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Xk = AXk−1 + wk

Ωk = h(Xk) + υk
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!: 6%' -,!)' &' ) -&"+,"$% 86" 7$6 %", *0'#,"(-' ! ) "$ " &6 ;'+,'6 &0-,!, !6 ) $+2!"%
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{

Xk|k−1 = AXk−1|k−1 + wk−1

Pk|k−1 = APk−1|k−1A
T + Qk−1
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$? Xk|k−1 +$  '#)$%& @ *0'#,"(-' ! ) "$ " &6 ;'+,'6 &0-,!, @ *0"%#,!%, kA +!*+6*-' @ *0"%#,!%,

k − 1 ', Pk|k−1 +$  '#)$%& @ *! (!, "+' &' +$;! "!%+' &' *0'  '6 &0'#,"(!,"$%.
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







Xk|k = Xk|k−1 + Kk(Ωk − h(Xk|k−1))

Pk|k = (I − KkHk)Pk|k−1

Kk = Pk|k−1H
T
k (Rk + HkPk|k−1H

T
k )−1

=>.C:
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∣
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+)08*+,-.2 /-::1 612 /=*.B1:1.+2 41 6):,.-2,+'" C6 12+ *6-02 3-22,861 41 /-.2,4'010 ()1
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•  !" #" $%&' (%!) *+,-. %! *+/,-.0 *"$ (")1%)234#"$ "4 '")2" 5+"$'&23'&%4 567

("45"4' 5" *3 8!3*&'6 5! 2%59*" 5" 56(*3#"2"4' "' 5! 2%59*" 5" *3 #326)3:

• ;* "$' 6<3*"2"4' &2(%)'34' 5" 4%'") 8!+!4" "$'&26" &4&'&3*" 5! ="#'"!) 5+6'3' X0 "' 5"

*3 23')&#" 5" #%=3)&34#" P0 $%4' )"8!&$"$ (%!) (%!=%&) 5623))") *+3*<%)&'>2" 5+"$'&7

23'&%4: ?4" 23!=3&$" &4&'&3*&$3'&%4 5" #"$ 5")4&9)"$ ("!' "4<"45)") 5"$ ()%@*92"$

5" #%4=")<"4#" AB3$CDE:

• F"$ @)!&'$ $%4' $!((%$6$ @*34#$ <3!$$&"4$ 4%4 #%))6*6$ #" 8!& "$' )3)"2"4' *" #3$ "4
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• F" #>%&G 5"$ 23')&#"$ Q "' R ("!' $+3=6)") 5&H#&*" $& *+%4 5&$(%$" 5" ("! 5+&41%)7
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(% *03406&#- > ?(%35%4*3#:

.) #5+4/0+4()2 #&&# 3#?395#)+# &#5 /#5%3#5 5%""#554*#5 1# &0 5(3+4# 1% ?3("919:

 % ()*+,%  ! "# $%# &'() 0 ,-
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"(/?(3+#/#)+ 8%+%3 1% ?3("919 5%3 %) @(34A() 1# ?3914"+4():

.) #5+4/0+4()2 4& 5#3+ > #5+4/#32 > ?03+43 1'%)# "()14+4() 4)4+40&# ?0559#2 &# "(/?(3+#/#)+

?0559 1% ?3("919 5%3 %) @(34A() 1'#5+4/0+4():

 % '"-.+"%  0%554 0??#&9 8()"+4() "(B+ (% 8()"+4() (67#"+48-

C& 3#?395#)+# &0 /4)4/450+4() 1# &'#33#%3 #)+3# ! "# $%# &'() *#%+ , #+ ! "# $%# &'() 0 , 5%3

%) @(34A() <)4 D&4550)+:
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30??(3+ 0% *#"+#%3 1'9+0+ #) 196%+ 1'@(34A():
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







Pe =

(

R3×3 T3×1

01×3 1

)

Pe IA;JK

!8%* Pc = (Xc, Yc, Zc, 1)T
.% 8%*+%2' &%$ *(('&(--6%$ #(0(1<-%$ &2 "(,-+ L &!-$ .% '%?

"<'% *!06'! Rc;  ! 0!+',*% R %+ .% 8%*+%2' T '%"'6$%-+%-+ '%$"%*+,8%0%-+ .! 0!+',*% &%

'(+!+,(- %+ .% 8%*+%2' &% +'!-$.!+,(- %-+'% .%$ &%2> '%"<'%$ Re %+ Rc;

.! /+01'2)30% *$%4 5' ,5$% 3($&'

 /6+!"% $2,8!-+% *(-$,$+% = "'()%+%' .% "(,-+ P &!-$ .% ".!- ,0!1% Rim; F% ".!-E "%'"%-?

&,*2.!,'% !2 ".!- 7('06 "!' Xc %+ Yc &2 '%"<'% RcE %$+ $,+26 = 2-% &,$+!-*% f $2,8!-+ ZcE

f 6+!-+ .! &,$+!-*% 7(*!.% &% .! *!06'!;  %$ *(('&(--6%$ &% P "'()%+6 $2' .% ".!- RimE

-(+6%$ p = (x, y, z)T
$(-+ (D+%-2%$ 8,! .! '%.!+,(- 9

p =







x

y

z






=







f Xc

Zc

f Yc

Zc

f






IA;MK

JA



 !" #$%%$&'()* +,'-.,/ ($,- 0/- +$'1(- !++!"(/1!1( !, +0!1 '%!2/ $1( 0! %3%/ #$$"4

&$11)/ -,'5!1( 06!7/ Zc* 0/ #8!12/%/1( &/ 5!"'!90/ -,'5!1( /-( 2)1)"!0/%/1( /:/#(,) ;

p̄ =
1

f
p <=>?@

A$,- B$"%/ %!("'#'/00/* $1 $9('/1( !'1-' ;

Zcp̄ = APc <=>C@

!5/#

A = [I3 03∗1] <=>D@

 ! "#$$#%& #'( )**+,*--.&$ /0(&1102'&$

E1F1* $1 ")!0'-/ 0/ #8!12/%/1( &/ #$$"&$11)/- !F1 &/ +!--/" &, -G-(H%/ %)("'.,/ !,

-G-(H%/ +'7/00'.,/>  0,-'/,"- +!"!%H("/- $9(/1,- 0$"- &/ 0! +8!-/ &/ #!0'9"!2/ -$1( !0$"-

1)#/--!'"/- ;

• 0/- &'%/1-'$1- &6,1 +'7/0 -,'5!1( 0/- !7/- Xc /( Yc* 1$()/- "/-+/#('5/%/1( dx /( dy I

• 0/- #$$"&$11)/- (u0, v0) &/ 0! +$-'('$1 &, +$'1( x0 &!1- 06'%!2/>

 !"# =>J K  0!1 '%!2/>

L/- #$$"&$11)/- +'7/00'.,/- &/ p* 1$()/- up /( vp* -6/7+"'%/1( &/ 0! B!M$1 -,'5!1(/

<F2,"/ =>J@ ;

(

up

vp

)

=

(

x
dx

+ u0

y

dy
+ v0

)

<=>NO@

PQ



 !"# $!%&' &()%*+*',,'- !. /'") (,!%# 0+%*%' 1







up

vp

1






=







1
dx

0 u0

f

0 1
dy

v0

f

0 0 1
f













x

y

z






= Kp 234556

7. ")*,*#(.) ,' +8(.9'&'.) :' ;(%*(<,' :0=.* '. 234>6- !. !<)*'.) 1







up

vp

1






=







f

dx
0 u0

0 f

dy
v0

0 0 1






p̄ = Tintp̄ 234536

?( &()%*+' Tint %(##'&<,' )!"# ,'# /(%(&@)%'# *.)%*.#@A"'# :' ,( +(&0%( ') /'") #' .!)'%

+!&&' #"*) 1

Tint =







αu 0 u0

0 αv v0

0 0 1






2345B6

 ! "#$%&''()* +,*,%-.& /0 1)/2.&

?( $!%&' 90.0%(,' :" &!:@,' Mcam :' ,( +(&0%( #C!<)*'.) :!.+ '. %'9%!"/(.) ,'# 0A"()*!.#

234D6- 234E6 ') 2345B6 ') #' /%0#'.)' :' ,( &(.*@%' #"*;(.)' 1







up

vp

1






= TintATextrin











Xe

Ye

Ze

1











= McamPe 2345F6

(;'+ Tint ,( &()%*+' :'# /(%(&@)%'# *.)%*.#@A"'#- A ,( &()%*+' :' /%!G'+)*!. .!%&(,*#0' ')

Textrin ,( &()%*+' :' )%(.#$!%&()*!. 8!&!9@.' '.)%' ,'# %'/@%'# Re ') Rc4

 !"#$%&! 3!44  ! "#$%&! $'()* !) +,-./0 !12 3) "#$%&! 1*"4&*(' 5"4&!"!)2 13615)2

4#37 &5 "58#7*2' $!1 544&*952*#)1 !) :*1*#)- ;& 4!32 <27! )'9!115*7!= $5)1 9!725*)1 951= $>*)?

27#$3*7! $!1 2!7"!1 9#77!92*@1 5() $! 9#"4!)1!7 &!1 ':!)23!&&!1 $*12#71*#)1 $5)1 &>*"5A!-

 !"#$%&! 3!43 B#31 32*&*1#)1= $5)1 &!1 47#A75""!1= &5 "527*9! Mcam #C2!)3! $*7!92!?

"!)2 &#71 $! &5 95&*C752*#)- D#37 9E5F3! 95"45A)! $! 2!121= 3)! $'2!7"*)52*#) $3 "#$%&!

$! &5 95"'75 5 '2' 7'5&*1'!= '25)2 $#))' F3! &>!):*7#))!"!)2 !2 &5 4#1*2*#) $! &5 95"'75

4#3:5*!)2 9E5)A!7 G 9E5F3! 95"45A)!-

DF



 !" #$ %&'()$ '$ '*+),-$%$./

 ! "#$#%#&'#( )*%!'(+ (+ ,*'& -!, .+, /01"+, -/2$',+, +& -#,,0.+ %3%+ *( $!/!$&0/+

'%-/24','5"+6 $#%-"+7'8!(& .!4!(&!1+ ,! %#.2"',!&'#(9 :(+ -/+%'0/+ !--/#$)+ ;</*=>5?6

&/0, ,'%-"',&+6 ! $#(,',&2 @ %#.2"',+/ "+ .2-"!$+%+(& )*%!'( @ "A!'.+ .A*( '(&21/!&+*/ -*/6

B*' !-/0, *(+ .',$/2&',!&'#( .* -/+%'+/ #/./+6 ! $#(.*'& @ *( %#.0"+ "'(2!'/+9 C*',6 (#*,

!4#(, /+$)+/$)2 *( %#.0"+ -"*, /+-/2,+(&!&'D .+ "! %2$!('B*+ .+ %!/$)+ .A*( )*%!'(

;</*=>!?9 E24+"#--2 -#*/ "! /#5#&'B*+ )*%!(#F.+6 *( %#.0"+ (#( )#"#(#%+ .+ "#$#%#G

&'#( )*%!'(+ ! /+&+(* (#&/+ !&&+(&'#( ;H/+=I!?;H/+=I5?9

J' "A#( ,A'(&2/+,,+ @ "! %!('0/+ .#(& ,+ .2-"!$+ "A)#%%+6 '" !--!/!K& +L+$&'4+%+(&

B*A'" ,+ .2-"!$+ /!/+%+(& "!&2/!"+%+(&6 %#*4+%+(& B*' +,& 21!"+%+(& '%-#,,'5"+ -#*/ *(

/#5#& %#5'"+ (#( )#"#(#%+ $#%%+ *(+ 4#'&*/+9 E+, $#(&/!'(&+, .+ (!&*/+, .'L2/+(&+, /+G

,&/+'1(+(& "+, -#,,'5'"'&2, .+ &/!M+$&#'/+, .* .2-"!$+%+(& )*%!'(6 $#%%+ .+, $#(&/!'(&+,

"'2+, @ "A!(!&#%'+ N5!,,'(O +& @ "! %2$!('B*+ .* $#/-, )*%!'(9 E!(, ;H/+=I5?6 "+, !*&+*/,

%#(&/+(& B*+ "+ $#/-, )*%!'( +,& $#%-!/!5"+ @ *(+ 4#'&*/+ %*(' .A*( 4#"!(&9 H'(,'6 ,#*,

"A)P-#&)0,+ .A*( .2-"!$+%+(& ,!(, 1"',,+%+(&6 "+ %#.0"+ $'(2%!&'B*+ .+ "! "#$#%#&'#(

)*%!'(+ -+*& ,A2$/'/+ .+ "! %!('0/+ ,*'4!(&+ Q







ẋh(t)

ẏh(t)

θ̇h(t)






=







cos θh(t)

sin θh(t)

0






v(t) +







0

0

1






ω(t) = f(ph(t), u(t)) NR9STO

#U ph(t) = (xh(t), yh(t), θh(t))
T
$#//+,-#(. @ "! -#,&*/+6 -#,'&'#( +& #/'+(&!&'#(6 .+ "!

-+/,#((+ .!(, "+ /+-0/+ Rh N81*/+ R9TO +& u(t) = (v(t), ω(t)) +,& "+ 4+$&+*/ .A+(&/2+,

$#%-#,2 /+,-+$&'4+%+(& .+, 4'&+,,+, "'(2!'/+ +& !(1*"!'/+9

 !"#$%&! 0123  ! "!#$!%& Ph = (xh, yh, zh, 1)T
' "!#$!%& (!) #**&(*++,!) -*.*/0+!) (!

12 3!&)*++! (2+) 1! &!30&! Rh' !)$ *4$!+% 5 32&$6& (!) (!%7 3&!.60&!) #*.3*)2+$!) (%

"!#$!%& (! 3*)$%&! ph 89:;<=:  2 $&*6)60.! #**&(*++,!' 6:!: zh' !)$ #*..! *+ 1>2 3&,#6),

3&,#,(!..!+$' )%33*),! #*+)$2+$! 8-?3*$-0)! (% (,312#!.!+$ )%& %+ 312+=: @+ 3!%$ (*+#

,#&6&! 12 &!12$6*+ )%6"2+$! A

Ph(t) = g(ph(t)) NR9SIO

 -" 45,.67&5%,/8&. 9&%&:5,+98;<$

 + %#.0"+ .+ .2-"!$+%+(& +,& .28(' .!(, "+ /+-0/+ VE Rh "'2 @ "! ,*/D!$+ .+ "! -'0$+9

:(+ &/!(,D#/%!&'#( )#%#1/!-)'+ -"!(!'/+ +,& (2$+,,!'/+ -#*/ -!,,+/ .* /+-0/+ '%!1+ Rim

TT



 !"# $! "!%&"! Rh' (!))! )"*+#,-".*)/-+ %!".!) !+ !0!)1 #-2# $345%-)4&#! 632+ #-$ %$*)1 6!

7*$72$!" $!# 7--"6-++8!# 632+ %-/+) 6*+# 2+ "!%&"! $/8 9 $3!+ /"-++!.!+) 9 %*")/" 6! #!#

7--"6-++8!# 6*+# $3/.*:!'

 !"# ;'< = >#)/.*)/-+ 6! %-#/)/-+ 9 $3*/6! 632+! 7*.8"* %!"#%!7)/ !'

?! "!%&"! #2",*7! Rh 2)/$/#8 $-"# 6! 7!))! 4-.-:"*%4/! %$*+*/"! !#) 6/08"!+) 62 "!%&"!

!+ /"-++!.!+) Re 68@+/ $-"# 6! $* %4*#! 6! 7*$/A"*)/-+ 6! $* 7*.8"* B@:2"! ;'<C' D+!

)"*+#,-".*)/-+ !+)"! 7!# 6!2E "!%&"!# !#) +87!##*/"! *@+ 6! 68)!"./+!" $!# %-#/)/-+# 6*+#

$3/.*:! 9 %*")/" 6!# %-#/)/-+# 6*+# $3!+ /"-++!.!+)1 %-#/)/-+# /##2!# 62 .-6&$! 6! 68%$*F

7!.!+)' (!))! )"*+#,-".*)/-+ #! %"8#!+)! #-2# $* ,-".! 632+! .*)"/7!1 Mtrans1 G2/ !#) 2+!

.*)"/7! 6! )"*+#,-".*)/-+ 7$*##/G2!1 7-.A/+*/#-+ 6! "-)*)/-+# !) 6! )"*+#$*)/-+ H

Mtrans =











1 0 0 Xr

0 0 1 Yr

0 −1 0 Zr

0 0 0 1











. B;'IJC

Pe(t) =











Xe

Ye

Ze

1











= Mtrans











xh

yh

zh

1











= tr(Ph(t)). B;'IKC

<L



 ! "

• Ph = (xh, yh, zh, 1)T
# $% &'# (  )* $$+'# , - ./$'# *' &0,1-23$ *2$# &' )'4/)' Rh5

• Pe = (Xe, Ye, Ze, 1)T
# $% &'# (  )* $$+'# , - ./$'# *' &0,1-23$ *2$# &' )'4/)'

'$63) $$'-'$% Re 1%3&3#+ & )# *' &2 (2&37)2%3 $5

• (Xr, Yr, Zr) # $% &'# (  )* $$+'# *' &0 )3.3$' *1 )'4/)' Rh 42) )244 )% 21 )'4/)' Re8

 !" #$ %&!'($ )(&*+(

9& #0 7%3'$% '$ ( -73$2$% &' - */&' *' &2 (2-+)2 :;8<=>5 &' - */&' *' *+4&2('-'$%

:;8<?> :;8<@> '% &2 -2%)3(' *' %)2$#A )-2%3 $ Mtrans:;8<B> "

(Mg)

{

ṗh(t) = f(ph(t), u(t))

ymod(t) = Mcam · tr(g(ph(t))) = h(ph(t))
:;8<C>

 ! "

• u(t) = (v(t), ω(t))T
'#% &' 6'(%'1) *0'$%)+'#5

• ph(t) = (xh(t), yh(t), θh(t))
T
'#% &' 6'(%'1) *' 4 #%1)' *' &2 4')# $$' *2$# &' )'4/)'

#1)A2(' Rh5

• ymod = (umod, vmod, 1)T
'#% &' 6'(%'1) *' # )%3'5 (0'#% D *3)' &2 4) E'(%3 $ *2$# &' 4&2$

3-2.' *' &2 4 #3%3 $ *'# 43'*#8

F 1# *3#4 # $# 2& )# *01$ - */&' .& 72& (Mg) :;8<C>5 G13 '#% 1$ - */&' $ $ &3$+23)'

%)2*13#2$% D &2 A 3# &' *+4&2('-'$% *' &2 4')# $$' '% &2 - *+&3#2%3 $ *1 *3#4 #3%3A 63#1'&

23$#3 G1' &'# *3H+)'$%# (,2$.'-'$%# *' )'4/)'# $+('##23)'#8 I$ *'# 262$%2.'# *' (' - */&'

)+#3*' *2$# #2 A2(3&3%+ *02*24%2%3 $ #3 &' *3#4 #3%3A 63#1'&  1 &' - */&' *' *+4&2('-'$% '#%

*3H+)'$%8

,-,-,-, #+ .&/%0(+12&3 %+145%+1260$ !0 789:

J' ()3%/)' *0 4%3-3#2%3 $ '#% A $(%3 $ *'# +(2)%# '$%)' &'# # )%3'# -'#1)+'# '% &'# # )%3'#

'#%3-+'# 42) &' - */&' #1) &0, )3K $ *0'#%3-2%3 $ 42##+8

L'%%' A $(%3 $ ( M% #0+()3% '$ %'-4# *3#()'% *' &2 -2$3/)' #1362$%' "

min
ph((k−Ne)Te)

J(ph) =
kTe
∑

j=(k−Ne)Te

[ymes(j) − ymod(j)]
T Q [ymes(j) − ymod(j)], :;8;N>

26'( "

{

ṗh(t) = f(ph(t), u(t))

ymod(j.Te) = h(ph(j.Te))

?O



 ! "

• ph(t) = (xh(t), yh(t), θh(t))
T
#$ ymod = (umod, vmod, 1)T

% &$ '#%(#)$*+#,#&$ -./$0$ #$

-0 % '$*# 12 , 13-# 4- 50- 6

• u(t) = (v(t), ω(t))T
#%$ -# +#)$#2' 1.#&$'/# 12 , 13-# 4- 50- 6

• ymes = (up, vp, 1)T
) ''#%( &1 02 +#)$#2' 1#% ,#%2'#% 10&% -# '#(3'# *,04# 6

• Ne #%$ -.7 '*8 & 1.#%$*,0$* & 6

• Q #%$ 2&# ,0$'*)# 1# ( &1/'0$* & %9,/$'*:2# 1/;&*# ( %*$*+#<

 !" #$%&'()%&!"

=& 1#% 0$ 2$% 1# -.#%$*,0$* & +*%2#--# %2' 7 '*8 & 4-*%%0&$ #%$ -0 ( %%*5*-*$/ 1# ('#&1'#

#& ) ,($# #>(-*)*$#,#&$ 1#% ) &$'0*&$#%<

?0&% -# )0% 1# -0 - )0-*%0$* & @? 1.2&# (#'% &&#A  & 1*%$*&42# 1#2> $9(#% 1# ) &$'0*&$#% "

• B#% ) &$'0*&$#% ( '$0&$ %2' -# %9%$3,#  5%#'+/< C 2' 2&# 0((-*)0$* & 1# - )0-*%0$* &

72,0*&#A -# 1/(-0)#,#&$ ) ,( '$# 1#% -*,*$0$* &% *&7/'#&$#% D -0 ,/)0&*:2# 12

) '(% 72,0*& #& $#',# 1# +*$#%%# #$ 1.0))/-/'0$* & 6

• B#% ) &$'0*&$#% 10&% -.*,04#< B#% #%$*,0$* &% % &$ 5 '&/#% (0' -# )01'# 1# -.*,04#

#$ -0 ('/%#&)# 1. 5%$0)-#% ) &%$*$2# 2&# ) &$'0*&$# #& $#',# 1# +*%*5*-*$/<

B#% ) &$'0*&$#% ( '$0&$ %2' -# %9%$3,# % &$ 1#% ) &$'0*&$#% %2' -#% #&$'/#%< E--#% (#2+#&$

%.#>('*,#' (0' 1#% -*,*$0$* &% #& 0,(-*$21#<

C0' #>#,(-# "

v ≤ vmax

 ! vmax '#('/%#&$# -# %#2*- ,0>*,0- 1# 1/(-0)#,#&$ 01,*%%*5-#<

B#% ) &$'0*&$#% %2' -.*,04# % &$ $'3% *,( '$0&$#%< B.*&$/'F$ ( 2' 2&# 0((-*)0$* & +*G

%2#--# #%$ /40-#,#&$ 1# %.0%%2'#' :2# -#% #%$*,/#% '#%$#&$ 10&% -# )70,( 1# +*%* & 1# -0

)0,/'0< C 2' 1#% *,04#% 1# $0*--# M × N (*>#-%A )#$$# ) &$'0*&$# (#2$ %# $'012*'# 1# -0

,0&*3'# %2*+0&$# "

(

0

0

)

≤ ymod ≤

(

M

N

)

HI<IJK

?0&% -# )0% 1. ))2-$0$* & 10&% -.*,04#A  & (#2$ 1/;&*' )#$$# -*,*$0$* & ) ,,# 2&#

) &$'0*&$# 1# +*%*5*-*$/ % 2% L ',# 1.*&/40-*$/%<

M* ulimb < up < ulimh 0- '% vp ≤ vlimh  2 vp ≥ vlimb

NO



 !" #$%&'()%&!" "*(+$,&!%& -(#).!/!%& (, 0'$1.2/! 3*$0&)/)"(&)$% 456578 9,) 3!:)!%&

,% 0'$1.2/! 3*$0&)/)"(&)$% %$% .)%;()'! "$," #$%&'()%&!"6

<$,' .( ';"$.,&)$% 3! #! 0'$1.2/!= ). !>)"&! 3! %$/1'!,> (.?$')&@/!" 3*$0&)/)"(&)$%6

A!,' #@$)> 3;0!%3 3, &!/0" 3! #(.#,. 3)"0$%)1.! !%&'! 3!,> )%"&(%&" 3*;#@(%&)..$%%(?!

4.! &!/0" )/0('&) (, &'()&!/!%& 3*)/(?!" (B(%& ;&; !%.!:;86

 !&&! (00'$#@!= )%"0)';! 3! .*!"&)/(&)$% ",' @$')C$% ?.)""(%& &'(%"0$"! .( 0'$1.;/(&)9,!

3! .$#(.)"(&)$% DE 3*,%! 0!'"$%%! !% ,% 0'$1.2/! 3*$0&)/)"(&)$% %$% .)%;()'! 3(%" .!

0.(% )/(?! (:!# .( 0$"")1).)&; 3! 0'!%3'! !>0.)#)&!/!%& !% #$/0&! 3!" #$%&'()%&!"6  *!"&

0')%#)0(.!/!%& !% #!.( 9,*!..! "! 3)F;'!%#)! 3!" (00'$#@!" #.("")9,!/!%& ,&).)";!" #$//! .!

G.&'! 3! H(./(% ;&!%3, 9,) %*$F'! 0(" #!&&! 0$"")1).)&;6 E! 0.,"= !..! ,&).)"! 0$,' .*;&(0! 3!

0';3)#&)$% ,% /$32.! ?.$1(. %$% .)%;()'! 40(" 3! .)%;(')"(&)$% (,&$,' 3*,% 0$)%&8= $F'(%&

()%") ,%! /!)..!,'! '!0';"!%&(&)$% 3!" 0@;%$/2%!" $1"!':;"6  ! /$32.! ?.$1(.= :;')&(1.!

#.; 3! :$I&! 0$,' .*!"&)/(&)$% 3! .*;:$.,&)$% 3, "B"&2/! 3(%" .*)/(?!= #$/1)%! J .( -$)"

,% /$32.! 3! 3;0.(#!/!%& 3! .( 0!'"$%%! !& ,% /$32.! 3, 3)"0$")&)- :)",!.6 K. #$%:)!%&

3! 0';#)"!' 0$,' #$%#.,'! 9,! .*(00'$#@! %*)/0$"! (,#,% "B"&2/! "0;#)G9,! 3! :)")$% $,
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Ne=5 en rouge, Ne=10 en bleu, Ne=15 en vert

 !"#  !"# $ %&&'(& )*(& +' ,&-.', /0 1-23 +' &')4&' Rh -5'6 Ne = 5, 10, 15!

7*(& +' ,&-.', /0 8 +'3 ,&-.'6,*9&'3 '3,9:;'3 -5'6 Ne = 5, 10, 15 6*25'&<'2, 5'&3 +-

,&-.'6,*9&' &;'++' =><(&'3  !"?8  !"@ ',  !"#A! B'3 C*&,'3 *369++-,9*23 *D3'&5;'3 3(& +- ><(&'

 !"@ =DA 3E'F)+9G('2, )-& 1'3 D&(3G('3 5-&9-,9*23 1' +- D*H,' '2<+*D-2,' 1('3 I (2' :-(J

5-93' 3*(3,&-6,9*2 1' +E-&&94&' )+-2 )'21-2, G('+G('3 )-3 1E;6K-2,9++*22-<'! B'3 1*22;'3

(,9+93;'3 3*2, D&(,'38 3-23 >+,&-<' )&;-+-D+'! L'3 5-&9-,9*238 3'+*2 +E-F' yh8 '2,&-H2'2, 1'

+;<4&'3 5-&9-,9*23 3'+*2 +E-F' xh! B*&3 1' 6'3 )'&,(&D-,9*238 (2 K*&9M*2 1E'3,9:-,9*2 Ne = 5

)'&:', (2' 6*25'&<'26' )+(3 &-)91' 5'&3 +- ,&-.'6,*9&' &;'++' =><(&'  !"@ =6AA!

 !"#$%&!  ! "  ! "#$%& '! Ne '$%( )*(%)+*%,! -. "$/0,$/%) !.(,! 1-*2%(3 '! 24!)(%/*(%$.

!( (!/0) '! "*2"-25 6. "$-,( #$,%7$. '4!)(%/*(%$. !)( 0!- 8$-,/*.' !. (!/0) '! "*2"-29

"$.:!,8! ,*0%'!/!.( :!,) 2* (,*;!"($%,! ,3!22! !( )!/<2! /$%.) 0!,(-,<3 0*, '!) :*,%*(%$.)

<,-)1-!)5 = 24%.:!,)! -. #$,%7$. '4!)(%/*(%$. 8,*.' :* .3"!))%(!, -. (!/0) '! "$.:!,8!."!

!( -. (!/0) '! "*2"-2 238>,!/!.( 02-) 2$.85  !) /?/!) "$."2-)%$.) $.( 3(3 $<(!.-!) 0$-,

'!) (,*;!() '%@3,!.()5

N>2 1' 5;&9>'& +- C-93-D9+9,; 1' +- :;,K*1' )*(& (2' -))+96-,9*2 ,':)3 &;'+8 2*(3 -5*23

6-+6(+;8 I +E-91' 1' )+(39'(&3 39:(+-,9*238 +- :*O'22' 1( ,':)3 1' 6-+6(+ 2;6'33-9&' I +-

&;3*+(,9*2 1( )&*D+4:' 1E*),9:93-,9*2 '2 C*26,9*2 1' +- ,-9++' 1' +EK*&9M*2 1E'3,9:-,9*2

=,-D+'-(  !"A!

BEK*&9M*2 1E'3,9:-,9*2 Ne = 5 3':D+' P,&' +- :'9++'(&' 3*+(,9*28 5-+'(& G(' +E*2 (,9+93'

1*26 1-23 +- 3(9,' 1' 2*3 39:(+-,9*23!
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Ne  !"#$ %! &'(&)( #'* +,-*',+./ 0"$1+,!*2

Ne = 5 33456 "$

Ne = 10 37486 "$

Ne = 15 3945: "$

 !"# 643 ;  !"#$ %! &'(&)( !/ <./&,+./ %! (=>.*+?./ %=!$,+"',+./4

 !"! !" #$%&'(')*$+ ',-. /- 0/1(- 2- 3'/%'+ 41-+25 67389

@=.AB!&,+< %! &!,,! #'*,+! !$, %! &."#'*!* (='##*.&>! CDEF 'G!& (! H(,*! %! I'("'/

-,!/%)J &! %!*/+!* -,'/, (=!$,+"',!)* (! #()$ &.)*'""!/, ),+(+$- !/ !$,+"',+./ G+$)!((! %!

#.$+,+./4 @!$ &./%+,+./$ !K#-*+"!/,'(!$ *!$,!/, +/&>'/L-!$ 0Ne = 524
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$%&# 643M ; N."#'*'+$./ %!$ !$,+"',+./$ %! (=FIO !, %) CDEF $)+G'/, (!$ 'K!$ K !, P

%) *!#Q*! Rh4

@' HL)*! 643M "./,*! R)! (! CDEF .S*! %!$ #!*<.*"'/&!$ -R)+G'(!/,!$ T (=FIO &./&!*U

/'/, (=!$,+"',+./ $)+G'/, (='K! %!$ x %) *!#Q*! Rh !, $!"A(! #()$ #!*<.*"'/, #.)* (=!$,+U

"',+./ %! (' #.$+,+./ $)+G'/, (='K! %!$ P4 V) /+G!') ,!"#$ %! &'(&)(J $)* )/ "W"! /."A*!

%=-&>'/,+((./$J (=FIO !$, #()$ *'#+%! R)! (! CDEFJ *-$)(,', (.L+R)! %'/$ (' "!$)*! .X +(

/! ,*'G'+((! R)='G!& (' %!*/+Q*! "!$)*! !, /./ 'G!& )/ >.*+?./ #'$$-4 @! CDEF L'L/! %./&

!/ #!*<.*"'/&! &! R)=+( #!*% !/ ,!"#$ %! &'(&)( !, $! #*-$!/,! %./& &.""! )/! A.//!

'(,!*/',+G! T (=FIO4
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 !"!" #$%&'()*+) ,-)+ +.*/',(*/)

 ! "#$%&!'& ()*! +,%-.'/& (.!% /)&!01#+!!&2&!- %*#0&1//$3 (&% "#+,/42&% ()+''*/-.-1+!%

%*#01&!!&!- (4% 5*& /. "&#%+!!& ".%%& (&##14#& /)+,%-.'/&6 7)+,%-.'/& 2.%5*& ".#-1&//&2&!-

/. "&#%+!!&6 7)./8+#1-92& (& -#.1-&2&!- ()12.8&% ($-&#21!& ./+#% *!& ,+:-& &!8/+,.!-&

"/*% "&-1-&6 ;-.!- (+!!$& 5*& /. 2&%*#& (&% '++#(+!!$&% (& /. "&#%+!!& (.!% /& #&"4#&

&!01#+!!&2&!- &%- &<&'-*$& = ".#-1# (&% '++#(+!!$&% (* 21/1&* (* '>-$ 1!?$#1&*# (& /.

,+:-& &!8/+,.!-&3 '&--& 0.#1.-1+! 12"+#-.!-& (&% (12&!%1+!% (& /. ,+:-& '+!(*1- = (&%

'++#(+!!$&% &! x &- &! y .,&##.!-&% ".# #.""+#- .*@ "#$'$(&!-&% &%-12.-1+!%6
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 ! "#$%& '(') *++$,-%& +& ./012341& 56277$+-!-*21 &- 321-%& 7+!*%&3&1- +&, 8!%*!-*21,

5& -!*++& 5& +! 92:-& &1#+29!1-&(  ! 8*#1&--& ;!< *++$,-%& +& 7/!3. 5& 8*,*21 5& +! 7!30%!

!*1,* =$& +629,-!7+& ,*-$0 !$ 3*+*&$ 5& +! .*47&( >!1, +! 8*#1&--& ;9<? 21 721,-!-& =$& +!

50-&7-*21 5& .%0,&17& /$3!*1& &,- 72%%&7-&3&1- %0!+*,0&( >!1, +! 8*#1&--& ;7<? +! 92:-&

&1#+29& $1*=$&3&1- +! .!%-*& ,$.0%*&$%& 5$ 72%.,( @6&,- $1 %0,$+-!- .%08*,*9+& 5!1, +!

3&,$%& 2A? +2%, 5& +! ./!,& 5& ,2$,-%!7-*21 5& +6!%%*4%& .+!1? !$7$1 7/!1#&3&1- 16&,-

50-&7-0 .2$% +&, .*B&+, %&.%0,&1-!1- +629,-!7+&( C$% +! 8*#1&--& ;5<? 54, =$& +! .&%,211& &,-

5& 12$8&!$ &1-*4%&3&1- 8*,*9+&? +! 50-&7-*21 ,& D!*- 5& 12$8&!$ 72%%&7-&3&1-(

 !"#$%&!  ! "  ! "#!$%&%' $() *& +,-!'%%' ./0 /' *& 1-()' 2324 5(' *' )'6'% /' *&

7')$#!!' /&!$ *& +,%)' '$% &($$, /8%'"%8 '% "&)&"%8),$8 "#99' 8%&!% (!' &(%)' 7')$#!!'

7)8$'!%' /&!$ *& 7,:"'3 ;! /8%'"%'() <=> 7')9'% /' *'+') "'%%' &9?,-(@%8 $() *' !#9?)'

/' 7')$#!!'$3

 6277$+-!-*21 ! 5217 $1& *1E$&17& *3.2%-!1-& ,$% +6&,-*3!-*21 5& .2,*-*21 ,$*8!1- yh

7233& +& 321-%& +! "#$%& '('F( C* +621 ,& "& !$B 3&,$%&,? +! .&%,211& ,& ,&%!*- 50.+!G

70& 56&18*%21 H3 ,$*8!1- +6!B& yh &1 =$&+=$&, 3*++*,&7215&,( I2$% .!++*&% 7&--& 5*J7$+-0?

12$, !++21, 7215*50%&% $1& 721-%!*1-& 5& 50.+!7&3&1- !53*,,*9+& ,$% +&, 32$8&3&1-, 5&

+! .&%,211&? &1 721,*50%!1- =$& ,&, 50.+!7&3&1-, ,&+21 xh &- yh ,21- +*3*-0, &1 !3.+*-$5&(

 607!%- &1 .2,*-*21 ,$*8!1- 7/!=$& !B& 1& .&$- .!, 50.!,,&% $1& 8!+&$% ,&$*+? D217-*21 5&

+! 32K&11& 5&, .%0705&1-, 50.+!7&3&1-,(
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 !""! #$%"&'(%"! )*& +! ,-.+'#!/!%" ,! +' .!&)$%%! )! "&',*(" .'& +0(%-1'+("- )*(2'%"! 3

{

|(xk − xk−1)| ≤ αMx

|(yk − yk−1)| ≤ αMy

456578

'2!# Mx !" My &!).!#"(2!/!%" +!) /$9!%%!) ,! ,-.+'#!/!%" )*(2'%" +!) ':!) xh !" yh; !" α

*% <'#"!*& ,! &-1+'1! ,* )!*(+ )*(2'%" +!) #$%,("($%) ,0!:.-&(/!%"'"($%6 =$*) #>$()())$%)

α = 4 !% )! ?')'%" )*& +' 2("!))! /$9!%%! ,0*% >*/'(% +$&)@*0(+ /'&#>! 'A% ,! "$+-&!&

,!) ,-.+'#!/!%") &'.(,!) "$*" !% &!B!"'%" +!) ,-.+'#!/!%") '?!&&'%")6

C!) #$%,("($%) !:.-&(/!%"'+!) )$%" +!) /D/!) @*! .$*& +!) )(/*+'"($%) )'%) #$%"&'(%"!6

=$*) '2$%) #>$()( *% >$&(E$% ,0!)"(/'"($% Ne = 56
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 !"# 5655 F G:!/.+!) ,! .&()! !% #$/."! ,! #$%"&'(%"! )*& +! ,-.+'#!/!%" )*& ,!*: "&'B!")6

C' A1*&! 5655 (++*)"&! +' .&()! !% #$/."! ,0*% ,-.+'#!/!%" ',/())(?+! )*& ,!*: !:!/.+!)

,! "&'B!"6 H% #$%)"'"! @*0'.&I) +0$##*+"'"($%; 1&J#! K +' .&()! !% #$/."! ,! #$%"&'(%"!; +!

LMNG #$%2!&1! 2!&) +' .$)("($% /!)*&-!6
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Mauvaise soustraction d’arrière
plan

 !"#  ! " # $%&'( () *+,-.( /(' 01%&1.&+)' 23,&)(3'('!

4) %(,1%53( '3% 21 673%(  ! " 53( *(..( *+).%1&).( /( /8-21*(,(). 1/,&''&92( -(%,(.

8712(,(). /( 78%(% 2(' *:1)7(,().' /( /&,()'&+) 9%3'53(' /( 21 9+;.( ()72+91).( /3(

< 3)( ,1301&'( /8.(*.&+) 2+%' /( 21 -:1'( /( '+3'.%1*.&+) /=1%%&>%( -21)! ?(' 01%&1.&+)'

23,&)(3'(' *+)'.&.3(). 2=3)( /(' -%&)*&-12(' -(%.3%91.&+)' 2+%' /( 21 -:1'( /( '+3'.%1*.&+)!

 !"#$%&!  !   ! "#$%&'( )#$ '**+,%!%&'($ -#+% !+$$& .%/# #(0&$!"1# #( &(%/')+&$!(% )#$

@A



 !"#$%&"#'( )' *&(&+&,&#- $',%#&*'( . ,% /$-('" ' )01" !+(#% ,' )%"( ,0&2%3'4 5%$  !"#$'6 ',,'

"- '((&#' 1"' '7#$% #&!" (1//,-2'"#%&$' )0&"8!$2%#&!" . /%$#&$ )1 #$%&#'2'"# )0&2%3'(4 9'

#'2/( )'  %, 1, '(# % #1',,'2'"# #$!/ ,!"3 /!1$ 1"' %//$! :' #'2/( $-',4

 !" #$%&'()*$%

 !"# $% $&!'()*% "+,# !-+"# %##!./ 0% 1+")*%* 2,% 34%#)(1!)(+" -(#,%33% #,* &+*(5+"

63(##!") !''+*)% ,"% #+3,)(+" 7 3! 3+$!3(#!)(+" 8 04,"% '%*#+""% 7 '!*)(* 04("9+*1!)(+"#

-(#,%33%#:

;% '*+<3=1% 0% 3! 3+$!3(#!)(+" 8 %#) *%9+*1,3/ %" ," '*+<3=1% 04+')(1(#!)(+" "+" 3(>

"/!(*% 0!"# 3% '3!" (1!6%: ? $% '*+<3=1% '%,-%") #4!@+,)%* 0%# $+")*!(")%# '+*)!") #,* 3!

'%*#+""% A3(1()!)(+" 0, 0/'3!$%1%") !01(##(<3%B +, #,* 34(1!6% A$+")*!(")% 0% -(#(<(3()/B:

;4%#)(1!)(+" 0% 3! '+#()(+" 8 %#) !##,*/% '!* ," 1+0=3% 63+<!3: C% 1+0=3% $+1<("% 3%

1+0=3% 0, 0(#'+#()(9 -(#,%3 %) 3% 1+0=3% 0% 0/'3!$%1%") &,1!(":  !"# "+)*% $!#D (3 #4!6()

04," 1+0=3% 0% $!1/*! '%*#'%$)(-% %) 04," 1+0=3% 0% 0/'3!$%1%") "+" &+3+"+1% 04,"%

'%*#+""%: ;4!''*+$&% '%,) E)*% ,)(3(#/% 2,%32,% #+() 3% #.#)=1% 0% -(#(+" +, 0% 0/'3!$%>

1%")D 3,( $+"9/*!") !("#( F%G(<(3()/ %) !0!')!<(3()/: H+,# !-+"# 1(# %" /-(0%"$% 34("F,%"$%

0% 34&+*(5+" 04%#)(1!)(+" #,* 3! -()%##% 0% $+"-%*6%"$% %) 3% )%1'# 0% $!3$,3: ;+*# 0%# %G>

'/*(1%")!)(+"#D 3! 9!(#!<(3()/ %) 3%# '+)%")(!3()/# 0, IJKL '+,* 3! 3+$!3(#!)(+" 8 +") /)/

$+"M*1/%# %" '*/#%"$% 04," +<#)!$3% #)!)(2,% %) %" '*/#%"$% 0% <*,()# %) 0% '%*),*<!)(+"#:
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/(.# !9%.3$&-..%1%.)  %&1%) ".% %#)$1()$-.  !"# <.% /% !(  -#$)$-. /% '%))%  %&2
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"!)&(#-.; '-15$.($#-. &%!()$3%1%.) '!(##$6"% /(.# /%# /$# -#$)$,# '-11%&'$(!$#0#* +%
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6(+'7/#*'(! +" &# +%7!'*'(! +. 89:

+( ,"#$-. /% /-..0%# #9%#) 0)%./"% : /9(")&%# /-1($.%# /9(  !$'()$-.# KL-!MNOKP%!MQO

6"% '%!"$ 1$!$)($&%; &%./(.) (!-&# !( /0<.$)$-. -&$4$.%!!% ".  %" )&- &%#)&$')$3% ("##$ 5$%.

%. )%&1%# /%  -##$5$!$)0# /9")$!$#()$-. 6"% /% 3-'(5"!($&%* 8%# &03$#$-.# : '%))% /0<.$)$-.

-.) /-.' 0)0 (  -&)0%# KR)%MSO  (&1$ !%#6"%!!%# .-"#  -"3-.# &%)%.$& !%# #"$3(.)%# 7

TU



 ! "# $%&$#'( )#  !"#$%&$'!% () (!%%*)' #&*+%,# -& +./*# 01#&(.2+ )# '/%,+34#56 +.
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)# *#5(2%& )# $%++#$(# )72&8%/4.(2%&5 &2 )7.G-5(#4#&( )- '/%$#55-5!
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8,(# ,' $%&'"( *' 9(#%-$ "(=4'$6' '6 %48,%/(' *'# 4562-*'# '6 *'# 6'12$%/('# *%>5.'$6'#;
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&! 0'$7'-5+*( B %# -(#%+*(= D(7(-!$0! B %# $#*,-! &! %.'@E!* ', &, 7#+* '@)!-/(9 %.+$0!-*+*,&!
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 #*"#/( 058")"% B! 2#$ (8$/2")"$ "+8.(!6/#$ .1"#'/$ $.'" C8'8()2#4#'" $)"!$?)!$)'"$, *#(D

")!'#$ +=-."+3$#$ $5) 3(#'" #' -()"!6/# 0!E*!2#4#'"  8(!:)12#$ F1(/!"$ 12)'* C)/$$!#'$

'.' *.((828$G% &':' .' *.'$")"# 6/# 2#$ )--(.*+#$ 1)$8#$ $/( 2#$ #$"!4)"#/($ /"!2!$#'"

C8'8()2#4#'" 0#$ 0.''8#$ -(. #')'" 0# *)-"#/($ 0# 4A4# ')"/(#%

 !"#$%&!  !"  !"# $%& '(()*+',*!-& $% ,.(% /%&,*!- $% )01-%#/*% !" 2'*-,*%- 3 $!2*+*)%4

!- %&, +!-5#!-,1 3 "-% /#'-$% $*6%#&*,1 $% +'(,%"#& %, $% $!--1%&7 80",*)*&',*!- $% +%&

21,9!$%& %&, $!-+ #%&,#%*-,% 3 $%& (#!:)12',*;"%& $% )!+')*&',*!- %, $% &"*6* $% +*:)%& 3

('#,*# $% $!--1%& *&&"%& $0"- #1&%'" $% +'(,%"#& *$%-,*;"%&7

>.($6/5!2 $5) 3(# '8*#$$)!(# 0# "() )!22#( ) #* 0#$ 0.''8#$ -2/$ )1$"()!"#$, 0#$ )--(.*+#$

4.!'$ 4)"+84)"!6/#$ "#22#$ 6/# 2#$ 48"+.0#$ $=41.2!6/#$, -#(4#""#'" 0# 4.082!$#( 7 2)

?.!$ 25!'*#("!"/0# #" 25!4-(8*!$!.'%

 !#!$!# %&' ())*+,-&' './0+1234&'

>#$ )--(.*+#$ $=41.2!6/#$ $.'" )--2!6/8#$ $/( 0#$ 0.''8#$ 0# -2/$ +)/" '! #)/ H #ID

"()*"!.' 0# -(!4!"! #$ ./ 0# *)()*"8(!$"!6/#$, !'?.(4)"!.'$ !$$/#$ 05) !$ 05#I-#("$ ./ 0#

(#"./( 05#I-8(!#'*#%

5-6+*2& 7& 186927&:,&

>) "+8.(!# 0# 258 !0#'*# ) 8"8 !'"(.0/!"# -)( J#4-$"#( KJ#4LMN KJ#4LON -/!$ (#-(!$# #'D

$/!"# -)( B+)?#( KB+)MLN 2/! *.'?8()'" )2.($ /' ?.(4)2!$4# 4)"+84)"!6/# -2/$ )1./"!% P#""#

"+8.(!# #$" *.''/# $./$ 2# '.4 0# "+8.(!# 0# J#4-$"#(DB+)?#( ./ 0# "+8.(!# 0#$ *(.=)'*#$%

P5#$" /'# C8'8()2!$)"!.' 0# 25!'?8(#'*# 1)=8$!#''# ) #* /' "()!"#4#'" 0# 25!'*#(")!', 0)'$

2# $#'$ .Q #22# -#(4#" 0# (#-(8$#'"#( 25!'*#("!"/0# #' *.'$!08()'" 0#$ 8 8'#4#'"$ 6/! '#

$.'" -)$ .12!C)".!(#4#'" #I*2/$!?$ '! #I+)/$"!?$%

>) "+8.(!# 0#$ *(.=)'*#$ '8*#$$!"# 2) 08:'!"!.' 05/' #'$#412# '.' '8*#$$)!(#4#'"

#I+)/$"!? 05+=-."+3$#$ Hi, 6/# 25.' '.44# +'$#% $% $*&+%#-%2%-, '."8 Ω% >5.1R#*"!? 0/

-(.1234# *.'$!$"# 7 !0#'"!:#( /'# $!"/)"!.' x -)(4! *# *)0(# 0# 0!$*#('#4#'"% S2 #$" -)(?.!$

TL



 !"#!$%  %  &'%()!*%( $+ $!,'% %-.+/,'!0%  %, .123'.4,%, (%$+'!0%, 5 /* 2(36$4)%  3**&7 3*

2+($% +$3(,  % 8 )3* % 3/0%(' 9: ;/ #+ (%  %  !,#%(*%)%*' Ω7 3* %*  & /!' $<%*,%)6$% *3'&

2Ω
#3)2(%*+*' $<%*,%)6$%  %, 2N

,3/,=%*,%)6$%, A  % Ω  &>*!  % $+ )+*!4(% ,/!0+*'% ?

2Ω = {A/A ⊆ Ω} = {∅, H1, . . . , Hn, H1 ∪ H2, Ω}

@* +,,!A*% %*,/!'% 5 #.+B/% ,3/,=%*,%)6$% A /*% )+,,%  % #(31+*#% m(A) '(+ /!,+*'

$%  %A(&  % #3*>+*#% B/% $<3* + 23/( #.+B/% ,3/,=%*,%)6$% A: C%''% D3*#'!3* m7 +22%$&%

 !,'(!6/'!3*  % $+ )+,,%  % #(31+*#%7 %,'  &>*!% 2+( ?

m : 2Ω → [0, 1]

A 7→ m(A)
EF:GH

+0%#

∑

A∈2Ω m(A) = 1:

I3/( /* 2(36$4)%  3**&7 !$ ,<+A!' %*,/!'%  % )3 &$!,%( $+ #3**+!,,+*#%  % #.+B/%

,3/(#%  <!*D3()+'!3*, +0%# $%,  !J&(%*'%, A(+* %/(,  &>*!%, ,/( 2Ω
7 %* +,,3#!+*' /*% )+,,%

 % #(31+*#% 23/( #.+B/% ,3/,=%*,%)6$% A: K<36L%#'!D %,'  <36'%*!( /*%  !,'(!6/'!3*  %

)+,,%  % #(31+*#% >*+$% B/! 2(%* %* #3)2'% $<%*,%)6$%  %, !*D3()+'!3*,7 %* D/,!3**+*'

$<%*,%)6$%  %, )+,,%,  % #(31+*#%,  % #.+B/% ,3/(#%: M(3!, #(!'4(%,  %  &#!,!3* 2%/0%*'

N'(% %*0!,+A&, 23/(  &'%()!*%( $+ #$+,,!>#+'!3* ?

G: K+  !,'(!6/'!3*  % )+,,%  % #(31+*#% Crit(A) = mfusion(A)

O: K+ D3*#'!3*  % #(& !6!$!'& Crit(A) = Cr(A) =
∑

B⊂A mfusion(B)

F: K+ D3*#'!3*  % 2$+/,!6!$!'& Crit(A) = Pl(A) =
∑

A∩B 6=∅ mfusion(B)

K<+0+*'+A%  % #%''% )&'.3 % (&,! %  +*, ,+ A(+* % ,3/2$%,,%  <+ +2'+'!3* +/ #+, 2+(

#+,: P* (%0+*#.%7 !$ *<%-!,'% 2+,  % )&'.3 % A&*&(!B/%  % )3 &$!,+'!3*  %, #3**+!,,+*#%,:

Q$ %,' *&#%,,+!(%  % ,<+22/1%( ,/(  %,  3**&%, %-2&(!)%*'+$%, %'  %, +0!,  <%-2%(', 23/(

2+(0%*!( 5 )3 &$!,%( $%, #3**+!,,+*#%, ,3/, D3()%  %  !,'(!6/'!3*  % )+,,%,: K+ (&+$!,+=

'!3*  % #+)2+A*%,  % '%,', 2%()%'  <%J%#'/%( $%, (&A$+A%, *&#%,,+!(%, +>*  <32'!)!,%( +/

)!%/- $% (&,/$'+' >*+$ %'  %  !)!*/%( $<+22+(!'!3*  % ,!'/+'!3*,  % #3*R!':

 !"#$%& '&( &)(&*+,&( -#.(

K+ '.&3(!%  %, %*,%)6$%, R3/, + &'& !*'(3 /!'% 2+( S+ %. %* GTUV +>*  % '%*!( #3)2'%

%-2$!#!'%)%*'  %, !*D3()+'!3*, !)2(&#!,%, +/ ,%!*  </* ,1,'4)%  %  &#!,!3*: ;+*, $% #+ (%

 % $+ '.&3(!%  %, %*,%)6$%, ,'(!#', E%*,%)6$%, #$+,,!B/%,H7 /* &$&)%*' *<+ B/%  %/- 23,=

,!6!$!'&, ? ,3!' !$ +22+('!%*' 5 #%' %*,%)6$%7 ,3!' !$ *<1 +22+('!%*' 2+,: C<%,' #% B/% $<3*

TW



 !!"##" $%&' ((")* +" # #%,-.&" /-) -'"0 1) +23)-* &)" 4%)$*-%) +5 !! '*") )$" /-) -'"

µA(x) ")*'" &) 2#2(")* x "* &) ")6"(/#" A $%((" 2* )* 7

µA(x) = 1 si x ∈ A 890:;

= 0 si x /∈ A 8909;

<) '"= )$>"? + )6 # *>2%'-" +"6 ")6"(/#"6 @%&6? $"**" 4%)$*-%) +5 !! '*") )$" )"

!'")+ ! 6 6"&#"(")* $"6 = #"&'6 + )6 #5")6"(/#" AB?CD ( -6 + )6 *%&* #5-)*"'= ##" EB?CF0 G)

6%&6H")6"(/#" @%& "6* +%)$ +23)- +" # ( )-I'" 6&-= )*" 7

 !"#$%$&# ' ()*  !"# X $% &%'&()*&+ ,% '!$'-&%'&()*& .!$ A /& X &'# /01%" 234 $%&

5!%6#"!% /732234#&%3%6& fA '$4 X 8 93*&$4' /3%' *7"%#&493**& :;<=>+

J-)6- &) 2#2(")* x  !! '*-")+' K &) !"& L M &) ")6"(/#" J 6- # = #"&' +" fA(x) "6*

!'%$>" +" N2'%? "*  $%)*' '-%? -#  !! '*-")+' K /" &$%&! L M $"* ")6"(/#" 6- 6 4%)$*-%)

+5 !! '*") )$" "6* 4%'*" 8-0"0 !'%$>" +" C;0 G) 2#2(")* +%)* # 4%)$*-%) +5 !! '*") )$" ")

$" !%-)* "6* )&##" 6-,)-3" .&5-# )5 !! '*-")* K ! 6 +& *%&* L M $"* ")6"(/#"0 O- ") '"= )$>"

# = #"&' "6* 2, #" M C? #52#2(")*  !! '*-")* $%(!#I*"(")* M $"* ")6"(/#"0

P"6 4%)$*-%)6 +5 !! '*") )$" !"&=")* Q*'" 3R2"6 +" ( )-I'" *%* #"(")*  '/-*' -'" $"

.&- !%6" #" !'%/#I(" +" # +2*"'(-) *-%) +" $"6 4%)$*-%)6 !%&' &)"  !!#-$ *-%) !' *-.&"

'2"##"0 S )6 #" $ 6 +" # 4&6-%) +" +%))2"6? %) (%+2#-6" +%)$ #5-(!'2$-6-%) "* #5-)$"'*-*&+"

+5&)" +%))2" ! ' &) ")6"(/#" +" 4%)$*-%)6 +5 !! '*") )$" M +-T2'")*"6 $# 66"6? .&- !"'H

("**")* +" '"!'26")*"' #"6 +-T2'")*"6 >U!%*>I6"6 M +23)-'0 1) +23)-*  -)6- +"6 4%)$*-%)6

+5 !! '*") )$" !%&' $> .&" 2#2(")* !'%=") )* +5&)" 6%&'$" M 4&6-%))"'? "* %) !'%$I+"

")6&-*" M +"6 $%(/-) -6%)60

V" ' -6%))"(")* ") #%,-.&" @%&" 65 !!&-" 6&' #5&*-#-6 *-%) +5-(!#-$ *-%) @%&"0

 !"#$%$&# ' ()( ,%& "(2*"63#"!% .!$& &'# $%& 4&*3#"!% R &%#4& ? &%'&()*&' X &# Y

@$3%#"13%# *& /&A40 /& 904"#0 /& *3 24!2!'"#"!% B

SI (x ∈ A) ALORS (y ∈ B)

39&6 A &# B /&$C '!$'-&%'&()*&' .!$' 4&'2&6#"9&(&%# /& X &# Y +

S" ( )-I'" 6-(-# -'" M # #%,-.&" $# 66-.&"? %) +23)-* &) ")6"(/#" +" 'I,#"6 +5-)42'")$"6

'"#- )* #"6 ")*'2"6 "* #"6 6%'*-"6 +& *U!" 7

SI (x ∈ A) ET (y ∈ B) ALORS (z ∈ C)

WX



 ! A" B #$ C % &$ '#% % (%)#&%#*+,#% - (%.

/0#*1,# 2 '3&% ,# 43'5# '( *36&$6#& 7 ' *646,#"  & 1#($ $5 (8#5 ,#% 59:,#% %(683&$#% 2

SI position est allongée ET localisation est lit ALORS danger est faible

SI position est allongée ET localisation est cuisine ALORS danger est fort

;#% < &4$6 &% '=31135$#&3&4# '#% #&%#*+,#% '=#&$5># #$ '# % 5$6# 5#15>%#&$#&$ ,=6&$>)

5?$ 156&4613, '# ,3 $@> 56# '#% #&%#*+,#% - (%. ;3 '>$#5*6&3$6 & '# 4#% < &4$6 &% '=31)

135$#&3&4# 5#1 %# % (8#&$ %(5 ,=>$('# '# ' &&>#% %$3$6%$6A(#%" '#% 386% '=#01#5$ #$ '#%

3B(%$#*#&$% #& < &4$6 & '# 43*13:&# '# $#%$% 3&$>56#(5%. ;3 156%# #& 4 *1$# '=#&$5>#% #$

'# % 5$6#% *(,$61,#% 1#($ #&$53C&#5 (&# #01, %6 & '( & *+5# '# 59:,#% A(6 3, (5'6%%#&$ ,#

< &4$6 &&#*#&$ :, +3, '# ,=3115 4@#.

 !"#$%&!  !"#  !"#$ %&" '(()*+," -)./%"00"&$ %$121#." (*%) 3"# '((21+'$1*&# 3" 0'1&4

$1"& 5 3*01+12"6 722" (")0"$ 3" )'##"082") 3"# 1&-*)0'$1*&# ()*9"&'&$ 3" #*%)+"# 9')1."#6

:*%) 2" 31#(*#1$1- 7;<=7;> %& '2?*)1$,0" 3" 2*?1/%" @*%" ' .$. %$121#. A;"3BCD6 E"#

#*)$1"# 3"# $)*1# #*%#4#F#$G0"# HIHJKI> LM:'$ "$ N')31"& +*&#$1$%"&$ 2"# "&$)."# 3"

2!'2?*)1$,0" /%1 ' (*%) *8O"+$1- 3" )"&#"1?&") 3"%P 1&-*)0'$1*&# Q %&" '2")$" "& +'# 3"

#1$%'$1*& 3" 3'&?") "$ 2' 2*+'21#'$1*& 3" 2' (")#*&&"6 R'&# &*$)" '((21+'$1*&> 2' 2*?1/%"

@*%" #")' -*)$ %$12" (*%) 3.$")01&") 2' (*#$%)" 3!%&" (")#*&&" +*00" *& 2" 9"))' 3'&# 2'

(')$1" +*&#'+)." '%P ).#%2$'$# "P(.)10"&$'%P6

$%&'()* +*, -',,).)/)0&,

D&$5 '(6$# >:3,#*#&$ 135 E3'#@ #& FGHI" ,3 $@> 56# '#% 1 %%6+6,6$>% 5#1 %# 3(%%6 %(5 ,3 $@> )

56# '#% % (%)#&%#*+,#% - (%. /,,# 1#5*#$" 4 **# ,3 , :6A(# - (#" '# :>5#5 ,=6*15>46%6 &"

#$ 4 &$5365#*#&$ 7 ,3 , :6A(# - (#" '# :>5#5 ,=6&4#5$6$('# '# 4#5$36&#% ' &&>#%. ;3 < 5*3)

,6%3$6 & '#% 6&4#5$6$('#% %(5 '#% >8>&#*#&$% %# <36$ '# *3&695# & & 15 +3+6,6%$#. ;= +B#4$6<

#%$ '# 4@#54@#5 7 #0156*#5 '3&% A(#,,# *#%(5# ,3 5>3,6%3$6 & '=(& >8>&#*#&$ 135$64(,6#5

#%$ 1 %%6+,# #$ 7 A(#, 1 6&$  & #%$ 4#5$36& '# %3 5>3,6%3$6 & %3&% 38 65 4 &&36%%3&4# '# ,3

15 +3+6,6$> A(# 4#$ >8>&#*#&$ %(586#&&#. J#(0 *#%(5#% % &$ 6&$5 '(6$#% 2

• ,3 1 %%6+6,6$> A(6 $53'(6$ ,3 4 &%6%$3&4# '=(& >8>&#*#&$ 135 5311 5$ 7 ,=#&%#*+,# '#%

45 K3&4#% L

• ,3 &>4#%%6$> A(6 $53'(6$ ,# '#:5> 38#4 ,#A(#,  & 3$$#&' ,= 44(55#&4# '=(& >8>&#*#&$.

D, #%$ 3, 5% 1 %%6+,# '=3%% 46#5 7 (&# % (54# '=6&< 5*3$6 & X (&# '6%$56+($6 & '# 1 %%6+6,6$>%

& $> πX A(6 #%$ (&# < &4$6 & '>M&6# %(5 X #$ A(6 15#&' %#% 83,#(5% '3&% NO"FP $#,,# A(#

1 (5 $ ($ x ∈ X" πX(x) $53'(6$ ,# '#:5> '# 1 %%6+6,6$> 1 (5 A(# X = x. Q#$$# '6%$56+($6 &

'# 1 %%6+6,6$> %3$6%<36$ ,3 4 &'6$6 & '# & 5*3,6%3$6 & %(683&$# 2

sup
x∈X

π(x) = 1 RS.TU

GG



 ! "#$%&$"! &'%($()! *'%& + *,)!#-$%!# &!( *$()#$./)$'%( *! "'(($.$0$),( "'/# &123/!

('/#&! &'%&!#%,! !) *! 0!( 4/($'%%!# !% &1'$($((2%) "2#-$ *!/5 '",#2)!/#( 4'%*2-!%)2/5

!% )1,'#$! *!( "'(($.$0$),( 670'89: ;

• '",#2)!/# &'%<'%&)$4 =$%)!#(!&)$'% *!( *$()#$./)$'%( *! "'(($.$0$),(> 3/$ *'%%! /%!

$*,! "!(($-$()! *! 02 4/($'% ?

• '",#2)!/# *$(<'%&)$4 =/%$'% *!( *$()#$./)$'%( *! "'(($.$0$),(> 3/$ 2/ &'%)#2$#! *'%%!

/%! @$($'% '")$-$()! *! 02 &'-.$%2$('%A

B!#)2$%( '",#2)!/#( (C2*2")!%) !% 4'%&)$'% *! 0C,@'0/)$'% *! 02 ($)/2)$'% '.(!#@,!A D!E

0'% 0!( *!F#,( *! &'%G$) !) 02 H2.$0$), 3/! 0C'% 2))#$./! 2/5 *$I,#!%)!( ('/#&!(J 0C'",#2)!/#

'")! "'/# /% &'-"'#)!-!%) &'%<'%&)$4J *$(<'%&)$4 '/ /% &'-"#'-$( !%)#! 0!( *!/5A  !

&1'$5 *,"!%* ,F20!-!%) *! &! 3/! 0C'% #!&1!#&1! ; !%)#! /%! $%4'#-2)$'% &!#)2$%! -2$(

$-"#,&$(! '/ /% #,(/0)2) "#,&$( -2$( (K#!-!%) 42/5A

B'--! "'/# 02 0'F$3/! G'/!J /%! *,&$($'% *'$) L)#! "#$(! (/$)! + 02 &'-.$%2$('% *!(

*$()#$./)$'%( *! "'(($.$0$),(A B!))! "#$(! *! *,&$($'% (! 42$) F,%,#20!-!%) + 0C2$*! *! *!/5

&#$)M#!( ; 0! &#$)M#! */ -25$-/- !) 0! &#$)M#! *! (!/$0 3/$ 4'/#%$((!%) #!("!&)$@!-!%) /%!

('0/)$'% /%$3/! '/ /%! "02F! *! @20!/#( "'(($.0!( ="#,&$($'% */ #,(/0)2)>A

 2 *$I,#!%&! -2<!/#! !%)#! 02 )1,'#$! *!( "'(($.$0$),( !) 02 )1,'#$! *!( "#'.2.$0$),( !()

*! 42$#! 02 *$()$%&)$'% !%)#! $%&!#)$)/*! !) $-"#,&$($'%J &! 3/$ !() "0/( *$N&$0! 2@!& *!(

"#'.2.$0$),(A

 !"#$%&!  !""  ! "#$%&'( )(* +%**','-'"$* .%/*"'"0( 0/( +(&*+(."'1( )2!3$-'%&!"'%/ )(

/%"&( )'*+%*'"'4 )( )$"(&3'/!"'%/ )( +%*"0&( ,!*$ *0& -! -%5'60( 7%0(8  ! +&'*( (/ .%3+"(

)( -2'/.(&"'"0)( +(&3(""&!'" +&%,!,-(3(/" )2!3$-'%&(& -(* +(&4%&3!/.(* 5-%,!-(* )( -2!-5%9

&'"#3( "%0" (/ *2!++0:!/" *0& -! 3%)$-'*!"'%/ (;'*"!/"( )(* 4%/."'%/* )2!++!&"(/!/.(8

#$%&'( )**&+,-'( ./&01/'( .' 2304%'2205'4,' )&%06,0'22'

O0/( #,&!--!%)J *!( )!&1%$3/!( *,#$@,!( *! 0C$%)!00$F!%&! 2#)$H&$!00! (! ('%) *,@!0'"",!(A

O2#-$ &!00!(E&$J '% #!)#'/@! 0!( (P()M-!( !5"!#)( !) 0!( (P()M-!( *! 4/($'% + 12/) %$@!2/

=(P()M-!( + .2(! *! &'%%2$((2%&!>A  !( #MF0!( *C$%4,#!%&!( ('%) *! 02 4'#-! DQ A A AR STD

A A ADQUSUA B123/! "#'"'($)$'% (! @'$) 2$%($ 2I!&),! *C/% *!F#, *! &'%H2%&! =%'-.#!

!%)#! EV !) V>J '.)!%/ !% 42$(2%) $%4,#!# 0! (P()M-! + .2(! *! #MF0!( "'#)2%) (/# *!( 42$)(A

D$ /%! "#'"'($)$'% 2 /% *!F#, *! &'%H2%&! ,F20 + VJ 20'#( '% !() (K# 3/C!00! !() @,#$H,!A

W% #!@2%&1!J ($ ('% *!F#, *! &'%H2%&! !() ,F20 + EVJ 20'#( '% !() (K# 3/C!00! !() 42/((!A

V88



 ! "#$!%!&' !(' &#)&*+ ,-#. /!( 0)1!#.( 2&'!.%+/2)2.!(3  ! 4 !(' #& *)( ,).'2*#12!. !'

!5,.2%! 162$&-.)&*! 7#! 16-& ) (#. #&! ,.-,-(2'2-&3

 !"#$%&!  !"#  ! "#$! %! &#&"'(! $!)(!" *+!, %! %-.,+) /0+,1!)"+"2%! (3+& ,0!&" $3&

3%3$"- $42) /3 5!&"+4, %! /0+($)-1+&+4,6

 !"#$%&!  !" 7!& )!18!)18!& &2) /3 14,1!$"+4, %02,! 183(*)! 84&$+"3/+')! +,"!//+5!,"!

4," -"- (!,-!& %3,& 9:+3;;<6 = $3)"+) %! >3/!2)& $8#&+?2!& %!& 13$"!2)& @%-"!1"!2)& A:BC

(+1)4$84,!D !" %! >3)+3*/!& &-(+4"+?2! @%2)-!C -"3" %2 $3"+!,"DC 2, 35!," %! $!)1!$"+4,

+%!,"+.! %!& E3+"& !" &2+>3," /3 &-?2!,1! %! E3+"& +%!,"+.! 2, ->-,!(!,"6 7!& )'5/!& $4)F

"3," &2) /!& >3)+3*/!& $8#&+?2!& !" &-(+4"+?2!& !" /!& ->-,!(!,"& $!)(!""!," /3 5-,-)3"+4,

%03/3)(!& 42 %! (!&&35!&6

8&! )#'.! '!*9&27#! #'212(+! !& :#(2-& !(' 1) '!*9&27#! ;)(+! (#. 1!( .+(!)#5 /! &!#.-&!(3

<1);-.+( /)&( 1!( )&&+!( =>?4@ 1!( .+(!)#5 /! &!#.-&!( -&' +'+ /+0!1-,,+( A 1) ;)(! ,-#.

2%2'!. 1! *!.0!)# 9#%)2&3  ! .+(!)# !(' *-&('2'#+ /6#& !&(!%;1! /! &!#.-&!( 7#2 ,-((B/!&'

/!( !&'.+!( !' /!( (-.'2!( )2&(2 7#6#&! :-&*'2-& /6)*'20)'2-&3 C& :-&*'2-& /!( !&'.+!( !' /!

() :-&*'2-& /6)*'20)'2-&@ 1! &!#.-&! )*'20! #&! -# ,1#(2!#.( (-.'2!(3 D& *-&&!*'! !&(#2'!

#& *!.')2& &-%;.! /! &!#.-&!( !&'.! !#5 !' -& ,.+(!&'! A *! .+(!)# #& !&(!%;1! /6),,.!&E

'2(()$!3 F9)7#! &!#.-&! )/),'! )1-.( () :-&*'2-& /6)*'20)'2-& !& :-&*'2-& /! *!' !&(!%;1!

/6),,.!&'2(()$!3 8&! :-2( 7#! 1! .+(!)# ) G ),,.2( H@ 21 !(' *),);1! /! *1)((!. #& +1+%!&'

&-#0!)#3  !( .+(!)#5 /! &!#.-&!( (-&' 2&'+.!(()&'( /)&( 1! *)( -I 16!5,!.'2(! !(' /+12*)'!

A :-.%#1!. !' -I 16-& ,-((B/! #& !&(!%;1! /6),,.!&'2(()$! *-&(+7#!&'3 J1( (! .+0B1!&' '.B(

#'21!( ,-#. 1) %-/+12()'2-& /!( *-&&)2(()&*!( ,-#. 1!( (K('B%!( ;)(+( (#. 1) '9+-.2! /!(

,-((2;212'+( -# *!#5 ;)(+( (#. 1) '9+-.2! /! 16+02/!&*!3

 !"#$%&!  !"$ A/ !G+&"!C H ,4")! 14,,3+&&3,1!C ")'& $!2 %! &#&"'(!& %083*+"3" +,"!//+5!,"C

*3&-& !,"+')!(!," &2) /!& )-&!32G %! ,!2)4,!& 9 44;I<6 J, +,14,>-,+!," %! 1!& (-"84%!&

!&" /3 )!/3"+>! /42)%!2) %! (+&! !, $/31! !" %! (3+,"+!, %!& *3&!& %! 14,,3+&&3,1!&6 7!

$/2&C /3 E4)"! %!(3,%! %! $2+&&3,1! %! 13/12/ )!,% %+K1+/! $42) /0+,&"3,"C 2,! 3$$/+13"+4,

!, "!($& )-!/6

 !"!# $%&'()*+%& *), (- .)*+%& /0 /%&&10*

 ) :#(2-& /! /-&&+!( *-..!(,-&/ /-&* A #& ,.-*+/+ /! *-%;2&)2(-&( /! /-&&+!( 9+'+E

.-$B&!(@ 1! '!.%! /-&&+! /!0)&' L'.! *-&(2/+.+ /)&( (-& (!&( 1! ,1#( 1).$!@ *6!('EAE/2.! A

1) :-2( 1!( /-&&+!( ,.-0!&)&' /! *),'!#.( %)2( +$)1!%!&' 1!( 2&:-.%)'2-&( 2((#!( /! ;)(!(

/! *-&&)2(()&*!(@ /6)02( /6!5,!.'(@3 3 33  ) *-&*!,'2-& /6#& /2(,-(2'2: $1-;)1 /! :#(2-& /!

/-&&+!( &+*!((2'! 7#! 16-& (! ,-(! *!.')2&!( 7#!('2-&( )0)&' '-#' /+0!1-,,!%!&'3 MN#94?O

=4=



 !"#$ %$" &'$"#!()" &'! *$+,$##$)# -$ "(' $.$+  $" *(!)#" !,*(+#/)#" 0 /1(+-$+ $) *+2/,3

1' $ -$ #('#$ %()%$*#!() 4

• 5('+&'(! $# %(,,$)#  6!)7(+,/#!() $"# (1#$)'$ 8

• 92 $%#!() $# -2:)!#!() -$ (' -$" &'/)#!#2" 0 ,$"'+$+ 8

• ;'$ " "()#  $" %/*#$'+" &'! ,$ *$+,$##$)# -$ ,$"'+$+ %$" &'/)#!#2" 8

• <$" %())/!""/)%$" / *+!(+! "()#3$  $" )2%$""/!+$" 8

• =>!"#$3#3! -$" ,(-? $" :/1 $" -2@0 -!"*()!1 $" 8

• A(,,$)# -(!.$)# B#+$ * /%2"  $" %/*#$'+" 8

• A(,,$)#  $" "!C)/'> "()#3! " #+/)",!" 8

• D &'$ " ,(,$)#" -(!.$)# B#+$ $E$%#'2$"  $" ,$"'+$" 8

D' #+/.$+" -$ %$" &'$"#!()"F () */+.!$)# 0 ,$##+$ $) /./)#  $" 1$"(!)" ,/#2+!$ " 0

,$##+$ $) * /%$ G+2"$/'> 2#$)-'" (' )()F #+/./! $)  !C)$ (' H(+"3 !C)$F #+/!#$,$)# -$"

"!C)/'>FI I IJF 0 7/%! !#$+  $" %H(!> -$" ,2#H(-$" $# -$" #$%H)!&'$" "$ ()  $ #K*$ -$ -())2$"

&'$  6() ./ -$.(!+ ,/)!*' $+ $# $):) 0 -2#$+,!)$+  $" ,(-? $" '#! $"I L6/+%H!#$%#'+$ -'

-!"*("!#!7 -$ 7'"!() "$ -$""!)$ 0 */+#!+ -$ %$" +2M$>!()"I =  $ %(,*(+#$ C2)2+/ $,$)# #+(!"

)!.$/'> 4  / 7'"!() -$ ,$"'+$"F  / 7'"!() -$ *+!,!#!.$" $#  / 7'"!() -$ -2%!"!()"I

L/ 7'"!() -$ -())2$" )6$"# */" #('@('+"  / "( '#!() ,!+/% $ *('+ +2"('-+$ ') *+(1 ?,$

%$ &'6!  '"#+$ 1!$) NO/ PQR /.$% %$ &'6! -2"!C)$ %(,,$  $" S <!+#K 9$%+$#" !) </#/ T'"!() UI

VI W )6K / */" -$ +$,* /X/)# 0 ') 1() %/*#$'+I 9! &'$ &'$ %H("$ )$ *$'# */" B#+$

(1"$+.2$ (' -2-'!#$ 0 */+#!+ -$" $E$#"F / (+" /'%')$ &'/)#!#2 -$ -())2$" 7'"!())2$"

0 */+#!+ -$ * '"!$'+" %/*#$'+" )$ *('++/ "'+,()#$+  $ *+(1 ?,$I

YI L$" #+/!#$,$)#" $) /./ )$ *$'.$)# %(++!C$+  $" ,27/!#" -$ #+/!#$,$)#" $) /,()#I D

%H/&'$ 2#/*$F ! $"# )2%$""/!+$ -6'#! !"$+  $ ,$!  $'+ #+/!#$,$)# *(""!1 $I

ZI L/ +2*()"$ !""'$ -$  / 7'"!() *$'# B#+$ *!+$ &'$  $ ,$!  $'+ %/*#$'+I W 7/'# %(++$%#$3

,$)# &'/)#!:$+  / *+2%!"!() -$ %H/&'$ %/*#$'+[$)#+2$ /:) -$ )$ */" %+2$+ -$ 1!/!"

$# -6$++$'+" -/)"  $ +2"' #/# -$ 7'"!()I

\I L6/ C(+!#H,$ ,/C!&'$ )6$>!"#$ #('@('+" */" 4 /'%') / C(+!#H,$ ')!&'$ )6$"#  / "( '3

#!() !-2/ $ $) #('#$" %!+%()"#/)%$"I

]I W )6K /'+/ @/,/!" /""$^ -$ -())2$" -6/**+$)#!""/C$I A$*$)-/)#  $" ,2#H(-$" HK3

1+!-$"F %(,1!)/)# -$" !)7(+,/#!()" $>* !%!#$" $# !,* !%!#$"F *$'.$)# /!-$+I

_I L$" +$%H$+%H$" ()# %(,,$)%2 -' ,/'./!" %`#2 G%6$"# 0 -!+$ -' %`#2 -$" %/*#$'+" $#

)() -' %`#2 H',/!)JI a)(+,2,$)# -$ +$%H$+%H$" ()# 2#2 ,$)2$" /' )!.$/' P $# VI

b/!" -$" +$%H$+%H$" -(!.$)# B#+$ ,$)2$" $) %(,,$)X/)# -' %`#2 H',/!) G%6$"# 0

VPY



 !"# $% &'"()$%*!'+  ,-./'*-01#1 ')  ,!+*#"/"2*%*!'+ 12(%+*!3)#  ,242+#(#+*15  ,'6

$,!+*"' )7*!'+  ) +!4#%) 89

:9 ;$ #1*  !<7!$#  # 3)%+*!=#" $% 4%$#)"  # $,%//'"*  # $% &)1!'+  #  '++2#19

>9 ?% &)1!'+ +,#1* /%1 )+ /"'7#11)1 1*%*!3)#9

@!#+ 7'+17!#+*1  # 7#1  !<7)$*21A +')1 /"'/'1'+1A /')" $% /"'B$2(%*!3)# CDEFGHIA

)+# %"7-!*#7*)"#  # &)1!'+ &%!1%+* !+*#"4#+!" $,#+1#(B$#  #1 7%/*#)"1 "#*#+)1 #* #+  27')J

/%+* $# *"%!*#(#+* #+ 3)%*"# (' )$#19

 ! "#$%&'($')#( *( +),&-. /-)# 0( /#-1(' 2"34567

 !"# K9L M N7-2(%  # $,%"7-!*#7*)"#  # &)1!'+  #  '++2#19

O,)+ /'!+*  # 4)# P2+2"%$A $#  !1/'1!*!& CDEFGHI /#)* Q*"# 17-2(%*!12 7'((# 1)!*

R=P)"# K9L5 S

• T+ #+*"2# S $#1 7%/*#)"1 7-'!1!1A U 1%4'!"  #1  2*#7*#)"1 ;VEA  #1 *-#"('/!$#1 #* )+#

7%(2"%A %)3)#$1 1,%W')*#+* )+# -'"$'P# #* )+# 1*%*!'+ (2*2' X

• T+ 1'"*!# S $#1 /"!1#1  #  27!1!'+ *#$$#1 3)# $#1 %$#"*#1 #* $#  27$#+7-#(#+*  ,%//$!7%J

*!'+1  '('*!3)#1 "#1/#7*!4#(#+* /')" $# (%!+*!#+ U  '(!7!$# #* $% P#1*!'+ 2+#"P2J

*!3)#  ) BY*!(#+*9

Z[K



 !"#$%&'($')#( *( +),&-. *( *-../(, #(0#/,(.'( 1( $2)# *) *&,0-,&'&+3 411( (,' $-.,'&')/(

*( 5)"'#( .2)*, -) 6-*)1(, *( +),&-.3 7(, 6-*)1(, *( +),&-. ,-.' 8 9:; 1" */'($'&-. *(

0#/,(.$( 5)& )'&1&,( 1(, *-../(, 0#-<(.".' *(, '#-&, '=0(, *( $"0'()#,> 9?; 1" 1-$"1&,"'&-.

5)& )'&1&,( 1(, *-../(, <&,)(11(, @ '#"<(#, 1( ABC4 (' 1(, */'($'()#, DBE @ '#"<(#, ).

F-."G( *( 1!(.<&#-..(6(.'> 9H; 1" */'(#6&."'&-. *( 0-,')#( 5)& )'&1&,( *(, &.+-#6"'&-.,

(I'#"&'(, *( 1!&6"G(> 9J; ). -)'&1 *( 0#&,( *( */$&,&-. 0-)# 1!"001&$"'&-. <&,/(3

K"., 1" ,)&'(> 1!-#G".&G#"66( *!). 6-*)1( *( +),&-. )'&1&,( 1( +-#6"1&,6( ,)&<".' 8 1(,

$"0'()#, ,-.' ,=6L-1&,/, 0"# *(, -<"1(, #-)G(,> 1(, 6/'%-*(, 0"# ). #($'".G1( L1".$> 1(,

&.+-#6"'&-., (. ,-#'&( 0"# *(, 0"#"11/1-G#"66(, L1(),3

 ! !" #$%&'( )'$* +, -./01/&'( -0 )*.%0(10 2$3,&(0

E-)# 1( 6-*)1( *( */'($'&-. *( 0#/,(.$(> 1( #M1( *(, $%"$). *( $"0'()#, $%-&,&, (,' 1(

,)&<".' 8

• 1( */'($'()# DBE */'($'( ). 6-)<(6(.' N

• 1" '%(#6-0&1( */'($'( ).( 0#/,(.$( N

• 1" $"6/#" */'($'( 1" 0#/,(.$( (' 1!&*(.'&O(3

7-66( -. 1!" */P@ 6(.'&-../> $(, '($%.-1-G&(, ,-.' ,(.,&L1(, ")I L#)&', (' @ *(, 0(#Q

')#L"'&-.,3 R-), )'&1&,-., 1" $-601/6(.'"#&'/ (' 1" #(*-.*".$( *( $(, &.+-#6"'&-., (.

+),&-..".' 1(, *-../(, 0-)# ",,)#(# ).( */'(#6&."'&-. 1" 01), O"L1( 0-,,&L1( *( 1" 0#/Q

,(.$( %)6"&.( @ '-)' &.,'".'3

 ! !"!" #$%&'(()( *' *+,'&,-%. *' /$+('.&' 0)12-.'

 ( +-.$'&-..(6(.' *) 6-*)1( *( +),&-. 0-)# 1" */'($'&-. %)6"&.( (,' #(0#/,(.'/ 0"#

1" OG)#( H3:S3 E-)# *(, #"&,-., /.(#G/'&5)(, /<&*(.'(,> 1" $"6/#" .( +-.$'&-..( 0", '-)' 1(

'(60,3 411( (,' 6&,( (. 6"#$%( ,& 1( */'($'()# DBE -) 1" '%(#6-0&1( */'($'( #(,0($'&<(6(.'

). 6-)<(6(.' -) ).( 0#/,(.$(3  " $"6/#" $-.O#6( -) &.O#6( 1" 0#/,(.$( 9#-L),'(,,(

+"$( ")I +"),,(, */'($'&-.,;3 4.,)&'(> 1!(.'&'/ */'($'/( (,' $1",,&O/( G#T$( @ 1!"1G-#&'%6(

*( '#"&'(6(.' *!&6"G(, (. '".' 5)!(.'&'/ %)6"&.( -) .-.3  !"1G-#&'%6( *( '#"&'(6(.'

*!&6"G(, "''#&L)( @ $%"5)( 0(#,-..( */'($'/( ). .)6/#- *!&*(.'&O$"'&-.3 U&.,&> -. #/$)Q

0V#( /G"1(6(.' 1!&.+-#6"'&-. $-.$(#.".' 1( .-6L#( *( 0(#,-..(, 0#/,(.'(, *"., 1" 0&V$(3

 " */'($'&-. *( 0#/,(.$( %)6"&.( (,' ).( +),&-. *( */$&,&-.,3

:SJ



 !"#  !"# $ %&'()*'&(++, -, .( -/0,10*2) -, 3&/4,)1, 56+(*),!

 !"#$%&!  !"#  ! "# $#%&'# ()* !+*(',!*( ,#+) $('*#!+() -!.$() /*0!"(**()1 )#""( ,( 2#!+)3

-04' '()-($*(' "# 5!( -'!5&( ,( "# -(')0++(1 0+ -'!5!"&6!( "# $0%2!+#!)0+ ,() ,(47 $#-*(4')

,&*($*#+* "( '#80++(%(+* *9('%!:4( /,&*($*(4' ;<= (* *9('%0-!"(3> ?# *9('%0-!"(1 ,#+)

,() @0+() ,( -(*!*() ,!%(+)!0+)1 #))4'( 4+( '&(""( ,&*($*!0+ ,( -'&)(+$(1 %#!) +( "# $#A

'#$*&'!)( -#)>

 ! !"!$ %&'()*'+ ,-.))*/0.1/23

4/(5*.1/23 ,.3+ 53' )/60'

78) -9*..640&,& ., 3&21,4464 -/1&*0 3&/1/-,++,)0: )264 (;2)4 -/8)*: < .9(*-, -6 .2'*1*,.

=>%%?=: 6) ,);*&2)),+,)0 -()4 .,@6,. 42)0 324*0*2))/4 0&2*4 1(30,6&4 A 6) -/0,10,6&

BC?: 6), 05,&+23*., ,0 6), 1(+/&(! D,4 0&2*4 1(30,6&4 42)0 3.(1/4 (6E +F+,4 122&-2))/,4

,0 2&*,)0/4 46*;()0 ., +F+, (E,! G, 152*E ( /0/ H(*0 (8) -, +,00&, ,) (;()0 .,4 3&23&*/0/4

-, &,-2)-()1, ,0 -, 12+3./+,)0(&*0/ -, 1,4 0&2*4 0,15)2.2'*,4 326& 6), (33.*1(0*2) -,

-/0,10*2) -, 3&/4,)1,!

 !"#$%&!  !"7 ?() $#'#$*&'!)*!:4() ,() $#-*(4') /#+6"( ,B045('*4'(1 -0'*&(3 )0+* $(""()

:4( "B0+ '(*'045( ,#+) "() ,!)-0)!*!C) $0%%('$!#"!)&)>

D( 05,&+23*., 3244/-()0 6), 32&0/, &,.(0*;,+,)0 H(*I., J4,)4*I*.*0/ K64@69< L+M: .,4

"#N



 !"#$%!&$%  # '(#$)!*&$$#"#$+ &$+ ,+, -.&!%!#%  # +#''# %&*+# /0# '1 *,2&$%#  # -#++#

 #*$!3*# %&!+ #42'&!+15'#6 7(#$)!*&$$#"#$+ #+ '#% 8&$#%  #  ,+#-+!&$  # -.1/0# -12+#0*

%&$+ 2*,%#$+,% 9 '1 :;0*# <6==6 71 8&$#  ,'!"!+,# #$ *&0;# #%+ 1%%&-!,# 10  ,+#-+#0* >?@A

'1 8&$# 5'#0# -&**#%2&$ 9 '1 8&$#  #  ,+#-+!&$  # '1 +.#*"&2!'# #+ '1 8&$# )#*+# *#2*,%#$+#

'1 8&$# -&0)#*+# 21* '1 -1",*16 B$ &5%+1-'# #%+ 2*,%#$+ 10 -#$+*#  # '1 2!3-# #+ &5%+*0# '#

-.1"2  # )!%!&$  #% +*&!%  ,+#-+#0*%6 7# 2&!$+ $&!* -&**#%2&$ 9 '1 2&%!+!&$  # '1 2#*%&$$#6

0 1 2 3 4
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

x[m]

y
[m

]

IRP (rouge), thermopile (bleu), caméra (vert)

obstacle

Position
initiale
de
la
personne

Zone de
non détection

 !"# <6== C @'1-#"#$+ #+ -&0)#*+0*#  #% -12+#0*% 2&0* '# %-,$1*!& DE=6

 !"#$%&!  !"#  ! "#$%!&!'( )!* %$"(!+,* '-!*( "$* ."(/&/*0 )$'* %!((! %.'12+,$(/.'

3",0*!'%! )-+'! #$,2! 4.'! '.' %.+5!,(! "$, #!* %$"(!+,*67

F$ G1!+ ,)&'0#* '1 2&%!+!&$  # '1 2#*%&$$# 10 -&0*%  0 +#"2% #$ 1H&0+1$+ 0$# !$G&*"1+!&$

%022',"#$+1!*# I %&$ 1-+!)!+, J= %! #''# #%+ !""&5!'#A K %! #''# #%+ #$ "&0)#"#$+L6

7# 2*#"!#* %-,$1*!& -&$%! ,*, #%+  ,-*!+ 21* '# +15'#10 <6K #+ !''0%+*, 9 '1 :;0*# <6=K6

 !"#$%&!  !"$  !* ".*/(/.'* )01'/!* )$'* #! ($8#!$+ 97: %.'*(/(+!'( #!* ",/'%/"$#!*

0($"!* )+ *%0'$,/.7 ;1' )! (,$5$/##!, $5!% "#+* )! "./'(*< '.+* !=!%(+.'* +'! )/*%,0(/>

*$(/.' !'(,! )!+? 0($"!* $1' )-.8(!'/, )!* ".*/(/.'* /'(!,&0)/$/,!*7

=MN



0 1 2 3 4
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

x[m]

y
[m

]

 !"#  !"# $ %&'()* +,-.- /'& 0' /)&+122) 01&+ 3, +452'&-1 67"!

8*'/) 91+-*-12 :4*-.-*5 8*'/) 91+-*-12 :4*-.-*5

" ;<!" <!=> # ? ; != @> "

# ;# <!=> # A ; != @> "

 ; "!#> # "< ; != @> "

@ ; "!#> " "" ;"!= @> #

= ; != #> # "# ;<!=  > #

B ;#!=  > # " ;" "!=> #

C ; != @> # "@ ;<!" <!=> #

$%&#  !# $ D452'&-1 67" /1,& 0E5*,3) 3) 0' 35*)4*-12 3) /&5+)24)!

 !" !#$%&!"'"(%$)!"

F)+ &5/12+)+ 3) 4G'H,) 4'/*),& I 4G'H,) /'+ 3, +452'&-1 67" +12* /&5+)2*5)+ 3'2+ 0'

JK,&)  !" )* +12* 35J2-)+ 3) 0' L'2-M&) +,-.'2*) N

• F) 35*)4*),& OP9 )+* ,2 4'/*),& *1,* 1, &-)2! D' +1&*-) /),* /&)23&) 3),Q .'0),&+ N

" +- )00) 35*)4*) ,2 L1,.)L)2*R < +-212!

• F' *G)&L1/-0) 350-.&) )2 +1&*-) ,2) *)2+-12 H,- )+* S124*-12 3) 0' 3-+*'24) )* 3)

0E'2K0) )2*&) +' /1+-*-12 )* 0' /1+-*-12 3) 0' 4-T0)! F' *)2+-12 2.5V 41&&)+/123 I 0'

*)2+-12 3) &5S5&)24) U'L/0-J5)V )2 0E'T+)24) 3) 4-T0)! W2) *)2+-12 +,/5&-),&) I 4)

"<C



 !"#$  #%&#'! (")"&!  *"+,! ,-."/! ! 0 1+2 !&0! /.& $! ,3&! /! /20!,0#*& /" ,.10!"+4

• 5. ,.62+. *7+! $. 1*  #8#$#02 /! ,.+.,02+# !+ $)!&0#02 /20!,02! 1.+ $)9:; !0<*" $. 0-!+=

6*1#$! ,*66! 20.&0 -"6.#&! *" &*&4 >!"?  *+0#!  *&0 ,*& #/2+2! @ A  # $)!&0#02 ! 0

-"6.#&!B C  # $)!&0#02 &)! 0 1. -"6.#&! *"  # $! ,.10!"+ &! /20!,0! 1. /! 1+2 !&,!4

D&  *+0#!B $. /2,# #*& ,*&,!+&.&0 $. 1+2 !&,!  ! /2,$#&!  !$*& (".0+! E.$!"+ @ FCG .8=

 !&,!B FAG 6*"E!6!&0B FHG 1+2 !&,!B FIG 1+2 !&,! -"6.#&!4

0 50 100 150 200 250 300 350

0

0.5

1
IRP

s
ig

n
a

l

0 50 100 150 200 250 300 350
2.5

2.55

te
n

s
io

n
 (

v
)

Thermopile

0 50 100 150 200 250 300 350

0

0.5

1

Id
e

n
ti
fi
c
a
ti
o

n

Caméra

0 50 100 150 200 250 300 350
0

1

2

3
Décision

D
e

c
is

io
n

0 50 100 150 200 250 300 350
0

1

2

temps

Activité de la personne 

P1 P2 P3
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 .&0 #&0!+E!&#+ $! +21*& ! /! ,.10!"+ P ,-.("! #& 0.&0  *&0 /*&, /2'&#! 1*"+ .#/!+ P
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E# #*&B $!  #%&.$ ! 0 0*"0!O*# 0+N O.#8$! 20.&0 /*&&2 $. /# 0.&,! P $.("!$$!  ! 0+*"E! $.

1!+ *&&! 1.+ +.11*+0 ." ,.10!"+4 5. 0-!+6*1#$! !&E*#! /*&, "& 6!  .%! P $. ,.62+. ("#

ACQ



 !"#$%& &' ()%*#& "+ $+"&,% -. /&0# (1&23"#4,& 3+% "& 5+#* 4,& "+ 3&%()''& (& *%),$& 6)%(

 , 06+73  & $#(#)'  & "+ 0+7!%+. 8+  !0#(#)' 9'+"& &(*  )'0 "+ 3%!(&'0&  1,'& &'*#*!:

6,7+#'& ), ')'.

8+ 3&%()''& &(*  & '),$&+, #77);#"& 3&' +'* "+ 3!%#) & P2. <""& (1&(* *),*&5)#( %+3=

3%)06!&  &( 0+3*&,%( 0)77& "& 7)'*%& "1!$)",*#)'  & "+ *&'(#)'  !"#$%!& 3+% "+ *6&%7)3#"&.

/)77& 3&' +'* P1: "1>?@ '&  !*&0*& %#&' &* "+ *6&%7)3#"&  !*&0*& ,'& 3%!(&'0&. <""& #'=

*&%%)A&  )'0 "+ 0+7!%+ 4,# 0&**& 5)#(=0# $)#* ,'& &'*#*!  +'( "1#7+A& &* "+ 0+%+0*!%#(& 0)77&

!*+'* 6,7+#'&.
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&/.)/ )() 908.2)+! :) 8.2)/2+)/ ,()- 0)+ ,&-2*2() ,+ 8(07+8+)/ (0 ,+ '1&*+)-+ *+4()
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 !" !#$%!&'!" (! )* )+'*)$"*,$+& -. !, /. 0*1$!&, !& 2+&',$+& (! )3*44)$'*,$+&5  *

)+'*)$"*,$+& /. 4!6, 7,1! 4!6 418'$"! 4+61 6&! *44)$'*,$+& (+9+,$:6! '+&,1*$1!9!&, ; 6&!

*44)$'*,$+& (! 9*$&,$!& ; (+9$'$)!5

 !"# /5<= > ?1%*&$%1*99! (! (8,!19$&*,$+& (! )* )+'*)$"*,$+&5

 ! 9+(6)! (! )+'*)$"*,$+& -.@/. !", 1!418"!&,8 4*1 )* A%61! /5<=5 .*&" )* 9!"61! +B

$) &3!", 4*" ,+6C+61" 4+""$D)! (38:6$4!1 )3E*D$,*, ; )3*$(! (! '*981*F 6&! )+'*)$"*,$+& /.

1!",! !&0$"*%!*D)! !& 6,$)$"*&, 4)6"$!61" (8,!',!61" GHI ($"4+"8" (*&" )3E*D$,*, (! 9*&$J1!

; 9*#$9$"!1 )!" K+&!" (! 1!'+601!9!&, (!" '*4,!61"5 ?& +D,$!&, *$&"$ 6& (8'+64*%! 4)6"

+6 9+$&" A& (! )3E*D$,*,5 L& "! D*"*&, "61 )* ,E8+1$! (!" !&"!9D)!" !, *0!' )* (8A&$,$+&

(! 1J%)!" (3$&281!&'! 4+1,*&, "61 )!" 184+&"!" (!" '*4,!61"F +& !", '*4*D)! (! ($1! (*&"

:6!))! K+&!F 4)6" +6 9+$&" 18(6$,!F "! ,1+60! )* 4!1"+&&!5

?1F '+99! &+6" )! 0!11+&" ; ,1*0!1" 6& !#!94)!F ($M81!&,!" 4$J'!" (! )3E*D$,*, 4!60!&,

'+&,!&$1 (!" K+&!" *N*&, )! 979! $(!&,$A*&,5 ?& &! 4!6, (+&' 4*" !& (8(6$1! ($1!',!9!&,

)* 4$J'! (*&" )*:6!))! "! ,1+60! )* 4!1"+&&!5 .!6# *441+'E!" 4!60!&, 7,1! !&0$"*%8!" O

"+$, )* 41$"! !& '+94,! (! )* )+'*)$"*,$+& /. (8)$018! 4*1 6&! '*981*F "+$, !& %*1(*&,

!& 989+$1! )* K+&! P+6 )* 4$J'!Q +B "! ,1+60*$, )* 4!1"+&&! ; )3$&",*&, (38'E*&,$))+&&*%!

418'8(!&,5
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 !"##"$%&'&(% %)'*+( ,- ./0 1234526 " )%) ,)7*-#) &( 8*(&9: 9-$;&+<<)&9 #"$ -(

*- #<-9+&-$9 ,)%&7%&-$9 /=>?  &-$ #<"7&'&(% " )%) *#%+'+9) @ <!"+,& ,- <*A+7+&< ,& 9+'-<"%+*(

0544>0 #*-$ '"B+'+9&$ <&9 8*(&9 ,& $&7*-;$&'&(%? C( -%+<+9"(% 7+(D ,)%&7%&-$9 /=>: *(

*E%+&(% -(& 7*-;&$%-$& D-"9+F%*%"<& ,& <!G"E+%"% &% -( ,)7*-#"A& 9-+;"(% HI 8*(&9: $)9-')

#"$ <& %"E<&"- J?J &% +<<-9%$) #"$ <" KA-$& J?HL: 7G"D-& 8*(& M"+9"(% +(%&$;&(+$ ,& -( @

D-"%$& ,)%&7%&-$9?

 !"# J?HL N 3)7*-#"A& &( 8*(&9 ,& <!"##"$%&'&(% %)'*+( ,- ./0 1234526?

 !"# $%&' $%&( $%&) $%&* $%&+  !"# $%&' $%&( $%&) $%&* $%&+

' × , × ×

( × '- × ×

) × '' × ×

* × '( × × ×

+ × ') × × ×

. × × '* × × ×

/ × × '+ × × × ×

0 × ×

$%&# J?J N  +9%& ,&9 8*(&9 ,)K(+&9 #"$ <&9 ,)%&7%&-$9 /=>?
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. 2 *0+,+'$ -. -- *&09&+1 &0 ,"99$ :$ ;"+'

-8 8 *0+,+'$ 38 -- *&09&+1 &0 ,"99$ :$ ;"+'

=" >&'$ 8 ,+?'+@$ A0B"0*0' *"#!$01 '$ :)!$*!$ 0' C&0D$C$'! *$ A0+ "11+D$ '&!"CC$'!

9&1,A0$ 9" #$1,&''$ 1$,!$ +CC&;+9$E ("', *$ *",F &' *&',+:G1$ A0$ 9" #$1,&''$ $,! $'*&1$

:"', 9" >&'$ &H $99$ ,$ !1&0D"+! "0 #", #1)*):$'!E =" C)C&1+,"!+&' :$ 9B)!"! #1)*):$'!

#$1C$! :&'* :$ ?)1$1 I 9" J&+, 9$, ,+!0"!+&', :B"C;+?0K!) $! 9$, #)1+&:$, :B+CC&;+9+!)E

L9 ,0;,+,!$ 0'$ +'*$1!+!0:$ #&01 9$, A0"!1$ :$1'+G1$, )!"#$, :0 ,*)'"1+&E M$*+ $,! :N

I 9B+C#&,,+;+9+!) :$ C&:)9+,$1 9" J$1C$!01$ :$ 9" #&1!$ A0+ ,)#"1$ 9$ *&09&+1 :$ 9" ,"99$ :$

;"+'E O' *&':+!+&' 1)$99$F ,$09 9$ *"#!$01 LPQ6 $,! $' C$,01$ :$ :)!$*!$1 9" #$1,&''$ :"',

9" ,"99$ :$ ;"+'E

 !"#$%&!  !"#  !"# $%& '%()(%& ')*+%& !" $%& ,!-%& #%&(#%)-(%&. /0"()/)&1()!- $0"-% (2%#3

4!')/% 1''!#(% "-% )-5!#41()!- #%$!-$1-(% 6") '%#4%( $% /%7%# /%& $%#-)*#%& )-+%#()("$%&8

R' *&',+:G1$ 0' ,$*&': ,*)'"1+& SD+?'$!!$ :1&+!$ :$ 9" @?01$ 4E-.T *&C#&1!"'! A0"!1$

#U",$, :B+CC&;+9+!) S)!"#$ -8F --F -< $! 34TE =$, 1),09!"!, :$ 9&*"9+,"!+&' +,,0$, :$ 9"

J0,+&' ,&'! :&''), I 9" @?01$ 4E3-E

O' 0!+9+,"'! 9" :)C"1*U$ :)*1+!$ #1)*):$CC$'!F &' :)!$1C+'$ 9$, 9&*"9+,"!+&', ,0+V

D"'!$, W
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 !"#  !"# $ %&'()*+* ,-*./( 0,(1 (/ '.2,/3 '2&/+14,!

5*+0. 6,/. 7&24'4,/ 5*+0. 6,/. 7&24'4,/

# 8 '&9,(1 # : 2;+<-1.

" # '&9,(1 #= #" '&9,(1 ,( 2;+<-1.

 : '&9,(1 #> 8 '&9,(1

= 8 '&9,(1 #: #> 2,(),41

> #" '&9,(1 ,( 2,(),41 #? > 2,(),41

: " 2;+<-1. #@ A 2,(),41

? " 2;+<-1. #8 # 2,(),41

@ : 2;+<-1. "A = '+)). 3. -+4/

8 " 2;+<-1. "# = '+)). 3. -+4/

#A A 2;+<-1. "" = '+)). 3. -+4/

## A 2;+<-1. " A '+)). 3. -+4/

#" " 2;+<-1.

 ! !"!" #$ %&'$%()$*(&+  , -./'()0

B,(1 +C/.1 )+ ),2+)4'+*4,/  7D ,/ (*4)4'. 3.' 4/E,1<+*4,/' 0)(' 142;.'D F '+G,41 ).'

4<+H.'! IJ.'*4<+*4,/ .* ). '(4G4 3. 0,'4*4,/ 3. )+ 0.1',//. 3+/' )J4<+H. .'* 1&+)4'&. F

0+1*41 3.' ',1*4.' 3. )J+)H,14*;<. 3. *1+4*.<./* 3J4<+H.' .* F )J+43. 3( K%LM!

 !"#$%&!  !""  !" !"#$%&#$'(" $"")!" *! +,&+-'.$#/%! 0123 4!)5!(# 4&.6'$" 7#.! !..'8

##?



 !"# $ %&'#" ()' *+,- .+& ( %/& ."0" * (" 1'02 ,#2*! ,' (" -/! ,03 "# (),04+"#5 6"#

(!*"%*"'+# 789 "* 1"# */"+0,-21"# -"+0"**" * &1,+# (" %,++2."+ %"# "++"'+# ()"#*20&*2, #

(& # 1& 0"#'+" ,: 21#  " #, * -&# -"+*'+4!# -&+ %"# (2;%'1*!#5 6"# < *=-"# ()2 >,+0&*2, #

#, * &1,+# >'#2,  !#5

 !"# $%!&# '()'!*"+,- #!"# . //0.- 1( )1$2(3(&, *(# *4,(2,("'# 560 )'4#(&,# $"

#(+& *( 17$))$',(3(&, ,43!+& *" 85. 9:;/ :< => 2$),("'# #!&, )'4#(&,# $" ,!,$1-

&!"# &7(& 2!&#('%!&# ?"( @ )!"' &!,'( (A(3)1(BC  !"# )!#+,+!&&!&# 4D$1(3(&, "&( 2$E

34'$ $+&#+ ?"7"&( ,F('3!)+1( =GD"'( HC@@BC
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IRP (rouge), thermopile (vert), caméra (bleu)

obstacle

 !"# HC@@ I 01$2(3(&, (, 2!"%(',"'( *(# 2$),("'# )!"' 1$ 1!2$1+#$,+!&C

/& #+3"1( "& *4)1$2(3(&, *$&# 1( #$1!& *( 17$))$',(3(&, =GD"'( HC@HB $+&#+ ?"( 17(#,+E

3$,+!& *( )!#+,+!& H; (J(2,"4( )$' 1$ 2$34'$ K 17$+*( *( 17$))'!2F( L6<MC /& #"))!#(

?"7$" 2!"'# *" *4)1$2(3(&,- 1$ 2$34'$ '(&2!&,'( *(# *+N2"1,4# )!"' (#,+3(' 1$ )!#+,+!&

=!221"#+!&- %$'+$,+!&# 1"3+&("#(#B- '()'4#(&,4(# )$' 1(# )!+&,# $O(''$&,# PabC P(# *4,(2E

,("'# 560 (, 1$ ,F('3!)+1( 2!''+D(&, $1!'# 2(,,( (#,+3$,+!&C
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Trajectoire réelle (−−), trajectoire estimée (−o)

Pab

 !"#  !" # $%&'()*+,%( %-(..( (* *%&'()*+,%( (/*,0-( 1&% .& )&0-%&!

 ! ! "#$%&' (&#) *+ ,-./)0%'+.%&' ,/ (&$.#)/

2+3% .( 0&,4*,(4 5 6+0,),.( 6( 1(%/+44(/ 78-(/9 .& 6-*(%0,4&*,+4 6( .& 1+/*3%( (/*

34( ,4:+%0&*,+4 *%;/ ,01+%*&4*( (* *%;/ 3*,.( 1+3% .& 1%,/( 6( 6-),/,+4! <..( 1(%0(*9 (4*%(

&3*%(/9 6( 6-*()*(% 6(/ /,*3&*,+4/ 6=&.(%*( )+00( 6(/ )>3*(/ (4 &//+),&4* .& 1+/*3%( 6( .&

1(%/+44( &?() /& .+)&.,/&*,+4 6&4/ .=(4?,%+44(0(4* /3%?(,..-!

@(&3)+31 6=&11.,)&*,+4/ 6( /3%?(,..&4)( 6( 1(%/+44(/ 78-(/ 3*,.,/(4* 6(/ )&1*(3%/ 6(

*A1( &))-.-%+0;*%( +3 8A%+0;*%(9 (0B&%C3-/ /3% .& 1(%/+44( DE(0F"GDH(6FIG! J3 %(8&%6

6(/ &**(4*(/ (* 6(/ /1-),K)&*,+4/ 6(/ 1&%*(4&,%(/ ,463/*%,(./ 63 1%+'(* LJ2$MNH9 .=3*,O

.,/&*,+4 6=34 6,/1+/,*,: 1+%*- 1&% .& 1(%/+44( 4=(/* 1&/ (4?,/&8-(9 .& 1(%/+44( 6(?&4* P*%(

)+01.;*(0(4* 1&//,?( ?,/ 5 ?,/ 63 /A/*;0( Q6,/1+/,*,: 4+4 ,4?&/,:R!

S+3/ &?+4/ 6+4) +1*- 1+3% 34( (T1.+,*&*,+4 6(/ 6+44-(/ 1%+?(4&4* 63 *%&,*(0(4*

6=,0&8(/ 1+3% %-&.,/(% .& 6-*(%0,4&*,+4 6( .& 1+/*3%( 6( .& 1(%/+44( 6-*()*-(! S+3/ %&1O

1(.+4/ C3=&3)34( ,0&8( 4=(/* ?,/3&.,/-( 5 .=(T*-%,(3%!

U=,6-( (/* 6( 0(**%( (4 1.&)( 34( 0-*>+6( C3, +V%( .& 1+//,B,.,*- 6( :3/,+44(% 6,:O

:-%(4*(/ )&%&)*-%,/*,C3(/ ,//3(/ 63 *%&,*(0(4* 6=,0&8( 1+3% 6-*(%0,4(% .& 1+/*3%( 6( .&

1(%/+44(! E&4/ DW,%FXG9 W,%+46(. (* &.! 6-)%,?(4* 34 6,/1+/,*,: &3*+0&*,/- C3, %()+44&Y*

&3*+0&*,C3(0(4* C3&*%( 1+/*3%(/ /*&*,C3(/ 6( .=>+00( 1+3% .& /3%?(,..&4)( 6( 1(%/+44(/

ZZI



 !"#$% &#'( )**(+,-#. /)$"# $'( 01'2303$)23+4 5# 0) 2-"+(3# 5#$ ,(+6)4,#$. +7(# 5# /+44#$

*#(8+(9)4,#$ #4 2#(9# 5# (#,+44)3$$)4,# 9)3$ ,+9*+(2# ,#(2)34#$ 03932)23+4$% &) 5"2#(:

934)23+4 5# 0) *+$2'(# $# 8)32 *)( ,+9*)()3$+4 5# 2(+3$ ,)(),2"(3$23;'#$ < 0134$2)42 ,+'()42

*)( ()**+(2 < '4# *+$2'(# 5# ("8"(#4,#% &) *#($+44# 5+32 2+'=+'($ $# 2#43( < 0) 9>9# 53$:

2)4,# 5# 0) ,)9"()% ?# *0'$. '4 34,+4@"43#42 5# 0) 2-"+(3# 5#$ ,(+6)4,#$ #$2 0) 53A,'02"

;'# 01+4 *#'2 (#4,+42(#( 0+($ 5# 0) 5"2#(934)23+4 5#$ 9+5B0#$ 5# ,(+6)4,# ;'3 4",#$$32#

5# 4+9/(#'$#$ 5+44"#$ #C*"(39#42)0#$ #2D+' 5#$ )@3$ 51#C*#(2%

E+'( $1)7()4,-3( 5# ,#22# 5"*#45)4,# @3$ < @3$ 51'4# *+$2'(# 5# ("8"(#4,#. 4+'$ *(+*+:

$+4$ 51'2303$#( ;')2(# *)()9B2(#$ +/2#4'$ *)( 2()32#9#42 5139)!#$ $'( 0139)!# ,+'()42#%

F' 0# ,)(),2B(# 39*(",3$ #2 0#$ *+$$3/0#$ $32')23+4$ 5# ,+4G32 ;'3 *#'@#42 )**)()H2(# 0+($ 5#

0) 5"2#(934)23+4 51'4# *+$2'(# *)( ()**+(2 < '4# )'2(#. 0# ,-+3C 5# 0) 9"2-+5# 5# 8'$3+4

$1#$2 +(3#42" @#($ '4# 9"2-+5# /)$"# $'( '4# )**(+,-# $69/+03;'# *0'2I2 ;'# *(+/)/303$2#

+J 0139*(",3$3+4 5#$ 5+44"#$ #$2 53A,30#9#42 ;')423K)/0#% &#$ ;')2(# *)()9B2(#$ $+42

8'$3+44"$ *)( '4# 9"2-+5# /)$"# $'( 0) 0+!3;'# G+'# LK!'(# M%NOP% &#$ 8+4,23+4$ 51)**)(:

2#4)4,# +42 "2" 5"K43#$ !( ,# < 5#$ #C*"(39#42)23+4$%

&# *(+,#$$'$ 5# 8'$3+4 *+'( 0) 5"2#(934)23+4 5# 0) *+$2'(# *#'2 >2(# 5",(32 *)( Q

 !"# M%NO R S(!)43!()99# 5# 0) 5"2#(934)23+4 5# 0) *+$2'(#%

TNU



 ! ! !" #$%&'(')'*+,

 !"# #$%%&'( )!"* "+,',*!)* ")& *&"'& -$./#$ %&#*%&-+,0&( %!*,+,!))/& 1 ")& 2$"+&"#

34&)0,#!) 5 .6+#&* &+ %&#.&++$)+ ")& -!"0&#+"#& 7"$*,89'!:$'& 3& '$ %,6-&; <!"* =$,*!)*

'42>%!+26*& 7"& '$ %&#*!))& &*+ *&"'& 3$)* '$ %,6-& &+ 7"4$"-") !:*+$-'& )4!:*+#"& '& -2$.%

3& 0,*,!) 3& '$ -$./#$;

-,. /0+%10,. (2,3%0$,

?&* ,)=!#.$+,!)* *!)+ &@+#$,+&* 9#A-& $" +#$,+&.&)+ 34,.$9&*; B6* '4/+$%& 3& *!"*+#$-+,!)

34$##,6#& %'$)( !) 3,*%!*& 34") &)*&.:'& 3& %,@&'* :'$)-* -!##&*%!)3$)+ $"@ -2$)9&.&)+*

&)+#& '4,.$9& -!"#$)+& &+ '4$##,6#& %'$)( 1 *$0!,# '$ %&#*!))& 3/+&-+/& 3$)* '4,.$9& CD9"#&

E;5FG; B&"@ 3!))/&* *!)+ $'!#* &@+#$,+&* 3& -& )"$9& 3& %!,)+* H

• C( -!##&*%!)3$)+ $" %!,)+ .!>&) C$**,.,'$:'& $" -&)+#& 3& 9#$0,+/( )!+/ -39G I

• e( ") 3&* $@&* %#,)-,%$"@ 3& '4&)*&.:'& 3&* %!,)+*;

 !"# E;5F J K&%#/*&)+$+,!) 3" %!,)+ .!>&) &+ 3& '4$@& %#,)-,%$' 3" )"$9& 3& %!,)+*;

 !"#$%&!  !4  ! "#$%&'()!$(*) "% C %$ "% +,!-% .&()/(.!+ e %0$ "#/&($% "!)0 +,!))%-%

12

L %$#+,# 3& '$ :!,+& &)9'!:$)+&( #/*"'+$+ D)$' 3& '4$'9!#,+2.& 3& +#$,+&.&)+ 34,.$9&*

CD9"#& E;5MG( !) .&*"#& +#!,* 3,*+$)-&* H

• D1( '$ 2$"+&"# 3& '$ :!N+& &)9'!:$)+& C$**,.,'$:'& &) %!*,+,!) 3&:!"+ 1 '$ 3,*+$)-&

+O+&P%,&3*G I

Q5Q



 !"#  !"# $ %&'()*&+,-,./+ 0&* 0.*,-+1&* D12 D2 &, D3!

• D22 3- 3-(4&5( 0& 3- 6/7,& &+43/6-+,& 8

• D32 3- 0.*,-+1& &+,(& 3& '/.+, C 91&+,(& 0& 4(-:.,); &, 3& 6-* 0& 3- 6/7,& &+43/6-+,&!

< '-(,.( 0& 1&* 0/++)&* 9D12 D22 D32 C &, e;2 /+ 0)=+., >5-,(& '-(-?@,(&*2 5,.3.*)*

&+ &+,()& 05 0.*'/*.,.A 0& 3/4.>5& B/5& C

• r1 = D3/D12 (-''/(, &+,(& 3- 0.*,-+1& 104D'.&0 &, 3- E-5,&5( 0& 3- 6/7,& 8

• r2 = D2/D12 (-''/(, &+,(& 3- 3-(4&5( &, 3- E-5,&5( 0& 3- 6/7,& 8

• ax12 3- 1/?'/*-+,& *5.:-+, 5 0& 3F-G& '(.+1.'-3 e 8

• ax22 3- 1/?'/*-+,& *5.:-+, : 0& 3F-G& '(.+1.'-3 e!

 !"#$%&!  !"#  ! "#$ %&'()$*+$ ," +($") -." !/%+$0)1$ ,/.$%!%#") ,"# )*''()$# ," ,%#$*+2"#

)0#%," ,*+# !* 3(!(+$0 ," #/*4)*+25%) *. &*6%&.& ," !* ,%#$*+2" 7 !*-."!!" #" $)(.3" !*

'")#(++" '*) )*''()$ *. ,%#'(#%$%8 3%#."! "$ ," '")&"$$)" !* ,0$")&%+*$%(+ ," !* '(#$.)"

-."!!" -." #(%$ !* '59#%(+(&%" ," !* '")#(++":

H& 0.*'/*.,.A 0& (&1/++-.**-+1& 0& '/*,5(&2 >5& +/5* '(/'/*/+*2 &*, 6-*) *5( 3- A5*./+

0&* '-(-?@,(&* r12 r22 ax1 &, ax2 &+ 5,.3.*-+, 5+ -34/(.,E?& 0& 3/4.>5& B/5&! I+ /'@(&

5+& A5*./+ 0& '(.?.,.:&*!

J""



 !"#$%&'()*+ ,+ #%$'-.+ /%.+ 01#'234

 !"# $%!&# '()&*'+, -'.()##"# /)# )&#)01/)# (2)&*3,)# 4"' &!"# 5)30)**)&* (2'()&*'+)3

/$ 5!#*"3) () /$ 5)3#!&&)6 7$ 0'#) )& 5/$-) (2"& $/8!3'*90) () /!8'4") :!") &,-)##'*)

/$ (,+&'*'!& () /2"&'%)3# () #!3*') 4"'; 5!"3 &!*3) $55/'-$*'!&; -!33)#5!&( < /$ 5!#*"3)

() /$ 5)3#!&&)6 =)* "&'%)3# () #!3*') )#* -!05!#, ()# #!"#.)&#)01/)# :!"# $##!-',# $">

('?,3)&*)# 5!#*"3)# -!&#'(,3,)# @ -!"-9, AH1B; $--3!"5' AH2B; $##'# AH3B )* ()1!"* AH4B6

C*$&* (!&&, 4") /)# 4"$*3) 9D5!*9E#)# () 5!#*"3) &) -!"%3)&* 5$# /2'&*,83$/'*, () /2"&'.

%)3# () #!3*'); &!"# $F!"*!&# "&) -'&4"'E0) 9D5!*9E#) H0 5!"3 /)# 5!#*"3)# '&(,*)30'&,)#6

5"6  +7 8%9:('%97 ,!";;"&(+9"9:+

G!"3 -9$4") )&*3,) )* 5!"3 /$ #!3*'); &!"# '()&*'+!&# /)# #!"#.)&#)01/)# :!"# 53'# )&

-!05*); -9$4") #!"#.)&#)01/) ,*$&* (,+&' 5$3 "&) H!&-*'!& (2$55$3*)&$&-)6 7$ H!&-*'!&

(2$55$3*)&$&-) (2"& #!"#.)&#)01/) :!" -$3$-*,3'#) /) ()83, (2$55$3*)&$&-) (2"&) %$3'$1/)

($&# /) #!"#.)&#)01/) -!&#'(,3,6 I /$ ('?,3)&-) () /$ *9,!3') -/$##'4") ()# )&#)01/)#; !J

"& ,/,0)&* $55$3*')&* < "& "&'4") )&#)01/); )& /!8'4") :!"); "& 0K0) ,/,0)&* 5)"*

$55$3*)&'3 < 5/"#')"3# )&#)01/)# $%)- 5!"3 -9$-"& "& ()83, (2$55$3*)&$&-)6 L&) H!&-.

*'!& (2$55$3*)&$&-) (2"& #!"#.)&#)01/) :!" I (2"& "&'%)3# L )#* (,+&') () /$ 0$&'E3)

#"'%$&*) @

∀x ∈ U, fA(x) ∈ [0; 1] AM6NB

7)# H!&-*'!&# (2$55$3*)&$&-) !&* ,*, (,+&')# < 5$3*'3 (2)>5,3'0)&*$*'!&#6 O)# #-,.

&$3'!#; '//"#*3$&* /$ %') -!"3$&*) !J -9$4") 5!#*"3) )#* -!&#'(,3,); !&* ,*, 3,$/'#,#6 L&)

$&$/D#) ()# #,4")&-)# (2)&3)8'#*3)0)&* $ 5)30'# (2!1*)&'3 /)# -!"31)# () %$3'$*'!&# ()#

-3'*E3)# Ar1; r2; ax1 )* ax2B6 L& )>)05/) )#* (!&&, 5!"3 r1 )* r2 $%)- ()"> #-,&$3'!# A+.

8"3)# M6PQ )* M6PRB6 S& H!&-*'!& () /$ #)&#'1'/'*, ()# -3'*E3)# 5$3 3$55!3* < /$ 5!#*"3);

()">; *3!'# !" 4"$*3) H!&-*'!&# (2$55$3*)&$&-) !&* ,*, 3)*)&")# 5!"3 -9$4") -3'*E3)6 G!"3

r2 )* ax1; *3!'# H!&-*'!&# (2$55$3*)&$&-) A%$/)"3 H$'1/); 0!D)&&) )* H!3*)B #!&* "*'/'#,)#

A+8"3) M6PTB6

G!"3 r1 A5$3$0E*3) 5/"# #)&#'1/)B )* 5!"3 ax2; !& (,+&'* 3)#5)-*'%)0)&* 4"$*3) )*

()"> H!&-*'!&# (2$55$3*)&$&-)6

5<6  +7 &=$#+7 ,+ :%*<'9"'7%9

=!00) )& /!8'4") 1'&$'3); '/ )#* 5!##'1/) (2$55/'4")3 ()# 3$'#!&&)0)&*# #"3 /)# #!"#.

)&#)01/)# 4"' 5)"%)&* 53)&(3) /$ H!30) #"'%$&*) @
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 !"#  !"# $ %&'(&)(*+, -. r1 ,/(0&+) -./1 ,23+&'(*,!
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 !"#  !"4 $ %&'(&)(*+, -. r2 ,/(0&+) -./1 ,23+&'(*,!
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Fonctions d’appartenance de r2
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 !"#  !"5 $ 6*+2)(*+, -7&88&').+&+2. -., .+)'3., r2 .) ax1!
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 ! "x ∈ A# $% "y ∈ B# &'() "z ∈ C#

*+ A, B -. C /*0. 1-/ /*2/3-0/-456-/ 7*2/8

!6 9*0:;-0. 1- 1<.-=4;0-= 6>-0/-456- 1- 9-/ =?;/*00-4-0./, <@?6-4-0. ?AA-6</ =B@6-/

1>;0C<=-09-8

D*2= 0*.=- ?AA6;9?.;*0, E =B@6-/ *0. <.< 1<F0;-/ .-0?0. 9*4A.- 1- 6>-0/-456- 1-/ -0.=<-/

-. 1- 6>20;:-=/ 1- /*=.;-8 '- .?56-?2 G8H =</24- 6>-0/-456- 1- 9-/ =B@6-/8

IJ

$0.=<-/

 *=.;-

r1 r2 ax1 ax2

K  ! C*=. C?;56- &'() 9*29L<

M  ! 4*N-0 C?;56- 4*N-0 C*=. &'() 9*29L<

G  ! 4*N-0 C*=. 4*N-0 C*=. &'() ?//;/

O  ! 4*N-0 C?;56- C*=. &'() ?99=*2A;

H  ! C?;56- C?;56- C*=. &'() 1-5*2.

P  ! C?;56- C*=. &'() 9*29L<

Q  ! C*=. C?;56- &'() 1-5*2.

E  ! 4*N-0 C*=. 4*N-0 &'() ?//;/

 !"# G8H R )B@6-/ 1<F0;-/ A*2= 6- =?;/*00-4-0. 1- 6>?6@*=;.L4- 1- 6*@;S2- 7*2-8

 !"#$%&!  !"#

 !"##$ %"&' () *+,$'#-.),-". *$/ 0".1,-"./ *2)%%)',$.).1$3 () *+4.-,-". *$/ '56($/

*$ 1"#7-.)-/". $/, '+)(-/+$ 8 %)',-' *$ 1"./,),),-"./ $9%+'-#$.,)($/ )& ,'):$'/ *$/

1"&'7$/ "7,$.&$/ ("'/ *$ () 1)#%)6.$ *$ ,$/,/;

 <$/ )&,'$/ 1".46&'),-"./ 1"''$/%".*$., 8 &.$ %"/,&'$ -.*+,$'#-.+$ "& 8 &.$ /-,&)=

,-". -#%"//-7($;

$%& '() *+,-./(0-) 1234+53%./3*67 1( %*68*6%/3*6 (/ 12.99-,9./3*6

'><.?A- /2;:?0.- 9*0/;/.- T *A<=-= 20 9L*;U S2?0. ?2U *A<=?.-2=/ 1>;4A6;9?.;*0 -. 1-

9*0V*09.;*0 .=?12;/?0. =-/A-9.;:-4-0. 6- &'() -. 6- $%8 I*2/ ?:*0/ *A.< A*2= 6>;4A6;3

9?.;*0 7*2- 1- W?01?0; XW?4QQY8

'- 1-@=< 1- 6>;4A6;9?.;*0 7*2- A*2= 20- =B@6- 12 .NA- Z

 ! "x ∈ Ai# $% "y ∈ Bi# &'() "z ∈ Ci#
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 !" #$%&' ()* +

fSi
(z) = min(min(fAi

(x), fBi
(y)), fCi

(z)). ,-./0

123($*)" 4* #2'5(6'7)"'3&  " 623($*)" 4* # 73&83&7"'3& 73** !(3&# &" #3&7 9 623($*)" 4*

min.

:; 5(6 + <3'" 6 = 7" 4* #2 &"*$ V = (r1, r2, ax1, ax2)
T = (0.5, 2.9, 0.9, 0.23)T

. >2)(*?!

6) *?@6 ABCD 3& 3E"' &" +

<' ,ax1  !" F3*"0 :G ,ax2  !" F)'E6 0 H1IJ< ,(3!"4*  !" 7347K$ 0

ax1  !" F3*" )= 7 4& # @*$ # C ,%@4* -.-L ,)00  " ax2  !" F)'E6 )= 7 4& # @*$ # 0.33

,%@4* -.-L ,E00. I& #$#4'" 6) F3&7"'3& #2)(()*" &)&7 # ! (3!"4* ! !364"'3&! # 62'5(6'M

7)"'3& N34 !4* 6) %@4* -.-L ,70 ,min(1; 0.33) = 0.330.
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 ! "#$%$&' (&)&'$&#* *(" *+*,"-. /0-# ,1$,-!* 2*( 3 $-"#*( #45'*( $%*, '* )6)* *!(*)7'*

2* %$'*-#( 28*!"#.*9 : /$#"&# 2* ,*( ;0!,"&0!( 28$//$#"*!$!,*< 0! 2."*#)&!* '$ ;0!,"&0!

28$//$#"*!$!,* 5'07$'* 2- (=("4)* *! $5#.5*$!" '*( #.(-'"$"( > '8$&2* 2* '80/.#$"*-# max  

fS(z) = max(fS1
(z), fS2

(y)), . . . , fS8
(z)). !"#$%

&'() *+,-.,/0*, 1+,-2)3,. (0.5, 2.9, 0.9, 0.23)T
4 *5 6'-728'- 1+5995)2,-5-7, .'*(28'- ,.2
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 !"# "#"= > ?'-728'- 1+5995)2,-5-7, <*'05*, 1( .@.2A/,#

 !" #$ !%&'(()*+$,)-.

B5 1,)-8A), 3259,4 599,*3, 136(CC8;7528'-4 9,)/,2 1+8-2,)9)32,) 7,22, 6'-728'- 1+5995)2,D

-5-7, .'*(28'-# E- 18.28-<(, 18F3),-2,. /32G'1,.  

• *5 /32G'1, 1( /5H8/(/ 'I *5 .'*(28'- 7')),.9'-1 : *+50.78.., 1( /5H8/(/ 1, *5

6'-728'- 1+5995)2,-5-7, <*'05*,# J5-. *, 75. 'I 9*(.8,(). 9'8-2. 7'-K8,--,-24 2)'8.

5*2,)-528K,. .'-2 9'..80*,.  !=% L,5- E6 L5H !LEL%4 /'@,--, 1,. /5H8/54 !M%

N/5**,.2 '6 L5H !NEL%4 /8-8/(/ 1,. 50.78..,. 1,. /5H8/54 !"% B5)<,.2 E6 L5H

!BEL%4 /5H8/(/ 1,. 50.78..,. 1,. /5H8/5 O

• *5 /32G'1, 1( 7,-2), 1, <)5K823  ,**, 'F), 1, 0'--,. 9,)6')/5-7,. ,- 2,)/, 1,

.2508*823 657, 5(H K5)8528'-. 1,. ,-2)3,.4 7, P(8 ,H9*8P(, P(+,**, ,.2 *5)<,/,-2 (28*8.3,#

Q,9,-15-2 ,**, -37,..82, (-, 9(8..5-7, 1, 75*7(* 9*(. 8/9')25-2,#

 !"#$%&! /012  !"# $%!&# '(!)#) *$ +,-(!./ ./ *$ +!0/&&/ ./# +$1)+$ '$2 /**/ &/

&,'/##)-/ 3$# "&/ 42$&./ 3")##$&'/ ./ '$*'"* /- /#- )+3*,+/&-$5*/ /& -/+3# 2,/*6

=M$



 ! ! !" #$%&'()(% *+,$-./*0()&+

 ! "!#"$%&" '" () #*+,"!-"# ./'*0# 1 *2* 3*1&/#*4 #0/2 ,! 2021& '5"!./30! 6677 /$18"#

9:8,3" ;<;=>< ?@1-,!" '"# #*+,"!-"# 1 A"3$/# '" 3"A3*#"!2"3 '/B*3"!2# #-*!13/0# +," &50!

A",2 3"230,."3 '1!# &1 ./" -0,31!2" 1/!#/ +," '"# #-*!13/0# '" -@,2"< C50%D"-2/E "#2 '"

2"#2"3 &1 30%,#2"##" "2 &"# A"3E03$1!-"# ', '/#A0#/2/E '" 3"-0!!1/##1!-" '" A0#2,3"<

 !"# ;<;= F GH"$A&" '" A0#2,3"# ,2/&/#*"# A0,3 &"# 2"#2#<

(=I



 !" #$%& '! (!)*++$,""$+)! *-#!+%" .*%( )/$0%! .*"#%(!1 2 .$(#,( '! )!" 34 "50%!+)!"1

"*+# '*++5" '$+" 6! #$-6!$% 7898  $ .(!:,;(! 6,<+! (!.(5"!+#! 6$ .*"#%(! (5!66! '! 6$ .!(=

"*++! !# 6!" )*6*++!" (!.(5"!+#!+# 6$ .*"#%(! (!)*++%! .$( 6! ">"#;:! '! ?%",*+8

@>"#AB5!6 H1 H2 H3 H4 H0

H0 31CD E1ED E1ED 317D F1CD

H1  !"#$ E1ED E17D E1GD 371HD

H2 914D  !"%$ G1ID G14D C41ID

H3 I13D 3G1ID &'" $ 31FD 7C1FD

H4 E1ED C13D E1ED &("%$ 3I14D

 !"# 789 J K$#(,)! '! )*+?%",*+ '% ">"#;:! '! (!)*++$,""$+)! '! .*"#%(!8

 ! #$%& '! (!)*++$,""$+)! :*>!+ '% ">"#;:! !"# '! L FF1CD8  !" ',M5(!+#!" .*"#%(!"

"*+# '$+" 6N!+"!:-6! -,!+ (!)*++%!" L '!" )*+?%",*+" !&,"#!+# !+#(! 6!" .*",#,*+"  !!"#$%&

!#  ''&'8  !" :$%O$,"!" (!)*++$,""$+)!" '% ">"#;:! .!%O!+# "N!&.6,0%!( .$( L

• 6!" O$(,$#,*+" 6%:,+!%"!" !# 6!" P*+!" 'N*:-(!" 0%, *+# .$(?*," %+ ,:.$)# "%( 6$ #$,66!

'! 6$ -*Q#! !+<6*-$+#! R

• 6!" ?*+)#,*+" 'N$..$(#!+$+)! !# '!" (;<6!" 0%, +5)!"",#!($,!+# 0%!60%!" $S%"#!:!+#"8

 !"#$%&! !)(* (& ) %*"'#++* !,$-* . +' )/ 0* .* ) ! 12" 3 )*' .#++2*' *0-" &-*' .*

) 4#5-* *+6)#4 +-* +* %*"1*--*+- % ' -#$7#$"' .* .&'!"&1&+*" ) %#'-$"*8

 ! !" #$%&'( )'$* +, )*&%- .- ./0&%&'(

T(U)! $%& #(*," :*'%6!" '! ?%",*+ .(5)5'!+#" 6!" (!<,"#(!" (!6$#,?" 2 6$ '5#!)#,*+1 6$

6*)$6,"$#,*+1 6$ .*"#%(! !# 6! +*:-(! '! .!("*++!" *+# 5#5 (!+"!,<+5"8 V )!" (!<,"#(!"

"N$S*%#!+# '!" ,+?*(:$#,*+" (!6$#,O!" 2 6N!+O,(*++!:!+# !&#5(,!%( #!66!" 6$ :5#5* !# 6N/!%(!8

W,M5(!+#" +,O!$%& '! ?%",*+ *+# 5#5 (5$6,"5" L %+! ?%",*+ '! '5),",*+ .*%( 6N,+?*(:$#,*+ '!

.(5"!+)! /%:$,+!1 %+! ?%",*+ '! .(,:,#,O!" .*%( 6$ 6*)$6,"$#,*+ '$+" 6N,:$<! !# '$+" 6! (5!6

!# %+! ?%",*+ '! .(,:,#,O!" .*%( 6$ '5#!(:,+$#,*+ '! .*"#%(!8 W!" ?%",*+" '! +,O!$% E !# 3

"*+# 5<$6!:!+# *.5(5!" +*#$::!+# 6*(" '% ?*+)#,*++!:!+# '% XBYZ8  $ '!(+,;(! 5#$.!

)*+","#! '*+) 2 %#,6,"!( 6N!+"!:-6! '! )!" (!<,"#(!" .*%( 5#$-6,( %+ ',$<+*"#,) !+ ?*+)#,*+

'! 6N$..6,)$#,*+ 5#%',5!8

3CI



 !" #! $%&'()* +*%,$+'(-.% /01!2('!' (*'%33($%*'

 !"#  !  " #$%&' (' ()*%&%+, -+.$ /0 1'&2%+, ),'$1)2%3.' (0,& /4506%202!

74+68'*2%9 -+.$ ('& 0--/%*02%+,& (4506%202 %,2'//%1',2 '&2 (+.6/'! :4.,' -0$2; +, *5'$*5'

< 0&&.$'$ /' *+,9+$2 (' /0 -'$&+,,' 0. &'%, (' *50*.,' ('& -%=*'& ', 0.2+>02%&0,2 /0 1'&?

2%+, (' /4)*/0%$01' '2 (. *50.@01'! :40.2$' -0$2; +, *5'$*5' < (%>%,.'$ /0 *+,&+>>02%+,

),'$1)2%3.' 1/+60/' (' /4506%202!

A% /0 -$)&',*' 5.>0%,' '&2 ()2'*2)'; %/ 90.2 2',%$ *+>-2' ('& (+,,)'& (' /4',B%$+,,'?

>',2 'C2)$%'.$! D, '@'2; -+.$3.+% )*/0%$'$ .,' -%=*' &% .,' -'$&+,,' '&2 ()2'*2)' '2 3.'

/0 /.>%,+&%2) 'C2)$%'.$' '&2 &.E&0,2' -+.$ 0&&.$'$ /' *+,9+$2 B%&.'/ (' /0 -'$&+,,'! F,'

-$%&' ', *+>-2' (4%,9+$>02%+,& %&&.'& (' /4',B%$+,,'>',2 'C2)$%'.$ '&2 ,)*'&&0%$'; 0G,

(' $'-$+(.%$' /' *+>-+$2'>',2 3.40.$0%2 ., 5.>0%, &% %/ ('B0%2 >0,.'//'>',2 0//.>'$ /'

&H&2=>' (4)*/0%$01'! 74+68'*2%9 '&2 (' $)(.%$' 'E*0*'>',2 /0 *+,&+>>02%+, '2 ,+, -0& ('

*+,&+>>'$ %,.2%/'>',2 (' /4),'$1%'!

70 -)$%+(' (. 8+.$ '2 /0 /.>%,+&%2) &+,2 *'-',(0,2 ('& ,+2%+,& %>-$)*%&'& '2 %,2'$-$)?

2)'& (' >0,%=$'& (%@)$',2'& &.%B0,2 /'& -'$&+,,'& I'//'& &'$+,2 &%>./)'& -+.$ /'& 'C'>-/'&

(40--/%*02%+,J! KG, (' -0//%'$ *'22' (%E*./2); ,+.& ()G,%&&+,& *'& ('.C %,9+$>02%+,& <

/40%(' (' &+.&?',&'>6/'& L+.&! #+.$ /0 -)$%+(' (' /0 8+.$,)' ,+.& *+,&%()$+,& 2$+%& &+.&?

',&'>6/'& M /0 8+.$,)'; /0 &+%$)' '2 /0 ,.%2! :'.C &+.&?',&'>6/'& &+,2 )10/'>',2 -$%& ',

*+>-2' -+.$ /0 /.>%,+&%2) 'C2)$%'.$' M &+>6$' '2 */0%$! D,G,; /0 2$+%&%=>' ',2$)' *+,*'$?

,0,2 /0 -$)&',*' '&2 *+>-+&)' (' ('.C &+.&?',&'>6/'& M 06&',*' '2 -$)&',*' 5.>0%,'! 7'

&H&2=>' 0%,&% ()G,% -'$>'2 (' 1)$'$ ', &+$2%' /4)*/0%$01' %,2)$%'.$ (' /0 -%=*'; 3.' ,+.&

(%B%&+,& ', ('.C &+.&?',&'>6/'& M NOO '2 NP! 7'& 9+,*2%+,& (40--0$2',0,*' ('& 2$+%&

',2$)'& I-$)&',*'; /.>%,+&%2); -)$%+(' (. 8+.$J '2 (' /0 &+$2%' I)*/0%$01'J &+,2 $'-$)&',2)'&
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Fonctions d’appartenance de la sortie éclairage

 !"#  ! " # $%&'()%&* +,-..-/(0&-&'0 +1 *2*(340 +,5'6-)/-70!

80* /3760* .%/(-&( *1/ '0* (/%)* 0&(/50* *%&( 0&*1)(0 +59&)0* :(-;60-1  !<=!

>?

@&(/50*

A%/()0

B'()C)(5 D14)&%*)(5 E5/)%+0 F%1/

G AH -;*0&'0 BDIJA I$$

K AH ./5*0&'0 L14-)&0 &1)( BDIJA I>

 AH ./5*0&'0 L14-)&0 &%/4-60 F%1/&50 BDIJA I$$

" AH ./5*0&'0 L14-)&0 *%4;/0 F%1/&50 BDIJA I>

M AH ./5*0&'0 L14-)&0 &%/4-60 *%)/50 BDIJA I$$

N AH ./5*0&'0 L14-)&0 *%4;/0 *%)/50 BDIJA I$$

$%&#  !< # J3760* +59&)0* .%1/ 60 /-)*%&&040&( +0 6,-67%/)(L40 +0 6%7)O10 P%10!

D0 +)*.%*)()Q -+-.(0 +%&' *%& '%4.%/(040&( 0& Q%&'()%& +0 6- .5/)%+0 +1 F%1/ 0( +0 6-

614)&%*)(5 -9& +0 '%1C/)/ 60 4-R)414 +0 *)(1-()%&* .%**);60*!
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#6'3 '! '!)"/' *# +"/%'!3' 4,(#$!'7 *' !&(8"' 2' +'"%&!!'%7 *# )'(+/"#),"' '9)/"$',"' ')
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8/& +,-'3&3/( /-( '&3/23&,- -,%120( )( 02 M&( +,/%2-3(! @I- )6*M20/(% +,%%(+3(1(-3 02

'&3/23&,-9 /-( ),--*( '/..0*1(-32&%( ),&3 L3%( .%&'( (- +,1.3( N 02 0,+20&'23&,- )( 02 .(%E

',--( &''/( )/ 1,)/0( .%*'(-3* 2/ .2%2;%2.<( G ! !OH! 5( >,-+3&,--(1(-3 )6/- 'P'3K1(

+,1=&-2-3 06&->,%123&,- +&%),"' (3 06&->,%123&,- *&3#*$%#)$&! -*+(''&3( )(' +,--2&''2-+(' 2

.%&,%& '/% 02 0,+20&'23&,- )/ 0&3 )2-' 06(-M&%,--(1(-3 %*(0 (3Q,/ )2-' 06&12;(! R(' %*;02;('

)/ )&'.,'&3&> ),&M(-3 L3%( ,.*%*' 2/ .%*202=0( 0,%' )( 06&-'320023&,- )/ ?@$ABCD! ?(02

'/..,'( *;20(1(-3 8/( 02 )&'.,'&3&,- )( 02 .&K+( -( ),&3 .2' +<2-;(% 2I- 8/( 0( )&'.,'&E

3&> +,-3&-/( 4 )*0&M%(% /-( &->,%123&,- .(%3&-(-3(! ?(33( <P.,3<K'( '( S/'3&I( .2% 0( >2&3

8/(9 +<(T 0(' .(%',--(' :;*('9 &0 ('3 %2%( 8/( 0(' 1(/=0(' ',&(-3 )*.02+*'! J-I-9 0,%'8/( 02

.,'3/%( 3&,34/ ('3 )*3(%1&-*(9 /- +,1.3(/% ('3 1&' (- 12%+<( 2I- )( +,--2U3%( 02 )/%*(

.(-)2-3 028/(00( 02 .(%',--( %('3( +,/+<*(! 5( +20+/0 )( +(33( )/%*( .(%1(3 )( )&1&-/(% 0(

V O



 !"# $% &!"''%' $( %) *+,'- %, .#!, ", '%"*/  %01+2%/ !" $%/3 $"4"%/ /! $()*'*+, $% 1+'5

 "2%  !" #$ %' )+,.20(%6 7%/! 1%20% %, 2% !" 2% $% ,% 1!' 12%,$2% %, )+01 % /%' 829:%'

:!2*! *+,' $%' %, 2(%' $" $*'1+'* *& $% $( %20*,! *+, $% 1+' "2% 4"* 1+"22!* )+,$"*2% 3

/! $()*'*+, %&'(!))&  !" #$&6

;., $<*//"' 2%2 /%' $()*'*+,' $" $*'1+'* *& 7;=>?@A %, &+,) *+, $%' *,&+20! *+,'

$(/*:2(%' 1!2 /%' )!1 %"2'- ,+"' !:+,' $(:%/+11( ",% *, %2&!)% 4"* 1%20% $% :*'"!/*'%2- 3

1!2 *2 $% ')(,!2*+' 2%12('%, ! *&' $% '* "! *+,' )+"2!, %' +" 3 2*'4"%'- /% )+01+2 %0%, $"

$*'1+'* *& % /%' $()*'*+,' .,!/%' 4"% )% '+* 1+"2 ",% !11/*)! *+, $% 0!*, *%, 3 $+0*)*/% +"

$% B%' *+, (,%2B( *4"%6 C, %#%01/% $% /<*, %2&!)% $(:%/+11(% %' 12('%, ( .B"2% D6DE6 F%"#

1!2 *%' )+01+'%, )%  % *, %2&!)%6 G! 1!2 *% '"1(2*%"2%- 4"* !  %20% $%:2!* $*'1!2!H 2%-

2%12('%, % /%' $+,,(%' *''"%' $%' )!1 %"2' I:*$(+- ' ! *+, 0( (+- J+2/+B%-6 6 6K6 L//% ,<%' 

12('%, % 4"% $!,' ", 8" $(0+,' 2! *&6 G! 1!2 *% *,&(2*%"2% 1%20% $% :*'"!/*'%2 /<(:+/" *+,

$% /! :!/%"2 $%' $*M(2%, ' 2%B*' 2%' % $% /! $()*'*+, 1%,$!, /% $(2+"/%0%, $" ')(,!2*+6

 !"#$%&!  !"# *+&)(&,-.& /&( (0,".120!)( 1 $2$ '$1.0($ #!'( .03)& 4 %1'20' /& /!))$&(

'$ "%$'$&( 501 .& 2'102&,&)2 /+0,13&( &2 .& .!30 0&. /& (0,".120!) 678896:

F*M(2%, %' $()*'*+,' 12*'%' 1!2 /% 'N' 90% '+, *//"' 2(%' $% /! .B"2% D6DE 3 D6OP6

 !"# D6DE Q R* "! *+, $% :*B*/!,)%6

SDD



 ! "#$%& '(') *++$,-%& +.&/01* 2.$/& !+&%-&  !"!#$%&' 3-!/- 21//3 4$& +! 5&%,1//& ! 3-3

23-&6-3& 6177& 3-!/- 61$683& 2!/, $/& 91/& 1: 6&--& 51,-$%& &,- */8!;*-$&++&(  & 7&,,!#&

2.!+&%-& ()*+' ,&%! &/01<3 ,* +! 5&%,1//& %&,-& !++1/#3& 5&/2!/- 5+$, 2& => ,&61/2&,(

?/& ,*-$!-*1/ 2& 68$-& &,- 5%3,&/-3& @ +! "#$%& '('A(  ! 5&%,1//& &,- &/ &B&- &/ 51,*-*1/

61$683& ,$% +& ,1+ 2&5$*, 5+$, 2& => ,&61/2&,( ?/ 7&,,!#& 2.!+&%-& ,*#/!+!/- +! 68$-& &,-

21/6 &/01<3 @ +! C!7*++& &- !$ 5&%,1//&+ ,1*#/!/-( D*&/ 4$& +! 5&%,1//& ,1*- !++1/#3 2!/,

+.!E& 2& +! 6!73%!F ,*-$!-*1/ 51,!/- 2&, 5%1;+G7&, 2& %&61//!*,,!/6&F +! 51,-$%& &,- ;*&/

*2&/-*"3&(

 !"# '('A H I63/!%*1 2& 68$-&(

='J



 !"#  ! " # $%& '()*+&),+-+&. '/ '012%10.03 '4()*50657+ '+ *5 208)+!

9/6 *5 :7/6+  ! "; *4+&.6(+ '+ *5 2+61%&&+ '5&1 *5 208)+ &45 251 '()*+&),( *4()*50657+

'5&1 *5 -+1/6+ %< *+ 1)(&560% 1+ '(6%/*+ +& =%/6&(+ +. >/+ *5 */-0&%10.( +1. &%6-5*+! ?5

*/-0&%10.( +1. '%&) 1/@15&.+ 2%/6 511/6+6 *+ )%&3%6. A01/+* '+ *5 2+61%&&+!

B C



 !"#  ! " # $%&'()&*(+(), -. -/0120/,/3 -4%&'5/657( () 8) -( 92.6)%(!

:) 6(;5)&*(< 0/ '5 +=+( 0&>)( 0( -%62.'( () 8) -( 92.6)%( (, ?.( '( ,(+10 (0, &2.;(6,

@8) -( 92.6)%( -4*/;(6 156 (A(+1'(B< '( -/0120/,/3 -%&'()&*( '4%&'5/657( -( '5 1/>&( @87.6(

 ! "B! C) &2)0,5,(< -5)0 &(0 -(.A -(6)/(60 0&%)56/20< ?.( '5 120/,/2) -(D2., (0, D/()

/-(),/8%(!

E F



 !"!# $!% &'($)('*! +,)-&%!.% %&( '//$&(01% 2 /) "3$0% 45675

 !"# 4567 8 9-&%!.% +% :01&%!.% ;$<)'!%5

=4>



 !" #$%&'()*$%

 !"# $%!&# '!&()* +,-&(*).( /0 1"#-!&&0) +0# /-2*)0&(0# /!&&*0# /-#3!&-4+0#5  !"#

$%!&# /*%0+!33* 6"$()0 '!/"+0# /0 1"#-!& $%07 /0# &-%0$"8 /0 1"#-!& /-2*)0&(# 9

• +0 '!/"+0 /0 /*(07(-!& /0 3)*#0&70 :"'$-&0 0#( 4$#* #") "&0 1"#-!& /0 /*7-#-!& /0

3$) +$ &$(")0 :*(*)!;<&0 /0# /!&&*0# =

• +0 '!/"+0 /0 +!7$+-#$(-!& 0#( 4$#* #") "&0 1"#-!& /0 7$3(0")# 3!") +$ +!7$+-#$(-!& 3$)

>!&0 0( "&0 1"#-!& /0 3)-'-(-%0# 3!") +$ +!7$+-#$(-!& 3)*7-#0 =

• +0 '!/"+0 /0 /*(0)'-&$(-!& /0 +$ 3!#(")0 0#( 4$#* #") "&0 1"#-!& /0 3)-'-(-%0# -##"0#

/" ()$-(0'0&( /0 +,-'$;05 ?"7"& 7$3(0") &,0#( 0'4$)6"* #") +$ 30)#!&&05

• +0 '!/"+0 /0 3)-#0 /0 /*7-#-!& 0#( 4$#* #") +$ 1"#-!& /0 /*7-#-!&#5

@-2*)0&(0# '*(:!/0# A+!;-6"0 B!"0C (:*!)-0 /0# 0&#0'4+0#D !&( *(* "(-+-#*0#5

E0 ()$%$-+ #,-&#7)-%$&( /$&# "& 3)!F0( -&/"#()-0+C "&0 -&(0)1$70 ;)$3:-6"0 30)'0(($&( /0

%-#"$+-#0) +,-&1!)'$(-!& /0# /-2*)0&(# )0;-#()0# 0( +$ /*7-#-!& G&$+0 0& 1!&7(-!& /0 +,$33+-7$H

(-!& 7!&#-/*)*0C $ *(* '-#0 $" 3!-&(5 @0# )*#"+($(# 083*)-'0&($"8 0& +$4!)$(!-)0 -++"#()0&(

+0# 3!(0&(-$+-(*# /0 +,$33)!7:0 /*%0+!33*05  !"# &,$%!&# :*+$# 3$# 3" (0#(0) +0# $+;!)-(:'0#

#") +$ 3+$(01!)'0 /" IJK L$/!&$:5 M& 020(C 3!") /0# )$-#!&# *(:-6"0#C +,$33$)(0'0&( (*H

'!-& /0 +$ '$-#!& /0 )0()$-(0 &,0#( $7("0++0'0&( 3$# *6"-3* /0 7$'*)$5

NOP



 !"



 !"



 !"#$%&'!"

 !"# $% &'!(!)*+ ",-# !(,"# .',.,#/ -" 0)#.,#)&)1 0% 1-#)," 0% 0,""/%# 2-*&)3$!.&%-'#

.,-' *45!6)&!& )"&%**)7%"&8 9,-# ",-# #,22%# .*-# .!'&)$-*):'%2%"& )"&/'%##/# !- 2!)"&)%"

; 0,2)$)*% 0% .%'#,""%# <7/%# %& ; *! 7%#&)," /"%'7/&)=-% ,.&)2)#/% 0% 6<&)2%"&#8

9,-# !(,"# 2,"&'/ =-% *! 0/&%$&)," 0% .'/#%"$% 5-2!)"% /&!)& -"% .',6*/2!&)=-% $,23

.*%>%+ )2.*)=-!"& *! 0/&%$&)," "," #%-*%2%"& 0%# 2,-(%2%"&# 2!)# /7!*%2%"& 0% *4!6#%"$%

0% 2,-(%2%"& 0% *! .%'#,""%8 ?',)# &@.%# 0% $!.&%-'# .,-' *% .',A%& BCD?EFG ,"& /&/

'%&%"-# H *%# 0/&%$&%-'# IJD K.,-' *! 0/&%$&)," 0% 2,-(%2%"&L+ *%# &5%'2,.)*%# K.,-' *!

0/&%$&)," 0% .'/#%"$%L %& *! $!2/'! K.,-' *4)0%"&)M$!&)," %"&'% !-&'%#L8 B%# )"1,'2!&),"#+

'%0,"0!"&%# %& $,2.*/2%"&!)'%#+ #,"& !*,'# 1-#),""/%# .,-' #&!&-%' #-' *! .'/#%"$% 04-"%

.%'#,""% 0!"# -" %"()',""%2%"& #-'(%)**/+ 2N2% %" .'/#%"$% 0% .%'&-'6!&),"#8

O"% 1,)# *! .'/#%"$% 04-"% .%'#,""% 0/&%$&/%+ )* $,"()%"& %"#-)&% 0% *! *,$!*)#%'8 9,-#

!(,"# 2,"&'/ =-% *4%#&)2!&)," ()#-%**% #-' 5,')P," 7*)##!"& !..,'&% -"% #,*-&)," ; *! *,3

$!*)#!&)," Q 04-"% .%'#,""% ; .!'&)' 04)"1,'2!&),"# )##-%# 0% *4)2!7%8 R% .',6*:2% 0% *!

*,$!*)#!&)," Q %#& '%1,'2-*/ %" -" .',6*:2% 04,.&)2)#!&)," "," *)"/!)'% #,-# $,"&'!)"&%#

0!"# *% .*!" )2!7%8 R4%#&)2!&)," 0% *! .,#)&)," Q %#& !##-'/% .!' -" 2,0:*% 7*,6!*+ 0/3

&%'2)"/ ; .!'&)' 0%# 2,0:*%# 0- 0/.*!$%2%"& 5-2!)" %& 0- #@#&:2% 0% ()#),"8 S/')&!6*%

.):$% 2!T&'%##%+ )* !##-'% *4%#&)2!&)," 0% *! .,#)&)," 0% *! .%'#,""% 0!"# *4)2!7% #-' -"

5,')P," %& $,"1:'% ; *4!..',$5% -"% 7'!"0% U%>)6)*)&/8 O" 2,0:*% 0% *,$,2,&)," "," 5,3

*,",2% K2,0:*% "," *)"/!)'%L '%.'/#%"&!"& .*-# M0:*%2%"& *% 0/.*!$%2%"& 5-2!)" ! /&/

-&)*)#/8

9,-# !(,"# /7!*%2%"& /&-0)/ *! 0/&%'2)"!&)," 0% *! .,#&-'% .,-' 0%# !..*)$!&),"# 0%

2!)"&)%" ; 0,2)$)*% 0% .%'#,""%# <7/%#8 O" 0)#.,#)&)1+ #!"# $!.&%-' %26!'=-/ #-' *! .%'3

#,""%+ ! /&/ 0/(%*,../8 V-!&'% .!'!2:&'%# 0/M")# 0!"# *4)2!7% $,"#&)&-%"& *%# %"&'/%# 0-

2,0-*% 0% 1-#)," 6!#/ #-' *! *,7)=-% U,-%8 R% &!-> 0% '%$,""!)##!"$% %#& #!&)#1!)#!"& %&

.%-& N&'% !2/*),'/ 7'<$% ; 0%# )2!7%# 0% 2%)**%-'% =-!*)&/ %& 0%# ':7*%# 04)"1/'%"$% !W"/%#8

XYX



 !"!# $! %&'$() ') *+,-) ') './,-,&! *)+%)0 ') 1$-,&!!)+ ()- ',2)+-)- ,!1&+%30,&!-

,--$)- -&,0 ',+)/0)%)!0 ') /3*0)$+-# -&,0 ')- 3$0+)- %&'$()- ') 1$-,&! 4'.0)/0,&!# (&/3(,-35

0,&!# '.0)+%,!30,&! ') (3 *&-0$+)67

8&$+ +.*&!'+) 3$9 300)!0)- ')- ,!'$-0+,)(-# *3+0)!3,+)- '$ *+&:)0# !&$- 32&!- %,- 3$ *&,!0

$!) ,!0)+13/) ;+3*<,=$) =$, &>+) (3 *&--,?,(,0. ') 2,-$3(,-)+ (@,!1&+%30,&! ')- ',>.+)!0- +)5

;,-0+)- )0 (3 './,-,&! "!3() )! 1&!/0,&! ') (@3**(,/30,&! /&!-,'.+.)7

A, ()- )9*.+,%)!030,&!- &!0 *)+%,- ') %&!0+)+ (@)B/3/,0. '$ ',-*&-,0,1 *+&*&-.# /)

')+!,)+ !@3 *3- .0. 23(,'. )! /&!',0,&!- +.)(()- '@<3?,030 ,!0)((,;)!07 C&$- )!2,-3;)&!-

') () 13,+) '3!- (@3**3+0)%)!0 0.%&,! '$ DEA FGHICGJ7 E( !&$- 13$'+3 0&$0 '@3?&+'

/&!23,!/+) () *)+-&!!)( )0 ()- 1$0$+- &//$*3!0- ') (3 %3,-&! ') +)0+3,0) ') (@,!0.+K0 32.+.

') (@,%3;) *&$+ (3 -$+2),((3!/) L '&%,/,()7 M@,%3;) )-0 $! -,;!3(# !&! 2,-$3(,-. L (@)90.5

+,)$+ )0 -$**+,%. 3*+N- 0+3,0)%)!07 M@,%3;) !) *&+0) '&!/ *3- 300),!0) L (3 2,) *+,2.) ')-

*)+-&!!)-7

I! *&+0)+3 $!) 300)!0,&! *3+0,/$(,N+) 3$9 ',B/$(0.- +)(30,2)- L (3 -O!/<+&!,-30,&! ')-

'&!!.)-7

H) *($-# /)- )9*.+,%)!030,&!- !&$- *)+%)00+3,)!0 '@3B!)+ ()- +N;()- '@,!1.+)!/) ')-

',>.+)!0- %&'$()- )0 ') /&!!3P0+) (@,!/)+0,0$') '$ ',-*&-,0,1 ') %)-$+)- 4"3?,(,0. ')-

/3*0)$+-67 Q)00) /&!!3,--3!/) ') (@,!/)+0,0$') 4%&'.(,-30,&!6 *&$++3,0 3(&+- K0+) *+,-) )!

/&%*0) )! $0,(,-3!0 (3 0<.&+,) ')- *&--,?,(,0.- 3$ (,)$ ') (3 (&;,=$) R&$)7

STU



 !"



 !!



 !"#$%&'$()* +, #-&!',!.

 !"#$%&"'&( )"*&%"+*)!"+,&( +-&' +'*&( &* '!.)*$ /& ,&'*0%&

 ! "#$%&' (!) *+$#,&-% .!) "/0&123$4#5 6!) 7+$#8 6! 9$&:& ;/ </#1+''/1 <-# =$1&+' ;/

;+''8/1 /, >%,#-?/ ;/ @-%A-'!  ! "#$%& $' ($!')#*!%*  !+*#!,+-$!,.* /#,!%$01$!*

2345+$6,+-75* 8( /49) "$0-#/1,) B+$A-'&/) 9/<,/A4/# CDDE!

C! "#$%&' (!) *+$#,&-% .!) 3%%&4/#, F! G&1$-% B/0/;&'? H+#&I+' .1,&A-,&+' =+# J$A-'

<#/1/'0/ ;/,/0,&+'!  ! "#$%& $'  :::  !+*#!,+-$!,. ($!'*#*!%* $! ;$<$+-%= ,!2 45>

+$6,+-$! 8 (;49 ? @$#A=1$0 $! "*$0.* B*+*%+-$! ,!2 C#,%A-!D ) @+4/) K-<+') L-5

CDDM!

N! "#$%&' (!) *+$#,&-% .!) 3%%&4/#, F! O+1&,&+' .1,&A-,&+' -'; P-%% (/,/0,&+' $1&'?

G&1$-% B/0/;&'? H+#&I+' .1,&A-,&+'!  ! "#$%& $' +1* EF+1 ($!'*#*!%* $! B*%-=-$!

,!2 ($!+#$. 8(B(9) 9J-'?-&) *J&'-) (/0/A4/# CDDM!

Q! "#$%&' (!) *+$#,&-% .! L$%,&21/'1+#1 ;-,- =$1&+' 151,/A =+# =-%% ;/,/0,&+'!  ! "#$%& $'

+1* GH+1  :::  !+*#!,+-$!,. %$!'*#*!%* $!  !'$#6,+-$! C*%1!$.$DI ,!2 400.-%,+-$!

-! J-$6*2*%-!*) *+#=$) F#//0/) R+:/A4/#) CD D!

 !"#$%&"'&( "+*)!"+,&( +-&' +'*&(

 ! "#$%&' (!) *+$#,&-% .!) "/0&123$4#5 6!) 7+$#8 6! 9$&:& ;/ 0&4%/1 <-# =$1&+' ;/ ;+'2

'8/1 /, >%,#-?/ ;/ @-%A-'!  ! "#$%& $' K-L-M6* ($..$75* (,0+*5#=) "+$#?/1) P#-'0/)

L-#1 CDDE!

 QS



 !"



 !"#!$%&'()!*

 !"#$%& !"#'()*+, -./ 0123 4./ 453(6)6 7. 8619)6:2',5+(";:<=:#62652(1" ,"# 9619)6:

#62652(1":<=:2',5+(";. >"  !"#$ "% &'( )"*%(!(*#( "* )"+,-&(! ./0/"* 1*2

 1&&(!* 3(#"4*/&/"*/ !"531',;6/ !),?+,/ @*"6 A$$%.

 !'6$B,& !'653,C,)62, D./ E,*F1"# @.:8./ G(536*' G./ 76'231H !. I92(F(H("; 9'("5(9)6?

*"#6')=("; 236 ?3,96 1J 2',K6521'(6? (" ;1,) 1'(6"26# )151F12(1" J1' 3*F,"?.

>"  !"#$ "% &'( 5&' 6777839: 6*&(!*1&/"*1; )"*%(!(*#( "* <-+1*"/2 3"="&0 /

9,;6? LMLNLMB/ D6"1C,/ >2,)=/ O656F<6' A$$B.

 !'6$B<& !'653,C,)62, D./ E,*F1"# @.8./ G(536*' G./ 76'231H !. P36 "1"31)1"1F(5

",2*'6 1J 3*F," )151F12(1" Q , F1#6)("; ?2*#=. >"  !"#$ "% &'( 6*&(!*1&/"*1;

)"*%(!(*#( "* >/"+(2/#1; 3"="&/#0 1*2 >/"+(#'1&!"*/#0/ 8(?,/ >2,)=/ R6<'*,'=

A$$B.

 7,(S%& 7,( -./ T31* O.G./ 453U,'H G. !#,92,2(C6 ,*;F6"26# ?2,26 J66#<,5+ 51"2'1)

J1' ," 6V96'(F6"2,) 9),",' 2U1:)("+ W6V(<)6 F,"(9*),21'. 6777 ?!1*01#&/"*0

"* 3"="&/#0 1*2 9-&"+1&/"*/ LX Q%SXNS$L/ LSS%.

 7,K$S& 7,K',53,'=, -./ -1;3,##,F 7./ G1U,'# !./ 7'6""," 4./ -,223(6? E.G. 06?*)2

J'1F , '6,):2(F6 ?26'61:<,?6# 96#6?2'(," #62652(1" ?=?26F 1" , F1C("; C63(5)6.

>"  !"#$ "% &'( 6777 6*&(!*1&/"*1; )"*%(!(*#( "* 3"="&/#0 1*2 9-&"+1&/"*

@6)39AB C"!D0'", "*  (",;( E(&(#&/"* 1*2 ?!1#D/*4/ Y1<6/ @,9,"/ -,= A$$S.

 7,)$X& 7,)#(";6' @.E./ 71*#= @./ O1'(HH( 7./ E6C'6= @.8./ !"#'61 0./ 86'96'6 Z./ O6:

C,*)2 R./ 015,'(6? R./ O6(2'(53 Z./ E,51F<6 !. P6)6:?*'C6()),"56 4=?26F J1'

8,2(6"2 ,2 G1F6 Q P36 -[O[\>EE[ ?=?26F. >"  !"#$ "% &'( 6*&(!*1&/"*1;

)"*%(!(*#( "* )"+,-&(!0 <(;,/*4  (",;( F/&' :,(#/1; G((20 / 8,'(?/ R',"56/

@*)= A$$X.

 7,"$M& 7,"6'K66 4./ 4266"+6?26 R./ Z1*2*'(6' 8./ O6<',= -./ R',"51 !. P6)6?*'C6()),"56

1J 6)#6')= 9,2(6"2? <= *?6 1J 9,??(C6 ("J',:'6# ?6"?1'? (" , ?F,'2 '11F. H"-!*1;

"% ?(;(+(2/#/*( 1*2 ?(;(#1!(/ S]L^ QAMNAS/ A$$M.

 7,'$_& 7,'',)1" 8./ `1*'= `./ \*())6'F6 `. G(;3 )6C6) ("J1'F,2(1" 6V2',526# J'1F

, +("6F,2(5 ?6"?1' 21 F1"(21' 93=?(5,) ,52(C(2=. >"  !"#$ "% &'( IJ&' 9**-1;

LXa



 !"#$!%"&'!%( )'!*#$#!+#  ,,, ,!-&!##$&!- &! .#/#+&!# %!/ 0&'('-1 2'+&#"13  

!"#$% &'()*&'(+ ,-".#"/ 0-/." ,$!1$23$4 5((67

89$:((; 9$:<.#/$ ,7 =":/> ?7 @AB/C-" ?7 ,-"!$ 0<.1$D1 E F .$G H$%C4/!1<4 I<4 %-"!$

2"1C-/.# ".H <3J$C1 4$C<#./1/<.7 K. 4$'+5 '* "6# 7#8$%(  !*'$9%"&'! 4$'+#::&!-

21:"#9 !"#$% L)&*L)' M$.N$4 O,F ?A.$ 5(((7

89$:(5; 9$::<1 M7 9<P$4 F7 0-"4!/::$1 Q7 F .$G H$R./1/<. <I SA":/R$H #"/. /. " H"1"

IA%/<. !4<C$%% E "!!:/C"1/<. 1< 1$:$2$H/C/.$7 K. 4$'+5 '* ;8:&'! F.."!<:/% 

="4P:".H O,F ?A:P 5((57

89$:(L; 9$:C<.H$ F7 T4"1B Q7 @4<3:U2$% :/V% W :" HV1$C1/<. H$ !4V%$.C$ -A2"/.$ $1

2<HV:/%"1/<.7 K. 4$'+5 '* <=9# )'(('>8# )%?"#8$: 9<A4#$% Q4".C$ ="4C-

5((L7

89$.(L; 9$.$B$1- X7 Y2/:$ 97 Z"A4$.1 [7 \<%$.3$4#$4 07 F \$": ]/2$ [A2". M$^

1$C1/<. ,P%1$2 9"%$H <. Q"4 K.I4"4$H _/%/<.7 K. 4$'+5 '* "6# @$/  !"#$!%"&'!%(

)'!*#$#!+# '!  9%-# %!/ 2&-!%( 4$'+#::&!- A ) 24B !"#$% '+*L` 0-$43<A4#^

aC1$N/::$ Q4".C$ ?A:P 5((L7

89$.(b"; 9$.$B$1- X7 CD"#+"&'! /# (% ?$D:#!+# 689%&!# ?%$ E&:&'!7 @-M 1-$%/% O./N$4%/1V

Hca4:V".% aC1<34$ 5((b7

89$.(b3; 9$.$B$1- X7 Y2/:$ 97 Z"A4$.1 [7 \<%$.3$4#$4 07 MV1$C1/<. H$ :" !4V%$.C$

-A2"/.$ $1 C"4"C1V4/%"1/<. H$ :c"C1/N/1V7 K. 4$'+5 '* "6# FF  # +'(('>8# GH,I2 

A"$%&"#9#!" /8 :&-!%( #" /#: &9%-#:B M/J<. Q4".C$ ,$!1$23$4 5((b7

89$Pbb; 9$P2$4 M7 T<.<:/#$ T7 \$":^1/2$ 14"C>/.# <I 2A:1/!:$ !$<!:$ A%/.# C<.1/.A<A%

H$1$C1/<.7 K. 4$'+5 '*  ,,,  !"#$!%"&'!%( )'!*#$#!+# '! )'9?8"#$ J&:&'!

A ))JB K ;$%9#L$%"# M'$N:6'? 0<4IAA d4$$C$ ,$!1$23$4 &bbb7

89:"(); 9:"%C- Y7@7 @:".< ,7 Z$N$: 6 E O%$4 4$R.$2$.1 1< "/H 1-$ IA%/<. !4<C$%%7 K. 4$'+5

'* .8("&:#!:'$O .8("&:'8$+#  !*'$9%"&'! ;8:&'! P Q$+6&"#+"8$#:O Q(-'$&"69: %!/

Q??(&+%"&'!: N<:A2$ 6(bb !"#$% 5LL*5b' a4:".H< Q:<4/H" O,F F!4/: 5(()7

89:<(); 9:<C- K7 ;8:&'! /R !*'$9%"&'!: #! I$%&"#9#!" /8 2&-!%( #" /#:  9%-#: 7 [$42$%

,C/$.C$% @A3:/C"1/<.% 5(()7 K,9e 5^'`+5^(+5L^67

89<.(L"; 9<.-<22$ ,7 .D"6'/'('-&# #" S8"&(: ?'8$ (% )'!+#?"&'! /R8! T%U&"%"  !"#((&L

-#!"7 @-M 1-$%/% K.%1/1A1 e"1/<.": @<:P1$C-./SA$ H$ ]<A:<A%$ ="/ 5((L7

89<.(L3; 9<.-<22$ ,7 0"2!< Y7 Y%1UN$ M7 dA$..$C ?7 @\a,FQY^$D1$.H$H " 1$:$^

2$H/C/.$ !:"1I<42 1< C<.14/3A1$ 1< 2$H/C": H/"#.<%/%7 V'8$!%( '* I#(#9#/&+&!#

%!/ I#(#+%$# &`f)g E&&+*&&b 5((L7

89<A(+; 9<AHP ?7 9":H/.#$4 ?7Z7 M$:"N"A:1 Q7 =A::$4 =7 Q"4/. K7 F.H4$"< \7 ]<44$%^

=h::$4 ,7 ,$44" F7 d"i1/ M7 \<C"4/$% Q7 Z"C<23$ F7 ,1$$.>$%1$ Q7 ,C-"j

&`L



 !" #$%&  !" '()*+%& ,!" -$.//% 0! 1%+%2%3%456% 78& %+3%&+. 9$:5%6: $: ;82% <

:;% 1%+%9$: 9&8=%4:! >6  !"#$ "% &'( )*&(!*+&,"*+- ."*%(!(*#( /* 01+!& 2"1(3

+*4 2(+-&' 5(-(1+&,#3" #%+7$/:" ?8&:;%&6 >&%+$63 @A" B*6% CDDE!

F#8GDHI #8G2$6 J!K! 1;% L*$+ ?83% ?%:G8&M NL??O 3$:$ 7*/586 $63 &%//8*&4% 2$P

6$)%2%6: $&4;5:%4:*&%! >6  !"#$ "% &'( 6)66 )*&(--,7(*& 083&(13 ."*%(!(*#("

J;54$)8" >++5685/" @0," 0%9:%2Q%& CDDH!

F#&8REI #&853$ 1!" J;%++$99$ S! T/:52$:586 87 8Q=%4: 28:586 9$&$2%:%&/ 7&82 685/.

52$)%/! )999 5!+*3+#&,"*3 "*  +&&(!* 6*+-83,3 +*4 :+#',*( )*&(--,7(*#( "

U <VDWVV" UVRE!

F#&*DV$I #&*+56 L!" J8*&:5$+ T!" ,++5Q%&: X! Y8/5:586 T/:52$:586 $63 Z$++ L%:%4:586

*/56) -5/*$+ S%4%356) [8&5(86 T/:52$:586! >6  !"#$ "% &'( ;<&' ."*%(!(*#( "*

=(#,3,"* +*4 ."*&!"- >.=.?" 0;$6);$5" J;56$" L%4%2Q%& CDDV!

F#&*DVQI #&*+56 L!" J8*&:5$+ T!" ,++5Q%&: X! -5/*$+ S%4%356) [8&5(86 T/:52$:586 78&

;*2$6 9&%/%64% 3%:%4:586! >6  !"#$ "% &'( )999 )*&(!*+&,"*+- ."*%(!(*#( "*

@"A"&,#3 +*4 6B&"1+&,"* >).@6?C D"!E3'"F "*  ("F-( =(&(#&,"* +*4 5!+#E,*7 "

A8Q%" B$9$6"  $. CDDV!

FJ$/DVI J$/:$\8 #!" SP 8&%68  !L! ,6 >6:%)&$:%3 ,> $63 SZ>L 0./:%2 78& Y%89+%

L%:%4:586 $63 '&5%6:$:586! G"B!*+- "* 083&(1,#3H .8A(!*(&,#3 +*4 )*%"!1+&,#3"

]NUO <HVW^^" CDDV!

FJ;$D_I J;$6  !" J$298 T!" T/:`a% L! YS'0,ZT" $ 2*+:5/%6/8&. &%28:% 2865:8&56)

/./:%2 78& :;% %+3%&+. 8& :;% ;$6354$99%3! >6  !"#$ "% &'( I3& )*&(!*+&,"*+-

."*%(!(*#( "* 01+!& 2"1(3 +*4 2(+-&' 5(-(1+&,#3" 9$)%/ RVWV^" Y$&5/" Z&$64%"

0%9:%2Q%& CDD_!

FJ;$DRI J;$6  !" T/:`a% L!" T/4&5Q$ J!"J$298 T! , &%a5%G 87 /2$&: ;82%/PY&%/%6:

/:$:% $63 7*:*&% 4;$++%6)%/! ."1FB&(! :(&'"43 +*4  !"7!+13 ,* J,"1(4,#,*("

VUNUO <^^WRU" CDDR!

FJ8+DUI J8++56/" S!1! K59:86" ,!B! Z*=5.8/;5" [! A$6$3%" 1! ,+)8&5:;2/ 78& J889%&$:5a%

 *+:5/%6/8& 0*&a%5++$64%!  !"#((4,*73 "% &'( )999" RVNUDO <UH^E W UH]]" '4:8Q%&

CDDU!

FJ88D_I J88M L!B!" b8*6)Q+883  !" [%5%&2$6 T!'! >>>" X89$+&$:6$2 A!" S$8 0!" K5:a56

,!" A;$G$=$ Z!  $a[82% < ,6 ,)%6:P#$/%3 02$&: [82%! >6  !"#$ "% &'( K,!3&

)999 )*&(!*+&,"*+- ."*%(!(*#( "*  (!L+3,L( ."1FB&,*7 +*4 ."11B*,#+&,"*3 "

9$)%/ ^CUW^CH" Z8&: c8&:;" 1%d$/" @0,"  $&4; CDD_!

FJ8*VEI J8*&:5$+ T! ."11+*4( F!M4,#&,L( (& (3&,1+&,"* 4NM&+& 4( 383&O1(3 *"* -,*M+,!(3 !

Y;L :;%/5/" @65a%&/5:e J+$*3% #%&6$&3" K.86 U" ,a&5+ UVVE!

UHV



 !"#$%& !"#'()* +,-,. /)012)13 4, 5"67869(): 17; <)8=76>3): ?#" @)7:#" /1A1 B3:6#7,

 !"#$% &'()*++!#". %CDEFCG HIJCK. E$$%,

 /1(LI& /1(1( M,. <"6NN: O, P6:A#N"10: #? Q"6)7A); R"1;6)7A: ?#" P3017 /)A)8A6#7,

S7 &'(), (- ./* 0111 2(#-*'*#)* (# 2(345.*' 6!+!(# $#7 &$..*'# 8*)("#!.!(# .

T#(30) E. 91N): UUVJU$%. @17 /6)N#. W@X. +37) CLLI,

 /1(LV& /1(1( M,. <"6NN: O,. @8=06; !, P3017 /)A)8A6#7 W:67N Q"6)7A); P6:A#N"10:

#? B(#' 17; X99)1"178), S7 &'(), (- ./* 15'(4*$# 2(#-*'*#)* (# 2(345.*'

6!+!(#. 91N): YCUJYYE. R"12. X3:A"61. Z1* CLLV,

 /1TLK& /1T6; 5,. S;1:61[ \,. ]"1A2 B, X :)7:#" 9(18)0)7A 199"#18= ?#" A=) 0#76A#"67N

#? 67;##" :8)7):, S7 &'(), (- ./* 15'(4*$# 2(#-*'*#)* (#  3$'.  *#+!#" $#7

2(#.*9.. T#(30) YK$%. ])7;1(. ^7N(17;. Q8A#_)" CLLK,

 /1TL$& /1T6; 5, 2(#.'!:5.!(# ; %<$#$%=+* 7* +>'*.? 7* -(#).!(##*3*#. 7*+ +=+.@3*+

)(34%*9*+ *# 4/$+* 7* )(#)*4.!(# A $44%!)$.!(# ; %<?B$%5$.!(# 7* '?+*$59 7*

)$4.*5'+ 7* 4'?+*#)* /53$!#*, 5=/ A=):6:. W76T)":6A` ;aQ"(`17:. M#T)0_")

CLL$,

 /)0VK& /)09:A)" X,5, W99)" 17; (#')" 9"#_1_6(6A6): 67;38); _* 1 03(A6T1(3); 019F

967N, C/* D##$%+ (- E$./*3$.!)$%  .$.!+.!)+. %UDCG H%CIJ%%$. E$VK,

 /)0VU& /)09:A)" X,5, X R)7)"1(621A6#7 #? O1*):617 S7?)")78), F(5'#$% (- ./* 8(=$%

 .$.!+.!)$%  ()!*.=  *'!*+ G. %LDCG HCLIJCYK. E$VU,

 /)0LC& /)0#7N)#A +,. \6"#7) R,. /38=b7) B,. O)78=)A"6A R,. P)"T` <,. M#3"* M,.

c61(() \, Z3(A6F:)7:#": 18>36:6A6#7. ;1A1 ?3:6#7. [7#'();N) 06767N 17; 1(1"0

A"6NN)"67N 67 =)1(A= :01"A =#0): ?#" )(;)"(* 9)#9(), 2(34.*+ 8*#75+ G!(%("!*+.

%CIDVG HVK%JVUC. CLLC,

 /38LY& /38=b7) B, H5+!(# 7* 7(##?*+ 35%.!)$4.*5'+ 4(5' 5# +=+.@3* 7* .?%?+5'B*!%%$#)*

3?7!)$%* 7* 4*'+(##*+ ; 7(3!)!%*, 5=/ A=):6:. W76T)":6A` +#:)9= B#3"6)". -*#7

E. Q8A#_") CLLY,

 /3;LE& /3;1 c,Q,. P1"A 5,^,. @A#"[ /,R, &$..*'# 2%$++!I)$.!(#, d6()*FS7A)":86)78).

C7; );6A6#7. CLLE,

 ^"0LK& ^"017)( !,. <=`(#A O,. +#3N(1 ^,. 51T6((#7 R, Z#"A1(6A` 91" 1886;)7A ;) (1

T6) 8#3"17A) )7 B"178) 0`A"#9#(6A167). CLLLFCLLY, O3(()A67 `96;`06#(#N6>3)

=)_;#01;16") 7e%KF%U ;) (aS7:A6A3A ;) \)6(() @176A16"). 91N): %EUJ%CC. Q8A#_")

CLLK,

 ^:8LI& ^:8"6_1 !, 2(#)*4.!(#J '?$%!+$.!(# *. )$'$).?'!+$.!(# 7* )$4.*5'+ !#-'$'(5"*+ ;

./*'3(4!%*+ A $44%!)$.!(# ; %$ 7?.*).!(# 7* 4'?+*#)* 4$++!B* 7$#+ %</$:!.$. , 5=/

A=):6:. W76T)":6A` 513( @1_1A6)" <#3(#3:) %. /`8)0_") CLLI,

EIL



 !""#$% !"" &'( )*+,-./01 2'( 30,40 5'( 67- 899/ 3' :;<19=0. >?/@,AB01"9- C17*D,-E

F,@+ &*@,=0 G**/?",9- H7-./,-E' :-  !"#$ "% &'( )*** )+&(!+,&-"+,. /"+%(!(+#(

"+ 0"1"&-#2 ,+3 45&"6,&-"+ 7)/0489 :"!;2'"< "+  ("<.( =(&(#&-"+ ,+3 >!,?

#;-+@( 2940( I7<7-( >7J K##$'

 L/0#M7% L/0?1J &'( N9?1J N'( 67*+01 >'( 8/7""9- H'( )01,E-7@ I'AL' )9?-. 7-.

)<00*+ O0@0*@,9- 7-. P/7"",Q*7@,9- ,- 7 H07/@+ );71@ H9;0' :-  !"#$ "% &'(

AB&' )*** *CDE 4++5,. )+&(!+,&-"+,. /"+%(!(+#(F G (!2"+,.-H(3 I(,.&'#,!(

&'!"5@' >(#'+"."@JG( <7E0" RSRRTRSRU( 67-*9?=01( P7-7.7( &?E?"@ K##M'

 L/0#M4% L/0?1J &'( 67*+01 >'( 8/7""9- H'( )01,E-7@ I'L'( N9?1J N' O7@7 L?",9- ,- H07/@+

);71@ H9;0 V B10/,;,-71J :-.,=,.?7/ !=7/?7@,9- 9W CF9 L7;,/,0" 9W )0-"91"'

:-  !"#$ "% &'( K&' )+&(!+,&-"+,. /"+%(!(+#( "% &'( )+&(!+,&-"+,. E"#-(&J %"!

L(!"+&(#'+"."@J 7)ELMBN8( B,"7( :@7/J( >7J K##M'

 8,1#X% 8,19-.0/ 6'( P7</,01 &'( 59--7?. 3' & 40/,0W @+091JA47"0. "@7@,* <9"@?10 10A

*9E-,@,9- "J"@0; W91 107/A@,;0 =,.09 "?1=0,//7-*0 7<</,*7@,9-"' :-  !"#$ "% &'(

)+&(!+,&-"+,. /"+%(!(+#( "+ 43O,+#(3 P-3(" ,+3 E-@+,. D,2(3 E5!O(-..,+#( (

<7E0" Y#TYX( P9;9( :@7/J( )0<@0;401 K##X'

 894#S% 89407? I'L' OZ@0*@0?1" .0 ;9?=0;0-@ [ ,-W1719?E0 <7"",W' :-  !"#$ "% /-+?

Q5-R6(2 #".."Q5( /,<&(5!2( 59?1E0"( L17-*0( G*@9401 K##S'

 H7/##% H7// >'I'( H7// )'&'( C7@0 C' \0;9=,-E @+0 HP: 49@@/0-0*D V H9F @+0 +?;7-

*9;<?@01 ,-@01W7*0 ]HP:^ 7_0*@" @+0 <01W91;7-*0 9W .7@7 W?",9- "J"@0;"' :-

 !"#$ "% &'( CEE S,&-"+,. EJ6<2"+-56 "+ E(+2"! =,&, T52-"+ ( )7- &-@9-,9(

C0`7"( a)&( I?-0 K###'

 H7/#$% H7// O'3'( 3/,-7" I' >?/@,"0-"91 O7@7 L?",9-' :- I,+31""; "% C5.&-2(+2"! =,&,

T52-"+ U &'("!J ,+3 <!,#&-#(( *+7<@01 Y( <7E0" YTYR' P\P B10""( K-. 0.,@,9-(

K##$'

 H71#R% H71@/0J( \' :' 7-. b,""01;7-( &' C5.&-<.( P-(V L("6(&!J -+ /"6<5&(! P-2-"+'

P7;41,.E0 a-,=01",@J B10""( :)5N V #XKYXR#XYM( "0*9-. 0.,@,9-( K##R'

 H7"#X% H7"0/@,-0 !'3'( \7F/,-E" I'5' P1,@,*7/ !=7/?7@,9- 9W !`@0-.0. 27/;7- L,/@0A

1,-E 7-. >9=,-EAH91,c9- !"@,;7@,9-' )+352&!-,. ,+3 *+@-+((!-+@ /'(6-2&!J

0(2(,!#'( RR]M^ VKRXYTKRS#( K##X'

 H0.#U% H0.0-E10- I'O'( &//"W91. 2'6'( \7;/7/ I' >9=,-E H91,c9- !"@,;7@,9- 7-.

P9-@19/ W91 7- :-.?"@1,7/ 87" B+7"0 B9/J;01,c7@,9- \07*@91' :-  !"#$ "% &'(

46(!-#,+ /"+&!". /"+%(!(+#( 74//8( <7E0" YdXdTYdXM( N0F e91D P,@J( a)&(

I?/J K##U'

YXY



 !"#$%& !"#'(#) *+, -("#)../ 0+, 1(23)' 4+, 5)"(2/)' 6+, 7)'/89(# :+;+ !9<='>(#/=9 )?@

#'(2#/=9 <'=> "=A9B <=' >)B/2(. #).)>=9/#='/98+  !"#$"%&'(#$ (# )#*(!+"&'(#

 ,%-#(.(/0 '# 1'(+,2'%'#,, C$ DE%FGEHF, E$$%+

 :=3$I& :=39")9 7+, J)K" L+ M)(.@#/>) =NO)2# #'(2P/98 (9B 2.(""/Q2(#/=9 A"/98 ( "#(#/2

2(>)'(+ !9 3!(%4 (* &-, )555 )#&,!#"&'(#". 6(#*,!,#%, (# 7(8(&'%$ "#2 9:;

&(+"&'(# <)679=> ?(!@$-(A (# 3,(A., B,&,%&'(# "#2  !"%@'#/ , R=N), :(S(9,

4(T E$$I+

 R(.%$& R(.>(9 M+0+ L U)K LSS'=(23 #= 6/9)(' ;/.#)'/98 (9B V')B/2#/=9 V'=N.)>"+

 !"#$"%&'(#$ (* &-, 9CD5>E(:!#". (* 1"$'% 5#/'#,,!'#/ , WEX7)'/)" *Y DZ[GF[,

CI%$+

 R)"$I& R)"".)' \+,]3/#) ;+ *(#( ;A"/=9 V)'"S)2#/^) (9B /#" M=.) /9 !9<='>(#/=9 V'=2)"@

"/98+ !9 F"#28((@ (* D:.&'$,#$(! B"&" G:$'(# H &-,(!0 "#2 A!"%&'%, , 23(S#)' E,

S(8)" C[GFF+ -M- V')"", E9B )B/#/=9, E$$I+

 R/BII& R/BB -+*+, \'' M+, LN=KB *+, L#P)""=9 -+_+, 0""( !+L+, 4(2!9#T') 5+, 4T9(##

0+, 7#('9)' J+0+, U)K"#)##)' ]+ J3) (K(') `=>) D L ./^/98 6(N='(#='T <='

AN/aA/#=A" 2=>SA#/98 ')")('23+ !9 3!(%4 (* &-, I#2 )#&,!#"&'(#". ?(!@$-(A (#

%((A,!"&'J, 1:'.2'#/$, V/##"NA'83, b7L, \2#=N)' CIII+

 R./I[& R./' _+:+, cA(9 5+ G:KK0 C,&$ "#2 G:KK0 L(/'% H  -,(!0 "#2 9AA.'%"&'(#$ +

V')9#/2) `(.., C"# )B/#/=9, CII[+

 6) $W& 6) d+`+5+ 7,%(##"'$$"#%, 2,$ %(+A(!&,+,#&$ 2M:#, A,!$(##, N/O, J'J"#& $,:.,

2"#$ :# -"8'&"& '#&,..'/,#& A(:! ." $"#&O+ V3* #3)"/", b9/^)'"/#e :=")S3 ;=A'/)'

_')9=N.) C, *e2)>N') E$$W+

 6))I$& 6)) 7+, R(T c+ L9 (22A'(#) )"#/>(#/=9 =< Z* S="/#/=9 (9B ='/)9#(#/=9 =< (

>=^/98 =NO)2# <=' '=N=# "#)')= ^/"/=9 D R(.>(9 Q.#)' (SS'=(23+ !9 3!(%4 (*

&-, )555 )#&,!#"&'(#". 6(#*,!,#%, (# 7(8(&'%$ "#2 9:&(+"&'(# <)679= , S(8)"

FCFGFCI, -/92/99(#/, b7L, 4(T CII$+

 6)8$[& 6)8'(9B+ !9=9) NT .)8'(9B, E$$[+ 3##S DffKKK+/9=9)NT.)8'(9B+<'fS'=O)#g$+S3S+

 6)/$[& 6)/N) 5+, 7))>(99 0+, 723/).) 5+ V)B)"#'/(9 *)#)2#/=9 /9 -'=KB)B 72)9)"+ !9

3!(%4 (* &-, )555 6(#*,!,#%, (# 6(+A:&,! P'$'(# "#2 3"&&,!# 7,%(/#'&'(# ,

^=.A>) C, S(8)" WHWGWW[, 7(9 */)8=, b7L, :A9) E$$[+

 6/ $I& 6/ h+, 7#(9P=^/2 :+L+, `(9"=9 4+, 5('#3 L+, 6(23 :+ L22A'(#), ;("# ;(.. *)@

#)2#/=9 b"/98 _T'="2=S)" (9B L22).)'=>)#)'@*)'/^)B V="#A') !9<='>(#/=9+ !9

3!(%4 (* 1(20 C,#$(! Q,&R(!@, 5)'P).)T ,b7L, :A9) E$$I+

 6/8$I& 6/88/9" 4+0+, `(.. *+6+, 6./9(" :+ F"#28((@ (* D:.&'$,#$(! B"&" G:$'(# H &-,(!0

"#2 A!"%&'%,+ J3) 0.)2#'/2(. 098/9))'/98 (9B LSS./)B 7/89(. V'=2)""/98 7)'/)"+

-M- V')"", E9B )B/#/=9, E$$I+

C[E



 !"#$%& !"##"'(() *+, -"."("/0) 1+, *"((/0" !+ *"23/( 4)5")0 '25"4/5")0 )6 78 )9:'.52 ; /0

/</#5"=' '>5'0<'< ?/(4/0 @(5'A /##A)/.B+ C0  !"#$ "% &'( )***+,-. )/&(!/01

&2"/03 4"/%(!(/#( "/ )/&(3325(/& ,"6"&7 0/8 -97&(:7 ;),<-= , =)(34' D, #/E'2

FGHIFJK, -'0</", L/#/0, -'#5'49'A K$$%+

 M/B7J& M/B/(/0)9"2 N+O+ P0 5B' E'0'A/("2'< <"25/0.' "0 25/5"25".2+ C0  !"#$ "% &'(

>0&2"/03 )/7&2&?&( "% -#2(/#(@ )/820, =)(34' K, #/E'2 %FIGG, O/(.355/, C0<"/,

Q#A"( DF7J+

 M/4HH& M/4</0" R+S+ Q##("./5")02 )6 T3UUV -'5 WB')AV 5) O)05A)( -V25'42 ; Q -3A='V+

C0 A?BB9 C?&":0&0 0/8 D(#272"/  !"#(77(7, #/E'2 DID7+ X3#5/ M+M+, -/A"<"2

X+Y+ /0< X/"0'2 1+Z+, '<2+, DFHH+

 M/2FF& M/22/.B32'552 C025"535' )6 W'.B0)()EV+ S)32'[0, DFFF+ B55# ;\\/A.B"5'.]

53A'+4"5+'<3\B)32'[0+

 M'<$^& M'<:/B'< S+, C25A/5' 8+, 1)3<V L+, 1/(<"0E'A L+, 8)A"UU" 1+, 1'(6'_" C+, M/A5"02

*+, -5''0_'25' T+, Q0<A') Z+ Q M3(5"4)</( N(/56)A4 6)A 8/5/9/2' Z'.)A<"0E

/0< R(<'A(V N')#(' M)0"5)A"0E+ C0  !"#$ "% E'( A2!7& )/&(!/0&2"/03 4"/%(!(/#(

"/ F2":(82#03 *3(#&!"/2#7 0/8 D(G2#(7, #/E'2 7^GI7FK, T30.B/(, M/<'"A/, N)A]

53E/(, L/03/AV K$$^+

 M'<$F& M'<:/B'< S+, C25A/5' 8+, 1)3<V L+, 8)A"UU" 1+ Q 63UUV ()E". 2V25'4 6)A B)4'

'(<'A(V #')#(' 4)0"5)A"0E `RMaWRMb+ C0  !"#$ "% &'( HI&' J-*C- )/&(!/0&2"1

/03 4"/%(!(/#( "/ A?BB9 -97&(:7, #/E'2 JFIHG, NA/E3', OU'.B Z'#39("., M/A.B

K$$F+

 M"_$%& M"_)(/:.UV_ ?+, -.B4"< O+, c"22'A4/0 Q+ S34/0 8'5'.5")0 1/2'< )0 / NA)9/]

9"("25". Q22'49(V )6 Z)9325 N/A5 8'5'.5)A2+ C0  !"#$ "% &'( *?!"K(0/ 4"/%(!(/#(

"/ 4":K?&(! L272"/, #/E'2 JFI^K, NA/E3', OU'.B Z'#39("., M/V K$$%+

 Y)3$$& Y)3AV Y+, S'A=d W+, Z"/((' *+, *"A)0' X+ M)0"5)A"0E 1'B/=")A C0 S)4' a2"0E

/ -4/A5 T/(( -'02)A Q0< N)2"5")0 -'02)A2+ C0  !"#$ "% &'( )***1*MF- M21

#!"&(#'/"3"52(7 2/ M(82#2/( 0/8 F2"3"59, #/E'2 J$HIJD$, !V)0, TA/0.', P.5)9'A

K$$$+

 Y)3$7& Y)3AV Y+, Z"/((' *+ S/9"5/5 "05'(("E'05 #)3A (/ 2/05d ; 2V25e4'2 '5 df3"#'4'052+

!'2 W'.B0"f3'2 <' (gC0Ed0"'3A, CY]F, K$$7+

 Y)3$%& Y)3AV Y+, *"A)0' X+, 1/AA/()0 N+, Z"/((' *+, 8'4)0E')5 L+ M/"2)02 "05'(("E'05'2

#)3A #'A2)00'2 hEd'2 ; 5'.B0)()E"'2 <' (g"06)A4/5")0 "05dEAd'2 /3 2'A=".' <'2

2)"02 i <)4"."('+ .N(C@ ."?!/03 7?! 3O(/7(25/(:(/& 8(7 7#2(/#(7 (& &(#'/"3"52(7

8( 3O2/%"!:0&2"/ (& 8(7 797&P:(7, 7, K$$%+ S)A2]-dA"' D+

 Y)3$G& Y)3AV Y+ QC!C-Q ; '>#'A"4'05/( #(/56)A42 5) '=/(3/5' A'4)5' ./A' /0< /22"25"='

5'.B0)()E"'2 "0 E'A)05)()EV+ C0  !"#$ "% &'( Q&' )/&(!/0&2"/03 J"!R7'"K "/

DG7



 !" #$#%& ! "'(#)%!* +!, -(.$/"%!* %! 0 +1"2-+# %!,/&"#34 0 +1"2-(.5  !"#$%

&''(&)* +,%"- ./0$" 1,-$ 2**'3

45"!678 5"!"#$/0#9/, :3 ;0$- <3 5/##9/ =3 > #$-$0"? @0"A$B/0C @/0 /DE$FG H$G$FG9/-3

I- 6#(-7 (8 "2 9::: 9!" #!+"%(!+1 ;(!8 # !- (! ;(.$/" # <%&%(!  !"#$% '''(

')2 +/AD"J I-H9" 1"-,"0J &6673

45"!**8 5"!"#$/0#9/, :353 5/##9/ =3 > =0"9-"D?$ KJ%G$A @/0 ;DE$FG L$G$FG9/-3 9!" #=

!+"%(!+1 >(/#!+1 (8 ;(.$/" # <%&%(! M7N&O P&'(MM 2***3

45Q96&8 5Q9?9! 13 R%G9A"G9/- /@ GQ0$$ H9A$-%9/-"? A/G9/- /@ 09#9H /DE$FG% @0/A -/9%J

/D%$0S"G9/-%3 9::: ?#+!&+-"%(!& (! 6+"" #! @!+13&%& +!, A+-2%! 9!" 11%* !-  

&MN&O P)&()) &66&3

4T"A*)8 T"A"-"- L3 U$"0-9-# G/ !"0%$ 9A"#$% /@ "0G9F,?"G$H D/H9$%3 I- 6#(-7 (8 "2 @,=

B+!- & %! C /#+1 9!8(#.+"%(! 6#(- &&%!* D3&" .& EC96DF  V"-F/,S$0 :"-"H" 

L$F$AD$0 2**)3

4T$9W68 T$9H L3+3 >- >?#/09GQA @/0 =0"FC9-# <,?G9!?$ ="0#$G%3 ?#+!&+-"%(!& (! @/=

"(.+"%- ;(!"#(1 2XN)O P7XM(7'X &6W63

4T9"**8 T9"??$ V3 U",S$0-"J Y3 59Z,"0H 13[3 [0"-F/ >3 :/,G,09$0 53 </H\?9%"G9/- $G

$]!\09A$-G"G9/- H^,-$ FQ"AD0$ 9-G$??9#$-G$ P ?$% !0$A9$0% !"% H^,-$ $]!\09$-F$

Q/%!9G"?9_0$3 ?G1G.G, -%!  ! *G#(!"(1(*%  !"#$% &*'(&2W 2***3
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Damien BRULIN

Fusion de données multi-capteurs pour l’habitat

intelligent

Le concept d’habitat intelligent s’est largement développé ces dernières années afin de proposer des solutions

face à deux préoccupations majeures : la gestion optimisée de l’énergie dans le bâtiment et l’aide au maintien

à domicile de personnes âgées. C’est dans ce contexte que le projet CAPTHOM, dans lequel s’inscrit cette

thèse, a été développé. Pour répondre à ces problématiques, de nombreux capteurs, de natures différentes,

sont utilisés pour la détection de la présence humaine, la détermination de la localisation et de la posture de

la personne. En effet, aucun capteur, ne peut, seul, répondre à l’ensemble de ces informations justifiant le

développement d’un dispositif multi-capteurs et d’une politique de fusion de données. Dans ce projet, les cap-

teurs retenus sont les détecteurs infrarouges passifs, les thermopiles et la caméra. Aucun capteur n’est porté

par la personne (non invasivité du dispositif). Nous proposons une architecture globale du capteur intelligent

composée de quatre modules de fusion permettant respectivement de détecter la présence humaine, de lo-

caliser en 3D la personne, de déterminer la posture et d’aider à la prise de décision finale selon l’application

visée. Le module de détection de présence fusionne les informations des trois capteurs : les détecteurs IRP

pour la détection du mouvement, les thermopiles pour la présence en cas d’immobilité de la personne et la

caméra pour identifier l’entité détectée. La localisation 3D de la personne est réalisée grâce à l’estimation de

position sur horizon glissant. Cette méthode, nommée Visual Receding Horizon Estimation (VRHE), formule

le problème d’estimation de position en un problème d’optimisation non linéaire sous contraintes dans le plan

image. Le module de fusion pour la détermination de posture s’appuie sur la théorie des ensembles flous.

Il assure la détermination de la posture indépendamment de la personne et de sa distance vis à vis de la

caméra. Enfin, un module d’aide à la décision fusionne les sorties des différents modules et permet de dé-

clencher des alarmes dans le cas de la surveillance de personnes âgées ou de déclencher des applications

domotiques (chauffage, éclairage) pour la gestion énergétique de bâtiments.

Mots clés : Fusion de données, estimation sur horizon glissant, logique floue, habitat intelligent

Multi-sensors data fusion for smart home

The smart home concept has been widely developed in the last years in order to propose solutions for two

main concerns : optimized energy management in building and help for in-home support for elderly people.

In this context, the CAPTHOM project, in which this thesis is in line with, has been developed. To respond

to these problems, many sensors, of different natures, are used to detect the human presence, to determine

the position and the posture of the person. In fact, no sensor can , alone, answers to all information justifying

the development of a multi-sensor system and a data fusion method. In this project, the selected sensors

are passive infrared sensors (PIR), thermopiles and a video camera. No sensor is carried by the person

(non invasive system). We propose a global architecture of intelligent sensor made of four fusion modules

allowing respectively to detect the human presence, to locate in 3D the person, to determine the posture and

to help to make a decision according to the application. The human presence module fuses information of

the three sensors : PIR sensors for the movement, thermopiles for the presence in case of immobility and the

camera to identify the detected entity. The 3D localisation of the person is realized thanks to position receding

horizon estimation. This method, called Visual Receding Horizon Estimation (VRHE), formulates the position

estimation problem into an nonlinear optimisation problem under constraints in the image plane. The fusion

module for the posture determination is based on fuzzy logic. It insures the posture determination regardless

of the person and the distance from the camera. Finally, the module to make a decision fuses the outputs of

the preceding modules and gives the opportunity to launch alarms (elderly people monitoring) or to command

home automation devices (lightning, heating) for the energy management of buildings.

Key words : Data fusion, receding horizon estimation, fuzzy logic, smart home
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