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Wb g ) Sose 4 0T 15 or 5 30 (Vin) (s <S55 (Ug, Uz) 2505
V() = frn (0 (K), ) (1)
(Sl osbKedas 5 5 Y (k)

pk) = vk =D, yk = 2), ..,y(k —ny),uy (k — 1), uy (k — 2), ..., us (k
- nul)JUZ(k - 1)1 uZ(k - 2)7 '"ruZ(k - nuZ)

2ol ny, (U1, Up) s 3959 S0 s Uy 9 Upg (sold sl 0 O g S 5 ,ls

Aib o (V) o~

sld (6,13 paises slaosls 51 (V) aaly s fiy Pl b 035 o (s b s Sy sh e o S
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I"(k) = [y(k — 1), y(k — 2), ...,y(k = ny), us(k — 1), uy (k — 2), ..., uy (k
—Myq), Uy (b — D, uy(k — 2), .., up(k — nuz)] (2)

sl s s 5 Y (K)

u (k) -

Nonlinear dynamic
w, (k) - system

, =]
EZI w (k=1) —— . EI
H_-Uu 1) . = .'.'(k—u_)}-{,{-—;_'} 1'{&—]}
E] w (k=2) 1
i, (k=2) : ‘ I
5 | Takagi-Sugeno
IZ' % fuzzy (ANFIS)
w, (k-n,) S model

\/

Takagi- Sugeno ;b Jue Lo s

ey, + Ny + 1y ‘,g.:.any+nu1+nu2+1pg)yéjuéuwsw\omy;
N S) ,olae bl oaldni (39,5 U5 Sla e oolad &5 Sl ok 5 3 3,15 9 5 ke ) 5 (634,
d=1,n By Jyu(k—1)g=1n,d=1ndA; ), y(k —J) s 5L Hl4ie L0

Asbom =11 d =1,nCy Hpuy(k—m) 51 =1,ny,

w S5 ol 3 lae e (s S S 5 309 My T Myg F My b i 45,0 TS (56 Jue ol
gt A 2 D) g
Ry if y(k-1) is Aqq and y(k-2) is Aj and ... y(k-ny) is Aqqy and ug(k-1) is Byg, ug(k-

2) is Byp and ... and uy(k-ny;) is By and uy(k-1) is Cy1 and u,(k-2) is Cq, and ...
and uy(k-ny,) is Cynyp then f; = ;.



R if y(k-1) is Aqq and y(k-2) is Ajz and ... y(k-ny) is Aqqy and ug(k-1) is Byg, ug(k-
2) IS B, and ... and ul(k-nul) IS Binu1 and Ug(k-l) IS Cn and Uz(k-Z) IS Cipand ...
and Uz(k-nug) IS anug then fg =72

Rq: if y(k-1) is Ay and y(k-2) is Ay and ... y(k-ny) is Agyy and ui(k-1) is Bag, up(k-
2) IS By, and ... and ul(k—nul) IS Bgnul and Uz(k-l) IS Cxn and U2(k-2) IS Cy and ...
and u(k-ny2) is Canuz then fy = 4.

Rp: if y(k-1) is Anp and y(k-2) is Anz and ... y(k-ny) is Anqy and ui(k-1) is B, us(k-
2) is Bp, and ... and ug(k-nyy) is Bpnur and up(k-1) is Cny and uy(k-2) is Cp, and ...
and uz(k-ny2) is Cpnuz then fy = p.

il (@ = 1,p) 4 sl Vg 50 056 6w b T o

p = nUwHmatme) o -y 1 dinguistic rules) s ol slas

:L ol i » Takagi- Sugeno ;6 T

p
() =) Z,f, 3

q=1
"y

Z
Z, == 4
s “)

Zy = pay; (y(k = ) * pa,, (yCk = 2)) ok pa,, (y(k —ny))

* #Bll(ul(k - 1)) * 'uB12 (ul(k - 2)) Kok 'uBlnu1 (ul(k - Tlul))
* #611(u2(k - 1)) * 'uC12 (uz(k o 2)) ok 'uAlny(uZ(k - nuz))



Z; = ﬂAll(Y(k - 1)) * #Alz()’(k — 2)) ¥ ¥ Hagn, ()’(k - ny))

* ﬂBll(ul(k N 1)) P (ul(k o 2)) SR tuB1nu1 (ul(k - Tlul))
* ch(uz(k - 1)) * Ucy, (Uz (k — 2)) *o® Ueyy (uy (k - nuz))

Zg = tagy (Y = D) pa, (v = 2)) 5 ok, (v(k = ny))

* ’llBZl(ul(k a 1)) * Hp,, (ul(k o 2)) *oo ¥ uuanm (ul(k o nu1))
* Hc21(u2(k - 1)) * .uczz(uz (k — 2)) *o® Uey (uy (k - nuz))

Zp = tany (v = D) # i, (v = 2)) % v g, (v(—1y))
o by, (O = 1)) st (uy G = 2)) % v g, (wa(k = m,))
* 'uCn1(u2(k - 1)) * :uan (uz(k o 2)) Fook ‘uAnny (uz(k o nuz))

e (o] ek RPN CCRAPICIPY o A

_ —0.5(y(k —j) = Ca,)? ,
pa,; (k —)) = exp( — —),i=1,nj=1n, (5)
Aij

—0.5(u (k=) — Cp,)?%.

g, (U (k — 1) = exp( — ),i=1nl=1n, (6)
By
3
—0.5(up(k —m) = C, )*.
tc,,, (uz(k —m)) = exp( 2 5 fm’ N i=1,n;m = 1,n,, (7)
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oY sl o oIl Al e Y e g b ANFIS a0 31 s 55 50T duT 3 (sl ba eyl s
ANFIS (35,5 slayize (536 5130 bl o SHIBIVY #5 L5 el /A &5 Hf oIkl L i
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gaussme,uAij(y(k =))) pb s w8 b 4 (gauss2mf) & b s o § e ob e
G S o8 S 50 Gt Cp 5 0400 el ool il e S 0 3 51 (oS5
el g s ) ol S o B S 35 0 paindio Cg00 5 Oay ) b Omesd bl g0 it

Wty e (Dp g ol b 53 ey on ) ahy M 4 0AUSS2ZMT Wby < Gy, S (oK

ij(2)

ol 55 355l Slam P2 5P1 bl olad slowlr sw i Sl 63555 Sadde Sy suie el sl bl

ol o oslizal Jg 5 0LalE Jhay o(Fr) ibate (gls el sl 05 ge5 35y 4 gl Lo 03,57 Y 5
CM‘OMOJJ;JK‘\J(“Y)(@-}ﬁ)%*SA&L&J:A‘)EQJ}MJJJQ&‘ﬁ@l&f]&&‘b‘)}})

o 0313 QLS Y s 53Y = [V1 V2 oor V32]7 636 ladis 4zt slo el

P1 i olad slmlr oot ladde 63555 o sie ml 5 sl il =) o

Input Range Membership Parameters of the membership
variable function functions
yk—1) [-4619] Ay, Tarig1) = 4.009; Cayy1y= —11.68;
TA11(2) =4.349; Carzy = 2.666
Az Taz101) = 4683 Cazipy=11.67;
Tazizy = 4009, Caaq(2y= 26.08
wik-=2) [-4619] Aqz Tarzp1y = 40095 Cayzpqy= —11.68;
TA12(2) =4.318; Carz(2)= 2.644
ﬂzz TA22(1) =4.413; Cazz(1)= 11.81;
T a22(2) =4.009; Cazz(2) = 26.08
yik—-3) [-4619] Aqs 0_4]3:]:=4.009; L‘_,-l]3:1:=—ll.58;
Ta13(2) = 6.389; Ca13(2)= 3.486
Azs Tazzg1y = 6.15; Cazzry= 10.95;
G az32) = 4.009; Caga(z)= 26.08
dik—1) [0.085756.26] By, Tri1g1) = 1.049; Cayy01) = —1.767;
TE11(2)= 1.572; cpy 142)= 252
B2 0321;1:=0.D?908:L‘321:1:=4.321;
Tpa1iz) = 1.049; Cozyz) = 8.112
hik—1) [271.92822] G, Geriey= 1.756; cop (1) = 268.8;
To11(2) = 2.749; ¢ 1(2)= 2759
o1 UQ]:]:=2.298; L‘Q]:1:=2?8.9;

Gz = 1.756; €z = 285.3




P2 dbois olad glmlr oot ladie 63555 Cu e ml 5 b byl -Y Jpur

Input Range Membership Parameters of the membership
variable functions function
y[k— 1:1 [21 1?5] An (J’_q]]:]:=2.515;L‘_,1,11:1:=—2.52;
Tarz) = 2.763; ca 121 = 7.707
Ay Taz11y = 1.703; Cazagqy=10.77;
Ta21(2) = 2.616; Caz1(2)= 2212
y[k—2) [21 1?5] Az 6_412:]:=2.515;L‘_,1,13:1:=—2.52;
O marz) = 1.98; Cayzz)= 6994
Aza O'_,uz:]: = 0.9371; L‘_,uz:]: = 13.93;
Ta22(2) = 2.616; Cazz(2)= 2212
y[k—j) [21 1?5] A3 6_413:]:=2.515;L‘_,1,13:1:=—2.52;
Ta13z) = 3.491; Catzz)= 8.029
A23 0_423:]: =4.369; f_,123:]: = 13.15;
TA23(2) = 2.616; Caz3(2)= 2212
d[k—l:l [008575 525] Biq TR11(1)= 1.049; EB]1:1:=—lk?5?;
Op1i2) = 4589; Cpy1(2)= 3.609
521 632];]:=U.]‘?91; L‘32121;=2.3??;
TR21(2) = 1.049; Cp21(2) = 8.112
h[k—l) [2719 2822] Ci1 Tr11(1)= 1.756; L‘f]]:]:=258.8;
Genz = 1.718; ¢y 12y = 276.4
o Uﬂ]:]:=1.833;Eﬂ]:];=281.5;

T21(2)= 1.756; Co21(2)= 285.3

3L sladde (s 5) 4 gla el )l =V J gl

ANFIS model y=[-1005-1.035 -3.234 0.2076 34.11 7.047 44.67 6.528
point P1 6,528 —6.504 —30.79 12.88 47.52 21.54 2761 11.22 45.57
—4.537 -2093 -5.292 —81.12 29.12 15.05 31.25 13.13
—11.43 11.87 —9.628 18.2 19.39 195 19.43]"

ANFIS model y=[—-171.1 —41.32 1738 52.15 1504 -39.14 -117.6
point P2 50.66 —41.91 9745 73.06 —70.96 14.88 —8.423 33.56 38.7
169.4 —50.56 —144.3 61.11 -220.1 4929 2323 —16.49
16.78 1.356 —8.53 1.138 16.65 1747 15.21 15.32]

L 0SB YY edd ) sladts ;3 ANFIS el

Ry ify(k - 1) is Ayp and y(k - 2) is Az and y(k - 3) is Az and d(k - 1) is By; and
h(k - 1) is Cy; then: f; = c;.
Ry if y(k - 1) is Ay; and y(k - 2) is Ay, and y(k - 3) is Ajzand d(k - 1) is By; and
h(k - 1) is Cy; then: f, = c,.
Ra:ify(k - 1) is Ay; and y(k - 2) is A and y(k - 3) is Az and d(k - 1) is B,; and
h(k - 1) is Cy; then: f3 = cs.



Ra: ify(k - 1) is Agp and y(K - 2) is Az and y(k - 3) is Az and d(k - 1) is By, and
h(k - 1) is Cy; then: 4 = c,.

Rs: if y(k - 1) is Agp and y(K - 2) is Az and y(k - 3) is Ayz and d(k - 1) is B;; and
h(k - 1) Is Cq1 then: f5 = Cs.

Re: 1T y(k - 1) is Agp and y(K - 2) is Az and y(k - 3) is Ayz and d(k - 1) is B; and
h(k - 1) Is C, then: f6 = Ce.

Ry ify(k - 1) is Ajp and y(k - 2) is Az and y(k - 3) is Ayz and d(k - 1) is By; and
h(k - 1) IS (OFF then: f7 = Cy.

Rg: iIfy(k - 1) is Agp and y(K - 2) is Az and y(k - 3) is Ayz and d(k - 1) is By; and
h(k - 1) is C, then: fg = Cg.

Ro: if y(k - 1) is Agp and y(K - 2) is Ay, and y(k - 3) is Az and d(k - 1) is B; and
h(k - 1) is Cq1 then: fg = Co.

Rio: if y(k - 1) is Ay; and y(k - 2) is Az, and y(k - 3) is Az and d(k - 1) is By; and
h(k - 1) IS Co1 then: flO = C1o.

Ry ify(k - 1) is Ay; and y(k - 2) is Az and y(k - 3) is Az and d(k - 1) is By; and
h(k - 1) IS C11 then: fll = C11.

Ry ify(k - 1) is Ay; and y(k - 2) is Az and y(k - 3) is Az and d(k - 1) is By; and
h(k - 1) IS Co1 then: f12 = Cqo.

Rz if y(k - 1) is Ay and y(k - 2) is Axp and y(k - 3) is Az and d(k - 1) is By; and
h(k - 1) IS (OFF} then: f13 = C13.

Ry ify(k - 1) is Ay; and y(k - 2) is Az and y(k - 3) is Ayz and d(k - 1) is By; and
h(k - 1) IS Co1 then: f14 = C1a.

Rys: if y(k - 1) is Ajpand y(k - 2) is Ay and y(k - 3) is Azz and d(k - 1) is By; and
h(k - 1) IS (OFF then: fi5 = C1s.

Ryg: if y(k - 1) is Ay; and y(k - 2) is Ay and y(k - 3) is Ayz and d(k - 1) is By; and
h(k - 1) IS Co1 then: fi6 = C16.

Ri7: ify(k - 1) is Ay and y(k - 2) is Ag; and y(k - 3) is Agz and d(k - 1) is By; and
h(k - 1) Is Cq1 then: f17 = 47

Rig: if y(k - 1) is Ay and y(k - 2) is Az and y(k - 3) is Agz and d(k - 1) is By; and
h(k - 1) Is C,; then: fig = Cqs.

Rig: if y(k - 1) is Ay and y(k - 2) is Az and y(k - 3) is Az and d(k - 1) is B,y and
h(k - 1) Is Cq1 then: fi9 = Cqg.

Roo: if y(k - 1) is Ay and y(k - 2) is Ay, and y(k - 3) is Ajzand d(k - 1) is B,; and
h(k - 1) IS C21 then: f20 = Co

Rop: if y(k - 1) is Ay and y(k - 2) is Ajp and y(k - 3) is Azand d(k - 1) is By; and
h(k - 1) is Cy; then: fy; = ¢y

Roo: if y(k - 1) is Ay and y(k - 2) is Ay, and y(k - 3) is A,z and d(k - 1) is By; and
h(k - 1) IS C21 then: f22 = Coo.

Ros: if y(k - 1) is Ay and y(k - 2) is A, and y(K - 3) is Ayz and d(k - 1) is By and
h(k - 1) is Cy; then: fo3 = Cy3.



R24: ify(k - 1) is A21 and y(k - 2) is A12 and y(k - 3) is A23 and d(k - 1) is B21
and h(k - 1) is C21 then: f24 = c24.
R25: ify(k - 1) is A21 and y(k - 2) is A22 and y(k - 3) is A13 and d(k - 1) is B11
and h(k - 1) is C11 then: 25 = ¢25.
R26: if y(k - 1) is A21 and y(k - 2) is A22 and y(k - 3) is A13 and d(k - 1) is B11
and h(k - 1) is C21 then: f26 = c26.
R27:ify(k - 1) is A21 and y(k - 2) is A22 and y(k - 3) is A13 and d(k - 1) is B21
and h(k - 1) is C11 then: f27 = c27.
R28: ify(k - 1) is A21 and y(k - 2) is A22 and y(k - 3) is A13 and d(k - 1) is B21
and h(k - 1) is C21 then: 28 = c28
R29: ify(k - 1) is A21 and y(k - 2) is A22 and y(k - 3) is A23 and d(k - 1) is B11
and h(k - 1) is C11 then: f29 = c29.
R30: ify(k - 1) is A21 and y(k - 2) is A22 and y(k - 3) is A23 and d(k - 1) is B11
and h(k - 1) is C21 then: f30 = c30.
R31:ify(k - 1) is A21 and y(k - 2) is A22 and y(k - 3) is A23 and d(k - 1) is B21
and h(k - 1) is C11 then: f31 = c31.
R32:ify(k - 1) is A21 and y(k - 2) is A22 and y(k - 3) is A23 and d(k - 1) is B21
and h(k - 1) is C21 then: f32 = ¢c32.
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ANFIS model Training 0.9888 06811 0.7908
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