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ABSTRACT 

/Jlls/ness illlelligcllcc (lJ/) system as an architecrure of competellcies. processes, leellll%gies. applications lind 
pl'llclice.~ to SIIPpO!'1 prodllctidry measurement. If obl'iolls~\" needs (/ IJI [hat .wppon organizatiol/ to dec/are lIll)' 
prot/llc/ioll COlls/raillt.l· tlltll cllrrelll!y or a!I'em!y oC/,;UI'rr.w ill .weh tiS (ire ClIl'illg il/dll~''')'. Overall Equipmellt 
1:.f/ecril'l!./I(!~·.~ (OEE) is used (IS (I I/II(/lititatil'e prOdllCfil'il), mca.wn!lIIellT (llId becollle Ihe beHe of compally COli
fill/lOIiS imprOI'cmf'1II alld cralll(lliv/!. The objecfires of fhis ,wu/)' (lrc lO idell/ify crilical paramcfers of produc
tioll lille ill cJJecfil·ell es.~ measuremenT and machine lIIili;:(l/ioll. (II/(I'y::e flu: reqlliremem of illfol'llwtioll sy.~tcm liS 
fill Alldroid hased !I1obile BI System (llId fo illlcgr(lle III(.' de~'igll illlo a mobile system. !:,)'slem requirement (11/(/

Iy::ed each illterdcpelldcmll1em'll/'c ill lite rcal \l'orld of COlllplexil), by IIsillg BPMN 2.0. The,~e mClI.wrcs (Ire part 
of c/ashbo(ll'd CQmpOllelll.f ill tlte proposed Ill. The acqllired d(l{(I from II Na tiOllal forefrv lIf lire illdusfI)' shows 
Ihe OE£ ill three ralio /IIcasurcmellf of amilabililY. peltOl'mallCe, alld quality with 78%. 82.5% and 99.8% of 
st;orecard respcclively. III order /() dctermille tftc statllS 0/ pmdllctioll. the dcploy mclI/ 0/ k-lIcare.1"l neighbor 
(k. NN) gh'e~' 67.5% ojaccllmcy rille, Th c aifical pm'olllclel's idemijicmioll re.w/fS to 8 (eight) ~'igllificwlI co//
,Slraim,l', which ca lculated /lsillg di,I'/(lIIce-/)met/ RELIEF mfribllte selectioll. E"enlllally litis approach res lllt~· big 
fOllr cOllS/milll.I' W be /loted: (a) /IIold repair, (b) mold .I·clling, (1..) grecn lire shortage alld (d) defect cwe, 

Ki')'ll'ords: bllSilless illfelligcllce, tire cllring, prodllctil'it)' 

I. Introduction 

Productivity is one of the company success indicators in prod ucing goods and impro ving service quality to 
consumers or related pan ics. Productivity is a measurement level to obtain the results with a variety of 
aV,1 i lable resources l I , . To regain the ir com petit iveness wit h in th e market, com pan ies should apply th e Total 
Production Managemen t (TPM) fo r cost efficiency and higher profit margi n . Most of multinational tire man
ufacturers arc Original Equ ipment Manufacturer (OEr,'I) for automotive industry: hence the critical parame
ters arc pointed on how they produce goods wilh right quantity at the right place and at the right time. or 
termed as just·i n-tim e [21. Just- in-t ime (J IT) is llOW often termed as lea n manufacturing that wou ld have 
become iss ues for product ion s trategy. Recen tl y. business need ,I method 10 repair and reveals the problem as 
so lution due 10 dynamic eve nts and inc ident s in production. Core problems co uld be revenled llsing business 
intelligence (81) by applying dashboard to measure and monitor performance of production. Productivity 
measurement within 131 system s is able to comb ine data ga thering. data s torage, and knowledge management 
with analytical too ls 10 present complex internal and co mpetiti ve information to planne rs and decision mak
ers. Some organizatiolls use BI to gain data-driven insights on anything rdated to business performance, 
Enterprise can build busi ness intelli gent (I3I) system usi ng analytics illsight to trigger business even I [3]. Any 
measurement from analytics insig ht is shown at specific parameters on dashboard that reflect the definition 
o fproducli vit y scorecard to su pport dec is ion making, 

III thi s papcr, we focu s on productivi ty data min ing usi ng Overall E<l uipm cllt Effec ti ve ness (DEE) as indica 
tors. DEE is an appropriate method to measure tire curing as products arc discrete and able to revea ls the six 
big losses in productivity. According to Maran el.al (2012) six constraint s arc divided into three categories 
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which provide major influences on productivity [41. Constraints could be minimized by predicting and de
term ining the priority constraints to be solved from a variety of constraints that may occur during thc pro
ducti on process. Predictin g ami sequencing th e cons tra ints nre likely to support management to deci de pre
vcn tive ac tion for coming period - especially with a mobile and fr iend ly-practical dashboard to monitor the 
reports. This paper is merging the powerful busi ness analytics and fundamental OEE measu remen t (using 
data mining) to revea l Ihe sil ve r linin g of produ ction and reduce business friction with mobile 131 dashboard 
to triggcr bu siness acti on in real time. 

l3ased on the motivation above. the objecti ves of thi s paper are to identify critical parameters o f production 
line in effecti vencss measurement and machine util ization, anal yze the requirement of informati on system as 
a mobile BI system and to integrate the design into a mobile sys tem. Critical parameters obtai ned by produc
tion constraints OEE valucs of so mc production lines . OEE prod m;tion lines with the lowest value will be 
anal yzed furthcr in the form of prediction s for the nex t period of production status using algorithm 
k-nearest-nei ghbor [5}. Priority is determined using RELIEF a lgori thm [6J. Both algorithms are used as a 
loss of transparency in the productiou process so as to facilitate efforts to reduce such losses. 

2. Research Method 

This pape r is wrillcn in on-fie ld experi ence, which all the data was acquired from one of the biggest tire 
multinationa l company in Indonesia. The facts of production '1c tivity lead to build the systemat ic methodol
ogy to solve the prOd ucti on constr<li nt s. Frequency of constra ints cou ld be minimi zed with an ticipat ion and 
preventi ve action . Categoriza tion of constrai nts wil l case the tlser to determinc right treatment for the con
strai nt s and computational calculation. Co nstraints should be prioritized and first priority or main constraints 
should be placed 0 11 top of all production constraint s which effec tively reduce total both major and minor 
constraints and brie ny in crease the producti on quali ty. All classifica ti on and sequencing rcsult should be 
monitored (dashboard) to trigger management dec ision in order to main tain production l[uality. ['Ience, the 
sequences abovc arc elaborated in the methodology cxplanation below. 

2.1 C onstraint Analysis 

:I . Ovc rall Eq uipm en t E ffecti ve ness (DEE) i\ h 'as llr"cment 

OEE is a combined measurement of the effectiveness of the time (availability), machine perfOmlallCe 
(performance) and product quality (quality) [7]. The genera l formula used to calculate the OEE va lue is written 
in equati on. 

OEE • tIl"CIifubili(I' )( IIcrfiJl"ll!flllCC )( IJI/fllil)' ( I ) 

The effectiveness of the time (availabili ty) shows the ability of a machine to produce product production. 
As sccn in equation ( 1.2). this paramctcr is the result of a comparison between the times spent during the pro
duction takes place with a tota l time avai lable for such acti vi ties. 

Avai!:tbility=RuntimclLoading Time (2) 

Engine perfonnance shows the ability of a mach ine to produce product product ion (pcrformanee). This 
parameter is the result of a comparison betwecn the achievements of production Ihat should result in a net time 
used fo r production activi ties take place. Calculation engine perfor1l1!1nce le vels seen in e(jllation. 

I'erfonllance"- lotal prodllctionilarget production (3) 

While the level of product quali ty (quality) on OEE is the ra tio between the total products is acceptable 
(good) wi th the tota l product produced. Thi s measurement is close ly rel ated to the number of defective products 
(defects I scrap) . 

Qua1ity=good product/total production (4) 

b. Pr"cdi etion of Pruduct io n St:llU S 

Prediction product ion status wi th k-nearest neighbor algorithm aims to prcdict the classi lication statuS of 
production in th e next period. Principle of this algorithm is to find a pattem of a dat'l se t (tmining tuples) and the 
class ifi cation of data of unknown e lass iticrtlion (u nknow n tupl e) 15J. Classilication is done by measuring the 
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distance to the k nearest training tuples where itcm data as rderence and lix data in the problem domain and un 
known tuples which indicate data to be class ified with in thc proposed solution, In this s tudy. the closest distance 
is calculated by Euclidian dis tance (1.5). 

I~ . . 2 2. (XII-.QI ) ,XI 
i=! 

II':l ining tuple; x 2 "" unknown wpl es (5 ) 

Company's hi storical yie lds data indi cate the mnount of production losses caused by any co nstraint s ha ve 
di ffercnt ranges. Normalization of data needs to be do ne so that any outcome classi fication has a valid va lue. The 
itcm of nonnalized data represented as \.' where nonll:l lization proccss of data on cach :llIribute constr:lints made 
poss ible using the following equa tion . 

v", unnonnali zcd claw,;/= value on dataset 

(6) 

c, Product ion Co nst r:l ints sequ ence 

Recursive Elimination of Features or RELI EF technique in att ribute sekction algorithm is used to give 
weight to each constraint to a production status. Weight values will be sorte(1 as priorit y constraints most exhib
itcd siglli fieantl y caus ing losses in producti on. RELI EF is the princip le o r tile technique using the Eucl idea n dis
tance to the data (i nstancc) of the othcr data in the same attributc, Instance classi fied into two, namely Ncar-hi t 
and Ncar-mi ss. Ncar-hit arc thc instances thai arc in one classification while Ncar-miss has a difTcrcllI classifica
tion [6J . In this s tudy, the classificat ion is dClefmincd by k-nearest nei ghbor algori thm , 

3. Result and Discuss ion 

3, 1 Prod uction Co nst ra int Analys is 

Study case was conducted using multinational tire company production data which has been coll ec ted in 
sevcral wecks. The OEE was calculated using thc three ratios include Ihe level of effectiveness o f thc time 
(availabi[ity), eng ine performance (pcrfoTlI1:mcc) and product qU:l lity (quali!y). l3ased on the data availablc, the 
results arc shown in Figure I as follow s. Data was compared with world standard ofO EE in manufacturing. 
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IiiI PT.X 

IiiiI Worid Class 

Performance Quality 

[n relation to thc six big losses components, the production constra ints in tire manufacturcr were directly ob
served on ficld. The resu lt of 8 (eight) main constraints of tire manufacturing (p lease 110te that constraints were 
only focused on mach inery issues) and c:o;planation will be spelled out in Tab le L MIG Trollb le is olle of the 
biggest breakdowlls of a machine bCCHuse its failure in tire cllfing. The Backward I" Cllre and Green Tire 
Shortage arc constraints eauscd by miSmatch in scheduling or undeliverable production target which will impact 
the next production activiti es. Mold Selling and MoM Repair arc some constraints that impacted the performance 
of production which causcd by adjusullents of tire size that 10 be c urcd. Bladder Changes is act ivity to change 
the bladder due its durability to maintain quality of tire curing which cou ld easily downgrade quality tire or so 
callcd defect. 
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Tabll' I. Six Hi~ l.oJses Idcntincnlion 

..... 0. Con~ lr~ inIS Sj:r llig I.ossrs Calfj!ory 

I. /l.I/C Tro ll b l ~ IlrCJkdowliS ,. Backward I " Cure 

J . Green T; r~ Shonasc (GTS) ,. Mold Sellmg ,. Mold Rq •• lIr 
Selup and AdJuslmfnlS 

,. Cleaning Tools 

7. Rladdcr Changes 

,. Ikfe" 
Ikjeci 

As mentioned above. the constraints should be cl ilssilicd and sequenced in order to conclude the production 
and trigger management action. The classification process is using k· nearest neighbor (KNN) as one of da ta 
mi ning technique. The princip le o f K· Neilrest Nei ghbor (KNN) is look ing fo r the shonest distancc between Ihe 
data to be eval ualed wit h K neighbor (neighbor) in the closest training data. K value can be determined experi. 
menta lly and we used k- 2 with 67.5% accuracy rate. Then do the classifier data test b:1sed learning data to obtain 
production status as call be sccn in the T able 2. 

This class ification helped user to deten11i ne the dala classificmion of unknown tuples. Each tuple represents 
dai ly production. Thc class ifi cat ion will be interpretcd in dashboard to measure the quality of production as key 
performance index (Kil l) i.e. 85% is classifi ed as G or good, 75%·85% will be classifi ed as A or acceptable and 
the rest wil l be classifi ed as NO or /lot good. This method is the lIIost :1ppropriatc compared to other techn ique 
whie:1 has 67. 5% accuracy ra te. higher tho II other method i.e. N:1 i"ve Bayes cl assifi er or suppon vector machine 
(SVM). 

While there arc ma llY NG clussifications, Ihere shoul d be an in-depth analys i.~ to identify the cri tic,1) paT<1m
eters of lire curing. Rcfer 10 fra meworks Ihat have mentioned above, the conslra ints should be sequenccd or 
weighted to ident ify the most illlp:1cting constraint in tire curing. Constr:1inls on the production of the weight 
calcu lation to detennine the conslraims that have the most impact on production fa ilures. [n Ihis study the melh· 
od used 10 calculale the RELI EF weight of each consimili!. The princi ple of the ealcu lalion is 10 calculate the 
miss and hil each att ribute 10 each classifi cat ion [S J. This lechni<lue rcsu[ ted weight and ranked to kllOw the most 
afTccting attribute (constmints) on the fie ld. Gr!lph of ranked weight is depicted in Figure 3. 

Tahle 2, Cla ~ s in c:"ion Slllllili c of l' rIllJ \I ~lio ll S l:illI .~ 

i\ IIC T rou. III:ultin 
GTS 

1" C urr i\t(l ld i\t otd C tc~n l n 1: \) e r~C I 
Others Cb u ifi ca lion 

01. C h:lner Ib el.wanl Sm lne lt e ~Dlr TO(lts C urt 

0.735 0.552 1.000 0.000 0.000 0,769 0.000 0,245 0.746 A 

1.000 0.966 0.1135 0.000 0.000 0.000 0.800 0.51 1 0 .302 A 

0.000 0,793 0.6211 0.000 0.000 0.000 0.000 0,367 0.127 NG 

0,295 1.000 0,728 0.000 0.000 0,}08 0.000 0,327 0.4 .14 NG 

0.344 1.000 0.50-1 0.000 0.500 0.000 0,000 0,0112 0.667 A 

0.0-19 1.000 0.4.\.\ 0.000 0.000 0.000 0.000 0.000 0.508 NG 

0.328 0. t 88 0.8 13 0.000 0.000 0.000 '.000 0.000 0.41 3 NG 

0.590 0.906 0,,104 0.000 0.000 0,000 0.000 0. 14) 0.S7t NG 

0.000 0,20-1 0.733 0.179 O.IJ(J{) 0.179 0.000 t ,OOO 0.000 A 

0.098 0.463 0.182 0.000 0.000 0.000 1.000 0.347 0.000 A 

0.000 0.778 0.42 1 0.000 0.000 0.000 0.000 0. t63 0.000 NG 

Nute ' 
A ..,. An:l.'plllbll' 
,vG .. NOI G(J(J(I 

Those calculations above wi ll become the core computationa l ca[culat ion ror the monitori ng dashboard of 
business int ellige nce appli cation. The model and system arch itecture will exp lained be low. 
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3.2 Business Intelligence S)'Sle lll i\ lodel and i\ lobil c-Bascd Soft wa re fo r Prod ucti vi ty Eva lua tion 

The relation of productivity mcasurcmel1l and business intellige nce arc interpreted in KP[ and dashboard. 
The numbers Ihat have been calcu lated using lllethods above become the parameters to determine the quality of 
production. The dashboard itse! f helps management to decide dynami c-based eventS that usually happens during 
production. All the d[lIa were collected in data warehouse from any stakeholders. Data were processed in com
putational exerc ises that consist of data mining technique to extr.tct infonnation and conclusion over the scal
lered data. The il lustrati on of rea l lime 13 1 concept is Fig urc 4 below. 

- _--::-..,. - H - ~ 
!~ 

J 

f -
Figure 2. Business Intelligcllu' Com:ell ' 

The requirement will be elaborated using business process mode l. Business process model is :1 model to 
help identifying, illustrating and elaborating a problem in a business. Business process is one or more procedurcs 
to revea l bus i ne~~ objectives. usually in thc contcxt of organizational Slructurc thai define the function.!1 ro le and 
its re lat ion [9J. The mode l is usi ng Business Process Model Notation 2.0 thnt de fines the process of information 
and become the basis o f business intellige nce system architecture. Business process model is illustrated in F ig. 
ure 5 below. The highlighted process is the critical busincss intell igence components thai will tran slated into 
dashboard. 

Figun' J. Process Bl.sis Fra~rne" t of Business Intelligence 
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Design an infonnation system into mobile-based package werc then compiled wilh object-oriented programming 
using Unifi ed Modeling Language (UML)_ UML is used 10 meet lhe visual modeling needs in spec ifying, illus_ 
trating. build ing a]](1 documentation of software system. UML is also termed as visu:11 language for mOdeling 
and communication in relation to a system !Ising supporting diagram [IOj. In this paper, the so ft wlIre was built 
using Andro id platfonn, which could be lIpplicd in any recent devices. The software is real -t ime connected to the 
server and other Pc. 
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4. Conclusion 
This paper proposed a construction 10 build Android based mobile Business Intell ige nce application by fi rst 

identify ing cri tica l parameters o f producti on line in e ffectivcness measureme nt and machine utilization, and 
then by ana lyzing the requiremcnt of information system as a mobil e 01 system and cventua ll y by im cgrating 
the des ign in to a mobile sys te m. These computational exercises we re elaboratcd as Key Pcrfoml;lr1ce Index 
(KPI ) to be monilored on dashboard and like ly to trigge r management decision which naturall y to cover the dy
namic-based production evcnts production. By compiling end to end crit ica l factors in tire curing production, the ;
dashboard would inform operators and management the rea l time sitli ll ti on in production !inc as the core of 
business int elligence (01) concept. This mob ile BI-system of production evaluation is the inili,,1 s teps and ex
pected to deve lop whole tire production process or other manufacturing compan)'. Fu rthennort:. in order to en
hance the foca l point of business inte lligence and OE E as an integrated system of en tcrprise resource planning 
(E RP) with Overall Financial Effectiveness (O FE) to measure the cost reduction and asset deprcc iation of ma
chincry and equipment. 
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