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Ahstract:-Yinds hove o negative and pesitive impool en everyday e, Negotive Impacts o everyday Bfe such ns the
disruplion of the Might process, While the positive fmpact That can be generated for exciomple, Che wind is isod s g seurce
of energy. Therefore B |s necessary bo forecast methed to predict wingd specil. Semarong b the caplial of Cestral Java
previmce ocaded bn the northern port of Jova [sland which became the center of Cendral Jova's econsany bn Indonesia.
ThereFore research is needid be forecasd wind speed in Somarang, Tndenesia, The nsd cemmuldy msed Torecasting
method is the Autoregressive Integreted mending avernge (ARIM AL Medeling osing ARIMA & o Unesr opproximaton
thad requires assumpoons. Cmne of the Neeyshossd ferscnsting methods thot dees ned reqoire ssamptions s the Adsptive
Mewre Fugedy Inference Systom (ANFISL The stapes in ANFIS used i this stody osing Siepaise proseduire, The first
precedure is pecfornsed with the selectlen of nput varlahles. followed by selectien of membership nembers. The Bnal step
s the dderminalion of mombershap Tundion The resolis abiained in the mwodel of wingd speed  in Sermrang s ANFIS
mnded with the pumber of fispeds as much & 2, membership poamsbar 3 amd mmembership Tinclisn & Gaoss, The eest
BEMSE In-sanmple and ol -snmple values are 8680451 and (LN TS,

Bevwards — Wind Specd. ANFIE, Stepwise Procedure.

I I TRODLCTION

Semarang City, the capitz] of Central Fiva Provinee, i$ one of anilegically located big cities becouse it is in the
midille of the morthern cogst of Jave, The city coordinate iz of G050 - TR S and 10WI35° — 1100307 E with an
ares of 3757 kmd, making the chimate of this city wropieal. As o drepical arep, the climate in Szmormng fes high
temperature and humsdaby. e mbdition, since thas cily is Tocated closs to the sma, it also has 2 high rainfall. Even, the
rains Amahds city ore freguendly sccompanied by srong winds. These nobaral phenomena reguise peoples in this city o
always be aled [1].

According o Meteornlegical, Climatiodegical, andl Geophysical Agency IEMEG) of Semumung City [2] in January
2006 there were 54 cases of tomado in Central Jova, while the occorvrence of somado will commanly redue when
the peak of miny season 1= approaching. In February 2007, BMEG of Semarung City estimated that there would be
radns and stromg winds in Ceniral Jova, pariculady in Semorong. This is due o the presence of low pressare in
Morthern Ansiralio, causing the air o pass through Cenimal Java resulting in minfall. Rainfall panticolarly occurs in
highland (mountainerus regions). tnggering comulonimbas cloads which are wsually scoomponied by pusty winds
At A Kilomneters per our and lighaming thet could endanger nationad aviation setivites [3], Thus, the forecasting of
wind speed s mecessary as an early warning system in aviation andusiry. In addition o the negative effects ansing
o wind , there are also positive effects of wind, one of which is as o formof energy sourcs

One o the siatisticsl methods emploved in modeling amd forecasting s Auioregressive Imegraied  Moving
Averape | ARIMAL ARIMA 1= a lincar approach, meaming that ARIMLA requines asiumplions fo be met, inclucding
ihe dita shall be sotionory and the residunls shall be white moise pind pormally dianbsed, Some of the modeling
prcedunes using ARINMA are sationary best, mode] identiBicotion, perameter festing and mixlel assamption esting.
Kince the assumptions of ARTMA are simict, failure in mecting these assumptions may result in o bissed forecasting
valse. Therefore the approdch that can be used apo frem lincor approach s nonlinear opproach. One of the
farecusting metheds with o nonlinear appeaach thal dees niet require sumplions is Adaptive Meumo-Fuzzy Inference
Symem (ANFIS) ANFIS or Adaptive Meuro-Fusey Inference Syatem b5 one hybrid system that combines neural
nebwerk and fazey legic, T addision, ANMFIS s a functional aschisecture thai is sbmilar to Segeno Fuesy nilke-hased
mckde]. The architectore of ANFES ix also similar wy meunil netwerks with racdial funclions with certiain Bmitalioms.
Several things to pay stention o in ANFIS madeling ane the desenmination of inpat, determination of membership
Tucntion and delerminadion of the sclivation function fiv be used. The activabion fusctions can make we of Gaussaon,
Gibeell, Trapezoidal, o Trigngular functions. A swaly relased 1o wind speed modeling using ANFIS s one
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conclucied by Salim el. al [£]. which modeled wind speeds on the eastern coas of Egypt using ANFIS. The resalis
Trom ghe maode] showed mone sccuracy than previous stufies. In oddition, shere were a pumber of stodics relaed to
the mendeling of wind gpeed based on nearal melwork amd fussy sach s Klosmad en, al [5] Asghar and Lis [6].

This paper anulyzed the modeling of wind speed Forecasting in Sernurang City becouse this city is the largest Gty in
Central Bawa that i located on the coasinl area, The nevelty of this pager is the AMFLS modeling procedurs wis not
bz ontmial and enear, b this used depwise procedure. The sepavise procedune was by inputing vaniable of Tag L,
ihen lag 2. then lag 5, shen the combination of these lags. This was then followed by determining the namber of
membership [unctions., stanting from two, then theee. After that, the membership foncbons were delermined . The
membership functions included Gaussian, Ghell, Trapezoadal, and Triangular functions. The dola vaed inothis sy
were obgoimed from BMEG of Semorang City for the period of SAagast 2005 amil Aoz 2007, The forecasting fo
e primluced s duily forecasting.

i1, PROPOSED ALGORITHM
2.0 Adaprive Newro Fuzoy Infererence Sywteme (ANFIS]
Fuzzy sel is a sel where the membeaship of sach element kst clear bovndaries [T], The comeeps of this s s in
comdrusd b -chissical sel. Input space is mapped intoe the value or degree of membership throeeh 2 funclion called
membership function (MF). Membership funciion defines how each poing in the mpol space is mapped inko the
vilhug o degres of membership between 0 and |,
Membership function can use Triongular, Trapeziodal, Gaussian, or Generalivzed Bell or Ghell, Sigmoidal, and Lefts
Right or LR functions us follows [T]

Tﬁmgulnr
V= =5
I

F vae = mnﬂ{m]rl“_ﬂ |—th]
whernz, uand ¢ are the parumelers at the Feel of irimngle and b ix the peak
Trapezii=lal

| - o =l =]
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wheere, parameter ¢ is the cender, i is the widhh of function, and b s the crossover pois of the slope
Sigmoiclal

I
e ]

whenz o ix the condrnl slopes at the crossover poin © =
Lefi-Right

E=

1..._- .

| m.m‘ﬂ

rhm

Fuzzy imference system is a computabional framework based on Roezy sel theery, fozey milex in the foeme of 15
THEM, and fuzzy |2].

In achiition, Moy mode] can also be used ax o substitute of percepiron with muliple Jayers. In this case. the sysbem
can be calegurized into 2 prosps: a2 grsup of artificial neeral netwarks with fueey weighls and fuxzy activation

fiaaedi]=
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fanctions and anather group of newral pelworks with fuzzihed input in the first or second Leyer, and adoerified
welghte on the anificial nearnl networks. Mewro fiesey belongs wo the seeond group [T],

ANFIS or Adagplive Newro-Fuzzy Inference Syslem is one af the hybricl sysems that combines neurnl nebwork and
Tzzy logic. AMEFLS 15 2 archilecture that is functionally similar K Sageno fussey mile -based model. The architecture
of ANFIS is also dmilar i neursl nevworks with mdial functions with few lionitations. In ofer sords, ANFES is o
miethod of which the wetting of the mules mokes wee of leamdng algorithm o g set of dola and alloows moles G ofspl,

22 Archiecrure of ANFIE -

The archateciure of ANFIS (Figure 11 wses bwo rules on Seeeno fuzey rule hased mode] [3] namely:
RuleT: 1721 &1 and x2 is Bi Then 11 = c11x] +ci2x2 +c10

Rule I1: I =1 15 A and x2 is BX Then 2= c2Ixl +¢22x2 +c20

1 ghe predicates fr bodh rules are wl and w2, then the weighied averge is:

L - .
K5 = “'IIJIII + H'l!.'lll
Wy Wy

ANFIS networks consist of the Tollowimg Lavers (Jang, 19497y

"
'

Lisibassi 1 Linsiomi | [E (=R |

Figure 1. Architecwure of ANFIS

The figst layer 15 0 the form of the degree of membesship that is piven by the input membership functicn. The
membership function is Ghell where {u, b, ¢} are the paameters, usually b= L. The paraometers in this layer are

plx)=

called a5 premise parameters, where o The seoid Tiyer is 8 fixed nowron whose outpat is the
result o the input, Eoch node represents dhe prediconss of the | mide. This lover is called fining sarength

W, = 4 !
ST, M g 'thie eiesberabi Ranction o A i the 1 rile aod 7% & the et finction of B

i

o=

o the 1 nele. The third layer is called a5 normalised finng strength for “i 92 The fourth laver, eich neammn

far « whemn

in the fourth layer is an odaptive node to an outpat, Whese ™ is normalised firing smength on the shird liver and
feil, e, cill} ane the perameters of the newron, The parameters of this loyer ere cobled as consguent paramelers

WK = '_".-l-'-'l + Gk *1'|||]

where The GRh layer is fived pode, ie. the saom of all inpuis  where
_ Zwmf
r-'l'|_|_-'E.|"||ri"J_
| EII:

In the implemenntion, ANFIS useshybnd leaming that combines  Least Sguare Estimobor (LSE) sad  emor
buckpropagation (EBFE. At forsard propagaticn. the netwark impal will propagate focwand 10 the foarh layer, where
ihe parmmeters ¢ will be identifted vsing LSE. Meanwhile ot backward propogation, the emmor will propagate
fckward wnd the parmmeters {ai. bl ei} will be fued by osing pradient-descen methisd ,

Winlwme 1 [ssue 4 July JHE 13 [55M; 1519-10%8




Intemational Jeamal of Innevatiens in Engineering and Technology (LTET)
hitpid doieeg! 21T 2jie 10415

I, EXPFERIMENT AMDx RESULT
The Following is the scatter plot of this research finding
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Figure 2, Scotter plot of wind speed da from Avgust 2005 o August 2007

The first step in ANFES modeling for wind spesd dota i o specify the PACE plot, followed by detcnmining the
ingun varinbles based on lag Antorcgresive. Then, the numSer of membership i determined, while the membership
Tonctions used are Gbell, Gaussian, Trzngular and Trapezoubal and the member of ferabons. This is then followed
by AMFIS processes such pe fozzificotion, fueey logic operation, the sctivaion of normalization degree,
and e fication In Lhis stody . the dagn were divided ingo twe il inample (from Aogust 2005 e Toly 20077 and
clata eulsarm e [ Auguw 2007,

A ANFIS madeling baved or imped variche!

bnsed aon e pacf phot in figure 5.0t can be seen that the cut ofF s afver lag 2 2o thaa the ingu variables used for anfis
mrdeling ore lag 1. lag 2 and lag 3. in thas paper. the inguas used Foo anfis modeling were lag |, lag 2, lag 3 and lag 1
with lag 2.

i::h-l__l_|____.rl__|l_l_ D

T el B e e e o BT I e A e
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g

1
e

L L T
(=1

Figure 3. Scatier Flol (O FPACEF OF Wind Speed

there were twa memberships used, while the activation funchion used was paussiin.

In ordes f0 ped parameters thol mindmiee ermor, data droining using leanving  algorithm Least Squase and
Rackpropagntion was camied eaf, This algorithm was eapeebed w result in forwand consequent parnmesters with
Least Square algorithm and backward premise parameters with Backpropogation algonithm. The premise perameters
abdained tlweweh the hybrid leaming process are presenied in Table 2, Accerding o Table 2. the Gaossian fancthon
fiy phiain membership degnee as follmy as:

Tablel, Membership functions (MF) inevery lag

MF for Lu-- | | MFior Lag 2 |
I dpmg — B0 [ 17 gyoq - dissar?
'“F'l | 172 | | """”F|'§'. e — 1A J |
i | :I'r-J i"-li;‘l | F R LY Ei
ITHE 3 | [ AL I, QT 7 J[
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| MF for Lug 3 MF for La_,E | ey liage 2
|'||--=!J-‘|-%: -"—:%] |

il |4 2e2em ]

el -m"{_lij;llr-:u_ﬂw.l!.| iz -,,.l.ll__;;: .*..~I -—I:m]! |
P Rl

O the fourdh layer, the resulis wene in the form of consegoent paraometers thal could minimdze erme. The
cofseguend parameters of the iterated result dhrough the leanving algenithm are presenzed in Tabde 4, Acconding to
ihe rles estnblished from the consesquent paramesers, the estimated ferecasting mode] for wind speeds In Semarang
Cily oxing ANFIS method {or each inpul ix as shown in Toble 5,

Far Inpaut Lag | s follow as:

¥, = (D0, + TART |+ [TR36EEy,_, +20340)

sen ] el o]

Far Inpat Lag 2 a5 follw as;
¥, = {~0.159,_; + 44 )+ i (01775, 5 +799)

n-crf S| e

For ingut L 3 ae follow as:
o= 022y o+ S8 i, (0045 23]

L[ g - 5045 1 pa- 4708
P|‘f*‘§?]| I‘| {“an Jl‘

Far ingus Lag | ona Lag 2 us 1’-.1rh.m 4!
o= 006 00y, e B (0 A2y, A o A

ool o |
e o e

The RMSE valuss for cachof ihe ANFIS models in lag 1, lag 2. 1ag 3 anad log | withi lng 2 ae ag shown in Table &
Based on the table, the lowest BMSE insampe] volue is in the ANFIS model with input log 2. This model also

mesulbedd G the lowes) RMAE ovtample salue compared fothe ANFIS models with odher inpais.
Tabel 2. RMSE inpait fir Lag |, Lag 2, Lug | and 3 with 3 clusier

| RMSE | Lag | Lag? | Lag3 L‘?“‘"“

;|I1- OOE4ETS | DUO2ERL | D.O5522 | DANNTAS
| sample
[ 0055482 | DO42TES | 0344020 | DAM49HL
| sample
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32 ANFIS Modeling of Inpoer Vertabel Besed on the Nonber o Memhersiip
The nest step after dedermining the best inpat lag model was o determine the number of membersleip, The previcos
ANFIS analysis has perfirmed modeling wsing pwo memberships, Then, tesds using 3 and 4 memberships were also

A !
carried cat, The estimated ANFIS Model with input lag 2 and 3 memberships is as folows: 51 7 ¥z T,

4y o1
."': I='71|_"'|._1 Tr!""'..iml "':' |="1|.":--1+'-'1¢|

Table 7 shiws the initial vilue of premis pommeter with inpal lag 2

and 3 memberships,

Table 3. Initial Value for Premis pasemeter with lag inpal | and 2 with 3 cluster
Impsit 4
T R3304 AT 47 T 4
H =5 372 Hu =g 758 Hu =g gy

The consequent parametcrs of the iserbel esult theough the leaming olgonithm for the Inpud lag 2 with 3

1 _ b 1, B T
memberships are as Eollows: '.-: =04A6Ty, 5 +1.3IE|__ ¥ =Ty, ,+ 757 il M = -9y, , +9.5d
Based on the mules edabbished from thes: conseguent parameders, the estimited ANFLS model wilth on input lag 2
with 5 memberships is as follows:

ip -1 2p L]

§ =W i i

L W,
w; = TL
Fw

W laereas ¢
[ 1f %5 -ﬁ.?fﬁ]zll

- J_L[zuﬂ"’ el 1
1II"“1"'| 3T s 1‘“—""""| o
Hi

Hased on ANFIS analysis, the best model s AMFIS with an inpait lag 2 wish 3 memberships with the lowest RMSE
in-sampls vl of SA00EE and the lowess RMSE out-samgle value of 00377, Tlis is Jower than ANFIS modeling
with an input Tag 2 and 2 memberships, The nexl siep is AMFIS modeling with an inpan lag 2 with 4 memberships.

L LI
The  estimated  ANFIS  model  with 4 memberships 35 s follows B =0 ¥ex o

o el i e L) RS e adp
L "TI'I-"l-:'H:l."'-_-"'Jr =Mt taignd ¥ Tt Yo

s =eapl -1 225505 |
LI 2 e |

Table 4. Iniial Yalue for Premds Porometer with inpui lag 2 with 4 ¢lusier

| Inpsat Lag 2
| % Topas o Toan3 4 To3557 T = 8563
1 = 6 )1 H11 = 4 068 =g 107 Hi = 6716

The  comscquent  parameters of  the  iferoted  mesult  theough the  lenming  algorithm are  as follows:
il = onday, o +232 § =adly 1729 57 20357y + 5672 #Y =1y, 4,483
ANFIS Moddel obtained with an-input l2g 2 wilth 4 memberships is o5 ollows

-'h- — — ) -— W - .
b =1|.'|}'“"!“+ u'zﬁrl':' +'r|.ll_l.lj!'-| -|-|-|'d_1':'1"
whereas
| 1f ey -G501 "1 1[ 3_1-4953]1'
B “P| 3l Caedns .I| "M Sl e |
o 1
) l[ e LA N I YT
R e T J| L= le B J
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Baxed om the ANFIS amily=is, the besl mode] is ANFIS with an inpul lag 2 with £ memberships with the lowest
RMSE m-sample value of THbO05988 and the lowes RMSE out-sample value of 00962, Bassd on the anol ysis for
the selection of the number of membership, the best model of ANFLS i with an ingrt lag 2 with 3 membersdhips, The
next siep wis fo select the activation function of ANFIS mode]l with un input lag 2 with 3 memberships, The
activation functions comsissed of Ghell, Trapezoidal aml Triangular, The previous annlysis ssed Gaossin aetivation
Tonction, where the Govssinon fumction wis compared with ather fonctions.

A2 ANFIY Madeling varh Inpar Variehed of Log 2 ood 3 Wembersups Based an Membership Functim.

Based on the ANFIS anolysis, the best model is ANFIS with an input lag 2 with 3 memberdhips wath the. lowest
RMSE in-sample value of 0000812 aisd the lowesd RMSE oatsample value of (%, winl the: followiisg eguation
Tubde 5 Initial Value for Premas Purame ler with inpal lee 2 with 3 cluster and Ghell MEF

| Gibell
e rIr M1 =g 335 | 1=g 353
B = gas M1 =504 M3 = | gy
| " Tn.0295 i1 7 1263 | B3=3s
| Triagmgular _‘ o
11 240 M2 70,6583 | 0= j248
B =0.4320 B = a8 | 3= 2400
71296 11728 137375
- Trupeasaiclal
| %178 75 2 7 3 46 | @i1= 1635
| A= -39 My = gg7a | s =135
| Gi=y jag S 1 e | 3= ay78
| thi =g 735 =328 | fa=a37s

Parameter kansekuen ook modde] ANFIS log inpot 2 dengan jumlab keanggolsan 3 unink berhagan fungsi akbivase
acdulah sebagii benko:

Tuble &. The value of consequent parameter for ANFIS mode] for inpal lag 2, 3 number of memberdip with some
of stivation fumetion
Avctivation Functiom Comseguent Farnmeser

| Gikell M= _nrmdy, 447
B - 368y, 5 +133
# = 1538y, .- SRST
| Triangular ik o |:u.|.r,|_1-,_! - B 14
#4234y, a + 1793
oL LS, T

Trapezoaicil P e 0By, + S0

#Y = DIRTy,_y+9THE
P AT,y OIS
Baxed v Table 6.1 show thal the RMSE value in Lag T with membership number 3 For membership funciions

Gibexll, Trinngular, Trapezoical and Gavssian, Based on the less BMSE value is using Gosssion function. The bess
mode ] of ANFES inwind melelling is using lag 2 with membership pamber 3 and Gowssian funetion.
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Table 7 EMAE insample and outsomple ANFIS model inpui Lag 2

{ RMSE Lug 2 dengan pumizh keangpolaan 3

{ ikl _| Gawissian | Triangular T rape oidal

| In-sample O | 22 AR | TR CHNT T

| Dol -sample 0054 ] DANIATE | O4ad 5395 (0. 108 T
I OONCLIUSIOMN

Based o the resalis of the analysis and discuseion using Adapiive Meur-Fuey Inference System (ANFES)L the
coneclusions ane as- follows:

Rased on ingua bag, the best ANFIS model is with input kg F variable, 2 memberalips, ol Gaussian membership
fanction. The lvwes EMSE in-sample and sul-sample values are 0004845 and O 00S{N0E,

Hased v the number of membership and membership lunction, the besd ANFLS misdel is with inpe lag 2 variable, 3
mendherships, o Gavssinn membesship function, The lowess BMSE insomple and cat-siample volies are (00028
and {IHETE.

1
£
i3]
[

35

]
I
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