[ Downloaded from joc-isice.ir on 2025-10-19 ]

[ DOR: 20.1001.1.20088345.1400.15.3.1.0]

[ DOI: 10.52547/j0c.15.3.47 ]

ISSN (print) 2008-8345
ISSN (online) 2538-3752

—OF amiv (VFrr : G
FY-0F amio I+ 5ol O oyled VO Ao s,

&

mo-—w-—

O JAS Do (218 2908 Loyl 285 (BT Sl (g (990 41
T Sl g8 M M (oLT (e Ol g

mahdiabadi@mut.ac.ir « a1 ¢Sle axio o&tils oJ 28 05 5 05 omign 555 (S pomils

ghahremani@mut.ac.ir « zal ¢Sl _oxio oStils oJ 25 05 5 (5 omeligo 84515 Lsls |

VEe Y VWA VIYF ess il SV /R SR WAANV/NY 123l s

Lalsy gl bz S pl 53 ol ol il i SRS a0l 358 33 GBI Gl s s8I lie ol s o

S it Sl o a 53 03,8 0 Dy g (63l Al 3 ST 1 1SS a3 5 a8l JU (6l Sl 4 g dad 1 2l 308 (L,
e e SVl olal ¢ I A3 ol slne T gn Sy g J RS 3 5o GBI SIS 250 JAST Slag3505 o il ls
OT (o2l Loy gl il 51 g o 0255801 S o Blome |y s Mg 358 clamd o 33 OT (sl 5 ook 2 il J 287 i iyl 3 0L
IS ol o toman (ol 0k 0303 OLis Dy a3 (5l Sl o3zl b OT (G 5 8, HI8 ol 358 L Dl &5 e 2135 12

el 3 8 o LU 4 (6,8 IS 5 i i 5a B S 2 g b o3l oS

(Sl o ¢ A8ly Ole s Dlawlowe ¢ JUal ud ¢ o lg 398 ¢ i J 257 1oy Oleds”

New Approach for Accuracy Enhancement of Terminal
Constraints Satisfaction in Model Predictive Control Problem

Mehran Mahdi Abadi, Nematollah Ghahremani

Abstract: In this paper, a new algorithm in order to increase the satisfaction of terminal
constraints in the predictive control problem is presented. In this algorithm, by extracting
mathematical relations, the terminal constraints are transferred from the final moment to the current
moments. In each iteration, this transformation takes place in the optimization problem. At each
moment of optimization, a new expression is obtained in terms of control inputs in each of the finite
prediction control horizons. The equation of this transfer constraint is derived based on the variable
discrete equations with the time of the controlled process and its execution at any moment fulfills the
final constraints of the problem. This new algorithm, after extracting its mathematical relationships,
is used to track the path of a robot with terminal constraints, and its performance is demonstrated
using robot dynamics simulations. Also, the stability analysis of the proposed controller is performed
by writing an appropriate cost function and applying Lyapunov theorem.

Keywords: Model Predictive Control, Terminal Constraints, Transformed Constraint, Real Time
Computation, Stability Analysis.

s sb i ol i o5 01y 353 131 5 IS Oludige el o 28 dloes Sl D an 1O s adge sl 5


http://dx.doi.org/10.52547/joc.15.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.3.1.0
https://joc-isice.ir/article-1-733-fa.html

[ Downloaded from joc-isice.ir on 2025-10-19 ]

[ DOR: 20.1001.1.20088345.1400.15.3.1.0]

[ DOI: 10.52547/j0c.15.3.47 ]

ot IS Al ol 358 Loyl 83 nl5 6l g s 4l A

Sl DMan ‘L;:L:T Sdge Ol e

358 b bt b g J S iles 6l 5 0dd oalg o Lgy (650500l
Ol 5 alad 2 53 02, S a5 Shes (8] ol 4L rn 5 o165
P03 5 Sl 0331 S5 D)0 4 Sl D il e
4 pblws Oda b (J 28 il el 10 dlos Sl do
Olej Sl st j2 53 Dlwloea () (a3 [YF] 555 0 ~3ol lg 553
JAS o3k JS 53 Slles ool 03 205 2,8 &) g (fenl S
ilwesly OOl (ot RS (lapn s S0 OV a5
23l San b 1y s ol (15 0l

ol b J ST i Sl olg 058 e i) ol (el 5o
wle ol s J x5 (e sl /\J}w e e 4 Ll
Wlie ol 53 Lgr bt & ba Shee ol (San o 5 @l 2l
2L olgosd G Odal o hn SRS dies J Gl 55 S
ol 3 el s 4l (ol Dot I eSS a5 0T S 5 5 L
St e 6 ol Ol s e Sl s (G K0 B
bs St 43 &K Sy g 0 ol 358 115 sl odd o (6505
(olgtig Py 03 e Blod J2S Giluag Dlaad les s
,;A;JJ,:TAL,J;gswlouc\ﬁﬁtémﬁgyg)@t,)
w28 55 g LS e Bl (ileang sl Sl 1SS e
2 LS 056 sl 51 pE a3 slee &b ol eoslgrin
el 2 2258 (Bl 53 0,8 e Do S8 8 B S
el G Dol 6 4 s (ST 5L Lals) ane s
g J ST 056 5o Jous J 25 s gdoms 31 0 J 257 slasass
2o gl pl (543 ol ol el 08 5o

358 45 63)05m 53 J S g Sl oS Sl bl an
Oy 51 U8 s Jsb 53 50t Jame 2T a4 )05 35 216
o Slas o855 0 Lol bt 5 Ko ) 258 0 Ol 2145 4B o
@S @5 S Glagileas Lss plal 4 gle blE s
s gn O3 1y 216 508 Lol 85 2l 5 0n 58 al s See

X i 3wl ok 43 S B )3 5 Sy 4 s ltle
2 ol Dl 3 i JES Gl 058 G e (2, S
G348 (Gluand ol 0ld oy J| A3 K ol el b
Oy G e S35 Wge5 din sl OT S el 5 02, S
GOl oF i 5o Calodd 41T Ji3e 3 olg 558 lols oS e
O Sbl Sidu ps el odd 4yl 0T S 5 o cods aslyl o,
el 0s Ol Wlia (5,8 ames

B B !B Sly olg B9y -

o J 5 (2lg 09

o288 358 G 83 sl (sleity o35S ptdm a5

I S PCP [N RGN PR EPY S I e

doddo —

Gl s o Jlos 51 (S eolsen (2165 258 b g S A
Js 4 oS 5sb w o filas 65 ol il 03 RS lapins
Sl skl sy 505 Jo BB s3de Do 4 0113 S oy
5 ks odes By 35 4 Plaw 65 ol Jo il s T
oot o 5 53 s Jo 3 S [V el plonil BB oiians 2
30 03 bl el i ey 4 b (sl (KeS l l eslizal
S5 o b (5l s 6 0 e agr J ST s (e
okl byl ot o (iluaig o ol Al gl gy [Y] 550
3 [7 Dl slaiay dF ¥ U Slabs) & Ol o o ol
oy S s ol olad 38 o LA V] ik 4t sl Lt
Lst g ity Ol s Soliloes 55 T 3l eslinal 0l 505,57 Jus st
3 bs roneby e Gl S gl pesde o)l s ey
iy e (b b aig SRS Al o sl (bt il
wap J S Wl & o 55 iy ol ) ealizal 2B (4] el o
et Slasd s odd Juols dugr 93555 S ol ol Sl ke
DTl s S8 o) pLsl & OG5 oks Gl g ¢ e
IS alie ool aigy SlrediS 28T (g5leesly OIS
35 5o b [N ]ls bl s 5 Shles Shse & iy
RS 59585 i DS el okl Jolom [V Y] s Calies 3 58
Sl 0l o gl 5 4Bl g 43S ans 4w 3 S Sl O
Sl TS s 55y e 358 Loyl 5 dingy J 257 Jols
S Senp 3 0T conlie 3 Shos oy onl e slacohlb 51 s
Gt Rlo b amlin 5o g s Slas 4 gbiws ¢l dls 3,3
3 S o A s ol ol ol Y] ol J 287 g5 o
o BB W5 5 et ST OB St Sln e de
DV lel s 555 ol pon 4 (63 Shas Slne (Siloaig sl J 557
3358 G5 5> LOT QU5 cmin SLeiSUAS Sy nipes
b gl oMo il L ysb 5 [10] bk pus O
G e s 5 [V ot Glapin 53 LOT (6, 8,IK
Ses Sl e o S gy S [VV]Lis
@hls 555 SRS 65555 S5y 2 S Amer (5355 S o oleds g
153 gl posde 4] L i 651U o 315 0 5 [VA]
S 2 10y Ll (sla ke (555 1 (gl ptome (A5 Slaptn
et 53 B3 gdoue cpl [Y0] das e &5 T 6>, ee s >
OB gl pmal jlalamd o s 5 das o 55 IS Slaptns 5 Shes
aher Bd J RS 5 o i s 3 5o WS o i J RS
bdle 52 55 Gt IS slagn s S s Shes s g 51 cnl s
BTN | A R R T R BTN I R S
Sromby (g 258 Gy bl 1y Bl arny sl ) S

5 ap IS 658 Sleslimal b Sy ol [YY] ol SSolal oo i

Journal of Control, Vol. 15, No. 3, Fall 2021

VB sl O oyled 00 Mo ¢J =S dome


http://dx.doi.org/10.52547/joc.15.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.3.1.0
https://joc-isice.ir/article-1-733-fa.html

[ Downloaded from joc-isice.ir on 2025-10-19 ]

[ DOR: 20.1001.1.20088345.1400.15.3.1.0]

[ DOI: 10.52547/j0c.15.3.47 ]

¥4 ot IS s olg s sd Loyl i 5l Gl s By

Sl DMan “5:\.:T Sdge Ol e

I(k =0k, 0)z + )

25 s 4 0lg e DR, ) 0 Sl Jish L jle oS

55 ol

(k. j) = (")

Wl G 5 JB 15 e 03 43 (8) bl ol 5l

\4
z(k) = O(k,0)z + )

> @k, ) B(j - 1) u(j - 1)

j=1

=®(k,0)z, + I(k,0)U(k,0)

Wsd oo s % Dy a U s T sla el )y oS
I'(k,0) = *)
[cp(k, 1) B(0)|@(k,2) BV [ B(k - 1)]
U(k,0) =

[u) w) - wk-1]

Oy BB 5 o 4 b8 2 55 (s A Slkie (V) sl ol
o
q
y(k) = C (k) = ()
Co(k,0)z, +
k
C @k, ) B(j ~Du(j~1)

j=1

—C ®(k,0)z, +C T(k,0)U(k,0)

SN [0 NT] lons Sljojl J5 6 ol 250
T B (Do ) 53 (Bl o dd Ul Sy Ry ke
T e Sy 5 S5 4 e 2l a5
()
y(N) = C ®(N,0)z, +

03 SN, §) B~ 1)u(j 1)

j=1

e ) 25 b ipt (s A S5 2 2l 558 5 s
-\SLSA

o-\.i;ﬁ}-\f6)\?QU&:J)AJF{&J})}}HJL&MH{@W;}:EL;Q,J
& S Salys SVolas b 0L L pite ot 0t &l
S B s 5D

a(k +1) = A(k) z(k) + B(k) u(k)

(k) = O(k) 2(k) V)

Gl w4 Y(K) €R® su(K) e R™ox(k) e R"

(AB) T35 3 035 B Slhd (s (s 5 $3555 Il
3o 408 (Sarly s (ol pn Slo eyl el I
Jol 25 b (Salos (ass el .w@(x u',y )

Tty

(Y)
z (k+1)=A (k) z (k)+B (k) u (k)

m m

5, ()= C, () =, ()

m m

b3 upe 4 8 (b dhe sl e SRS 48w

Pyt
. ()
min J =

u

N,

S0y ®] @ [uk-v®]+

k 1

ZAu ) R Au(k)

QR 5055 JpS 5 foiin sl o Ny Ny o
Llp 8 s dmes Sy USG5y slagm Sl
5 IS st gl 5o J ST why W5 auis b Sl
Aal g anlsl (g lwans QUL abds b, - l}:ﬁ@U)yww
Olgign il ol 358 SL13 b JES & 635050 o il il
Llp s L o b st ol 38 csilead 1 pE s o
ot S dles Gsbie 65 ST Lt s gdome B (S5luaigs
35k 25 e ) ke o165 Ll 5 L Ol b ke 4 s
s....fdn
()

+Y Au" (k) R Au(k)
st a(k+1) = AGR) (k) + B(E) u(k)

1l Ol BB 25 Sy 4 (1) (Saliy3 s ey

Journal of Control, Vol. 15, No. 3, Fall 2021

VB sl O oyled 00 Mo ¢J =S dome


http://dx.doi.org/10.52547/joc.15.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.3.1.0
https://joc-isice.ir/article-1-733-fa.html

[ Downloaded from joc-isice.ir on 2025-10-19 ]

[ DOR: 20.1001.1.20088345.1400.15.3.1.0]

[ DOI: 10.52547/j0c.15.3.47 ]

ot IS Al ol 358 Loyl 83 nl5 6l g s 4l o

Sl DMan ‘L;:L:T Sdge Ol e

Ci Ok + N, ) (j_l)“(j‘l): ('9)
y( ) CO(N,0)z,

¢ 3 o) 5(; -1) (3-1)-

J=k+N,

Cid)(k,j)B(j—l)u(j—l)

J=1

wwdgdugwuw&bﬁ&‘dpdg%u
Sl ol Caal s s 0L (6l Sllamd 3 (g3 ke S w1
03 ol i 53 1) ol 358 eyl pen oS S S il 0T s
JS a5 o Kbl 51 calS ol alde pan 4 93,8 o s
6 Bl5 558 b ot IS ) S Al (ulg s e

D50k 2 Ssse v Olg ) s

k= (V)

CY o+ N, )B(i-1)u(i-1) -

j=k

y N)—C(I)(N,O):L’O -

c 2 @(N,j)B(j—l)u‘(j—l)—

5009 8(5-1)a(s-

j=1
o:ﬁh‘l{.@‘odﬁT@A{ o"ﬁj" &L@:j:; 6‘]‘3 d)s SYslee
35 e o sl ize (5 1 02583 0l Ol 0 B dails )

OT @ o 9 ok 9551 (S0 (S bl -

S sy 5 0ds 4l ‘.;win 3 Slas S SLsl @l

355 G115 &S pte Dby &S0 pn (o35 At 53 (o3lgiiy o, 0T

Sl oSG N sl V S s il 4 815 eslinul 555 ol
el 0k 035 BLAS (Gekmy 93 Dlaatbue 0l 53 SS omie

) OY)
y(N) =y (¥)
W5 Ol e (Vo) sl b

()
y(N)=CoWw,0)z, +

CZ@(N,j)B(j—1)u(j—1)

daly ol ply s ol (g 3t CO(N,0) ) 4 y (N) «

. ")
§® ( ~1)u(j-1) =
v (¥)-cow.0s,

(S ot S 5 S 45 () daly
y (%)
30N, ) B(i-1)u(i-1)+

j=1
N

C Y oW, j)B(j-1)u(j-1)=

J \(+1

y (N) C®(N,0)z,

Nl (0F) dal) o3 Sl ((giloans 3l (g35me GBI 2 55

olie dslas o3l opl 53 J 87 ady alie il 503 J 28 30
PP S ey i S b e S s J S b
bl ol sleang slapl o3, gl bl sl b o (S
Ol oo 1y OF) dlaly ol ol g dal g olesl B 5 ¢S 587 5l e

3,5 el g3 Sose n

\ZI:CD o d) ( 1) (j—l): )

(N) CO(N,0)z, -
¢ L oW Bi-1)v (i)

Ll 13 55 03 gukone Bl (5 Lutinge 310 2 55 (10) sty bl

L o s IS 58 o5l s s Sole SSa Y (N)GL@
bl 5 gdome 381 8 s - u"”‘"df‘fd}‘l’c‘f"‘“‘;"‘i}g‘ 5| ol
o S bk e s Tel ) ol Lol 558 (6Ll (g dlasly !
bele &l 058 Sole (IS daly ol K al o b (g 5leags 6\»“("?

S0k g Lo wUlS e

Journal of Control, Vol. 15, No. 3, Fall 2021

VB sl O oyled 00 Mo ¢J =S dome


http://dx.doi.org/10.52547/joc.15.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.3.1.0
https://joc-isice.ir/article-1-733-fa.html

[ Downloaded from joc-isice.ir on 2025-10-19 ]

[ DOR: 20.1001.1.20088345.1400.15.3.1.0]

[ DOI: 10.52547/j0c.15.3.47 ]

o\ xhd}fdwdwAj:édté)lg;éad*ﬁl}éld\j{a}j&i”qbl

Sl DMan “5:\.:T Sdge Ol e

Lgl)b\‘a;éb_ﬁ.‘.ﬁmﬂgj):f)a.wql)lr:i)jiﬂmélwu.uam
bl 3,8 O o Caliiee sl Lol 15 O i 1l 4 ol 43
ALY JKalys X, =[1 -3 0.65]" adsl oyl 5 (g1l @ (g lwants

RS PR 4‘1‘)‘

--------- Nominal Trajectory
= Proposed Method
====:Terminal Constrained GPC

5 L N L
0 1 2 3 4 5 6 7
t [sec]
&S ote Dby b ol Y S
8 T T T T T T
6k .
4k .
E o ]
>
of 1
20/ e Nominal Trajectory
Proposed Method
4 | | . |====Terminal Constrained GPC
0 1 2 3 4 5 6 7
t [sec]
&S e Dby o8 gl ¥ S
6 T T T
+++=+===:Nominal Trajectory
5 Proposed Method ]
====:Terminal Constrained GPC

0 [rad]

&S e Dby (58 g sl F S8

yl
v(t) ~
A
/ 0(t)
.«u"“‘- ’
y(t) | { ‘ S _—
Q/
O a(t) —I

S 93 Slatbes oaus 55 oS e Dby S8 Sl ) s

G Olg e 1) ¢S e Dby SSleiw Juo ) Ko 4 a5 L

IYF]s,S 0k 25 Zose

I = vcosf
§ = vsin @ ("4)
0=w

Camge i 4 s 03 e T Gl 5y T &S

SV pmen Bl e Oy (6,8 g wsly 5 b8 e ( sk
S 5 b Lo (S w03y pRee S35y S0
oS o s T 6ols pipes Ol 3,5 Jai 53 b ks Sy sl sl
1X0] 5,8 0l 5 p 4 O o 1y OA) dolas sl s 5

a(k +1) = a(k) + T v(k) cos(O(k))
y(k +1) = y(k) + T o(k) sin(O(k)) 0%
0(k +1) = O(k) + T w(k)

4 0l ) (Pl e dm S e Dby (e Jbe 2l
1¥0] 5,8 0y 25 g
Ax(k +1) = A(k) Ax(k) + B(k) Au(k)
[1 0 —To (k)sin(0 (k)
Ak)=|0 1 Tu (k)cos(6. (k) (Y+)
0 0 1
[T os(6 (k) 0

r

B(k) =| Tsin(6@ (k) 0

»

0 T

s s 4 s Dby (Sl s e Dl gllas 15, AX S
Sl byl Cpimman (anl O U287 056 slas 15 s AU 5055 ol
S Ol Sl e 2 55 Sy (b s sla el 6 (K) 50, ()
$A Gl e s 5035 OlS L ke y0lae s eyl opl ool
gkl Ol b it la e e B
et 333 38 a5 03 Ly sl ods 35 I 55 o e s
ol sl 3lant 53 ol o 2l il Sl 5 51 elinul

'Generalized Model Predictive Control

Journal of Control, Vol. 15, No. 3, Fall 2021

VB sl O oyled 00 Mo ¢J =S dome


http://dx.doi.org/10.52547/joc.15.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.3.1.0
https://joc-isice.ir/article-1-733-fa.html

ot IS Al ol 358 Loyl 83 nl5 6l g s 4l oY

Sl DMan ‘L;:L:T Sdge Ol e

[ Downloaded from joc-isice.ir on 2025-10-19 ]
e, [rad]

[ DOR: 20.1001.1.20088345.1400.15.3.1.0]

1 T T T T T T 8 T T T T
05F ’ 1
AN 6
oF 1 T PR 5
1
0sf ! : !
-0. ' _
1 i 2F
1k T ] =
1
-15F ] 1 ofF
1
2F U ]
P 2F e Nominal Trajectory
25F Proposed Method Prop(?sed Method.
= = Terminal Constrained GPC[ 4 L L == Terminal Constrained GPC
-3 * * ! ; : . 2 0 2 4 6 8
0 1 2 3 4 5 6 7 x [m]
t [sec]
o i S e S
& it Sy b gl Al e sl mte A S i Dy e g B S5
3.5
T II\ = Proposed Method
N — = +Terminal Constrained GPC
1T = Nominal Trajectory
_ Proposed Method
=) ====:Terminal Constrained GPC
= 3F
o >
1 L 1 1 1 1 25 : *
6.7 6.75 6.8 6.85
0 1 2 3 4 5 6 x [m]
t [sec]
_ ' S oete Dby s o\g 358 o auslie F S
Dby 6,8 g sy Al jize slos omie 8 IS
1.5 T T T T T T
poe E e . . . - N ———Proposed Method
oo “'3; J]“ B2 L;“l‘ B raued J‘L“" B4 ‘-”L.) B anel gsLL@" S92 ‘hi‘f" = = :Terminal Constrained GPC

wl)l oy b sl byl ccwl ok 48§ ki s x0T sl

Zx‘aﬁmuﬁﬁjs&)y@adﬁ:

Y
Q=[8 8 04]x10° , R=8001,, ™)

[ DOI: 10.52547/j0c.15.3.47 ]

N, =15 , N =5
x, =[6.768 2.7 5]
7
t [sec]
Azéjfjlé.}):;;lwJj::féln&:))jsjjﬁﬁ}:xé¢wlﬁa))b &S ot Dby Jsb bl e bt los eV S
1wl ol
Yy 05 @olgiy **J}i‘l ds A@‘}W‘?Jﬁi})f}#w
-1m/s<Av<1lm/s () ™ _
- - s ol iy e Gute RS 0N S Gle 0s Gl
_Erad/ssAwsgrad/S *.O~‘r~)6‘;{4{*;&%&:5%0‘}5@‘)“341‘)‘414’:ﬁ,uﬁ‘
.;Mm;ﬂthwxuﬂ,mluuwjt@p‘&@w
Journal of Control, Vol. 15, No. 3, Fall 2021 VB Sl F o)les 00 o oJ 28 dms


http://dx.doi.org/10.52547/joc.15.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.3.1.0
https://joc-isice.ir/article-1-733-fa.html

[ Downloaded from joc-isice.ir on 2025-10-19 ]

[ DOR: 20.1001.1.20088345.1400.15.3.1.0]

[ DOI: 10.52547/j0c.15.3.47 ]

ot IS s olg s sd Loyl i 5l Gl s By

Sl DMan cdaL:T Sdge Ol e

9 Sl (S o J:l—l(xk+1)_J;(xk+1) Cobe w53 g 0oy
[Fe]ss8 o el LU o0
Sle N — "y Sose D3 LO.L‘ 2 o Me
sy ND<N LS (5 o o Coa s J;—l(xk+1) - ‘]r*u (%.2)
dal g 0T 53 Sbe 518 55 (1) daly U5l S )le 57 (5550 4050

[YV] 5,

S5 4o A

JAS a6 353 G 51 sier o2 S cllin oyl 5
358 oolgiiy r’i)}i“ 3 A all ol Sl ys i
@l JUsl ol Dlbsd 4 olg dosd Sl dbs Gl s A/ I
s LSS L o s JUst ) &S Sl ol Cenl Pl 4SS L
bl g ods alyl 02, 85,8 0 O)ge mte IS Sleane
okd fol S Ole3 b e e J RS (Sl Ll s
o 2 53 D5k 6 0l Sl a5 () S 55 el
0353 it J S dle 4 J 287 3 sowe 331 55 U287 (63555 5
2 s 9 035 ol Ol s s ol 358 Sl aS Sl ol
e i JAST & Sl gyl Suje el g 058 sl
@l s (Sasll 51 6,8 e 5 IS 6551 el cds il
J{LZ.A):MJ&) 3 g calizen (sbn g jlua @L"J.C,...J):LTA.E;J
ol oo SN das e Ot i) Sl eslized b1y olg 353
3 S 0 Ol 5 03I s 553 sl (S35 1 (23 3mn 455 ot
2133 s b olg Ll 5 L i IS lee ple 5o s )
b 2l 258 51015 o & Sl (e ok il (Mgt g bl
28 Bt ()l Dilbsd J 1S slagn s, 5o

&l

[1] B. A. Conway, Spacecraft trajectory optimization.
Cambridge University Press, 2010.

[2] A. V. Rao, "Trajectory optimization: a survey," in
Optimization and optimal control in automotive
systems: Springer, 2014, pp. 3-21.

[3] S. N. Ha, "A nonlinear shooting method for two-
point boundary value problems,” Computers &
Mathematics with Applications, vol. 42, no. 10-11,
pp. 1411-1420, 2001.

[4] R. W. Holsapple, “A modified simple shooting
method for solving two-point boundary value
problems”, Texas Tech University, 2003.

[5] M. A. Patterson and A. V. Rao, "GPOPS-II: A
MATLAB software for solving multiple-phase
optimal control problems using hp-adaptive
Gaussian quadrature collocation methods and
sparse nonlinear programming,” ACM

(e (S5l DT 3 Julow £
O}}JOw)lwéfdbjﬁ@fﬂdgé)‘-&hou‘
I ol g SletiS sl bbb 03 8 b 55 b Js
}:;[YV ,"7] C-‘)A BL) g'ﬂ‘jej)\f— el ol 4‘,’.‘)‘ 6—‘Ja)> )L;;u CU
Wl o slgity rlew 455 ol oIl DU 1 e sla oo
oA dAS e Wb N =N =N 5L, Sslely

(")
J(N,N.)=J =eN) P eN)+
ie(lﬂ)l Q e(k)+ Zi]:AuT (k) R Au(k)

S 5 ey ol A8 L Bl e(N) P e(N) ol o

0

EEEEC )L_.'.a CU )\ oalata! ‘ﬂj}er-:“':‘”d)“'\i\:! CJLS‘ dLﬁ‘ °"\i‘
ol 5y (5513 el LY Wb oS Ol 4 T gy
225 A8l s 1) G e LU

(%)

Ji(x)=3,(%,,)>0 vx=0

k+1

(ols O aayly s (e 5L L

Yo
J:I(Xk)_‘];(xkﬂ) = ( )

[e(k)'Q e(k) +AuT (k)R AW (k) |+
|:J;171(XK+1) - ‘]:1 (Xk+1):|

ol 03 Bl o ke (B Dl Canly S Sjle S

Q Gl sl Sl 4 a5 Lol o DU s ()10l S5 50
O o Sl y S I3l Dple 95 ol ol cdims re C2a R
ke S 55 sl Olge KD s Llocl
Gl i gl pey [YA] Cl e I (X)) — I8 (%)

el ok 4yl (M) byl ) Sy o Sple 00 90 Cas peaa
A il ol i olse w ek + N) =0 138 L8
s ok 2l b RN Sl Ol 4 T 5 S el
G osb s eas e I (%) = I (X)) Sk oS

Y]l Gl ool 5 s 53

Dslas ey Olge & Py 5035 510k 5L a2 8 o Ka

&AL{ JN (g2 &:_\ BE 4.&3:[{ odal stw\.gATPOA“‘Q:P w\:_[:.s

0

Journal of Control, Vol. 15, No. 3, Fall 2021

VB sl O oyled 00 Mo ¢J =S dome


http://dx.doi.org/10.52547/joc.15.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.3.1.0
https://joc-isice.ir/article-1-733-fa.html

[ Downloaded from joc-isice.ir on 2025-10-19 ]

[ DOR: 20.1001.1.20088345.1400.15.3.1.0]

[ DOI: 10.52547/j0c.15.3.47 ]

ot IS Al ol 358 Loyl 83 nl5 6l g s 4l of

Sl DMan «83LT suge Ol e

[18] V. T. Minh and N. Afzulpurkar, "Robust model
predictive control for input saturated and softened
state constraints,” Asian Journal of Control, vol. 7,
no. 3, pp. 319-325, 2005.

[19] Y. I. Lee and B. Kouvaritakis, "Robust receding
horizon predictive control for systems with
uncertain  dynamics and input saturation,”
Automatica, vol. 36, no. 10, pp. 1497-1504, 2000.

[20] W. H. Kwon and S. H. Han, Receding horizon
control: model predictive control for state models.
Springer Science & Business Media, 2006.

[21]N. O. Ghahramani and F. Towhidkhah,
"Constrained incremental predictive controller
design for a flexible joint robot," ISA transactions,
vol. 48, no. 3, pp. 321-326, 2009.

[22] R. Padhi, "Model predictive static programming: A
promising technique for optimal missile guidance,”
To appear in Annals of Indian National Academy
of Engineering (INAE), 2008.

[23] P. Kumar and R. Padhi, "Extension of model
predictive static programming for reference
command tracking," IFAC Proceedings Volumes, vol.
47, no. 1, pp. 855-861, 2014.

[24] S. Blazi¢, "A novel trajectory-tracking control law for
wheeled mobile robots," Robotics and Autonomous
Systems, vol. 59, no. 11, pp. 1001-1007, 2011.

[25] F. Kiinhe, J. Gomes, and W. Fetter, "Mobile robot
trajectory tracking using model predictive control,” in
Il IEEE Latin-American robotics symposium, 2005,
vol. 51: Citeseer.

[26] V. Nevisti¢ and J. A. Primbs, "Finite receding horizon
linear quadratic control: A unifying theory for stability
and performance analysis," 1997.

[27]1J. A. Primbs and V. Nevisti¢, "Constrained finite
receding horizon linear quadratic control,” in
"Technical Report CIT-CDS," California Institute of
Technology, 1997.

[28] M. Morari and J. H. Lee, "Model predictive control:
past, present and future,” Computers & Chemical
Engineering, vol. 23, no. 4-5, pp. 667-682, 1999.

[29] W. Kwon and A. Pearson, "A modified quadratic cost
problem and feedback stabilization of a linear
system,” IEEE Transactions on Automatic Control,
vol. 22, no. 5, pp. 838-842, 1977.

[30] J. B. Rawlings and K. R. Muske, "The stability of
constrained receding horizon control,” IEEE
transactions on automatic control, vol. 38, no. 10, pp.
1512-1516, 1993.

Transactions on Mathematical Software (TOMS),
vol. 41, no. 1, pp. 1-37, 2014, doi:
10.1145/2558904.

[6] W.Rohand Y. Kim, "Trajectory optimization for a
multi-stage launch vehicle using time finite
element and direct collocation methods,"
Engineering optimization, vol. 34, no. 1, pp. 15-32,
2002.

[71 F. Liu, T. Chao, S. Wang, and M. Yang,
"Trajectory optimization for launch vehicle boost
phase based on Gauss Pseudospectral Method," in
2016 35th Chinese Control Conference (CCC),
2016: IEEE, pp. 10910-10914.

[8] Zz. Wang and Z. Wu, "Six-DOF trajectory
optimization for reusable launch vehicles via Gauss
Pseudospectral method"”, Journal of Systems
Engineering and Electronics, vol. 27, no. 2, pp.
434-441, 2016.

[9] R. Padhi and M. Kothari, "Model predictive static
programming: a computationally  efficient
technique for suboptimal control design,”
International journal of innovative computing,
information and control, vol. 5, no. 2, pp. 399-411,
2000.

[10] f. Tavakkoli and A. Novinzadeh, “closed loop
suboptimal guidance design for satellite launch
vehicle(in  Persian),” Journal of Modarres
Mechanical Engineering, vol. 17, no. 9, pp. 97-106,
1396.

[11] G. Klangar and I. Skrjanc, "Tracking-error model-
based predictive control for mobile robots in real
time," Robotics and autonomous systems, vol. 55,
no. 6, pp. 460-469, 2007.

[12]H. Yang, M. Guo, Y. Xia, and L. Cheng,
"Trajectory tracking for wheeled mobile robots via
model predictive control  with  softening
constraints,” IET Control Theory & Applications,
vol. 12, no. 2, pp. 206-214, 2017.

[13]J. A. Primbs, "The analysis of optimization based
controllers," Automatica, vol. 37, no. 6, pp. 933-
938, 2001.

[14] L. Griine, "Economic receding horizon control
without terminal constraints,”" Automatica, vol. 49,
no. 3, pp. 725-734, 2013.

[15] H. Michalska and D. Q. Mayne, "Robust receding
horizon control of constrained nonlinear systems,”
IEEE transactions on automatic control, vol. 38,
no. 11, pp. 1623-1633, 1993.

[16] M. Tanaskovic, L. Fagiano, R. Smith, and M.
Morari, "Adaptive receding horizon control for
constrained MIMO systems," Automatica, vol. 50,
no. 12, pp. 3019-3029, 2014.

[17]1T. A. Johansen, "Approximate explicit receding
horizon control of constrained nonlinear systems,"”
Automatica, vol. 40, no. 2, pp. 293-300, 2004.

Journal of Control, Vol. 15, No. 3, Fall 2021

VB sl O oyled 00 Mo ¢J =S dome


http://dx.doi.org/10.52547/joc.15.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.3.1.0
https://joc-isice.ir/article-1-733-fa.html
http://www.tcpdf.org

