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tf = 1 ! " # x0 $% "&'()*&+ ",(%- •

xtf .% /0) &0 .&1 1.. 2! " # tf > 1 2! " # x0 $% "&'()*&+ ",(%- •

LQR •
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tf = 1 >?@A B CD@E ?F BG H
f : Rn × Rm → Rn ",(%-/ /# " # &, 4&##

x1 = f (x0,u0) (1)

J(x,u) ∈ R (&4-/ " &&0) # 5 "1 (%8--7 u(0) 1  0-.  ## 0(6 =! " # x(0)7,
J = φ(x1) + L (x0,u0)

"&&%6  8 =/()6/ "  1  :I  ,(  17 ; .  .*-/ (&4- 1  / L &5  */ 60-/ (&4- 1  / φ= J9#(9. &.5 , (  ')  "(8%6 /"  1 ( "5# =:/)&-#&+ ; ! &  &7 &0  .&1 $% /&08&- &'5 1K:Augmented; "64( - (&4- "&&0)# 5 (&+9#
JA = φ(x1) + L (x0,u0) + λT

1 [f (x0,u0) − x1] (2)

:&'()*&+ !1 &# '.&-/ ; !-* # :JA. , L+6 !  ," # J 6  ",# /"%- ;
H (x0,u0, λ) = L (x0,u0) + λT

1 f (x0,u0)

, MJ7 - "1 6 ",. .,  #7 <,
J = φ(x1) + H (x0,u0, λ) − λT

1 x1 (3)
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dJ =

(

∂φ

∂x1

− λT
1

)

dx1 +
∂H

∂u0

du0 +
∂H

∂x0

dx0 (4)

= :! " #/ x0  ; du1 .7 /&0) # 5  8 dx1 7 % +& =dx0 = 0 (-  ., 2! " # x07 $&4&#-  #1
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λT
1 =

∂φ

∂x1

(5)

dJ. '  7 5 & ' &6 .6)# =S J7 -6 dx16 & ."7 & ' &6/ *51"& <,6  
dJ =

∂H

∂u0

du0

7  (+# !,. ∂H
∂u0

1&/ /)&-#&+/ &0  .&1 "4" J .7 "(89#/ K(-  .,
∂H(x0,u0, λ)

∂u0

= 0 (6)
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xtf

Z G
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xi+1 = f(xi,ui, i) x0 given i ∈ {0, . . . , N − 1}
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J = φ (xN ) +
N−1
∑

i=0

L (xi,ui, i)
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JA = φ (xN ) +

N−1
∑

i=0

L (xi,ui, i) +

N−1
∑

i=0

λT
i+1 [f (xi,ui, i) − xi+1] (7)
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Hi = H (xi,ui, i) = L (xi,ui, i) + λT

i+1f (xi,ui, i)
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J = φ (xN ) − λT
NxN +

N−1
∑

i=1

[

Hi − λT
i xi

]

+ H0
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dJ =

(

∂φ

∂xN

− λT
N

)

dxN+

N−1
∑

i=1

[(

∂Hi

∂xi

− λT
i

)

dxi +
∂Hi

∂ui

dui

]

+
∂H0

∂x0

dx0+
∂H0

∂u0

du0

(8)6&0# !,. ! " # x07 <,6 (8%&# $%5/ $9 =dJ "1  *51&7 $&1#" _*  1 1 0-. /0(# 
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NOPQR &L% dxi (du1:i−1) 6 7 &4- )-4"# $%5/ $9 =dx0 = 0

∂φ

∂xN

− λT
N = 0 ,

∂Hi

∂xi

− λT
i = 0

(-  .,
λT

N =
∂φ

∂xN

, λT
i =

∂Hi

∂xi

=
∂L (xi,ui, i)

∂xi

+ λT
i+1

∂f (xi,ui, i)

∂xi
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dJ =

N−1
∑

i=0

∂Hi

∂ui

dui
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∂Hi

∂ui

= 0 , i ∈ {0, . . . , N − 1}
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xi+1 = f(xi,ui, i)

λT
i =

∂L (xi,ui, i)

∂xi

+ λT
i+1

∂f (xi,ui, i)

∂xi

x0 given , λT
N =
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∂L (xi,ui, i)
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∂ui
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xi+1 = Aixi + Biui
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NQNxN +

N−1
∑

i=0

(

1

2
xT

i Qixi +
1

2
uiRui

)
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λT
i =

∂L (xi,ui, i)

∂xi
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i+1

∂f (xi,ui, i)

∂xi
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λT
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Hi = L (xi,ui, i) + λT

i+1f (xi,ui, i)

=
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2
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i Qixi +
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uiRui + λT

i+1 (Aixi + Biui)
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∂Hi

∂ui
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i+1Bi = 0

ui = −R−1

i BT
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xi+1 = Aixi + Biui

λi = QT
i xi + AT

i λi+1

ui = −R−1
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i λi+1

λN = QT
NxN

x0 given
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λi = Pixi
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