amBpB pBbm2H T "~ }Hi" ;2 T "iB+mH B 2X
HO6BMi2 +iBQM ?QKK2@ Q#Qi
Gm/QpB+ " i?2b

hQ +Bi2 i?Bb p2 " bBQM,

Gm/QpB+ " i?2bX amBpB pBbm2H T ~ }Hi® ;2 T 'iB+mH B 2X TTHB+
MiQK iB[m2 f_Q#QiB[m2X IMBp2 'bBiG S mHa # iB2™ @ hQmHQmMb2 AA

> G A/, i ZH@YYRjJN9k3
?2i1iTbh,ffi2HX "+?Bp2b@Qmp2 i2bX7 fiZH@yYYyR]I
am#KBii2/ QM jy J ~ kyyd

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X





















FID
FIM



CONDENSATION
AUXILIARY UNSCENTED


















HSSIR

RBHSSIR

RBSSHSSIR
RBHSSIR

SIR






















P(X 2 X)
p(x) X P(X = x)
p(x)



fXkOkan  FZkOkan Xk 2 R™ 7z 2 R"
Xok » fXoriiiiXkd  Zik, fziyiiizg fXxkg
_ ' p(Xo)
P(XkjXok 1) = P(XkjXk 1)

P(Z1kjXok) = P(ZkjXo:k)P(Z1:k 1)X0:k);
P(ZxjXo:k) = P(ZkjXo:k; Z1k 1) P(ZxjXo:k) = P(ZkjXk):

P(ZkjXk)  Z Xk
Xk Zy

P(Xk; Zrk 1Xok 1) = P(XkjXok 1)P(Zik 1iXok 1);
P(XkjXok 1) = P(XkjXok 1)Z1:k 1) P(XkjXok 1) = P(XkjXk 1):

X1 = F(Xk) + Wi
ze = h(xk) + vk

Wy
Vi

p(XO:kal:k)
p(xkal:k)
p(XO:kalzk)
P(Xoxk 1JZ1k 1)

P(ZkjXoxk; Zik 1)P(XokjZik 1)
P(Zkjzixk 1)
P(XkjXok 1;Z1k 1)P(Xok 1jZ1k 1):

p(XO:kalzk)

P(XokjZik 1)



: P(ZkjXk)P(XKjXk 1) .
XoklZ1: = - Xo- Z1-
P(Xo:kjZ1:k) oZdzix 1) P(Xok 1jZ1k 1)

I p(zkjXk) P(XkjXk 1)P(Xok 1jZ1k 1):

Xokk 1
p(xkal:k 1) kK
P(Xk 1jZ1:k 1) k 1

Z
P(Xkjzik 1) = P(XkjiXk 1)P(Xk 1jZ1k 1)dXk 1

k

Zx

- P(ZkjXk) -
Xk|Z1- = — " n(XKlZ1-
P(XkjZ1:k) Zdzix 1) P(XkjZ1k 1)

I p(zkjXk)P(XkjZix 1):
P(zxjzik 1)
Z

P(zkjzik 1) = P(ZkiXk)P(XkjZik 1)dXk:

p(xkal:k)

[Ryjk] = maxy, P(Xkjzik)  [Rjkl = Ep(jzy) (Xk)
Ep(iizlzk)( (X)) ()
RMx R




p(x)




_ p(x) _
x{ w®

pO) »  (x)p(x) x

(9
p(x)
z oo
Pn() (x)pn(x) x= wh (xO):
i=1
p(x)
x@ o x(N)
p(x)
p(x)
xO  p(x); wii) = Ni;
wO= o (xO)
=1
1 R0 N 2
(( x)) pn () N
()
P _
— 0O p) ")
p() P ()

p(x)

.....



MO x(N)

q(x)
p(x) > 0 qx) > 0 p()
SN
p() = ( X)WQ(X) X;
| LN w ) (x®)
"= 5 0 W0 = o
iN=1 W(I) =1
w() = % fx(|),W(|)g
p(X)
(i) oy, P
X a(x); wt/ ax)’
P iN:1 W(I) =1
On ()
p()
q(x) , R ) p(x)
Eq( 200550 = 20055 x
p()
On () N!  +1
p()
p(x)
a(x)
w)
p(x) p(x)
Nt(; )
[ T, +T]
N
NT(; ) N x(™
T: +T] w(®
exp( 3(x® )T x® )

P(Xo:kjZ1:k)



P(XkjZ1:k)

a(Xo:kjZ1:x)
P(Xo:kjZ1:k)

8XO:k 2 (Rnx)kﬂ; p(XO:kal:k) > O) q(XO:kal:k) > 0

P(Xokizik) Pn(Xokizak) = WOk (Xox  X$0);
i=1
4 )
XN
x iz
XU q(xokizak); Wi / 7'0( ?,)"J 1) T 2
a(Xp: J21k) i=1
Z
[(f)= T (Xok)P(XokjZ1:k)dXo:k

f()

X .
vi)y= wirf§)
i=1

Xok 1

X
POadzax) P (adzi) = wi) (o x() wi) = wii:

i=1

P(Xo:kjZ1:k)
P(Xo:k 1jZ1k 1)
Zx

8k° K; a(Xo:kjzZ1:ko) = A(XokjZ1k)s

Xo0:k



<0

d(Xo:kjZ1k) = A(XkjXok 1;Z1k)A(Xo:k 1)Z1:k)

a(Xokjzik) = A(XkjXok 1;Z1k)d(Xok 1JZ1k 1);

i _ X(()i;i a(Xoxjz1)
Xg:?( 1 A(Xok 1jzak 1)

q(xijéi;’k 1 Z1:k)

w® p(xg}(jzl;k)
k IO
a(X g Z1k)
/ p(zex{ ) p(xix Y p(xS) gizik 1)
axix$) i zas)axS) izik 1)
s p(zix{)poxix? )
k 1 i). (i .
qxMix$) 1 zak)
a(XkjXok 1;Z1k) = OA(XkjXk 1) 2Zk)
IVOREW0 p(zij(k'))p(x(ki)jxs)l_
k k 1 (i): (i) .

a(X 1X,” 15 Zk)

a(XkjXk 1;Zk)

p(xkal:k)

SIS
. P(XkjZ1:x)
x®
k 1
xg}( = fxg);:::;x(ki>g

p(x kal:k)



h— - i h— -
fx(k');wli')gi’\‘:1 =sIs l‘xf:)l;wﬁ')lgi’\‘:1 2k

k=0 _ _
xx O P(Xo) wi) = L
k 1
i=1;::;N _ _ _
_X(kl)l X' a0ixi 15 2)
WE)
W m PEdxE e ix
Wl Wity OIN0)
axy’Jxg 15 2k)
(i) WS)
W = PR
: W,
j=1 k
i w =1
fx(kl) ) W|(<I)gi =1:N
p(Xkjzok) ' O x)
i=1
SIS
p(XO:kal:k) p(ijzlzk)
SIS
p(ijZl:k)

a(Xo:kjZ1:x)

P(Xo:kjZ1:x)



N eff

Q(XO:kal:k)
p(XO:kal:k)

N
N =
eff q(:jzlzk)r\N (( Xo:k))
pCizg) N (C Xok))
— N .
- OF :
1+ L PXgizak)
90210 g(x) 214
N eff
1
Neff PW
iz1 (W ")
Nert = N Neft =1 Nerr
gi=1;::N wl) = &
9 2f1;:::;Ng wh=1 wl=0 i 6]
N eff

P(Xok 1jZ1k)

Nert = N d(Xo:k 1jZ1x) = P(Xo:k 1)Z1:k)



q (xix ;z) = paiixt? 15 z)
P X DPOKiXge) 1)
p(ziix” )
() (i):,, (1)
(i) (y P(ZiX e )P(Xy “iXg
Wk I / Wk I1 [0

P(XkjXy " 13 Z)

/ Wk(')lp(zij(k') D
w,
(i) (i)
Xy Xk 1

Z1k X(()I:%( 1 _
pOxiix(” 1; zi)
z

pzix )= pax)ptix(’ ;) xi

p(xij(ki) 1 Zk)

p(zixy 1)
ix0;wlilg
fxf(i);wl((i) = 41=Ng _ _ _ _ N
x\) fxIg P(x) = x1)) = w)
x() = x0) wl)
(i) 1,
W=
K N



Xy
PN o) (i) Q)
j=1 Wi Xk Xg7) ‘ Xy
N;j Wl((J)
E(N;) = Nw)
N;j
O(N)
() ()
X Nw
1
”fxs);wl((i)gi’\‘:l - RESAMPLE ”fxf(i);wl((i)gi"‘zll
C = WI((l)
i=2;::5;N .
c=c 1+ w
i=1
ur U O;N 1
j=1;::5;N
U =ur+(j LN !
uUj >Cj
i=i+1
. x_f(i) — Xf(i)
Wl((l) =N !
SIS
()
Wy
|[\|eff N
Neff <Ns
SIR
SIR

1(f)



M\ (f)

[fx(kl);wlgl)g]hl: SIR(( x| 1;Wl(<l)l;g]i:1 1 Zk)

k=0
)XY P(Xo) wi) = L
k 1
i=1;::5N
(i)
X'
x(ki) q(xij(ki)l;zk)
(i)
Wy
W, iy P@dx oG] ix”
Wi LWy OIMORE
(X iX 7 13 2x)
Py
(i) —
o W' =1
fxs);WS)gi:L::N
pOxkjzen) ' wi) (i X))
i=1
1 < seuil VORW()
W seul Xk ’Wk g
i=1 k
(i) — () — () (i). 1
b o _('>Xk B W& P (i) f)(ek> 'Wg(')
I I I H I 1
iz Wit (X xy) Ni o (X %) P(XkjZ1:k) Xy Wy
(i) 1
Xy N
SIR

SIR
SIS



P . .
Lawd ooty Xk
fx(k');wl((')g
<09
9(:) ,
w
fx(k');wl((')g
(i)
. B . i g(x )
MOJEENC) 0= p 06D .
()
- W,
wl) -y
K
a(?)
f2) R,
0 _ )
W = Py O
r=1f(xk )
X = X1 i Xm
Xk = (x&)o,:::;(xl';")oo;xrk“2Xm;m=1;:::;M
Z
P(XkjXk 1) = G1( 1jxk 1)@( 2] 1)@ (Xej m 1)d 1::id w1
m Xk m = ()%
m=1;:::;M A1) dam G
di( ajxk 1) = di( 50 1 ixe 1);
Mo 2j 1) = do( 5505 M) (2 1)
@ s 2)=da( i Y2 (3 (5 3
o TN C O V) e VR C O IR VINEY B C G VIR H C RN () SRR C O

XK oo

m

<)

(i)
Wy

0
m)°



A1) dmGl)s s dv ()

m! M
a()iiam()iiniom 1)
R™ Om ()
m
fx(ki)l;\iv!g)lg' - P(Xk 1jZ1x 1)
O 39 O B My
— 1:::::N f(Xl(I), f(');..:; M(I)),Wﬁl)lg

ai( Xk 1)P(Xk 1jZ1x 1)0Xk 1
f(Xl(l) —~2(|)..::.—JV|(|)) (')

f(Xi(i) 2(l). cee M (i));WI((i) 9

| | fg (Xl(l), 2(');:::; M(i))g
f( 1(') ~2(|).:::.~M(|)) f(xi(l); i(');:::; :'I\./I(I)). (')
| | (XZ(l)’ 3(')..::; gﬂ(i))
do( 3; 2;:::;2jxi(') 2(')"::; M(')) i = 1:::::N
f(xl(l) 2(')’ 3(');:::. M(')) (')

R
d’z( 2l )l d1( 1jXk 1)p(Xk 1JZik 1)dxk 1]d 1
f(xlo) 2(|) .3(I)..::.~M(I)) (I)

f(xl(') 2(i). 3(!)..::. M(l)) (I)
fg (Xl(l) i(i), 3(')..::; ’2\4(0)9 f(xi(i) 2(i). -.3(I)_.::.-M(I)) (|)
1 2 3(3i)..... M(i)y. @
f(x (I) (I)’ (l) S (|))' é')g
M (i 1 2 M 1 M (i
(2|\/| 1) Xy (i) du (XMJXK(I) k(');:...xk (I), M(q
(|) _(X1(|)..::.Xl|:/| 1(|) M(|)) w _ |$/I|) q o(Xiiz1x 1)
. Zy
(')/ W(I) p(Z jX(I))
P(XkiZ1k) 1w§'> o x{)

di(:j:)



da fi00n Yixe 0= pCoixk 0 (5 Xk o)
r=2
m M m;:; m \M r
8m2f2:: ;M 19 dm( miiits mim )= P(mlm 1 (m 1);
r=m+l
dv (XK' m 1) = PO M 1)
P(XkjXk 1)
P(XkjXk 1) = P(X JXK' 1)
m=1
. 0
P(zkjxk) Xk = (xg)S%:i;(xM)°
. WI . 1
P(zkjXk) = Im (ZkJXic o0 Xg);
m=1
Im(zkj:)
m ! M
fx(ki)l;wl((i)lg P(Xk 1jZ1x 1)
10 16
o N )
(xi(');xi(')l; o ;xl':/I ('1)) f') / Wl((')lll(ziji('))
o i .
i i 00 5o
). ). ..., 1)y. ! —
oo -
1 M 1 M
foe Mg Oy 0 = Lg f WUt @) = g
2i .2
| | | | | X_k(l) P(Xﬁlx_k(l)l
(Xi(l);xi(l);xiﬂ)l;:::;Xaﬂ(ll)) 2(')/ {')|2(ijxli(1(|);xi(l))
M (i M
CU R | x O p(x iy )
w8 @gxi Vs x !t 0) fx

p(xkal:k)

(ki);W|(<i)g



Gn(j) m=1;:::;M P(zkjXk)

M
P1(zkj )5t pm (2 ) Z M
Xk
- W - w -
P(ZkjXk) = Pm (ZkjXk) = Pm (Z¢jXk)
m=1 m=1
' Pm (2] )
am(])
ity M 1
Xk _ (i(j)sndm 1)
dm (J) _ en(j)iiirem (i)
a(XkjXk 1;2Zk)
Z
axkixk 15z¢) = e Xk 1z0( 2 1zD) e (X v 1zi)ddoiiid v o
[fxf(i);wl((i)g]i’ilz HIERARCH [fx(ki) 1;WS) 1;g]iN:1 iz = (2% (2))90
k=0
X rrnx G x ) p(Xo) wi) =1
£ Pg= 0wl g
k 1
m=1;:::;M

& qm(mjﬁn') nzZe)
My M pm (z ,(,;.Jmm.( Wy o)
" em ( l(‘rll)j ET:) z)

=) .
iN:1 8 =1
f r(ri)' r(nl)g
Ix(w’g=f ;g




Xk
Uk Vk

P(UkjVic; Uk 1;Vk 1) = P(Ukjuk 1);

P(XkjXk 1) = P(Uk;Vkjuk 1;Vk 1) = p(Ukjuk 1)P(VkjUk 1; Vi 1):

P(VkjUk; Z1:)

p(ijzl:k)
P(XkjZ1k) = P(Uk; VkjZ1:k) = P(VkjUk; Z1:k)P(UkjZ1:k);
Vi P(UkjZ1:k)

p(ukal:k)

: X (i) (i)
P(UkjZ1:k) W (U u):

i=1
Vi) Z1:k
Z
P(Vkjzak) = P(VicjUk; Z1:x) P(UkjZ1:x) dug;
z XN .
pVkizak) ' POV zik) wl (ue ulY)duy

i=1

Wﬁ')p(VkJU(k'); Z1k):
i=1



SIR

FID

CONDENSATION

SIR
axiixy) 1:2i) = POXiixy p):
WS) / Wl((i)lp(zij(ki)):
1
N
w1 p(zigx():
CONDENSATION
P N (1)

Nowl e xD) p(Xkjzik 1)



()N = ()
[fxy s wy " g],_,= CONDENSATION([ fx

(OIFFLI
kWi gl )
k=0
Xgl);"';x(');"';ng) p(Xo) WE)I) - N;
k 1
i=1;::5;N
(i)
Xk 1
X pOadx
(i)
Wy
WS)/ Wﬁi)lp(zijf(i))
P N (i)
i W =1
fxf(i) ; W|(<i)gi =1 N
pixejz) ' W O X))
i=1
i (1)« \p, (1)
quun fx . iw.'g
g rf(kl) _(')X(J) i Wﬁ) P (M) fx((kl));Nig(')
| | | H I I
W e ) f i kox0) P(XkjZ1:x) Xy Wy
ORES
k N
CONDENSATION
(1)
(1) "
|
Xk 1

pOxiix() 1)
Z



Vraisemblanc\/\
|

Prédiction / \

Vraisemblance,

CONDENSATION

Q(XkJ'XS) 12 = A(Xkjz);

Kk

W,((i)/ w

) P(zjx

N

(1)
k

(i)
k XK1

Prédiction

o0

(1)

1

a(x

Jzk)

Fausse mesure

Vraisemblanc 0\
Fausse mesuve\ e\‘{ \

FIM



ICONDENSATION
MSIR
SIR

ICTION
D'IMPORTANCE

VRAISEMBLANCE

VRAISEMBLANCE

PREDICTION
VRAISEMBLANCE

FAUSSE MESURE\ /FAUSSE MESURE

D'IMPORTANCE FONCTION

D'IMPORTANCE

PREDICTION
N PREDICTION

o0

(i)
Xk 1

PO i 4



p(ijzlzk)

qoix 5z =@ )peadix )+ g (xkjze):

Go(Xk)



qoxix(’ ) =@ )pxiix )+ qolxx)

Go(Xk) Go(Xk) = p(Xo)
Go(Xk)
a(Xkjzx)
Go(Xk) = U(Xk)
axiix) 13 zk) = g (xdze) + dolxi) + (1 )P(xiixy” 1):
Neif < seuil

SIR

MSIR




Uk Xk

Xk 1
Uk
Xk 1 xk = (ud;h)°
ue = fa(xk 1)+ sk
he = fa(xk 1)
Sk
a(Ukjzk) P(zkjXk) = P(zxjuk)
u(ki) a(ukjz) x(ki)l MSIR
HSSIR
k 1 fx(l_(i)l;wl((i)lg fx (™M) w(mMg
P(XkjZ1:k)
! (n)
(n) n ;
(mn) _ Uy . (m) . Uy a(ujzx)
X = XijXy 41zk)
K h(km) O (XKjXy 75 Zk) h(km) _ fZ(X(km)l
mmy my P@x{™ ) jx ™)
Wi I wia (mn).(m) . :
- (min)y _ () O™ ™) e ixg™)
Zkjx = p(zkju : =
p( k) k ) p( kJ k ) QX(X(km'n )jX(km)lizk) q(U(kn)jZk)

(m Pdu)p(uMix ™)

(m;n)
Wy I w1 q(u(kn)jzk)




HSSIR

P(XkjZ1:) n
m
0 (.)fxf(m;n);wl((m;n)g N2
fx(kIk I );Nig N
PI = maM = ny= wimm P = m; 3 = n)
P = mjd{ = n)P@{" = n) P = n)
(n)
Uy
. X ,
PO =ny= " w™"
m=1
;X m p(zju{™)p(ug”ix{™)
k 1 (n).
m=1 a(uy ’jzk)
Ly P _
| gL TN wimp(ug x (™,
M _ ~_ auMiz) _
Py =n=p P ;
N  p(zju,’) & N W(m)p(u(l)jx(m)
=1 q(U(kl)jZk) m=1 k 1 k k 1
(m;n)
P( = mig = m)=
P(Jk =n)
F WP
M i WM™y
P(Ik =mjJ .’ = n=p N o) OGRS
r=1 Wi "1 P(U "JXg )
fx(km;n);wl((m;n)g
P g

HSSIR

HSSIR



[fx(ki) (')g]l 1-HSSIR([1‘x(k')1 W 1 g] Zk) Xk = (U Vi)

k=0 ‘ .
g znx G x§Y P(xo) wy) = &
k 1 .
uﬁl);:::;u(k');:::;uf('\') q(ukjzx)
i=1;::N _
(1:::N) Jw U
" pzgu) X gy e p(zjug’) X p(zjug’) X y !
= 'El)lp(u(k)JX(kl)l ..... (:)-k (J) p(uk JX(J) )i (N)k (J) p(u( )JX(J) )
a(u Jzk) j=1 Cauiz) o iz o
: 30
(1:::N) Iﬁ) uX
My, EFR)
Wlil)lp(uk Jx(kl)l """ Hwi L p(uy ¢ P i w yp(uy ‘ X
30
|(i)
k
, )
(V=@ Y )
fZ(kal
fx(ki) i 1=N Ji=1::N
] 1 X ‘
pOjzi) ' i e x)
i=1
HSSIR
HSSIR RBHSSIR
HSSIR

RBHSSIR



tx(Vsw gl = RBHSSIR( X ;wl) jia] . ; = (u;
[fx " wydl ([ X pwy 1rg]i=lvzk) Xk = (Uk; Vi)

x s x @ x gy P(Xo) wi) =L
k 1
i=1;::5N _
ul a(uiz) _
(1:::N) 1 ul®
i : Y. (: i i
2 U7 3 ) ) 0w )
u(ki) Ilil)
|
i
(i) _ Uk
X' = ai
fa(x s
RO\
i Zju 0.
w( DB M 27w pix )
a(uy "jzc) =
: P i i
POizin) i W O X))
RBHSSIR
RBHSSIR
RBSSHSSIR
0O 1
Uk
Xk = @uA; hy = fa(xk 1);
hy
Uk
a(ukjzx) Wk Uk
RBHSSIR

q(ui; vidx 1 z) = q(uiix 15 ze) a(viui; x4 zi):;
Uk

a(Uk; VkJX(ki) 1Zk) = (Ukjzi) a(Vijux; X(ki) 1 ZK)"



(m;n)

Xk
PO ix{™)) p(ug™ vy ix™))
a0 Mz A v ™)
(m;n) (m) p(zkju(kn);vﬁn))p(u(kn);V|(<n)jx(km)1)
Wi W M. (). (m).
q(uy “jzi)alvy “jug i Xe 1 Zk)
1 P PO iu R ix™)
k 1 . .
auiMjz) g ju™ s x(™ s zi)
iy, my P v )P ik
Wk / Wk 1 (n):
a(ug "jzx)
vl((n)
v avidug Mz = plvug i)
RBSSHSSIR
Vk
Uk Uk  Vk
i o
Vi Vk 1 V|(<I) p(VkJX(kkl)
RBSSHSSIR |
fz(X(kl)l) Xk
RBHSSIR RBSSHSSIR
ICONDENSATION
fx(ki);wl((i)g

p(xkal:k)



. . N . . N
[fx(k') ;W'(:)g]i:l: RBSSHSSIR(] fx(k') 1;Wl(<|) 10, 126)

p(xo) w) =
ul (uxjz
U g(ukjz) _
(1:::N) 1 ul®

i
1 i):o,(1) ..., : D)o () oo N i):, (N
wi p(u i i we? p(u i i w e i)

. ).
W e u )
uf(l) V[((I)
|(i)
k 0 1

)
0=B WK

()
fa(x, s

(i) p(ijU(ki);Vl((i)) X m

w _ w Ui
W M P
P ) .
P(Xkjz1:k) Mowl) e x{)
RBSSHSSIR
“t
i I
X1 0 Wi
I
X1
| fx(k')l;wk(')g
P(Xk 1jZ1:k)
|CO_NDENSAT|O|\_|
p(zij(kl) 1 p(zij(kl) 1 _ _ . ,
24 (kl)/ ngl)lp(zij(kl)l Wk(u)



0 PVORINO

(_)Xk 1 k1 k9
fX(ks 1); g M “
(xuix 15 z6)
t .
Wkl) X(kl)
() O
(XkjXk 1;Zk)
P(XkjXk 1;2Zk)
| | SIR
foqss0);w'g
s x(k') k 1
P(Xk; SjZ1:k) s

. p . .
P(XkjZ1:k) " WE) (XK X(k'))

P(Xk;Sizik) 1 P(ZkjXk)P(Xk; SjZ1k 1)

I p(zkjxk)p(Xkjs; zk 1)P(SjZ1:k 1)

I p(zeixi) pOcix S pw

_ d(X; Sjz1k)
f(x1;s)g

a(Xk;SjZ1:k) = A(Xk]S; Z1:k)A(SjZ1:x)

asizie) = D1 w pzix,

q0xkis; zik) = (xidx(Y 5 z6):
wl? (x5
. (i 0. (s
oy p(x; s0jzy4) / p(zeixMp(xMjx())

k i Ay - . (i) i). (i) :
a(x;sWizax)  pzdx™Y) xPix): )

x5 zi) = pOxiix,

Bzix™ ) = p(zd )



(ks) Xk X(ks) (ks)
1
(s) = (s) iy (9)
i (1)
M, Pzx)
M 0y
P(zkj )
AUXILIARY
xw gl = AUXILARY( Ex w2
k=0 A A
x§sx XY P(Xo) wi) =+
k 1
i=1;::;N ) ) ) ) )
_ pzeixy” pzdx’ )= pzd ) e )
f‘l) - EP(:jxf(i)l)(Xk)
1w p(dx )
i=1;::5N _
oy g
k 1 P(sV = j)= a0 iz O |
P 0 fxi 1;159 iN:l (kl) (Xk 1 X(kl)l
R CORt X(ks 1)) P(Xk 1jZ1:k)
i=1;:::;N
i (s
X pOxkix )
W/ p(zijL(‘i:) _ p(zij‘k(‘i’)) ;
B(zix ) Pz )
: P i i
pOxjzin) 1 W (e x{?)
AUXILIARY
AUXILIARY

CONDENSATION



(s)

k .
pOGIX 4 B g
P(Xk 1jZ1:k)
RBSSHSSIR
RBSSHSSIR
AUXILIARY
k xk = (u?;vd; h0)0
P(XkjXk 1) = P(uk; VkjXk 1)P(hkjXk 1) p(hejxk 1) = (he  fa(Xk 1))
(ud; v9)°
P(zkjXk) = P(2Zkjuk; Vi) Uk Vi
q(ukjXk 1;2zk) = q(ukjzk)
Z A(VkjUui; Xk 152Zk) = P(VijUk; Xk 1)

P(Xk; SjZ1:k)

p(uk; Vk; h; Sjza:k)
P(z; U; Vii; hi; Sjzak 1)
P(Sjzik 1)P(UkjS; Zik 1)P(VkjUk;S; Zik 1)P(Nkjuk; Vi; S; Zik 1)P(ZkjXk; S; Z1k 1)

P(Xk; SjZ1:k)

~ ~

pOxsiza) 1 W p(uiix ) pvigui X ) p(hiix S ) p(zigui; vi);

phixP )= (e f2xP))

a(Xk:Sjzzk) = a(Uk; Vk; hk; Sjzik)
= g(Ukjzix)a(Siuk; Z1k)d(VkjUk; S; Zok)A(hkjuk; S; Vi; Z1:k)

q(Ukjzik) = d(ukjzk)
(s) ., (9)
_ _ Wi gP(ukix
Q(SJUk,Zl;k) - FN (N (N

r=1 Wi 1P(UiiXy g
p(vicjui; X))

p(hijx™));

a(VkjUk; S; Z1:x)

q(hkju; s; Vk; Z1:k)



WI((i) ( (') S(|))_(u (') h(') S(|))

M p(XS);S(i)jzl:k)
a(x{; s0jz14)
p(szUE),vk”) X

/ wi, p(ugjx{?)):
Q(U lize) 1=
£ x{: sy wi'g P(Xk: Sjz1:x)
p(xkal:k) | 1 Wkl) (X (I))
RBSSHSSIR (x(7;s0)
U(k') q(ukjzk)
W p(u . .
s e 1PUTiX ) V(') Vv U(I),XS(I) h(') h Xs(')
?‘:1 Wl e ) K P(Vijug’s X g K p(hj
RBSSHSSIR
Xk = (uR;v)° Ue Vg
| RBSSHSSIR
x(k')
(i) (i)
Uy Vi
0
q (XkJXk 1,Zk)— IO(XkJXk 1 Zk)
X0 a0dxi zi) = N (i m; P i
(i) (|) (1) (I)
(Myies Pri) (M i 1P 1k 2
(i)
Xk 1
Zy
UKF
UKF UKF
EPF
| (Pl
X(kl) (m(kl)ljk 1 P(I)ljk D)



X 2 R™

f(2) 2ny +1
211 Xony
Px(X) X
f (Xo);:::;f (Xan,)
EKF
UKF
Ep.p(X)= X Epy(x x)(x x)°= Py
Xo = X;
P
Xi=x+ (ny + )Pxi;lzl;:::;nx;
Xi = X (ny + )Pxinx;i:nx+1;:::;2nx;
P .
( M) [
NN %= M = 2(ng+ ) ny



y=f(x)

Y X m)
f(X) = Ep, ) (f (X)) y = WY
i=0

o o S0
En o) FONFX) FON°  Py= WOy y)°

i=0
Wém) Wéc) Wi(m) Wi(C)
(m) _ CH o1 2+
R O R TV )
(m) _ \w (9 _ 1
W, W, 2y + ),I 1;::::2ny
X X =2
f(x)
3e
p(xkal:k)
P(Xk 1JZ1:k 1) Z
p(ijzl:k 1)
P(Xk 1jZ1:k 1)
P(XkjZ1:k) k

Zy
Zy
XkjZ1k 1

ZjZ1k 1 XkjZik 1 ZkjZik 1



UKF SRUKF

(i) .p ) .
(M 0P g 1) Xk 1(i)
UKF Zk
(i) () L p ()
Xk N (X Myies Piic)
SIR
AUXILIARY
P(zkiXk 1)
P(zkjXk 1) _ _ _
p(zixy pzd )

POXKIX 4 |

P(zkjXk)
. Xk
POy 4
P(zkiXk 1)
xD p(zx® X 7' p(zjx)
X | p(xixy ;)
p(xix{’ ;)
X
X P(XkjZ1k = Z1:k) = P (XkjZrk 1= Zuk 1)j(ZkjZik 1= Zix 1) = Z
E(XkjZ1k = z1:k) = E(XkjZ1k 1= Zuk 1)+ Kx zZwx  E(ZkjZ1x 1= Zik 1)
0
Cov(X«kjZik = Z1:k) = Cov( XkjZik 1= Zrk 1)+ KkPzyjz o 17z 1Kk
Kk = Pxyizie 124iz2k 1P2kljzljk 1 ZkiZrk 1 Pas Pes
A B B
E(X«jZ1k = Z1:x) Cov(X«jZ1k = Z1:x)

E(XkjZ1x 1= Z1k 1) Cov(XkjZik 1= Z1k 1)
E(ZkjZik 1= Z1k 1) Pijzl:k 1:ZkiZ1k 1 szjzltk 1:ZkiZ1k 1



I Y ) ,
i iwg = UPF( O] w) gl iz

K
k=0
i=1;::5N
XE)I) p(XO) Wél) - Ni -
. ST SN
k 1
i=1;::;N
(i) .p(i)y = (i) .p() .
My Pejidd =UKFE - my? e P 10 2%
bl 2= Ny Pl
(i)
Wy
() () p(zij(kl))P(X(kl)jX(kl)l
RS S s P
q(Xk Jxo;k 1yzl:k)
(i — W|(<i)
W = Py
N o)
j=1 k
PN
o W' =1
(1)
Xk 1 UPF

AUXILIARY UNSCENTED

A(XkiXok 1;2)
fp(zeix” g



(i) . (@) .p() L1
f (X M gk P DN Y

=10
() .p(i)y = (i) .p() .
[Myis Pl = UKFE - my” e P e 102
Xi)a0ixgh 1izik) = N (G mig PG
(i)
Wy
(i) p(zijﬁl))p(x(kl)jxﬁl)l
Wi 0 DINORE
p(ZkJXk 1)q(xk 1X0:k 11zllk)

I Y e — T
fxDwilg _=AUXILIARY  UNSCENTED( fxwh g L)
i= i=
k=0
i=1;::5N
x5 p(xo) wp) =
(i) (i) () g
Mojo Poio Xo' 1=1;:10N
k 1
i=1;::5;N
(i)
k
= glijzax) I W p(zjx!”
p(zix{’ , p(zixy”
(1) . () .p (i) N (i)
Xm0 P e 19 k

X

AUXILIARY  UNSCENTED



CONDENSATION









7@I @ @
@l(X;y;t) " I
@)gx;y;t):u " I
@§x;y;t):v =0

t

(x;y)



k
B K
Maij) = (i) Teoais))i
zMa
R
zMa hi-x
Nbi |
X -
hix = K i(bu);i=1;:::; Np
u2 Ry
by, 2 f1:::Npg u?2 Ry
K
P a
iN:tE hi;x =1
hi;x
Rx
hi;ref
1
Niret = Nibi, I =1;::0; Npj
hi;x
I 1
Mo p T2
D(hx;het)= 1 Ri-x 5 Ni-ref

i=1



D
Rx
Dz(hxpos sDref ) > B
=0:75
B
axkizy)
B
Xpos, [ Q(ijzh/l)
. M ﬁ
a(Xkjzg' ) = iN(b; B)
i=1
b = Xpos + XB XB B

N (Xg; B)

Rx

zMa



—— trajectoire reelle
—S— trajectoire du detecteur

200

150
x
g
5

g 100

>
50
0 20 40 60 120 140 160 180

80 100
image

300 —»— trajectoire reelle

250

200

g
&

position en'y

p(zMjxi)

Pk | op =

Dz(hx; Nref )

2
M

X Postans el ctle
o posiion




R;V:B

R;V:B
YCrCh; YIQ; YUV; hlolg;::
HSV; HIS; HLS;:::
CIE Lab; CIE Luv;::
(I1;12;13)




p(peau)
p(C)

p(peayC) = p(Cjpeau)

htotal h peau

N 1 . 1
p(peau) = Npe""“; P(C) = ol (C); P(Cipeay) = ——hpeay(C);

total total peau

N total
N peau

. hpeau(C)
ealC)= P =7,
P(PeauC) = e (©)
zCr
zCr
zCe p(peatiC)

p(peayC) > 0:5



(I2;13)




Contraste

contraste normalise =
Hauteur

Hauteur Contraste

contraste normalise
10%







q(xkizy')

q(xkizg)

a(xkjzg)
B
a(xkjzo)
B
a(xkjzg) = N (b; )
i=1
b = Xpos * X8 XB B
Rx
Ry
hfy = o i(B);i=1;:::; Npi

10

Xpos;



B 2 f1:::Npg

u

c
ref

0

X
p(zc™ jx) | exp@ D2(hS; h
c2f R;V;Bg

1

ref

c.)=2 2A:

Npi e —
i=1 hi;x =1

R;V:B



0 1

X
p(zCjx) / exp@ D2(h5. S er )=20 EA
c2f R;V;Bgp=1

h?ef;k =(1 ):h:':ef;k 1t h (I:E[xk]

h(I%[xk] h?ef;k



ZCrvb

R:V:B
fi
R;V:B
@R Eib
u= —+— —r+—
@x @x @y @y

Grad= 2x 9y
Oy Gy

@R2+ @V2+ @BZ
@x @x @x
o @R @V? @B?
WEVVE @y T @y T @y
g @F@R @V@V @B@B
T @x@y @x@y @x@y

Oxx = U:U =

Grad

2:gxy
Oxx Oyy

. arctan
2

- @5,

@y

fq1;f2,f3



X

1 .
F()= 5f(gxx+ Oyy) +COS2:(Oxx  Oyy) +2:0xy:Sin o

[o R
F()
y f=(fyf2f3)
2 10 13 2 1 1 3
@:%4 1 0 15 fi;@:é4 0 05 f
@x 10 1 @y 1 1 1

zFo

RV B

luv
(u;v)




_R+V+B

| cu=R V;v=V B
3

c2fluvg
a;t) t Lc(55t)
Le(5t) = g t)  c(d) t

X
BSm = t(@xLc+ @yLo)?
c2f luv g

Xpos



b = Xpos + XB

Xpos;

»*

a(xkjzf ) = iN(b; 8);

i=1

XB B

a(xkizg )



M
. " X R
A(Xkizi; iz ) = ij N (b ;
j=1 i=1
Xk
zFe
Np
k() J =1;::5Np
Xk(j)
p(zFejxi) Xk
0 1
- 1 Xeo
p(zeixk) I exp@ > 1A
Fc ]:1

L
(= 40 di)<

di) = ixk() %)

Bj):

z27(j)

a(xkizi )



0 1

Fc.5Fo; / @ i%p A -

p(z™¢;z7°jxk) I exp 52 200)7
j=1

. .o :
2) = 0|(J)"’2 () dij) <

()=1x() ()i xk(i)

zFo z27(j)

N (N 100)



1G)

0 1
g @ L7 A
P xi) [ exp® o 1
Fa j=1
Xk(j)
flm:2; o2, m=0;:5M g




0 1

. 1 A%
Pz 25 | exp@ S5 S()A
j=1
2(7) xi(j)
m
(2)-M m (+2)-M
0 :45 ;90 et 135
0 1
Fe. oMy / @ i%p A -
Pz 2% jxi) [ exp® o= 3()7
j=1
gy= 90O+ @Gy di)<
3 2
M. 0 ZMi(j) 80
@ Giy=
M () zFe(j)

xk(i)




p(zFe; 2 jxy)

d@i)

Zmask ZFd

0 1
. 1 .
P 2% xi) | ep@ =50 (DA

Y d(j)? zmask(j)
(J ) - d(] )2 + Zmask (J )



p(zis iz ix) = p(Zhjxi):
j=1

yAR

Xk(J) j =1 Np o
B

p(z~Pjxy) = p(l (0)jxk)  p(I (B)jXk);
020 b2B
I (0) I (b)
Xk(j) p(1 (0)jxk)
p(z&%; zFexi) = p(z&Pixk):p(zjxk):
p(zFejxy)

2 p(z9jx)

p(! (b)jxk)



p(zFe; M1 jxy)

Pz 2% jxi) = PZ%jxi):p(2"xi):

p(zcrvb ij)

p(ZCrvb ;ZFCij) = p(ZCrVb ij):p(ZFCij)

Pz 2%4xi) = P2 jxi):p(zFji):

p(ZC”’b ;ZFC;ZM 9jxy) = p(ZCrvb ij)Zp(ZFCij):p(ZM 4iXk)

p(zE ; ZMejx) = p(z jxi):p(zM¢jxi)

p(ZCrvb : ZFC; ZMf JXk) - p(ZCrvb Jxk)p(ZFc : ZMf JXk)



400

3077
6286



|:C=28; = =15:

Forme sur les contours Forme sur image de distance
2500 T T T T 3000 T T T T T T

2500
2000

2000

1500

1500

1000

1000




F1

F2

Ci

F1C1

F 1M

F2C1
F2C2

FIMC1

F2

F1 C1

F1

F2 C1
F2

FIM C1

40

F1

F1C1;F2C1;F2C2

F2C1

FIM F1IMC1

FIM F1IMC1



12
114
10.8
10.2

9.6

8.4
7.8
7.2
6.6

5.4
4.8
4.2
3.6

24
1.8
12
0.6

Nombre moyen de detections

T
I Faux positifs
[ Vrai positifs
I Faux négatifs

F1

F2

C1

F1C1

F1M

F2C1

Nombre moyen de detections

F2C2 F1IMC1

7.6
7.2
6.8
6.4

5.6
5.2
4.8
4.4

3.6
3.2
2.8
2.4

1.6
1.2

T T
I Faux positifs
[ Vrai positifs

I Faux négatifs

0.8
0.4

F1

F2

C1

F1C1

F1IM

F2C1

F2C2 F1IMC1




14
13.3
12.6
11.9
11.2
10.5

9.8
9.1
8.4
7.7

6.3
5.6
4.9
4.2
3.5
2.8
2.1
14
0.7

F1

ClL,F1C1 Fi1MC1
F2C1 F2C2

F2

T

F1

I Erreur entre pic de vraisemblance maximum et vraie position

Il Erreur relative au pic significatif le plus proche de la vraie position

F2 C1l F1C1 F1M F2C1 F2C2 F1MC1
3 GHz
F2C2
F2

F1
F2C2

F2



F1 F2 C1
0.2 0.2 0.2
0.1 0.1 0.1
0 0 0 “ﬂdllllllm
0 20 40 0 20 40 0 20 40
FiC1 FiM F2C1
0.2 0.2 0.2
0.1 0.1 0.1
0 0 0
0 20 40 0 20 40 0 20 40
F2C2 FiMC1
0.3 0.3
0.2 0.2
0.1 0.1
0 0
0 20 40 0 20 40
Temps moyen d'execution de fabrication des images de mesure (en ms)
35
33.25
315+
29.75
28
26.25
2451
2275
21+
1%}
£ 1925
g
9 175
5 15.75
14~
1225
105
8.75
7
5.25
35
1.75

C1

F1C1

F1M

F2C1

F2C2

F1IMC1




temps en ms

0.12
0.114
0.108
0.102
0.096

0.09
0.084
0.078
0.072
0.066

0.06
0.054
0.048
0.042
0.036

0.03
0.024
0.018
0.012
0.006

F1

F2C1

F2

65%

Temps moyen d'execution de la mesure (en ms)

C1 F1C1 F1M

F1

F2C2

69%

F2C1 F2C2 F1IMC1

F2
N 150
FIMC1

N > 100



Temps moyen d'exécution complet en fonction du nombre de particules

130
—F
120 F2 +
—2cC1
110 F1C1
F1M
L ——F2C1
100 i —+—F2C2
—+— FIMC1
90
"
80
%)
E +
g 70
[%2]
g 60
[}
[
50
40

0
0 100 200 300 400 500 600 700 800 900
Nombre de particules

FD
MD
SBD

FMD FD

MD
FSBD
SBD
SBMD
MD

FD

SBD



FD

SBD

MD; SBMD

FMD FSBD

Nombre moyen de detections
1 T T

T
I Faux positifs
[ Vrai positifs
0.9 I Faux négatifs | |

0.7 =

0.6 =

0.5 o

0.3 n

0.1 ,

FD FMD FSBD MD SBD SBMD

ms



temps en ms

Temps moyen d'execution (en ms)
180~

171+
162
153
144
135
126
117
108
99
90
81
72
63
54
45
36
27
18

FD FMD FSBD MD SBD SBMD

F2

F1

150

F2C2

100 400



Ci

SBMD

FD

< 3m

F2C1












#1

#2

#3

distance H=R > 3m

distance H=R < 1m



distance H=R

#1

Im

#3

3m

#2

3m

Im

#3

3m



#2

pixel



%

ms

20

Xk
(uk; Vi)

0
Xk = [Uk; Vk; k;Sk]

10<N < 900

Sk



F2C1 F 1M
F 1M

F 1M F2C1
F2C1
SIR
OriD
Orip (XkjXk 1;2Zk) = N ((XkjXk 1); )
= diag( & & % 2
q(uk; Vkjzk) OFIM
v (XkiXk 1;2k) = q(ui; Vkjzk):IN(( k; Skl k 1Sk 1) d)
¢ = diag( % 2)
Or D™
ad(Xkjzk) _ d(xo)
1 ) P(XkjXk 1)
Oriom (XkjXk 1;2) = [a(uic; iz )N (( ksl k 138k 1) d)]l+ Qo(Xk) +

1 IN (kXK 1);)




Erreur moyenne
N
b
T

Erreur en fonction du nombre de particules

0.051
Mesure F1C1
Mesure FIM
0.045-
0.04-
0.035-
0.03-

taux d'echec
o
3
N
]
T

0.021-

Taux d'echec en fonction du nombre de particules

Mesure F1C1
Mesure F1M

L
0 100

RBSS
FIDM

L L L L L L L L L L L L
200 300 400 500 600 700 800 900 0 100 200 300 400 500 600

Nombre de particules Nombre de particules

Temps en fonction du nombre de particules

250
Mesure F1C1
lesure F1IM
2001
1501
-

temps en ms

. . . . . . . . ,
) 100 200 300 400 500 600 700 800 900
Nombre de particules

F 1M F2C1

= diag( & & % 23

diag( ?; 2)
=01
=0:3
(u v v os)=(8:410 %510 3)
SIR  AUXILIARY

FIM
RBSS

FID
FIDM

MSIR SIR

AUXILIARY

L L
700 800 900

MSIR

FID



20

FIM FIDM
a(uk; Vkjzk)

20 20

Orim

Or D™

FSBD

FIM

FIM
FIM

200



FID 1 SIR _ .
FID 2 AUXILIARY Orip (XkXk 15 2k)
FIM 1 MSIR __
FIM 2 RBSS OFim (XkjXk 1;Zk)
FIDM 1 MSIR —
FIDM 2 RBSS Oriom (XkjXk 15 2Zk)
#1
FID1 FIM1
Ryjklmmse = Wl((i):xs)
i=1
FID 1 FIM 1 #1



Erreur moyenne

Erreur moyenne

FIM

fondencombrecouleur

2l ———SIR (FID)
—>— AUXILIARY (FID)
—HE—MSIR (FIM)
—%— RBSS (FIM)
221 —F— MSIR (FIDM)
RBSS (FIDM)
201

taux d'echec

FID

FID

0.08

00751

0.07

0.065

2%

FIDM

N =100

fondencombrecouleur

SIR (FID)
—<— AUXILIARY_PF (FID)
—E— MSIR (FIM)
—k— RBSS (FIM)
—+— MSIR (FIDM)
RBSS (FIDM)

. . . .
o 100 200 300 400 500
Nombre de particules

fondcouloir

L L L
600 700 800

5~ SIR (FID)
—<— AUXILIARY (FID)
—E— MSIR (FIM)
—— RBSS (FIM)
—+— MSIR (FIDM)
RBSS (FIDM)

0 100 200 300

400 500
Nombre de particules

600 700 800

taux d'echec

#1

0.016
0.015F
0.014F
0.013F
0.012F
0.011
0.01
0.009
0.008
0.007
0.006 [
0.005
0.004
0.003
0.002
0.001

200 300 400 500 600 700 800 900
Nombre de particules

fondcouloir

5~ SIR (FID)
—>— AUXILIARY_PF (FID)
—H—MSIR (FIM)

—%— RBSS (FIM)

—+— MSIR (FIDM)

RBSS (FIDM)

% = = So—fad G2 3 o L_é
00 500 600 700 800 900
Nombre de particules

200 300

#1

FID



1m

FID

Temps en fonction du nombre de particules

250
—— SIR (FID)
—%— AUXILIARY (FID) | %
2251 —5— MSIR (FIM)
—¥— RBSS (FIM)
2001 —+— MSIR (FIDM)
RBSS (FIDM)

temps en ms

. . . . . . . ,
0 100 200 300 400 500 600 700 800 900
Nombre de particules

#1

FID AUXILIARY

FID 1

Uk Vi

Sk

FIM

FIDM

Xk



(u v s)=(8;4510 3)

— . - O
Xk = [Uk; Vk; Sk]

F2C1

hg

[Xk]
h%ﬂk 1

0:3 0:1

2003

< 3m

#2



FIM FIDM

FSBD

20 20



Erreur moyenne

FIDM 1

FIDM 1

1% 100

Erreur en fonction du nombre de particules

———SIR (FID)
—>— AUXILIARY (FID)
—5— MSIR (FIM)
—¥—RBSS (FIM)

—+— MSIR (FIDM)
RBSS (FIDM)
. . . . . . . . )
0 100 200 300 400 500 600 700 800

Nombre de particules

#2

taux d'echec

o
=
S

o
o
5

0.04

#2

Taux d'echec en fonction du nombre de particules

SIR (FID)

—3— AUXILIARY_PF (FID)
—5— MSIR (FIM)

—%¥— RBSS (FIM)

—+— MSIR (FIDM)

RBSS (FIDM)

PN N P P P P P P P
T2 H TR THETH L

600 700 800 d60

o 500
Nombre de particules

#2



Erreur moyenne

FID

FIDM 2

#2

Erreur en fonction du nombre de particules

FIDM 2

#2

FIDM
FIM

Taux d'echec en fonction du nombre de particules

———SIR (FID)

—>— AUXILIARY (FID)

—H— MSIR (FIM)

—%—RBSS (FIM)

—F— MSIR (FIDM)
RBSS (FIDM)

———SIR (FID)

—5— MSIR (FIM)
—%— RBSS (FIM)

0.2

—— AUXILIARY_PF (FID)

—F— MSIR (FIDM)
RBSS (FIDM)

o
i
o

taux d'echec

o
o

L
100

L
200

I . I . I
400 500 600 700 800
Nombre de particules

L
300

.
300 400 500 600
Nombre de particules

, L
900 [ 200

#2

FIM 1



FIM 1

#2
FIM FIDM
FID
FID FIM FIDM
FID 1 FIM 1 FIDM 1
#2
15 20%
FID FIM FIDM

" 2% FID



Erreur en fonction du nombre de particules Taux d'echec en fonction du nombre de particules

201 0.7
——SIR (FID) SIR (FID)
Y —¢— AUXILIARY (FID) —¢— AUXILIARY_PF (FID)
| —E— MSIR (FIM) —E— MSIR (FIM)
18 —%—RBSS (FIM) 061 —¥—RBSS (FIM)
—}— MSIR (FIDM) —+— MSIR (FIDM)
RBSS (FIDM) RBSS (FIDM)
16
@
£ g 04
g 3
E s
g é 03
5 .
124
10

8 ! . I I I . . ,
0 100 200 300 400 500 600 700 800 900
Nombre de particules

#2

#2

FIM FIDM

FID

FID

FIM FIDM

FIM

FIDM 1



FIM 1

FIM 1 FIDM 1
#2

Erreur en fonction du nombre de particules Taux d'echec en fonction du nombre de particules
15-
—C— SIR (FID) —C— SIR (FID)

I —%— AUXILIARY (FID) i H——K—pk—k——p—{ —<— AUXILIARY_PF (FID) o]
14 —F— MSIR (FIM) —F— MSIR (FIM)

>f —¥—RBSS (FIM) —¥— RBSS (FIM)
1M —+— MSIR (FIDM) —F— MSIR (FIDM)

| RBSS (FIDM) RBSS (FIDM)

Erreur moyenne

L L L L L L L L I} T = 4 —d
0 100 200 300 400 500 600 700 800 900 [ 100 200 300 400
Nombre de particules

500
Nombre de particules

#2

FIM
' 65% FID FIDM

FIDM FID

FID

FID FIDM



FID
FIDM #2

FID
FID 2

Erreur en fonction du nombre de particules Taux d'echec en fonction du nombre de particules
12r 04
) < SIR (FID) A= —— SIR (FID) [~
g —X— AUXILIARY (FID) —X— AUXILIARY_PF (FID)
| —E— MSIR (FIM) 0.35 o —H5— MSIR (FIM)
—%— RBSS (FIM) ) r —%— RBSS (FIM)
e —+— MSIR (FIDM) —+— MSIR (FIDM)
RBSS (FIDM) A RBSS (FIDM)
03 ¢

o
N
&

Erreur moyenne
taux d'echec
o
o

0.15

0.1

. . . . . . . ) | | | )
0 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900
Nombre de particules Nombre de particules




FIM

FIDM
FIM
FIDM
FIDM RBSS
MSIR
k k 1
FIDM
100 200
FIDM 2
> 3m

Xk
Uk; Vk Sk



Temps en fonction du nombre de particules
250

———SIR (FID)
—¢— AUXILIARY (FID)
—5— MSIR (FIM)
—%—RBSS (FIM)
—— MSIR (FIDM)

2001 RBSS (FIDM) P

temps en ms

< I . . . . I . ,
[ 100 200 300 400 500 600 700 800 900
Nombre de particules

#2

(u v s)=(6;3,210 ?)

0
Xk = [Uk; Vk; Sk] :

2eme

C1



MD

FIDM 1 FIDM 2

FIDM

20 20

FIDM 1 HIERARC

FIDM

20

HIERARC

#3

HIERARC



Erreur moyenne

14

HIERARC

HIERARC

Erreur en fonction du nombre de particules

#3

Nombre de particules

FIDM

HIERARC

—+— MSIR (FIDM)
RBSS (FIDM)
= —%¥— HIERARC
I
\ —
+— S
L /;/* T as
. . . . . . . . )
0 100 200 300 400 500 600 700 800 900

1

0.05

H

taux d'echec

HIERARC

FIDM 1

FIDM 1

Taux d'echec en fonction du nombre de particules

—+— MSIR (FIDM)
RBSS (FIDM)
—%¥— HIERARC

Nombre de particules

#3



FIDM 1 #3

Erreur en fonction du nombre de particules

17
—— MSIR (FIDM)
RBSS (FIDM)
—%¥— HIERARC
16}
G
151 \ /N
FE T 1
it/ —— ,r,,,_r,——ﬂ—"'*
° +
£ 1af
g
g
3
H
H
5 13
12
ut
10 . . . . . . . . )
0 100 200 300 400 500 600 700 800 900

Nombre de particules

taux d'echec

0.07

0.06 -

0.05

o
o
®

0.03

0.02

FIDM

FIDM 1 HIERARC

HIERARC
FIDM 1

HIERARC

HIERARC

Taux d'echec en fonction du nombre de particules

—F— MSIR (FIDM)
RBSS (FIDM)
—¥— HIERARC

A—t—t—t———1—
et
300 400

0 600
Nombre de particules

700 800 900

HIERARC #3

d(Xo)

HIERARC

FIDM



#3

155

14

i
@
o

-
@

Erreur moyenne

125

FIDM 1

Erreur en fonction du nombre de particules

HIERARC

Taux d'echec en fonction du nombre de particules

Nombre de particules

#3

HIERARC

#3

- 07-
i —F— MSIR (FIDM) —f— MSIR (FIDM)
‘ RBSS (FIDM) RBSS (FIDM)
r —%— HIERARC —k— HIERARC
‘ 0.6
‘ 051
L g 04r
| 2
8
©
x
E]
8 03
0.2F
AT ™ H
o1l &ﬁ\ﬁzﬁr—#,#, S
L ‘*‘*4\74\74\,+7 T
. . . . . . . . . 0 . . . . . . . . .
100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900

Nombre de particules

FIDM 1  HIERARC



Erreur en fonction du nombre de particules Taux d'echec en fonction du nombre de particules

—+— MSIR (FIDM) —F— MSIR (FIDM)
L RBSS (FIDM) RBSS (FIDM)
187 —¥— HIERARC 0.18 —¥— HIERARC
15t
14}

Erreur moyenne
e
s
taux d'echec

7 I . . I I
0 100 200 300 400 500 600 700 800 900
Nombre de particules Nombre de particules

FIDM 1 HIERARC #3

FIDM 1 HIERARC
HIERARC

FIDM

HIERARC

FIDM 1

HIERARC
FIDM




HIERARC

Erreur moyenne
~
i

#3

Erreur en fonction du nombre de particules

—+— MSIR (FIDM)
RBSS (FIDM)
—¥— HIERARC

T

taux d'echec

0.4

0.3

o
N
@

o
N

0.15

FIDM 1

Taux d'echec en fonction du nombre de particules

—+— MSIR (FIDM)
RBSS (FIDM)
—¥— HIERARC

N+

HIERARC

. . . . . .
400 500 600 700 800 900
Nombre de particules

L L
200 300

#3

FIDM 1 #3

. . . . .
400 500 600 700 800
Nombre de particules

L L L ,
100 200 300 900

FIDM



Erreur en fonction du nombre de particules Taux d'echec en fonction du nombre de particules

m —+— MSIR (FIDM) —+— MSIR (FIDM)
| RBSS (FIDM) RBSS (FIDM)
14l —k— HIERARC 02H —k— HIERARC

135

0.16

N
@
taux d'echec
o
s
kS

Erreur moyenne
e
N
@

-
s

0.12

115 0.1

11 0.08
St
T ot
e
105 s s s s s d———k—k% 006 s s s s s s s |
0 100 200 300 400 500 600 700 800 900 [ 200 300 400 500 600 700 800 900
Nombre de particules Nombre de particules

FIDM HIERARC #3

FIDM HIERARC

FIDM 1;FIDM 2 HIERARC
HIERARC
FIDM
FIDM

FIDM RBSS MSIR

100 200



Temps en fonction du nombre de particules

100
—+— MSIR (FIDM) &
RBSS (FIDM)
90 —— HIERARC

temps en ms

. . . . I . I
[ 100 200 300 400 500 600 700 800 900
Nombre de particules

FIDM HIERARC #3

#2
#3



SIR

AUXILIARY
MSIR
RBSS
MSIR SIR
RBSS SIR
#1 F1iM FID 1
#2 FSBD FIDM 2
F2C1
#3 MD FIDM 1 FIDM 2
















28

(Y1Q)

10



18

10



X0k

Xok = (Tok; Xoxk)

Z3:k

lo:k



P(Xo:kjZ1:k)

P(Xokjzk) = P(rok; XokiZ1k) W(()I;?( rorcrS) (Xo:k Xg;?();
i=1 e
i) — ()
W™ = Wok

. . L (i
P(Xkjzik) = P(rk; XkjZik) Wy rk;rf(i) (Xk Xy ):

_ P(Xkj Xk 1)
P(zkjX k) frigon

P(XkjXok 1) = P(XkjXk 1)
P(Xkjrk 1;Xk 1;Tk)P(rkjrk 1; Xk 1);
P(Xkjrk 1;Xk 1;Tk)P(rkirk 1);

P(Xo)

i, P(rk=1jjrk 1=1); 8k 1,8(i;j)2S S;

Pri are (XkiXk 1), P(Xkjrk 15Xk 1:Tk)

Pri (ZkiXk) » P(ZkjXk; Tk):

k re2S

X 2 R™ o () P(r =) 1 0 r=r®"



Xk

Xk
Xk

Mk

Mg 16 Ik

CONDENSATION
CONDENSATION
CONDENSATION
XS) - rl((i);x(ki))

iy (1) y = _ , i )y,
PXX ") = o P (KX )

O s

Prir D= o, X

1Mk
- ix ()
P o (XX

pzdX,”) = P (2ix,)

Mk (k] = max, p(rkjzik)
X (i) ; O] ()
r"k:argm?x w7, p= i X =(hx )
i2
P '
(i), (i)
R = —p—% O o = fi X = oxMya:



AUXILIARY  UNSCENTED

CONDENSATION

AUXILIARY ~ UNSCENTED x{
Xﬁ') = ( r|(<|);x(k|))

X
P(zkj Xk 1) = P(rire 1:Xk 1)P(Zkjnre 1 Xk 1)

)( -
= re o P(ZKINGT K 13Xk 1);
r

Bz Xk 1) P(zkjXk 1)

B(zkjnre 1:Xc 1) P(zinrk 1Xc 1) 12 S

(i) (i)
0 X1 k
|
N (i) (i)
N (i
N Xk 1M’ 1P g 1)
_ ) ) 1 X _ ) )
Bz T 13 ) = 5 p(zirir ) 1r ()
N1, 0
k 1 k 1
e ar ()
(i)
e 1! r
0

AUXILIARY  UNSCENTE

Y R
P(Xk 1jZ1) r rﬁi)lrp(zkjr:rﬁ')l;x(k')l p(ziX ")
(i) .p (i)
fme e 1P gk 19
(i .1 (i) (i)
X w9 fmc e 1Pk 19

| O = ()
r|(<') S



ardX iz 1o PEdra R i )
0 Bdna R 0 ) = Bzarde e ) 1 opndX iz
(i) (1) () p (D) (1)
Mgk P N (X Myjics Pjie) Xk
UKF
() @) (1) - m() . p (i)
P 1Mk Xk N (Xic; Myis Pyiic)
#2
#3
()
. . . k 1
N O smi e P ) Ko ()
M (0

M 1Tk Ik



n n n n n N n n n n n N
Frix (D w m 'P(')g]i:1 = aMsPR([ fri? ix sw m() p D ol _, 120

"Mk Prik Mk 1Tk k1
k=0
..., (DI N i) 1
xg),...,xg),...,xg) p(Xo) wé)—N—
(i) (i) () v —q.unn.
mOjo POjo Xo  1=1;::5;N
k 1
i=1;::0N _ _
p(zkjrl((l)l;xf(l)l
fm(i) .P(i)
Kotk 100k 1k 19
(i) (i)
K 1 N1
e () .p(i)
N O M e P g 1)
r2s
(i) (i) (i)
Ne ol K 1
(i)
re’4f _ _ 0
. _ D(ijr;rf(')l;xf(')l _ .
B(zi;rjrl? ;xV ) = r(ki)lrr)(z;<jr;r,((')1;x(k')1
Bzdir ix’ )= parin ix
1w pdr xi
(i) . 0) . (D)
e’ X’ 1) «'9
(i) .p(i) L)
M e Pk 10 k19 b
(i) ., () y. 2 (i) () . ~(i) N (i) (i)
f(Flé X% 1) N9 fmk 1jk l‘Pk 1jk 1' k 19 =1 ko, 1?r|(<i)1 (Xk 1 X' 1
N i . .
=N e gl (% 1 X“E)l pP(rk 1;Xk 1jZ1:k)
i=1;::5;N
(i) (i)
i % (i) (D)
) ) ) (i) Plzcircry 1% 1)
(i) s (i) () — "k 1Tk
r e B .y v Zk) = -
k a( ST ) Fr FI((i) rp(ZKir;Fﬁl)lif(k‘)l)
1
(i) . p(i) (1) () ~(0) ~(i)
fmyic Py d Mol (T’ 1) K1
(i) .p(i) (i) () ~()
e 0Pk 19 Mo (Tl a)
UKF
(i) (i)
F"k 1I'k Zx
(i) () . p()
X N O myge P
YR P U [ LT LR
‘ p(zkiﬁl((”1;*§|)1)q(r!(<l):xf<l)jr(kl)13*f<l)15Zk)
R i T L e .
W - I M XkjZak
o k p(zkj'"lﬁl)?"ﬁl)f*(kl)l)’\'(X(kl)?m(klj)wpéj)k) p( jz1:¢)
N ()

: (i)
i=t Wi (0 Xk %)

AUXILIARY  UNSCENTED
JMSPF



12

#1

12




0
Xk = (Xk; Ck)

Xk

(Uk; Vk) k
Ck
xi = [uGvic sd oc2faibiia:
Xk
Ck
fRigi-O;:::;S
Re
p(zC0 jX )

. .~F
(2890 jX 1) = P :pk P :p5 P 5 PG

20

400

Sk



400

97%

50



97:14% 100% 100% 100% 100% 88:57% | 91:43% | 94:29% | 8857% | 97:14%
15% 20% 5% 15% 37:50% 100% 100% 100% 100% 100%
62:39% | 65:49% | 62:83% | 76:99% | 79:20% 94:25% | 99:56% | 98:67% | 99:56% | 99:56%
85:59% | 96:85% | 97:75% | 94:14% | 95:50% 87:39% | 93:24% | 97:75% | 95:95% | 99:56%
100% 100% 100% 100% 100% 96:36% 100% 100% 100% 100%
5:91% 0:38% 0:79% 0% 0:79% 99:60% | 99:23% | 96:20% | 99:62% | 99:60%
51:14% | 60:23% | 67:61% | 69:32% | 59:66% 97:73% | 82:39% | 97:16% | 96:02% | 98:30%

55:13% \ 58:01% \ 59:04% \ 61:02% \ 61:96%

\\ 94:91% \ 95:13% \ 97:67% \ 97:95% \ 98:68%




61:11% 61:11% 66:67% 83:33% 83:33% 100% 94:44% 100% 94:44% | 94:44%

0% 0% 0% 0% 0% 100% 100% 100% 100% 100%
21:67% 8:33% 13:33% 30% 16:67% 76:67% 75% 73:33% 80% 83:33%

0% 41:30% | 43:30% | 43:48% | 43:48% 50% 69:57% | 89:13% | 95:65% | 95:65%
100% 100% 100% 100% 100% 94:44% 100% 94:44% 100% 94:44%
1:39% 0:92% 4:19% 0% 7:43% 84:79% | 95:35% | 92:56% | 94:91% | 95:59%
11:17% 0% 0% 0% 0% 58:82% | 85:29% | 94:12% | 97:06% | 97:06%

11:17% \ 13:58% \ 17:41% \ 18:30% \ 19:30% H 78:96% \ 88:81% \ 90:05% \ 93:30% \ 93:86%




Xk

Xk

Xk = (Xk; Yk)

10

0
— . ng]
={Uu 3 Sk Uk,
[ kvk1 ks <k, Uk
Xk 1

Yk = [0, dk]

Ck



Ds

D,

Do

D,

De

Do

De

Dn

Ds

Dn

20



D, 79:37% | 87:72% | 88:79% | 88:70% | 90:09%
Do 87:10% | 83:87% | 89:25% | 86:02% | 93:55%
Dg 85:14% | 89:19% | 82:43% | 89:19% | 93:24%
Dn 84:31% | 86:27% | 84:31% | 90:20% | 90:20%
Dsg 81:94% | 87:50% | 90:28% | 93:06% | 93:06%

H 82:62% \ 86:99% \ 87:43% \ 89:14% \ 91:45%










JMSPF













































F 1M F2C1

#1

FID1 FIM 1 #1

#1

#1

#1

#2

#2

#2

FIDM 1 #2

FIDM 2 #2

#2



FIDM 1

FIDM
#2

FIM 1

HIERARC

#3

FIDM 1

#3

HIERARC

#3

#3

FIM 1

#2
FID 1 FIM 1
#2
#2
FIDM 1
#2
#2
FID
#2
#3
FIDM 1
#3
FIDM 1 HIERARC
#3
FIDM HIERARC
FIDM 1 HIERARC
FIDM 1
#3
HIERARC #3

FIDM 1  HIERARC



FIDM 1

HIERARC #3
FIDM HIERARC #3
FIDM 1 #3
FIDM HIERARC
#3
FIDM HIERARC #3
12
D, Do De












