97U Epoch: 25 59UN15HN

Batch size: 32 #2981961050UNTTRN

Optimizer: Adam

Learning Rate: 0.001

Loss Function: Categorical Cross Entropy

A151991 3 Lansnan1syineueeduna CNN A wilnyes

Layer Output Shape | Param # | A195U"Y
Conv2D (126, 126, 32) 896 wigasnauligtu 32 Hawes vuin 3x3 Tfleidu ReLU
MaxPooling2D (63, 63, 32) 0 laLees Max Pooling anvuinniwlngldilaines 2x2
Conv2D (61, 61, 64) 18,496 | iawesmouligdu 64 Hawes vua 3x3 THleidu ReLU
MaxPooling2D (30, 30, 64) 0 laLees Max Pooling anvuinniwlneldilaines 2x2
Conv2D (28, 28, 128) 73,856 | iawosneuligdu 128 Wawes vunn 3x3 14t ReLU
MaxPooling2D | (14, 14, 128) 0 LaLees Max Pooling anvuinniwlagldilawmes 2x2
Flatten (25088) 0 wiasfeyavin 30 WJu 1D
Dense (128) 3,221,120 | Lawwe$ Fully connected 128 nuae Tailaridu RelLU
Dense ) . LatgasioAne 3 e T Ty SoftMax dm§un1sTwun
(Output) AR

210915799 3 Tuwadidulaseieuseayn

3.3.2 MSYNNIUVBITTUUNITUENTEAUAINUGN
YofinnoeAILdes

Wigauuu CNN Aiusznouseiaisesaeulagiu 3
Fuaduiv MaxPooling ifieanuuinnin audae
nswUasteyaduianees 144 (Flatten) uag
laLwos Dense 2 44 Ingld RelU uaz SoftMax
AUEIRU LRUNEEIUSUT LU weandu 3
AANE T UIUNTTRDITINUTELN 3.3 A1UAT

O SCme - ~E3

Eliminate
nolse Test
EX% sEZXiepffim o
Enhancements,
Anvioagn ‘

¥

JUN 5 N1991U0952UUNTUENTEAUAIILEN
YoINNDIIBLEE
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91n3U7 5 udend 1 Ao Data Set 1udau

A va o

vosyndeyaiinnes NIduladamieudoyaides
finnes 31NN Brix Inedin1siuseuiiigude
yae Brix vesiinnes nieuyadeyanisiseusiay

UOYAYANAAOUAIINYNADS

U&endi 2 #a Eliminate Noise & Enhancements
NSZUIUNITIUNITAIT AE QP IUTUNIU
(Noise) hagUsuUsanMAIN (Enhancements)
SR HGY ERGATATRGY dielilenadnindmauuas
HUseansnw

u&ent 3 e Spectrogram N15LAAIKA
Synandsavidedyaundulusuiuuresnm

UAen? 4 Training Data tdudauni1511yn
Uoya Spectrogram ANUAN Brix 1158U3

Y

Nsaimnssukazmealuladgramnsy umAnerduniudus I 3 atuil 4 nsngran - Awna 2568
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 4 July — August 2025

udoni 5 Model 1 ulsinadignasiasae
8anesNu IINNTLUIUNTIBUTVDIToY AL
n1sUFUATmTn (Weight) Tmunzauiuge
Toya Spectrogram finnadlunisinluldan

uiienil 6 Test set 1 uyadoyadosiinnea
717 un1smaaeusEUULATA 1 Brix LW 8117
UszanSamauwiuglunisduunuszinnves
finnea lnsiduyadeyailildnunszuiunis
ISgu3nneu

Uionil 7 Test Data \Judiunisthyadoya
Spectrogram @MUA1 Brix 1 MAgaU

ydand 8 Prediction tJunszuiun1snlaain
ASIATIZABALNNTYUIENANITHENWELIALNNS
araduinglunmiiieviniuneingeglunsey

A1519% 4 LARINANISYINUVEULAA CNN LEg9innag

Layer Output Shape | Param # AN95UNY
Conv2D (126, 126, 32) 896 wigasreuligtu 32 Nawes vwin 3x3 Tileidu ReLU
MaxPooling2D (63, 63, 32) 0 1aleas Max Pooling anvuinnnwlngldilaines 2x2
Conv2D (61, 61, 64) 18,496 wigasreuligtu 64 Nawes vwn 3x3 Tileidu ReLU
MaxPooling2D (30, 30, 64) 0 1aleas Max Pooling anvuinnwlngldilawnes 2x2
Conv2D (28, 28, 128) 73,856 wigasreuligdy 128 Wawes vwn 3x3 Tfleidu RelLU
MaxPooling2D (14, 14, 128) 0 1aleas Max Pooling anvuinnwlagldilawnes 2x2
Flatten (25088) 0 wiasfeyasn 30 1Uu 1D
Dense (256) 6,436,096 | M3ldeusouuy Fully Connected &l 256 w2
Dense (Output) (3) 771 weesionding 3 mide Tty SoftMax dmiunisdauun
AaNd

210015197 4 lueaiidulaseieUszam

¥ & o [} ¥ [~
AusIeLaLees Flatten d1vsunlastayaidu
VAWBS 1 05 wazlaleas Dense 2 Tu lngdniuae

Wenuu CNN fivsgnausieiateasaauligiu 3

FUTIUNU MaxPooling b 8anvu1anIn 256 vudgluduusn wag 3 nilgluduiendneg
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THHanTu SoftMax @19SUN1SINBUNAATE 57U
FIUIUNISINLADS USTUI 6.5 A1UAT bUUY
ANUSUNUIUNANKRRLAANE

3.3.3 MSYNIUVBITIUUNITUENTEAUAIIUGN
YDINANDIA YN TNWALLA 894N 8USTE LT U
Useansnnlaea

ﬁ]’]ﬂg‘d‘ﬁl 6 udend 1 Ao Data Set Images,
Sound tuduvesyndeyaiinnes filddanTem
Toyaidsauaznmilnnes :9nmsindn Brix lngdl
nsiguigudeayan Brix veasilnnes niauyn
UBYANITIHUI WAL TOYAYANAADUAIIUYNA B
WieUsziiulszavsamluing

EX &
{5 e
SR = - pree—y = = ]

&
s, pr—— T =
-

Testset | M &Enhancements
Images, Sound

- 4
~ -,,,m.._, - LUl Iprediction

SUT 6 N15Y1UTBITTUUNITHENTEAUAIINAN
YosiinnesmenmLasides

U&enii 2 Ao Eliminate Noise & Enhancernents
& Pre-Processing nszuaun1stun1smindayay e
5UNIU (Noise) wae Us UUs 9A AN
(Enhancements) %aa%’agam%’aé’zgmﬂmﬁaiﬁ
Ienadwsfidnau

udendl 3 A8 Spectrogram N1TLAAIHE
Foynoudeavisody meﬂ?{uiu;ml,wwaamw

< .24'

Uaany 4 Training data Lﬁudaumsﬁ’wm
Uaya Spectrogram WAAMNMINAT Brix U NTEUT

Y

udond 5 Model 1iulsnadignasissae
ganaifiy NNTEUINNSISBUSveslayaLayy
nsUSuRimin (Weight) Wmngaufuyneya
Spectrogram wagnminnesiunsuinluldeu

udondl 6 Test set iTugyadeyaidosiinnesdi
19 lun1snaaeuszuuLazA 1 Brix Lt 91
UszAnSamauwiuglunisduunuszsinnves
finnea Tnsiduyadeyai lilduunszuiunis
ISgu3inneu

ufiendl 7 Test Data 1Judrunisihyadoya
SpectrogramuazNINAINAT Brix 11MAdaU

Uiond 8 Prediction unszuiun1siilaain
NNTIATITILALATYIIUIENANITHENLEEIAYNIS
as9duinglunimii eviueingiieylunseu
wouszyAnuiule (Confidence) fae

A1519% 5 LAAINANITVINUVELtNAa CNN AMNAULESIHNTaY

Layer Output Shape Param # A195U"Y
LaLee3 Convolution wsnld 32 Aalmes vun 3x3, VWA
Conv2D (32 (126, 126, 32) 1,792 )
input (128, 128, 6)
) N158AUUIANTN (Down Sampling) A28 Max Pooling U1
MaxPooling2D (63, 63, 32) 0
(2, 2)
Conv2D (61, 61, 32) 9,248 /@3 Convolution fiaas 14 32 Hawmesuun 3x3
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A1519% 5 LAAINANISYINUYatuma CNN AnAuLEesiinyad (Ma)

Layer Output Shape | Param # A195U"Y
MaxPooling2D (30, 30, 32) 0 Max Pooling ¥u1a (2, 2)

Conv2D (28, 28, 64) 18,496 laLee3 Convolution fiany 19 64 Tamasuunn 3x3
MaxPooling2D (14, 14, 64) 0 Max Pooling ¥u1a (2, 2)

Conv2D (12, 12, 64) 36,928 laLees Convolution id 19 64 Tamesuun 3x3
MaxPooling2D (6, 6, 64) 0 Max Pooling ¥u1a (2, 2)
Dropout (0.2) (6, 6, 64) 0 14 Dropout iiotlaarunns Overfitting

Conv2D (4, 4, 128) 73,856 laLwes Convolution 71w 14 128 flawmesuunn 3x3
MaxPooling2D (2,2, 128) 0 Max Pooling ¥u1a (2, 2)
Dropout (0.2) (2,2,128) 0 14 Dropout itetlsiunns Overfitting

Conv2D (0, 0, 128) 147,584 | 1o Convolution ivn 14 128 fawmesaun 3x3
MaxPooling2D (0, 0, 128) 0 Max Pooling ¥u1a (2, 2)
Dropout (0.2) (0,0, 128) 0 14 Dropout itedlosiunis overfitting

Flatten (0, 0) 0 LLUaasﬁaaﬂaﬁﬁwmaﬁﬁiﬁﬂumma% 19/

Dense (256) 32,768 | \awed Dense il 256 we 14ilaridu ReLU

Dense (3) 771 wLgastodng 3 e Ty SoftMax drwsunisdiuun

AANE 3 AANG

9597 5 AdTeidenld CNN iilesann
wzautun1sUszaanan awilnnes uag
deosfiwlandu Spectrogram 1oy CNN @3190
SeusdnuazdAyvesteyalaonluliflaglises
MvunAuanwuy (Feature) a9t 1Aseasng
voslunagnesnwuuliuneiuygadeyavuiaibn
anA N udauLi o ey Overfitting wae
aunsaUssgndldivteyaninuazidedlaogiedl
Usednsamlunisdnuunssauainuanvesiinnes

3.4 \iusausiudaya

laAnwdeyaiinnesdiiu 342 figuauinse
Wo9 81LNBLAvAN JainguaTIvll 91uIu 30
an lagaefinnasyuniuuy vyunmeasinnes
asar 20 v wioudevhnstufindssiinnes
Tneldmneiigumanyaseuinsenunainnea
AIUUL NNTANEANLAETUNNLELINNIDIRINAN
Brix nadwse Brix vesilnnes §3duliiniinnes
TUnsaamen Brix 7 WesUfuAn1snans as
NWASANENS U INedes1uinauasvnd Tuns
M539A1 Brix ¥oeiinnas 1 gnazmsIann A1 Brix
0¢ 3 A%a lnsnistudedinnesunualiaziden
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wdldo nineslaiiusunnswindy duthvesilnnes
LAIUINTIAAY Brix Refractometer 0-32% Brix
31 RHB-32ATC S Aagldan Brix va3 finvnaq f
an3197 6

AN5199 6 §29819A" Brix Y9aHNNBINITN1TNTUY

fregedl | Teeene | A Brix | aminnas

T1/1 10.0

! T1/2 10.4
T1/3 11.0
way | 10.4666
T2/1 7.0

2 T2/2 1.2
T2/3 7.4
wis | 7.2000
T3/1 17.0

3 T3/2 17.0
T3/3 16.8
iy | 16.9333

91n915799 6 LanslALiuAT Brix vesilnvos
Wruilnnesnmsudeya lnewuinisimsudeya
MIUAT Brix Y09nnos A1ndl 1 wansiinnesgn
A a =
219 2 uansiinnesiukasnIng 3 uansilinnes
gniiuly

3.5 1A3043laN1337Y

1) Brix Refractometer 0-32% Brix ’iu RHB -
32ATC S LPASOINAINMITUVBIHA K]

2) ynaunsaluaziaTeside FeUsenauniey
g1usessud wduuwvulfzudmdnfiddiunng o
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Usenaumewnuwan Noadulnsdniiletouas
guUnsaluTuAINaZIBEAYRITEEENIABINITNAADY
Pz UMANTLTIUNISVIAGDY

3) driinnesudazaaalunsianumy lu
Mo HUANIINAN AEINEATANENS UINI&Y
11979 9uas1wsnil ilensIde UM MUY
finneausiargn laefinnes 1 gn 22¥1N13R5I9
v 3 pss wadtldaedandu Brix

5UN 7 nsnsiaanuvuainvissdiinisnans
ANEINEATANENT UNTINGNTUT1VA)aUATIv51H

NFUA 7 LAAINITATITAIIUNITUIN
NoUHUANIINAN AINEATANENS UINI&Y
3199 UaT1¥51H

3.6. NGUADENY

naumag1e Ae Wnnesdiu 342 91U 30
an lnewusilnnaseanidu 3 Aana auAn Brix
lounfinneshiv Annesan wazilnnesaniiuly

4. NaN15998

4.1 wamsmsu%’agamwﬂnwaq

oy afnNoIUsENaUAIEYAToLANITRNYA
fogantsmaaouitngsruunisiindu Havunasy
25 SaULAY Lﬁ'aﬂ%’wqmmw (Weights) uagaf
(Biases) vasluinaluuiazsouniuAInILaLde
(Loss) firmnalld fagud 8
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tttttt

5UN 8 nsluansnsimsudeyaninilnves

nsvluansrtAUki UG valunaYAR NIaL
YANAFBUAIUYNA DIV NVas Tudruiu 25
seUMARsA1IlIAaTlAIANgNABY TUN1TNTU
LLazmaauaﬁjﬁ 100.00 Wodud faursoudt 4
Wuduld Useansamlamavesninilnnes A1 F1
score fandu 0.84 Faduaiildlunisin uans
léfﬁagﬂﬁ 9

g‘dﬁ 9 Confusion Matrix AMWANVIa3

4.2 wansimsudeyaideesiinnas

Iugﬂﬁ' 10 A" Loss ¥8eloya Spectrogram
finnesuazdoya Validation Loss Ta3adnuiu
20 50U A1 Loss Yosia Training waz Validation
amau%‘éa 9 Lﬁa Epochs Lﬁlwﬁ%’u Training Loss
waz Validation Loss TnatAsaiuninlug191as
uwan9a1laidl Overfitting
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5U# 10 nsmluaninsinsudeyaideaiinnes

N3IMLANIAIAURIUEIVOILULAAYAR NIA Y
YANAaaUAINgNAosvandusiinres Tu 91w
20 soU LLamﬂ"rjﬂuLmaﬁﬁhmmgﬂéfa«?}juwiiau
i 1 uagn1simsueyfl 100.00 Wesidud lusoy

a

7 8 AN UNILTUAT UszANS A nluLnavasnIn

<)

#innea A1 F1 Score fAndu 0.87 Faduenld
Tumsin uanslansgun 11

;J‘Uﬁ 11 Confusion Matrix @g4HNNa9

4.3 wamsmsu%’agamwuaz Spectrogram

1N3UT 12 uansAn Loss vosteyayaingy
ANUaY Spectrogram WNyNeILarY 0y ANg
MTIVADUAINYNADIVBINTINTUTBYATIUIY 20
59U wandbiiuindoyanismsunasdoyanis
psaouATIgnioliaTlndifes 0 dudseul 5
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5UN 12 nsmliananisinsudoyaniniuldes
Wnves

n3mlLansAtAMURl U valunaYAR NLaL
YANAADUAIIUYNABIYDININAE Spectrogram
W89 U 20 59U LaMIAINlLAAIAIAIY
QNADINIUATEUT 2 WATNISINTUBY N 100.00
f & & a
Waskium 1usaud 5
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Uszdnsanluinavesnininnes A1 F1
Score dandu 0.93 G aduai19Tun15%
Usgdngainvedlunalunisauundaya
(Classification Model) LLambLﬁG‘fﬂgUﬁ 13

gﬂﬁ 13 Confusion Matrix n1NuaY
Spectrogram #NMa3

M19199 7 &@3U Precision, Recall wag F1-Score vadlilnadnuunsziuauanvedfinvas

Yoyailld STAUAINEN Precision | Recall | Fl-score | LaRgsam

A (Image) A 0.85 0.82 0.83
an 0.83 0.84 0.84
gniiuly 0.80 0.85 0.82

\desu 0.83 0.84 0.84 v
\de9 (Audio) fiu 0.88 0.85 0.86
an 0.86 0.87 0.87
gniiuly 0.85 0.88 0.86

\ndeTu 0.86 0.87 0.87 v
A + Spectrogram v 0.94 0.91 0.92
an 0.93 0.94 0.94
gniiuly 0.92 0.93 0.93

\desu 0.93 0.93 0.93 v
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3MNA5199 7 A5t Yoy anateda (a1
FAUAULE YY) YA UANULL U TUN1ITTILUN
sERuAUanvesiinnadlaffan

5. aAUs8Na

nan1snaassuansliiiuiluinad nau
TaUANINLazIAsvefinynasaITaTUNTEAY
anugnliogauud nefidamgniouade
93.00 Wosidud dsgeninluinaiildtoyanim
a8 1ufE7 (84.00 LWasidud) wazidusegafen
(87.00 tWosidus) azvieuliiuinnailanis
Weuguuunateda (Multimodal Learning)
anunsagaiiuUszansnmvealuinaleogis
fifoddny anngilunanaiutoyalinadns
findn wnanmsiideyanmlieaziBennieuen
Wu Fuagd uia luvued deyaidosariou
AauaudAngly 1Y ALLLULAEAIINNAINYDY
deilmes nmasudoyanisaosundsdedel
Tunatiladnwauzvosinnedludfsig q 19
AsOUARUBITY unAntasnadastunuiteves
Bosty msvaned [12] Alddsaaglunsduun
seAuANANveITeu tngldinaidalasedie
Usganniisunuumeuligdu (CNN) ag1alsiniy
nuATeisEdeinTanadanansusens Tiun
AumaInvansYesteyaiiseiineyluiinynes
Wug ey 302 1iisaviiaien 4eo19dnane
AuanansatunsilamalUldeuiuiinnesans
fiugBuATlAn Brix unnsnefu Tanfennuidesved
Jaym Overfitting Indudeyaiinfifaleniile
deufurwiavedineg uenani mafudeya
dedlunpauiuenaddynis endessuniunie
anulaiaiianevediBnisiany Famrsiniiaun
wdesioiiuidusiiunsgiuanniy
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6. d3U

sifedlfinauonuinenissiuunssdu
Aauanvesiinnedlagldinatdanisiieusves
1303 nudlneadiliniswaudeyanmuazides
Tinadwsifgn lnefidianugnieaads 93.00
Wesidud Jsganinlumadilddoyaninmdeides
Fissegaferegadaiu nanmsidedifiiuds
Anuninveanisivimalulad Jygrussavg
lnglanzlassieussamiisuwuunoulig du
(CNN) TuN153 LA 18N A N YL VBIHANG AN
nsinuasldogrefiusednam feduuanig
aananansadliuszyndldlunisdninsa
wandnilnnedluninauiy wienmundugunsel
¥18ATIAOUANNANT AZAINTIALEY aAn1Te
L5997 WaziiunuAmMAIHEs Tusuian AsH
n1sveen1svaaesliaseunguiinnemalany
Wug wagWauraUnsalduiuudIvsung
nsraaeuauani aunsathlldasddunia
\nwmsnssulieeedady

v
7. UBLEUDLLUS

suideidmutediia Iun madiusuon
voateyalunisinsutoya nmsminmidai
uaneafuLazn1se Brix Tunnndnd agld
LatkazaldIreaeud19ge ogalsdniy
anizgIduaglddoyadu q audniiovaslunnsg
FTIUNTEAUAIIUANVRINNNBITIUA Y LYY
dwiin aune Anaudaussvesiinres Wudu
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