Jooodogdoodood

goooboo ggoood
gb1v0o10170

1 0000

gbobooboaobbooboobbooboobboobooboooboobbobbooboaboa
gobobooboobooabooan

e invariant set(0 00 0)
e reachability(0D 0 00 )
Uboo0o0O0bO0bO00000000 invariant set 00000000

2 Joduooobuooooobbuoooda
0000000000000 000000000000
e 20000UCR'0VCR'O00DDD0 Minkowski sumO00000000000000

UDV 2 {u+tvluel,veV}

00000000 Pontryagin(geometric) set difference 0000000
USYVE{rlzeV U}

e 23500000 27Qz0000
e R:OODDOOD
0000O0000,0000000000

3 invariant set [ [ [
0000 (10 2000000004000 invariantset 00000000000

00 3.1 (Positively Invariant Set)
gobooboobobod

i = f(z) (1)
00 z(0)eQOO00x()eQVet>0000 QC R™U positively invariant(PI) set 0 0 00O

O00 invariant set 00 0000000000000 O0OO0ODOO0O0ODOO0OOOOOOOOOOOOOODOOO
gobobooboboobobooboboooboobobobooboboobobooboboboobobod

00 3.2 (Positively Invariant set)
ggodoobobboboogad

Tpy1 = flag) (2)

00 Ve, € QOO0 fzg) € Q000 QC R™ 0O positively invariant(PI) set 0000



gbooobooobo,coboooboob11obobooboooboooboooobooobooboobooboobooobooobooon
O00 invariant set 00 0000000000000 O0OO0O0ODOO0OOO0OO0OO0OOOOOOOOOOOOOODOOO
0oooooboobooob0ob0o00o0boboobOob0b00O0Db000 invariantset 0000000

00 3.3 (Robust Positively Invariant Set)
gobooboobobod

Thi1 = f(zp, w) 3)
OO0 Ve, e QYo e WODODO f(ag,w) €000 QC R™O robust positively invariant(RPI) set 0 0 00

00 3.4 ((Robust) Control Invariant Set)
ggodoobobboboogad

Tp1 = f(@h, up, w) (4)

00 Ve, € Q000 f(ap,up,w) € QVw e WOODOOO w, 000000 Q C R™O robust control invari-
ant(RCI) set00000D00OODOO

Tryr = f(@g, uk) (5)

000 Vo, € Q000 f(zr,u,) € Q00000000000 QC RO control invariant(CI) set0 0 00

4 invariant set O O[O

00000 [2]0 8000000000000 00000O00O0D0O0O00O0D0O00O0DO0OO0DOOOO
oooooog

Tpy1 = f(zp,u,w) = Azp + Bu +w (6)

000z, €e R"O000ueR"000,weR"0000000000000O0ODD (z,u)eXxUOO0O00DO
00000000 XCR'UCR™OODOOOD X,UO0OO00000O0O00000000000000000
00000000,weW CR'OOOOOOO0OO0O0O0O0OOO WODOOOOOOOOOOOOOO0O000 ABO
0000 (AB)00000000
0000000000000000000000000000000000000

2k4+1 = Az + Bu (7)

000 zeRPO00weR™O00000O
0000 2000000RPIORCIOOOOOOOOOOOOO

Remark 1 (RPI property of an RCI set Q)
0000000 2 = fl@,u,w) (zu,w) € X xUxWOOO QC X0 RCIset000 QO RPTset000
000000000000 »(z)000000000 v(z) O

U(x) & {u|f(z,u,w) €L uelU Ywe W} (8)

0000000000 yY0O0o00o0000 v(z) eU(x)DOOODODOODOOOOOOOODOODOOOOODOODO

ZTgp41 = Az + Bu(z) +w 9)
OvzeX,,VvoeWOOOOODOOOOO X, O

X, = {z]r € X,v(z) €U} (10)

gboooooobooo



gboooooboboobOobOoboouobO0obo0n invariant set 00000000000 ODOOOOOOO
U000 mmvariant set 000 0000000000000 O0OD0O0O00DO00O0O0OOO0OODOOOOOOODOOO
gbobobbobbooboaoboaboaoboba

g 4.1
Q000 (z,w) € X, xWOOOODDOOO 2341 = Az + Br(z) +w 0000 RPIset 000000000
u=v4+vr—2)0000000WWER 2, €200000 2341 € 2,1 @QOO00000000 2341 2
Az +Bu4+w,Yw e WODD,00 2441 2 Az, + Bv 0O OO

C0o]
000 2,4, 000000

Tkt+1 = Axk + Bu+w 000 u=v+v(zp—2,) 00 (1)
= Axy + Bv + Bv(xp — 2k) +w
00 zp41 = Az + Bv OO
Bv = z41 — Azg (12)
000000000 (1n)yoooooo
Tpy1 = Az — Az + 21 +v(Te — 21) +w (13)
Tr41 — 211 = Az — zi) +v(zK — 25) +w
gooooooboon
T €V =Ky = Az + Br(zp) +w e Q, Ywe W (14)
goooooo
Tk — 2k €EQX=Tri1 — 2p+1 = Alxg — 2zk) + Br(eg — zi) tw e, Ywe W (15)

gbobobobobboboaboana

gboooboooboooooboobooobooobooooobo,bobooooboobooboooboobooobooobooon
oboooooobooboobob 3bobobooooboooooono

1. 00 RPIset QOO O0O0OOO0DOOOOOv(z)DODOOODO
2.000000000000000,000D00000D00O00o000D000
3. 000000000 uwu=v+v(zx—2) 000000

5 Uooouoboooooon

goboboboooo200000000oobobooooooobooboo0ooo3booooobooooooooon
00 zk41 = A2z, +Bv00000, 0000000000000 241 = Azg+Bu+w 000 (x,u,w) € XXUXW
gbooboboboooooooobooboboobooboboboboooboobooboooobooobobobOobOon
gboooobobooobobooogoo
400004100

Tp— 2 € Q= Tpa1l — Zk+1 € Q (16)



000000 Q0 o1 = Az, +Br(z)+wO RPlset OOO0OO0O0OOO0OO0O0OO0OOOOOODO 20000
obooooobo ZzoooooOO

Z2X0Q (17)
gobooboobobooboobooboo
VEUol, (18)
gobooboobobouoo y, booboboooboooog
U, = {v(z)|r € Q} (19)

gboboboooobobooobobo,booboboboobobooboboboboboooboobonboad
goooood

6 UUooooougooga
goooobboobobooodooooooobbobbbooob o, oo bboooLobbbbbboooo
(z,v)eZxVOOOODODODOODODODOOODOOOOODODOOOOOO
N—

Viv(v,2) £ 3 Uzi0:) + Vi(an), U(zu) £ 23 + [ulf, Vi(z) £ |onp (20)

1=

gbo,0000000000o00

[

inf Vi (v,2)

subject to zpy1 = Az + Bv
z€Z (21)
veV
ZN € Ly

gboboobbooobooboobbooboobbobboobooobooboobbobbooboab
oboooboooboobboobo z,voooooooo 200000,00002000000000000,0
gboooooobooboooobo20b00000000
gbooobo,0coboobooboobooboobooboobooboobOooboobooboooOooobooon
gobobobobobobooboobobbobobobobaobod

7T Ooog

0000000 [1]0 2]00000000 invarianceset 0000, 00000000000000DO0O0OOO
O0o0000o0o0oo0oopRooo00o0o0o0oU0oO0oDOoUO0o0DooUOo0ooooUoOOoooooO
0dod0ooooooo, 0000000000000 oooDoooooooooooOooOoo,oOon
0000000000000 0o0o0oooooD0oDooD0D00o0oooooooooooooooon
Joo0d0o0oDOooo0oOooDOoooODOooooooooo
ooooooooooood

e JOODOOODOO

e 3000DOO

e I0IDOI0OOODODOUDOODOODO

e collison avoidance 0 0 0 O
RPIset 00000000 DODOODODOODOOO

O00D0O000D0O000DO0O000D00000D PIsetO RPIset 0000000 DDOOOODOOOOOO



ooog

[1] F.Blanchini, “Set invariance in control,” Automatica, Vol. 35, No. 11, pp. 1747-1889, 1995.

[2] S. V. Rakovié¢ and D. Q. Mayne, “Robust Model Predictive Control for Obstacle Avoidance Discrete Time
Case,” Int. Workshop on Assessment and Future Directon of NMPC, pp. 347-354, 2005.

[3] S. V. Rakovi¢ and D. Q. Mayne, “A simple tube controller for efficient robust model predictive control of
constrained linear discrete time systems subject to bounded disturbances,” Proc. of the 16th IFAC World
Congress IFAC2005, pp. 871-874, 2005.



