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1&0,( %( 7244( i24$7U1+() &=(, 4() 1(,<02@*() ,$7320/() %( )$421$0) (1 SsS;>Q" ;&4'+/

48&*'7(01&12$0 %( 4& ,&.&,21/ %* ,&0&4l 4( ,$01+b4( %8201/'+21/ %(7(*+( *0( ^$0,12$00&421/

20%2).(0)&34( .4&,/( &*9 (91+/721/) %() 42&2)$0) %( ,$77*02,&12$0" #( ,$01+b4( 08/1&01

.&) (!(,1*/ )*+ 4( 1+&J(1l %() %/'+&%&12$0) (1 %() .(+1() %( .&@*(1) %820^$+7&12$0 .(*=(01

)*+=(02+ .(0%&01 4& 1+&0)72))2$0" R( 7())&'( %/42=+/ ()1 &4$+) 20,$7.4(1"

S&0) *0 .+(72(+ 1(7.)l 0$*) /=$@*(+$0) )/.&+/7(01 4( ,$%&'( %( )$*+,( (1 4( ,$%&'(

%( ,&0&4 (1 4() 7/1<$%() )8` +/^/+&01 .$*+ 4& 1+&0)72))2$0 +$3*)1( %820^$+7&12$0" R( ,$%&'(

%827&'( .&))( 4( .4*) '/0/+&4(7(01 .&+ *0 ,<&0'(7(01 %8().&,( %( +(.+/)(01&12$0 =2& %()

1+&0)^$+7&12$0)" X0 .&))( ,4&))2@*(7(01 %8*0( +(.+/)(01&12$0 ).&12&4( 201(+.+/1&34( .&+

48h24 <*7&20 G *0( &*1+( +(.+/)(01&12$0 .$*+ 72(*9 (9.4$21(+ 4() %/.(0%&0,() )1&12)12@*()

(1 &20)2 +/%*2+( 4& @*&0121/ %820^$+7&12$0" #() +(.+/)(01&12$0) )$01 1+U) ,$*+&01() (1 (0,$+(

4&+'(7(01 (9.4$21/() %&0) 4() ,$%(*+) %21) %( %(*92U7( '/0/+&12$0 %$01 4& !0&421/ ()1 4&

%(),+2.12$0 %* )2'0&4 (0 1&01 @*8$3J(1 NcWPd-:555l ;WPd-IQ" R& )$+12( %( ,() ,$%(*+)

>S(0)( s&=(4(0'1< S2=2)2$0 ;*412.4(920'

M



/0),1&.2)*10 &% $" 8,%(*+,% 8",)*%

^$*+021 %() 20^$+7&12$0) 1+U) )1+*,1*+/() N)1+*,1*+( '+&%*&34(Q @*2 (01+&x0(l 0$*) 4( =(+-

+$0)l 4& %/!0212$0 %( .+2$+21/) %&0) 4& 1+&0)72))2$0 )*+ *0 ,&0&4 3+*21/" #(11( )1+*,1*+(

.+/)(01( 0/&07$20) %() ^&234())() %&0) )& +/&42)&12$0" R& .(+1( %8*0( .$+12$0 %* "*9 .(*1

,$7.+$7(11+( (0 (!(1 4( %/,$%&'( %( 48201/'+&421/ %( 4820^$+7&12$0 1+&0)72)( 2))*( %( 4&

)$*+,( ,$%/(" T0( /1&.( )*..4/7(01&2+( ,$0)2)1( &4$+) G 20,4*+( *02^$+7/7(01 %( 4& +(-

%$0%&0,( 4$+) %* ,$%&'( %( ,&0&4" S&0) 4( ,&%+( %* ,$%&'( ,$0J$201 )$*+,(-,&0&4l 0$*)

7$01+(+$0) ,$77(01 &%&.1(+ 4() 3()$20) %( 4& )$*+,( &*9 ,&+&,1/+2)12@*() %* ,&0&4 N%/4&2

%( 1+&0)72))2$0l 1&*9 %( .(+1()l @*&421/ %( )(+=2,( )$*)-J&,(01("""Q"

#8()1 &20)2 @*( %&0) *0 %(*92U7( 1(7.)l 4() 7/,&02)7() %( .+$1(,12$0 .&+ %(),+2.-

12$0 7*412.4( )(+$01 .+/)(01/)" P0 ,&))&01 4& )1+*,1*+( 7*412+/)$4*12$0l 0$*) (9.$)(+$0) 4(

7$`(0 %( +(.+/)(01(+ 4& )$*+,( .&+ *0 (0)(734( %( %(),+2.1(*+) %827.$+1&0,( /@*2=&4(01(

=2)&01 G ,$7.(0)(+ (",&,(7(01 4() .(+1() &4/&1$2+() )*+ 4( ,&0&4 %( ,$77*02,&12$0" R&

.+$.+2/1/ %8/@*2=&4(0,( ()1 ^$+1(7(01 +(@*2)( )*+ %() ,&0&*9 %( 1`.( }3()1 (!$+1} 2))*()

%( 4& )27.42!,&12$0 %() .+$1$,$4()" ]$*) ^(+$0) *0 /1&1 %() &..42,&12$0) &,1*(44() )*+ ,(

1`.( %( ,&0&4"

P0!0l %&0) *0 %(+02(+ 1(7.)l &* ,<&.21+( >l 0$*) .+/)(01(+$0) *0( 1+&0)^$+7&12$0

+/&42)&01 )27.4(7(01 *0 (0)(734( %( %(),+2.12$0)" ]$*) (0 %/1&244(+$0) 4() .+20,2.&4()

.+$.+2/1/) (1 7$01+(+$0) @*8(44( ()1 ,&.&34( %( ,$0,242(+ 4() ,$01+&201() %( 1(7.)-+/(4 &=(,

4() &).(,1) %( +/&,12$0 &*9 .(+1() %820^$+7&12$0"

D



:;"8*),% 4

01),2&.3)*21 ".< 32&"-%' &%
'2.,3% %) &% 3"1"$

F2(("*,%

4U4 :2&"-% &% '2.,3% V ,%8,@'%1)")*21 -,"&."#$% U U U U U U U U 4X

!"!"! 61+&1/'2( 7*412-+/)$4*12$0 .$*+ 4( ,$%&'( %827&'() !9() " " " !5

!"!": ;/1<$%() '+&%*&34() %( ,$%&'( =2%/$ " " " " " " " " " " " " " !:

!"!"> ?$3*)1())( &*9 .(+1() %( .&@*(1) " " " " " " " " " " " " " " " !A

4U> !,"1'(*''*21 &7.1% '2.,3% -,"&."#$% '., $701)%,1%) U U U U 4M

!":"! E$*) &=(F %21 +/)(&*9 G @*&421/ %( )(+=2,( H " " " " " " " " " " !D

!":": ;$%/42)&12$0 %* ,&0&4 " " " " " " " " " " " " " " " " " " " " " :I

!":"> #$%&'( ,$0J$201 )$*+,(K,&0&4 " " " " " " " " " " " " " " " " " :L

4UB :213$.'*21 U U U U U U U U U U U U U U U U U U U U U U U U U U U U U >9

W$*+ 1+&0)7(11+( %( ^&j$0 !&34( %( 4820^$+7&12$0 2))*( %8*0( )$*+,( G *0( %()120&0&-

1&2+(l #4&*%( 6<&00$0 )*''U+( *0( 7/1<$%( %( 1+&0)72))2$0 )( %/,$*.&01 (0 %(*9 .+$,/%/)

)*,,())2^) e

� *0 ,$%&'( %( )$*+,(l 4& ,$7.+())2$0l '/0/+&01 *0 %/321 %(=&01 n1+( 20^/+2(*+ G 4&

,&.&,21/ %* ,&0&4 k

� *0 ,$%&'( %( ,&0&4l 4& .+$1(,12$0l *1242)/ .$*+ 1+&0)7(11+( 4& )$*+,( &* %()120&1&2+(

&=(, ,&.&,21/ %( ,$++(,12$0 %() (++(*+) %( 1+&0)72))2$0 /=(01*(44()"

#( %/,$*.&'( ()1 4& ,$0)/@*(0,( %* 1</$+U7( %( ,$%&'( )$*+,(-,&0&4 )12.*4&01 @*824

()1 .$))234( %8&11(20%+( *0( %2)1$+)2$0 72027&4( G 4& +/,(.12$0 .&+ *0( $.1272)&12$0 20%/-

.(0%&01( %() %(*9 34$,) e 4( ,$%&'( %( )$*+,( (1 4( ,$%&'( %( ,&0&4" #( .+20,2.( ()1 4& 3&)(

%() ,$77*02,&12$0) 0*7/+2@*() &,1*(44() ,&+ 24 .(+7(1 4& 72)( (0 h*=+( %( 1(,<02@*() %(

,$7.+())2$0 20%/.(0%&77(01 %* 7/%2*7 *1242)/" R( ,&0&4 .(*1 (0 (!(1 )( %/,420(+ )$*) %(

0$73+(*)() ^$+7()" S( ,( .&0(4 %( ,&0&*9l 0$*) .$*=$0) ,21(+ 4() *021/) %( )1$,i&'( ,4&)-

)2@*() ,$77( 4( #S-?X; $* 4() %2)@*() ?VCS N>%&.0&"0) ?,,"@' 1A /0%58%0'*B% 6*'C'Q

[
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&20)2 @*( 4() )*..$+1) %( 1+&0)72))2$0 <(+1F2(0) $* ,{34/)" W$*+ ,( %(+02(+ 1`.(l 4( 7$%( %(

1+&0)72))2$0 .&+ .&@*(1) )827.$)( &*J$*+%8<*2 (0 ,$77*02,&12$0 @*(4 @*( )$21 4( 02=(&*

.<`)2@*( %* ,&0&4" ;&2) &=(, @*(44( !&32421/ 4() )`73$4() %( ,$77*02,&12$0) .(*=(01-24)

n1+( 1+&0)72) H #( .+$34U7( 1(,<02@*( @*( %/,+2=&21 s&++(0 s(&=(+ Ys(&=(+ I[\ ()1 (0-

,$+( .+/)(01 %&0) ,( 7$%( %( 1+&0)72))2$0 )*J(1 G 48(!&,(7(01 %( .&@*(1)" P0 $*1+(l &=(,

@*(44( .+/,2)2$0 4() )`73$4() 1+&0)72) =/<2,*4(01-24) 4& )2'02!,&12$0 %/)2+/( H S( ,( .+$-

34U7( )/7&012@*( %/.(0% 4& +$3*)1())( %( 4& )$*+,( &*9 .(+1() %( .&@*(1) $* )& ^&,*41/ G

%2),+2720(+ 4820^$+7&12$0 27.$+1&01( %( ,(44( )*.(+"*( N+(.+/)(01&12$0 '+&%*&34(Q"

V*))2 ,( .+(72(+ ,<&.21+( &3$+%(-1-24 %( 7&02U+( ,4&))2@*( 4& ,<&x0( %( 1+&0)72))2$0" R&

.+(72U+( .&+12( ()1 ,$0)&,+/( &*9 ,$%&'() %( )$*+,() 27&'( (1 =2%/$" V* 1+&=(+) %( ,$%()

(92)1&01)l &.+U) 4(*+ .+/)(01&12$0l $0 /1*%2(+& 4() 7/,&02)7() %( ,$7.(0)&12$0 %( .&@*(1)

72) (0 h*=+(" R& %(*92U7( .&+12( ()1 %/%2/( &* ,&0&4 (1 .&+12,*42U+(7(01 G 48C01(+0(1

.*342,l ,&0&4 G (!&,(7(01 .&+ (9,(44(0,(" S() /4/7(01) %( 4& 1</$+2( %( 4820^$+7&12$0 )$01

%$00/) .$*+ *0( 7$%/42)&12$0 %( ,( ,&0&4"

4U4 :2&"-% &% '2.,3% V ,%8,@'%1)")*21 -,"&."#$%

#(11( )(,12$0 &3$+%( 4& +(.+/)(01&12$0 '+&%*&34( %&0) 4() )$*+,() &,1*(44() %827&'( (1

%( =2%/$ @*( 48$0 +(0,$01+( .4*) $* 7$20) ,4&))2@*(7(01 )*+ 48C01(+0(1" P44( 0( %+())( (0

&*,*0 ,&) *0 /1&1 %( 48&+1 ,$7.4(1 )*+ 4() 7/1<$%() %( ,$7.+())2$0 7&2) )8&..42@*( G 4&

%(),+2.12$0 %() ,$7.$)&01) %8*0 1+&20 320&2+( )$*+,( (0 =*( %8*0( )/.&+&12$0 (0 )$*)-"*9

G .+$1/'(+ %2)120,1(7(01"

4U4U4 F),")@-*% (.$)*V,@'2$.)*21 82., $% 32&"-% &7*("-%' !<%'

R( ,$%&'( %( )$*+,( .$*+ 4827&'( 7(1 48&,,(01 )*+ 4& .+$'+())2=21/ %* 1+&20 320&2+(

$31(0*" #(11( +(.+/)(01&12$0 7*412-+/)$4*12$0 $* (0 ,$*,<( NR#IQ $!+( 4& .$))232421/ &*

%/,$%(*+ %( +(,$0)1+*2+( %8(734/( 4827&'( $+2'20&4( %( 7&02U+( '+$))2U+( )&0) &11(0%+( 4&

1$1&421/ %( 4820^$+7&12$0" R8/4&3$+&12$0 %( 4& <2/+&+,<2( %( 4& )$*+,( ()1 0&1*+(44( %&0) *0(

%/,$++/4&12$0 .&+ 1+&0)^$+7&12$0 $+1<$'$0&4(" R& 1+&0)^$+7&12$0 (0 ,$)20*) %2),+U1( N6*'F

2,%)% <1'*0% !,"0'A1,( G 6<!Q ()1 &%$.1/( .$*+ 4( ,$%&'( cWPd .+$'+())2^" P0 +(=&0,<(l

*0( 1+&0)^$+7&12$0 (0 $0%(4(11() N6*'2,%)% H"B%$%) !,"0'A1,(Q ()1 *1242)/( %&0) 4() 7/-

1<$%() %( ,$%&'( .4*) +/,(01) &=(, .+$'+())2=21/ ,$77( 6WCgBA $* Pf#XBL NcWPd-

:555Q" #() 1+$2) ,$%(*+) )$01 )*,,20,1(7(01 .+/)(01/) %&0) 4& )*21( %( ,(11( )(,12$0"

IR&`(+(% #$%20'
A6(1 W&+1212$0020' 20 g2(+&+,<2,&4 B+(()
LP73(%%(% f4$,i #$%20' z21< X.1272F(% B+*0,&12$0

!5



E3E3 <1&"-% &% '1.,2% F ,%8,I'%0)")*10 -,"&."#$%

Y5Z[ P rog ressi f

R& 0$+7( cWPd NJ1*0) =D1)1-,"8D*2 ;58%,)' K,1.8Q ()1 *0 ,$%&'( %827&'( &=(, ,$7-

.+())2$0 %820^$+7&12$0 3&)/( )*+ 4& S#B" T0 %/,$*.&'( %* )*..$+1 %( 4827&'( (0 34$,) %(

1&244( !9( ND!D $* !L!!LQ ()1 .+/&4&34(7(01 (!(,1*/ &=&01 %8&..42@*(+ 4& S#B" S&0) 4(

7$%( %( ,$%&'( &=(, .(+1(l 4& ,$7.+())2$0 ()1 +/&42)/( 4$+) %( 48/1&.( %( @*&012!,&12$0" R()

/4/7(01) 2))*) %( 4& S#B )$01 $+'&02)/) )(4$0 *0( )/@*(0,( !-S .&+ *0 3&4&`&'( F2'-F&'

G .&+12+ %( 48/4/7(01 &00 +(.+/)(01&01 4& ,$7.$)&01( ,$0120*( N/4/7(01 S#Q" R( +/)*41&1

%( 4& S#B ,$0,(01+( 48/0(+'2( %* )2'0&4 %( %/.&+1 )*+ @*(4@*() /4/7(01) 42/) &*9 3&))()

^+/@*(0,()" R() /4/7(01) ,$0)2%/+/) ,$77( 7$20) 27.$+1&01) N,&+&,1/+2)&01 4() 7$`(00()

(1 <&*1() ^+/@*(0,() %( 4827&'( 0$1/ V#Q $01 (0 '/0/+&4 %() =&4(*+) .4*) ^&234() (1 .(*=(01

%$0, n1+( @*&012!/) '+$))2U+(7(01 7n7( /=(01*(44(7(01 )*..+27/)" R& 0$+7( cWPd *12-

42)( ,(11( 1+&0)^$+7&12$0 S#B &20)2 @*8*0( 4$2 %( @*&012!,&12$0 *02^$+7( .+$.+( G ,<&@*(

/4/7(01 (1 *0 ,$%&'( (01+$.2@*( %() /4/7(01) @*&012!/)"

T0( =(+)2$0 .+$'+())2=( ()1 72)( (0 h*=+( .$*+ )&12)^&2+( 4& ,$01+&201( %( '+&%*&32421/ &*

1+&20 320&2+( !0&4" #( ,$%&'( .(+7(1 %8(01+(4&,(+ 4() ,$(",2(01) S#B @*&012!/) %() ,$7-

.$)&01() &,<+$7&12@*() (1 ,<+$7&12@*() &=(, )/4(,12$0 ).(,1+&4(" V* ^*+ (1 G 7()*+( %(

48&++2=/( %* 1+&20 320&2+(l 48(0)(734( %() ,$(",2(01) +(1+$*=(01 4(*+ @*&012!,&12$0 20212&4(

%( 7&02U+( .+$'+())2=(" R( ),+2.1 %( 4& !'*+( !"! ()1 *0 (9(7.4( %( ^$+7&12$0 %* 1+&20

320&2+( cWPd .+$'+())2^ .$*+ %() 27&'() �#3#+ $!+&01 *0( &..+$927&12$0 )*,,())2=( %(

4& )$*+,( Yd+$*. [D\" R() ,$7.$)&01() �l #3 (1 #+ )$01 +().(,12=(7(01 /12@*(1/() .&+ 5l

!l : (1 )*2=2() %( 1+$2) .&+&7U1+() e 4() 20%2,() %() ,$(",2(01)l 4() 321) 1+&0)72) (1 0$0

1+&0)72)"

# Coefficients DC pour Y, Cb, Cr (le bit de poids faible n’est pas envoyé)
0,1,2: 0-0, 0, 1 ;

# 5 premiers coefficients AC pour Y (moins les deux derniers bits)
0: 1-5, 0, 2 ;

# Tous les coefficients AC pour Cr, Cb (moins le bit de poids faible)
2: 1-63, 0, 1 ;
1: 1-63, 0, 1 ;

# Coefficients AC restants pour Y (moins les deux derniers bits)
0: 6-63, 0, 2 ;

# L’avant dernier bit de tous les coefficients AC pour Y
0: 1-63, 2, 1 ;

# Bits de poids faible des coefficients DC pour Y, Cb, Cr
0,1,2: 0-0, 1, 0 ;

# Bits de poids faible des coefficients AC pour Cb, Cr
2: 1-63, 1, 0 ;
1: 1-63, 1, 0 ;

# Bits de poids faible des coefficients AC pour Y; c’est habituellement la
séquence la plus longue

0: 1-63, 1, 0 ;
 

F i g . !"!e 6,+2.1 cWPd .+$'+())2^ e (9(7.4( %8*0 1+&20 320&2+("
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:2&"-% F50\!

R& 1+&0)^$+7&12$0 (0 $0%(4(11() ()1 &))2724&34( G 48&0&4`)( %* )2'0&4 27&'( .&+ *0 3&0,

%( !41+() :Sl .+$%*21 )/.&+&34( %( 3&0,) %( !41+() !S G %(*9 3&0%() Y;&44&1 D[\ (1 *0

)$*) /,<&01244$00&'(" R& )$+12( %* 3&0, ()1 ,$0)121*/( %( @*&1+( )2'0&*9 e *0( )$*)-3&0%(

.&))(-3&) RR (1 1+$2) )$*)-3&0%() .&))(-<&*1 ggl gR (1 Rg" R8&0&4`)( .(*1 n1+( +/./1/(

%( 7&02U+( +/,*+)2=( )*+ 4& ,$7.$)&01( RR $31(0*(" V* 7$7(01 %( 4& )`01<U)(l 48&J$*1

%( )$*)-3&0%() %( ^+/@*(0,() )*./+2(*+() &*'7(01( 4& +/)$4*12$0 %( 4827&'( +(,$0)1+*21("

R& 7/1<$%( 6WCgB Y6&2% [L&\ N&7/42$+&12$0 %( 4& 7/1<$%( %( c" ;" 6<&.2+$ NP�sMQQ

(9.4$21( 4() %/.(0%&0,() )1&12)12@*() (92)1&01() (01+( 4() ,$(",2(01) %( 7n7( $+2(01&12$0

(1 %( 7n7( 4$,&42)&12$0 ).&12&4(l 7&2) &..&+1(0&01) G %() )$*)-3&0%() %( +/)$4*12$0 %2^-

^/+(01(" R8<`.$1<U)( %( %/,+$2))&0,( %* ).(,1+( *1242)/( %&0) 6WCgB 20%2@*( @*( )2 *0

,$(",2(01 $0%(4(11( %8*0( +/)$4*12$0 '+$))2U+( ()1 20)2'02!&01 .$*+ *0 )(*24 %$00/l &4$+)

1$*) 4() ,$(",2(01) %( 7n7( $+2(01&12$0 %&0) 4& 7n7( F$0( ).&12&4( )$01 )*),(.1234()

%8n1+( 20)2'02!&01) =2)-G-=2) %( ,( )(*24" T0( )1+*,1*+( &+3$+(),(01( %2!/+(01( %() ,$("-

,2(01) $0%(4(11() .(+7(1 %( %/.&))(+ 4() .(+^$+7&0,() %8P�s"

ZR:Q!

R8&..+$,<( Pf#XB ^$*+021 4& +(.+/)(01&12$0 '+&%*&34( &%$.1/( .&+ 4( )1&0%&+% %(

,$%&'( %827&'( !9( cWPd-:555 YcWPd:555 \ (0 ,$*+) %( 0$+7&42)&12$0" P44( ()1 3&)/(

)*+ *0( %/,$7.$)212$0 (0 $0%(4(11() %2),+U1() @*2 .(*1 n1+( 2))*( 20%2!/+(77(01 %( 4&

+(.+/)(01&12$0 7*412+/)$4*12$0 %( ;&44&1l $* %8*0( %/,$7.$)212$0 @*(4,$0@*( (0 .&@*(1)

%8$0%(4(11()"

#<&@*( )$*)-3&0%( ()1 .&+1212$00/( (0 34$,) %8/,<&01244$0) .!l %( 1&244( >:!>: $* LI!LI"

Pf#XB '/0U+( .$*+ ,<&@*( 34$, *0 1+&20 320&2+( 20%/.(0%&01" X*1+( 4& '+&%*&32421/ (01+(

4() "*9 320&2+()l ,<&@*( 1+&20 .(*1 n1+( 1+$0@*/ G %() .$201) /"! l ,$++().$0%&01 G *0( %2)-

1$+)2$0 0"! " R& .+$.+2/1/ 201/+())&01( %( ,(1 (0)(734( %( .$201) %( 1+$0,&1*+( !/
"
! ' 0

"
! "

()1 @*( 4& .4*.&+1 %( ,() .$201) )$01 )21*/) )*+ 4& ,$*+3( %/321-%2)1$+)2$0 %* 34$, ,$0)2-

%/+/" #() ^$0,12$0) 201(+ (1 201+& "*9 ,$0^U+(01 &* ,$%&'( *0( <&*1( '+&0*4&+21/ %&0) 4&

+(.+/)(01&12$0 %( 4& )$*+,("
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G %(),+2.12$0 7*412.4( )$01 %/=(4$../) %&0) 4& )(,12$0 :":" R8*1242)&12$0 %( ,() 1(,<02@*()

.$*+ 4& .+$1(,12$0 %8*0( )$*+,( '+&%*&34( )( ,$0,+/12)( .&+ *0 )`)1U7( %( 1+&0)72))2$0 .&+

,$%&'( .+2$+21&2+(" X0 .+/,2)(+& (0 $*1+( 4827.$+1&0,( %() )$4*12$0) +/)(&*9 (92)1&01()" R()

%(*9 &..+$,<() )$*+,( (1 ,&0&4 )$01 4$20 %8n1+( &01&'$02)1()" ]$*) 1(01$0) %&0) 4& ,$0,4*-

)2$0 %( 4() +/*02+ .$*+ .+$.$)(+ *0( 7/1<$%( %( ,$%&'( ,$0J$201 )$*+,(-,&0&4"

>U4 :2&%' 32,,%3)%.,' 8", "1)*3*8")*21 ]gZ:^

T0( ^$+7( %( .+$1(,12$0 ,4&))2@*( .$*+ 4& 1+&0)72))2$0 )_+( %( 4820^$+7&12$0l ()1 48*12-

42)&12$0 %() ,$%() ,$++(,1(*+)" C4) )$01 4&+'(7(01 *1242)/) %&0) 4( %$7&20( %() 1+&0)72))2$0)

)*+ ,&0&4 3+*21/ N)&1(4421(l C01(+0(1l +/)(&* )&0) !4 &=(, 1(+720&*9 7$324()Q $* %* )1$,i&'(

N,$7.&,1 %2)@*(l ?VCSQ" R( .+20,2.&4 201(+n1 )( )21*( %&0) 48&3)(0,( %( +(1+&0)72))2$0)"

T0( ^$2) (0=$`/l 4( =$4*7( %( %$00/() ()1 (0 (!(1 )*..$)/ &*1$0$7(" R8201/'+21/ ()1 &)-

)*+/( .&+ 4& +(%$0%&0,( 201+$%*21( G 48(0=$2" X0 .&+4(+& &20)2 %( 32&%' 32,,%3)%.,' 8",
"1)*3*8")*21 $* &=&01 @*( 48/7(11(*+ 0( )$21 )$442,21/ .$*+ +(1+&0)7(11+( NOP# .$*+ 91,F
:",& ;,,1, <1,,%2)*0- 21&%'Q" 62 4( '&20 %( 1(7.) ()1 20,$01()1&34( %(=&01 4& )*.+())2$0

%() &44(+) (1 +(1$*+) &*))2 32(0 %() %$00/() @*( %() 7(1&-%$00/() N&,@*211(7(01)Ql 4( '&20

>5



P3E3 <1&%' 21,,%2)%.,' 8", "0)*2*8")*10 S9;<T

(0 %/321 201+$%*21 .$*+ .&+=(02+ G *0 =$4*7( &*1$0$7( 08()1 .&) /=2%(01" W$*+ 244*)1+(+

48&=&01&'( %() ,$%() OP#l ,$0)2%/+$0) 48(9(7.4( )*2=&01" 6*..$)$0) !5 555 *1242)&1(*+)

%&0) *0( 1+&0)72))2$0 7*412,&)1 &=(, *0 1&*9 7$`(0 %( .(+1( %( .&@*(1) %( !5 u" R& .+(-

72U+( )$4*12$0 .$*+ &))*+(+ G 1$*) 4() *1242)&1(*+) 4& 3$00( +/,(.12$0 %( 1$*) 4() .&@*(1) ()1

%8(0=$`(+ ,<&@*( .&@*(1 J*)@*8G 4(*+ &,@*211(7(01 .&+ 1$*) 4() *1242)&1(*+)" 62 4() .(+1()

)$01 20%/.(0%&01() .$*+ 4() %2!/+(01) *1242)&1(*+)l *0 ,&4,*4 )27.4( 7$01+( @*8(0 7$`(00(

*0 .&@*(1 %$21 n1+( 1+&0)72) &..+$927&12=(7(01 ,20@ ^$2)" 6*..$)$0) 7&201(0&01 @*( 4&

1+&0)72))2$0 )$21 ,$7.$)/( %( !55 555 .&@*(1) (1 *0 ,$%( OP# ()1 *1242)/ .$*+ &J$*1(+

:A 555 .&@*(1) +(%$0%&01)" 62 &*,*0 08*1242)&1(*+ 0( .(+% .4*) %( :A 555 .&@*(1) N*3%3V 4(

1&*9 %( .(+1( 7&927*7 ()1 &* .4*) %(*9 ^$2) 4( 1&*9 %( .(+1( 7$`(0 N:5 uQQl &4$+) 1$*)

4() *1242)&1(*+) +(,(=+$01 &))(F %820^$+7&12$0) .$*+ %/,$%(+ 4( 7())&'( $+2'20&4" R& 3&0%(

.&))&01( *1242)/( .&+ 4& )$4*12$0 OP# ()1 +/%*21( %8*0 ^&,1(*+ @*&1+( .&+ +&..$+1 G 4&

)$4*12$0 &=(, +(1+&0)72))2$0" P0 $*1+(l 48&*1$0$72( %* =$4*7( 1$1&4 %( %$00/() (0=$`/()

+(0% 4( .+$1$,$4( '4$3&4(7(01 3(&*,$*. .4*) )27.4("

R& +(%$0%&0,( 20,$+.$+/( .&+ 4() ,$%() OP# ()1 )`)1/7&12@*(" X0 .(*1 %2)120'*(+ 4()

.&@*(1) %( 7())&'( %() .&@*(1) %( +(%$0%&0,( N!'*+( :"!Q" #(11( ^$+7( &))*+( 48*1242)&-

12$0 %2+(,1( %() .&@*(1) 7())&'() .$*+ *0 *1242)&1(*+ 08&`&01 &*,*0( ,$00&2))&0,( %( 4&

7/1<$%( %( ,$%&'( (7.4$`/(" W&+ &244(*+)l %&0) 4( ,&) %8*0 1&*9 %( .(+1( 1+U) ^&234(l 4()

.&@*(1) %( 7())&'( .(*=(01 n1+( =/<2,*4/) =(+) 4& ,$*,<( )*./+2(*+( )&0) &11(0%+( 4( "*9

+(%$0%&01" V*,*0( %2)120,12$0 08()1 ^&21( ,(.(0%&01 &* %/,$%&'( )*+ 4& 0&1*+( %* .&@*(1"

m*824) )$2(01 +(%$0%&01 $* 7())&'(l ,<&@*( .&@*(1 ()1 /@*2=&4(01 .$*+ 4& +(,$0)1+*,12$0"

C%/&4(7(01l 4( 0$73+( %( .&@*(1) 0/,())&2+() .$*+ 4( %/,$%&'( ()1 /'&4 &* 0$73+( %( .&-

@*(1) %* 7())&'( $+2'20&4" R() ,$%() ;S6 .+/)(01/) %&0) 4( .&+&'+&.<( )*2=&01 &))*+(01

,(11( .+$.+2/1/ &*J$*+%8<*2 1+U) ,$0=$21/("

>!



<D"8*),% P3 4I2"0*'(%' &% 8,1)%2)*10 8", &%'2,*8)*10 (.$)*8$% &% $Q*0A1,(")*10

Encodage

Transmission

Décodage

k messages

n codes

! ! ! !  k codes reçus

k messages

F i g . :"!e #$77(01 ^$0,12$00( *0 ,$%&'( OP#H V .&+12+ %8*0 (0)(734( %( i .&@*(1)
%( 7())&'(l *0 (0)(734( +(%$0%&01 %( 0 .&@*(1) ()1 ,$%/ !! ! """ R& +/,(.12$0 %8*0
(0)(734( )*./+2(*+ $* /'&4 G i .(+7(1 4( %/,$%&'( %* 7())&'( $+2'20&4"

>U4U4 T%' 32&%' ?KF

R( ,<&.21+( !! %( Ys2442&7) MM\ %/,+21 4() ,$%() ;S6 ,$77( 4() .4*) ^&),20&01) %( 1$*1(

4& 1</$+2( %() ,$%()" C4 ()1 7$01+/ @*( .$*+ 1$*1 ,$%( 420/&2+( !!'*' ?" $0 & ? & !"*.)
&=(, e !' 4( 0$73+( %( )`73$4() ,$%()l*' 0$73+( %( )`73$4() 7())&'( (1 ?' 4& %2)1&0,( %(

g&7720'" R() ,$%() &=(, ? ( !"*.) )$01 &..(4/) ("5*(.( &*')"02% '%8","#$% N;S6Q"
R( 0$7 =2(01 %* ^&21 @*( %( 1(4) ,$%() $01 *0( %2)1&0,( 7&927&4( (01+( ,<&@*( 7$1 %*

,$%( (1 @*( 4() )`73$4() %* 7())&'( .(*=(01 n1+( )/.&+/) %() )`73$4() %( ,$01+b4( N^$+7(

)`)1/7&12@*(Q" W+&12@*(7(01l 4& .+$.+2/1/ ;S6 )( 1+&%*21 .&+ 4( ^&21 @*( )2 G .&+12+ %(*

)`73$4() %( 7())&'( %8*0 ,$+.) %( d&4$2) dO#$+%l $0 .+$%*21 %( 7&02U+( )`)1/7&12@*(

! )`73$4() %( ,$%()l 0827.$+1( @*(44( ,$7320&2)$0 %( * )`73$4() .&+72 ! ()1 )*")&01

.$*+ %/,$%(+ 4( 7())&'(" R& ,4&))( 4& .4*) 27.$+1&01( %() ,$%() ;S6 ()1 ,(44( %() ,$%()

?((%-6$4$7$0 N?6Q" R() ,$%() ;S6 )$01 %$0, $.127&*9 (0 1(+7() %( 0$73+( %( )`73$4()

0/,())&2+( &* %/,$%&'(" S( .4*)l )&0) .&+4(+ %( ,$7.4(921/ &4'$+21<72@*( .$*+ 4820)1&01l 4(

%/,$%&'( ()1 20%/.(0%&01 %( 48$+%+( %() * .&@*(1) *1242)/)" #( ,$%&'( ()1 &..42,&34( &*9

+/)(&*9 %( .&@*(1) (0 ,$0)2%/+&01 *0 .&@*(1 ,$77( )`73$4(" X0 .&+4(+& %8*0 =$4*7(

%820^$+7&12$0 ^+&'7(01/ (0* .&@*(1) %( 7())&'( (1 " ( !"* .&@*(1) %( +(%$0%&0,( N$*

OP#Q $~ &* 7$20)* .&@*(1) .&+72 ! )$01 0/,())&2+() .$*+ +(1+$*=(+ 4( =$4*7( $+2'20&4!L"

!LR8*1242)&12$0 %* ,$%( ?((%-6$4$7$0 Y!:Dl !:I\ %&0) 4( .+$1$,$4( VB; &* 02=(&* %( 48VVR! 244*)1+(
,(11( .+$.+2/1/" !:I ,(44*4() )*+ !:D )$01 0/,())&2+() .$*+ %/,$%(+ 4( =$4*7( %820^$+7&12$0 20212&4"

>:
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:21'),.3)*21

R& ,$0)1+*,12$0 %( ,$%() ;S6 ,$77( .+$.$)/( %&0) Yf4y7(+ [A\ .(*1 )8(!(,1*(+ .&+

7*412.42,&12$0 7&1+2,2(44( %8*0 7$1 ,$%( N$* .&@*(1 %( 7())&'(Q .&+ *0( 7&1+2,( '/0/+&-

1+2,("

71*) < .0% ("),*2% !! "*!*" '., K9 #$+%3 N" ("),*2% !@%%A" %') -I0I,"),*2% &.

21&% 467 '@')I(")*W.% "B%2 &%' 8"W.%)' &% )"*$$% B '* %) '%.$%(%0) '* 2D"W.% '1.'F("),*2%

2",,I% &% < %') *0B%,'*#$%3

R() 7&1+2,() %( #&*,<` (1 %( E&0%(+7$0%( .$))U%(01 ,() .+$.+2/1/) )*+ 4() ,$+.) %(

d&4$2)" X0 0$1( .&+ Yf`(+) [D\ @*( 4& 72)( (0 h*=+( &=(, *0( 7&1+2,( %( #&*,<` YR*3` \

()1 .4*) +&.2%( .$*+ %() '+&0%( =&4(*+) %( " @*( 4& 72)( (0 h*=+( &=(, *0( 7&1+2,( %(

E&0%(+7$0%( Y?2FF$ [M\"

K@!1*)*21 _ 71*) 9 .0 21,8' %) '1*) "<1' (((<%#' "21' (((2"# P 'I,*%' &QI$I(%0)' &"0' 9

)%$ W.%

N2Q 'C % ")' ((('*#' '% % ")' (((' !# e <! . 2' &( -(
N22Q '% % ")' ((('*#' C &( % ' <! &( <' =D 'C' % % ")' (((' !#' C &( % ' 2! &( 2'(

N" ("),*2%

!
"""""""#

"""""""$

1
*1 + ,1

1
*1 + ,2

' ' ' 1
*1 + ,n

1
*2 + ,1

1
*2 + ,2

' ' ' 1
*2 + ,n

" " "
1

*m!1 + ,1
1

*m!1 + ,2
' ' ' 1

*m!1 + ,n
1

*m + ,1
1

*m!1 + ,2
' ' ' 1

*m + ,n

%
"""""""&

"""""""'

%') "88%$I% ("),*2% &% <".2D@ '., 93

W$*+ ,<&@*( (01+/( %( 4& 7&1+2,(l $0 & e

!
"#

"$

<! ( C" )

2! ( $
+!1 . !% " )"

) & C & "

) & % & *
) & C' % & $+!1

>>



<D"8*),% P3 4I2"0*'(%' &% 8,1)%2)*10 8", &%'2,*8)*10 (.$)*8$% &% $Q*0A1,(")*10

F i g . :":e ?(.+/)(01&12$0 (0 02=(&*9 %( '+2) %8*0( 7&1+2,( %( #&*,<` A55!A55 )*+#$ #$10%"

R( %/,$%&'(l G )*..$)(+ @*( * .&@*(1) )$2(01 +(j*)l )8(!(,1*( ,$77( )*21"

6$21 @ ( ")' ((('*#l 4& )/+2( %820%2,() %( .&@*(1) %820^$+7&12$0 +(j*) .&+72* (0=$`/)"

6$21 0@ ( ")' ((('*#(@' 4& )/+2( %820%2,() %( .&@*(1) %820^$+7&12$0) .(+%*)"

6$21 E ( "*. )' (((' !#l 4& )/+2( %820%2,() %( .&@*(1) +(%$0%&01) +(j*) (1 *1242)/)"
W&+ ,$0)/@*(01l FG5?!E" ( FG5?!0@" (1 FG5?!@" . FG5?!E" ( *(

R( %/,$%&'( .(*1 )( %/,$7.$)(+ (0 %2!/+(01() /1&.() e

� ,$01+b4(+ )2 &* 7$20) * .&@*(1) )$01 +(j*) k

� ,$44(,1(+ 1$*) 4() .&@*(1) %820^$+7&12$0) @*2 )$01 +(j*) (1 +(7.4&,(+ 4() .&@*(1)

%820^$+7&12$0 .(+%*) .&+ 4() .&@*(1) +(%$0%&01) k

� ,$.2(+ 4820^$+7&12$0 %() .&@*(1) %820^$+7&12$0) %&0) 4() .&+12() 2%$20() %* 7())&'(

G %/,$%(+ k

� ,&4,*4(+ 0' 4& )$*)-7&1+2,( ,&++/ %( Al 4& 7&1+2,( %( #&*,<` $+2'20&4( )*+ dO#$+%(

R() 20%2,() %( 42'0() )$01 %$00/) .&+ 4() 20%2,() %( .&@*(1) +(%$0%&01) *1242)/) (1

4() 20%2,() %( ,$4$00() .&+ 4() 20%2,() %( .&@*(1) %820^$+7&12$0) 7&0@*&01) N!'*+(

:">Q k

� ,&4,*4(+ 4820=(+)( 0!1 %( 0 k

>I



P3E3 <1&%' 21,,%2)%.,' 8", "0)*2*8")*10 S9;<T

� 7(11+( G J$*+ 4() .&@*(1) +(%$0%&01) *3%3 )*..+27(+ 4() ,$01+23*12$0) %() .&@*(1) %(

7())&'( (!(,12=(7(01 +(j*) k

� 7*412.42(+ 4& 7&1+2,( 0!1 &=(, 4() .&@*(1) +(%$0%&01) 72) G J$*+ .$*+ $31(02+ 4()

.&@*(1) %820^$+7&12$0 7&0@*&01)"

Matrice identité

Matrice de Cauchy

k

n

Indices des paquets

messages perdus

Indices des paquets

redondants reçus

11
15

43

55

68

4
8 9
13
22

Extraction et inversion de la

sous-matrice carrée de

Cauchy (5x5)

Matrice génératrice du code

MDS

1115 43 55 68

F i g . :">e P91+&,12$0 %( 4& )$*)-7&1+2,( ,&++/( %( #&*,<` NA!AQ .$*+ *0 ),/0&+2$ %( .(+1()
%( A .&@*(1) 7())&'() N%820%2,() e !!l !Al I>l A>l LDQ ,$7.(0)/() .&+ A .&@*(1) +(%$0%&01)
N%820%2,() e Il Dl [l !>l ::Q"

:2(8$%<*)@

R( 1(7.) %* ,$%&'( ()1 $,,*./ G [[ u .&+ 4( ,&4,*4 %() .&@*(1) +(%$0%&01)" R8&^-

^(,1&12$0 %8*0 2%(012!(*+ .$*+ ,<&@*( .&@*(1 (1 4& ^+&'7(01&12$0 %* =$4*7( $+2'20&4 (0

.&@*(1) %( 7())&'( 0( )$01 %$0, .&) ,$0)2%/+/()" R& ,$7.4(921/ )8/4U=( &4$+) G *0 1(7.)

.+$.$+12$00(4 G *"B Yf`(+) [D\ $~ * ()1 4( 0$73+( %( .&@*(1) 7())&'(l " 4( 0$73+( %(

.&@*(1) +(%$0%&01) (1 B 4& 1&244( %8*0 .&@*(1"

R( 1(7.) %* %/,$%&'( ()1 $,,*./ G [[ u .&+ 4() 1+$2) %(+02U+() /1&.()l G )&=$2+ 4820-

=(+)2$0 %( 4& )$*)-7&1+2,( %( #&*,< l̀ 4& 72)( G J$*+ %() .&@*(1) +(%$0%&01) (1 4& 7*412.42-

,&12$0 7&1+2,2(44( %&0) #$ #$+%( S( ,$7.4(921/ )2724&2+( &* ,$%&'(l 4& ,$7.4(921/ $31(0*(

()1 %( ^!*=B"Yf`(+) [D\' $~ * ()1 4( 0$73+( %( .&@*(1) 7())&'(l = 4( 0$73+( %( .&@*(1)

+(%$0%&01) *1242)/) N4( 0$73+( %( .&@*(1) 7())&'( .(+%*)Q (1 B 4& 1&244( %8*0 .&@*(1" R&

!'*+( :"I (91+&21( %( Yf4y7(+ [A\ %$00( 4() 1(7.) %( %/,$%&'( (0 ^$0,12$0 %* 0$73+(

%( .&@*(1) +(%$0%&01) +(j*) N%( ! G A5Q" R( 7())&'( G *0( 1&244( 1$1&4( %( D55 Z3 &=(,

*0( ^+&'7(01&12$0 %( * ( )-- .&@*(1) %( 7())&'(" #<&@*( $./+&12$0 ()1 (!(,1*/( )*+

>A



<D"8*),% P3 4I2"0*'(%' &% 8,1)%2)*10 8", &%'2,*8)*10 (.$)*8$% &% $Q*0A1,(")*10

dOY$10\"

F i g . :"Ie B(7.) %( %/,$%&'( (0 ^$0,12$0 %* 0$73+( %( .&@*(1) +(%$0%&01) *1242)/)

R() ,$%() ;S6 .(*=(01 n1+( *1242)/) (0 .+&12@*( 4$+)@*( * (1 " )$01 +(4&12=(7(01

.(121)" R() =&4(*+) *1242)/() %&0) Y;$<+ 55\ Y6,<$$4(+ [M\ Yg/0$,@ 55\ )$01 (0 (!(1 (01+( D

(1 :AL" P0 $*1+(l Yf4y7(+ [A\ )./,2!( *0( 42721( 20^/+2(*+( .$*+ 4& 1&244( %() .&@*(1)"

Z.%$ W.% '1*) HV .0 21&% 467V W.* %021&% .0 (%''"-% &% * 8"W.%)' %0 .0 21&% H!-"

&% ! ! *. $ 8"W.%)'V $" )"*$$% B &1*) '")*'A"*,% $Q*0I-"$*)I

$+ . ) ! 123"*'!"*#(

>U4U> a1 ".),% 32&% 8,23;% &% $" '2$.)*21 28)*("$%

R& 72)( (0 h*=+( %() ,$%() ;S6 +()1( ,$7.4(9(" T0 1(7.) %( ,$%&'( .4*) ^&234(

.(*1 n1+( $31(0* (0 0/,())21&01 *0 0$73+( %( .&@*(1) 4/'/+(7(01 )*./+2(*+ G *" #()

,$%() .+$,<() %( 4& )$4*12$0 $.127&4( )$01 &..(4/) !) . !"-0& YV4$0 [L\ (0 +/^/+(0,( &*

0$73+( %( .&@*(1) *124() &* %/,$%&'( /'&4 G !) . !"*" #(11( )(,$0%( )$4*12$0 &44U'( G

4& ^$2) 4( 1+&=&24 %8(0,$%&'( &* 02=(&* %* )(+=(*+ (1 4& +(,$0)121*12$0 %* =$4*7( $+2'20&4

,<(F 4( %()120&1&2+(" R() ,$%() B$+0&%$ .+$.$)/) .&+ R*3` (1 &4" YR*3` [M\ )$01 *0 3$0

,$7.+$72) (01+( 4& )$4*12$0 2%/&4( (1 4() 1(7.) %( ,$%&'(K%/,$%&'("

:21'),.3)*21 &%' 32&%' !2,1"&2

R() .&@*(1) +(%$0%&01) )$01 ,&4,*4/) .&+ ,$7320&2)$0) 420/&2+() %() .&@*(1) %( 7())&'(

$* 32(0 %8&*1+() .&@*(1) +(%$0%&01) N!'*+( :"AQ" R() 7&1+2,() *1242)/() )$01 1+U) ,+(*)()

>L
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B$+0&%$ ?((%-6$4$7$0
#$_1 %( %/,$%&'( ) . ! )

B(7.) %8(0,$%&'( ! 45!1
!
"B *"B

B(7.) %( %/,$%&'( ! 45!1
!
"B *=B

X./+&12$0 %( 3&)( tX? $./+&12$0) %&0) ,$+.) %( d&4$2)

T a b . :"!e #$7.&+&2)$0 (01+( 4() ,$7.4(921/) %() ,$%() B$+0&0%$ (1 ?((%-6$4$7$0

,$01+&2+(7(01 &*9 7&1+2,() %( #&*,< "̀ R( 0$73+( 7$`(0 %( =&+2&34() .&+ /@*&12$0 ()1

^&234( %( 7&02U+( G $./+(+ .&+ )27.4() )*3)121*12$0)" R8&++2=/( %8*0 0$73+( %( .&@*(1

4/'/+(7(01 )*./+2(*+ G* (01+&20( *0( }1$+0&%(} %( )*3)121*12$0)" P0 %())$*) %( ,( 0$73+(

%( .&@*(1) +(j*)l 4( 0$73+( %( )*3)121*12$0) .$))234() ()1 1+U) ^&234(" R() ,$%() B$+0&%$
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Ensemble des éléments structurants associés aux vecteurs de projection

Suite des dilatations des éléments structurants associés aux vecteurs de projection

Comparaison de l'image à reconstruire avec la plus petite image non reconstructible
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Calcul des projections Réception de la projection (-1,1) :

la reconstruction débute.

Réception de la projection (-2,1) :

les valeurs provisoires sont

ajoutées...

et on continue la

reconstruction.

Fin de la reconstruction Réception de la projection (1,0) :

vérification.
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.&+ .+$J(,12$0 %8*0( 7/7$2+( 1&7.$0 '/$7/1+2@*( &*9 .+$.+2/1/) %( +(,$0)1+*,12$0 '+&-

%*&34(" S&0) 48(9(7.4(l 4& 7/7$2+( %2).$)( %( 1+$2) +/'2$0) +(,$0)1+*,1234() (9&,1(7(01

.&+ 1+$2)l @*&1+( (1 ,20@ .+$J(,12$0) @*2 ,$++().$0%(01 ,<&,*0( G *0( ,$*,<( %2)120,1(

%* ,$%(*+ )$*+,(" R8&..42,&12$0 %( 4& 1+&0)^$+7&12$0 ;$J(11( )*+ ,(11( 7/7$2+( '/0U+(

,20@ .+$J(,12$0) N0$1/() .!l .:l .>l .Il .AQ %( ,&.&,21/ %( +(,$0)1+*,12$0 /@*2=&4(01( @*2
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f3P3 <D1*5 &. '.881,) %) 2D1*5 &%' 8,1a%2)*10'

Région 2Région 1 Région 3

Protection 1 : réception de 3 projections

(p2, p5, p1) et reconstruction de la région 1.

Protection 2 : réception de 4 projections

(p2, p5, p1, p3) et reconstruction des régions 1

et 2.

Protection 3 : réception de 5 projections

(p2, p5, p1, p3, p4) et reconstruction des

régions 1, 2 et 3.

p1

p2

p3
p4

p5

F i g . A"!e P9(7.4( %( 4& .+$J(,12$0 %8*0( 7/7$2+( 1&7.$0 '/$7/1+2@*( &=(, 1+$2) 02=(&*9
%( .+$1(,12$0)" R& +/,(.12$0 %( 1+$2) .+$J(,12$0) N+()." @*&1+( (1 ,20@Q .(+7(1 4& +(,$0)-
1+*,12$0 %( 4& +/'2$0 ! N+()." : (1 >Q"

)$01 (0=$`/() %&0) ,20@ .&@*(1)" V* %/,$%&'(l $0 &))2)1( G 4& +(,$0)1+*,12$0 '+&%*&34(

%* )*..$+1 .&+ 4& 1+&0)^$+7&12$0 ;$J(11( 20=(+)(" V=(, 4& +/,(.12$0 %( 7$20) %( 1+$2)

.+$J(,12$0)l *0( @*&0121/ 0/'42'(&34( %8/4/7(01) %820^$+7&12$0 N 20(9.4$21&34( %&0) 4& +(-

.+/)(01&12$0 %( 4& )$*+,(Q ()1 +(,$0)1+*21" #8()1 4& +/,(.12$0 %( 1+$2) .+$J(,12$0) @*2 .(+7(1

%( +(,$0)1+*2+( (9&,1(7(01 4& +/'2$0 ! (1 %$0, 4& ,$*,<( &))$,2/(" #(11( +(,$0)1+*,12$0 ()1

.$))234( @*(44() @*( )$2(01 4() 1+$2) .+$J(,12$0) .&+72 4() ,20@ (0=$`/()" P0 $*1+(l 48$+%+(

08()1 .&) 27.$)/ &* %/,$%&'(" 6(*4 4( 0$73+( !9( %( 1+$2) .+$J(,12$0) %/!021 ,( 02=(&* %(

.+$1(,12$0 !" W&+ &244(*+)l 4& +/,(.12$0 %( @*&1+( N+()." ,20@Q .+$J(,12$0) )&12)^&21 4() ,$0%2-

12$0) %( +(,$0)1+*,12$0 %( 4& +/'2$0 : N+()." 1+$2)Q (1 %( 4& ,$*,<( &))$,2/(" R() 02=(&*9 %(

.+$1(,12$0 !l : (1 > )$01 %$0, %/!02) .&+ 1+$2)l @*&1+( (1 ,20@ .+$J(,12$0) 0/,())&2+()"

EU> :;2*< &. '.882,) %) 3;2*< &%' 8,2D%3)*21'

R& +(,$0)1+*,12$0 '+&%*&34( %( 4& 7/7$2+( 1&7.$0 '/$7/1+2@*( .(*1 n1+( +/&42)/( %(

%(*9 7&02U+() %2)120,1()" X0 .(*1 (0 (!(1 ,$0)1+*2+( *0 0$73+( %( 7/7$2+() ,$++().$0-

%&01 &* 0$73+( %( )$*)-"*9 G .+$1/'(+" P0 &..42@*&01 4& 1+&0)^$+7&12$0 ;$J(11( )*+

,<&,*0( %() 7/7$2+()l $0 $312(01 .$*+ *0 &0'4( %$00/ %() 7$+,(&*9 %( .+$J(,12$0) @*(

48$0 ,$0,&1U0( %&0) *0 )(*4 .&@*(1" T0( %(*92U7( )$4*12$0 ,$0)2)1( G ,$0)1+*2+( *0( 7/-

!5!



<D"8*),% f3 =,1)%2)*10 X 0 0*B%".5 &% 8,*1,*)I

7$2+( 1&7.$0 '/$7/1+2@*( ,$7.+(0&01 48(0)(734( %() 02=(&*9 %( .+$1(,12$0) G &..$+1(+"

R& 1+&0)^$+7&12$0 ;$J(11( ()1 &..42@*/( &4$+) )*+ 4& 7/7$2+( 1&7.$0 '/$7/1+2@*( (012(+("

X0 .&+4( %&0) ,( ,&) %( )*..$+1) ,$0,&1/0/)"

R() ,$0)2%/+&12$0) %* ,<&.21+( I )*+ 4( ,<$29 %() &0'4() +()1(01 =&4&34() .$*+ 4& .+$-

1(,12$0 '+&%*&34( G 0 02=(&*9 %( .+2$+21/" P0 .&+12,*42(+l 4() &0'4() )$01 %( 4& ^$+7(

!+!' )" 'C ( )' (((, " R8/.&2))(*+ %* )*..$+1l .$*+ *0 0$73+( %( .+$J(,12$0) *& 0/,())&2+()
G 4& +(,$0)1+*,12$0 %* )$*)-"*9 8' ()1 %$0, %( *& 29(4) N/4/7(01) %820^$+7&12$0Q"

EU>U4 5,2D%3)*21' 3213")@1@%'

:21'),.3)*21

R& )/.&+&12$0 %() )*..$+1) ()1 244*)1+/( G 4& !'*+( A":" B+$2) )*..$+1) .$))U%(01 %() .+$-

.+2/1/) %( +(,$0)1+*,12$0 %2)120,1() .$*+ $31(02+ 1+$2) 02=(&*9 %( .+$1(,12$0) '+&%*&34()"

R() )$*)-"*9 !l : (1 > )$01 &!(,1/) +().(,12=(7(01 %&0) 4() )*..$+1) !l : (1 >" R( )*..$+1

! N+()." : (1 >Q ()1 +(,$0)1+*,1234( .&+ %(*9 .+$J(,12$0) N+()." 1+$2) (1 @*&1+(Q .+2)() %&0)

48(0)(734(

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

R8/.&2))(*+ %() )*..$+1) ()1 (0 (!(1 (0 &,,$+% &=(, 4& ,$01+&201( =(+12,&4( %* ,+21U+( %(

Z&1F .$*+ 4& ,&) +(,1&0'*4&2+(" 627*41&0/7(01l ,<&@*( )*..$+1 ()1 .+$J(1/ %&0) 4() @*&1+()

.+$J(,12$0)" R& 72)( (0 .&@*(1 ,$0%*21 G 4& ,$0,&1/0&12$0 %() 7$+,(&*9 %( .+$J(,12$0)"

R( .&@*(1 ! ,$012(01 &4$+) 4() .+$J(,12$0) %8&0'4( !-' )" %( ,<&@*( )*..$+1 1$*1 ,$77( 4(

.&@*(1 I @*2 ,$012(01 4() .+$J(,12$0) %8&0'4( !"$' )" %( ,<&@*( )*..$+1"

Z<8,%''*21 &% $" ,%&21&"13% -$2#"$%

R& +(%$0%&0,( & /1/ %/!02( N� >">"! .&'( L!Q ,$77( 4( 0$73+( %( 320) 1$1&4 )*+ 4(

0$73+( %829(4) 1$1&4 7$20) *0 )$21 e

/=? (
!6*75= D6DGJ ?= 7C!8

!6*75= D6DGJ ?"C<=J8
" )(

R( 0$73+( %( 320) .$*+ 4& .+$J(,12$0 !+' K" %8*0 +(,1&0'4( %( %27(0)2$0 4 !) ()1 %$00/(

.&+

:7C!8(/(.) ( %K% !4 " )" . %+% !)" )" . )( NA"!Q

62 ) ()1 48/.&2))(*+ %* )*..$+1 +(,1&0'*4&2+(l (1 :& 4( 0$73+( %829(4) ,$01(0*) %&0) 4(

)*..$+1 &4$+)

) ( *& (1 :& ( 4 !*&(

!5:
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p
1,1

p
1,2

p
1,3

p
1,4

p
2,1

p
2,2

p
2,3

p
2,4

p
3,1

p
3,2

p
3,3

p
3,4

Projection des mémoires tampon géométriques

Paquet 1 = en-tête + [p
1,1

, p
2,1

, p
3,1

]

Paquet 2 = en-tête + [p
1,2

, p
2,2

, p
3,2

]

Paquet 3 = en-tête + [p
1,3

, p
2,3

, p
3,3

]

Paquet 4 = en-tête + [p
1,4

, p
2,4

, p
3,4

]

Mise en paquets

mémoire tampon 1 mémoire tampon 2 mémoire tampon 2

F i g . A":e 6,</7& %( .+$1(,12$0 G 1+$2) 02=(&*9 %( .+2$+21/ &=(, )/.&+&12$0 %() 7/7$2+()
1&7.$0 '/$7/1+2@*()" R& 72)( (0 .&@*(1) .$*+ *0 &0'4( %$00/ )8(!(,1*( .&+ ,$0,&1/0&12$0
%() .+$J(,12$0) %( ,<&@*( 7/7$2+(" R& 4&+'(*+ %( 4& 7/7$2+( ()1 ^$0,12$0 %( 4& 1&244( %()
.&@*(1) N,$01+&201( ,&0&4Q"

R( 0$73+( %( 320) (9.+27/( G 48/@*&12$0 A"! %(=2(01 G K ( )' (1 .$*+ *0 0$73+( %829(4)

(1 *0 02=(&* %( .+2$+21/ %$00/ e

:7C!8(/(1) (
:&
*&

. %+% !*& " )"( NA":Q

V*))2l 4( 0$73+( 1$1&4 %( 320) ,$01(0*) %&0) 48(0)(734( %() , .+$J(,12$0) (1 %() B )$*)-

"*9 ()1 e

:7C!8)(+ (
+"

&= 1

)
:&
*&

. !*& " )"
)"

! = 1

%+!%

*
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<D"8*),% f3 =,1)%2)*10 X 0 0*B%".5 &% 8,*1,*)I

R& +(%$0%&0,( 201+$%*21( .&+ 4& %(),+2.12$0 %() B )$*)-"*9 )8(9.+27( &=(,
)$
! = 1
%+!% ( ,

.&+ e

/=?)(+ (

+$
& = 1

+
6s
%s
. ,!*& " )"

,

+$
& = 1
:&

" )

(

+$
& = 1

6s
%s

+$
&= 1
:&

. ,

+$
&= 1
!*& " )"

+$
&= 1
:&

" )( NA">Q

S&0) 4( ,&) %8*0 ,$%&'( ;S6l *& .&@*(1) .&+72 , )*")(01 G +(,$0)1+*2+( *0 =$4*7(

)$*+,( %( 1&244( :&( V*))2l 4& +/.&+1212$0 %* =$4*7( )$*+,( %&0)*& .&@*(1) ,$0%*21 0/,()-

)&2+(7(01 G *0 0$73+( %( 320) .&+ .&@*(1 %( e :7C!8 ( 6&
%s

:M( R( 0$73+( %( 320) .$*+

4& 1+&0)^$+7&12$0 ;$J(11( %$00/ G 48/@*&12$0 A": (9.+27( *0 &44$0'(7(01 %( 4& 1&244( %()

%(),+2.12$0) @*2 )( +(1+$*=( %&0) 4& %/!0212$0 %( 4& +(%$0%&0,( '4$3&4( .+$%*21( .&+ ,

.+$J(,12$0) N%(*92U7( 1(+7( %( 48/@*&12$0 A">Q" a 4& %2!/+(0,( %* ,$%( ;S6l $~ 1$*) 4()

)`73$4() +(%$0%&01) )$01 4( +/)*41&1 %( 4& ,$++/4&12$0 %( ; )`73$4() )$*+,()l 4& 1+&0)-

^$+7&12$0 ;$J(11( 20=(+)( 0/,())21( %&0) )$0 &4'$+21<7( *0 0$73+( %( )`73$4() )$*+,()

(9.42,21()" #(1 &44$0'(7(01 %( 1&244( %(=2(01 +&.2%(7(01 20&,,(.1&34( (0 1(+7( %( +(%$0-

%&0,( 4$+)@*( 4( 0$73+( , %( %(),+2.12$0) &*'7(01( N&*'7(01&12$0 %( , %&0) 48/@*&12$0

A">Q"

#(11( .+(72U+( )$4*12$0 .(+7(1 4( 1+&0).$+1 %8*0( )$*+,( '+&%*&34( .&+ %() .&@*(1) %(

7n7( ,&.&,21/ %( +(,$0)1+*,12$0" R( ),</7& %( 4& !'*+( A": ()1 (0 $*1+( (91(0)234( G &*1&01

%( 02=(&*9 %( .+2$+21/ @*8(92'( 4& '+&0*4&+21/ %( 4& )$*+,(" R( ,$_1 %( 4& +(%$0%&0,( &))$,2/

G ,<&@*( ,$20 %( 7/7$2+( N)29 %&0) 48(9(7.4( %( 4& !'*+( A":Q .(*1 n1+( ,$01+(3&4&0,/ .&+

4820%/.(0%&0,( %( .+$J(,12$0 (1 4& .$))232421/ %8(!(,1*(+ *0( +(,$0)1+*,12$0 (0 .&+&44U4( &*

02=(&* %* %/,$%(*+" R() (91+/721/) %( ,<&@*( .+$J(,12$0 .+/)(01(01 (0 (!(1 *0 0$73+(

%8&01/,/%(01) *02=$@*() @*2 &*1$+2)(01 4( %/3*1 %( 4& +(,$0)1+*,12$0 ;$J(11(" #8()1 ,(11(

^&234( ,$++/4&12$0 ,$01(0*( %&0) 4() 320) (91+n7() @*2 .+/)(01( ,(11( )$4*12$0 ,$77( )$*)-

$.127&4(" R& ,$0,&1/0&12$0 %() )*..$+1) &=(, 02=(&*9 %( .+2$+21/ %2)120,1) )*..+27( ,(

)*+-%/321 .+$.+( G 4& )/.&+&12$0"

EU>U> F.882,)' 3213")@1@'

#(11( )$4*12$0 ()1 %/JG )*''/+/( )*+ 4& !'*+( A"!" R82%/( ()1 %( ,$0,&1/0(+ 4() ^$+7()

<(9&'$0&4() .+/)(01/( &* ,<&.21+( I (0 *0( )(*4( 7/7$2+( 1&7.$0 '/$7/1+2@*(" R8$./+&-

1(*+ ;$J(11( ()1 &4$+) (!(,1*/ )*+ 4( )*..$+1 (012(+" R() .+$J(,12$0) $31(0*() .(+7(11(01

:M6&0) %2)120,12$0 (01+( 320) )$*+,() (9.42,21() (1 320) +(%$0%&01) N.+$%*21 .&+ 4& ,$++/4&12$0 %() )`73$4()
)$*+,(Q"

!5I



f3P3 <D1*5 &. '.881,) %) 2D1*5 &%' 8,1a%2)*10'

*0( +(,$0)1+*,12$0 '+&%*&34( %* )*..$+1" R() F$0() .+$'+())2=(7(01 +(,$0)1+*21() .(+-

7(11(01 %( +()121*(+ .+$'+())2=(7(01 4() "*9 7*412.4(9/) (0 ^$0,12$0 %( 4(*+ %('+/ %(

.(+120(0,("

:21'),.3)*21

R& ,$0)1+*,12$0 %8*0( 7/7$2+( 1&7.$0 '/$7/1+2@*( )820).2+( %( 4& ,$0)1+*,12$0 .+/-

)(01/( &* ,<&.21+( I %&0) 4( ,&) %8*0( .+$1(,12$0 0$0 '+&%*&34(" S() +/'2$0) @*2 +('+$*.(01

%() 29(4) +(,$0)1+*,1234() .&+ *0 7n7( 0$73+( %( .+$J(,12$0) )$01 ,$0)1+*21() 20%2=2%*(4-

4(7(01 .$*+ n1+( (0)*21( ^*)2$00/() (0 *0( )(*4( ^$+7( G .+$J(1(+" 6*+ 4& !'*+( A">l ()1

.+/)(01/( 48(9(7.4( %8*0 )*..$+1 &*9 .+$.+2/1/) %( +(,$0)1+*,12$0 '+&%*&34(" S( '&*,<(

G %+$21( %* )*..$+1l 1+$2) +/'2$0) )$01 ^*)2$00/() (1 .(*=(01 n1+( +(,$0)1+*21() .&+ 1+$2)l

@*&1+( (1 ,20@ .+$J(,12$0) .+2)() %&0) 4& )/+2(

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

S( .&+ 4& ^$+7( %() %(*9 +/'2$0) )21*/() &*9 (91+/721/) %* )*..$+1l 4& 1&244( %() .+$J(,12$0)

()1 ,$0)1&01(" P44( ()1 %$00/( &* ,<&.21+( I G 48/@*&12$0 I"!!l )$21 e

:7C!8 ( K"" . )(

V20)2l &=(, K ( )' "" ( )>' 4() ,20@ .+$J(,12$0) %( 4& !'*+( A"> $01 *0( 7n7( 1&244( %( :5

320)"

S&0) 4( ,&) %() )*..$+1) ,$0,&1/0/)l ,(+1&20) 320) )$01 4( +/)*41&1 %( 48&%%212$0 %8/4/-

7(01) %820^$+7&12$0 %( %(*9 +/'2$0) G 02=(&*9 %( .+2$+21/ %2)120,1)" R& .+$J(,12$0 &* 02-

=(&* %() ^+$012U+() .+$=$@*( *0( +/%*,12$0 %* 0$73+( %( 320) .&+ +&..$+1 G 4& ,$0)1+*,12$0

.+/,/%(01( N� A":"!Q .&+ 4() ,$++/4&12$0) 201(+-+/'2$0 201+$%*21()"

W2(#,% &7*<%$' A,21)*+,%

R& ^+$012U+( (01+( %(*9 +/'2$0) 08()1 .&) &*))2 ^+&0,<( %&0) 4& .+&12@*( @*( 4( .+/)(01(

4& ,$0)1+*,12$0 .+/,/%(01(" R( 02=(&**! %( .+$1(,12$0 &!(,1/ G ,<&@*( +/'2$0 )*..$)( @*(

1$*1() 4() ,$7320&2)$0) %( *! .+$J(,12$0) +(,$0)1+*2)(01 *0( +/'2$0" X+l (0 ^$0,12$0 %()

&0'4() +(j*)l 4& ^+$012U+( (01+( %(*9 +/'2$0) 08()1 .&) %/!02( %( 7&02U+( *02@*(" R& !'*+(

A"I 7$01+( ,(11( %2!/+(0,( .$*+ %(*9 ),/0&+2$) %( +/,(.12$0" R& ,&.&,21/ %( 4& +/'2$0l

$~ %(*9 .+$J(,12$0) )$01 0/,())&2+() .$*+ 4& +(,$0)1+*,12$0l ()1 .4*) 27.$+1&01( .$*+ 4&

+/,(.12$0 : @*( .$*+ 4& +/,(.12$0 !" #(11( %2!/+(0,( )8(9.42@*( .&+ 4( ,<(=&*,<(7(01 %*

%24&1/ %() .+$J(,12$0) +(j*() )*+ 4() %(*9 +/'2$0) &%J&,(01() "

W$*+ %/!02+ 4() F$0() %( .+$1(,12$0l 4( ),/0&+2$ %( +/,(.12$0 4( .4*) %/^&=$+&34( ()1

(0=2)&'/" C4 )8&'21 .4*) .+/,2)/7(01 %( 4& +/,(.12$0 .&+ 4(@*(4 $0 720272)( 4( 0$73+( %829(4)

+(,$0)1+*21) %&0) 4& F$0( %( .+$1(,12$0 20^/+2(*+( N*1 )*+ 4& !'*+( A"IQ )$21 *0 0$73+(
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<D"8*),% f3 =,1)%2)*10 X 0 0*B%".5 &% 8,*1,*)I

S = {(-2,1)(-1,1)(0,1)(1,1)(2,1)}

p
1

p
2

p
3

p
4

p
5

Projection de la mémoire tampon géométrique

Paquet 1 = en-tête + [p
1
]

Paquet 2 = en-tête + [p
2
]

Paquet 3 = en-tête + [p
3
]

Paquet 4 = en-tête + [p
4
]

Mise en paquets

Paquet 5 = en-tête + [p
5
]

F i g . A">e 6,</7& %( .+$1(,12$0 G 1+$2) 02=(&*9 %( .+2$+21/ &=(, ,$0,&1/0&12$0 %() 7/7$2+()
1&7.$0 '/$7/1+2@*()" C4 ` & %&0) ,( ,&) ,$++().$0%&0,( (01+( *0 .&@*(1 (1 *0( .+$J(,12$0"
R() *021/) %( 1+&0).$+1 &20)2 ,+/() )$01 %( 1&244( ,$0)1&01("

%829(4) ^+$012U+( 4( .4*) 27.$+1&01" #( ),/0&+2$ )( 1+&%*21 .&+ 4& +/,(.12$0 %() .4*) .(121)

&0'4() %* )(,1(*+ Y5l#2 \ N.$*+*1 ( $' ,(*9-,2 ,$++().$0%(01 %$0, &*9 %(*9 &0'4() !+m a x ' )"

(1 !+ma x " )' )"Q (1 ,( .&+72 48(0)(734( %( ] .+$J(,12$0)

& ( "!+m a x ' )"' !+ma x " )' )"(((!+m a x ", . )' )"#(

V20)2l )*+ 4& !'*+( A"Il 4& +/,(.12$0 ! (!(,1*( 4& +(,$0)1+*,12$0 %( 4& F$0( %( .+$1(,12$0

*1 &=(, 4() .+$J(,12$0) !8' )" (1 !$' )"" S8*0 .$201 %( =*( &4'$+21<72@*(l 48&++n1 %( 4&

+(,$0)1+*,12$0 201(+=2(01 .&+ 4( 7&0@*( %( ,$++().$0%&0,( *02=$@*( ,$77( 4( 7$01+( 4&

!'*+( A"A" 6*+ ,(11( 7n7( !'*+(l .$*+ % ( -l 4( 0$73+( %829(4) ^+$012U+() ()1 %( > � : )$21

+m a x.+ma x") &=(, +m a x ( 8" W$*+ % ( )l ,( 0$73+( ()1 %( > )$21 /'&4 G +ma x( S&0) 4( ,&)
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# Initial DC scan for Y,Cb,Cr (lowest bit not sent)

0,1,2: 0-0, 0, 1 ;

# First AC scan: send first 5 Y AC coefficients, minus 2 lowest bits:

0: 1-5, 0, 2 ;

# Send all Cr,Cb AC coefficients, minus lowest bit:

# (chroma data is usually too small to be worth subdividing further;

# but note we send Cr first since eye is least sensitive to Cb)

2: 1-63

 

Flot 1

Flot 2

Flot 3

1: 1-63, 0, 1 ;

# Send remaining Y AC coefficients, minus 2 lowest bits:

0: 6-63, 0, 2 ;

# Send next-to-lowest bit of all Y AC coefficients:

0: 1-63, 2, 1 ;

# At this point we've sent all but the lowest bit of all

coefficients.

# Send lowest bit of DC coefficients

0,1,2: 0-0, 1, 0 ;

# Send lowest bit of AC coefficients

2: 1-63, 1, 0 ;

1: 1-63, 1, 0 ;
# Y AC lowest bit scan is last; it's usually the largest scan

0:     1-63,  1, 0 ;
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Calcul de la projections (0,1)

Calcul de la projections (1,1)

b1 b2 b3 b4

b5 b6 b7 b8

b9 b10 b11 b12

b13 b14 b15 b16

Calcul de la projections (-1,1)

b9+b14

b13 b10+b15 b11+b16 b12

b5+b10+
b15

b6+b11+
b16

b7+b12 b8

b1 b2 b3 b4

$ $ $
b13

b9+b14

b1+b6+
b11+b16

b2+b7+
b12

b3+b8 b4b9+b14
b5+b10+

b15
b13

b9+b14
b5+b10+

b15

b6+b11+
b16

b7+b12 b8

b1+b6+
b11+b16

b2+b7+
b12

b3+b8 b4

$ $ $
b13

b9+b14
b5+b10+

b15
b13

b13

b13 b14 b15 b16

b9+b14 b10+b15 b11+b16 b12

b5 b6 b7 b8

b1 b2 b3 b4

$ $ $

b2+b5b1

b1 b2+b5 b3+b6 b4+b7 b8

b3+b6+
b9

b4+b7+
b10

b8+b11 b12

b13 b14 b15 b16

$ $ $

b1 b2+b5
b3+b6+

b9

b2+b5b1
b3+b6+

b9

b4+b7+
b10

b8+b11 b12

b4+b7+
b10+b13

b8+b11+
b14

b12+b15 b16

$ $ $
b1 b2+b5

b3+b6+
b9

b4+b7+
b10+b13

b8+b11+
b14

b12+b15 b16

b1

b1 b2 b3 b4

b2+b5 b3+b6 b4+b7 b8

b9 b10 b11 b12

b13 b14 b15 b16

$ $ $

b1+b5+
b9+b13

b2+b6+
b10+b14

b3+b7+
b11+b15

b4+b8+
b12+b15

b1 b2 b3 b4

b5 b6 b7 b8

b9 b10 b11 b12

$

$

$

$

$

$

$

$

$

$

$

$
b1+b5+
b9+b13

b2+b6+
b10+b14

b3+b7+
b11+b15

b4+b8+
b12+b15
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