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PENDAHULUAN

Pada masa yang akan datang laju pe-
ningkatan produksi miuvak sa\\.it Indonesia
diperkiralian melampaui laju peningkatan
konsumsi minl'ali sauit domestik. Oleh
karena ifu orientasi pemasaran minl'ak sa-
nit 1'ang selama ini diarahlian ke pasar do-
mestik hanrs diubah ke pasar internasional.
Perubahan orientasi pemasaran ini perlu
didukrmg oleh komoditi minyak sawit
Indonesia )'ang bermutu tinggi sehingga
me,mililii da1-a saing kuat.

Salah satu falitor vang mempengaruhi
mutu minl'ali sasit mentah adalah praktek
pengolahan )'ang dilaksanakan di pabrik
pengolahan kelapa sarr-it. Pada saat ini-
mutu minr-ak sasit mentah ditentukan oleh
kadar asam lemak bebas- kandungan air,
impurities Qiotoran dan padatan bukan
minl'ah). Bahan baliu tandan buah segar
kelapa sauit l'ang kurang matang. proses
sterilisasi. penebaharr- pemasakan. dan
pengempaan serta klarifikasi rninl'ak ),ang
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.4BS'TRAK

Sinasi pasar vang dihadapi ninyalc scrtttil Indonesia pada nrct.ra v,ang akan clutcrrtg
adalah .situasi pasar dengan tingkat konryetisi 1'utrg nmliin lretat sehilryga diperlukan minvak
sawit mentah yang bernulu tinggi. Fakfor vang, ntentpenganthi nntu nrirtvali sau,it nterttalt
dalam proses pengolahan tandan buuh segcu' liclapa sawit menjadi nirryali scrutit mentalt
adahh lradar air, inpurities, dan asant lenmli behas. Tr{uan penelitian ini untuk nteniltanht
prahisi pengolahm kelapa sau,it dalant ntertgautasi mutu ntinyak sau,it ntentalt nrclalui
penerapan sistem pakar. Sistem paliar ha.sil penelitian ini (LYSPalmlal dirartc'cntg rutmlc
membantu pt'o.ses analisis terlndap pemmsalalmn yang tinbul selann proses pengoluhan
kelapa sawit. Proses analisis tersebul bersi.fat intet'akti-f sehingga pengguna lapat berlion-
sultasi mengenai falitor-falctot'yang rnempeng,anilti truttu minyalr sawit nrentnh.

Kata kunci : minyak salvit mentah. mutu. sistem pakar

kurang baik. dapat nlcnyebabkan perolehan
rnirryak sau'it mentah ),ang kurang baik
ttttttttnt,a.

Rurnitnl'a persoalan akibat adanya
sejumlah faktor )/ang saling berpengamh
dan harus dipertinrbangkan secara simultan
unfuk memperoleh hasil pernecahan (so-
lusi) 1'ang memuaskan. rnenyebabkan per-
lunya suatu sistem pengarnbilan keputusan
di dalam proses pengolahan minl'ak sawit.
Sistem tersebut diharapkan mampu lneng-
analisis dan mengintegrasikan faktor-faktor
tersebut dan pada akhirnya rnemberikan
solusi ),ang terbaik. Sistern pakar (expert
system) dapat digurrakan sebagai sisteln
penganrbilan keputusan di dalanr proscs
pengolahan rninyak sau'il.

Stmktur dasar sistenr pakar terdiri dari
tiga kornponen utaura- vaitu: sistem ber-
basis pengetahuan. rnekanisme inferensi-
dan struktur penghubung antara pengguna

dan sistent (4) Sistenr pakar berisi se.jurn-
lah infonnasi untuk mencapai peny'elesaian
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tertentu yang metldekati keputusall seorang
pakar (1).Oleh kareua didasarkan atas

pengetahuan lllallusia. r'aitu pakar- maka
sistern pakar tidak dapat rnelakukan tugas
pemecahan masalah yang tidak dapat dise-
lesaikan oleh nanusia. Pengetahuall )'ang
terkandung di dalanr sistern pakar Incrupa-
kan satu-satunya sulnber kekuatan sistent
pakar tersebut (6)

Penerapan srstem pakar mcnriliki
keunggulan karena adanva faktor keterse-
diaan pengetahuan- konsistensi dan kom-
prehensil. Dengan menggurlakan sistern
pakar- pcngetahuan deklaratif dan prosedu-
ral dari seorarlg pakar akan sclalu tersedia.
Sistem pakar bersitat konsisten. artinva se-

parlang pemrogralnann\/a benar rnaka
prograln akan berjalan secara konsisten dan
benar. Disamping itu- sistem pakar dapat
nrcnggabungkan keahlian dari beberapa
orang pakar sehingga diperoleh konsensus
ntasalalt );allg bersifat kornprehensif (3).

Penelitian ini bertujuan urcrancang
sistem pakar untuk membautu praktrsi pe-

ngolahan kelapa sar,vit dalanr urengau'asi
rttntu rninvak sau'it mentah dengan sistent
berbasis pengctahuan. Basis pengetahuart

disusun dengan cara urempela-jari laktor-
faktor ]/ang meltlpenganrhi nttttu rttinvak
sau'it mentah dan mewa\\ancarai dan
mempelajari alur pikir para pakar peng-
olahan kelapa sawit dalam penga\vasarl
mutu minvak savr,it mentah sehingga dapat
menrcnuhi standar mutu \rallq diminta.

METODOLOGI

Kcranglia Pemiliiran

Penurunan rnutu rninvak sau it mentalr

] ang mungkin tinrbul selanra proses pengo-
laharr kelapa sarvit merupakan nrasalalr

)'ang cukup konrpleks karena nrelibatkan
berbagai unit proses mulai dari bahan baku

]'ang akan diolalt sampai rninvak dikeluar-
kan dari pengering nrinvak vakum. Tahap-
tahap pengolaharr rninvali saw'it mentah
telah dibahas olclr beberalta peneliti ter-
dahulu (2.5) Parirnreter penentu rnutn mi-
nvak sau,'it mcntirh \ ang dihasilkan oleh
proses pengolahan kclapa sau'it adalah
karidrrrtgan air. rntltrrritie,s (kotoran dan
padatan bukan nirnrak). dan asanr lcmak
bcbas. Aralisis tc'rhadap faktor-faktor ter-
sebut hams dilakrrl<arr secara cerurat se-

hingga ntenghasill,an keputusau 1'ang kon-
sisten dan andal l]crdasarkan pertirnbang-
an ini nraka dipcrlLrkan peudekatan sistem
dan sistem vaug rirpilih harus dapat lneng-
analisis selunrh r rr lormasi ]'ang tersedia.
sebagairnana laraknra seorallg pakar. se-

hingga dapat diperoleh kondisi proses
pengolahan vang optimal dan menghasil-
kan tuinvak sa\\ rt nrcntah dcngan mutu

)'ang Ineureuuhi stlrndar )/ang berlaku.

Pcngcmhilngan i\lodcl

Pengenrbangur nrodel dilaksanakarr
dengart nlengsunrrl,,an bahasa pernrograni-
alr l't.:'ttcrl lju.src litr I(indr.tv':; r,'ersi 4 0-

\ang dikcrnbangl.,.ur olclr Microsoli pada

taliun l9lt7 Pcn'lenrbangall sistenr pakar
EXSPalrtr Ia (l''x1t 'rl ,St,.s'lcttt to A,s.si,:'l in
('ontrolling lhe Otrulit..t o.f'('nrcle Pqlnt Oil)
nremcrlukan sepcrangl<at konrputcr seku-
rang-kurangnva P(' AT 4tl6 MHz. dengan
kapasitas memori mininral sebesar I MB
dan nrouitor jcnis \/GA.

Dalarn tahap persiapan dilakukatr
identifikasi pcrnrrrsalahan. ),ang meliputi
pemiUhau masalalr. ideutillkasi tujuan dan

surnber pengetalrrrau (strrdi pustaka dan
pakar). Tahapan ini dilakultan dengall nle-
ngumpulkan data llrinrcr tl'laupull sekundcr.
Agar diperoleh basis pengetahuan ]'ang
akurat rnaka diprlih pakar dan praktisi
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)'ang terlibat langsung dalam proses pengo-
lahan kelapa sa\,vit.

Setelah tahap persiapan diselesaikan.
selanjutnva dilakukan erlam tahap kegiatan.
yaitu: penverapan pengetahuan. konsep-
nralisasi pengetahuan- represeutasi pellge-
tahuan- pengembarlgan niekanisnre inferen-
si. pemrogranan kornputer. implententasi
dan evaluasi. Penrerapan pengetahuan di-
rnulai dengan nlenvuslln kerangkanva be-
rupa pertan\ azm-pertan\ aan seputar lltasa-
lah l'ang drhadapi selanra proses pengo-
lahan kelapa sas'it. Hasilnva disusun lnen-
iadi suatu sfruktur ] ang meugganrbarkan
permasalahan dan bila perlu dapat dipilah-
pilah menjadi bagian-bagian )/ang lebih
kecil untuk memudahkan pemahaman.
Konseptualisasi pengetahuan ini juga ber-
fungsi scbagai urllpan balik bagi pakar
untuk nreurcriksa kebenaran, kelengkapan
dau konsistcnsi pengetahuan, serta untuk
mernpeftahankan antusiasme pakar dalam
pengemb augall prograur.

Pemilihan metode representasi penge-
tahuan dilakukan dengan ntempertimbang-
kan jenis pengetahuan \,allg akan disaiikan
dan bentuk penl,ajian pengetahuan pada
bahasa pelrrograntan sistem pakar yang
digunakan. Pengembangan rnekanisme in-
ferensi diau ali dengan peurilihan strategi
penalaran, sfrategi pengendalian- dan
strategi pelacakan. Basis pengetahuan \/ang
telah disetujui oleh pakar beserta urekanis-
rne inferensi )'allg dilerrgkapi dengan
fasilitas penjelasan dipadukan dalanr bcn-
tuk program kourputer. lmplenrentasi pro-
granr dilakukan deugan penguliarl progranl
kepada pengguna dan pakar. Kelengkapan.
ketepatan dan konsistensi pengetahuan,
keruudahan rnengakses progranr dan kenru-
dahan komunikasi atau dialog dengau

FEnc{una rnL-rupakan l.tl-hal }allg selalu
drer rluasr

HASIL DAN PEMBAHASAN

Sistem pakar EXSPahnla. vang ter-
diri atas badan progranr dan basis penge-
tahuan. rnudah untuk drpahami dan diope-
rasikan karena pengqLula tidak hanrs
banyak mernberikan irrstnrksi tambahan.
Hal ini disebabkan olelr dimungkinkannya
perancangan struktur dralog interaktif de-
ngarl fasilitas yang disetliakan Vi,unl Bq,ric
.for Winclow.s versi 4.(r atau sesurdahnl'a.
Sistern pakar EXSPalnr la mempunyai tiga
fdsilitas. y,aihr fasilitas penjelasan. fbsilitas
masukkan nilai rnutu nr rnvak sawit mentah.
dan fasilitas konsultasr Fasilitas penjelas-
an disediakan untuk mcmberikan penjelas-
an kepada pengguna \ illlg belum menge-
tahui ruang lingkup dan cara pellgoperaslall
sistem pakar. proses pengolahan kelapa
sarvit rnenjadi miny'ak sar,r'it rnentah. dan
standar mutu minvak satvit ntentah.
Sedangkan fasilitas masukkan disediakan
agar pengguna dapat mernasukkan nilai
mutn minyak sarvit nrcntah dan sclanlut-
nya nlemungkinkau uurLrk konsultasi bila
nilai mntn minyak sarvit rnentah yang
dirnasukkan tidak sesuar dengan standar.

Badan program tcrsusnu atas sub-sub
progranr sesuai dengarr obvek dan control
pada nrasing-rnasing.fbrm. Badan progranl
yang paling utama bcrada pada suatt .file
teftenttr dan pada /ilc tersebut terdapat
etnpat btrah kontrol,\i,\'{',,,r,rrtncl berupa
rnenu-rllcnu pilihan bal i pcllgguna. yaitu
merlu Penjelasan. Konsrrltasi. lnput Nilai.
dan Kcluar Progranr vang dilengkapi
deugun surb-sub prograr)r untuk nrelakukan
pengoperasian lebih lanlLrt. Basis pellgc-
talrnan dioperasikan ;tatla kontrol Option
Bultott. Apabila kontr',rl-kontrol tersebut
ditekan nraka progranr ,rkan nrenanrpilkan
pertanl'aarr-pcrtant,aau beserta fakta-fakta
pertanvaan.
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Konseptualisasi basis pengetahuan

il11?"01ffi
diagram Pohon'

Sistem pakar EXSPalmla memiliki tiga

buah sruktur basis pengetahuan, yaitu

stnrktur basis pengetahuan untuk kan-

dungan air tinggi, kandungan impurities

tinggr, dan kandungan asam lemak bebas

tinggi. Struktur basis pengetahuan untuk

kandungan atr titggi disajikan pada

Gambar l.

rendah (<90"C)

Gambar l. Struktur basis pengetahuan kandungan air tilggi
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Suhu rninyah Yang rnasuk ke

dalam oilvacuum drYer

kondisi nozzlekemampuan kerja PomPa
vakum rendah karena

terJadi kebocoran pada

packing pompa dan PiPa
pompa

komposisi minvali
yang masuk or7

vacuum dryerttdak
rnemenuhi syarat

suhu minyak yang masuk ofl
puifier rendah (<90"C)

buliaan valve steam

unhrk heater di dalam
oil tank

steant yang masuk
ke heater di dalam

oil tanlc liurang

tekanan uap dari
BPI'kurang

perbesar btilraan v a Iv e

steam untuk heater r\
dalaun oil tank naikkan tekanan utrP di boiler

dengan menambah bahan

batriar dan rnembersihkan kerak
di nrang balcar atau lalarkan

suplesi uap dari boiler
langsung ke BPV
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Sistem pakar EXSPalrnla bekerla me-
nurut kaidah ) atrg dikembangkan dalam
mesin inferensi. Proses penarikan kesim-
pulan dilakukan sesuai dengan cara se-
orang pakar pada saat nlenganrbil keputus-
an pada proses pengolahan kelapa sa\\'it
berdasarkan infornrasi vang diketahuinl'a.
Proses pengarnbilan keputusan dalam
sistem pakar EXSPahnl a diau,ali dari
fakta. maju men\ usuri kaidah-kaidah fak-
tor untuk urendapatkan konsultasi faktor.
kemudian berdasarkan konsultasi faktor
tersebut dihasilkan kesinrpulan atau solusi.
Di dalarn EXSPalml a. setiap informasi
meu'akili satu paranrcter dan disebut nilai
parameter. Nilai-nilai parameter ini saling
berhubungan ] ang diatur dalarn bcntuk
kaidah. Kaidah urrtuk infonnasi )'ang
bersifat pasti bekcn a bcrdasar ntochr.s
ponen.\. l aihr suatu kondisi dikatakan
bcnar-benar terjadi dengan tingkat kcper-
ca\ aan l0(lo/o.jika inlorrnasi )rang llrell\/e-
babkan kondisi Lerscbut diketahui dengan
tingkat kepcrcaraau 100'% jugu. Dalam
EXSPalrnla- moltr,\' pon(ns tersebut diko-
dckan dalanr bahasa peutrograulan Vi.srtql
Bu.sic' .fitr' [Vindoy's versi 4.0 sebagai
berikut:

Il' IFakra-lraktal ]
Elsell' I Fakra-Fakta2]
Else lFakt:r-F:rkta_rrl
[ndlt'
lt' ISolusill I'lrcn
L.lscll' lSolusi2 | 'l'lr.'rr

F-lsc lSolusi nl Th.-n
Endll

Thcn [Solusil I'l'hen 
ISolusi2l'l'ltcn 
ISolusi__rrl

ISlran I I

I Saran2 |

lSrrln nI

Sistcnr pakar EXSPalmla 1r,rga dapat
nrenangani kondisi \ ang teriadi berdasar-
kan informasi vang urcngandung keraguan
atau ketidakpastian. EXSPalnrla llleu\/e-
diakan l-asilitas faktor kepastian )/ang dida-
sarkan pada teori peluang Baves. Dalam
hal rni. seorang pakar rnemiliki nilai kepas-
tran t-llcct:ttre ol Bette/. N{B) atau nilai
ketrdakpastr an ( -I.^fe o.\ t t t'( o /' Di.: b c I i e f MD)

terhadap suatu kesirnpLrlan \/allg berdasar-
kan snatu fakta. Baik nilai MD uraupun ni-
lai MB berkisar antara 0 (nol) sanrpai l
(satu).

Sebagairnana tclah dikcnrukakan.
proses pengambilan kcpulusan dalaul sis-
tern pakar EXSPahn lrr drawali dari fakta.
nraJu menvusuri kaidirh-l<aidah faktor un-
hrk urendapatkan korrsultasi l'aktor. kcrnu-
dian berdasarkall konsrrltasi laktor tersebut
dihasilkan kesinrpularr atau solusi. Penlu-
suran liaidah dilakukan dengan sistem pe-
ngendaliatr mata rantar ke depan lfttrv,crrtl
chaining) )rarlg bekclla di bauah kc'dali
rnetode pelacakarr nrendalant (clcpth-.lir'.:t

.search) dan pelacaka , rneluas (hreaclth-

.firsl seurc'h).
Verifikasi sistcnr pakar EXSPalnr la

dilakukan berdasar basis pargetahuan kau-
dungart air. Konsrrltusi dilaktrkan tanpa
rurclalui fasilitas nrasrrkkan tetapi dengarr
cara rncmilih lasifitas korrsultasi. Peng-
gullaan lasilitas konstrltasi diar.rali clcngan
penrilihau salah satrr tlari tiga I'aktor \/anq
akan dikonsultasikan yaitu laktor kan-
dungan air. kandungan irnlturrities (kcltoran

dan padatan bukan nrinvak). dan faktor
kaudungan asanl lcrnak bebas. Setelah mc-
nrilih salalr satu lhktor. rnisalrrl a faktor
kartdungau air- sistcrrr akarr nrcnarnpilkan
pertartt'aatt-perlartr aarr )'ang berhubungan
dengan laktor kandun.qan air tinggi. \'aitu
strhu rninyak yalig rrrasuk ke dalam oil
vuc'rttut't dr-ver- bukaarr katup uap untuk
per'nanas di dalant oil t,rnlc- tekanau vakurlr
di dalanr oil vucutrnt tlr.r,,er- dan kondisi
nozzle di dalanr oil vtrc'trrttn clnter. Untuk
menjavvab pertanl aarr-pcflauvnut'r di atas-
pcllgguna cukup rneuekan fakta-t-akta yaug
ada sesuai derrgan kondisi proses perlgo-
lahan )'ang rnengakibrrtkan kandungan air
pada rninvak sarvit mcrrtah titrggi.

Untuk nrenrberikarr tingkat kepastian.
pengguna cukup nrenckan anak pauah pada

6l
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combo box yang telah disediakan. Setelah

ditekan, program akan menampilkan enam

nilai tingkat kepast'ian untuk dipilih
pengguna. Hasil konsultasi adalah solusi

dan saran yallg perlu dilakukan. Tingkat
kepastian fakta yang diberikan pellggulla
pada rnasing-maslng pertanyaan akan

menentukan tingkat kepastian solusi dan

saran yang diberikan. Misahrl'a jika nilai
tingkat kepastian fakta pada rnasing-
rnasing perlanyaan tentang kandungan air
tinggi adalah 0.8 (sangat pasti), Q-4 (hampir
pasti) dan 0,6 (pasti), maka nilai tingkat
kepastian solusi adalah 0-72 sedangkan
tingkat kepastian saran adalah 0.648.

Contoh tampilan proses konsultasi sistem
pakar EXSPalmla hingga rnenghasilkan

solusi dan saran tentang kandungan air
tinggi diperlihatkan pada Gambar 2.

KESIMPULAN

Aplikasi sistern pakar EXSPalmla
dapat mempercepat proses analisis terha-
dup permasalahan )'ang mempengaruhi
mufu rninvak sarvit mentah. Penerapau

sistem pakar ini pada pabrik pengolahan
kelapa salit, diharapkarr dapat memper-
tahankan mutu minyak sawit )/ang diha-
silkan sehingga rnernenuhi standar yang
berlaku. Konsultasi dengan sistem pakar

EXSPalmla dilakukan dengan menjau'ab
pertany'aan-pertanyaan yang disajikan. Sis-
tem pakar EXSPalmla akan beke{a seba-
gaimana lal'aknya seorang pakar. Berdasar-
kan infornasi yang dimasukkan atau di-
konsultasikan. sistern pakar EXSPalmla
akan memberikan kesimpulan (solusi) dan

saran dari permasalahan yang sedang di-
hadapi yang dilengkapi dengan nilai ting-
kat kepastian.
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Kandungan Air Tinggi
(Di Luar Standar Mutu) !!!

Suhu minyak yang masuk ke
oil vacuum dryer

Q Optimal(:80t)

Q nenOah(<8dO)

rinskat kepastian I os ftl

Tekanan vakum dalam
oil vacuum dryer

Q Optimal (50 Torr =0.067 Bar=0.966 
"1tn1

Q Xurang (<50 Torr)

rinskat kepastian lilTl
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NOZZLE dalam
oil vacuum dryer

Q ruonunu

Qnus

rinskat kepastian [o+l

Nozzle sudah aus sehingga bekeria
kurang optimal

Tingkat kepastian @

Ganti nozzle yang sudah aus

Tingkat kepasttan @

Ganrbar 2. Tampilan proses konsultasi

(Figure 2. Consultation process displav

EXSPalml a r"urtuk

of EXSPalnrl a for

kandturgan air tinggr

liigh nroisture content)
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Application of exped system to control crude palm oil quality at palrn oil urill

Application of expert system to control crude palm oil quality at palm oil mill

Purboyo Guritno, Angga Jatmika, and Dirvan Prima Ariana

Abstract

Future cntde palm oil market is predicted to have a tight competitiveness due to highly
demand on the quality of the oil. The quality of crude palm oil is mainl_t,governed by itsfree
fatty acid, moishte, and impuity content. O/f quality standard of crtde palnt oil could be oc-
curred duing the oil extraction process, storage, and shipment. The objective of this research

is to desigrt an expert rystem used to assis/ the palm oil mill manager and engineer in control-
ling the qnlilv of the palm oil. The expeft system resulted from this research (EXSPalmla)
was designed to analyze a problem related to the Etality during day-to-day operation in the
mill The process analysis is interactive so that user can consult about anv problems affected
the quality of extracted cntde palm oil.

Key words: crude palm oil, quality, expert system
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' Introduction

In the future the rate of palm oil pro-
duction in Indonesia is predicted to surpass
the rate of domestic palm oil consumption.
Therefore, the market orientation of the
crude palm oil (CPO) is somewhat shifted
from the local or domestic market to the
international CPO market. The change of
market orientation has to be supported by
the high qualitv standard quality' of Indone-
sian CPO in order to remain strong com-
petitive in the international market.

One of the factors on rvhich the qual-
ity of CPO is influenced is extraction proc-
ess at the palm oil rnill. At present, the
qualrty of crude palm oil is govemed by its
free fatty acid (FFA) content, moisture
content, and impurities (debris and non oil
solid). Unripe oil palm fresh fruit bunch
used as raw material, incorrect sterilization,
threshing. digesting, and pressing of the oil
palm fruit, clarification processes of the
crude oil will lead a poor quality of CPO
produced.

Due to the cornplexiqv of the many
factors in the crude palm oil processing on
which the qualit)' of CPO are in{luenced,
the quick decision making system is
needed to simultaneoLlsly solve the prob-
lem encountered at the palm oil mill. The
system is expected to be able to analyze
and integrate thosc factors and eventually
provide the best solution. An expert sys-

tem, also called a knorvledge-based systern,
can be used as a tool of decision-making
s1'stem related to the quality of cmde oil in
the palm oil.

An expert sr stem is normally corn-
posed of a knou ledge base (information,
heuristics. etc.). inl-erence engine (analyzes
the knowledge)- and the end user interface
(accepting inputs. generating outputs) (4)
An expert system is a computer program
designed to mimrc the problem-solving
behavior of a human lvho is an expert in a
nzuro\,v domain or discipline (l). Because

an expert system works based on the
knowledge of human being, the expert
system can not make a decision from given
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problems which can not be solved by hu-
man being. The expert system does only
work based on the knowledge that have
been programmed in the system (6).

The attractive features of expert sys-

tem application are availability of the
knowledge, consistency, and comprehen-
siveness to solve a well-defined problem.

By using an expert system, declarative and

procedural knowledge of an expert are al-
ways available. The expert system is con-

sistent meaning that as long as its program
is correct, the expert system program will
work consistently and correctly. Moreo-
ver, the expert system is capable to com-
bine the knowledge of many experts so that
it can be designed consensus problems

comprehensively (3).
'This research is to design an expert

system model to assist the palm oil mill
manager and engineer in controlling the
quality of the oil to meet standard require-
ment based on knowledge system. Knowl-
edge-based systern was derived by study-
ing all factors on which the quality of the
crude palm oil is affected and interviewing
palm oil mill experts including their logical
chain of thought in controlling the quality
of crude palm oil.

Methodology

Conceptual framework

Poor CPO quality is affected by incor-
rect processing starting the quality of raw
material to be processed until crude palm
oil comes out from the vacuum drier. Step

by step palm oil processing has been

clearly described by previous rvorkers
(2,5). In order to give the consistent and

valid decisions- all factors on which the
quality parameters of the crude palm oil
processing e.g. free fatty acid (FFA) con-

tent, moisture content, and impurities are

affected have to be included in the expert
system model. The expert system devel-
oped enables to analyze all information
gathered from the palm oil mill expert and

literature and to simulate as an expert. The
conclusion and recommendation of the
system will give an optimal condition pro-
cess of crude palm oil extraction in order to
produce the quality standard requirement.

Model development

Model development was set up using
the computer language Visual Basic for
Windows version 4 (). s-hich is developed
by Microsoft in l9ti7. An expert system
EXSPalmla requred a computer PC AT
486 MHz with the minimum capacity of
memory of 8 MB and VGA monitor.

Problem identification including
problern selection. identification goal, and

source of knor,vledge (expert and literature
study) was done in the preparation step.

The problem identification was done by
collecting primary and secondary data. [n
order to obtain the precise and accurate

knor,vledge, the experts r,vho directly in-
volved in the crude palm oil processing

lvere selected.
After the preparation step was com-

pleted, the next step was the development
step which done through six phases:

knorvledge acquisition, conceptual knowl-
edge, knowledge representation, computer
programming, implementation, and

evaluation. The knorvledge acquisition was
started on structuring a framework of ab-

sorbed knowledge by asking questions

about problems encountered during palm
oil processing. Thc results of knowledge
acquisition from the expert and literature
study were stmctured into a problem
structure. If needed. the structuring knowl-
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edge can be broken down into smaller part
to ease in understanding the problem. The
stnrcturing knowledge also functions as
feed back for the expert to examine an ac-
cwate, ssmplete, and consistent knowl-
edge, and also to maintain the enthusiasm
of the expert in the computer program de-
velopment.

The selection of knowledge repre-
sentation method has to consider the kind
of knowledge presented as well as a
knowledge presentation form in the expert
system computer language program being
used. Development of inference mecha-
nism is initiated with the selection of rea-
soning, control, and fiaceably strategies.
The computer program is set up initially
with the building of knowledge base which
has been approved by experts and followed
by structuring the main program in the
form of inference mechanism equipped
with explanatory facility. Program imple-
mentation is done by testing developed
program to the user and expert. The com-
pleteness, preciseness, consistency of the
knowledge, accessibility and communica-
bility with the user are criteria which al-
ways are evaluated.

Results and discussion

The expert system EXSPalmla, which
is consisted of a program body and a
knor,vledge base, is a user friendly because
user is not necessary to give additional in-
shuctions. This was caused by the inter-
active dialogue structure was designed us-
ing facility provided by Wsual Basic for

Windows version 4.0 or latter. EXSPalmla
has three facilities, namely explanatory (on
line help) facility, facility to enter the value
of crude palm oil (CPO) qualrty, and con-
sultation facility. Explanatory or on line
help facility gives a brief explanation to
user who has been yet familiar with the
scope and operating system of EX-
SPalmla, crude palm oil processing, and
quality standard requirement of CPO. In-
putting facility allows user to enter the
value of CPO quality obtained during the
process. H the entered qualrty of CPO is
not in agreement with quality standard re-
quirement, the s1'stem will give a consulta-
tion and recommendation.

Program body was composed of sub
programs that were related to the object
and control for each form. The main body
program was located in a certain file con-
taining four SSCommand controls of menu
selection for users, namely explanatory.
consultation, value input, program exit
menus which are provided with sub pro-
grams to be used for the next operation.
Knowledge base was operated on the op-
tion button control. If the control button is
pressed, the model will display questions.

Conceptual knowledge base included
all factors on which the quality of the crude
palm oil are affected and was structured
into the flowchaft EXSPalmla has three
structures of knowledge base that are
structure of knou ledge base for a high free
fatly acid (FFA). moisture, impurity con-
tents of crude palm oil. The structure of
knowledge for high moisture content is
presented in Figure l.
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oil temperatr:re entering into

oil vacuum dryer

oil temperatr:re entering into

oil puriher is low (<90oC)

steam valve opening of
oil heater

performance of vacuum

purnp is low is due to leali-

age of pumP and PiPe
packing

steam entering into
oil tank heater is not

enough

composition of oil
and moisture en-

tering into vacuum
dryer is not con-

lbrmity with stan-
dard

steam pressure of
BPV is low

increase steam valve
opening for oil tank

heater
increase boiler Pressure bY

adding solid fuel and clean

deposit in combustion chamber

or add steam directlY fiom bY

pass pipe to BPV

lncrease eXofilllle-
tion on process

prior to oil drying
process

low (<90"C) optimal (>90"C)

optimal

optimal optimal

Structure of knowledge base for moisture content
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The experl sy.stem EXPalmla worked
according to set of rule developed in the
inference engine. The conclusion with-
drarval process in EXPalmla was done in
conformity with that of pahn oil mill expert
at the condition when he/she makes a deci-
sion of the problenr encountered during
crude pahn oil process based on his/her
knowledge. The decision making process
in EXSPalmla is begun from the fact and
goes foru'ard through the rule of the factor
to obtain the consultation factor. Then.
based on the consultation factor, it is em-
ployed a conclusion or solution. In the
expert system EXPahnla, each information
represented one parameter is called pa-
rameter value. These parameter values are
correlated each other which is governed in
the form of set of mle. The mle for cer-
taintf information u'orks based on ponens
modus that is a condition is said to be trulr
occured rvith confidence degree of 100%-
if the information that caused a such con-
dition is identrfied u'ith 100% confidence
degree. In this s1'stem. ponens modus is

coded in the computer language u'hich is as

follolvs:

If [Fact-Fact I] Then [Solution l]
ElseitlFact-Fact 2l Then [Solution 2]
ElseIFact-Fact_n] Then ISolution_n]
Endif
If[Solution l] Then [Recommendation l]
Elseif[Solution 2] Then [Reconunendation 2]
ElseISolution_n] Tlren IRecommendntion_n]
Endif

The expert systern EXSPalmla also
handles the condition that has been oc-
curred based on the nncertainty inforrna-
tron. The system provides the facili5, of
certaintv factor according to Bayes prob-
abilin theorern. Based on the certaintv
tactor. an expert ha: a neasure of belief
\1B I or rneasure of disbelief (l\4D) on the

:..n:lu-:rcn draun tionr the fact. Both NIB

and MD have a valtre in the range of tt

(zero) to l(one).
As stated before . the decision making

process in EXSPaln la is begun frorn the
fact and goes tlrrough the rule of the factor
to obtain the consrrltation factor. Then.
based on that consultation factor- it is enr-
ployed a conclusion or solution. Control-
ling method used in the EXSPalmla is a

forrvard chaining. This controlling rnetllod
worked under depth-first search aqd

breadth-first search.
The verification of expert s),stem EX-

SPahnla was done based on moisture
content knowledge bases. The consultation
can be done without ontering inputting fa-
cility but can enter hr selecting consulta-
tion facility. The usc of consultation facil-
it1' rvas started on sclecting one of three
parameters of CPC) quality e.g FFA.
rnoisture. and impurrtv qonter-rts. After se-

lecting one of the tlrrce parameters.,for ex-
ample the moisture c()ntent. the system rvill
display' questions rel.rted to cause of high
moistnre content of CPO such as the oil
temperahrre entenng \ acullln dn'er- steam
valve opening in thc oil tank. pressure of
oi] vacuum dryer, and nozzle condition of
vacuum dryer. To ansrver those qnestions,
user just answers the actual facts according
to the existing operating conditions that
contribute to the cause of high moisture
content during the C['O extraction process.

Moreover. tlie rrser has to give a cer-
tainfi, degree value t hat the high moishlre
content is caused br the olle or rnoie incor-
rect existing operatirrg condition process.

The user just presscs arrow at available
combo box. After prcssing. the model will
display a six-certainn' degree value to be
selected by the nser Rcsult of consultation
is in the fonrr of solution and reconunen-
dation. Certain[' degree value given by the

user for eaclt ansucr uill detennine cer-
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taint"v degree value of solution and recom-
mendation produced by the model. For
example, if the certainty degree for each

answer about the high moisture content of
CPO is 0.8 ("erl, certain), 0.4 (less certain),
0.6 (certain), the certainty degree value of
solution rs 0.72 and 0.648 for certainty de-
gree value of recommendation. Display of
explanation of EXSPalmla for high mois-
ture content was written in Indonesian lan-
guage. Figure 2 presented sample of con-

sultation process display of EXSPalmla for
high moisture content (please refer to In-
donesian text).

Conclusions

. Application of expert system EX-
SPalmla could analyze quickly the process

of the crude palm oil extraction problems

related to CPO quality. The application of
EXSPalmla at the palm oil mill could as-

sist to maintain the quality of CPO pro-
duced in agreement with quality standard
requirement. The consultation with EX-
$Palmla could be done by answer all
questions displayed. The EXSPalmla'
worked as well as an palm oil mill expert.

Based on information which is inputted or
consulted, expert system r,vill give solution
and recommendation from the problem that
is encountered during extraction process

which provided with a certainty degree

value
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