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Abstract

In this thesis proposed to develop of an oil percentage measuring system in
raw palm using capacitive sensing technique. The oil percentage measuring system
included desktop and portable system. The desktop system used Arduino R3
microcontroller, parallel plate electrode and capacitive digital convertor
(AD7747).The portable system used Arduino Nano microcontroller, LM555 and RCA
jack probe. The program is measured of the electrical capacity and calculation to
oil percentage. The prototype of desktop and portable system were test with crude
palm oil (CPO) and raw palm. The result of oil percentage was compared with

chemical extraction below 5 %.
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dloRersantunsdify qluiauiniherssusasulunuiuiafisumising 9
wmsm’luwuman 9 AA, Tauwlwih E,



AJAI
E,
A

Uit 2.7 wandlnihillvasiuiuiadnuassing q [11)
HARWETILFWUn
AD, =E.AA; cos® =E,-AA, (2.12)

| & o v v & o - =
lan1ssauyn q dauvesiuiidn q iazldndndvimuniiveriuAnduauntsd 2.13 Huns
dutiinsamuia Ineviald @ avduegivanvusvesauuuayvesiia

®= lim TE-AA= [ E-dA (2.13)
AA; =0

surface

2.2.1 laTwa (Dipole)

lalwa ﬂaUs.,wuﬂU'mua.,aunuua muUsmmUquwnnuu‘s.,avmqsvwmﬂi.,qm
aoudusroevisdunn Luamavnuqﬂnmuﬂ'l'ljamﬂ P 1n q fiisadeants(ia] uanslugui
2.8 doulalwaluwiuduansfaunsi 2.14

£ P(r,0,¢=90°)

r2

v

b

3U# 2.8 loilwa [10]



p =Qd (2.18)

- « v - a a1 w o
logfl d Junawesamueman -q W +q falnifidisenleinasededaunisi
215

v= 2% (2.15)
4me 1
wavavasaumvihazuanslddsaunisi 2.16
E=-vv = 2 (2cos04a, +sinfa,) (2.16)

2.2.2 anuviunudunasauluauinlniiain

a o = a o & o v a
luinadiivszauindiuau N Usey swimueiidesmsdmiunsmeseluau
vaUsyvantandu

MimNe = waswdndvesauin = W,

|
= E(QIV' +Q2V2+""‘+QNVN)

1 N
W, = EZQ“’V'“ (2.17)
m=1

= =l - - o o w )
lagdl Vi,Va,.. Wy 10udnanlniai Q,Q,...Qx e nUseyduranuanudrdudmiy
o d - i ] 6 - 1
wisuiigniiuliluinaniivssgnssasetwamhauewvannsadeuldlasunuusar sy
v = a a wWvwe <
e pdv uazunumTamunedunindalansaunisi 2.18

1
Wy =2 j pdv (2.18)

. | 3 = o U | ) i
NnauNsividweundad p =V-D anuarlirives We aglddaunisi 2.19

1 —
W, =—2 V‘LD-(VV)dv (2.19)

unue1 VV #e -E uay D =¢,E arldi W, daunisit 2.20
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——jD Edv

wn’

= j g,E'dv (2.20)

mn'

2.3 Anuglnih
v e = (e & o s v oog v
sunudszlugunsaiiiiundanudngdliuasseqlii dufudsegamnsoadn
ldanmsAuauIuszwinsiniassdu wasulugunseliissduloudssqaindnimisluds
I o o v w « =
andimiladrvils luwwunmasesssunuiaivdsyymedydnualuanduzui 2.9

- e

U 2.9 uamadrygdnuaivesiafulseq[12]

dwiuduAvdsey Sndwvesuszyseruandng Snsdiidondt miug vesiauiy
<t = [ v =
Usey Sesanansadouduaunislésannisi 2.21

c== (2.21)

Tumiae SI Augazldving vinde (farad, F) weiduifsiun Michael Faraday tinianden
dange 1 ¥1sh (1 F) ddviadu wumaauuma%am (1 V) ffudszquuudieiign
UszneumsusuiimuuaeIusy uiazusuiiiul A Neiniusvee d L!JE]‘[HU‘J”R]FIULLNU
amu‘lwﬁ'1maumwumaq‘luumm-sumwuuu amulwﬁwunmmmmuauavﬂquuuuwu

svagegahiausuuiInstieuraIEuin msdarauuuiifoni dufuusequay
R wanafagud 2.10 lunsmaaunililagldnguesimdeslddaunsi 2.22

L

“« —>
d

UM 2.10 wilwihguunul12]
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E=2.Q (2.22)
EA

el o AevuinvesruvuIwLivTeTEy MIFIAmAIANY C Yawifiudsequuy
wiulwihavnuluagginmasldaunisi 2.23

(2.23)

ol

C:%:go

d - A‘ - 1 1 - '
e A fe Wuivewwsugunuinbedy msawes (md
d Ae szezvieseminumuguud Snhedu wes (m)
1 g‘ a0 &
g, Ao AAdl dAnlu 8.85x1072 F/m

2.3.1 mMadafiuUsEauuuTUY
Ve d [J ' s -
nssefuiuUTEUUUILUIRYINssalafagUT 2.11

JUi2.11 mssiefaufuusyquuuu13)

C, Mszyuuwsiazwiulu q, mwedndseniukudreiuuivenees C 1y V=—?—:‘—
1

AuAAngseniuiugieiurIwes C, Adeudu Vlunsdadn Lifinnsaonysey
51 C, v C, 9eldin q=CV Ussgrdmiussuunnudadiandy

q=q,*q,
q=C,V+C,V=(C,+C,)V
Ioes v oa - du Ll o =
ﬂ'l‘i?l?]ﬂu‘ﬂi]ﬂﬂ'lkﬂllﬂ‘iﬁ]LI.UUTJU'\UUTW'LMF]‘I?\'JWN'QTJM ANENNIIN 2.24

C=C,+C, (2.29)
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2.3.2 MsAgAIAUUsERUUUBYNSY
| w oa o ' Ve o
mMspafLivlsEquUUILILIEYMsAelARIgUN 2.12

[ [|
I I
c1 C2
UM 2.12 mssiasafiuUssquuuaynsn(l3)

AnusFndsEinuiuieLaruiurIwes C fe V== \avenusneindsening
‘ | 1
% _q
&

WHUYeI C, An V,= AusedngsmvaIN AR IAUYTERLUUBYNSUAD

(]

V=V, +V,

+3 =

¢ o 'C G

[
[T

1 ! ar o é
wurmmgliihsmvesmsdednivdsygniuuueynsu faunsi 2.25

1
¥
G

(2.25)

O|._.

1
[=
2.4 Undurhiiu

'Uﬂauuwumuw'uﬁi’lﬁuﬁmum’lumﬂu.a-nlsm lansdndrunvgnludseina
Sulailide (ol w.a.2391 mu!uwuémﬂ soulul w.m.2418 Uiummmmmlﬂmwumam
IUgn -uqmaaqu'i.,wmLstanmaumumﬁumsmm'lufl W.71.2460 awsuﬂsvmn‘lna
NiveUsEaNNsgUIa "I.mmwufsmaumuumnmmLﬂﬂﬂ'\ﬂanhﬂivmﬂ‘lﬂﬂ Tneugnidulyl
Usysiu adum'sﬂamwuawmsu-uuluauwuaumamaamuanvm AReng [1]

24.1 anum..mewqmqanwaamanmuu

a"n‘umsmqwqwﬂﬁam"ummén-tfnﬁu wUsznoudeaiusing qeail

1) nzaneuray

Usznaumeimunzaisundn veveatetes wazkavidy Tastiminvemwaliduas
't'fuagjmmamugzﬁuawmmamzmmhéu Wonaurdugnifuiidminezuwsmueiinve
aneug orguardatudauandon nwdnwuzvzateduzuanduguil 2.13

JUR 2.13 neanuundull]
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2) waundutialy

waurdaniu lififrusa (Sessile Drup) Jusnelivansuuy duguideunasaud
sUlinIeguend anwennayszum 2 - 5 lwuRung dimineauszan 3 - 30 n¥u wa
Uauusenaumeiaiudanuen (Exocarp) Fudonuen (Mesocarp) Fuduiodeduloddy
uns lagnaziiniusgluduil (Fonnirtuthituwdenuen) Unduisuiivgnidunisé
Tnehlunuin fanadiudenuen 3 dnvae Ao wuudl 1 Wenafuludde Feezdoudud
duloaniFendnwarii Virescencs Tavilunutiasnduuudl 2 a3enda Nigreacens wa
fuflddvansraiidnde wasasdsuivaundognudsduuuud 3 Funi Albescens i
Wasndlegnidudindssdavialunuliesun

ANesocu il g
Crude Palm Ol "

Kernel
Kernel Palm Odl

UM 2.14 Taseadvasmatidul2)

3) Wugundutisiu

NNANwUrvBINaUNIramIsauUaTudUNGUld 3 via loun

- 991 (Dura)

grildnuaiznzamin 2 - 8 fadwns uarlifhadulssdmegseunzanituden
uenu ffumunududnwaeidu (Dominant, Sh+Sh+) Feldiiuiugual

- Wawes (Fisifera)

WawesfidnwarAenaluiinvamielinvarun venendudusinduviiu (Absortion)
vhlinadedunzanednidosnnwalisineiaun Tfumusubudnuuesos (Recessive, Sh-
sh-) dinldilusiuneiuglunisudagneuan

- Wiue31 (Tenera)

wiwesfidnuznzaun fenmuisiud 0.5 - 4 faduns fhudulsedanegsou
nean Anwauzniues (Sh+Sh-) uRuM (Heterozygous) 1ina1nn1swauseninagsiuia
W

2.4.2 nMsnBathsfuthdudu (Crude Palm Oil, CPO)

wavrdthiuansalinananiiiu 2 vinde diuhduatnanidourduuathiy
wisluduatnanudnidy diuilataenuaurduanssiuiualsiulusindue was
Infiusluinngs lunsgramnssumswamiurduiu Suneunisudeded

- Msouilwathdu (Fruit Bunch Sterilization)

waurduanszgnassnaumiihgniioaulaeldss vinmseulunipeuteiuussiule
thitgamgdl 130 - 150 ssmeaidva naUsean 2 Hluweseu
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- NMsWNLENNEaILINKNAaYIaN (Fruit Threshing)

Naméuamﬁﬁua%atLa"'Ji]anﬁwLﬁﬂaL‘z’hm"a"aammuﬂnmawmnmaméu lagvzany
Unauwarvzgnuenivlduselevisely

- n1snaunauay (Fruit Digestion)

NaUNALTIgNLENNLATILIALENTE qnaaL'umuamu-m.,mluwamauqa TN
msmua..mummiaumalam Wotelaniiduhiunieidedevematrduuensen
mndwiidundadeliinedenisiy

- msfuvdaduthdiuannuatrdy (Pressing)

wamaumnwuamumanﬂmmuuuum%unﬂmmm'iaw'umuu (Screw Press) Tu
mwaamuumanLmnaanmﬂmumﬂwam’ua 'lﬂun win nean Wy dvudiaiuundy
muwanmwsauuaanm‘lmuaﬂx}ﬂsmmmwnﬁqanﬂsnmaamaﬂu

- psndunsasueniadovu(Clarification and Centrifugation)

'lu'uuumzuuu1amuw‘uu1m~nwmvunsqe‘fumauanmmau’laua YOUNIAYBIUTY
undn ndsantuaziudludadedoy (Setting Tank) Wousminfuuaz gdnvueusen
N mnuﬁlmsgnu'ﬂ,ﬂnwmﬂ’nu'uu‘lua'mumau'l (3]

2.4.3 masgrunasfyiiiuiisrvesrduiniu

dninamunesgniduduaremsuiend i musaunmwiluve measurduny
wAsgLAURINURsEAteUEI Ty (iny, 5702-2552) TiuRenios gl

1) wrarsduildnuunsamuiug

2) Wunzanedugnuienisan

- ywanedn Ripe bunch) Wunranefinawrdudnilvg ffaudendduunmie
uAs uaziiloundy (Mesocarp) A& uariidurunasieatetios 10 na/
nzay

- wranufsan (Underripe bunch) unzansinaundudnilvgiitadenddu
WAL NIBUANNN TTuunaTtesndn 10 na/meaiy

3) flawan (@sflalssnuniely 24 Slumdaiuiien) Taliiunssmivietnas

nswhle 9fifunsissligmilougnvienasae Wy nisusuia

4) azowuarUnmIndwanUasudiusaiuld

5) liflrmudemesuionwnandagiviiinansenusonmuamuanan

6) AMNEMVRINMUNTAwlIAY 5 Y.

2.4.4 msuvistupmun g

C @R SHILANA LA MISUAINR NSy mmmsmua"awnsm 3 lafvue
qmmwvwmamém{‘ju 3 't'?uﬂmmw (unw. 5702-2552) faii

- YuiiAy (Extra class)

ﬂ.-:muménﬁ"uf}'ﬁﬂmn'mﬁﬁam Iﬂﬂﬁﬂmanu”ﬁmuﬂmmwﬁ"'J“LUua.,ﬂw.,a'manuﬁau
n31 90 % :m.,awmaumanlumu 10 % 'uaammummumaumuu'luiu (3uv3e lot 7
1halsanu) viie Sdadambsudenzans (oiVbunch) laiviesndn 24
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- funils (Class 1)

ygawUrdmituduiFosdinunminuguaimily uaviingarsanlivesnth 8o
% uaznzatefegnliiu 20 % vessnunzatetrduiuiulugu vie ddadaustude
nea (oil/bunch) lsivesnin 22 %

- dusioa (Class 2)

neaeduisiuduifodaunmiugunusuamwiily wariiveansanlivosndy
70 % waznvareisgnluiiu 30 % vesswaunraerdiiuluiu wie ddndniiiuse
ngany (oil/bunch) litiosnia 20 % [1]
2.5 NMsanaasNvesLdefenmiasany

arswauiifuvesudsduinuie lnsanizndnsusisssuraiduivuasdnd
ety Wl aenldl wWaenlsd sl waldl wéin wazdu 9 msadmlaeialudusials
vosdainitovinhoonteundSiunlasdoaitev WiiuiRundaratnaiseanun
¥unfig vinduiailuusludniarasiigungd viofuiigumaivesyaideavesiarii
avaeTldans

fvharaefildliun eneu Sises wituraelsdraslsvedu ovdlau uoanesed
wioth WewiniedilussornilFinsenervewdeeen wastharsazanefildlussmeiansavi
ararweenvliasatindusiu (crude extract) druvasdsiivioorathluadaseledn Tunsd
fafatusniesiaraeilifidudosranarosslidvaraeitiithgeduitioeyinl il
asafnduiuiifansnaumaseiadiouluendesylfansiviand Seaunsodiluiiase
mlasasnala
msafmasiaefuiuiviazatsiu S5ideuldunde nsafauuuseidos (Continuous
extractor ) TngltierdnsflofiFuninaIaatinuuusesinidn (soxhlet extractor) Suduviouf
dwiuussquesniviifasnsarde

- w €
JUT 2.15 \winsanneavininial



16

in3psatneovinidniidnvmediguil 2.15 danddiuruielileveswiniharatsan
nafegFuaszmsiugdmuy dufuuuastetunsuiuges dudrdndumiladurie
uirfvafuansduidielovasinihazarsmuiuasnarsluedosweinidnyiliugans
Laﬂﬁlﬂamia.,awﬁsvﬁuqawamLﬁmmmﬁuﬁﬁ'ﬂﬁaﬁavawﬁ#ulwanﬁueimﬂﬁuﬁwéw
nsafindmyudousioidesiu Bdinbivssndadvasarsuasyiliarsitadaliiae
Wuduganntuuenaniveudefignanna bigneufougevinfumssulaemss



o
umn 3
ao] Q =\ = o/
A9NTIIATUUITIULY
o | a0 a a o v ' o - - o - e
Tuunilsgnanifaisandunuide wieuvunIeslouarguninivildluauide oy
wuseaniu 2 d Ao mseanwuussuuinUSuaUesiduiindunuuiilfvuasnisesniuy

a = L3 ¥ g a I ] @ V_ooar A’ a
sruvinuiunaesidudniuuuunnm nsusazduiiadedsolul nsin3undan nis
= . = | g = @ 1 é‘
2aNuUURITIN Tusunsunaznisuuifiou mstasmanuglni Sllsisavidundsseluil

" ¥ o g
3.1 nseenuuusTuvIavtinandefidudunduuuunsli
nMssenuuUsTUUIaUTInaeiiduimhiuuuuiildvlagldinadaniswdsusaig
Tt uamsleidaguit 3.1

Parallel plate

7 Computer /
1%

Microcontroller AD7747

O

= w . ¢ ¥ o Y so
UM 3.1 szuuiaviinauedidusiiniuuuusaldy

sruumsiauiinaediduithiulaldimaianmswasurmugliih vssneushy
MYULUTIYANT Parallel plate AD7747 Microcontroller wazmaufames dsn15veiuves
sruumsinfefadraruginiadsuiulniiguuu Aanuginildidusesao77anh
msudasinugndduussdulnia Microcontroller iwmihiiuszananauazdsdoyaly
(H RN R RE LT RIG

3.1.1 myuzitldusigans

muuriidenlflumsusspiiundufuAedaiami (Cuvette) wamsdegudt 3.2 (n)
eannagindndunarainiaulusuasdsaunsadaunanisdsuwasesansldie
uarfls1Agn unuNMNULIAYEIRIIMYILAR IR agUT 3.2 (4) Tuutm n1e x 872 x g9 (1.22 cm
x 1.22 cm x 4.5 cm) WagAMaIMUIBIAIaWYIZvLIA 0.22 cm YMiUSuesiamyilae sl
Adsranm 6.7 cm® SaFumsvesansiiussyldmnmyiiuiimsuunn ¢ cm?
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r_dbe -
F4 4
\h-"‘—‘«l-r.o‘f <> A

4.50cm

v

1.220;\\&? 1.22cm

(n) (v)
3UT 3.2 (n) Ml (v) waunmawaRaanY

3.1.2 mysanuuuwsiulniduunu
lunseenuuuwiulwihguuiutuazenfevuinvesnivusiiliussgarsainde
3.1.1 Fernunthauavaugeuesdanmyiiounn 1.22 cm , 4.50 cm muddy Sdenalvinsg
] | .“ L9 0 = =t a - « o 4’ P~
sanuuuwsulni i guuutusssidafsaunulni iAo Taemsivusiudives
1] J v v s ‘vl J‘ 4 1 | 4 1 a
wiulwiguuulyindng 3 cm uazenn 5 cm Faduiufveswiulwihguurudanvinty 15
2 i l I 2ad P < a4 o
cm? uazsrozveseninusiuduimualvliszesinaliu 1.5 cm 91naunsi 2.23 Wekan
Al Aty 1 pF SadudanuginiiGusiu wiulwiguunulduiu PCB aes
wihlaguiumuvasiertudadiieandyginsuniu Jaununinesnuuuusiu PCB uanaguf
23

U 3.3 wunImesnuUULKY PCB [18,19]

3.1.3 NM399NUUUANITIAAIAUY WA

MseenuULeTInANUq I uansfaguit 3.4 Fsusenaulusie Integrated Circuit
(I0) wei AD7747 FuduledfilddmivinArmuginiaussian Capacitive to Digital
Convertor (CDC) Fafimuariden 24 Bit Ansiedoanswuy wuu 2-wire serial interface (2C)
a1t 2.7 - 5.25 Taad Innszuansewasanuandunts 10 fF ludiuvesreulvaiaedld
arduino {u Uno R3 d148Uvas ATmega328P il Digital input/output 14 1 Analog
input/output 6 v1 1M sideusowuy USB ¥1a1udl 3.3 - 5.10 Taadt Innszuanseuays
Analog to Digital Convertor (ADC) ¥u1% 10 bit [15,16)
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&y ': ir - .
v SCL (A
RES ;
33y GND R1 o
& 13 GND 10K 10K
GND 12
GND 1
VIN 10 iAd
9 ~ | SOAN) |
g
7
AD 6
Al 5
— A2 4 [
A3 af
Ad 21
AS Tx—1
Rx—0
ARDUINO Une h 4
i - e— | |
] i
4
L

= @
JUM 3.4 nmaasinAanuglni

NgUR 3.4 fiv1 SDA uar SCL axlimssiodduniu 10 ke Whludedie PullUp dygn
ldlunsdeans i 2 (RDY) vesleFariinissie LED iauansaniugmsvhauvesled wazd
1 8 (CIN1) vasladlesamiumu 4.7 kQ warsadnuuiuginiuiy

3.1.4 Wsunsuuazmsuiuiiieu

TuenAdoidlélusunsu Arduino IDE FulusunsufUaliwaunldouns waziese
msldau Fanwfiliiannlusunsundunie C uaed User Interface (U) wamadtagudd 3.5
uazgul 3.6 wamavthsamahounsamauglni guit 3.7 uanstuneunsviharues
Wsunsuiiearauginiwazuaafuiefidusiiiu WWalusunsuuanslumawuan n

& i : TIAT U A diane TR : 2 ,_.-'.DL“
File Edn Skeich Tocls Help |

e 1 CounTER = 0;

(9600) s

(Cx4E)

(O%BF) :

(Ox48) ;

(Ox07) s
b FAWBAN - v
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S |
5 T.I87
HEX  AEGE24 2
7 1.1638
MRS AE4902
& 1.1620
MEX  AEAAIC
o 1.1628
Y AZ494E
10 1.1623
i Arasa)
1 1.1624
M Azanr
12 1.1639
MEX  Azazie
13 1.1524
MEX  AZ4TES
14 1.1818%
X aEsize
15 1.1648
X arare
16 1.1837
WD Az
17 1.1838
X AEASCF
18 11818
HEX AR
19 1.1633
WX AE4TS
20 L.1ale
L3 AZ4RDE
21 1.1627
LT
22 1.1639
HEX  AE4CST
23 1.1631
NEX  ALAROY
24 1.1628
et arasce =
T~ Wigsarol [Notraondng =] [s600bmd =]

=l i
JUN 3.6 NMWMIANIUERINE

START
L Initialize the 12C
J

\

[ Configuration address IC
7

y

[ Infinite loop }

A

Read capacitance and convert to % CPO ]

[ Print % CPO ]

J

UM 3.7 waunmlusunsu [17)
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Tudhuvesmsuiudisumanuglniiduszvhnisuiuiieuduedes LCR meter U
LCR-7458%e LEADER fianusaluieaidulnnszuansslddus 0-30 Taaduavarunsain
AUy Al uazanugnidnud 125 Hz w3e 1 kHziAdes LCR meter
uamasgUT 3.8 mufufisulidauiuussuuuiesiindsdl part number #aif 0.75, 1, 1.5
, 2,3, 4 uar 5 muddu vihmsadimugindusas part number $1ua 30 A 1
Joyaunhnsiade adransmenuduiussening ADT747 fu LCR Meter

B i e o T T
i '.-u- L
it

3U# 3.8 LCR meter 8% LEADER fu LCR-746

'lu'ﬁ:umausiawﬁwmwmaauu,uiu‘lwﬁﬂfj'ummﬁamﬂaauqmam‘ﬁmaazn&iu‘lwﬁws«jwm
IUsyngAsmunguiiviel Tnunsveaevaziiusveriasenitausiulnihguuiulag
Budufiszer 0.5 cm waviinsvegiiar 0.1 cm ufle 2 cm shnstuiinananuqwiusas
sspumEMInTmANNdUSTEINsEEsiesE IRl guunuuAa g I

3.1.5 mawdeuiduldufuiteldnisinananuglnih

msm%‘uuﬁwﬂuméuﬁuLﬁa'lﬁ'lumﬁmmmmqlﬂﬁq anfiunslaemion Crude
Palm Oil (CPO) maufuthimaudiudusiie q TneAndummudutiulaemaneuiuns
Friumsveanariusslufnmsifiouin 4 cm® maududusanslddomsiedt 3.1 wae
mawdeushetnsveniiiuuduiuuansiaguil 3.9

- [ ] :’ s LY - a g q' | i
A19199 3.1 a5 1dIYRIUINUUIaNAY Crude Palm Qil (CPO) NaNAUUNNIANLTNYUAY q

U 'ﬁmﬂ'mfw(g) i CPO (g) APUTNTU(g/cm?)
1 0.00 3.60 0.900
2 0.20 3.30 0.825
3 0.40 3.10 0.775
4 0.60 3.00 0.750
5 0.80 2.90 0.725
6 1.00 2.70 0.675
T 1.20 2.50 0.625
8 1.40 2.30 0.575
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al ' v | ¥ o ¢ a R o 5 = [
M15199 3.1 (AD)dRS 1@ INTRIUINUUIANAY Crude Palm Qil (CPO) NauAULINAIMILTY

#19 9
U vvtini(o) il CPO (g) AANuTLTU(g/cm?)
9 1.60 2.10 0.525
10 1.80 1.90 0.475
11 2.00 1.80 0.450
12 2.20 1.70 0.425
13 2.40 1.60 0.400
14 2.60 1.50 0.375
15 2.80 1.40 0.350
16 3.00 1.20 0.300
17 3.20 1.00 0.250
18 3.40 0.80 0.200
19 3.60 0.60 0.150
20 3.80 0.50 0:125
21 4.00 0.00 0.000

7Uit 3.9 manduusheyie CPO

vnfindrandreduiegveniiiuduiviinnudududing 4 uanadaguil 3.10
uazyhnsInArnagiai Tmmémnmsnmﬂuﬁwamdu vmsiaranugliiives
mamawuuan‘a’unuimm CPO fu Lua-mnwammamausmaiqmam-wuqnmmﬁu
el cPo Auth sadiduidfeiduatusuinies Uttrasonic uan 2 -z‘f'ﬂmuamm;'dw
3.11 uaxvhmsinAALR N mMwiegenouuarudduseiies Ultrasonic wandlugy
#l 3.12(Muarguil 3.12(1) mudady
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Code program AD7747

#include <Wire.h>

unsigned long CounTER = 0;

void setup()

{
inti=0;
Serial.begin(9600);
Wire.begin();
//reset IC
Wire.beginTransmission(0x48);
Wire.write(0xBF);
Wire.endTransmission();
delay(4);
//Set CAP
Wire.beginTransmission(0x48);
Wire.write(0x07);
Wire.write(0xAQ);
Wire.endTransmission();
delay(a);
//Set EXC
Wire.beginTransmission(0x48):
Wire.write(0x09);
Wire.write(0x0E);
Wire.endTransmission();
delay(4);
//Configuration
Wire.beginTransmission(0x48);
Wire.write(0x0A);
Wire.write(0x21);
Wire.endTransmission();
delay(4);
//Set CAP A---—Read 8pF
Wire.beginTransmission(0x48);
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Wire.write(0x0B);
Wire write(0x80);  //----—if you want to read 16
Wire.endTransmission();
delay(4);
//Set CAP B
Wire.beginTransmission(0x48);
Wire.write(0x0C);
Wire.write(0x00);
Wire.endTransmission();
delay(4);
Serial.printin("Loop will start™;
}
void loop()
{
int i
int Status;
Status = READ(0x00);
Serial.print("0x");Serial.printin(Status,HEX):
if (Status==0x07)
{
while(true)
{
float CP=0;
unsigned long CAP=0;
CAP=CAP_read(0x01);
Serial.print("HEX \t");Serial.printIn(CAP,HEX):

CAP = CAP-0x800000;
CP = ((float)CAP/(float)0x800000)*(float)8.192;
CP = CP-1.8000;
Serial.print(i);Serial.print("\t"); Serial.printin(CP,4);
i++;
delay(1000);
}
}

}

unsigned int READ(unsigned int ADD)

{



unsigned int Data=0;
Wire.beginTransmission(0x48);
Wire.write(ADD);
Wire.endTransmission();
Wire.requestFrom(0x48,1);
delay(d);
Data = Wire.read();
return Data;
}
unsigned long CAP_read(int ADD)
{
unsigned long CAP;
Wire.beginTransmission(0x48);
Wire.write(ADD);
Wire.endTransmission();
Wire.requestFrom(0x48,4,false);
while(Wire.available())
{
CAP=0;
unsigned int hi=0,mid=0,lo=0,st=0
st = Wire.read();
hi = Wire.read();
mid= Wire.read();
lo= Wire.read();
CAP|=hi;
CAP<<=8;
CAP|=mid;
CAP<<=8;
CAP|=lo;
} .
return CAP;
}
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Code program LM555

#include<math.h>

#include <Wire.h>

#include <LiquidCrystal_I2C.h>
LiquidCrystal_12C lcd(0x3F, 16, 2);

#define N -1.002
#define M 499769
int pin =3,
unsigned long duration;
void setup() {
// put your setup code here, to run once:
led.begin();
Serial.begin(9600);
}

void loop() {

//put your main code here, to run repeatedly:

lcd.setCursor(0, 0);
lcd.print(Read_frqg(),2);
Serial.printin(Read_frq(),2);
lcd.setCursor(0,7);
led.print("nF");

delay(500);

double Read_frg(void){
unsigned long duration = pulseln(pin,HIGH,5000000);
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double muti = pow(duration,N);
double frg = M*muti;
double c1 = ((1.4/(210000*frg))*1000000000);
/* if(cl >= 1)
{
double CAP = (c1*0.9865)+2.8982;
return CAP;
ik

return cl;
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AMANUIN A.

NanN15USUBUSE19 LCR meter AU AD7747

Type number of Measuring by Measuring by
capacitance LCR meter (pF) AD7747 (pF)

0.75 0.44 1.31

1 0.33 1.35

1.5 1.61 273

2 1.56 2.46

3 2.49 3.34

4 3.58 4.25

5 4.28 5.24
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T
Number of Distances Capacitance Standard Deviation
Sample (cm) (pF)
1 0.5 2.84 0.0294
2 0.6 242 0.1810
3 0.7 2.16 0.0054
a 0.8 1.89 0.0044
5 0.9 1.70 0.0105
6 1.0 1.54 0.0132
7 1.1 1.43 0.0062
8 1.2 1.34 0.0111
9 1.3 1.22 0.0060
10 1.4 1.16 0.0098
11 15 1.09 0.0027
12 1.6 1.05 0.0028
13 1.7 1.01 0.0087
14 1.8 0.97 0.0026
15 1.9 0.91 0.0077
16 2.0 0.88 0.0058




AMARUIN .

a4

Kan15InAIANYInNARuAtA TNty CPO

Capacitance Capacitance
of of
Sample | Concentration | Non-shake Standard Shake Standard
(¢/cm’) sample Deviation sample Deviation
(pF) (pF)
1 0.900 0.16 0.0014 0.08 0.0019
2 0.825 0.17 0.0012 0.11 0.0020
2 0.775 0.18 0.0019 0.28 0.0019
4 0.750 0.19 0.0007 0.10 0.0017
5 0.725 0.20 0.0021 0.12 0.0022
6 0.675 - 0.21 0.0027 0.13 0.0016
7 0.625 0.23 0.0020 0.15 0.0019
8 0.575 0.24 0.0052 0.19 0.0016
9 0.525 0.26 0.0061 0.19 0.0019
10 0.475 0.27 0.0071 0.19 0.0018
11 0.450 0.29 0.0014 0.21 0.0018
12 0.425 0.28 0.0038 0.18 0.0017
13 0.400 0.30 0.0130 0.21 0.0020
14 0.375 0.31 0.0015 0.25 0.0019
15 0.350 0.32 0.0018 0.23 0.0018
16 0.300 0.34 0.0131 0.25 0.00139
17 0.250 0.36 0.0013 0.29 0.0015
18 0.200 0.38 0.0008 0.30 0.0019
19 0.150 0.51 0.0014 0.34 0.0019
20 0125 0.45 0.0006 0.33 0.0020
21 0 0.44 0.0011 0.35 0.0019
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Type number of Measuring by Measuring by Standard
capacitance LCR meter (nF) Lm555 (nF) Deviation
332 314 3.17 0.0401
103 9.23 9.33 0.0427
153 16.31 16.42 0.0427
333 30.40 30.64 0.1690
393 34.83 41.35 0.2445
473 47.93 48.23 0.2187
503 68.13 76.79 0.4903
683 67.50 68.02 0.3376
104 100.40 103.09 1.0701
224 227.30 213,59 3.6764
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Abstract:  Oil palm is one of the famous commercial crops of Thailand. The production is in the 3® rank of the south
east Asia, and plantation is still increasing every year. To investigate the feasibility of using electrical capacitance
measuring technique as an alternative method for low—cost non—destructive, oil palm fresh oil (CPO) and water have
been prepared and studied. One group is concerned with the immiscible fluid and another is all ultrasonic shakes. The
mass concentration (x) of CPO varied from 0 g/em® to 0.9 g/em® and then all experiments were tested on room
temperature (25°C). Guard parallel structure has been used in conjunction with AD7747 capacitive to digital converter
to obtain capacitance value (y). The results show that y = 0.11987x” - 0.46104x + 0.47418 with r* = 0.98098. The model
for second sample is y = 0.08965x° - 0.41335x + 0.3731 with r* = 0.9554. The capacitance of first sample is higher than
the second sample. As previously mentioned, this project aims to make benefit of interest on seasonable optimistic

harvests.

Keywords: Crude palm oil (CPO), Capacitive sensing, Non-Destructive, Ripeness, Ultrasonic

1. INTRODUCTION

Regarding the importance of the palm oil industries
related to supplier, producer and retailer, they are a
major source of plant oil. Based on world ranking of
production capacities, 1st and 2nd is soybean and palm
respectively. Nowadays, there is a growing demand in
terms of consumption, cosmetic industry, etc. One
important application is a renewable energy source in
the form of bio-diesel. Market share is divided among 3
countries with 46% of the share held by Indonesia, 41%
by Malaysia and 3% by Thailand. respectively [1]. Even
agriculture areas are expanded., it also not always a good
answer. The sustainable approach for farmers is to focus
on developing high yielding varieties that are resistant
to pests and weathering. For the part of the processing
plant, technology should be applied to reduce
production costs while high yields. Since the amount of
oil extracted from the palm oil does not only depending
on the type of strain and nutrient abundance in the soil
but also depending on the appropriate harvest time as
the critical factor. By the 15th week after full bloom, fat
of mesocarp will be accumulated around 0.1 - 48%,
once fully cooked by week 20th. The water or moisture
content in mesocarp will decrease by 88 to 3% [2].
Regarding nature of getting nutrients from the stems,
palm fruit is not cooked together. Waiting the ripened
fruits and delaying in transports cause the texture of the
palm to be over that make free fatty acid[3.4] and
reduce the amount of oil to be extracted. Therefore, the
quick and accuracy measurements of palm oil while
economic cost is very necessary to make more value to
both of them including faimess for farmers and factory
buyers. Measurement of CPO by Soxhlet [5, 6] method
is the preparation process and the chemical reaction.
Other methods, such as Nuclear Magnetic Resonance
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(NMR) technique [7]. microwave waves and near
infrared [8], which has many advantages. Different
disadvantages But one thing is the same. The system is
expensive.

The aim of this research is to study the relation
between capacitance and mass concentration of CPO.
As previously mentioned, they will be applied to
seasonable optimistic harvests.

In the future, we would like anyone who is interested
to invent some portable modules based on the
knowledge of this result for measuring distinguishable
CPO of palm fresh fruit.

2. MATERIALS AND METHODS

The experiment was setup to measurement the
concentration in CPO. This system was divided into two
parts hardware and software. For the development of
hardware that was designed probe, parallel plate
capacitor as show in Fig.1 [9, 10]. AD7747 was chosen
based on its connection to ground, low noise, high
linearity (+0.01%) and function as capacitance to digital
converter (CDC). The Arduino microcontroller also was
used in this system control It is an open-source
electronics platform based on easy-to-use hardware and
software. Arduino Uno was applied to this research
which was the ATmega328P. It has 14 digital
input/output pins (of which 6 can be used as PWM
outputs), 6 analog inputs, a 16 MHz quartz crystal,
a USB connection based on the Arduino programming
language and the Arduino Software (IDE) as wiring and
processing respectively [11-13]). The software is
open-source, and it is growing through the contributions
of users worldwide.



Fig. 1 Parallel plate capacitor.

The designed. parallel plate capacitor was calculated by
Eq. (1)

_ wel (”
“Ta
Where,
¢ = capacitance (F/m).
d = distance between two rectangular conductor.
w = width conductor.
! = length of conductor.
£ = material dielectric constant.

The sample was separated mto each part as shown in
Fig.2 that shows us none shakes. The capacitance was
also relative with Eq. (2).

Fig. 2 Sample diagram.

w(e, + &)
c= M tE) @
d
Where,
¢ = capacitance (F/m).
£, = dielectric of water.

£, = dielectric of crude palm oil.

In parallel plate, the plate of Primt Circuit Board
(PCB) with two sides that are used in parallel plate must
be designed to reduce noise signal [14, 15]. In the plate,
the first side of PCB was used to make the pole, and the
other side of the PCB was used as a shield.
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Fig. 3 Schematic of circuit.

The schematic is shown in Fig. 3.The designation in
this circuit used single-end technique measurement,
ranging from O pF to 8 pF. Regarding pin CIN from IC,
it was connected with 4.7k £ of resistor value as
specific performance and connected to parallel plate.
Arduino and IC were communicated by two wire
interfaces (12C).Using only two bidirectional open-drain
lines, Serial Data Line (SDA) and Serial Clock Line
(SCL) were pulled up with 10k £2 of resistors. The
system is shown in Fig. 4

Parallel plate
capacitor

Cable o
o ADTT47
J Capacitance
to Digital

Fig. 4 Parallel plate capacitor for measurement using
AD7747.

Regarding the experiments, 4 ml of CPO was
contained in cubic volume based on 20 samples of
concentration including 0.900, 0.825, 0.775, 0.750,
0.725, 0.675, 0.625, 0.575, 0.525, 0.475, 0.450, 0.425,
0.375, 0.350, 0.250, 0.200, 0.150, 0.125 g/cm’ and
water . In the experiment, there will be two examples.
The electric charge capacity without vibration of the
ultrasonic machine will be applied to the first one. The
second one will be measured by the electrical
capacitance of the ultrasonic vibration sample. The
experiment was conducted at 25°C of room temperature
and then the samples were placed between parallel
plates for measuring the capacitance. 30 times of
measurement will be determined and analyzed on mean
value.



3. RESULT AND DISCUSSIONS
In the first experiment, the probes were tested by
determining the relationship between capacitance and
distance. The 0.5 centimeters of distance was used as a
starting point and then would be increased by 0.1
centimeter each time. Finally, the collected data would
be presented into graphs as shown as Fig 5.

30+

254

Capacitance (pF)
-
-
-
-
-

05 T T
04 06

T T T v L il 1
10 12 14 16 18 20 22
Displacment {cm)

Fig. 5 Relationship between displacement and
capacitance

T
os

From Fig5, the electrical charge is inversely
proportional to the distance based on the electrodes that
were presented into Eq. (1). Whenever the distance
based on the electrodes was increased, the capacitance
was decreased.

050 - =
® None shakes with ultrasonic

- * shakes with ultrasonic

00
Concentration (g/cm’)

Fig. 6 Relationship between concentration and
capacitance

From Fig.6, none shakes with ultrasonic as square
dots were the sample of CPO, the model was also y =
0.11987x% - 0.46104x + 0.47418 with r* = 0.98098. In
addition, circle dots as shakes with ultrasonic were the
sample CPO, the model was also y = 0.08965x° -
0.41335x + 0.3731 with I = 0.9554.
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4. CONCLUSIONS

Regarding the relation between capacitance and CPO
mass concentrations, there were two samples including
none shakes with ultrasonic and shakes with ultrasonic
that were tested on parallel plate capacitive sensor with
room temperature (25°C). The first result showed us the
capacitance of first sample is higher than second sample.
There were also some immiscible fluids in the first
sample that made higher dielectric and then higher
capacitance as well. The second result based on the
same level of CPO mass concentration concluded once
the capacitances are decreased, and CPO concentrations
were increased. As above, we make sure the knowledge
can be applied to predict suitable harvests and develop
any portable module for product management and ease
of use respectively.
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