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Designing a novel structure of explicit model predictive control
with application in a buck converter system

M. R. Zamani, Z. Rahmani, B. Rezaie

Abstract: This paper proposes a novel structure of model predictive control algorithm for piecewise affine
systems as a particular class of hybrid systems. Due to the time consuming and computational complexity of
online optimization problem in MPC algorithm, the explicit form of MPC which is called Explicit MPC (EMPC)
is applied in order to control of buck converter. Since the EMPC solves the optimization problem only once and
in offline manner, this strategy is suitable for hybrid systems with fast dynamics. As opposed to typical EMPC
that is uses only the first element of optimal input vector, the proposed strategy uses all entries of the control
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sequence with optimal weighting factors. In proposed EMPC, two separate optimization problems are solved at
each algorithm step. The first one is related to EMPC optimization problem and the second optimization problem
is concerned to finding optimal weighting factors so as to minimize the error signal at each step. The convergence
property of the proposed EMPC towards to the desired value has been proved and the simulation results shows
the better performance of the proposed EMPC strategy than the typical one, if the weighting factors and control

horizons are adjusted properly.

Keywords: Model predictive control, Offline optimization, Buck converter, Convergence.

w5358 o Jleel unT 3 & OT gl alys Lo ods Jool> (53555
ol e Sldalice alal ey 0 53 igs gr 438 sl Lawl o
3 35 Jrolo Cpllan ey ol 93 B3y e ST Tadoe s,
JAS 35 b e [A1AS o Joo o S 4 o SIS
5 Yk (EMPC)olbs slls 02y S ol T oty
os 025 S ol o 3 )l87 55 Cysgudone Coly S ol (Slokony
St g o S e it 20N Sl sk Gl
Als 5 S Jo Sl 4 sl 0 25 o0 ealial bl gn 36T
e T Sppo & 5 S L (T s & GSlusigy
sl JolS il 6 Sope 4 fel s 3sd e Jo Gled
b sl iy 5 o 55 EMPC 2, S0 [V -0 s e
Sl p 36 Gt SINVF] 3 IV VY VL o nlin o sl s
.u\ﬂuuumwdu,\g_uélﬁ&ﬁ&ﬁ,,ﬁ\)wﬁﬂ_ﬁ:
T 5 T Sl b o o oy 020, sl SIV0]
Sl ap (el bl S Olabl 5 g J A5 Skle 3L Sl
2SN SIIF] 53 ol ok o3l 3558 ol yot 4y o o (Sl
3 Sl osliaal b (st b i sd el s ot & IS S ot
o oslizal T Solewloes 2alS” Cogar s L2alS 5 g0 331 o
REIW
Sl o S e Sl s b (50 ot s S ST S
g s""‘-J;J‘ 3,8 o 15 eslizal 5,5 DC-DC 5W5 s
A IV s it ods w1 [V] 3 &S Jie J 287 6l o e
el o oalizad ESTL Je 53 55 0 53 Sln y amdse JAS
b s Sl JAS° Gl e omotn 2o DA] 2
4 5e o e S35 2 Sl 03 9 0 Ol ()l Com (o
Slp omotn IR olb el sdd Jlesl b5 Glse
oo S sl s el odd 4l 1] )3 (Bl IaSS (gl
:@lgéhwé\ﬂ%dﬁfdbflkélﬂ b 6 oaab
Sy s =205 GO T Y] s Ll o aslisl sy
3y Ly 5 1 Bl 5l (sla mal b bl (1T Slagzn
odd J ST ($3955 sie S35 p2sd s b e diar (st ot

.;ﬂﬂ‘

dodo -

IS e Sl gximo Caliien (Sladin) )3 (5o od gt
Canslas [V s Ol e 5 Oy (b T 3 J xS oSl 5
OT Sy 25 oy foge Lol Lokl = s (604 ot Sla e (512 Al
Sl s .l Ol 53 @S 5 0L s A g 51#‘..:“:..» Ou Jeles
3 Rl b Ol 53 i (Ol 3 gy Al (S ot (Sl g
Lt o Ol il s SYslae Sy 5o 4 Y game Lol LBl o 53 a
s 505 (e 2 53 el (555 e N 51)!;6.\,_,:;(._;.«:“&
b e 355 o0 Ol (BB L) Jodl 5 OYolas Lo (g o
A Candy s B05 o g o &S5 5 oKy Ll 5 4 5
g 33 ok (S 5ldile (1 (IS L S5 (Bl 55
5 gy Jolge 51 5 mp ULl [F] Sl g 458 ol LT
S o o3lital e Salys (5L g 3 s 4 S
Ailes 3,15 3 2 5 G ot Sl Sl 6L 5L e Sla b,
Jiw 5(LC) L= oz e (PWA) s laSS Jie
oo b p sl ) (MLD) (o5 5 (ilte (Sl
(833,55 Slopiie 055 35des 5 Oy St w by S Jal s
Sdle pl s [0] adslae comun SLSI Gla e 5 29 & (I
ol o3liiul (G ot @i (5Ll sl PWA ;L 23,
s (Scaliys SVslae 5 K s 5 PWA Jike 55 o
Syl b Ll o Jde opl 5 dis Sl (6la iie 51 b (6l s
i gl PWA Ui 51 asS gl | ol (S5
5 elizal 01§ oo 35 ol s LB b ot 1 Glagis

2 sl o Slapt J ST (sl Gge sla b 51 S
ShI> Slapi JAS B oy o208 O el iy
A5, r 513 okl 5558 Hlw Cartas 53 3413 15 (SC 32 a3 guloms
5 8 el (il e JAS ) 6 e ISP
Sl s Sas 5058w AT e ST elol 1) o
28 Bl 53 S o ol T 5 508 038 s L) (e
37 B ol ol o Sl s e 2SS gt
Soge ol & omotn ¢S s Shes oo S o Joe (RHP)
B AT (lang dlus oK 4(.;1);\!1 3 € a s i

3250 e 5355 o plrsil g (J 25T 62555 (8L g 53 35

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.1
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.1.3
http://joc.kntu.ac.ir/article-1-758-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.1.3 ]

[ DOI: 10.52547/joc.16.1.1]

ST Jor s 933,287 L g o g e i 28755 ok el S (1 b

&u;),ﬁ‘@b,\ﬁj‘@wggbju,w

Sl Jdn sl kS e s K05 5W s e 4 S5 o &K
el o 0305 OLES Y Jg.&)z

Ri L
L | -
: F Re s Vo <,
V1 L P
‘ |
T _

VY] ST Jaa ) IS
o 55 e (55157 (Slacke 325 5 gl s > Shas 035 polol
on ol 93 & ol Jlb e 305 5 Jab g s el o 3 g e
a3 e 53 S o 3L (551 sda0s 4l pe e Sl il
505 53 e ol o 133 (551 5 Sl b 305 5 b b S g
O edieen Jld 8 93 1203505 5 g 45 o o 533 g on 4k L
Il (elad S¥slan 558 o0 4 dis Ol 53 00,3 (6531 G b )

0y g 5 () ey ) o 4 ST ke

X(t)=Ax(t)+B, =123 ™

) Dose 4 G5 e plp A B sl il S

s o
-R, ;1
L L
Alz
1 R, 1 1 r
— 9% _(1-CR.-Y) -= -CR. 2
@ +Rc( CL) CrD+RC( CL)
Vi
L 0
Bl L R | AAL BZ:M ®)
"L+R. L
0 0 5
A= B 1 . 53252{0}
(ro+RC)C

25 bl ST e s > il GaeSialys ok
Jbb ¢Salos b llas ol cpl 55 pds oo oyge S (gla e
s G 4 1y s (25 by oSS (ST Jde
e b s e G o 4 ¢S5 Ll S gl U sy g
S gn i ST s $SKaly s (Il (Sl i oS 4t 53 5 5
Jdoo (a5 ST de Jlb 6Salys bl ey oS 28
Colte Sl e gl lis b sy ge ldis Coen 4 1y STL
ALM&Qﬁﬁawdff‘@uﬂa,@d&gﬁﬁét”;‘.x;s_s,,
a3 4 5 L g s 2 oSl (S50 558 4 e 5 L) (leiigs
Sl e 5 S 63555 410 p amlons Sl 5 AT (o - Jleb
Lyls s 4 Gl (Ses S o Jlasl Jos 0 1) algy Sl cang
St il sl e @ads palie S b a&aLST
ks Jla Js glaeSCaly s

Wl okl 0sls OLES Y Jg.i):éffjjjrlfQAS)l{

JAS 51 Salize Jbsle ot S5 SV M s dlie ol s
b G ot i 5 Olste 4 STL Jn I 557 6l o o iy
oo 53 0y S Gl 53 el ok aslizl e slaeSalys
L o o e (6 5bntigs s 53 ¢ i IS s 3l (5loags
ol Bl Gl 6, 5 e SRS Goass 8L sl S S
Dl Shalys fdgl Sheslamal sl 4 Hltle l 5 ol algr S5
oslitul I35 g0 4 (J RS (63555 olie led e J ST (6340
3o G sl w2 S ol (Sl el [V] s s
Sl el ods ) LBl a5 s b Gl
s 5 Al gl )T s
e Sl mot IAS S ol Skl (b —
loang dlas 55 514 mm GeSalys b s s
...\.‘Ssa oslizul | e
e JAS 53055 BL 4 by dol Gleag dle -
Wl M ) g s
2 4 bt 2 BL 1y e Sleag Al —
Wl 02 S 51 06 s st YU 22l g
(g o 2 G o bl o Ko S —
O Sl ¥ i 55 10wl S opl 4 Al IS sl
GBI o 53 Sl ol = e (6 poa o 6l 3L0n
bt s ¥t 55 ol oks 4] (s3lgiy v;,N,,in ol Ken
it g3 las ol las,Sams 5ok 03ls Jiuled ¢S Js 6l

Ao Ol =T

Solgidn cpw iy bl =Y
G ot s (5Ll (gl 61 (IS Sl 1 syl )
4 Bl QIS S p e S5 (Bl e el 0l o3liz
Db A 25O
{x(n +1) =A x(n) +B,u(n) + f,
y(n)=C, x(n)+ D, u(n)+g;

for {x(n)}e R.,i=1....m
u(n)

G355 e glasae ey (N) sU(n) sx(N)

b\.‘u\LMLsLhwjh Ai’Bi’Ci’Di .Mﬁ}ﬁ}

)

ULJ[’LSP)'L’:Q’J}’ Ri .M@iush)\:ﬁfi ’gi }Wl.'.n

Wsh&Q:;\Mi 5 Sl S /(65955 piie sl ol

SIS Sy o 4 S Jde (65l ite canlsl s s e Ol ) (g ,un

ROV PR\ E 4 w\ﬁ‘
ijrhﬁj:jéjf.hmkgbbs.h_mawii:_dflfd.&.»
T i T ) o

el X =[x, X, =l Vo] o susscaeon

t,c;ﬁ,&,_DC;u_ﬁ&;MumL{DC-DCJ.\,A&iSu..[rr]

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.1
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.1.3
http://joc.kntu.ac.ir/article-1-758-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.1.3 ]

[ DOI: 10.52547/joc.16.1.1]

ST I s 933,287 L g o g e S J 28755 vk el S (1 b ¥

W is e Sl R (Sl Sl Losdess

Gl Gl Eow Y il 3 4 popaie G S
S[YFIMLD Jus sl J 287 eSS YV PWA (slagis
[YO]LC (slapis sl (558, i) Dl 2S5 5555 Ll 5
Sl o e gladibe 5SS o J a8 Lol a4 a Ll e
5uﬁﬁ3wﬁ)ddh¢§¢Qz&gdﬁwMLD Je 595
(G md s 6 GeSales on (G g ex) AL
sles atw gy o ws sl i 3 J§.~.a o SVYsl O 50
15T K Glassdos Olsie 4 558 5,8 Jai 5o b5 das e
o S S 63505 8L 6 leang s o (6l e sl L
S ot et

Al 51 MLD (oo Jite I35 (63555 e 1z
(Silwags opl 93 585 o0 oalial (B) dlslas (-Js 4 e Solealg
L oLsd e b 8 ks Sl s g3a)s slaiie oy 2l
b g 62005 Do (IS G205 4 a5 L e w05 S Jili
Olge b gilodng dlae opl T oo Sty 550 331 ool 51 eslizal
.:}.&@&\;&E@:;MO&j%Jﬂfﬂu

I(u, , x(O)):nu1"in HYZ;:{HQ(YMH - Yd)Hp +HRUWHp}

x(n|n) = x(n) ®)
Subj.to x(n+n, |n) =x,
MLD form (2)

R, Q 5o 3 Ny 5oshs o e Xy o0) dolas 53)
3 GAS 2505 05 polhe Pl Gledig A G55l 2
3526 05 s e P=1,2,00 clens Ca s s i
Silotig Sl 58 Sl P =2 T 58 5 ol
S b el Gt s il Al 4 fas )
Bl s 38 o (silang e w52 bt p=1,00
Sl 3355 o Jor LSS s (8) Wl EMPC 15 Sl 551555 e
oy S5 pan 4 358 e slom) gy GOl ds gazs I oS
ol KT oty 0220801 5 e e 4 02 Sl 6l
o oo 4 @) Jlw K5 el 4l s o3l 0L [Y7] o

Wl (7) 3 4 Bl 51655
u(x(n)) =L (x(n)) +M! *)

s N MJJ%?QAMAJ@éum;LA L:,],Mrll "y
Slaalss pled 02,80 ol o> Wshize ot sy O

oslinul J 28" 056 Glu) jas 4 sl S5 S 4 IS 63505
V) dlasly Syo a0 N dasd js Sy ol 53 J S (63558 . Ligd oo

R N PR TSR

i : Y
l’— PWA modeling MPCalgorithm —

optimization

past data

ol JAS Ao ol Fls oS Y IS

Gy s o 5148 ol S35 cal o 4la 4 oY JSE s
oo & ool J2ST 3555 U 5 g po e Y| 25800 Jol>
Sl

Slapium JAS gz 5o b S5 sl iy e
Sl 55 U S Gt 020N ol Gy IS G e
oxlitl g (IS 3505 BL lp pNT Sose 4 Sileane
Silrtingy Dlrloms 5 Sl il 025 S ol 5 e 4 45 e
s ol T i S Sblse ok e aols Yk
b (sl J 57 (6l sl li 457 Sl L (sl (51,
ﬁ,}@td\,;.@n.\:ﬂm,lc_ﬂ&ﬂdﬁf‘c_ﬁeﬁf@
Soge Sileang S L (Sleang dls H S - sl w
) 03 35 ped Olalows o0 (3L Ole s om0 :J_fda
oslizal (giluangs dlan Jor 53 (sl Ao (a5 Sl
3w S gleaig Sl o LSS ol s sk e
Loy ol asgeme ) AT S g Glagal 4 pere
s sl B Sl 5 (63555 ie 3l JSie (sla g s

SOlgiy oy 95T
4 (1) opbl 61aS Jue Il oty oS S 1 b (ol
s5h e b MLD sl
x(n+1) = Ax(n)+Bu(n) + B, 5(n) + B, z(n)
y(n) = Cx(n)+D,u(n)+D,8(n)+D,z(n)
E, x(n)+E,u(n)+E,8(n)+E, z(n) <E;

J x(n)=[xg(n) xg(n)}T F) dsbae >
i 4 o(n)s z(n).c XB(n)e{O,l} 3 Xz(n)eR
SABC.DE; il sab 5 SUl b
5 i olel et sl S (I =1,..,3), (] =2,...,4)
el i s S E
5 S Sty o Jalad b5 4 (S o (Slapen (51
Sl o Wshe B8 s o) Sl sladie sy
Gl sl Jde p dimes S0uK dsbee e ol ol 8

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.1
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.1.3
http://joc.kntu.ac.ir/article-1-758-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.1.3 ]

[ DOI: 10.52547/joc.16.1.1]

ST Jor s 933,287 L g o g e i 28755 ok el S (1 b

&u;),ﬁ‘@b,\ﬁj‘@wggbju,w

2

(C.(AX,
Yo —| D +B, (U, + 4 AG,)
" 1f)+g,)5,
-7
Gy i 3l eslizl b G 39 (65 loangs Ml o 5l ags 557 62505

Sabign Joole (0) daly &) g 4 (58 e ¢r

A, = argmin 0%

/n

+a

z*:{zq:(TnJrzz;vvn)an}zz;—zy ()

n
n=1

Lk gy WOV) 5 (19) Sladaly BT W oS

T =-C, B, Al,y; —AGB/Cy,

+x'A'C'C B Al
+u’ ,B/C'C B, AU, (%)
+f'C/C B AU,
+ g:Cn BnA(jn
W, = B,B;C,C, Al,AG} (av)

25 G b i a5 (s St 53 Sl 4 a5 L
Jl.oéWﬁj&dlﬁ(\/\)d@\,g(\b)«bb\.’dwtdl’éw

Py s
(T, +24W,)+24; -2y =0 (W)

O daly Sope a0 d precw 25 2 Glp 4 2
g el

Z=(2W, +21)" (27 -T,) 5, (09

el mlie sl L Sled s e (V8) sl o |
S e 5 3505 Sl 5 (St 2 Sen ) 4k
S e Ol | o3ty iy
3 gn 43 8 5 55 (V0) bl GaST (G jop o 1) B
X(n+1) =A x(n)+B,u(n)+ f,
y(n) =C, x(n)+ D, u(n)+g,
x(n) )
for eR ,i=1...,m
u(n)

5l il g dls Gl g Sl 525 25 L

(Yo

4 bl L roaaly ) Sl eslil b ptee Sl (ola i

Lyh o) San Cpllan pslie Coan

u.=u.,+A Al )

n n-1 n n

i esls oM O slaalys &S ol gl Alfn Y
* -

@j) ;’1‘]})‘5/{ ﬂ*n )-\aﬁ\@ w-\;éﬂé;ﬁs 6}})3)'\ ol

ol 1305 831 51l a2 53 (M) (53lutings s G o7 ol i

255

* - 2 * —12
A; = argmin {||en+1||p +a|i -7 } W)
.

n

asdzs@n, sy=[0 1 011 «

BEPSE ﬁ: ol 8 1 el i LB ke b S
2S5 53 (0) (5l s Sloks Jol J 257 (63555
G S350 b3y per B o SRS 3005 ks 208
IS 355 alomn 02 ) S 68 o s st JUSC 218 61y e

2550 o damloes (1) Wilan Sy g0 4 (A) bty 55 € Lot
€ =Ya ~Yn @

oy g 4 e 2 T L 6y ot 0t (61 Y sl
Ib}-f:d wbu )

m

yn:Z(Ci Xn+gi)5n ()

i=L
oS, L i a4 o ol aily o SL6(N) €{0,1) &
alne s Jlb o Sl s 4y 5 Jlab (G b @ Sl >
aalae (g5l Sl el dings 555 ol d 03,37 ks alaly 45T (VY)
el 0 dd sl ) (V) 5 (1) OYslae bl 5 (A)

2

Ya _(i(cn X T gn)gnj

n=1

A, =argmin ()

i

P

* 112
vl -7

oy o 4 ot oS Sl e e a5 (ST (53555
Ded o amlbee (V) (1Y)

AU, =U

j n+jin

—Uy, > J=1..00 O

A T
Aur‘l - [un+1\n _un un+nu\n —Un ] an

g g 3loul (VF) alaly (1)) aslas 3 (V) ahslas (6 11 L

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.1
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.1.3
http://joc.kntu.ac.ir/article-1-758-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.1.3 ]

[ DOI: 10.52547/joc.16.1.1]

ST I s 933,287 L g o g e S J 28755 vk el S (1 b 4

&V}j;ﬂ{‘gb)\,&)"@%@bjujw

u*(x(n=1)) =u”"(x(n—2))

L . ) (Yv)
+//{’n—1 Lln—l X(n_l) + /,{’n—l M :1—1
V) 5 (Y9) oyl Jslis 1
u”(x(n)) —u"(x(n-1)) =
u*(x(n—1)) —u*(x(n—2))
(YA)

+ AL x(n) = A, L x(n-1)
+Z’r: Mliq _/1:71 Mrin—l
(&3t e 2 1 o Son (S35 6015 0 55k

AL (Y4) dles

AU (n) = Au'(n-1) (Ya)

—>0

*
HUNVENEES ﬂ,n DB, s b

2
* 2
n+l p+a(/1n,l +

A =argmin {H e
A’*ﬂ
WP )
oy =17+ D A+
i=3

*

(/ln,nu—l _1)2 + (ﬂ‘r:c,nu _1)2)}

ﬂnsHe

2
+
P
* 2 * 2
ﬂ'n,l + (ﬁ“n,Z _l)
)

n,—2
al+2 A+ (A=

i=3

+(4

*

2
n,n, _1)
. 2
A< e +
el

* 2
ﬂn’l +

0 n,—2
Dol (A~ + D A0+
n=1 i=3

*

(*Y)

(Znn,2 =D + (Ao, —1)°

nn,-1

*
(FY) dslas 53 (X Hldie O35 Coin in O3 dgdoee s 4

bl e sl 5t

33 (x(0)=min J (v, ,x(0))

y

X(n+1) = A x(n)+B,u(n)+ f,

um]

X € X

| | X(m) .
Subj.to< if { }GX.,Izl,...,q

el X (N) s gl it 45 gomme X &S
If n—> oo then u(n) -»u"(n)
x(n) > x,, y(n)—>y, and e, >0.
Hull ey
AT o o J S (655,55 I (YY) (g jluting dlis Jo L

wn 300, vl drul)

s . . Y ’
dl ol b U _{uo,...,uny,l} (YY) daly 55 S

TYV=YAT 5,05 cp bl g1aSS sl (YY) (g 5laigs
U, (x(n)) =L, (x(m) + M, X"

Gl ol Kea ol (M) wp S8 a5 K
o 3 [Whpd oo is)5n prolie S @ (e Sl 5 (5 &
b g Jeols (YF) daly
x(n) =x(n-1)
u(n=u(n-1) = (YF)
i i i i
L x(nN)+M =L, x(n-)+M_,
loags dlan Jo 5l atgs 5 3 30n 5 0ln slyls A Lls S
iy 3 eslinl LG b om 5 SN 5l Kem 487 515 0L 01§ n ekl (A)
(V) alaly s (V) alasly I b ST ol (6 i (3l i
35 g0 3l (Y0) dlsles
* * i i
Uy (x() = 4, (L, x(n)+ M)
+Uy; (x(n-1))

_ (Yd)
= A, L, x(n)
+ 2y My +U; 4 (x(n-1))

U, (x(n)) = U, (x(n-1)) o9

+ A L x(n)+A4 M!

ybie b 5 JSe e X (N —1) &, (Y0) da,

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes

(v


http://dx.doi.org/10.52547/joc.16.1.1
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.1.3
http://joc.kntu.ac.ir/article-1-758-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.1.3 ]

[ DOI: 10.52547/joc.16.1.1]

ST Jor s 933,287 L g o g e i 28755 ok el S (1 b

&L@))}ﬂ;}@b)\,&)\@%&bju;i@w

B Sl 5 55 el el i o el L5 ran 5 0
L o Soeal GLols

et IS sileange dlas Jo 00 Gis il (g
oolaiwl (5,18 diged alasd jo jo Uas Jlade pals gz j0  (Jeoro
S (63939 (53] Sewd 4 (sl T ey by, 50 S9dise
alaxd 53 5 39800 Jor iluang alle LS, alamd 2 0 aige
St gl I w05l oo 51,85 0)ligs Wiy (nl (g (5,10 paiged
By Selo b LsL“W Sl g Cal cnlio 08 Sslss b
oolittl gy Gt JASS Ghe) 3l S ed 4 e el
Lasd gl dlas ) S o slr sl onl jo el ons
aegorma 5l JalS 4B G g ond S sileaige dlee LS
D98 oo Pl A Fewly alaxd a8 5 ool Sl Ay ol
s Gl BB g2y v (Pl O)ge 4 Slsr asgere
Agai Sllad jo las jlade 2alS ol JuS Glaalyo jlaijs oS 5
IS 5 el sl T b (ol Ol ey J 55 sl (sm sl
5 ol clie @ sl Solino b sloas] 3 gly o po i
Al o oSl ey ralS cely

Clilizl I Gde CohB oletiy e Gmote LA
S S oslys phe Sl o Calls 1 ek sdl S

sl 0 1l [YA] 5 0 5i )| ST sl

Silodns @b £
oeotn B s SL Jue Gy Gl
(il bt ol s Wles Sl iay sl s Ny =4, 6
R =0.00002 ,Q =1 ,a¢=0.6,T,=0.1pu.
Sl S de (s Slebal B oY Gl IS8 ot a3 8 s 5
IS 05t 4y ey oy 35 b, Ny = 4,6y 50
Gyl ekiSJ xS s f 50 s s e Ol | e

s il Ny =4,6 chsl

1.5
S
o T
o
8
©
>
= 0.5 — output
i —reference
S
@]
0 . . . .
0 50 100 150 200 250

Time (sec)

Ny =4 515 SLdte 5 el ¥ S

/1:,12 + (/1:,2 _1)2
nn,-1"

0 n,—2
dYal+> A+ (A, 1)? |<o oM
=1 i=3

+(Ann, =1’

/1:,12 + (/1:,2 _1)2

n,—2
/1*.2
lim Z +Z;‘ i

T (ﬂ“n,nu—l_l)z—l_

(/?“:,nLI _1)2

=0 (¥F)

*

limA, ,—0, !m;ﬁn,z -1

n—oo
limA,, ,—1,limA  —1 )
n—o T n—oo T
limA,,—»0 for i=3..n,,
n—w !
D S
/1n —> }7 = ﬂn = infl (v$)
n—w n—ao

(495 (YF) Lty 4 4 55 U
A, L, x(n)+4, M, =
ﬂ’n—l Lln—l X(n_l) + /,tnfl M rl1—1

*v)

T g s (FV) sl 0 4 5 b (YA sl s
Au*(x(n)) = AU"(x(n-1))= u, > u, @
nN—o0 n—oo

YF) 5 (1) 5 Q) Luly, & ax 5 L

x(n) = x(n-1)=x, ,

y(m = y(n-1)=y, = ¢, >0

(¥4)

Sl e Olsl 5 (S35l s e (B3 L Ay

5 A Sl Ol e 3k e e (2008 SRS
& dshze e 020 S 4 o (5 20 (g Sen o b )
s oS sl ol J S5 sl S5 005 Ggmn Jlain g slie Coams
95 Jolo (s el pllae s Slae 5 s el o) Kes

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.1
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.1.3
http://joc.kntu.ac.ir/article-1-758-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.1.3 ]

[ DOI: 10.52547/joc.16.1.1]

ST I s 933,287 L g o g e S J 28755 vk el S (1 b A

du;jj*‘@b)\ﬁj¢gwgbju)¢w

N, =4,6 ceote GB35 L ST Jus Jlb SbeSalis A

Active dynamics

— N
» ©

Dynamics
~

0 50 00 250

Sanlgh)ng IngPa%ces 2
Ny =4 G 6L g Jb slasSalys v S

San118ﬁ)nq IngtSa(r)mes B

Ny =6 515 o5 i Jles et A S5

Active dynamics

e ©
o o -

Dynamics

o
o

o

o
N
o m—m—m—m—

50 20 250

LNy =4 uobe B0 dtle 0Lz S 501 A S

e ialed 0T <3 dde D jpe

Evolution of states

3 v = =
2 [
__I
1
0 o o o o
0 50 100 150 200 250

Sampling Instances

Ny =4 i 355 Gl 0L 7 IS 8 S

rotm B 30 05 1) SUdds s o amlie O S
M)@QUA} ny:4, 6

1.5
S
ot 1
()]
8
©
205
3 —output
=] — refernce
@]
0 L L L L
0 50 100 150 200 250
Time(sec)
Ny =6 G St oy 5l ¥ S
1
0.5
<0
0.5
-1
32 - 4
Ny =4 5 ewsps o150 S
1
0.5
' 0
-0.5
-1
3 -2

Ny =6 515 es s 1y 5 Ko

A6l (M) Al glad SVslee b eSalus ¥ glyls <STL e

Il (glab (gl e slie o5 b aeSalys ) a8 bl e (6505 o
Jsb 03395 5 s Conds o 4 e Jde Ll 2 w5 L
ST Jde Caliies (LSl s O b 4ty 5 s 3 S
on al 55 oS Ll Jlab b 315 5 Jlb g g sl e 3L Ligh e
s> e 53 S e il 655 639,0 QJJG@W)‘;}LN
O3 53 el 53 00,53 (65 51 5 Sl b 5505 5 Jlab 8 e s
s b 2 93 2 353 5 el s & paw e 53 50 0 4l 0L
e ph e wdiS 5B 53 edd o 54 G b S L
Sl & 5 o it > Slas S g0 4 ST e Sl

Vb S b e Sl e 5 3503 e Tand s ek S 3

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.1
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.1.3
http://joc.kntu.ac.ir/article-1-758-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.1.3 ]

[ DOI: 10.52547/joc.16.1.1]

ST Jor s 933,287 L g o g e i 28755 ok el S (1 b

&u;),ﬁ‘@b,\ﬁj‘@wggbju,w

ﬁ)}iﬂ})ﬁ)}Lﬁ}ﬁéudtﬁ:ﬂl‘:}:{d‘w&@u“ Jsd

w3 g0 QLS |y o3l g e (i 9 JSe o i

Ot 3 &AW g e Gt oS U S el alie Y o

Jshze oy 0
Loy i Oy (a6) 3 520 Ola
(1) g (ast)
\fs 00 Y. e ot
solgiy
. o o e et
Jsldze

OLSS B 53 Sl DLlad 35 sk 53 57 shalos

Sl Bos il el (BT L ol e Gt S
S Cwl S Y el ol byl dglne oy 4 S fnlin
R 30 4 el i (S5 2 S8 Wiy St )
OLSs osb & ip ol & b e (S35l a5 Selyls gl
4 oWt uitn ey ledd BT S S g g 0 sl
33l s a5 b i S5 0 6 035 s s
S PIB) 6 e (s P el O B e Ol
035 ber e 1y s (a5 Gl osllae 5 Shae 5 o) Kon

el

(S g5 4% .0

E e e Gt JAS S e o2 S s a5

WJ S 83508 0 paie sl S eslinal gl 4 g 51 ml ) 53
el o o3zl S5 5 Doy o 4 gy 5S35 Srarlys el
015 s comotn GB B! Cays Sl 5 S5 gl b ambio a5 L
s e ) Kon o 5 gl (63 Shes b s 5 el 4
s 3 el (et B 4 a5 LS Dle 4L

sl J5 gl cwbe Ol 5 S5s wuld m el

&l
[1] T.A. Johansen, J. Kalkkuhl, J. L"udemann, and I.
Petersen, “Hybrid control strategies in ABS,” In

American Control Conference, Arlington, Virginia,
pp. 1704-1705, 2001.

[2] A. Bemporad, P. Borodani, and M. Mannelli.
“Hybrid control of an automotive robotized
gearbox for reduction of consumptions and
emissions,” in Lecture Notes in Computer Science,
pp. 81-96. Springer-Verlag, 2003.

[3] M. Sarailoo, Z. Rahmani and B. Rezaie, “Modeling
of three-tank system with nonlinear valves based on
hybrid system approach”, Journal of control

1.5 T r v v
S
o 1f
()]
3
g —n =4
=ad| — o |
_8- re_e(;ence
3
0 . . . .
0 50 100 150 200 250
Time(sec)
Ny =4, 6 coitn 315053 Shdie (s 5 alie ) S

Vs 53 N =4, 6 iy B0 amlis Sl Jol- s

3 Sl AL Canl 0Ll 53Y Jgd o oS ) shailen e odalin i

A T P P R T R

e 5 el il 131 oS s ldae 4 50 il b I

4 e 2l Sen S g a1l & gy B il 1
Db s el el s Sles 5 Jherl 3 B

Fﬁ&&\)é}}é}%&ﬁnmdﬁeuwuﬁ.\ Jgd

5
Lo )3 s e (436) 5 00 Ol
(1 p (a36)
. sy o F oot GBI
\fd o0 \z # i Gl

A el e Gl 48 5335 sl Ty
el e SB35 (55l o ol 1S 4 S (s e
S Ot B SRl Ll 0Ll Ve S s oS shiles
ol Sl i b (oS syl ey I el 5l o1 San
Slp 21 2y ol e o gllae 5 Shas 5 S (BB
Omote B OBl 5 S5 ml s BT Ll Oda ) 55 4 plies
..\Jﬁf(lgdlsuﬁm.
IS 5 olgthy mre mote JAS o awlie ) S

s e ol )y Ny ZGmﬁyl,;J,lm@ﬂwﬂ

1.5
= 41
5 1
o)
S
°
205 —reference
a Proposed EMPC
3 —EMPC

0 . . . .
0 50 100 150 200 250
Time(sec)

S5 ol 5 Jghtin s ot SRS a1 S
.n, =6

y

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


https://scholar.google.com/citations?view_op=view_citation&hl=en&user=RKDimTIAAAAJ&citation_for_view=RKDimTIAAAAJ:ldfaerwXgEUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=RKDimTIAAAAJ&citation_for_view=RKDimTIAAAAJ:ldfaerwXgEUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=RKDimTIAAAAJ&citation_for_view=RKDimTIAAAAJ:ldfaerwXgEUC
http://dx.doi.org/10.52547/joc.16.1.1
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.1.3
http://joc.kntu.ac.ir/article-1-758-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.1.3 ]

[ DOI: 10.52547/joc.16.1.1]

Swagwﬁzﬁ,l{p@,ﬁwﬂJ,\M,\;SJJ;S,”{,\?)uuggfljb D

&V}j;ﬁ‘gb)\,&)"@%@bjujw

Engineering Chemistry Research, vol. 53, no. 6, pp.
2362-2381, 2014.

[16] Y. Chen and M. Lazar, “An Efficient MPC
Algorithm for Switched Nonlinear Systems with
Minimum Dwell Time Constraints,” arXiv preprint
arXiv:2002.09658, 2020. URL
https://arxiv.org/abs/2002.09658.

[17] L. Wang, Q. H. Wu, YK. Tao, et al., “Switching
Control of Buck Converter Based on Energy
Conservation Principle,” IEEE Transactions on
Control Systems Technology, vol. 24, pp. 1779-
1787, 2016.

[18] EF. Camacho, DR. Ramirez, D. Limon, et al.,
“Model predictive control techniques for hybrid
systems,” Annual Reviews in Control, vol. 34, pp.
21-31,2010.

[19] T. Marcucci and R. Tedrake, ‘“Mixed-integer
formulations for optimal control of piecewise-
affine systems,” Proceedings of the 22nd ACM
International Conference on Hybrid Systems:
Computation and Control. Montreal, Quebec,
Canada: Association for Computing Machinery,
pp. 230-239, 2019.

[20] P. Petsagkourakis, WP. Heath and C.
Theodoropoulos, “Stability analysis of piecewise
affine systems with multi-model predictive
control,” Automatica 111: 108539, 2020. URL
http://arxiv.org/abs/1808.00307.

[21] M. R. Zamani, Z. Rahmani and B. Rezaie, “A
novel model predictive control strategy for
constrained and unconstrained systems in presence
of disturbance,” IMA Journal of Mathematical
Control and Information, vol. 37, pp. 208-225,
2020.

[22] M. Hejri and A. Giua. “Hybrid modeling and
control of switching DC-DC converters via MLD
systems,” Automation Science and Engineering
(CASE), Trieste, Italy, pp. 714-19, 2011.

[23] R. Alur, C. Courcoubetis, N. Halbwachs, T.
Henzinger, P.-H. Ho, X. Nicollin, A. Oliveiro, J.
Sifakis, and S. Yovine. “The algorithmic analysis
of hybrid systems”. Theoretical and Computer
Science, vol. 138, 3-34, 1995.

[24] A. Bemporad and M. Morari. “Control of systems
integrating logic, dynamics, and constraints”.
Automatica, vol. 35, 407-427, 1999.

[25] W. P. M. H. Heemels, J. M. Schumacher, and S.
Weiland. “Linear complementarity systems”.
SIAM J. Appl. Math., vol. 60, 1234-1269, 2000.

[26] J. Hatonen. “Issues of algebra and optimality in
iterative learning control,” Ph.D. dissertation, Dept.
Process Environ. Eng., Univ. Oulu, Oulu, Finland
2004.

[27] P. ToNdel, T. A. Johansen, A. Bemporad, “An
algorithm  for ~ multi-parametric ~ quadratic

engineering and technology, vol. 3, no. 1, pp. 20-
23, 2013.

[4] R. Alur, et al., “The algorithmic analysis of hybrid
systems”. Theoretical and Computer Science, vol.
138, pp. 3-34, 1995.

[5] P. M. H. Heemels, B. De Schutter, and A.
Bemporad, “Equivalence of hybrid dynamical
models,” Automatica, vol. 37, pp. 1085-1091,
2001.

[6] M .Sarailoo, B. Rezaie and Z. Rahmani, Fuzzy
predictive control of three-tank system based on a
modeling  framework of hybrid systems,
Proceedings of the Institution of Mechanical
Engineers, Part I: Journal of Systems and Control

Engineering, vol. 228, no. 6, pp. 369-384, 2014.

[7] M. Zamani Behbahani, R. Mahboobi Esfanjani and
M. Hejri, “Design of switching rule for Buck
converters using explicit predictive control,” The
6" Power Electronics, Drive Systems &
Technologies Conference (PEDSTC2015), Tehran,
pp. 486-491, 2015.

[8] M. R. Zamani, Z. Rahmani and B. Rezaie, “A
Controller Design based on lIterative Learning
method and Model Predictive Control for a
nonlinear process system,” 2019 6™ International
Conference on Control, Instrumentation and
Automation (ICCIA), Sanandaj, Iran, pp. 1-7,
2019.

[9] J. A Rossiter. “Model-Based Predictive Control: A
Practical Approach,” CRC Press, 2003.

[10] EN. Pistikopoulos, V. Dua, “On-line optimization
via off-line parametric optimization tools,”
Computers and Chemical Engineering, vol. 26, pp.
175-185, 2002.

[11] M. Herceg, “Real-Time Explicit Model Predictive
Control of Processes,” Dissertation Thesis, Slovak
University of Technology in Bratislava, 2001.

[12] O. Stanojev, U. Markovic, P. Aristidou, et al.,
“MPC-Based Fast Frequency Control of Voltage
Source Converters in Low-Inertia Power Systems,”
arXiv preprint arXiv:2004.02442, 2020. URL
https://arxiv.org/abs/2004.02442.

[13] J. Chen, Y. Chen, L. Tong, et al, “A Back-
Propagation Neutral Network based Explicit Model
Predictive Control for DC-DC converters with
High Switching Frequency,” IEEE Journal of
Emerging and Selected Topics in Power
Electronics, 2020.

[14] K. Ki§ and M. Klau¢o , “Neural Network Based
Explicit MPC for Chemical Reactor Control,”
arXiv preprint arXiv:1912.04684, 2019. URL
https://arxiv.org/abs/1912.04684

[15] M. Sarailoo, Z. Rahmani and B. Rezaie, “Fuzzy
predictive control of a boiler—turbine system based
on a hybrid model system”, Industrial &

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


https://journals.sagepub.com/doi/abs/10.1177/0959651814524948
https://journals.sagepub.com/doi/abs/10.1177/0959651814524948
https://journals.sagepub.com/doi/abs/10.1177/0959651814524948
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=RKDimTIAAAAJ&citation_for_view=RKDimTIAAAAJ:0EnyYjriUFMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=RKDimTIAAAAJ&citation_for_view=RKDimTIAAAAJ:0EnyYjriUFMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=RKDimTIAAAAJ&citation_for_view=RKDimTIAAAAJ:0EnyYjriUFMC
https://arxiv.org/abs/2002.09658
http://dx.doi.org/10.52547/joc.16.1.1
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.1.3
http://joc.kntu.ac.ir/article-1-758-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-26 ]

[ DOR: 20.1001.1.20088345.1401.16.1.1.3 ]

[ DOI: 10.52547/joc.16.1.1]

ST Jor s 933,287 L g o g e i 28755 ok el S (1 b

&V}j;ﬂ{‘gb)\,&)"@%@bjujw

programming and explicit MPC solutions,”
Automatica, vol. 39, pp. 489-497, 2003.

[28] A. Bemporad and M. Morari. “Control of systems
integrating logic, dynamics, and -constraints,”
Automatica, vol. 35, pp. 407427, 1999.

[29] M. R. Zamani, Z. Rahmani and B. Rezaie, “A
novel model predictive control for a piecewise
affine class of hybrid system with repetitive
disturbance,” ISA Transactions, vol. 108, pp. 18-
34, 2021.

Journal of Control, Vol. 16, No. 1, Spring 2022 V) le o) bt (V8 o S e


http://dx.doi.org/10.52547/joc.16.1.1
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.1.3
http://joc.kntu.ac.ir/article-1-758-fa.html
http://www.tcpdf.org

