dxwae zein‘pic zekxrn

onlbity ‘ial

Particle Filtering

Monte Carlo zehiyl ‘ean •

Particle Filtering zehiyl ‘ean •

dxeva odilr zelgez aeyigle zeiebltzd beviil zehiy opid Monte Carlo zehiy .idylk zixhnxt dgtynl zekiiy zeiebltzdd ik gipdl ilan ,xnelk ,zixhnxt-‘ zeinpic zekxrna .zebltzdd z‘ edylk ote‘a bviind mbcn z‘ivn i”r dyrp xacd z‘ ‘evnl e‘ edylk onfa zkxrnd avn zebltzd z‘ zrcl miax mixwna mivex aeyig zexyt‘n Particle Filtering zehiy .ely divwpet ly zlgez e‘ ezlgez Dynamic zehiye zebltzd beviil Monte Carlo zehiy ly aeliy i”r zebltzdd .(zeitvz aeliye) onfa avnd jexriy z‘ mcwl zpn lr Programming

oexzt yi mip‘iqe‘b zitvze jildz iyrx mr zix‘pil zinpic zkxrn xear ik epi‘x zehiyd .(DP i”r) dliri dxeva eze‘ ‘ven Kalman Filterde (ilnihte‘) ihilp‘ zeix‘pild zegpd xy‘k (Kalman Filterdn k”ca miaeh) miaexiw ze‘ven o”ldl .zeni‘zn opi‘ zeip‘iqe‘bde

Monte Carlo zehiyl ‘ean

:ze‘ad zeirad mr zccenzdl ze‘a Mone Carlo zehiy

.p(x) zebltzd jezn {x^m}^M_{m=1} i.i.d. mbcn z‘ivn .1

:p(x)zebltzd zgz divwpet ly zlgez aeyig .2

Φ = E_p[f(x)] = ∫ f(x)p(x)dx

z‘ aygl ozipy ixd i.i.d. mbcn epicia yie dpey‘xd dirad z‘ epxzte dcina i”r 2 diraa dievxd zlgezd

Φ̂ = 1 d ∑ r f(x^r)

‘edΦ̂ ly variancede (dhen izla cner df xnelk) E(Φ̂) = Φ ik xexa

var(Φ̂) = var(f) d = 1 d ∫ (f(x) − Φ)^2p(x)dx

.ze‘nbecd ztqed mr zlgezd ly oekpd jxrd aiaq fkxzn jexryd xnelk ,c‘n lecb N m‘ mby jk x ly N cnina ielz epi‘ jexryd ly zeqpkzdd avw ziira ,z‘f znerl .dievxd zlgezd ly aeh jexryl zewitqn zeccea zenibcy okzi .df dxwna xzeia dywl jetdl dlelr dnibcd z‘ivn .p(x)n mebcl xwiy okzi oiicry xazqn .p(x) z‘ x lkl aygl mircei ep‘ ik gipp zexazqdd z‘ zaygn ,gridl agxnd z‘ zwlgn xy‘ dhiya ynzypy gipp ,lynl mr elit‘y ixd N = 1000 m‘ .zilepxa zebltzdn diaew lka znbece diaew lk ly .p(x) ly miaeyig 2^{1000} -l wwcfpy ixd miixyt‘ mikxr ipy wx cnin lka gwp .(cnind zllwk mizirl dreci ef dira)

Importance samplingd zhiy

.zixewnd zebltzddn mbcn ‘evnl ilan zelgezd z‘ aygl dcrep ef dhiy ep‘y zxg‘ zebltzd q(x) idz .dpnn mebcl mircei eppi‘ j‘ dreci p(x) ik gipp miyp .(q(x) > 0 f‘ p(x) > 0 m‘ xnelk) supp(p) ⊆ supp(q)e dpnn mebcl mircei ik al

E_q [ f(x) p(x) q(x) ] = ∫ f(x)q(x) p(x) q(x) dx = ∫ f(x)p(x)dx = E_p[f(x)]

aeyige q n {x^m}^M_{m=1} mbcn zxivi i”r zlgezd ly ixitni‘ aexiw aygl xyt‘ okl i”r aexiwd

Φ̂_p(f) = 1 M M∑ m=1 f(x^m) p(x^m) q(x^m)

ely variancede (dhen ‘l cner) E_p[Φ̂] = Φ ik ze‘xl lw o‘k mb

var(Φ̂) = 1 M ( E_q [( f(x) p(x) q(x)

)_2] − ( E_q [ f(x) p(x) q(x) ])_2)

= 1 M ( E_q [( f(x) p(x) q(x)

)_2]

− (E_p [f(x)])^2 )

f(x) = 1 xear

var(Φ̂) =^1_M var ( p(x) q(x) )

.oekpd jxrd aiaq xzei fkexn jexryd pl aexw qy lkk ,xnelk rval ozip df dxwna mb .(reci ‘l αe) π(x) = αp(x) wx mircei ep‘y gipp zrk onqp .importance sampling

w(x) = π(x) q(x)

y al miyp

E_q [w(x)] = ∫ π(x) q(x) q(x)dx = ∫ π(x)dx = α okl Φ = E_p(f(x) = ∫ f(x)p(x)dx = ∫ f(x)q(x) p(x) q(x) dx = 1 α ∫ f(x)q(x) π(x) q(x) dx = E_q[f(x)w(x)] α = E_q[f(x)w(x)] E_q [w(x)]

aexiwd aeyige q n {x^m}^M_{m=1} mbcn zxivi i”r Φl ixitni‘ aexiw lawl lkepy o‘kn i”r Φ̂ =

∑_M

m=1 f(x^m)w(x^m) ∑_M

m=1 w(x^m)

f‘ M = 1 migwel mr z‘f ze‘xl lw .dhen cner df

E_q (Φ̂) = E_q [ f(x^1)w(x^1)

w(x^1) ] = E_q [f(x^1)] ≠ E_p[f(x^1)]

.Φl qpkzn ‘ed M → ∞ xear j‘ dtixgn ef dirae pn dpey qy lkk ziziiral zkted Imprtance samplingd zhiy rejection lynl) p zebltzdd jezn mebcl zeywrzn xy‘ zehiy yi .lecb Nyk oia tradeoff miiwe dler dnibc zxivi onf j‘ (Metropolis method-de ,sampling .ozeki‘e zenibcd xtqn

Particle Filtering zehiyl ‘ean

z‘xwp ok lre) zeiaewxn ze‘xyxyl Monte Carlo zehiy ly dagxd dpid ef dhiy avnd zebltzdy jkn raep particle filtering myd .(Sequential Monte Carlo mb xy‘ (particles) miixyt‘ miavn zexcq ly lwyenn mbcn i”r (mcewink) zx‘ezn .(filtering) dynamic programming zxfra onfa zencwzn zinpic zkxrn dpezp :dirad zxcbd x_k = f(x_{k−1}, ν_{k−1}) y_k = h(x_k , μ_k) e‘ izlgzdd avnd reci oke mireci (dn‘zda) i.i.d. zitvze jildz iyrx ν, μ yk mipezp .xnelk .dk cr zeitvz ozpda avnd zebltzd z‘ ‘evnl epipevxa .ezebltzd p(x_0) , p(x_k |x_{k−1}) , p(y_k|x_k ) zitvzde jildzd iyrxe zix‘pil dppi‘ zkxrndy oeeik .p(x_k|y_{1:k} ) z‘ ‘evnl yie zeiebltzd ly zixhnxt dgtynn didz p(x_k|y_{1:k}) y daiq lk oi‘ mip‘iqe‘b mpi‘ .(dl‘k od zepzend zeiebltzdd m‘ mb) dreci itxbd dpandn miraepd miwexita yeniy jez p(x_{0:k}|y_{1:k}) xear dbiqp zgqep gztp .(zeiaewxnd) (zeiaewxne) Bayes llk it lr .p(x_{0:k−1}|y_{1:k−1}) z‘ ep‘vn ik gipp

p(x_{0:k}|y_{1:k}) = p(y_k|x_{0:k} , y_{1:k−1})p(x_{0:k}|y_{1:k−1})

p(y_k |y_{1:k−1}) = p(y_k|x_{0:k} , y_{1:k−1})p(x_k|x_{0:k−1}, y_{1:k−1})p(x_{0:k−1}|y_{1:k−1}) p(y_k|y_{1:k−1}) = p(y_k|x_k )p(x_k|x_{k−1})p(x_{0:k−1}|y_{1:k−1}) p(y_k|y_{1:k−1}) ∝ p(y_k|x_k )p(x_k|x_{k−1})p(x_{0:k−1}|y_{1:k−1}) (1) y jk q zebltzd xgap q(x_{0:k} |y_{1:k}) = q(x_k|x_{0:k−1}, y_{1:k})q(x_{0:k−1}|y_{1:k−1}) (2) xicbp

w^i = p(x^i_{0:k}|y_{1:k}) q(x^i_{0:k}|y_{1:k} ) lawpe w^i ly dxcbda 2 e 1 ze‘eeyn z‘ alyp

w̃^i = p(y_k|x^i_k)p(x^i_k |x^i_{k−1})p(x^i_{0:k−1}|y_{1:k−1}) q(x_k |x_{0:k−1}, y_{1:k})q(x_{0:k−1}|y_{1:k−1}) = p(y_k|x^i_k)p(x^i_k |x^i_{k−1}) q(x_k |x_{0:k−1}, y_{1:k}) w^i_{k−1} (3)

mr cgiay {x^i_{0:k}}^M_{i=1} miwiwlg epizeyxa yi kd crvay eplaiw .w^i =^{w̃i}∑_{j w̃j} xicbpe oexg‘d avnd lr zebltzdd .zexcqd lr zebltzdd z‘ mibviin mdly zelewynd didz

p(x_k |y_{1:k}) = lim_{M→∞} M∑ i=1 w^i_k δ(x_k − x^i_k)

f‘ iaewxn p m‘ .jexryd aiha rixkn jxr yi pl aexwy q zxigal ,xn‘py itk dxiga ef p(x_k |x_{k−1}) z‘ mircei ep‘y oeeik .q(x_k |x_{k−1}, y_k) dxevdn q ‘evnl ic -yn ly mevnv lawzn ef dxiga xear .(dpnn mebcl ozipe dcina) q xear zixletet :l 3 d‘ee

w̃^i = p(y_k |x^i_k)w^i_{k−1}

zelewynd oeeip ziira

zepeepzn zelewynd micrv xtqn xg‘l :d‘ad diraa dwel l”pd dhiyd ly yenin dyrnl .0l x‘yde 1l s‘ey (zccea zlewyn elit‘ ile‘) zelewyndn ohw wlgy jk qy lkk dtixgn dirad .crv lka lcb zelewynd ly varianced ik gikedl ozip i”r llweynd mbcnd jezn mbcn zxivi i”r ‘id z‘f repnl zg‘ jxc .pn dpey ycg mbcn zlawl ,(zexfgd mr) mbcnd jezn (zelewynd t”r) zllweyn dnibc m‘zda minlrp wlge miltkeyn particlesdn wlg ,dyrnl) zecig‘ zelewyn lra Sequential Importance Resamplling z‘xwp ef dhiy .(zelewynl :(ycgn dnibcd llek) x‘ezy mzixebl‘d o”ldl

Algorithm 1 Particle filter (SIR) [{x^i_k, w^i_k}^M_{i=1}] = P F ({x^i_{k−1}, w^i_{k−1}}^M_{i=1}, y_k)

• for i=1:M

– draw x^i_k ∼ q(x_k |x^i_{k−1}, y_k)

– assign w̃^i_k =^{p(yk |xik )p(xik |xik−1)}

q(x_k |x_{0:k−1},y_{1:k} ) w i k−1 ,

• for each i, w^i =^{w̃i}∑_{j w̃j}

• optionally, [{x̄^i, w̄^i}^M_{i=1}] = RESAMP LE({x^i, w^i}^M_{i=1})

Algorithm 2 Resample [{x̄^i, w̄^i}^M_{i=1}] = RESAMP LE({x^i, w^i}^M_{i=1})

• for each i in {0, . . . , M}, c_i =

∑_i j=1 w^i • for each i in {1, . . . , M}

– u_i = uniform random in [0, 1] – x̄^i = x^j such that c_{j−1} ≤ u_i < c_j – w̄^i =^1_M

:d‘ad zkxrnd xear E(x_k ) z‘ aygl epilr :‘nbecl dira

x_k = x_{k−1} 2 + 25x_{k−1} 1 + x^2_{k−1}

+ 8cos(1.2k) + ν_{k−1}

y_k = x^2_k 20 + μ_k ν ∼ N (0, 10) μ ∼ N (0, 1)

ly dnbec oldl .SIR mzixebl‘a ynzype N (x^i_{k−1}, 10) zeidl q(x^i_k |x^i_{k−1}) z‘ xicbp :mzixebl‘d zvix mipekpd mikxrd zilcen-ia zxreynd zebltzddy ze‘xl ozip .50 jezn 42d crva mzixebl‘d avn

xzeia dax ezetitvy avnd zxigal avnd zlgez zxiga oia d‘eeyde ,dvixd mekiq divwicxtk