e
75

’ﬁw VE) e} oples oplacd o Jl
o

DOI: 10.48303/bese.2021.246374

(LQR) 33 45 o s aingy 587 Sl oslinal 53 (bl Jilaws 51 (S
030l 3 st 5 gruw oll 3 4 L3l ga OT (G55 (Sl o oo oo
ple 5y Dy p 53 i 8 r e BB bty sz, SIS
Dt s 8 ol 5, Shes Lo S 93 5255 5 5 bl Sl
S5 VS O St ol o el (53 5
T e gl o (5 U eSS 51 0T 43 45 ods slgin Fuzzy-LQR
Glgis I8 s Slas ol 6l ol ok 030zl LQR (335 o 5o
I Khee 4 5me LT Sib plas oS ok ealizul il A 5¥ 05l 55 |
\e J_bs-ch_updc}woj)wh;jw)\g;augudl.c__ﬂtdw
;{t»;\r_cuju;t&uuéu@g,wf,?)bsdum SYNWRTS g
23l 48 8 15 s 13590 1T Slas o S0l iy 5 lagnly 1o
e LQR 287 5 olgig 287 51 ol gl anslie L asls!
Fuzzy-LQR =8 (Vb U155 & 015 o Caltbne 55575 slagz ) S
LS e 53 15 5 ol ol pde )i 3 o 4SS o)l
s Ol 55 e sl 53 23,8 fly 2alS 4 i 1o )34 5 e
SLacSS 25 il 53 il 5 pslie (5518 Syl s3lgiiy J RS S s S
Al o s Slaalid o 5 0 86 S

p-Ls Fuzzy-LQR AR L bU s L5 i guals” LS 319
S 5 el

,,\,,,;LJG;A,_\,G_\,\fﬂ\}\%a;m);f&uw
Q_i\.g;_wtouiaL?a\:\{u,«J;J;u@j\wbc)lfb}'
Dz 23, Ses oy 5 55 5550 (655 o U
[F] b o s (57 5 Jbtnss s i 03,5
a8 6 05 o Sl dLs 2 S sla B
S s @yl gslgiiy e Ol baw g HL gl (6 S Lsd e
S o Ll 8] 5 5 (gle Sl 1 atsl Jobe & Juls
Cle oL puts dloz 5D OT a5 BB ulae Jo a0 J S
03 5ai 1o 53 0T 0wl SUly 5 Calides S5 slakils 5o
23 o nt 4 [P] 23 80 13 e 4 5 3550 (il
o3liul o) 503 8 415 a5 3,90 Jad 1S (sla B sy 4ol

Jled J =8 V] ds 1,1 65755 Law 55147 ans Llsl 55 0T

WA/ - sl s g )b
Ve [oS1A 10 S5k Gy
AAERYRA/RS S SR

B3 1lle £oi

PR (G939 b Ty
S Bb 31 oaliiu! 4 LQR

S0 0) a0 ) GBS He5 y S

(s btz O3 L5

id/)ﬂ/ ‘Jj)nl.di ‘J})AL:J (xR oKl ‘L;)If.) L;;;:JJ/)
rezadarbanian@shahroodut.ac.ir

SEIE Sawge (e s

Ol ey cailo oKD byl ool IS ik gl 23l

SIS Lo s
g 0l5 g 0l ixio oKl i has wdige 0uSuihy ojluiily
ole!

doddo -

S5 sl o basbiks 5 15 s ack sl ¢ 58
4 Sl 0 65,50 g "’J?@ il 4 Sl Olejda 3 oL 3
SalS il 4 Izl gl lust b 53§ oSlgras o b
et s 5 350 5 Slae o (sl § 55 51 g 05l 5 b
G55 el 45 bl bais g p bl
Cel Sl Gl (el 5 (ila 5 e (23 g e g
55 51 5o s glace T .ol Jla) 55 5 glosas
Yor s sS VA0 (s )5 VARF st f5 s lae ) e
BIPEO | S N IV v-A S W - 3o sn ol Sonal o
GOl e 5 Laojl Slabe )l j2alS (gl onlio slaody]
Al o ol J ST gla g S eslinl T

Sl g1530 (555 1 (Slo3 28 Slalllae ol (sladla s

\A4

Vo) e epolaz 05lost s JLs



LA LS )y 5 S cpwse Ao ol Ls)

i 5o g

G L Wl IS L g s ey 0T (51
i 3, Shoe (55 g 0 cenlin Ol 3 b ol oS
ol Laod S U =S 6151 0585 ol 3l Sles w1
COC 'LQG «PID LQR ,—k 0 S5 8 sloapz ;55
S Wil >l b g (50 3late ¢ oas (sraSi PSMC
IS 55 IS (Glag i (Sl sl B3, o 5 st 51 (S
CLQR 287 ol 055 545 o ot agy J 25 claojle JUab
ol 48 5 1,5 oslizal 55 50 (6 )lew Sl 3 Sale s
a2 St (2l & Lo 5 LLQR J 287 55 [Y0-17]
58 s o sl ()15 Ol 0T (Slutinge 5 05
Rl G2 53 A S e 25 o et (e 2OS
4 il 4 Bl gn G55 e Sle p3lie 038 s 2, S
OT e St e 5039 28 (63555 5 s SV
[N ]35,5 euis 28 05w conliol 3 Shes 4 2ete Ll 5 o0
o ile 55 ml 8l il olie S8 S Sllas 5 10
(535 GLa s ls dlons 0T 3 STy st ol 0k sty
DY) il o ot g aw slin ) 1S cpl 5o

03zl 4 Ol 5 oo s 5o 33 ) el (51 Laouls] sl
35S e )lsl 6 byl b 5 o bl b sl s
;v%»—<5‘ a0 Olgs oo S bl b oLt Gl ) Ao
ol L[] 0L 5 Sl 4875 8 0,1 (s 3 obaes
23 5453 905 aalone HLLQR 287 gy ol o2, S
Lnejlw Jlab J 257 53 sy ool SINVI OLSGes 5 5 gols aals!
o 3l 3585 ‘5uﬂ,}_<n 3l eslizal s S eslizul
5 Ot o Sl oty 87 il g0 S5 a3y ol Sl )
Sl D3 pls ‘.;w_fs\;wv I 53 [YF] SIsWST
ag 23l 2 [YO] b poman s S eslaul LS ]
S5 (5583 s S Sl aslial L1y (S35 sla s Sl
LY Jle 53 [YP] 0LSes 5 (5LS aselsl 3.5 S dunlows
03,5 aige s el e b 025831 55 51 eslinal

Glwly 53 .05 5ed (a\J._Sl LQR J =5 )5 S5s slaw Sle

ol e eplez oylosd qud Lo

ARhes 5 J 75 8 o ol o8 il o il I (sl
sl
S35 Jael (6l 5 e sl Shoe JLob J 257 55
o S Ve Ol o Az OT 51687505 55 05l & J 57
st b S s (b sl cJlab BIST eleb okt SSialon
s Il 1l s ol 5303, o)Ll g Il S s
236 sl 6l a8 sl e s J 87 535 0,8 s (sls Klas
RIHAT A 8 (5 s iy 3 Lo 5 0T (sl 187149 L
S 5 Soton lap 5Kess e ¢ B Jols J5S ots
03,5 Joata on iy )y koo 5 JlS oS Co o3V 3 B
1] 350 0 dloel b B8 @ Gy b ol 51 257 655 5 3k oo
Ulesls S5y 350y Rhee ol o) ilises iioes
B S5 s [V ] sheslansn g 5 SIS Jadsl e
syt 05 e ESS o i g b (glo3lu 53 15 b
CNl o g S A § a5 inls 13 bl s e Lo
,L;L_:;?u\;ty.@\;)l_s?b(.u,;‘}g\fé;,\;;,@
i ol o s il (o b3 S oy L[] (oo
W5 oo DLk plas 53 BS eSS (6,851 5 4 Lk
s S8 3 et 35 5 03V USG5 slie o S
l_fﬂ\_}lf}:é}:;fwaii\“\ﬁ b 53 VY] T 5 &Sl
5030y ials Sl b BIS 5 blie Jlww S0 51 05lizl
5ok ol V;w_iny amglie Yo Ye Jle 55 [VY] e
Hosliul oy a0 55 '(LQR) £33 545 o o i J 58
LQR 215 583148 ash § a5 dsstls  Jlab JIST Shes
SAI S US55 Oy 4 Lo oy 2y RS 4 e
IS s S Yo XY i 1o VP 0L 5 (g gl T 58 o
o2 5 Jla IS 3l eslinal Ly (13T amm y3 Aoy (slojla
b dztls  Calisen JIST (5,8 515 slaiani po L PID J 28
02055 L oyl ool 4 S (550815 025 S i
0] OHLKer 5 Gboms ciman v ol 53 s 57 pldl I =87
IS i 6555 Sl eslinal b o Jlab J 28 02, SU1

e oS 5l ol a 0T dlasl gl 5 5 (3 ma Slojlo Ol 5SS

YA




-~ sEshan 05 )05 510355y o 5B L jl e3lizd U LOR Y5’ s s pile (T (e

23S Sl s [¥0] Sl 0t o3l R 5Q o jile
$U\jjosﬁ(ijcuf:b)'\v.o\&w}a():ﬁbb}gL;)'\é
Sl L 8 o e 5l (S8 5 bl e o C s
3l e3lial 4g Comd gy ol I [FV] ol (I 28 (gl o
3 574 @S S5 r (65bT sla o 5 obaigy slagz ) S
SLa sy d S o) Gl e ASL 8D (6 e
21 5l Pl 6l 608 Ol & 5 005 ool ol oL
B (e O b= 8 Ol jIFuzzy-LQR gy cpl 5 esde
S o Sty (e
A 0258 5 Rlas 5 oMo J S slo gt 5 Slos
Y] sls (S 35 slojlo sl eyl O somen gilibuo ol s 4
B -1 W NS =t prhe ol okl gamn o Dladios 1
o3y (ol balg) S st losle sl byl (LT ks
ol ol (ST ot SIS (35 5l e 133 5
35 5o Slalmldode 5 Jde (sl 0l O3 g (o 8
Sl 3l s &S5 )5 b 551 W5y 53 cpl ol Y] AL s
o 5 0 aZoabaio e 3 o5 215 (6515 o e Ll 5 5o
e Doty By Jie s T b slins SUET (508,
S s (S50 5 0, Sas 1 9558 les ST e
b b 1K 5T oS 18T ol b g Sl
Lo (6 05l glacoalsd e b ol 55 pslia J 287 oS
slalbs (g5ludie glalls |5 & daalss pis [VF] » 5
Slo sz )3 Ol i ¢ o Sl 3 Gla ot (s le
e 0l 35l (Sealys (slal Slasetie 53 i (dlas
Lsdor Jol s 035 6 55 0l Sl s Slaseia o
Sl Cmalid ke 135 i gl y Slalllaa ool 51 [YO]
[¥9] 01 Kan 5 edlS anlllas 4 Ol 5 oo 0L IS (Gla gt )3
51, "MRAC o pamsn (53 18F Jle 534S S0l
2 4 VY Jl s 55 [PV] 0L 5 gt sbl sl
3, L5l s (ol b 53 bl glac ol pde S
R PURCAVSNPICIEI I [ ST C SN ISP o JU
23 Sl Lol pue 53,5 A 534S el oy

i pale e 53 Sl iy S 5 S
2SS 5 IV ol S U 5 ol (555 Sl 5L
33 p3lie o (Gl aBds Wi D) oy 5 $SE (1575
2T SLaig Oldal & s S eslewl R 5Q 555 s il
Sl g ol b Sl 5 0L ok 2alS anlllas o)
s Jgene 35115 glaen 5 S oS sls Olis 5 38
533 G o ol o 53 el (ol slo 5
S 35 s LT LS| U1y 2als 4 peie oS LSl o0
el>3)) ﬁ)}—i” YA OSKen 5 5,18 e
b ks S 0slizwl LQR (gla s lo s (51  SLbail 13
3035 1SS (sln ol slapny Sl ealizl oyl Jl-
o 303m BB M D) oty s 53 15 p (13 4 Sy
oot glojln (Sl 0l ;3 By acml osde 5,8 18
0l 5 i (o g3 b o) atlisl 5 Calbes  Solus sla b
5 dandie YA Jl 3 ol s YA] ST SLST s y3ass
s o5l 55w Jol (65l B sl o o, [YR] 3 S
R5Q (55 omsile 55 cmnlia jrolie dsnloua L J 257 (650
L oal3T amm 53885 o5l Y40 (5T oy b T sl 1
gﬁutggw,'mwﬁajm&\ﬁwﬁﬁﬁ
bt Jlutda aslsl 3 87 W5 pad oS @l el K
bl 5 o D)o 5 05 Y0 plad il 1) byl )
ARV Sl G e 5T 3 ol Culgd 5o o8 3,57 s
byl e 6l m Jme 2 OB s 5 aalsl 3.3 5 Llows
5l S oreb 3 5m  S) (U Dlsean oS B
b olgdes s) o 935 (B e U 58 65,5 S M
G2 b Lol e 313 amy3 di lao L (g 5
S g8 Jmt s am pluap 4 Sl )
55 30 ) b 3, S Sl akimd a5 ot LB S
203 AFS 5 Nas o g 5 SOl 0iiS e Wl 5 o
5 el Sl aS dads b, 5 sl 1) Asl b
53105 S eslil sl axdls p T Oy g |y CNSCin

33 0 Sl 636 S st ga o) S 51 ST caikige

YA

Vo) e epolaz 05lost s JLs



LA LS )y 5 S cpwse Ao ol Ls)

Slo3ly o > Y oleo ¥
23T s iz 5 iy ol (Slhs &S o dslas
Sy st Ol 5 o 1 05 S me s Bl )l Lo g0 J 287 -

s (1)

MX (t) + Cx (t) + Kx (t) = -MEX,, (t) + Gf (¢) "
o Sl Sl Sy s jo K 5 € M 0T j3a8
s e X (1) 5 £(t) oX(t) Ll ool (e 5 ol e
sdle L6 5l ol J 287 (65,5 510 cojle gl lo
Lo s o lins o O 15 03 S a6 o S Juol i
g s P55 26 A Skt 554 5 G S E
L p 5315 G el ins o LSS | U JIS” 6,851 3
2S5 0L () 5 () Lty &) o 015 o b

z(t) = Az(t) + B, X, (t) + B,f(t) )
y(t) = Cyz(t) + D X, (t) + Dof (t) )
503 el U jme 2(6) = [x() X(0)] () sl 3 &5
S s o (i Lo Sl S S By 5 By (A
) Ly Gllas &8 dzen J 287 (59,8 b ge 5 ()l

g o L ()

0 I
A=l , (¥)
-MK -M"C 2nx2n
0
B] =|: nx1:| (0)
ot Ly
Onx
BZ = -1 ’ (9)
M'S,,
2nxp

9 ol ng_;fa)‘u\_J k.ﬁ_"-jj’- )‘JJ,! y(t) L(“) 4.}4;‘) BE) U‘.‘-"-"“'A
pefies JUiSl 5 (o5 2 Gl Sl e Dy 5 Dy (G

b oo w5 (1) JIV) Laslgy Oy guots &5 At

IanZn
< =[—M1K -M~'c v
mx2n
0
D] =|: 2x1 :| (/\)
_Inxl mxl

ol e eplez oylosd qud Lo

os b 0 S 05 pslis 4 i L5 o0 J5S Pluo
52,8 B s LYY Jle s [FA] O 5 55 aslsl 4535 8
o Sl Sas pLbl 5 (gl 5 () S ol ol oo
b ¥ glojlu 0k Lis gl - pslis J i8S (b
e anllle sl 53 LT il gad 0 oy s Sl )l oo
5 Gl Sl pde 5 534S ola S S s 8
S5 opban L5 o liph b Sles pLbl Ey3 o
5SSl 3 eslil 3 m gy 2alS g
7S las sl il 5l 6ol ki Ol 45T 4 4 5 L
Dol Sy o 4S ol Salus gl S iy el
55 o o 3 Bosle jae Job )3 3 8 o b il
S o3 S oo ok Sl st )l (Seolns sl
OOl 56 ol bl oo B ol 87 2, S (o5
ot kol Coda 315 3 s o T3 (o 53 U287 0, S
IS in ol L agrlse 6l e 5 03le 51, oS ) allis
Uil (ol 5 (e Sl eyl 7 T S s Sl e
SIS e P e 53 adeen Sl Ll 0 o5 s
RCOPPE|FE IO [ PPt PRGNS Y P g g g R
Rl s ot @UIS alodd (mlb s pslie ) 1S
S 5 e ol S0 SO I sl ansls | OSCie
Ol S 4 gliws S LQR 5 656 J 257 sla S5
DSk s ojle ey Al 0 fl S5 S ae (55
Lo S o 03 5155 3525 5 (6l sl Cmtlad oo o llaals
S oslizul o sast 3 b jiags i g andllae ol A3l
P sy o3l Jlab J 27 51 Fuzzy-LQR (oS 5 o255
S5 b 5 Rlae plbl SISl e Jlb IS Rl ol
235 ) 03 JFS St SIS 525 50 53 Ol s
ST G 53 05l 93 andllas pl 3 .l 4B S 45 s 5y0e
3»5)332“5@5@@(’“)’&)\*3&\54%)4’.“@/\
s ol 8 515 Sglita s alan b o gm0 ) e
4 LQR o2, 5831 L Fuzzy-LQR (sl i 31 ool

.wnamwuﬁqx»‘s;}m;&uﬁ),inpam

Ae




-~ sEshan 05 )05 510355y o 5B L jl e3lizd U LOR Y5’ s s pile (T (e

Sl eslizal py3) gotiasolis R ile sldsl 4 5555
R 5 Q (56l sl bl il o 28 J 28 (655
Sl i 05U a5 035 l b odge a2 50
3lie Ol U ol Ly 5,105 3 5 5 La s 5la ol ol
Jols &85 0155 oo R 5 Q (glam il ol (g1 nlio
S 205m B S35 Olje 5 Geoly SR s (le (oo
sl s e (V) adaly (5lmacnS [VP] 5 el 51,5
slmlly u=-K,,z S (65,5 & 358 Kigr so
aboly pilae S US55k o g Sl Ky &5 A4S 0
Dyht e )
K, =R'B'P (oY)
S Wil o e e das Sl (6l2b SIS, e 5l P
2335 0 Jols 25 s SIS dales )
PA+A"P-PBR'B'P+Q=0 (")
e 0335 (S s ol el s g
33 5 SVlee [Fr¥A] Uil o o o)Ll 355 (sla e jilo
3505 Oly 3 Oy gen Ol o1y Sl (sl
i=Az+Bu=(A-BK,,)z (F)
adaly ol ool Dlasein j3 Coald oo 5209 55 L
3 yh o el (10) daly &) pons B 2
2=((A+A,)-(B£Ag)K,y, )z (\0)
La jal )y Calad pos Ol i (gials Godiasplis A T j5 a8
polis IS K bl gl B g A gla s lo )
bl 35 o oy 5 53 S5l b (Salus 415 e LQR
b s unT 3 J b s Ky 555550 0,4 s Sbe
b 8 o 8 A 3§ b 5m cpl L0 )il S5 biles o
IS 5 03 g mlin dily Conbad oo O 9k 05l 5 53 5 05
I DL o5 S |y o3l sl jalS Ul LQR
La 8 o 3l 03,15 SLedbl a8 olKin Lal 6l yls Calies
LLQR J =8 bl Cnlad pe (113 oo 5 25 0 2257

))‘J_:r:_m:a.ucmlﬂ g__mLA J;AK)J Ls;‘u\..? g;:l:u g:.;U o,

AN

0,
D,=| 7 @
M S mxp

Air Glor 5 o Sl S T 5 0 s
S (Dlads 3w Kily 4 5P s M en Sl
S il o 0dkd sl Kot sl 5 0l (5,8 0jILl 5
Ozl &S5 53 03 o Slos (6,51 5 b go o 5o 35
Alen Al ails Sl 3 Cilon 4ib s b Klae B aiban

B 5 (V1) dail

s=[-100], 00

PSSR
azstls  LQR 3,8 1 025 8 e 5 4 1l oyl 3

2 ﬁ)}—@ ol S ealial U U587 (65 0 dlons 0o 5 0l
LU 5 pne L aelsl 53 ol kit 033 5 Cpnlad ke
3 ko slizal 53 1 o 457 SOKe 5 025 Sl Cns
LB od wtls y dlie Aol ol e T oy o2, S

.Mggw;};ywu)w>,§L.m)|y@u@f)p@\

P93 4x )3 (o dug J 5 g -)-T

a7 SIS 1 (K pas s o ang J S
bl ) 4y (S 658 Ly gdome 4 a5 LS
Sl S 4 b ut) IS s s LQR S 55 A8
S 5 aS (W) daly T g5 Shas astls a5 55 Sl
.[v];;,fw‘@\gﬁfdmjwwt,

Jzéj.:[zTQz+uTRu]dt aY)

Aid J 28 g s pu 5Tl sz (VY) daly s
et ol e slamSe R 5 Q ines
OjjéuijAA_gCH}anmxm 9 2nx2n
Cmnatl (o dasilis 5 S de s Sl 53 sliiel ,iolae il
SilmaeS AT 3 55 0,8 slag s 5 Sl (gl e oo
el slasl 4 5685 polie e il e (1) oy

2ol e gojlu c.ﬂ\._:_ el Coenl ‘54?):J§3L_¢. Q

Vo) e epolaz 05lost s JLs




LA LS )y 5 S cpwse Ao ol Ls)

ol 5 g Loyl b bz | o (b i Sl adsl o g
S35 U S (or Jdni (R 055 L 53 i G b
0355 3L 390 (J A 65,5 b bt 0l 4 0l 51y S 1S
0 A i s e Shes S35 e 1
3313 55 Slae w5 045 Oz (65,31 Oln 035 e
L5 (620 V980 dl 5o (5L Gate ol SIS, 5 b
(S5 Slaas gazear Ol i Zowi (gl dllin 55 500l i) ) guds
(S Slwlows J I3 4 (65U (sLagt s [FY] s 5 @l
233 1y 3 g se (slacalid pde 03,8 i s GUly
oI5 (3L Sla o 53 55 50 (Sl Loalad oo 5 il
slaosls jlesliul 4 015 o dlaz OT 51 aS" ol (5L 5 LY
(,4_;‘5)\@%_1';\%_;;&_1\4{Sgﬁa)utjwtét)\g
LEY il 3 g 50 (56 (Sl s 53 03] 4y sl y Coalad
Oyt aalllan 53 (S5l it (5516 0 S o i
T agam g bt odd b (s 58 (635,585
OLa3 L wite 039 i sle (5B J 587 g 2 s O 5ty
S Ll e (6518 S g (65555 Lol 0ls sl (R(E)
S Glaib i o Gllae 55 addllas ol s sl IR
G oS o S (63555 Ol s w03 8 i 0T 53 Slae
PRSI TRE J PE UM S DY G PRE
Ol U3 g o Lay s guboms 5 8 a5 53 1 5 by sl
gl (6l Sen Olej o 7S 5 (85,51 3 e 03 5 4iaS”
ol i sl 6lls (3L hte (el 48 § 5y 5o (556
w3t 5 il 5 g3 g cdsl 5 oLSSL ((s3lms Lo
Sl aalsl 53 5 bosls (5luis 56 ) shateas ol ide 5o ASL
S gae aol$ Sl S 5B Gl s A 5l 22
ssbie ol (6l &S Sl ol oslaiul g 2 9 (639,59 et
o300 Gl gran b (e Oy gude ml S G550 53 o
@t,:gyﬁf‘sudﬁ JFP] el o ol Y G+ 03L s
35 Sl o 0313 0Las (V) K& 53 s 5 5 (62558 Co sis
)l ol 5l kil oo (636 Aol B oL 4 by o oS oy 25

Sl 0l o5lazwl (V) d_}.\> B ol

38 A RS S5 SILQR IS LS s e ol @5 51,
Sl Ji S e e 4 636 J STl ok aslind
(Gl pde) s (omal g 5255 b Ablle QU1 (om0
Sobejen 56 S SLQR J x5 oS 5 LIyl
3 o o3linl J 257 55 ol (Ll
g3l sl B9, &G L Fuzzy-LQR (oS 5 J S 5
s o 335 g 55 b LIS e (536 J S wliad s
035 5o ol o b 5Ol el ol ST Cabad s

Al o G ot Loyl 5 4 a5 L dld 2 55 R

Solgin Fuzzy-LQR @ 5931 -Y-Y
¢SO LQR 28 cdd o)Ll b jise 534S H5bokes
03,57 s a4 (gl 45 Sl dingp Il K (g0 iSTJ S
gbﬁfsg}acuo.uu)‘)s\.\}@w%;;u
N3 ealil 3 s 0l J 287 (63555 513 5 Sl 5l o
2 Kigr I 0 5o QR U285 K055 53 05,8 0
=l ssaS asb o R 5 Q ol Sy law sle ol
O 5 Sl J 287 0, s Sl Juowd 0T 3 Jsb 53 5 Sl
i VeSSl o g e ile OT & Mol & Cl o5
o o (V) ey 5 R a8 L Q il 8l 1 555 s
SRl e Salg 5368 558 e g ) 555 S
(el L) Vs 2alS o mie (8o 5 U 587 5
Q o ile Sloslizal b J 28 e 0 Bl nl ol 25 ot e
Silwaed AT 3 Jsb 5o 5 eddlod s ol b oS5 s
bbb IS g8 g et sl B OT e
R O L U S FE P RUS PR ORIy NS P
3 ot it AT 3 (b Slas w5 o sl (655
ol >l J S (58 o Ml 5 ASL 5L 550 050
JoB bl sl Wl e 3l (S 53 edks Jlest J 257 (65,0
S 3 e 3l S (550 o e b 5 J ST Shes w5
o 5 S50, G Lo ¢ St i ) (6,8 sl sl 23 8
‘6;uomr,z;:gi,_;mu;.ﬂ\\isﬂmfgﬂbwu

ol e eplez oylosd qud Lo

AY



ZE VS S MS M L VL

t“ (sEin o)) e s183)55y o5 (5516 L jlodlizl L LQR JyiS” g e lo oo T e

ZE VS S MS M L VL

$23909 \

ST \

Y1656 b 95 953959 Cugas @ilgh (V) J<b

(e S sl S8 51y e w5 ) ST e
@ SKan SVl bl gy p s Sl s e (514 )93
Gl SRS 3 St w5 sl (poled oS oy 4
oy 2S5 s hazals 0L b o3 Shes olralr
63 Nas o gmma 5 by e Ly pde mU cojle Sl
S Slas oo @t 5 L e 0 o 1)) 5 lae
AL o 53Lal b ol Sl eslizal ¢35 2hie Cy e b 53
Fl 305l gl s p LFF] Gz (B sy alsl )
) 63555 4w L 5 (S 5 LS ) (63555 93 45
o313 3Lt 0355 505 (36 oS J 1S 4 (Old 5 s O
S Ul sl sl b Il 53 2 53 05l O ok ey &7
5 M il s DL o et 53 bl 0 LS
Tl s bl 53 0T 033 (53588 5 Soloa 015 0
81 Vgl 58 g = FC s 5 5 01 58 g - ST
Y s 5 oS il B b oy (ot o8 (6la o (5led e

[V] 3,8 o )15 oslizul 554

Fgan 2395 ) Mg -F
Se) B Dlo sast p Gate 5las) 5575 Sl eslial oy )
1S o S S Gl 5 (b 3 adlae oS
[FA] sl ol o simn olan, oSy Sl esliul 5 )5 4y
o (Byae (£ gman S, S, W5 sl e aduke
5 St s adde cmws g5 4 bdde ol S sba a5 ol
Sites ) slaesls ol gl Joe &7 g o el S5\
A_EJ_?r.ZAL;QJLAJQLZW)‘&)}SJLMJ{(}JJM)MJA
e GLadie 48 5 e o st S sl

18IB b4 b 536 wlgd (V) Jouer

g mlg

VL L M | MS S VS ZE 82509
ZE | VS S MS M L VL

oS o oS s B 5 62505 A b e SL) sl e
L M MS S VS ZE ke 5L oyl Coin 4 g5
L gor (S ) S S ) (i) Caddes VL
Aled oS 5 5 ) «df)}:» o g0 (S S
Sl e 03,5 dom o Sl e 2 8l esDle
a5 S 55 (656 Sk 439,531 i [0,1] 03k 55 (535,
Cmb}:}“‘fbﬁf‘g(’)l@’-.uf‘*)’ﬁ‘il@)’ ] ol
dg_mu,\.z«:;)?%@\.wcmnwjtmg@wu
oe [FF] T 5 (Gltas Lo 5 V4VO JLa 3 5L sl
53 4od Dot ol S 2 S Jol e s £
e o o me Ky OT 534S Sl o 1,1 (V) S8
Al s 5B 39,5 e
e Dot Lo e w5 S 5 2 s S 5b 4

;}5-A_xJUa.AJ.s[ff‘]éﬁ.[?0]3)|;&ﬁﬁ&t¢jnﬁw5

oAl G I 5 ok 5981 31 eiled _led A(Y) S

AY

Vo) e epolaz 05lost s JLs



S oyhng 5 S5 (spuge (Aot ol o)

(V%)

Olajots 5 plite )8 hds e T 5 F() 0T j548
@U‘)‘)JMQ}‘}.&_J_}G}%JLJOJJJWJQJ;J
&L-w:‘b(\?) ‘da.ab\:(\%) ‘d‘-") 6_9\..'.5 uﬂLﬂ‘ﬂoM a)u‘j‘.eb\:?

s
1

a(t) =1

a(t) =exp (— ! _Btzj

e S 05,5875 Oy sl 3V Olej 1y 0T y5 o8

for0<t<t,

fort, <t<t, (Y+)

fort, <t<Tp

AUy olid a8 Cl Slejodae ity g ABb e s
jebolj;’..gjm.}_dﬁ 500 byl 93yl Hl 35 ST
sl e 0l dls 0sls 0lis 6l gles Cub &S
Sl 4 G Ol oo codd 0,L51 (6l eyl mnd I
Gildae Ol (e 1y o s ey (sl 5,87 oSl 5,87,
35 deloes (Y1) ol y ulasl 5 (YY) ol
(1) +28,0,%(1) + 0px(1) =n(t) (Y\)
%) (1) = —2£,0,% (1) — 0yx(t) (YY)
5 Xp 5 030 bl (s L 55 0T 5 S Sl (D)
oot ks s e dalsl 3 Bl o ok kb Gely !
55 n dawloes (YY) ol ollas 55
K5 (6) + 280 %, (8) + 07X, (1) = X, (1) (Yr)
(Ryp) Sl 56 s el b 505 S s Sl Sl
AT o Gzt (YF) ol olloe Calibes o o sl (ol 4
Xy (1) =X, (Da(t) (Y¥F)
A e 3, e L5 (sl adlllas ol s
B TR o o LT~ P B Ve
030l ko T dilaie (gl Jlu B0 53 o ys ¥ 5 JLu O
):anjfjd_i\n\:._mbu‘;lﬁp“}l Sla jalhl &S ol ol
a0 s, ST ol Slej amede ,U .l ol &1, (V) Jgu

el 0 0303 0Las (F) IS 5 6T Sldie ST ol jan

ol e eplez oylosd qud Lo

4.).
(o

Sla g s odd (o8 me Slad s 4s gazma 5 53 i
AS el s e o saan sl S5 Mg 1y G
Sl sl 5 Ll (Sla gy dns 93 4 (SIS Il 5o
ssties bl gla g 5l da ksl S sla s, [FA] Lisd e
P s a5 5 5 50 ) ol s s )
ol 5 6ok b ae bl 8 sla gy alex s S
S el oo ST [0 ] 0L 5 ob s Lo 5 Lo,y S,
JLobs 53 dys ¥ g )e st e b Glas, ST, 5l slas saes
il 874 5 Calises Gble (6

j;)'\e,\_:;5\)@;5‘,:_.?“&\4_5)1”2;‘4{@%@\);
b35S 5 gl A5 (6l ol ok sl s sivme 1315 5,55,
3 ob b g old Syl ) 5l Calides st - o 615l
S o3l e 0 g 1] 3 sl 0k o3l [0 ] O, (Sen
S a)se algy anlal 53 508 menls =5 eyl sl Y
eSS 0l b & o 338 o il o, S, 5 ol
3503 iy 5 (V) abasly Gllae Ol 55 0 1 25555

G(0) =G, |Hg(m)|2 IH, (@) (%)

mmme AL e Ol ik Sus St Gy 0Ty aS
Ol 5 Vb (o83 el w5 54 55 Hyy(0) 5 Hy (0)
Gilas o e ol 5 Y (S el w5l 457 iz
AT oo Swsas OVA) 5 (W) Laslg
2
|Hg(co)|2 _ cog +(22§gmgco) : o
(m2 —coz) +(2<";gcogm)

g

4
H, () = @ OA)

(oaﬁ - 032)2 + (2§h(ohoa)2

g M (ol S S 0 5 &y Ll al
Sl Sl WU S 3 (gl g (6l e (83 g anlllas 5 5
255 g o3l O 5 &y il 93 51 55 el (P Sl ses

Sl 0 5 0 &y &y (G sl byl avnlome ) ghataey
IS il 55 > 1S st a5 o5
558 r dslons (18) sl Gollae Ol 5 b

AY




sEstan 05 )05 51055y coni 556 U jl e3liz] U LOR a5’ s s ile (oWl s

J0+] s phas gtaw 30 e Tyl ditaio (ST p3Y (S siol)ly polo X(Y) Joo

B a G t ®h Cn g Ce Go sl S g
v | ovse |oass [ oewa | ooee | oova [ ovve | s | vere Sl Y
o/00 * /O O/YF F/NY /Y A V/aA N/ ® Y#Y/VY e Ol 2l Jl o
LYY | vems | v | A | | oAy | VEY | vAAY < A
o/ F A% Y/ov Y/V¥ /0¥ A /Y +/0) ADV/YY e Ol 2l Ju o

'/?YQ=J‘~\.ERM;LRGJLW°' ).}-\.p).}\' Jjaicjd.wlfksslgu_‘é‘);)

'/W\=)l..\iar.~.i;la‘dub~):..\.p):\'JhiCJa.ulfd:lg.a_laJ‘;)
\ T T T T T

(g) ol

Ol gl g SB95) Slo dsmsu )6 (F) K

\ T
3
)
C)
-\ > v 5 Y- Y6 Y.
(a56) 0L
Y
m,
k,,c
Y'jil.‘..o
Y}).-&..ﬂ
m‘,‘
kz,c
Y)ik:—
Ve
ml
\,il».c
*

[P JW B Cuxdge of yoid 4y dido ¥ 0 9 (Sl S :(F) o

bt | ol ot J 27 5 0t J 257 ol (Sl s
5 dladr 3o Ve glas) S5 S SE 4 5 o o dlie
Sl gl ol o S (F) gdr 55 JLe Bt )3 oo ¥
5035 LQR J 28 s Shes 3l ol o J 287 Sl 5 0
‘5\_;‘.;,),_?\}@ o3liul 0900 OT (S35 Slam 5Ls p3Lae
lin U Ol ol s s gl 8 lie b g 5 23871 3
,a.\_:.sJ,:fguéng@bdalfﬁﬂrjuum,\@u
L ilwdde I ol zuls clin Glla5 4 015 g0 0 J 287

.J;o)l.ic‘@fduﬁ):o.\iﬁb‘@t}

Sdus dfla § S omo -0
g Ml i | L) 51 Olabsl shatan 23e ol 5o
anlsl )3 godd atls ;Mo Sy 5 Gilwdde iwlon
S ol e 4 s ol 53 4 S S o gilad s

ol okl 0503 Cj& sl

(e —1 -0

v aallae syp0 aib ¥ 5 OB sl Cund ol o
J_Aéshmjrﬂ.@uud.u[a\]ﬁﬂdpu,&slf
G S W 5 FAS Ve el il Sl b
/N g o e 0 Slab (ol S LB e
aab e ys b gla JS . Clods (550 /0F 90/ YA
35555 33 3 5b DLall J =S 4y e y 4 S 51,5
ol Sles b oS Cl o3 8ol s A5 o e
srb aslS 5l ek e3ls Olas (F) UK s bas S
4By 0L, OF/F+4 5 YA/ TF AVAYY (5 5 5 o5le ol
S b g ol on 4 aib ¥ oSl I STl ple il
¢ s ki emy 0T 53 a8 el o onls OLis (F) JSKa 55 Jlab
[Pl aib ol e s (S o O ae TS

S s 5 Gilwdds ol ab sl GLS 3

Ll 0daT Szt asls 5 0Ll OF/F 45 5 ¥4/ ¥F A F/AVY

AD

Vo) e epolaz 05lost s JLs



S oyhng 5 S5 (spuge (Aot ol o)

-0 0 Vo 9 Silo e 3 ol gl duylio :(¥) Jour

S9 Jlus> S g g RS O g PS5 o> Olo yudi 510>
SBP b J s By b B b By b el = ol @l
(Fgsshs) (45659950 5 ji0) (496 5 y0) ()
-— 14/AN4F V/FEPA VAR okis J 28 Ao\t
5SS
\/AVO AN JFVY /Y40 ol J 28 Juor s
O s
- FA/NFVA AAZST /YY4A olis J 28 Aoy ¥
[0Y]
YIYO A \Y/70FY +/FAVA any ol J xS Juor s
- V4/AN Y V/FESY ARE olis J 28 NSTRR
Y/eee #/¥VAY /FAQ ¥ ol J 28 Juor s 5l Jeol
-— FA/NN S Y/YA L /YYY ok J zS Aoy Siwdda
AZARAR AAVANATS A Ve okd J 28 JLo s

(Wi p 9390 Holai Sy ol sl (Saastio :(F) Jyus

&g &b C.0.V SOl ke
Ju KW O e

JLs Sy Aoyt -
Ji s EW BTN P

35 o 3 0 0 o 5 03l slageal sl 5

53 05 aelsl 53 T o Canst ol W 5 (2 gm0 A 353,55
o3l b cla & o 53 515 5 (6 eyl Conlad pte 1 3 8
53 03l lagaly b 555 a5l LLQR o2, 81 51
g o dloes b il gy Sl elizal b 5 ok J 25 b
oo dles o ke 53 5l 3zl b J 557 6 0 5 slite oyl 61

Wl 0l 0315 Ol 55 3 ek ¥ o5l (6l 4 gad Ol e S

100
R=0.5/010],
001

0.1 0 0000

0020000

Q=2.3810x10’ 0 003000

00 0100

00 0020

|0 0 0 003]

T ek (1 (631 o2 s Sl ealad ks g 53 55 ) o
L agrlsn gl cR(E) Ol 5l Al oot R G55 e Sle

Ql_ﬁjj..ﬁ:g)jbg')w.g;..ﬁ:‘oﬁabﬁame&jkj}

GO Al -Y-0
d,.:frg),iﬂ@uswjpj_m@umuﬁt,;
LQR (sbapz ;583 4 s 0T (U1 5 0315 O3S 5 solgiiy
Sl el 35175 lagn ;S L oks 42 LQR
[OV] ey s 5 (SIS L 5 ol olial 4z b ¥ oL
OT Sladein 4 ariwlons Jidu 53 45 Col ol oslizal
S ol s e amlie Ol Colg 5o B s 8 el
L edd 4 LQR ‘._-wﬁu ¢slg—iu LQR ‘._-w_ist
oz o5y aalsl s sls Lol 550875 ‘5\;5‘.;,_),@\
Sk Db slix b glaejle 53 golgiiny fs) 2Uls
olos sl 5 (o p i oS Lol ok o3lizl 4kl A slo L
5 e S P (S YR e 0T Db
ARae Lol pl 53 [YF] Abl o o 45 555 ST VIF
Wl 4§ )5 sl 5y 50 SLab sle 55 Jbb LS
Laojlw ol cdd o )ldl aeiwloes [idw 55 45 Hsboles
Aoy Ve e mle U o sime 55,505 9 2 o
aalsl y3 w4 8 13 Jlwdr 3 dw,s Y 5 Jlede o
Dl S e 53 555 B0 clede O 5 a8l 5 se
skt 55 (Gileand AT )3 (gledde ok pte Sl ol an
Sl LA ® o b e (F) Ul Ol ol
OLii abg o mS9 aal s b (o 2 3050 Slal il oo

[0Y] das

ol e eplez oylosd qud Lo

A



e
)

aalesd

U155 Ml JS yshe Sl 8 815 ) 3550
A3 8 e 5y Sl ol i L ) o
L has ol gl aalsl 53 5 Coal o as  LQR 2, S
Lsurb.))—i” L oT (s sl m jls S LQR ﬁ_)}—ﬁ‘

il 033 8t (ilods gl Calises 5573

2291 4 Sl (S3lghiy w099 (26195 (qwy g —V-F
LQR

wib sy e O i slagaly Sl a6
L ot I8 o s J ST ol oSS w0 aib Yol gl
2SN L eds I8 5 Co (s 5o LLQR 2,81
\e rb:’-cla_...l_z.s)}_()ﬁf.ag;;ﬁFuzzy-LQRLg;%
g:.:alas(:u\;)j.‘l}):}dbb' 333 Y sl byl
Wl 0l 0313 OLEs () JSKs 55 b e 53 35 5 6ok
el Sl slagly i S2alS 4 0l 5 or gl adsl anglie L
22 o LOR (25 80 & ol (0l 02 ) S Lo 7 o

-~ sEstan 05 )05 51055y coni 556 U jl e3liz] U LOR a5’ s s ile (oWl s

L (o5 555 (639,50850 Oy i (656 oS o s
gjaﬁfcﬁwc@.@!u&@\,b@\wCW\W
o () St 55 (55U eaiS S oy 5 5 (6355 poLhe
L [0,1] 3L o (636 (53508 (sl e .ol 0l 0uiiST p goss
) Ve 0T 534S «(Y0) aasly 53 ol &1, o b 31 e3lizul
(il oo 0ekis J 87 03l ol ahb 3 0kl sl s ST
5Oy Sl bl 1 elide o 8 cpl Lok o
s ST o g Sre 3l (s 15 oy pemdss [OF] s
Lo las g o ool deo)s opl i 5 Sl ol Ozl
G35 ol 55 [0F] 53,8 o e I xS s Slas 50 Coda
el 0dy3 & &1 (V) Jgdor 3 55 o3kl 3 50

1

V:20|V

max|

k (Y0)

oW b -F
Sl oleie S8 02 S e b e mls Jou ol )3
(sl (slagaly 5 ol ot &1 LQR r;{),f\swm &

‘ Fuzzy-LQR L el J 8 ———

O

(43l 5 gdoen 5 20) it

(o) O juis

(36) 0L
Lo ys Y JLE; CiLLw Q :)JS')

o ¥ 03l Pl 315 Slgumly o 45 3 dulio 3(0) K

AY

LQR L ot J o8 —— s J S —— |
R
) Y
3,
')\'
4
i )
;%x

/Y

(36) 0L

..L..o):hjla:'-c]a..»l._»:);)

Vo) e epolaz 05lost s JLs




S oyhng 5 S5 (spuge (Aot ol o)

Fuzzy-LQR L ol J 28~ —— LQR Lo J s —0— ol J juS —A— |
¥ ¥
Y Y
\ \
Ve Y. v £ o Ve Y. Y. £ o
(a3l S pdomn 2 20) Sl ST (a5 ) pdmn p 20) Sl ST
v v
Y Y
\ \
\ Y Y ¥ \ Y Y ¥
(a5l 55 0) Coop S (a6 5 ) Co ST
v ¥
Y Y

Al o/ Y

(20) 08 s S I
Loy ¥ jh"'c-“-‘ti%;)

-

/N /Y s
(20) O i S I
deoya Ve st gl s, 8,

Ouh gl (Lghan 35955 90 B Low Ol plod 4o dado ¥ o il SdZwl ST Tus dulie (F) S

il 391 Fuzzy-LQR 5 LQR ru_),_in L okt J 287 (glagenly

o S 53l 025 58U LS 35 51 0L S o
A3l o LQR oz, S

Cnlis J2alS a0 015 o (P) 5 (O) sla JSi a5 L

o sl oolgtn r:i)}illj\ o3zl o) g0 3 0jln Gy ST

Fuzzy—LQRr:;_))_iﬂ QJQJ L}.‘;) st)j)}k.m\a M‘J‘)J ..);

dor g 3 g Uagealy Qo (ke s 2S5 o Ol b )3

Sy 5 S 2l A ys (V) K 45 ol a £ 3

ol e eplez oylosd qud Lo

2> aib ¥ ojle Slib el slagaly ST () JS )

LLQR s8I L ot 287 () ot 287 YL
3l ¢3S Lot J =85 (2T Colh sla s Sile
1)) gl amglin L .ol ok 0315 L5 (o 3) Fuzzy-LQR
3Lty 02555 (VL LS 4 Ol e S5 ) s ok
eLes 3 ojlw slagly 2alS 53 LQR 42558 &
S5 ol 4 015 0 (P) S a5 a3 g Dl
Ot D 03 ey s e 2alSTL S5 S o5 5

A




J).
G

Sl esliial o 3 adb ¥ oo slagaly ol Ola e
451l (e ) Fuzzy-LQR 4255831 5 (=T LQR 2,55
Aoy Ve sl Lo J oy ol JBaO] sie s (sl 02
Fuzzy-LQR 5 LQR L;u‘.;,_)}_iw osliul &y y o 3 5
L3 W g A b an ojlu ply aib Ol uly ST
55 el ol Sla e o Sols a5 4 355003 il o A
V) S8 @ a5 bl il 2alS Ao 3 VA 5VY O 5w
2053 s Slhae Lagealy golad 53 45 3l 53 Ol 5 0
! omomen sl o LQR (2 S 51 g Sl e (Mgt
Lagenl ST 22l 55 Conli s Shoe 1053k o2,
Olen 53,13 (J o8 JB oll8 55 & o Olejods b 5o
Lo gl S Sl 2 gl Sl o (00 a5 S8lS
S ol Ol o Sl b e SIS s 1Bl
L Lol alST 55 (oolgiig 875 Shee 573 80,31
Ao alSTL A o 5 ol Slab (35 5L
VU sl (52 03 od pmp S s Sas o) e
28l gn GBI Gy 2l s>
@olgty I =S 02 ), S s o3 N 4S5 bokes
S L Gilbas alasd a 55 15 R (555 e Fls lide
w\@uj%)U(A)Jﬁ)sduswfxﬁLg:j)j
a..\_.i/oabal_.i.}a:u:_.A>)qu>)}§)é§1§£4{wjb
Sl il ¥ ojlu Slib plas 53 45 ol 1l
R S5 il Gl m o o dw cmal odld oslinal Jlad
OLa Ry s Ry Ry L ja (W) JSKa 55 a8 50 550
5,5 olal &S opl 4 Ll (A) K8 & a5 L .Sl 0l 031
S b S Sl olarbas 5 wdlse (5 5 o ol 03 &S
(Sl a0 4) ol g ST 53 (S o oslinal , Shes
5 Sl o oslizal Shee ol Jt 65,0 51 (W15 il 5
Shee &b ST GILQR o2, S a8 Coal S 55 0
3&_.4\‘;.”&4duf@asu;ﬂtg,;,oujo.ud}b);

A

(sEin o)) e s183)55y o5 (5516 L jlodlizl L LQR JyiS” g e lo oo T e

‘ Fuzzy-LQR b ods J =5 memmm LQR b o J,=5 mmm

Yoo

a AD
Sl Ar AP AT "
Vel VOV Vo
Y 4] BRA A T
g .
o 5
F - a - n - a
3 2 33 2 A3 R}
b ol b s dib s

doy3 Ve o el b (63,555 o gl Sla e 5 Kikn 4t
Voo

AD
3 M A A Ay AT
3 A v
Y vill vWi wi VR Yg v (AR
4 b oy
o §
[ S S L N S S N N N S
- 2 2 O < 2 " PR
Gb bl b e A
M)J\'k"chwl{éb)ﬁ)&?ﬁ”cul{gﬁ‘b
Yoo
4y 4y
a A ,WM ,WM Al Al Af AR
AY AY
_‘; A w A
Y
e e
[ A s a4 s 4
) FU T < D 0O PR
b ol R b bl
Loys ¥ et o b (53555 Cond gy Slay o o Kle 4ty
Yoo
A AV
T woa A " A
% Ve
J wil w Yo Vo
4
I
e — LUENE LT
- 2 2 O < 2 " PR
ab gbral b s ab ks
MJ:YJL}CL‘”L.LS'})};)C”J.C‘”HJ:{L\,

Szl Ol o 1Sl 4dy 5 9 2 Ta> gl wo 38 Ol g i(Y) SO
oolawl dyg0 (J g5 (Sl 5ol U @ dado ool

Vo) e epolaz 05lost s JLs




S Sy 5 (B sgwge (ot (libyo Lo,

2RIl b bl o o y3 VY aib ¥ o5l (51 lutie
Las oo Shals A s AN e b akb A ojlu sl (oolgiiy
SOl o Al e Lo s AY aBb Y ol gl 5 e ol &S
J},‘LQRv;i),_Q\gy;ﬁdugwowwwa\
Slib U glaosle ys sbl 5 5 cubie s Shee (oolgiiy

L ol Sab AL 153 4l g o )ls Calie

o
) Y v ¥ o
> (' |
/0 I |
¥ [ Y. [ [ O
i o
o
0 ‘
'. Y Y. = ¥ Y
(a8) Ol
M‘)J"Jlaécla,ul{.:);‘)

J/...
(o

slaosle 5o ealgiin Say 2D (o) p ) shteds aalsl s

S OT ol &7 Sl o olizal 4zl A (glojlo 3l cas ol
2o fadladr oo Y 5N s b gl S,
(©) g 53 0l &) gl sl 0 €11 (7) 5 () (glad 5br
i ey S ol 3B LQR (25 S48 s e 0L

rl S das LS 455 OF Ol 4 1y 4k A ol gl OIS

. v T v = Y
(a8) Ol

M‘)J\'Jlaéch,ul{.:);‘)

S0l Fuzzy-LQR i3 59531 (51 g axdllan 3590 dibo ¥ 03l 150 R (39 S yilo (Slo) s 56 1(A) S

JWde s 0eyd 1 jhas mhaw b (68,955 Codd (J S (Slvak soI1 £l 3 odlitul O ygo 33 dido A o3l Fwly dwlio :(8) Jaus

958 F o> LS S e S el akad Ol el J5 10>
(Fadghs) (4565900 3 yi0) (456 » o) ()
— \0/79AF V/YIVA AR 4 Uncontrolled
YV Y/¥ N YAV /FY ¥ /o PYA LQR
O V/PY ARTAZAR +/Y40A VAR ) Fuzzy-LQR (with()ut)
OFY/FY V4 /FAVA </YVOY /Y Fuzzy-LQR (with)

ol e eplez oylosd qud Lo

ﬂ'



e
)

t“ (sEin o)) e s183)55y o5 (5516 L jlodlizl L LQR JyiS” g e lo oo T e

JW b 50 7Y s whaw b (60595 ) codd (I Sleh 191 £l 3 odlitul D ygo 3 dibo A 03l Frwly dwlio :(P) Jgus

Sy Sl S g RS S g 5 A Olo yudi 510>
Sgd b J 55 B G B G S0 > PE g
(i gwisks) (436 59950 g 50) (46 3 y) (%)
—_— \A/OVE 1/4r4y C/YVON Uncontrolled
AR IN7A% FIVIFS +/YFFF VA BB LQR
YVV/Y¥ \7AYand v/eQY /2 \OA Fuzzy-LQR (Without)
ARV AL Y/474y +/24Ye c/eN0Y Fuzzy-LQR (with)

Cab ) 5 LLQR 02,831 b s J =87 «(Uncontrolled)
sdd gy 5 LLQR (2, Lo J 257 (LQR)
ol ol MUACA) (g lenznl o, ‘5u,‘.;,_),§5\ Luyg
Ji 53 pluarl T(FA) S ¢ 87 T(BA) ilis M (DE)
el ol 51,1 P (HS) sasla (6 soiuer | T(CB) 5, 5
L ocs aloes (sLagely solie Jdr 55 ol )3 (oo
53,5 b 5 054 Fuzzy-LQR (gslgii r:,_),is\ 51 eslizul
5> L s (Without) La s 53 5155 5 (6 sl Conlad ot
ol 0 03,57 (with) T o5 8 L
155 e ) 5 (V) (sladsitor 53 os 4,1 s dslie L
2055 by o Lagely Ol e p 2e8 48 23 8 s
e Slahs) (el Sl 45T AL e Lty

--’)‘-’6}@{-’;11*-‘&51‘1“4:—6{

091 4 Cad (S3lgii (w0 901 (219 (i -V-F
oud 4@ LQR

olgiag H RS oUls 0ols OLi  shteay 2w nl )3
G50 BL eSS el S5s smo sl 0T 43 &5 Fuzzy-LQR
LQR J =8 (355 lagm 5l & Gloj 4 S 355 o0
(Sl lie iy b 4y (55187153 sLagn 58I 51 oslizul L
it | ol ol mlis ol 53 ol 8 8 O 50
Y osla s m[0V] ey (Slat 5 (SIS Lo 5 0l plon]
Sy = Fuzzy-LQR (oslgiy, J 25 51 fol- zEL axb
PEY LU PUNSPE J g5 S S P (B [V
e e U los S e Sl s 5 ) 5 (V) lad s
Lloks €yl Jlu bt 53 doys Y )

amdﬁjbybmbfﬂ@bdﬂ.\;—ﬁ‘)b

JW B 50 o 0 ) jlas mhaw b (8885 ) Cow I 5T Sk 591 £l 51 odlitul D yge 50 dido I ol Fwl dwlie :(Y) Jou

JR 89,8 Floe Sy e e el Ol i T
e P e P NESE
(igsohs) (486 3905%0 3 ) (456 » %) ()

_— VA/AY Y \/FESY S Uncontrolled
Y/eeed Z/Y¥VaY VARY.S VO R LQR
V/VYVY 210NV «/¥VAA VEAA4 [0V]ICA
\IVVS S £/OVFA NATI VYDA [6V] DE
V/VVAF £/0Y4 CYAY AT [6Y]BA
V/AVA 77441 +/¥144 +/2YOA [6Y]FA
V/VAF Vs YT YA [6Y]CB
1/9444 V/ PV YAV /A YAD [6V]HS
V/A9AA PPV YAYE OAY Fuzzy-LQR (without)
Y/A\YV F/FOOA /YY\Y ALY Fuzzy-LQR (with)

)

Vo) e epolaz 05lost s JLs



LA LS )y 5 S cpwse Ao ol Ls)

JWde 330033 Y shas mhaw b (633855 oon I 5 (Slvpi 5981 1931 31 odlikul O ygue 38 dado 1 0 3lw guwl dwlie :(A) Jeue

IS 598 e Sy e el Ol S T
By b By b By b By b G e
((Fgshs”) (4565990 3 yi0) (456 » %) ()

— VAN Y/YA </YYay Uncontrolled
Y/yaya ARVANATA VOV o/ YD LQR
FAYYO VV/PFFY /7744 v/ OFY [6Y]ICA
¥/\ 9V 1Y/Y4YD /A + /0004 [6V] DE
F/YYYE Ve/varE EFN S [6Y] BA
¥/ AQ VV/AASE iz S [8V]FA
¥/YYEY VV/AFA« IFFAY [ OF) [6V]CB
Y/YFF ARVAN A+ Wi a4 /[ OFF [8Y]HS
¥/Y4Y$ AYEE /EYYY RN Fuzzy-LQR (without)
F/YFAY V/A¥FY AREQ OO\ () Fuzzy-LQR (with)

e Dol g b J 287 (6,5 S M Ol jn 53 S5 PA
T s @ wlie Glagal 8 (b= 3 BA gbag )
Olsean O ki s 5 (iomte ) Comlaws i b3
i g b o (6551305 Ol s 4 Ol g5 e (851 I e lo

S 5 doms Y
S LS 2l sl s 1) 4 andlla ol )3
La 8 o 53 5135 5 Cmalid oo i ;5 LQR 5 508,
RNT ax 6l 656 U 51 shte ol 4 .l ol astls
LQR 2,553 55 (R) =8 53,5 4 by o ($55 e 5o
¥ o 93 03le 93 51 gy ol o p ) el 0dd olizul
Sos sl b osiae 155,555 90 5 Jlb LIS LaabA
L s cnl ) Jole sl s oslinal (ol
S 0k g5 oo Ol e
Lozl oles ol 536 (s3lgity Fuzzy-LQR J 28~ -
.M;u:al_(LQRJJJ:;f)'|,:_:“ﬁQL;L(L,.:);|)gL~
Slab Sl 5 Co e DL i Slagnly Jladl sosy
Load5 oo 5 oolgig 87 5l enlinal Ll ¥ o5l
SAYAY (s oSl ssbay doys Ve s mlas

S50 53 (SIS G5 e ST 1B s e b
Sl 03,57 gan (o3lgiiy JB9) 255 5 Cmpnldd pde 32
w;uﬁw«{@js\{«f,\mpum&lp\ 'C""lifi"u"
5348 05 8 s U155 e S 25 O3 sk 3R G5
LQR 25583131 28 o il ol polie Kk JS Il
Jsb 53 o5 65,51 O e 51 OWS & Wil b 5
A S8 ISl S5 4 p5Y s S o Ol
S eS p3 b L sy ;505 4y S 3l ) 3
Jeb 53 5l o:t’é‘é@"w}gm%)Jrﬁijgu
3 S ombs oSl b e 65,5 e iluwans T
sl e s sla b
S35 SRS 53 @olgidy Sy U5 0 Ol shteny
L (o ey 2L s 3 (5531 OT Jlis 4 5 J =87
o Loj o 51 26 Gl o Rhos 2o b ooy
5 DS i) Glagenly pislie 3 8 e Y s
(A) Jsdor 53 0l S, BA lang ba, 5l Jeolbs (Ol
Sleslel b= s S aib J,8 (69,0 55 Jool>
L lide ol 48" Al e (5 53 shSY/YYYE L Ll s BA B
VoV Ll aallle sl s sslgiin b, Sl eslil

ooalS” 5ol st T piolae T o o 4y o5 505 5LS

ol e eplez oylosd qud Lo

ay



J).

10.

11.

12.

Ay

G

learned in seismic-resistant bridge design. Public
Roads, 58(1).

Ghasemi, H. and Otsuka, H. (1996) Aftermath of
the Kobe earthquake. Public Roads, 60(2), 17-22.

Liel, A.B. and Haselton, C.B. (2009) Lessons
learned from seismic collapse assessment of
buildings for evaluation of bridge structures. in
TCLEE 2009: Lifeline Earthquake Engineering in a
Multihazard Environment. p. 1-12.

Soong, T. and Spencer Jr, B. (2002) Supplemental
energy dissipation: state-of-the-art and state-of-the-
practice. Engineering Structures, 24(3), 243-259.

. Anajafi, H. and Medina, R.A. (2018) Comparison

of the seismic performance of a partial mass
isolation technique with conventional TMD and
base-isolation systems under broad-band and
narrow-band excitations. Engineering Structures,
158, 110-123.

Warburton, G. and Ayorinde, E. (1980) Optimum
absorber  parameters for simple  systems.

Earthquake Engineering & Structural Dynamics,
8(3), 197-217.

Soong, T. (1988) State-of-the-art review: active
structural control in civil engineering. Engineering
Structures, 10 (2), 74-84.

Spencer, Jr, B., Dyke, S. and Deoskar, H. (1998)
Benchmark problems in structural control: part II—
active tendon system. FEarthquake Engineering &
Structural Dynamics, 27(11), 1141-1147.

Farzam, M.F., Jalali, H.H., Mousavi Gavgani,
S.A.M., Kayabekir, A.E. and Bekdas, G. (2021)
Current Trends in the Optimization Approaches for
Optimal Structural Control. Advances in Structural
Engineering—Optimization, 133-179.

Nigdeli, S. and Boduroglu, M. (2010) Active
Tendons for Seismic Control of Buildings. World
Academy of Science, ICMSE, Paris July, 68, 1258-
1264.

Joghataie, A. and Mohebbi, M. (2012) Optimal
control of nonlinear frames by Newmark and
distributed genetic algorithms. The Structural
Design of Tall and Special Buildings, 21(2), 77-95.

Yanik, A. and Aldemir, U. (2019) A simple
structural control model for earthquake excited

sEstan 05 )05 51055y coni 556 U jl e3liz] U LOR a5’ s s ile (oWl s

esliul Oy gm 53 polie ol &S Al oo EalS Ao 5 VY
sl e Ao 3 PP SVY VY Ll 5S4 LQR S 5

Sdd Gl Soke 4 b g o) o kst mlan STl -
4 LQR &y &s Fuzzy-LQR I 28 5 Slas 03,5,
P

LT Hlie S 4 o bl Sl o e a2 =
5, e 5l OLis 4 Cul 03, 4 o |y (g b oS
il o 65 5 Dle b s (3ltiay o2y S nlie

5 Sl bl o 5 5 O g0 o olgdy J 1S -
Liis 1) Jhss 5, Shee Sl 30 55 5 e y3 55
.M;Mt,@;w);LQRﬁUiJ\JQMJM;

Lovg (55 gl AT o8 L Fuzzy-LQR J 2S™ -
35155 sLanz ) S 4 S (6 3, Shes (536 L
313 s Slo Cpl a3

(Cabad pde 550 9) 8Bl g0 (5 2 55 5 ol 257 55 -
AT 55 Ay ol oslizal Slae b b ST 1 e
2 ol 5338 oroslial Shee ol st 655051 ol
2 Sae b b s GILQR (2,83 o ol Jl
Lossrs ol LS o oslinul 5,55, Olejods J b
ojl Slagealy 53 (5 b A (olgiin ) 5l ealiul
Ll 0305 (69,

3lg—iy Fuzzy-LQR I 2 LQR o2, s K1 9 1y -
5, Ses Eobl Hlas 5 S 0w Slab sl 4 lee
3y o

Salginy rii»—i}‘ oS s HLebl Ol e Colg 5o -
= gl Al s il pslee 5,3, Fuzzy-LQR
Lo 8 o 03 525 5 S elsly Cnbad ke 555 Sy g )3

s e QLS 5 = )

&y

1. Cooper, J.D., Friedland, I.M., Buckle, 1.G., Nimis,
R.B. and McMullin Bobb, N. (1994) The
Northridge earthquake: progress made, lessons

Vo) e epolaz 05lost s JLs




S oyhng 5 S5 (spuge (Aot ol o)

23.

24.

25.

26.

27.

28.

29.

30.

31.

ol e eplez oylosd qud Lo

129(11), 1268-1276.

Marco, A., Hennig, P., Bohg, J., Schaal, S. and
Trimpe, S. (2016) Automatic LQR tuning based on
Gaussian process global optimization. 2016 IEEE
and

International Conference on Robotics

Automation (ICRA).

Solihin, M.I. and Akmeliawati, R. (2010) Particle
swam optimization for stabilizing controller of a
self-erecting linear inverted pendulum.
International Journal of Electrical and Electronic

Systems Research, 3, 410-415.

Shen, P. (2014) Application of genetic algorithm
optimization LQR weighting matrices Control
Inverted Pendulum. Applied Mechanics
Materials, Trans. Tech. Publ.

and

Katebi, J., Shoaei-parchin, M., Shariati, M., Trung,
N.T. and Khorami, M. (2019) Developed
comparative analysis of metaheuristic optimization
algorithms for optimal active control of structures.
Engineering with Computers, 1-20.

Das, S. and Chakraborty, A. (2020) Optimal
Design of MRTLCD for Semi-active Vibration
Control of Building Structures Using Genetic
Algorithm, Advances in Rotor Dynamics, Control,
and Structural Health Monitoring. Springer, 615-
625.

Karthick, S., Jerome, J., Kumar, E.V. and Raaja, G.
(2016) APSO based weighting matrices selection
of LQR applied to tracking control of SIMO
system.  Proceedings of 3 International
Conference on Advanced Computing, Networking

and Informatics, Springer.

Moghaddasie, B. (2019)
Optimization of LQR method for the active control

and Jalaeefar, A.

of seismically excited structures. Smart Structures
and Systems, 23(3), 243-261.

Yazdanpanah, R., Mahjoob, M. and Abbasi, E.
(2013) Fuzzy LQR controller for heading control
of an unmanned surface vessel. International

Conference in Electrical and  Electronics

Engineering.

Sugeno, M. and Yasukawa, T. (1993) A fuzzy-
logic-based approach to qualitative modeling.
IEEE Transactions on fuzzy systems, 1(1), 7-31.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

i
&)

structures. Engineering Structures, 182, 79-88.

Rather, F. and Alam, M. (2020) Relative
performance of linear quadratic regulator and pole
placement technique for active seismic control of
structures. in IOP Conference Series: Earth and
Environmental Science.

Ulusoy, S., Bekdas, G., Nigdeli, S.M., Kim, S. and
Geem, Z.W. (2021) Performance of optimum tuned
PID controller with different feedback strategies on
active-controlled structures.

11(4), 1682.

Applied Sciences,

Mohammadi, R.K., Ghamari, H. and Farsangi,
E.N. (2021) Active control of building structures
under

seismic load wusing a new uniform

deformation-based control algorithm, Structures.

Yanik, A. (2019) Absolute instantaneous optimal
control performance index for active vibration
control of structures under seismic excitation.
Shock and Vibration.

Miyamoto, K., and She, J., Sato, D., and Yasuo, N.
(2018) Automatic determination of LQR weighting
matrices for active structural control. Engineering
Structures, 174, 308-321.

Heidari, A.H., Etedali, S. and Javaheri-Tafti, M.R.
(2018) A hybrid LQR-PID control design for
seismic control of buildings equipped with ATMD.
Frontiers of Structural and Civil Engineering,
12(1), 44-57.

Sato, D., Chen, Y., Miyamoto, K. and She, J.
(2019) A spectrum for estimating the maximum
control force for passive-base-isolated buildings
with LQR control. Engineering Structures, 199,
109600.

Miyamoto, K., Sato, D. and She, J. (2018) A new
performance index of LQR for combination of
passive base isolation and active structural control.
Engineering Structures, 157, 280-299.

Alavinasab, A., Moharrami, H. and Khajepour, A.
(2006) Active control of structures using
energy-based LQR method. Computer-Aided Civil
and Infrastructure Engineering, 21(8), 605-611.

Babhar, O., Banan, M., Mahzoon, M. and Kitagawa,
Y. (2003) Instantaneous optimal Wilson-0 control

method. Journal of Engineering Mechanics,

¥




J).

44,

45.

46.

47.

48.

49.

50.

51.

52.

W)

G

ATMD through a fuzzy PID controller. Nonlinear
Dynamics, 58(3), 553-564.

Mamdani, E.H. and Assilian, S. (1975) An
experiment in linguistic synthesis with a fuzzy
logic controller. International Journal of Man-

Machine Studies, 7(1), 1-13.

Fahimi Farzam, M., Alinejad, B. and Mousavi
Gavgani, S.A. (2019) Seismic control of 10-Storey
Shear frame using active tuned mass dampers and
optimization by particle swarm optimization
algorithm. Amirkabir Journal of Civil Engineering,

52(8), 2073-2092.

Joei, P. (2012) Multi-objective and semi-active
control of buildings using variable stiffness and
fuzzy logic. University of Guilan (in Persian).

Kwak, S.-I., Choe, G., Kim, L.-S., Jo, G.-H. and
Hwang, C.-J. (2015) A Study of an Modeling
Method of TS fuzzy System Based on Moving
Fuzzy Reasoning and Its arXiv

preprint arXiv:1511.02432.

Application.

Katebi, J. and Shoaei-Parchin, M. (2018) Optimal
vibration control of structures using wavelet transf
orm and colonial competitive algorithm. Sharif
Journal of Civil Engineering, 33.2(4.1), 135-143
(in Persian).

Basone, F., Cavaleri, L., Di Trapani, F. and
Muscolino, G. (2017) Incremental dynamic based
of
structures: Stationary vs. non-stationary artificial

fragility assessment reinforced  concrete
ground motions. Soil Dynamics and Earthquake

Engineering, 103, 105-117.

Fatemi, A., Bagheri, A., Amiri, G.G. and Ghafory-
Ashtiany, M. (2012) Generation of uniform hazard
earthquake accelerograms and near-field ground
motions. Journal of Earthquake and Tsunami,
6(02), 1250013.

Katebi, J. and Shoaei-Parchin, M. (2020)
Comparison of the Performance of Metaheuristic
Algorithms in Optimal Selection of LQR

Weighting Matrices. Bulletin of FEarthquake

Science and Engineering, 7(1), 71-91 (in Persian).

Rathi, A.K. and Chakraborty, A. (2017)
Reliability-based performance optimization of
TMD for vibration control of structures with

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

sEstan 05 )05 51055y coni 556 U jl e3liz] U LOR a5’ s s ile (oWl s

Yu, W. and Thenozhi, S. (2016) Active structural
control with stable fuzzy PID techniques, Springer.

Son, N.N., Van Kien, C. and Anh, H.P.H. (2019)
Uncertain nonlinear system control using hybrid
fuzzy LQR-sliding mode technique optimized with
algorithm.

evolutionary Engineering

Computations.

Housner, G., Bergman, L.A., Caughey, T.K.,
Chassiakos, A.G., Claus, R.O., Masri, S.F.,
Skelton, R.E., Soong, T., Spencer, B. and Yao, J.T.
(1997) Structural control: past, present, and future.
Journal of Engineering Mechanics. 123(9), 897-
971.

Wang, S.-G., Yeh, H. and Roschke, P.N. (2001)
Robust with
parametric and unstructured uncertainties. Journal
of Vibration and Control, 7(5), 753-772.

control for structural systems

Kaufman, H., Barkana, I. and Sobel, K. (2012)
Direct adaptive control algorithms: theory and

applications. Springer Science & Business Media.

Papadimitriou, C., Katafygiotis, L. and Au, S.K.
(1997) Effects of structural uncertainties on TMD
design: A reliability-based approach. Journal of
Structural Control, 4(1), 65-88.

Du, H., Zhang, N., Samali, B. and Naghdy, F.
(2012) Robust sampled-data control of structures
subject to parameter uncertainties and actuator
saturation. Engineering Structures, 36, 39-48.

Shahi, M., Sohrabi, M.R. and Etedali, S. (2018)
Seismic control of high-rise buildings equipped
with ATMD including soil-structure interaction
effects. Journal of Earthquake and Tsunami,
12(03), 1850010.

Fisco, N. and Adeli, H. (2011) Smart structures:
part II—hybrid control and control
strategies. Scientia Iranica, 18(3), 285-295.

systems

Zadeh, L.A. (1965) Information and control. Fuzzy
Sets, 8(3), 338-353.

Mendel, J.M. and John, R.B. (2002) Type-2 fuzzy
sets made simple. IEEE Transactions on fiizzy
systems, 10(2), 117-127.

Guclu, R. and Yazici, H. (2009) Seismic-vibration
mitigation of a nonlinear structural system with an

Vo) e epolaz 05lost s JLs




S oyhng 5 S5 (spuge (Aot ol o)

ol e eplez oylosd qud Lo

4.).
(o

uncertainty in parameters and excitation, Structural
Control and Health Monitoring, 24(1).

53. Wilson, C.M.D. and Abdullah, M.M. (2010)
Structural vibration reduction using self-tuning
fuzzy control of magnetorheological dampers.
Bulletin of Earthquake Engineering, 8(4), 1037-
1054.

54. Bashir, A.O., Rui, X. and Zhang, J. (2019) Ride
comfort improvement of a semi-active vehicle
suspension based on hybrid fuzzy and fuzzy-PID
controller. Stud. Inform. Control., 28, 421-30.

4lio}lg
Linear Quadratic £33 4 o o 4 J S -
Regulator Control (LQR)
Proportional Integral ~ Il — s J 1S Y
Derivative Control (PID) -

s

Linear Quadratic £33 45 b o }f Jps -y
Gaussian Control (LQG)
Clipped Optimal Control g Jes s da; J s -¥
(COC)
Sliding Mode Control (SMC) oA 34 d S -0

Model Reference Adaptive & Jde ke J 8 -#
Control (MRAC)

Static Gain Matrix Skl 0, Sl -V
Coefficient of Variation (C.0.V) Ol ikl o o —A
Root Mean Square (RMS) Ol e u.i;l..e dhsy -4

Imperialist Competitive Solexial o, 0 jfjl =\
Algorithm (ICA)

Differential Evolution (DE)  Lolis JolSS 45,8311
Bat Algorithm (BA) Sl r:;_)jill -\Y
Firefly Algorithm (FA) cbod (’; ‘..:i”f]l -y
Colliding Bodies (CB) 3,5 » Jb- 55 plocrl o 5 SV

Harmony Search (HS) rola ¢ e r:;_)jill -\o

a5




Online Determination of LQR Controller Weight Matrix
Using Fuzzy Supervisor under Atrtificial Earthquake Records

Reza Darbanian', Seyyed Ali Mousavi Gavgani? and Vahid Reza Kalatjari®

1. Ph.D. Candidate, Department of Civil Engineering, Shahrood University of Technology, Shahrood, Iran,
*Corresponding Author, email: rezadarbanian@shahroodut.ac.ir

2. M.Sc. Graduate, Department of Civil Engineering, University of Maragheh, Maragheh, Iran
3. Associate Professor, Department of Civil Engineering, Shahrood University of Technology, Shahrood, Iran

The linear quadratic regulator algorithm (LQR) is one of the common algorithms in control engineering that is
used in many studies due to its simplicity. This controller is used to achieve optimal system performance by
minimizing the cost function related to the state vector and the control input vector. In LQR control, the control gain
is determined based on the weight matrices Q and R. One of the main issues in using this algorithm is adjusting the
values of its weight matrices, which are determined based on trial and error or the use of meta-heuristic optimization
algorithms. The improper determination of the weight matrices can reduce the performance of the controller. For
example, increasing Q or decreasing R leads to a larger control gain matrix, which ultimately increases the control
force and decreases system states (or responses). Therefore, if the control gain is designed using a very large Q
matrix and its value remain constant during the simulation process, the possibility of producing a control force with
the maximum capacity is very high. If this happens, the force generated by the actuator during the simulation
process may be more than the required force, and the differences between the designed control force and the applied
control force can in some cases reduce the control performance significantly or consume more energy than required.
On the other hand, it is appropriate to assume the values of these two matrices to be constant in the case of sensors
without noise and structure without uncertainty, and LQR control has the ability to reduce the response of the
structure under various external vibrations. However, when the information coming from the sensors include noises
and the system has uncertainty, the LQR control with constant gain has little ability to reduce the system response
properly. In order to solve this problem in this study, a hybrid Fuzzy-LQR controller is proposed in which a fuzzy
supervisor is used to change the LQR gain matrix online. In general, fuzzy logic has the ability to deal with noise
and system uncertainty due to the lack of need for an accurate mathematical model of the system. Therefore, by
combining LQR control and fuzzy control, the advantages of both controllers can been used. This fuzzy supervisor
adjusts the pre-designed initial gain according to the created conditions by changing R weight matrix, so that the
control force applied to the structure is proportional to the required control force and does not exceed the allowable
actuator capacity. This change is implemented also with the aim of minimizing the amount of energy consumed by
the actuator. To evaluate the performance of the proposed controller, three-story and eight-story buildings are used,
all stories of which are equipped with the active tendon actuator. This structure has been subjected to the vibrations
of two artificial earthquakes with a risk level of 10% and 2% in 50 years and different responses of the structure
including the maximum value of responses and root of their mean squares have been determined. Then, the high
capability of the Fuzzy-LQR controller, which even in the presence of parametric uncertainty and noise in the
sensors can reduce the response by up to 90%, can be proved by comparing the results of the proposed controller
and LQR controller based on different meta-heuristic algorithms. For example, the responses of displacement,
velocity and acceleration of stories are reduced by an average of 81%, 83% and 71%, respectively using the
proposed controller and under earthquake with a risk level of 10%. While using only the LQR controller, these
values are 71%, 72% and 64%, respectively. The following results show that the root mean square of the responses
has decreased more than their maximum value, which indicates the proper performance of the proposed algorithm
during the excitation.
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Finally, it can be concluded that the proposed controller has a robust and stable behavior against various
vibration and system uncertainties.

Keywords: Active tendon, Fuzzy supervisor, Fuzzy-LQR controller, Uncertainty, Sensor noise.





