dxwae zein‘pic zekxrn

onlbity ‘ial cica onfa zilnihte‘ dxwae zeiv‘xe oeayg

t_f = 1e oezp x_0 mr zihxwqic zkxrn • x_{tf} lr dvw iveli‘ ‘ll ,oezp t_f > 1 ,oezp x_0 mr zihxwqic zkxrn • LQR • -pic iveli‘e xign ziivwpetl qgia dxwa ze‘ ly divfinihte‘ lr xefgp df lebxza ze‘ ly (zilwel) zeilnihte‘l (miigxkd ‘l j‘) miwitqn mi‘pz ‘vnp .dwin .dxwa

t_f = 1 ,zihxwqic zkxrn

f : R^n × R^m → R^n zkxrnd dpezp ik gipp x_1 = f (x_0, u_0) (1) J(x, u) ∈ R xignd ziivwpet z‘ xrfnny u(0) ‘evnl eppevxa .oezp x(0)yk J = ϕ(x_1) + L (x_0, u_0) ziira ef .dxwad ze‘e (1 ekxe‘y) lelqnd xign ‘ed Le iteqd avnd xign ‘ed ϕ .’bpxbl iltek xehwe zxfra dze‘ xeztp .(dwinpic) oeieeiy iveli‘ mr divfinihte‘ :(Augmented) zagxen xign ziivwpet xicbp J_A = ϕ(x_1) + L (x_0, u_0) + λ^T_1 [f (x_0, u_0) − x_1] (2) (ihxwqic o‘ipehlind) onqpe (J_Al k”ca oeekzpe J aezkp dzrn) H (x_0, u_0, λ) = L (x_0, u_0) + λ^T_1 f (x_0, u_0) k 2’yn z‘ aezkl lkepy jk J = ϕ(x_1) + H (x_0, u_0, λ) − λ^T_1 x_1 (3)

(l‘ivpxtic) uex a miiepiyn d‘vezk Ja miiepiy ly oey‘x xcqn aexiw z‘eeyin meyxp

dJ = ( ∂ϕ ∂x_1

− λ^T_1 ) dx_1 + ∂H ∂u_0 du_0 + ∂H ∂x_0 dx_0 (4)

.(oezpd x_0e) du_1 ly divwpet ef dx_1 y reci .dx_0 = 0 xnelk ,oezp x_0y migipn ep‘ didi du_{t−k} l dx_t oia xywd (zetevx e‘ zeihxwqic) onf zexcqa opeazpyk ,jynda xgapy i”r df aeyign wngzp o‘k mb ,okl .akxen

λ^T_1 = ∂ϕ ∂x_1 (5) dJl heyt iehia lawp .4 ’yna dx_1a ielzy iehiad qt‘zi jkae

dJ = ∂H ∂u_0 du_0

yexcp okle^{∂H}_{∂u0} ‘id dwinpicd iveli‘ zgz J ly zxfbpd :xnelk

∂H(x_0, u_0, λ) ∂u_0

= 0 (6)

n+n+m epicia .J ly il‘wel menihte‘ gihan mneiwy (6 ,5 ,1 ’yn) mi‘pz 3 eplaiw .x_1, u_1, λ_1 mipzynd n + n + m z‘ zexicbny ze‘eeyn

dvw iveli‘ ‘ll ,oezp t_f > 1 ,oezp x_0 mr zihxwqic zkxrn x_{tf} lr

gipp

x_{i+1} = f(x_i, u_i, i) x_0 given i ∈ {0, . . . , N − 1}

dxevdn xign ziivwpet mb gipp .ua miielzy oeieeiy iveli‘ ly sqe‘ epicia xnelk

J = ϕ (x_N ) +

N−1∑ i=0 L (x_i, u_i, i)

iltek ly dxcq zxfra xeztp .(dwinpic) oeieeiyd iveli‘ zgz J z‘ xrfnl dvxpe miixehwe ’bpxbl

J_A = ϕ (x_N ) +

N−1∑ i=0 L (x_i, u_i, i) +

N−1∑ i=0 λ^T_{i+1} [f (x_i, u_i, i) − x_{i+1}] (7)

(ihxwic o‘ipehlind) onqp ,mcewnk

H^i = H (x_i, u_i, i) = L (x_i, u_i, i) + λ^T_{i+1}f (x_i, u_i, i)

(miqwcpi‘a lw iepiy jez) ezxfra 7 ’yn z‘ aezkpe

J = ϕ (x_N ) − λ^T_N x_N +

N−1∑ i=1 [ H^i − λ^T_i x_i ] + H^0

l‘ivpxticd z‘ (aey) aezkp mipzyna J ly zelzd z‘ oiadl zpn lr

dJ = ( ∂ϕ ∂x_N

− λ^T_N ) dx_N +

N−1∑ i=1 [( ∂H^i ∂x_i

− λ^T_i ) dx_i +

∂H^i ∂u_i du_i ] + ∂H^0 ∂x_0 dx_0+

∂H^0 ∂u_0 du_0 (8) aivp okle oezp x_0y jka xfrip mrtd mb .dJ z‘ eqt‘iy mi‘pz sqe‘ ‘evnl dvxpe y jk λ_i xgapy i”r dx_i (du_{1:i−1}) aeyign wngzp mrtd mb .dx_0 = 0 ∂ϕ ∂x_N

− λ^T_N = 0 ,

∂H^i ∂x_i

− λ^T_i = 0

xnelk

λ^T_N = ∂ϕ ∂x_N

, λ^T_i =

∂H^i ∂x_i = ∂L (x_i, u_i, i) ∂x_i

+ λ^T_{i+1}

∂f (x_i, u_i, i)

∂x_i

.N onfa dlgzd i‘pz mr onfa dxeg‘ Nn dbiqp zgqep miniiwny λ_i epxga xnelk l”pd zeavdd xg‘l

dJ =

N−1∑ i=0 ∂H^i ∂u_i du_i

laben epi‘ uy oeeik .l”pd mekqd z‘ qt‘l dvxp menxhqw‘ ‘vnpy zpn lr ,zrk xai‘ xai‘ qt‘l epilr

∂H^i ∂u_i

= 0 , i ∈ {0, . . . , N − 1}

ze‘eeynd z‘ xeztl ic zvle‘nd dirad ly menxhqw‘ ‘evnl zpn lr mekiql ze‘ad

x_{i+1} = f(x_i, u_i, i)

λ^T_i =

∂L (x_i, u_i, i)

∂x_i

+ λ^T_{i+1}

∂f (x_i, u_i, i) ∂x_i

x_0 given , λ^T_N = ∂ϕ ∂x_N

miiwny u xnelk .^{∂Hi}_{∂ui} = 0 y jk u_i zavd jez

∂L (x_i, u_i, i) ∂u_i

+ λ^T_{i+1}

∂f (x_i, u_i, i) ∂u_i = 0

-yn ,sqepa .u_i = u_i (x_i, λ_{i+1}) ik zecnevnl l”pd ze‘eeynd z‘ jted uy o‘kn dbeqp λ z‘eeyn eli‘e x_0 lr dvw i‘pz zniiwne onfa zncwzn dwinpicd z‘ee two point boundary-value dpekn df beqn dira .λ_N lr dvw i‘pz zniiwne onfa mda miihxt mixwn d‘xp jynda .illkd dxwna dyw zeidl leki dpexzte problem zeiaihxhi‘ zehiy opyi zihilp‘ dxizt dpi‘ diirad m‘ .zihilp‘ dxizt dirad .(zilwel miilnihte‘) zepexztl zeqpkzny zvixhn) dipyd zxfbipd z‘ aygp menipin ed ep‘vny menxhqw‘y ‘ceel zpn lr .Positive Semi Definite didz ‘idy dvxpe dJ ly (Hessiand zix‘pil dwinpice ireaix xign :‘nbec (time variant) zix‘pild zkxrnd idz x_{i+1} = A_ix_i + B_iu_i xignde J = 1 2 x^T_N Q_N x_N +

N−1∑ i=0 ( 1 2 x^T_i Q_ix_i + 1 2 u_iRu_i )

.oezp x_0e positive definite od Re Q yk λ ly dbiqpd zgqep z‘ aezkp (iwlg) oexzt

λ^T_i =

∂L (x_i, u_i, i)

∂x_i

+ λ^T_{i+1}

∂f (x_i, u_i, i) ∂x_i = x^T_i Q_i + λ^T_{i+1}A_i λ^T_N = x^T_N Q_N H^i z‘ meyxp H^i = L (x_i, u_i, i) + λ^T_{i+1}f (x_i, u_i, i) = 1 2 x^T_i Q_ix_i + 1 2 u_iRu_i + λ^T_{i+1} (A_ix_i + B_iu_i)

u_i itl xefbp ∂H^i ∂u_i

= u^T_i R_i + λ^T_{i+1}B_i = 0

u_i = −R^{−1}_i B^T_i λ_{i+1} zeevwa dvw i‘pz mr zecnevne zeix‘pil yxtd ze‘eeyn sqe‘ eplaiw ,mekiql miicbp x_{i+1} = A_ix_i + B_iu_i λ_i = Q^T_i x_i + A^T_i λ_{i+1} u_i = −R^{−1}_i B^T_i λ_{i+1} λ_N = Q^T_N x_N

x_0 given

:dprha xfrip l”pd ze‘eeynd z‘ xeztl zpn lr λ_i = P_ix_i P_{i−1} = Q^T_{i−1} + A^T_{i−1}(I + P_iB_{i−1}R^{−1}_{i−1}B^T_{i−1})^{−1}P_iA_{i−1} P_N = Q^T_N

.Ricatti z‘eeyn mya dreci P ly dbiqpd z‘eeyn :(i lr divwecpi‘a) dgked xnelk ,i + 1 xear zepekp gipp i = N xear zepekp epi‘x λ_{i+1} = P_{i+1}x_{i+1} .λ_i = P_ix_i gikedl dvxpe u_i = −R^{−1}_i B^T_i λ_{i+1} oke x_{i+1} = A_ix_i + B_iu_i aivp λ_{i+1} = P_{i+1}(A_ix_i + B_iu_i)

= P_{i+1}(A_ix_i − B_iR^{−1}_i B^T_i λ_{i+1}) :mixai‘ uawp (I + P_{i+1}B_iR^{−1}_i B^T_i )λ_{i+1} = P_{i+1}A_ix_i λ_{i+1} = (I + P_{i+1}B_iR^{−1}_i B^T_i )^{−1}P_{i+1}A_ix_i λ ly dbiqpd z‘eeyna l”pd λ_{i+1} z‘ aivp λ_i = Q^T_i x_i + A^T_i λ_{i+1}

= Q^T_i x_i + A^T_i (I + P_{i+1}B_iR^{−1}_i B^T_i )^{−1}P_{i+1}A_ix_i = (Q^T_i + A^T_i (I + P_{i+1}B_iR^{−1}_i B^T_i )^{−1}P_{i+1}A_i)x_i = P_ix_i ote‘ u_i ly d‘eeyna λ_{i+1} ly davd i”r u_i(x_i) z‘ lawl ozip λ_i(x_i) z‘ ep‘vnyn :‘ad u_i = −R^{−1}_i B^T_i λ_{i+1} = −R^{−1}_i B^T_i (I + P_{i+1}B_iR^{−1}_i B^T_i )^{−1}P_{i+1}A_ix_i