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AT

yae HEEEl ¥ [ISTell Sered R PRI T H 98d doil 9 9¢ R8T © | Yad CRdlsd
ERT ST Ua Soff (Wind Energy) @1 AT, 4T &I 7 0= FvR el & | g1 a1 1fr aRRaads
(non-linear), UHfT H ATGBH (Random), I AR JTAUTH & AN Bl Reafd R R el
2| Soll YoTTell 3iTaRex & fory, @Tiﬁﬁﬁaﬁ%ﬁm(uncertamty) ol UyoT & o Rived
JaTe, TR iR e # Bf3AE U &Rl § wiifd yaa—exdigd gRT S Solf
Ugel ¥ 1 el Bl 2 | B dfeT Acdd (Artificial Neural Network) (TUHTH) &7 &S w9
A SUIRT, 9T @ qaiga (time series forecasting), SETHIHRUT (Optimization), Je=t e
3R ATET AT&I (associated memories) ¥ AT AT € | HIFA ARABI Acdd BT UG BIHI 8
Th URIET 3fideT qqead (Data set), gf¥teror gfhar ek ufderor worw faforay (algorithms) WX
R #RaT © 1 I8 U U "EETIe, WRd, ¥ A1 @1 U & YA & oY Ub B e
iead IUWTHA DI UK BT © | BUT Gl SAHIBRY (Particle Swarm Optimization) (GTT31T)
3meTRa wore fAfdit &1 SUART vgAyH ufderer do Al  wu § fhar w81 B g
SEAHIBHROT JATETRT B RS icad (PSO based ANN) UGHY ¥ &1 &l T & YATFA HI
AAIdh, ARATID GTAT & A & JEIAT I AIHD URIET & A1y [hd1 T 8 | g1 Bl
T & qargae & foy uarfad STHa 3§ 97% 3R I e &1 Fiahd |

Abstract

The power generation from wind resources are continually increasing very rapidly all over
the world. The amount of wind energy produced by wind turbine, depends on the wind speed. The
wind speed is non-linear, random in nature and vary from location to location and surrounding
weather conditions. For the energy system operator, the uncertainty in the wind speed generates a
difficulty in the system operation, scheduling and planning for energy dispatching because the power
generated by wind-turbine is not known in advance. Artificial Neural Networks are extensively
used in time series forecasting, optimization, pattern matching and associative memories. The
performance of Artificial Neural Network largely depends on training data set, training process
and the training algorithm. This research paper presents an artificial neural network approach for
wind speed forecasting at Mahendergarh, India. The Particle Swarm Optimization (PSO) based
algorithm is used as training algorithm. The accuracy of the wind speed forecasting by PSO based
ANN approach is evaluated with the numerical results from a real-world case study. The proposed
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approach for wind speed forecast has accuracy
of 97% and above.

DI T & Yargar & [a<I arl BT bt
fear & 3R wnfad fpar & & a1 qargar

HIT AR : I Il Tcad, JTI—IqR,
BT Gl ETHIDBRYT, BT DI I DT YA |

Keywords: Artificial neural network, back-
propagation, particle swarm optimization, wind
speed forecasting.

1. U@ (Introduction)

I R R RO S gf, s
e ok RERRN GgR & SR, Foll B
ua A1 Aol 9 9¢1 2 | faga il (Electrical
energy) S B BT T A SIared g6

(fossil fuel) B STATeH Se9 & AT HeR
IR A IS TSRS IS & BRI &
@ Iu1 H 31e FHoll Widl W S & Diad
faam T 2 | 31er Soll & &3 H, AR iR uad
ol B & 9ga I 7, SIafd aEN
Soll, SIRI $Holl 3R AR SHoll @ T
g AT T | = e ol WId Uad, R,
%Tlﬂ'q (geothermal) 3R SR (tidal) @7 ol
2| 999 ol B e JeId IR AT 4
ST fhy S dTet 31e/d Soll UbRI [7] § 4
T AET ST &, < I8 dbddl a9 ddb §9d
g o9 a@ & Arad o Rafa g 8| uad
fastell & fhwrad fasrell Uwor & forg, &t
@I T BT YAlgA &R H Fed EH1 Agayu
T8 <1 i Sred @I e [8] B wHIfad
FRAT B A P UM B WH YAAE B
JMER TR, Yg9 dSiell I~ B DI AT
BT FHErerar 9 fasrelt frel w anEfsa fear
ST Hhar & [11] |

Py ol F @ € 6 oFR vad ol
qargdE ® dheiie H GUR fHar &1 @ dr
Jg Uqd FHoll HSR W HAs@Yol Y4Td STeill
[26,16] | &S 2T YT [14] 20, 29, = 3BT g4
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ceb-iTehl b1 ITaTIDhAT 8 | M gfE (Artificial
intelligence) (Q3TTE) U e & Il ATUD 3
H AT 3R 3 STgell g1 aiRid Ui
gfg @ fauda 79+l g1 weRia gfg & [22]1
FM g B FYR FH IR I dfea
gfeharsil W AR fHar 1 § S BRI Bl WA
3R e AR © [25], BT P ghg nfl
Al IR gig @ TR W 980 §X & | 9 3R
WIoFeTSH (Barr and Feigenbaum) @& 3TN,
H gfg v g™ &1 U@ fewar 2 o 9fg
A HRYER MHR BT fESM8d B 4 Fafdd
2, 31Uid RAECH Sl A Fa8R H gig |
FEETSA BT Tl HRAT BT YGRAT BT B | B
glga™ SIS Ul URURS dhild!
& ToTg defouds UgTl 1T Uahidd Yumieral
@ "chl d ©U H SUART B @ & [24] |

A ST, hand fheer afe IRad
AT BT SYANT YargA™ & folt o1 S
IR—ReR IR REH g [5]1 TUAUH &1 =i
et gfaem gafgae [19] & forw Suged 2|
QUG ¥eTfeld ®Y | $IYC—3Icye Yerqo
dfeet @l ARG qebel & R TaH fbedl
IHATHS AT B AaWIHal & I91 §Ye
3R 3MMSCYC Al & ATl YRIEAT & ATEH |
STYC—3TScYC Y& HISA Bl FHSH, A4
B SR DI o DI &l I Sl © [4] |
TS B H, s LEdhdial ° H3H d¥dT ead
(QUATH) GrRIeToT 3R ERAAT SEAHIBRT H g
U (Soft computing) AHIDI BT YA
fhar 8 [3]1 gd #, HS SEAHIBIT Ho
faferif  (optimization algorithms) &7 SUIRT
ufRreror & fo fear war 2, R sgalie




T HAR d9c UG AT T, "H1 T SEAHGRUT IMTRT HM dfFemr weasd ...

A A (Genetic algorithm), Gﬁ‘ClTC[,I BT
T fafer (Bacterial Foraging Algorithm), =ieT
BiAFT PHorl I (Ant Colony Algorithm),
B3| HYHIE! DiciFl Dol AT (Artificial
bee colony algorithm) 3f& 2N & | $9 Hard
faferl &1 IUART dR®, YUAYA & 9R (weight)
3R qaiueg (biases) P HaH YaR & o1y

(Synaptic links) &T SUART a1 Smar & O
W(weight)wwgﬁﬁﬂw
wa &7 Bl wal ¥ SIS 9 71 Ak s
W 3Hfde fodl g8 uRd df¥eT -icad H HINE
g, d Fged R W 398 919 HiI9E B ®
2| UAF AS W, b Aed A Y Had
U B §, $9 $Yc Wadl 9 R w5

FERNTG fhar ST & oiR watad  dfe
ead & gDl Bl | W@l ST 7 [13]
URTfad Qusl memRd Yuavs (PSO based
ANN) g & Uged &7 fagelvor axe & forg,

¥ T Afhaor B (Activation function)
BT ISUANT BRb, FAMIT (processed) ATITYS
Hehd I~ fbY SIId € | U il Jedd bl
AT H RGO §ahdl & 3R &8 Sffed

$9d URUMEl @1 gl U ¥ B YHIRI
I S THIIRTH (NRM) [23], T (NN)

[15], TAUSgSl (NNWT) [30], TAUH (NF)
[25], SdUUTH (BPANN) [2] & @7 =T |

oA TF BT oA FHEER 2 HiEE
dfeT dead SR BU T SRAHIDBROT
HHL: ATATT 2 3R JITATT 3 H wRgd
MU E | dRF@T Teads & Ul & forg @
T SRAHIBRY SMETRT HIEH dfFdr Tead
T 4 H URa [y MU €| W 5 H, B
P T F garga & forg digwel smnRa
UG Wedd @& Riere gRomd wRgd feg
MU B | WS 6 ¥, GAIAd STHA & ey 0R
=@t P TS 2

2. POA dPBEr oead  (Artificial Neural
Network)

i ST Iead (TTIYH) AT ARTD
P Afde yonferat o menRa {1 VAT B
i var S v § =R=9 (Neurons) a1
IS Bl IRER Sired fhar Siar & | dfrar
qegd H, T UHR &1 IR Aol arl 8, R
$Ye, Ul (hidden) 3R 3MSCYS WRA & WY
H ST ST B | g9 BT W wRal @ QiR
ot fear Srar 8, o sradderh fofd

INRI® BTl DI BB HAAT H BT B folg
uRTer fhar ST Aear g1 O B ugEe
ypir # sRRa® ©, UReroT e 9gd &1 Sfed
B & s forg udiw gfRieror ¥93 3R Ser
B ITILIDBAT BICH & | YL oROT H peierer
AR &I 39 e 4 FAIa (adjusted) famar
S 7 6 9ifed ok aRafds smseye &
4 Ffe B9 8 ORI | URET Sl BT SN
B BY, AFBI Acdd AT AEd § iR
I YT H YR BT 2 | UiReTr gishar ol
TR wem fafyr gRr gk o €1 @
A3l deded WRAAN U 8, cifh dguxd
AT Hed®d BT SUINT SRR AHY el
qatgae @& forg fam e &, srarfd a1 |
fezgrar T 2|

I

Input

Hidden Chatput

forar1 9 WRd Wle— 37T df¥aT Aedd

(Three layer feed-forward neural network)
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3. BT T SEAHIBIT

Optimization)

Sf. TIEre SR . DSl [9] 7 HU TA
SEAHIERYT (froden) fasfid fear | dowsn
Uell g€ & AMINNTG deR HT PIH Hied ¢ |
Aol ¥, Argfeed [T (random potential)
AR SHICaRl & URMS fdar oar g,
5 ol @ wU | SFT STar ® iR HarH
HOT R ITITRT &I 2 | Hol a1 Reafd &1 a1
ATUES! & IMR W 3fEfdd (Updated) foar
ST 2, Usell WA gRT <@l Ty |ad 3ree]
Rerfar 8 3R a8 g1 Il 3 99 37<s] BT
Raft & W gRT <& T8 wad e Rerfa
BT @fdaTd Fai™ (Local best) @ 9 H ST
ST 8 3R YU el §RT UK e’ 7<)
Rerfd @1 df¥aw walk™ (Global best) @& w4
H ST ST © | SSCAHIBRY GHRT & IR

W, YAb BT DI qoH Refd BT qedic

(Particle Swarm

qarH AR dRad |qaiE Rerfd & arer gern
PG far Sar 8 [27] |

UG PHUI, n- MM @Il WIF H W)
(variable) & STER WX EHAT © | YTHSN Pl
fAferl &1 w9 & oY, g a3l @i
WM 3d Cuie dMT S ®1 x- 31T B
Wﬂaﬂvxgaﬁ?y-fﬁwglvy%lw?ﬁ
Rerfar, aaam Refd @R 97 TMaNT & MR
TR I (update) @ S 8| TS BT
D e 31 Reafa &1 e Falks (pb)
& wU H UL fHar Sar 21 QO e7aral
SR UT &l T8 |9 e Rerfa a1 aRas
Hard (gb) @ wU H AUBIG fhar SaT ¥
AP BT, U 97 3R Ry o1 gaa= Rerfay
(x,y), I<THIT I (VX, Vy),a?hﬂ—rfﬁ%ﬂ%f AT pb
& 9 D X 3R g Reafa aor gb & 94
@ G B IMIR TR AT dxar g [1]1 Hoif
@ 97 3R Rerfa & Feed @& ToET HH:

fheI ol & IUINT dXD IR AfFTd

THIANOT 1 3R 2 BT SUINT BRD Bl Sl B |

i i i i

p*D = ™ 4 ¢, rand, (pbi - s(k)) + ¢, rand, (gbi - s(k))

THIHROT 1: UAB BT &7 RfId 997 (Updated velocity of each particle)

Si(k+1) _ Si(k) n vi(k+1)

THIBROT 2: YIS HUT df reifad 97 Rerfad (Updated position of each particle)

ST&T B i BT A 9T v, B i BT gRgR & <R @ o p* L pr i ot acEe
Rerfer s, @1 1 91 gy k & < T Refy sV, e demrers @wor Reria
(errcafaTaT) ¢, FHRAISY AHISTS @ROT ReRid (g Arcafdeand) C2, Argfead A (0 I 1)
rand; 3R rand, ®T i b1 AfFHTT AdxH, dRaP STEEAT BT dRqd qakH IR STl
9T BRS 2 |

v A =1

Vevere frm.2 digwan # Reafa &k
I B 3rAfdd BT (Updating
position & velocity in PSO)

22
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fo 2 digwsh (PSO) wfthar @ SR il WINT BT & HIMET B [ARIROT Bl ST 2 |
GUHSN el (A & URMS FRAVN I S & FHRT I8 © [ FARAT DI Ufclishar fawga
SIAT & 1T QreATeie (oscillatory) 81 ST & | I &I 79 (damp) HRA & I IR Jap1q, Holf
BT AT BT & ol U A U=T 1 SR 2 ST o7 &l gd ReiRa 79 & |y sifersad o
AES] [19] T HIAT A © | FHIDROT 3 DT YHTG HUI DI A1 H UREfIT B DI UGkl &
AT AT & WIAR QT BRI 2 |

If VST then V'=V

max max

Elseif VISV then V'=-V

max

THIHROT 3 HUT I BT AT BT ( Limiting the particle velocity)
PSO o fafer # dfg =_or € [1]—
TROT 1: WISl WM & AER R S BT Y13 DY

TROT 20 GAD BT DI e BT Jedidhd B

TR 3: AT qaicH (pb) 3R df¥aeh wal<a (gb) BT 7 HY;
IR 4 G BT P ReIf R I BT 3rerd= oy,

TRT 5: A & R AP 89 d% aROT 2 TR SN |

4. HU TA FLAABT 3MeNRA FhHA dfdr sead (PSO based ANN)

s 3 # Aol MmeRd YuAgA (PSO based ANN) ®ar- fafRi &1 yare e famar
2| Ul meTRd TUATH e fafy § gyl & 9rT g

UEETT - POIA dBIbl oledad gaigerel oo UUAUH Fedd & ¥R R YaRE (bias) &
U H B B TP AT BT AT [HIT SIAT & | 71 Al BT SUINT PR, STTAEIT S F-T STl
21 UG FHUT DI e & Hedid fhar Siar & [17] 1

TR — BOHA dBBl dedd Jdlee HOT: g 9T H AMHA By 7T TUATH U &
YR R, ERT 9N ¥R R Yaiyg d AMed & o 2 [12, | e geicd, ufRenr 3¢ w)
3 @ FfC (mean square error) (THTHS) 7 | R 98 &1 #dcd g & Acdd & IR &I
W eIse fhar Sirar 2 6 98 vHees F X T
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. 3 rugen smenRd TuATH o fAf &1 yarg e
(Flow chart of PSO based ANN Algorithm)

= ST YIvFs IMEmRd veauA derd fafd o1 aRiRa &l &

=R 1: YRMAe QUATH 3=, WR SR qaiusl &1 dwn FeiRd & |

oRT 2: YIUH3TT SMETRT TUAUT B Y3I AIgMad wU W I~ YRS S & adq |
Bl | UG H WRal 3R ASH @ 999 B MR TR YD Sl $l oy ailf o
T fomam o 2 | U H0T R &1 quATH & foly Fviae™ R & U g & w4
# gl T 2 &R & & ude @ H vgAed O, WR &R gatusl @1 ufaffra
BT B | UA® HUT Y AISeh! Yoic dI YalRfd &xdr & | Uikeor Ser & fhr Jeas #
ST foar ST B 1 dON @) ST, Rfa 8k a7 &1 uyRfWe quie axd 2 |

TRUT 3: URMAS STEEIT & 918, TUAUH HT SUANT RO & Afasgarol o= & fore feam srar
2| IS FHUT DI fheAd FT qedidhd oD S YUATT d¢ & ®U § AN B o 3R
faT U ST We W THUEs e 2

TR 4: e & ISP HUT DI JoIl SAD AR FaRH (pb) A R & | Ifa pb aca
flhe ¥ &9 €, Al pb & I H IaAH fhe"d B TR A B |

IRT 5. HUN & G Farad (pb) &, af¥ads watad (gb) & AT |Wad 3 fhe-d oI &
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T @ Ol &, Al acae 9 T fhesg |ugia fdrel T gb ¥ 98k &, al
gb @I EIfIT B & |

IROT 6: BT B I 3N W Bl 3refad ard g |

RO 7 I B Ry A 8 dd RO 3 W S 8 | GGl BT G T Bl af T
AR & oIy YUATH & HI9rs IR &1 ufafafee o=ar 2

5. oA 3neRa TUAUS gRT &aT @t oifd HI yaigarsl (Wind speed forecasting using
PSO based ANN)

g dIUsiT JATETRET YT Yghd BT AEa7Te, SRATIT (WRe) H a1 31 T & gaigd
& forg @y foham Tm & | gfRieror Se1 7 9uf &1, 1 S9a’) 2011 9 31 fIHaR 2018 T FAT AT
2, O a9 & IR kg B ATHY ¢ | IR qead BT A HRA b o e 9§ @ yad afT &
ST, 1 S 2019 W 31 fAeR 2019 T BT SUANT fhar AT ® [21] 1 3T Aead ufderor
P SR IREART fafy (circulation method) &1 SUANT fHam SIrar 8, RN v A<E &1 gar
BT AT S ST BT $AYC & WU H G ST & AR Tl aT Bl T Pl Aferd fbar SIam 2 |
RIERT (Iteration) & 918, STT ¥ &I Udh ST fdg WX smse far Sar 21 SeT &R 3 €6 &
fore foram Siram & raaT Aded § f6 e fad § 8 Ser I 00:00, 03:00, 06:00, 09:00, 12:00,
15:00, 18:00, 21:00 ¥ |
6

| o Estimated

5 Q
4 A j\ 2 "}
7

)R F N V) PO B N )
AANAA RN VAR VA WA
2 v \ \/ /

7Y AN AL VI
1 ) g - v
300:00 315:00 4 6:00 4 21:00 512:00 6 3:00 6 18:00 79:00 8 0:00 8 15:00 9 6:00

) RIS BaT DI I, S T AR AT 8ar dl T, el drge, dievds

1
N

Error in Estimation (m/s)
hhbNhiloanvwbro

30:00 3 15:00 4 6:00 4 21:00 512:00 6 3:00 6 18:00 7 9:00 8 0:00 8 15:00 9 6:00
Date and Time (DD HH:MM)

Q) A H e, ArevAdbs |
3 4 GIUHall MmenRa UAees ¥ RIRR g | 8ar @ fd &1 Yaigar, 3 3 9 el 2019
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12 T

10 A | —— Estimated

8 A\

VA [

g A T A

G L W 0 VA
\ AV,

0

-2
18 0:00 18 15:00 19 6:00 1921:00 20 12:00 20 3:00 2118:00 229:00 23 0:00 23 15:00 24 6:00

fera 5: qIoall MmeTRd UUeH & add kg § gd1 $I i Bl GaIaT, 18 I 24 JUS 2019

/\\ /\ i o etmates
7T A A AT s
/ W/ Y IMALIT

Y IEAR

11 0:00 11 15:00 12 6:00 12 21:00 13 12:00 14 3:00 14 18:00 15 9:00 16 0:00 16 15:00 17 6:0C
Date and Time (DD HH:MM)

e 6: Uil MR TAUTH & a6 g H gd1 $I R B gaigar, 11 I 17 Sl 2019

8

(2]

Wind Speed (m/s)
N

N

—=— Actual

Jan ~—o— Estimated

AN VAIN DN
AN A VI (O P
¥ | A NI

0

Wind Speed (m/s)

-2
24 0:00 24 15:00 25 6:00 25 21:00 26 12:00 26 3:00 27 18:00 28 9:00 29 0:00 29 15:00 30 6:0C
Date and Time (DD HH:MM)

form 7: doHall TR UATTE | a¥id g | gdT DI I BT YAIGAM, 24 F 30 JFCER 2019

A9 g DT HEIH P AR UR GAT Sl & | YA qiepl easd § 57 Ye 8, forad
TP WS B g PI T S U 56 Seifdg (@fifed 8 $en) iR AH g & ol T sl
AT 2| YOATH uRomH =F1 4, aR<fded ga1 &1 T B a9 & J1F 3 @1 (Solid line)
SRT ST AT € 3R Yaigar=id ga1 &1 TTfd Pl g & A1 S¥ER g (Dashed line) gRT
ST AT & | 8T @1 A & YAIGAN Bl AThal Bl i R & oy, =1 Args!
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T HAR a9 UG fadmrd T, "H1 T ST IMTRT $M a3 "eas

BT SUART fHAT ST B | 39 ALIHAT I TOET IRAAd gaT B T & SR TR Bl I 2 |
it fRuer gforera _g’f% (Mean absolute percentage error) (THUYE) AMEs, ANT a9 _g“% (Sum

square error) (TAUNS) AIFGS R AP e _g’f% (Standard deviation error) (TASIS) AMGS
SYANT by MU g

IR Fg @ oAl @ forg wwer o 4 | 7 # ey 1y €| ywanfad qiowai menRa guaes &
MAPE &7 3i9d e 4.57% &, Sldfde NRM 3iR fUsel ANN gfeaivl & forg affed MAPE
T HH: 19.73% 3R 7.25% T | §9D @], Ud [ ACE & folg &1 BI T BT gargar
T & oy JiRId T 9T 2 Adhs & 19 8 Sl ¥H 3R 21— e a—meiRd URiwR
& AT Gl R MATLAB 2019 & S1 WA fBam ST & | URdTfad Gosail merRa gu-g=
Ugfd 84T @ A & YAlgAE & folu U Iu=ITd, JHTdl SR i axial o |

dTferedt 1: QfFe T FJfe o1 AiRkegsdh! fdgeryor

MAPE SSE SDE

Fq X y z X y z X y z
RRR 95 62 53 5937 1644 o0 A7 1A 51 1s
wiq 99 54 60 5781 2470 yyie 424 29076 555

feg 6.3 4.3 4.2 232.5 183.4 1575 17.1 17.53 16.73

IR 3.2 3.1 3.0 207.1 168.2 168.8 14.8 16.28 15.64

x=ANN by J. P. S. Cataldo et. al.[6] y= BPANN [2] z= proposed PSO based ANN

qTfereT 2: BaT @1 T & Yaiga & axidbl & ANHl JeTeTd THYdS gk

fafer RIRR ERE| e IRG g
NRM [23] 13.9 32.4 13.4 16.4 19.03
NN [15] 9.5 9.9 6.3 3.3 7.25
NNWT [30] 9.2 9.6 6.0 3.1 6.98
NF [25] 8.9 9.0 5.6 3.1 6.65
BPANN [2] 6.2 5.4 43 3.1 4.83
PSO based ANN 5.3 6.0 42 3.0 4.57

qifefdl 1 a1 @1 A &1 qaiga_ o | geardd digdeil SmemiRd Teage ugfa @l
ACIHAT BT JedIdhd B B oIy AFES YKId PRl © | 8ol W9 Fg dl QAT 2, T W
THUUTE (MAPE), TRIRT &9 THUHs (SSE) &1 aiiel 3iR =l W9 gHels (SDE) URd &xdl
2| qaigA ACIadl G S o1 goll YuAed [9] iR ddiuees [1] ugfd & @ Sl 2

ArfeTdT 2 H TARYA (NRM) [23], TITA (NN) [15], TAUASedSl (NNWT) [30], T-TU%
(NF) [25], drdrgu=ed (BPANN) [2] fafert & ey uxanfaa digwetr smenRa voses ugfa @
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AT @1 et THUdIS (MAPE) & foru fawrg 78 8 | uxaifdd ggfd d 98k qaigar Al
2 R o1 ugfy & Jor § wAdiE a1 ofrd e 457% B, ST 3T UG THSTRYA (NRM),
U (NN), TUeeel (NNWT), TU% (NF), §digesgd (BPANN) @& fofg sHeT: 19.03%,
7.25%, 6.69%, 6.65%, 4.83% T | TAYUE @& foIg o=y Ugfd & A1eT URATAd ggfa @ ARI®
g diferdt 3 URgd @1 TS & | dles dEX & A1 TATUS Bl WS A I " &
SRM &1 @ T & qaigae & foy 999 o) ugfa @1 &R SR &ear 2

qifereT 3 =T g1 @) TR B qafgEE @ R ® TIRie gredd aRe

=7 | NRM | NN [ NNWT [ NF | BPANN [ PSOANN
sasr | 168 | 136 | 122 [107] 62 6.1
weadr | 228 | 146 | 129 [11.7] 63 5.8
o | 189 | 120 | 110 [88] 56 6.1
ayer | 225 | 94 | 92 |88 ]| 68 6.5
s 168 | 99 | 88 [83 | 6.0 5.8
o | 364 [ 142 ] 125 116 63 6.1
werd | 209 | 136 | 123 [112] 62 6.1
g | 136 | 84 | 75 62| 52 5.3
Ry | 242 | 106 | 103 [ 99| 58 6.2
ey | 262 | 129 | 113 [105| 68 5.9
qaer | 262 | 127 | 122 [114] 62 5.8
x| 169 [ 100 | 95 [90]| 60 6.1
g | 219 | 118 | 108 [98 ] 62 5.9

QaA |l ST ST Fhal & | O 81 3 SeaHiaRvl S fafdy faefia @ Sl 8, Sd®T
SUANT gargae & forg fhar S A ¢ |

forseet

S OY UF H, 89T B IR b qaigA & U BT T STCAHIBROT SMTRT B df3eht
Cad U BT IUANT UGG ©, ST 8aT B I AR AIFH PI &979 H T & | TAIad ugha
TUdh HRIA BIeR FI9 bl H a1 © I FIEd T8, IRWRES o dah-idi AR T a1
Jead ARG YaTgHT ol UR IMETRT 2 | HEZTe AINH $8 & arKidd Abs BT SUIN
YT aigd Ugfd BT qRIeToT &R+ & o fhar 7ar & | uga Regerer™ aRomdl & 3R
R, TR gargdae uEfa o whetor 6y U fadwenl ¥ 98aR ® oiR @ uife |ftw &
g1 H AEqUl GUR BT USRI HRAT1 € | #eade d 841 Bl A & YAiga & forg dows
JMTRT YTATA Ugfd &I SUANT Whel AT g3 2 | TAYUIS &I 3iId Hed 4.57% 2, STafd
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T HAR d9c UG AT T, "H1 T SEAHGRUT IMTRT HM dfFemr weasd ...

AT TUET T 2 AdhS H HH B ER| ?"N

qefId gargae Ugfd, |cihar iR UMl
T7g & ford oresT uRvM URd @Rl B
S WA UReIH §9 ST gaigar H
o meRa QU dgfd b ydiorr &

= IR B |

Alphabetically ETWT'”‘:W’\’ hHHdE
sorted Terminology & s

in English

Activation function | gfghgor werq
Algorithms Horraferdt
Artificial intelligence P gfg
Artificial Neural EaERASIEED ERGE)
Network (INN) (TU=Tge)

Global best CIECC G IS
Local best ITFITd IS
Neurons RR

Non-linear 3aNRa®
Optimization FLSh I Eu|
Particle Swarm BT Tl SETHIBRIT
Optimization

Soft computing g U

Synaptic links g fore
Time series Y S qaTgA
forecasting

Weight IR
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