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1 INTRODUCTION 

1.1 Constat  

1.1.1 Evolution des dispositifs mobiles 

Q#4*'0!LRKN9!/#!;)%.$#!+,*('/'0-(#*$0!+#!+'04)0'('E0!%).'/#0!I0%-$(47);#9!(-./#((#9!
%);($#!&);;#&(5#9!#(&<J!-!+54-005! /#!;)%.$#!+,*('/'0-(#*$0!+,)$+';-(#*$09!#(!&#((#!
+'EE5$#;&#!&);(';*#!D!0,-&&#;(*#$<!=;!1-;3'#$!LRKP9!/#!%);+#!#;('#$!&)%4(#!4/*0!+#!
ORp! +,*('/'0-(#*$0! +#! +'04)0'('E0! %).'/#09! #(! &#! &7'EE$#! #0(! #;! &);0(-;(#!
-*F%#;(-(');!I_Np!4-$!$-44)$(!D!1-;3'#$!LRKOJ<!!
C#0! +'04)0'('E0! 4$#;;#;(! +);&! *;#! 4-$(! ($80! '%4)$(-;(#! +-;0! /,*('/'0-(');! +#0!
0#$3'&#0! ;*%5$'>*#0! #(! (#;+#;(! D! $#%4/-&#$! /#0! )$+';-(#*$0! +#! .*$#-*6! #(! /#0!
)$+';-(#*$0!4)$(-./#0<!=;!#EE#(9!()*(!&)%%#!/#0!&-4-&'(50!+#!&);;#6');!%-';(#;-;(!
4$)&7#0!+#!&#//#0!+'04);'./#0!0*$!/#0!)$+';-(#*$0!+#!.*$#-*!IM^9!N^J9!/#0!53)/*(');0!
(#&7;)/)F'>*#0! +#0! +'04)0'('E0! %).'/#0! E);(! >*,'/0! );(! -*1)*$+,7*'! +#0!
4#$E)$%-;&#0!&)%4-$-./#0!D!&#//#0!+#0!)$+';-(#*$0!0(-;+-$+0!I$50)/*(');!+,5&$-;9!
4$)&#00#*$9!%5%)'$#!3'3#9! #(&<J<!Q#!4/*09! /,-44-$'(');!+-;0! /#0!+'04)0'('E0!%).'/#0!
+#!;)*3#-*6! &-4(#*$0! IF2$)0&)4#9! -&&5/5$)%8($#9! )*!4/*0! $5&#%%#;(! &-4(#*$!+#!
4$#00');J!)EE$#;(!+#!;)*3#//#0!4)00'.'/'(50!+,';(#$-&(');!D!#64/)'(#$<!!
A-/F$5!&#0!53)/*(');0!(#&7;)/)F'>*#09!/-!(-'//#!+#0!+'04)0'('E0!%).'/#0!;,-!>*#!4#*!
53)/*5!-*!&)*$0!+#0!-;;5#09!#(!&#//#l&'!(#;+!D!0#!0(-.'/'0#$!+#4*'0!4#*!I\'F*$#!K<KJ<!
!
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!
K&67$"*8+8*SG9/7(&9'*0")*0&)D9)&(&5)*#9.&/")*0"D7&)*8EEH8+*

1.1.2 Evolution de l’usage 

C)*4/5#! D! &#0! 53)/*(');0! (#&7;)/)F'>*#09! /,-44-$'(');! +*! C/)*+! C)%4*(';F! #(! +*!
X'F! Q-(-! -! &)%4/8(#%#;(! %)+'E'5! /#0! 7-.'(*+#0! +,*('/'0-(');! +#0! +'04)0'('E0!
%).'/#0<! S/)$0! >*,-*($#E)'0! '/0! 0#$3-'#;(! *;'>*#%#;(! D! (5/547);#$9! /#0! +'04)0'('E0!
%).'/#0! 0);(! -*1)*$+,7*'! +#! 35$'(-./#0! )$+';-(#*$0! &);;#&(50! #;! 4#$%-;#;&#! D!
?;(#$;#(<! G#0! *('/'0-(#*$0! );(! +);&! /-! 4)00'.'/'(5! +,-&&5+#$! D! /#*$0! +);;5#0!
;,'%4)$(#!)x!#(!;,'%4)$(#!>*-;+<!S';0'!+#0!(b&7#0!#EE#&(*5#0!-*($#E)'0!*;'>*#%#;(!
0*$! /#0! )$+';-(#*$0! +#! .*$#-*! )*! /#0! )$+';-(#*$0! 4)$(-./#0! /#! 0);(! -*1)*$+,7*'!
%-1)$'(-'$#%#;(! 0*$! +'04)0'('E0! %).'/#0!d! &);0*/(-(');! +#! %-'/09! 3'0*-/'0-(');! +#!
47)()09!3'0'(#!+,*;#!.)*('>*#!#;!/'F;#9!1#*6!3'+5)9!#(&<!!
G-!0)&'5(5!C'0&)!4$53)'(!-';0'!*;!($-E'&!%);+'-/!+#!+);;5#0!0*$!+'04)0'('E0!%).'/#0!
+#!L[K<P #6-)&(#(0!4-$!-;!#;!LRK[!&);($#!OR<N!#6-)&(#(0!4)*$!/,-;;5#!LRKO<!\-&#!D!
*;#!+'EE*0');! ';0(-;(-;5#!#(!*.'>*'(-'$#!+,*;#! ($80!F$-;+#!>*-;('(5!+u';E)$%-(');!
/,#;1#*!#0(!+#!4)*3)'$!/-!F5$#$!0*$!/#0!+'04)0'('E0!%).'/#0<!!

1.1.3 Sujet  

S*00'!/#!0*1#(!+#0!($-3-*6!+#!&#((#!(780#!#0(!/-!3'0*-/'0-(');!';(#$-&('3#!+#!F$-;+#0!
>*-;('(50! +#! +);;5#0! 0*$! *;! +'04)0'('E! %).'/#! 4)*$! -'+#$! /#0! *('/'0-(#*$0! D!
-44$57#;+#$!*;#!F$-;+#!>*-;('(5!+,';E)$%-(');<!!
A-/F$5!/#0!53)/*(');0!(#&7;)/)F'>*#0!+5&$'(#0!&'l+#00*09!/#0!+'04)0'('E0!%).'/#0!;#!
0,*('/'0#;(! 4-0! +#! /-! %:%#! %-;'8$#! >*#! /#0! )$+';-(#*$0! +#! .*$#-*! )*! /#0!
)$+';-(#*$0! 4)$(-./#0<! =;! 4-$('&*/'#$9! 4)*$! /,';(#$-&(');! 7)%%#l%-&7';#9! /#0!
45$'475$'>*#0!+,#;($5#!#(!+#!0)$('#!0);(!+'EE5$#;(0<!G,5&$-;9!4-$!#6#%4/#9!.'#;!>*#!
+#!>*-/'(5!&)%4-$-./#9!$#0(#!.#-*&)*4!4/*0!4#('(!0*$!*;!+'04)0'('E!%).'/#!&);($-';(!
4-$!/#!&);(#6(#!+#!%).'/'(5!D!$#04#&(#$<!G-!0*$E-&#!+,-EE'&7-F#!+#0!';E)$%-(');0!#0(!
+);&!E)$(#%#;(!$#0($#';(#!0*$!&#!(24#!+#!+'04)0'('E!I\'F*$#!K<LJ<!!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!
!
K!7((4dttyyy<+-'/2';E)F$-47'&<&)%t%).'/#l47);#l0'z#l#3)/*(');!
L!7((4dtt0($#-%+-(-<')!
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!
K&67$"*8+;*U=$&D>=$&I7")*0Z"'($="*"(*0"*)9$(&"*0&55=$"'()+*

Q#! 4/*09! -/)$0! >*#! /,';(#$-&(');! F$-47'>*#! -3#&! +#0! )$+';-(#*$0! +#! .*$#-*! )*!
4)$(-./#0! $#4)0#!4$';&'4-/#%#;(! 0*$! /,';(#$-&(');! ';+'$#&(#! -3#&! /,*('/'0-(');!+,*;!
&/-3'#$! #(! +,*;#! 0)*$'09! /#0! +'04)0'('E0! %).'/#0! 4#*3#;(! *('/'0#$! 0)'(! /,';(#$-&(');!
+'$#&(#!D!/,-'+#!+,*;!5&$-;!(-&('/#9!0)'(!/,';(#$-&(');!';+'$#&(#!D!/,-'+#!+,*;!#;0#%./#!
+#! &-4(#*$0! #%.-$>*50! IF2$)0&)4#9! -&&5/5$)%8($#9! &-%5$-9! #(&<J<! C#&'! '%4/'>*#!
+,*('/'0#$! +#0! %)+-/'(50! +,';(#$-&(');! #;! #;($5#! #(! +#0! +#F$50! +,';+'$#&(');!
+'EE5$#;(0!4)*$!*;#!%:%#!(b&7#9!0#/);!>*,#//#!#0(!#EE#&(*5#!0*$!+'04)0'('E0!%).'/#0!
)*!0*$!*;!)$+';-(#*$!+#!.*$#-*!)*!4)$(-./#<!=;!4-$('&*/'#$9!/#0!5&$-;0!(-&('/#0!0*$!
+'04)0'('E0!%).'/#0!5(-;(!*('/'050!D!/-!E)'0!&)%%#!45$'475$'>*#!+,#;($5#!#(!+#!0)$('#9!
&#&'! #;($-{;#! +#0! /'%'(-(');0! &)%%#! /,)&&*/(-(');! +,*;#! 4-$('#! +#! /,5&$-;! /)$0! +#!
/,';(#$-&(');!(-&('/#<!!
=;E';9! /#!&);(#6(#!+#!%).'/'(5! '%4/'>*#!*;#!*('/'0-(');!4-$('&*/'8$#!+#0!+'04)0'('E0!
%).'/#0<! a-$! #6#%4/#! %-$&7#$! +-;0! /-! $*#! #;! 4)$(-;(! *;! 0-&! '%4)0#$-! *;#!
*('/'0-(');!D!*;#!%-';!)*!%:%#!*;#!*('/'0-(');!0-;0!$#F-$+#$! /,5&$-;!I';(#$-&(');!
+>+'?@*++J9! 4#$%#((-;(! -';0'! -*6! *('/'0-(#*$0! +#! +5&7-$F#$! )*! /'.5$#$! /#! &-;-/! +#!
4#$&#4(');!3'0*#//#!4)*$!$#0(#$!&);&#;($5!0*$!/,#;3'$);;#%#;(!>*'!/,#;()*$#<!
!
C#0! 045&'E'&'(50! ';75$#;(#0! -*6! &-4-&'(50! ';(#$-&(');;#//#0! #(! -*! &);(#6(#!+,*0-F#!
%).'/#! +#0! +'04)0'('E0! %).'/#0! '%4)0#;(! +);&! +#! &);&#3)'$! +#0! (#&7;'>*#0! +#!
3'0*-/'0-(');!#(!+,';(#$-&(');!-+-4(5#0<!C,#0(!/,#;1#*!+#!&#0!($-3-*6!+#!(780#<!

1.1.4 Exemple d’application 

W)*0! '//*0($);0! /#! 0*1#(! +#! ;)0! ($-3-*6! -3#&! *;#! -44/'&-(');!d! /-! 3'0*-/'0-(');! +#!
F$-47#0! +,';+'&#0! .)*$0'#$0! 0*$! +'04)0'('E0! %).'/#0! I\'F*$# K<MJ<! C#! (24#!
+,-44/'&-(');0!#0(!#;!/'#;!+'$#&(!-3#&!/-!0)&'5(5!B($#-%+-(-<')L!>*'!E|(!/#!&);(#6(#!+#!
$5-/'0-(');!+#!&#0!($-3-*6!+#!(780#<!=;!#EE#(9!/-!0)&'5(5!($-'(-'(!';'('-/#%#;(!-3#&!+#!
;)%.$#*6!&/'#;(0!.-;&-'$#0!+);(!/,*;!+#0!.#0)';0!$5&*$$#;(0 +#!/#*$0!-44/'&-(');0!
0*$!+'04)0'('E0!%).'/#0!5(-'(!/-!3'0*-/'0-(');!+#!F$-47#0!+,';+'&#0!.)*$0'#$0<!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!
!
L!7((4dtt0($#-%+-(-<')!
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* *
^-_* ^._*

! !

K&67$"*8+@*WDD/&%-(&9'*V97$)"*0ZWDD/"*P*^-_*4-/"7$)*0"*/-*`97$'="*"'*%97$)+*^._*

a&)(9$&I7"*0"*G-/"7$)*)7$*8H*-')+*

C#!.#0)';!;5&#00'(#!+#!3'0*-/'0#$!+#0!7'0()$'>*#0!+#!3-/#*$0!4)*3-;(!-//#$! 1*0>*,D!
KO!-;0!#;!-$$'8$#9!&#!>*'!$#4$50#;(#!*;#!>*-;('(5!+,';E)$%-(');!&);0'+5$-./#<!S/)$0!
>*#! 0*$! )$+';-(#*$! +#! .*$#-*! /#0! (-'//#0! +,5&$-;! 4#$%#((#;(! +#! 3'0*-/'0#$!
$#/-('3#%#;(!-'05%#;(!+#0!>*-;('(50!+,';E)$%-(');!+#! &#((#!-%4/#*$9! /-! (b&7#!#0(!
.#-*&)*4! 4/*0! &)%4/#6#! 0*$! *;! +'04)0'('E! %).'/#! +'04)0-;(! +,*;#! (-'//#! +,5&$-;!
$5+*'(#!I\'F*$#!K<LJ<!Q#!4/*09!/,';(#$-&(');!D!/-!0)*$'0!*('/'05#!0*$!/#0!)$+';-(#*$0!+#!
.*$#-*!4#$%#(!*;#!';(#$-&(');!($80!4$5&'0#!4#$%#((-;(!+,-&&5+#$!D!+#0!3-/#*$0!#;!
/#0! 4)';(-;(! )*! /#0! 05/#&(');;-;(! -3#&! /#! &*$0#*$<! G,';(#$-&(');! (-&('/#!
%-1)$'(-'$#%#;(! *('/'05#! 0*$! +'04)0'('E0! %).'/#0! #0(! .#-*&)*4! %)';0! 4$5&'0#! #(!
$#;+!*;#!E)'0!+#!4/*0!/-!(b&7#!4/*0!&)%4/#6#!>*#!0*$!*;!)$+';-(#*$!+#!.*$#-*<!

1.2 Démarche de recherche

G#! 0*1#(! #0(! +,'%4)$(-;&#! #(! &);&#$;#! 4$';&'4-/#%#;(! +#*6! F$-;+0! -6#0! +#!
$#&7#$&7#! #;! ?;(#$-&(');! @)%%#lA-&7';#!d! /-! 3'0*-/'0-(');! ';(#$-&('3#!
+,';E)$%-(');!#(!/,';(#$-&(');!0*$!+'04)0'('E0!%).'/#0<!!
!
G-!3'0*-/'0-(');! ';(#$-&('3#!+,';E)$%-(');!+5E';'(!*;!-6#!+#!$#&7#$&7#!+);(! /,).1#(!
+,5(*+#!#0(!/-!$#4$50#;(-(');!3'0*#//#!#(!';(#$-&('3#!+#!+);;5#0<!C#(!-6#!&)$$#04);+!
D!*;#!&)%%*;-*(5!($80!-&('3#!+'04)0-;(!+,*;#!4/-(#E)$%#!&)%%*;-*(-'$#M<!G#!/'#*!
4$';&'4-/! +#! 4*./'&-(');0! +#0! &);($'.*(');0! #0(! /-! &);E5$#;&#! ?===! ?;E)$%-(');!
]'0*-/'z-(');!I?;E)]'0J<!!
G,';(#$-&(');!0*$!+'04)0'('E0!%).'/#09!*;!-6#!4/*0!$5&#;(9!&)%4$#;+!5F-/#%#;(!*;#!
&)%%*;-*(5!($80!-&('3#<!C#(!-6#!+#!$#&7#$&7#!0,#0(!5(-./'!-*!0#';!+#! /,?;(#$-&(');!
@)%%#lA-&7';#! #(! -! +);;5! /'#*! #;! K[[V! D! /-! &$5-(');! +,*;#! &);E5$#;&#! SCA!
+5+'5#!d!A).'/#@C?<!
!
S!/-!&$)'05#!+#!&#0!+#*6!-6#0!+#!$#&7#$&7#!($80!-&('E09!;)($#!+5%-$&7#!+#!$#&7#$&7#!
-!&);0'0(5!D!5(*+'#$!d!
/#0! (#&7;'>*#0! +#! 3'0*-/'0-(');! 4$50#;(-;(! D! /-! E)'0! *;#! 3*#! F/).-/#! +#! /,#04-&#!
+,';E)$%-(');!#(!*;#!3*#!+5(-'//5#!+,*;#!0)*0l4-$('#!+#!&#/*'l&'!d!C)%%#!'//*0($5!D!
/-!\'F*$#!K<L9!3'0*-/'0#$!*;'>*#%#;(!*;#!0)*0l4-$('#!+#!/,#04-&#!+,';E)$%-(');!$#;+!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!
!
M!7((4dttyyy<';E)3'0ly'}'<;#(!
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0-! &)%4$57#;0');! +'EE'&'/#! +*! E-'(! +*!%-;>*#! +#! &);(#6(#<! S! /,';3#$0#9! 3'0*-/'0#$!
/,#04-&#! +,';E)$%-(');! &)%4/#(! D! /,5&$-;! /#! $#;+! '//'0'./#<! SE';! +,:($#! #EE'&-&#9! *;#!
(#&7;'>*#!+#!3'0*-/'0-(');!&);`*#!0*$!+'04)0'('E0!%).'/#0!+)'(!+);&!4#$%#(($#!+#!
3'0*-/'0#$!D!/-!E)'0!*;#!4-$('#!+5(-'//5#!+#!/,#04-&#!+,';E)$%-(');9!-';0'!>*,*;#!3*#!
F/).-/#!+#!&#/*'l&'!4#$%#((-;(!+#!&);;-{($#!/#!&);(#6(#!+#!/-!4-$('#!+5(-'//5#<!
/#0! (#&7;'>*#0! +,';(#$-&(');! 4)*$! ;-3'F*#$! +-;0! /,#04-&#! +,';E)$%-(');!d!!
G-! 3-$'5(5! +#0! &-4(#*$0! +'04);'./#0! -*1)*$+,7*'! 0*$! /#0! +'04)0'('E0! %).'/#0!
+5E';'00#;(! *;! #04-&#! +#! 4)00'.'/'(50! '%4)$(-;(! #;! (#$%#0! +#! %)+-/'(50!
+,';(#$-&(');<!Q#!4/*09!/#0!(#&7;'>*#0!+#!3'0*-/'0-(');!D!4/*0'#*$0!;'3#-*6!+#!+5(-'/!
';&'(#;(! D! &);0'+5$#$! 4/*0'#*$0! %)+-/'(50! 4)*$! ;-3'F*#$9! &7->*#! %)+-/'(5! 5(-;(!
-+-4(5#!D!*;!;'3#-*!+#!+5(-'/<!W)($#!+5%-$&7#!-!+);&!5(5!+,5(*+'#$!/#0!%)+-/'(50!
+#!;-3'F-(');!#(! /#*$0! &)%.';-'0);0<!C#((#! &)%.';-'0);!+#!%)+-/'(50!#;$'&7'(!*;!
#04-&#!+#0!4)00'.'/'(50!+51D!($80!3-0(#<!!

!
a)*$!5(*+'#$!/#0!(#&7;'>*#0!+#!3'0*-/'0-(');!4$50#;(-;(!*;#!3*#!F/).-/#!+#!/,#04-&#!
+,';E)$%-(');!-';0'!>*,*;#!0)*0l4-$('#!+5(-'//5#!+#!&#/*'l&'9!/-!+5%-$&7#!+#!($-3-'/!-!
&);0'0(5!D!&);0'+5$#$!/#0!(#&7;'>*#0!+#!%*/('4/#6-F#<!G#!&);&#4(!+#!%*/('4/#6-F#9!
.'#;! 5(-./'! #;! 3'0*-/'0-(');! +,';E)$%-(');9! E-'(! $5E5$#;&#! D! /-! %-;'8$#! +);(!
4/*0'#*$0!3*#0!0);(!/'5#0!d!+#!E-`);!04-('-/#9!(#%4)$#//#!)*!#;!4$)E);+#*$<!!
e;#!-44$)&7#!#645$'%#;(-/#!-!4#$%'0!#;0*'(#!+#!%#(($#!-*!4)';(!*;#!(#&7;'>*#!+#!
3'0*-/'0-(');!D!+#*6!;'3#-*6!+#!+5(-'/!0*$!+'04)0'('E0!%).'/#0<!
!
a)*$! 5(*+'#$! /#0! (#&7;'>*#0! +#! ;-3'F-(');! +-;0! /-! 3'0*-/'0-(');! &);`*#9! ;)($#!
+5%-$&7#! -! 5(5! +#! 4$#;+$#! #;! &)%4(#! +,*;#! 4-$(! /#0! &);($-';(#0! /'5#0! -*6!
+'04)0'('E0!%).'/#0!#(!+,-*($#!4-$(! /#0!.#0)';0!+#!;-3'F-(');!%*/('l5&7#//#!+-;0! /-!
3'0*-/'0-(');<! S! 4-$('$! +#! &#0! &);($-';(#0! #(! .#0)';0! ';(#$-&(');;#/09! ;)*0! -3);0!
-+)4(5!*;#!-44$)&7#!$#4)0-;(!0*$!/-!&)%.';-'0);!+#!%)+-/'(50!d!/-!%*/('%)+-/'(5<!

1.3 Contributions 

W)*0!4$50#;();0!&'l-4$80!/#0!&);($'.*(');0!+#!&#((#!(780#!>*'!-!5(5!$5-/'05#!-*!0#';!
+*! /-.)$-()'$#! G?^! IG-.)$-()'$#! +,?;E)$%-('>*#! +#! ^$#;)./#J! +-;0! /,5>*'4#! ??@A!
I?;F5;'#$'#! +#! /,?;(#$-&(');! @)%%#lA-&7';#J! #(! /-! 0)&'5(5! B($#-%+-(-<')<! C#((#!
0)&'5(5!4$)4)0#!4$';&'4-/#%#;(!*;#!4/-(#E)$%#!/)F'&'#//#!4#$%#((-;(!+#!$5&*45$#$!
#EE'&-&#%#;(! +#0! +);;5#0! #;! (#%40! $5#/! +-;0! *;! &);(#6(#! +#! %).'/'(5!
&);($-';(!I4#$(#! +#! $50#-*9! >*-;('(5! /'%'(5#! +#! +);;5#0! D! ($-;0%#(($#J<!
a-$('&*/'8$#%#;(! 0)//'&'(5#! 4-$! +#0! 5(-./'00#%#;(0! .-;&-'$#09! /-! 0)&'5(5!
B($#-%+-(-<')! +5E';'(! *;! &);(#6(#! -44/'&-('E! -*6! ($-3-*6!d! +);;5#0! #(! .#0)';0!
*('/'0-(#*$0<!!

1.3.1 Espaces conceptuels  

e;! 4$#%'#$! #04-&#! +#! &);&#4(');! +#0! %)+-/'(50! +#! ;-3'F-(');! 0*$! +'04)0'('E0!
%).'/#0!4#$%#(!+#!&/-00#$!/#0!%)+-/'(50!0#/);!($)'0!+'%#;0');0!d!!

• /#! +'04)0'('E! +,';(#$-&(');! *('/'05! I5&$-;! (-&('/#9! F2$)0&)4#9! &-4(#*$! +#!
4$#00');9!#(&<J!~!

• /#!(24#!+,-&(');!I+'0&$#(!)*!&);(';*J9!$#/-('E!-*!/-;F-F#!+,';(#$-&(');!*('/'05!~!
• /#!%)+#!+#!;-3'F-(');!I$#/-('E!)*!-.0)/*J<!



Chapter 1: Introduction 

Sébastien Pelurson - septembre 2016    6 

C#(! #04-&#! +#! &);&#4(');! ($)*3#! 0-! 0($*&(*$#! +-;0! /-! +5E';'(');! +,*;#! %)+-/'(5!
+,';(#$-&(');!&)%%#!*;!+'04)0'('E!+,';(#$-&(');!&)*4/5!D!*;! /-;F-F#!+,';(#$-&(');!
i[Oj<!
!
W)*0!4$)4)0);0!*;!+#*6'8%#!%)+8/#!&);&#4(*#/!+#!;-3'F-(');!>*'!#0(!%*/('%)+-/!
4)*$!F5$#$!/,-04#&(!%*/('l5&7#//#!+#!/-!;-3'F-(');<!=;!#EE#(!/#0!+'EE5$#;(0!;'3#-*6!+#!
z))%!+#0!#04-&#0!+,';E)$%-(');!%*/('l5&7#//#! $#>*'8$#;(!+#*6!.#0)';0!d!*;!-&&80!
$-4'+#!-*6!+);;5#0!+-;0!/-!z);#!;);!+5(-'//5#!#(!*;#!';(#$-&(');!4$5&'0#!-3#&! /#0!
+);;5#0!+-;0!/-!z);#!+5(-'//5#<!a)*$!&#/-!'/!#0(!4)00'./#!+#!0)'(!d!
W-3'F*#$!D!/,5&7#//#!+5(-'//5#!#(!-';0'!-3)'$!*;#!;-3'F-(');!4$5&'0#!%-'0!/#;(#<!
W-3'F*#$!D!/,5&7#//#!;);!+5(-'//5#!#(!-';0'!-3)'$!*;#!;-3'F-(');!$-4'+#!%-'0!
'%4$5&'0#<!!
C#0! +#*6! 4)00'.'/'(50! ;)*0! );(! &);+*'(0! D! +5E';'$! *;! %)+8/#! &);&#4(*#/! +#!
;-3'F-(');! .-05! 0*$! +#*6! %)+-/'(50! I*;#! $-4'+#! #(! *;#! 4$5&'0#J9! &);0'+5$-;(!
5F-/#%#;(!/#*$!($-;0'(');!+-;0!/#!.*(!+#!/#0!&)%.';#$!#EE'&-&#%#;(<!

1.3.2 Conception et évaluation de techniques de visualisation et de 

navigation  

W)*0!-3);0!&);`*!#(!53-/*5!*;#!(#&7;'>*#!+#!3'0*-/'0-(');!.'E)&-/#!0*$!+'04)0'('E0!
%).'/#0<! G-! (#&7;'>*#! &);`*#! &);0'+8$#! +#*6! ;'3#-*6! +#! +5(-'/!d! *;! 4)*$! /-! 3*#!
F/).-/#! +#! /,#04-&#! +,';E)$%-(');9! #(! *;! 4)*$! /-! 0)*0l4-$('#! +5(-'//5#! +#! &#/*'l&'<!
C#((#! (#&7;'>*#! *('/'0#! /#! %)+#! +#! 4$50#;(-(');! 4-20-F#! +#0! +'04)0'('E0! %).'/#0!
-E';! +#! 4$)E'(#$! +,*;#! /-$F#*$! +,5&$-;! 4/*0! '%4)$(-;(#<! W)*0! -3);0! -44/'>*5! *;!
#EE#(! +#! 4#$04#&('3#! D! /-! 3*#! F/).-/#! +#! /,#04-&#! +,';E)$%-(');! -E';! >*#! &#//#l&'!
4*'00#!:($#!3'0*-/'05#!+#!%-;'8$#!4/*0!&);E)$(-./#!0*$!*;!5&$-;!+#!4#('(#!(-'//#!+#!
+'04)0'('E0!%).'/#0<!S';0'9! /-!(#&7;'>*#!+#!3'0*-/'0-(');!&)%4)$(#!+#*6!#04-&#0!+#!
($-3-'/!+'0(';&(0!d!*;!#04-&#!+5(-'//5!4#$%#((-;(!+,#EE#&(*#$!+#0!(b&7#0!4$5&'0#09!#(!
*;!#04-&#!.#-*&)*4!%)';0!+5(-'//5!4#$%#((-;(!+#!4$50#;(#$!/#!&);(#6(#!F/).-/!+#!
/,#04-&#!+,';E)$%-(');<!
!
Q#!4/*09!.-05!0*$! /#!%)+8/#!&);&#4(*#/!+#!;-3'F-(');!%*/('%)+-/#!4$)4)059!;)*0!
-3);0! &);`*! #(! 53-/*5! 4/*0'#*$0! (#&7;'>*#0! +#! ;-3'F-(');! %*/('l5&7#//#!
%*/('%)+-/#!d!
6%A$B3A%)C!*('/'0#!/,';&/';-'0);!+*!+'04)0'('E!4)*$!;-3'F*#$!$-4'+#%#;(!+-;0!/,#04-&#!
+,';E)$%-(');!#(!/,';(#$-&(');!(-&('/#!4)*$!;-3'F*#$!+#!%-;'8$#!4$5&'0#<!
-#$+*D)$%"#9EF>'%G&+B3A%)C!*('/'0#!/#0!+54/-&#%#;(0!+*!+'04)0'('E!+-;0!/,#04-&#!
I';(#$-&(');!4720'>*#J!4)*$!;-3'F*#$!$-4'+#%#;(!+-;0!/,#04-&#!+,';E)$%-(');!#(!
/,';(#$-&(');!(-&('/#!4)*$!;-3'F*#$!+#!%-;'8$#!4$5&'0#<!
,*+''%"#B3A%)C!*('/'0#!/,';(#$-&(');!-3#&!+#0!&-4(#*$0!+#!4$#00');!4)*$!;-3'F*#$!
$-4'+#%#;(!+-;0!/,#04-&#!+,';E)$%-(');!#(!/,';(#$-&(');!(-&('/#!4)*$!;-3'F*#$!+#!
%-;'8$#!4$5&'0#<!
a)*$! &7-&*;#! +#! &#0! (#&7;'>*#09! ;)*0! -3);0! #64/)$5! 4/*0'#*$0! 0)/*(');0! +#!
&);&#4(');! #;! ;)*0! $5E5$-;(! D! ;)($#! #04-&#! +#! &);&#4(');! +#0! %)+-/'(50! +#!
;-3'F-(');!0*$!+'04)0'('E0!%).'/#0<!W)*0!-3);0!#;0*'(#!53-/*5!#645$'%#;(-/#%#;(!
&#0!0)/*(');0!+#!&);&#4(');<!
!
G#0! +#*6! &/-00#0! +#! &);($'.*(');9! #04-&#0! +#! &);&#4(');! #(! (#&7;'>*#0! +#!
;-3'F-(');9!0);(!$#4$50#;(5#0!+-;0!/#!0&75%-!+#!/-!\'F*$#!K<N9!#;!/#0!4)0'(');;-;(!
4-$!$-44)$(!D!/-!0($*&(*$#!+*!%-;*0&$'(<!!
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1.4 Organisation du manuscrit 

S*!+#/D!+#! /,';($)+*&(');!#(! &);&/*0');9! /#!%-;*0&$'(! 0,-$('&*/#!+);&! 0#/);!>*-($#!
&7-4'($#0!$#4$50#;(50!D!/-!\'F*$#!K<N<!
!

!
!
K&67$"*8+?*B$6-'&)-(&9'*07*#-'7)%$&(+*

Q-;0! /#! &7-4'($#! L! ;)*0! 4$50#;();0! #(! &/-00);0! /#0! (#&7;'>*#0! +#! 3'0*-/'0-(');!
#6'0(-;(#0! 0*$! +'04)0'('E0!%).'/#0! I0#&(');! L<K! #(! L<LJ<! X-05#! 0*$! &#(! 5(-(! +#! /,-$(!
;)*0! 4$50#;();0! /-! (#&7;'>*#! +#! 3'0*-/'0-(');! &);`*#! -';0'! >*#! 0);! 53-/*-(');!
I0#&(');!L<MJ<! U#4)0-;(! 0*$! +#*6!;'3#-*6!+#!+5(-'/! I3*#!.'E)&-/#J9! #//#! 4#$%#(! +#!
3'0*-/'0#$! 0'%*/(-;5%#;(! /,#;0#%./#!+#! /,#04-&#!+,';E)$%-(');!#(!*;#!0)*0l4-$('#!
+5(-'//5#!+#!&#(!#04-&#<!
!
Q-;0! /#! &7-4'($#! M! ;)*0! 4$50#;();0! /#0! &);($-';(#0! +,';(#$-&(');! ';75$#;(#0! -*6!
+'04)0'('E0!%).'/#0!I0#&(');!M<LJ!#(!&/-00);0!/#0!(#&7;'>*#0!+#!;-3'F-(');!#6'0(-;(#0!
0*$! +'04)0'('E0! %).'/#0! I0#&(');! M<MJ<! a)*$! ;-3'F*#$! -*! 0#';! +#! /-! 3*#! .'E)&-/#!
&);`*#9! ;)*0! +5E';'00);0! *;! %)+8/#! &);&#4(*#/! #;! ($)'0! 47-0#0! .-05! 0*$! *;#!
-44$)&7#!%*/('%)+-/#!I0#&(');!M<OJ<!!
!
G#0!&7-4'($#0!N!#(!O!+5&$'3#;(!;)($#!#64/)$-(');9!&#$(#0!4-$('#//#9!+*!3-0(#!#04-&#!
+#!4)00'.'/'(50!#;!(#$%#0!+#!%)+-/'(50!+,';(#$-&(');!#(!&)%.';-'0);0!+#!%)+-/'(50!
>*#!+5E';'(!;)($#!%)+8/#!&);&#4(*#/!+#!;-3'F-(');!%*/('%)+-/#<!
!

!"#$%&'()*)

+,&'-./0&%-,)

!"#$%&'()1)

2%3/#4%3#&%-,)3/').%3$-3%&%53)

6-7%4(3)

!-,0($&%-,).8/,()&(0",%9/().()

:%3/#4%3#&%-,)

!"#$%&'();)

+,&('#0&%-,)3/').%3$-3%&%53)

6-7%4(3)

<-.=4()0-,0($&/(4).()

,#:%>#&%-,)6/4&%6-.#4()

?3$#0().()0-,0($&%-,).(3)

&(0",%9/(3).(),#:%>#&%-,)3/')

.%3$-3%&%53)6-7%4(3)$-3%&%53)6-

!"#$%&'()@)

A#:%>#&%-,)6/4&%6-.#4()

!-,0($&%-,)(&)B:#4/#&%-,).()

&(0",%9/(3).(),#:%>#&%-,)

6/4&%6-.#4()

!"#$%&'()C)

A#:%>#&%-,)6/4&%6-.#4()7#3B()

3/')4#)$'(33%-,)

!-,0($&%-,)(&)B:#4/#&%-,).()

&(0",%9/(3).(),#:%>#&%-,)

6/4&%6-.#4()7#3B()3/')4#)

$'(33%-,)$'(33%-,

!"#$%&'()D)

!-,04/3%-,)
B(
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S*00'! +-;0! /#! &7-4'($#! N9! /#! $-(');;#/! +#! &);&#4(');! +#0! P! (#&7;'>*#0! &);`*#0!
$#4)0#!0*$!;)($#!%)+8/#!+#!;-3'F-(');!#(!/-!(-6);)%'#!+#0!%)+-/'(50!+#!;-3'F-(');!
+*!&7-4'($#!M<!W)*0!4$50#;();0! /#0!$50*/(-(0!+#!+#*6!53-/*-(');0!#645$'%#;(-/#0<!
G-! 4$#%'8$#! &)%4-$#! 6%A$B3A%)C! #(! -#$+*D)$%"#9 EF>'%G&+B3A%)C! D! *;#! %)+-/'(5!
;,*('/'0-;(!>*,*;#!0#*/#!%)+-/'(5!4*$#!I-*!0#;0!;);!&)%.';5#J!(-&('/#!I0#&(');!N<LJ<!
G-! +#*6'8%#! #645$'#;&#! &)%4-$#! 6%A$B3A%)C9! -#$+*D)$%"#9 EF>'%G&+B3A%)C! #(!
,*+''%"#B3A%)C! D! +#*6! (#&7;'>*#0! +#! ;-3'F-(');! %*/('%)+-/#! &)%.';-;(! +#*6!
%)+-/'(50!(-&('/#0!I0#&(');!N<MJ<!G#0!+#*6!%)+-/'(50!(-&('/#0!+'EE8$#;(!+);&!4-$!/#*$0!
/-;F-F#0! +,';(#$-&(');! #(! 4-$(-F#;(! /#! %:%#! +'04)0'('E! +,';(#$-&(');!I/,5&$-;!
(-&('/#J<!
!
Q-;0! /#! &7-4'($#! O9! ()*1)*$0! #;! *('/'0-;(! /#! %)+8/#! &);&#4(*#/! +#! ;-3'F-(');! +*!
&7-4'($#! M9! ;)*0! 5(*+');0! /,';(#$-&(');! .'%-;*#//#! #(! %*/('%)+-/#! -3#&! /-! 3*#!
.'E)&-/#! &);`*#<! W)*0! &)%.';);0! 4)*$! &#/-! *;! &-4(#*$! +#! 4$#00');9! -00)&'5! D! /-!
%-';!;);!+)%';-;(#!+#0!*('/'0-(#*$0!#(! (#;-;(! /#!+'04)0'('E!%).'/#9!D! /,';(#$-&(');!
(-&('/#! -3#&! /-! %-';! +)%';-;(#<! W)*0! 5(*+');0! /,';E/*#;&#! +#! +#*6! E-&(#*$0! 0*$!
/,*('/'0-(');! +#! /-! %)+-/'(5! .-05#! 0*$! /-! 4$#00');!d! /#! (24#! +,-&(');! I+'0&$#(! )*!
&);(';*J!'+#;('E'5!+-;0!;)($#!#04-&#!+#!&);&#4(');!#(!/,';#$('#<!C#&'!-!+);;5!/'#*!D!
>*-($#! (#&7;'>*#0! +#! ;-3'F-(');! %*/('%)+-/#! *('/'0-;(! ()*(#0! *;! &-4(#*$! +#!
4$#00');<!W)*0!4$50#;();0!/#0!$50*/(-(0!+,*;#!53-/*-(');!#645$'%#;(-/#!&)%4-$-;(!
&#0! >*-($#! (#&7;'>*#0! D! +#*6! (#&7;'>*#0! +#! ;-3'F-(');! %*/('%)+-/#! *('/'0-;(!
/,';(#$-&(');!(-&('/#!*;'>*#%#;(!I0#&(');!O<PJ<!
!
=;E';9!;)*0!&);&/*);0!&#!%5%)'$#!#;!$-44#/-;(!;)0!&);($'.*(');09!#(!#;!4$)4)0-;(!
+#0!4'0(#0!+#!$#&7#$&7#!>*'!5(#;+#;(!/#0!($-3-*6!4$50#;(50<!
!
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2 VISUALISATION 

SUR DISPOSITIFS MOBILES 

!

1.1 Introduction 

C#! &7-4'($#! #0(! +5+'5! D! /-! 3'0*-/'0-(');!+,';E)$%-(');! 0*$!+'04)0'('E0!%).'/#0<! C#(!
-6#! +#! $#&7#$&7#! -! 5%#$F5! 0*'(#! D! /,-44-$'(');! +#0! aQS! Iq!a#$0);-/! Q'F'(-/!
S00'0(-;(!rJ! iKOj9! #(! -! &);;*! *;! #00)$! &);0'+5$-./#! 4/*0! $5&#%%#;(! -3#&! /#0!
'HD*$EF"#+'<!!
!
G#0!+'04)0'('E0!%).'/#0!-&(*#/0!#%.-$>*#;(!+#!;)%.$#*6!&-4(#*$0!I-&&5/5$)%8($#9!
F2$)0&)4#9!^aB9!#(&<J!#(!4)008+#;(!+#0!5&$-;0!+#!($80!.);;#!>*-/'(5!I4-$!#6#%4/#!
/,5&$-;!+*!B-%0*;F!^-/-62!BP!-2-;(!*;#!$50)/*(');!+#!LOPR6KNNR!4'6#/0J<!A-/F$5!
&#0! 4$)F$80! (#&7;)/)F'>*#09! /#! &);(#6(#! +#!%).'/'(5! I&)%%#! /,';(#$-&(');! -3#&! /#!
4)*&#! +#! /-! %-';! >*'! ('#;(! /#! +'04)0'('EJ! #(! /#0! /'%'(-(');0! ';(#$-&(');;#//#0! +#0!
+'04)0'('E0! %).'/#0! I&)%%#! /-! (-'//#! +#! /,5&$-;J! E);(! >*#! /-! $5*('/'0-(');! +#0!
(#&7;'>*#0! +#! 3'0*-/'0-(');! &);`*#0! 4)*$! +#0! )$+';-(#*$0! +#! .*$#-*! ;,#0(! 4-0!
'%%5+'-(#<!!
S*! +#/D! +#0! &-$-&(5$'0('>*#0! (#&7;'>*#0! +#0! +'04)0'('E09! /#0! 7-.'(*+#0! +#0!
*('/'0-(#*$0!);(!5F-/#%#;(!53)/*5<! ?/0!%-;'4*/#;(!-*1)*$+,7*'!0*$! /#*$0!+'04)0'('E0!
%).'/#0!-*!%)';0!-*(-;(!+#!+);;5#0!>*#!0*$!/#*$0!)$+';-(#*$0!+#!.*$#-*<!S';0'!+#0!
(b&7#0!#EE#&(*5#0!-*($#E)'0!*;'>*#%#;(!0*$!/#0!)$+';-(#*$0!+#!.*$#-*!)*!4)$(-./#0!
/#!0);(!-*1)*$+,7*'!%-1)$'(-'$#%#;(!0*$!+'04)0'('E0!%).'/#0!&)%%#!/-!&);0*/(-(');!
+#!%-'/09! /-! 3'0*-/'0-(');!+#!47)()0!)*!#;&)$#! /#0! 1#*6!3'+5)<!G#0!*('/'0-(#*$0!);(!
+);&!.#0)';!+#!%-;'4*/#$!()*(!(24#!+,';E)$%-(');<!
!
G-!4$#%'8$#!4-$('#!+#!&#!&7-4'($#!4$50#;(#!/#0!+'EE5$#;(0!(24#0!+#!+);;5#0!>*,'/!#0(!
4)00'./#!+#!3'0*-/'0#$!0*$!+'04)0'('E0!%).'/#0<!C#((#!4-$('#!0)*/'F;#!#;!4-$('&*/'#$!/-!
3-$'5(5!+#0!(#&7;'>*#0!+#!3'0*-/'0-(');!0#/);!/#0!+);;5#0!%-;'4*/5#0<!=//#!%)('3#!
-*00'! /,'%4)$(-;&#! +*! 0*1#(! -*1)*$+,7*'! #;! %#((-;(! #;! 53'+#;&#! /-! ;5&#00'(5! +#!
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%-;'4*/#$! 0*$! +'04)0'('E0! %).'/#0! +#0! #04-&#0! +,';E)$%-(');! +#! (24#0! ($80!
+'EE5$#;(0<!!
G-!0#&);+#!4-$('#!+$#00#!*;!5(-(!+#! /,-$(!#(! &/-00#! /#0! (#&7;'>*#0!+#!3'0*-/'0-(');!
#6'0(-;(#0!0*$!+'04)0'('E0!%).'/#0<!a)*$!&#/-!;)*0!;)*0!$#4)0);0!0*$! /-!;)(');!+#!
%*/('4/#6-F#! >*'! ;)*0! 4#$%#(! +#! ($-'(#$! /,#;1#*! &#;($-/! +#! /-! 3'0*-/'0-(');! +,*;!
F$-;+!#04-&#!+,';E)$%-(');!0*$!*;!5&$-;!+#!(-'//#!$5+*'(#<!!
C#0! +#*6! 4$#%'8$#0! 4-$('#0! 4#$%#((#;(! +#! %)('3#$! /#! (24#! +#! +);;5#0! #(! +#!
3'0*-/'0-(');!>*#!;)*0!-3);0!&7)'0'!+#!($-'(#$!+-;0!;)0!($-3-*6<!S*00'! /-!+#$;'8$#!
4-$('#!+*!&7-4'($#!4$50#;(#!/-!(#&7;'>*#!>*#!;)*0!-3);0!'%4/5%#;(5#!#(!53-/*5#!d!
*;#!3*#!.'E)&-/#!4)*$!3'0*-/'0#$!+#0!+);;5#0!D!*;#!+'%#;0');!#(!(#%4)$#//#0<!

2.1 Types de données visualisées sur dispositifs mobiles 

C)%%#! &,#0(! /#! &-0! 0*$! /#0! )$+';-(#*$0! +#! .*$#-*9! /#0! *('/'0-(#*$0! 4#*3#;(!
%-';(#;-;(! E-'$#! ()*(! (24#! +#! (b&7#0! 0*$! /#*$0! +'04)0'('E0! %).'/#0! #(! -';0'!
%-;'4*/#$! ()*(! (24#! +#! +);;5#0! I5+'(');! +#! (#6(#9! $#()*&7#! 47)()9! #(&<J<!
B7;#'+#$%-;!iKKTj!4$50#;(#!*;#!(-6);)%'#!#;!0#4(!(24#0!+#!+);;5#0!$#/-('3#!D!/-!
3'0*-/'0-(');!+,';E)$%-(');<!C#((#!(-6);)%'#!5(-;(!+5+'5#!-*6!+);;5#0!D!3'0*-/'0#$9!
#//#! 0,-44/'>*#! D! /-! 3'0*-/'0-(');! 0*$! +'04)0'('E0!%).'/#0<!W)*0! /,'//*0($);0! +-;0! /-!
0#&(');!#;!4$50#;(-;(!/#0!(#&7;'>*#0!#6'0(-;(#0!$#/-('3#0!D!&7-&*;!+#0!0#4(!(24#0<!!

2.1.1 Données à une dimension 

!

* *
^-_ ^._ 

K&67$"* ;+8* ^-_* 4&)7-/&)-(&9')* 0"* 09''=")* b* 7'"* 0&#"')&9'* P* ^-_* <9%7#"'(*

U<Kc*^._*\D&$-3&)(c*&))7"*0"*dACe+*

G#0!+);;5#0!D!*;#!+'%#;0');!4#*3#;(!:($#!*;!+)&*%#;(!(#6(#!I\'F*$#!L<K<-J9!*;#!
/'0(#!+#!&);(-&(0!)*!#;&)$#!*;#!F-/#$'#!+#!47)()0<!C#0!+);;5#0!0);(!)$F-;'05#0!+#!
%-;'8$#! 05>*#;('#//#! I0#/);!*;!)$+$#! -/47-.5('>*#!4-$! #6#%4/#J! #(! 0#/);!*;!-6#!
*;'>*#!+#!3-/#*$0<!G'$#!*;!/'3$#!5/#&($);'>*#!)*!4-$&)*$'$!*;#!/'0(#!+#!%-'/0!$#0(#;(!
+#0! (b&7#0! &)%4/'>*5#0!D!-&&)%4/'$! 0*$!+'04)0'('E0!%).'/#0!+*! E-'(!+#! /-! (-'//#!+#!
/,5&$-;!$5+*'(#<!a/*0'#*$0!($-3-*6!(#;(#;(!+#!$54);+$#!D!&#!4$)./8%#9!&)%%#!&#*6!
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+#! @*)(! #(! G#&)/';#(! iOTj! 4#$%#((-;(! +#! $#4$50#;(#$! *;#! /'0(#! )$+);;5#!
-/47-.5('>*#%#;(!0)*0!E)$%#!+#!04'$-/#!I\'F*$#!L<K<.J<!C#((#!3'0*-/'0-(');!4#$%#(!
+,-EE'&7#$!#;('8$#%#;(!/-!/'0(#!D!/,5&$-;<!

2.1.2 Données temporelles 

!

*  *

^-_ ^._ !

K&67$"* ;+;* 4&)7-/&)-(&9')* 0"* 09''=")* ("#D9$"//")*P* ^-_* <9))&"$*#=0&%-/c* ^._*
<9''=")*.97$)&1$")+*!")D"%(&G"#"'(*&))7")*0"*d;Oe*"(*d?Ce+*

G#0! +);;5#0! (#%4)$#//#0! $#4$50#;(#;(! *;! &-0! 4-$('&*/'#$! +#0! +);;5#0! D! *;#!
+'%#;0');9!%-'0! 0);(! -00#z! ;)%.$#*0#0! 4)*$! :($#! &/-005#0! +-;0! *;#! &-(5F)$'#! D!
4-$(!#;('8$#<!=//#0!0);(!)$F-;'05#0!0#/);!*;!-6#!(#%4)$#/<!B*$!+'04)0'('E0!%).'/#09!
);! /#0!$#($)*3#!4-$!#6#%4/#!+-;0!+#0!-44/'&-(');0!4#$%#((-;(! /-!3'0*-/'0-(');!+#!
F$-47'>*#0!I7'0()$'>*#0!.)*$0'#$09!;)%.$#!+#!4-0!#EE#&(*50!+-;0! /-! 1)*$;5#9!#(&<J!
)*! #;&)$#! *;#! /'0(#! +#! %-'/0! &/-0050! 4-$! +-(#! +#! $5&#4(');<! e;! #6#%4/#!
+,-44/'&-(');! *('/'0-;(! &#! (24#! +#! +);;5#0! #0(! 4$50#;(5! 4-$! C7'((-$)! iLVj!
4#$%#((-;(! +#! 3'0*-/'0#$! /#! +)00'#$! %5+'&-/! +,*;! 4-('#;(! 0*$! +'04)0'('E0! %).'/#0!
I\'F*$#! L<L<-J<! ^$5F)$2! Y! -/<! iNTj! );(! 4$)4)05! *;! -EE'&7-F#! #;! 04'$-/#! 4)*$!
3'0*-/'0#$!0'%*/(-;5%#;(!/#0!3-/#*$0!+#!+#*6!+);;5#0!.)*$0'8$#0!I\'F*$#!L<L<.J<!

2.1.3 Données à deux dimensions 

G#0! +);;5#0! D! +#*6! +'%#;0');0! 4#*3#;(! :($#! 4)0'(');;5#0! +-;0! *;! 4/-;<! B*$!
+'04)0'('E0!%).'/#09! /#0!-44/'&-(');0! /#0!4/*0!*('/'05#0! $#4$50#;(-;(!+#0!+);;5#0!D!
+#*6! +'%#;0');0! 0);(! /#0! &-$(#0<! G#0! -44/'&-(');0! &-$()F$-47'>*#0! I\'F*$#! L<MJ!
0);(! +#3#;*#0! &)*$-;(#0! 0*$! +'04)0'('E0!%).'/#0! +#4*'0! >*#! &#*6l&'! #%.-$>*#;(!
+#0! &-4(#*$0! ^aB<! G#0! +);;5#0! D! $#4$50#;(#$! 4#*3#;(! -/)$0! -((#';+$#! +#0! (-'//#0!
($80!'%4)$(-;(#0!I&-$(#!+*!%);+#!4-$!#6#%4/#J!#(!/#0!3'0*-/'0#$!&);0('(*#!+);&!*;!
35$'(-./#!+5E'<!Q#!;)%.$#*0#0!5(*+#0!);(!5(5!%#;5#0!0*$!/-!3'0*-/'0-(');!+#!&-$(#0!
0*$! +'04)0'('E0! %).'/#0! iKR9! LRj<! S*! +#/D! +#! /,-EE'&7-F#! +,*;#! &-$(#! D! +'EE5$#;(0!
;'3#-*6! +#! +5(-'/9! /-! 3'0*-/'0-(');! +#! X-*+'0&7! Y! U)0#;7)/(z! iKRj! &);0'0(#! D!
$#4$50#;(#$! +#0! ';+'&-(');0! 0*$! /#0! 4)';(0! +,';(5$:(0! -44-$-'00-;(! #;! +#7)$0! +#!
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/,5&$-;<! Q-;0! /,5(*+#! +#! X*$'F-(! Y! C7'((-$)! iLRj! +'EE5$#;(#0! (#&7;'>*#0! +#!
3'0*-/'0-(');!4)*$! ($)'0! (24#0! +#! +);;5#0! +);(! /#0! &-$(#0! I&-$(#09! +'-F$-%%#0! #(!
4-F#0!y#.J!0);(!#645$'%#;(-/#%#;(!&)%4-$5#0<!?/0!);(!;)(-%%#;(!%);($5!>*,*;#!
(b&7#!+#!$#&7#$&7#!+-;0!*;#!&-$(#!-3#&!*;#!';(#$E-&#!z))%-./#!4$50#;(-;(!*;#!3*#!
F/).-/#! +#! /,#04-&#! +,';E)$%-(');! 5(-'(! #EE#&(*5#! 4/*0! #EE'&-&#%#;(! >*,-3#&! *;#!
';(#$E-&#!z))%-./#!0-;0!3*#!F/).-/#9!-/)$0!>*,'/!;,2!-!4-0!+#!+'EE5$#;&#!+-;0!/#!&-0!
+,*;!+'-F$-%%#!)*!+,*;#!4-F#!y#.<!!
!

!
!
K&67$"*;+@*WDD/&%-(&9'*f996/"*Q-D*)7$*W'0$9&0?+*

G#0!4-F#0!y#.!E);(!#//#0!-*00'!4-$('#!+#!&#!(24#!+#!+);;5#0!D!+#*6!+'%#;0');0!#(!
);(!+);;5!/'#*!D!4/*0'#*$0!($-3-*6!&)%%#!/-!(#&7;'>*#!+#!X-*+'0&7!Y!-/<!iKKj!>*'!
4$50#;(#! *;! ;-3'F-(#*$! y#.! 4#$%#((-;(! +#! 0*44$'%#$! +*! &);(#;*! 1*F5! ;);!
4#$(';#;(<!=//#0!4#$%#(!4)*$!&#/-!-*6!*('/'0-(#*$0!+#!E-'$#!+'04-$-{($#!+#0!z);#0!+#!
/,';(#$E-&#!1*F5#0!;);!4#$(';#;(#0!#;!*('/'0-;(!+#0!F#0(#0!-3#&!*;!0(2/#(!0*$!/,5&$-;!
(-&('/#<!G#0!*('/'0-(#*$0!4#*3#;(!-/)$0!5F-/#%#;(!*('/'0#$!+#0!F#0(#0!4)*$!-F$-;+'$!
&#$(-';#0!z);#0!4)*$!4$)E'(#$!+#!/,#04-&#!-';0'!/'.5$5<!

2.1.4 Données à trois dimensions 

G#0!+);;5#0!D!($)'0!+'%#;0');0!0);(!$#4$50#;(5#0!0#/);!/#0!($)'0!-6#0!69!2!#(!z<!=//#0!
';(8F$#;(!+);&!*;#!;)(');!+#!4$)E);+#*$<!G#0!4$)F$80!(#&7;'>*#0!$5-/'050!0*$! /#0!
+'04)0'('E0!%).'/#0!E);(!>*,#//#0!0);(!+#!4/*0!#;!4/*0!4$50#;(#0!d!/#0!4#$E)$%-;&#0!
-&(*#/0! +#0! +'04)0'('E0! %).'/#0! I4$)&#00#*$9! %5%)'$#! 3'3#9! #(&<J! 4#$%#((#;(! +#!
$#4$50#;(#$! &#0! (24#0! +#! +);;5#0<! C#! (24#! +#! +);;5#0! #0(! 0)*3#;(! *('/'05! 4)*$!
$#4$50#;(#$! +#0! ).1#(0! +#! /-! 3'#! $5#//#9! &)%%#! ;)(-%%#;(! /#0! 1#*6! 3'+5)9! /#0!
-44/'&-(');0!+#!&);0($*&(');!iVLj9!)*!#;&)$#!/#0!-44/'&-(');0!+#!$5-/'(5!-*F%#;(5#!
iKKMj! I\'F*$#! L<N<-J<! X*$'F-(! Y! C7'((-$)! iKVj! 4$)4)0#;(! *;#! -44/'&-(');! %).'/#!
4#$%#((-;(! +,-EE'&7#$! #(!%-;'4*/#$! #;! (#%40! $5#/! /#!%)+8/#! #;! ($)'0! +'%#;0');0!
+,*;#!3'//#!I\'F*$#!L<N<.J<!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!
!
N!7((40dtt4/-2<F))F/#<&)%t0()$#t-440t+#(-'/0�'+o&)%<F))F/#<-;+$)'+<-440<%-40Y7/oE$!
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!

* *
^-_ ^._ 

K&67$"* ;+?* 4&)7-/&)-(&9')* 0"* 09''=")* b* ($9&)* 0&#"')&9')*P* ^-_* !=-/&(=*
-76#"'(="c* ^._* Q901/"* @<* 0Z7'"* G&//"+* !")D"%(&G"#"'(* &))7")* 0"* d88@e* "(*

d8Oe+*

2.1.5 Données multidimensionnelles 

!

!
!
K&67$"*;+A WDD/&%-(&9'*\%-(("$<&%"*Q9.&/"+*2))7"*0"*d8;Ae+

a)*$! &#! (24#! +#! +);;5#09! D! &7->*#! 4)';(! +#! /,#04-&#! &)$$#04);+! -*!%)';0! ($)'0!
-(($'.*(0<!?/!0,-F'(!4-$!#6#%4/#!+#!3'0*-/'0#$!/#0!(*4/#0!'00*0!+,*;#!$#>*:(#!+#!.-0#!
+#!+);;5#09!)*!#;&)$#!*;#!&)//#&(');!+#!%*0'>*#0!I)x!&7->*#!5/5%#;(!&);('#;(!*;!
('($#9!*;!-$('0(#9!*;#!-;;5#!+#!0)$('#9!*;#!+*$5#9!#(&<J<!H7)%-0);!Y!k-;F!iKLOj!);(!
4-$!#6#%4/#!+53#/)445!;)D$$+*(%)+9I"J%A+9I\'F*$#!L<OJ!d!&#((#!(#&7;'>*#!4#$%#(!+#!
3'0*-/'0#$! +#0! +);;5#0!%*/('+'%#;0');;#//#0!d! *;! 1#*! +#! +);;5#0! &)%4)$(-;(! KL!
+'%#;0');0! '00*! +,*;#! &-4(*$#! 3'+5)9! #(! *;! +#*6'8%#! &)%4)$(-;(! V! +'%#;0');0!
'00*! +#! +);;5#0! -*()%).'/#0<! B&-((#$Q'&#! A).'/#! *('/'0#! /#! F2$)0&)4#! +#0!
+'04)0'('E0! %).'/#0! 4)*$! #64/)$#$! *;#! %-($'&#! +#! F$-47'>*#0<! G-! \'F*$#! L<O!
4$50#;(#!/-!%-($'&#!+#!F$-47'>*#0!I+$)'(#J!0*$!/->*#//#!-44-$-{(!#;!3')/#(!/-!$5F');!
-&(*#//#%#;(!05/#&(');;5#<!G,*('/'0-(#*$!-!-/)$0!/-!4)00'.'/'(5!+#!z))%#$!0*$!&#//#l&'!
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4)*$!/-!3'0*-/'0#$!4/*0!#;!+5(-'/!&)%%#!'//*0($5!0*$!/,'%-F#!+#!F-*&7#!+#!/-!\'F*$#!
L<O<!

2.1.6 Arbres 

* *
^-_ ^._

K&67$"*;+J*^-_*WDD/&%-(&9'*f"'"-'"(*)7$*W'0$9&0Ac*^._*,"%>'&I7"*!S3,c*&))7"*

0"*dA@e+*

G#0! -$.$#0! 0);(! +#0! 0($*&(*$#0! 7'5$-$&7'05#0! )x! &7->*#! 5/5%#;(! 4)008+#! *;! /'#;!
3#$0!0);!5/5%#;(!4-$#;(<!c;!$#($)*3#!*;#!'//*0($-(');!+#!&#!(24#!+#!+);;5#0!-3#&!
/,-44/'&-(');! 2+#+D#+$ +'04);'./#! 0*$! /#0! +'EE5$#;(#0! 4/-(#E)$%#0! %).'/#0 #(
4#$%#((-;(!+#!3'0*-/'0#$!*;!-$.$#!F5;5-/)F'>*#!I\'F*$#!L<P<-J<!Q#!%:%#9!@-)!#(!-/<!
iOMj! +5&$'3#;(! 07469! *;#! (#&7;'>*#! -+-4(-./#! #(! 4-$-%5($-./#! 4#$%#((-;(! +#!
3'0*-/'0#$!&#! (24#!+#!+);;5#0!4)*$!+'EE5$#;(0!+)%-';#0!-44/'&-('E0! I\'F*$#!L<P<.J<!
B);!-+-4(-.'/'(5!4#$%#(!+#!/,*('/'0#$!4)*$!+'EE5$#;(0!+)%-';#0!-44/'&-('E09! /-!0#*/#!
&);($-';(#! 5(-;(! >*#! /#0! +);;5#0! 0)'#;(! 7'5$-$&7'05#0<! G#0! *('/'0-(#*$0! );(! /-!
4)00'.'/'(5!+#!4-$-%5($#$!/-!(#&7;'>*#!#;!045&'E'-;(!4-$!#6#%4/#!/-!4$)E);+#*$!+#!
/,-$.$#!D!-EE'&7#$!D!/,5&$-;!IL!0*$!/-!\'F*$#!L<P<.J9!0-!$-&';#!5(-;(!$#4$50#;(5#!+-;0!
/#! &)';! 0*45$'#*$! F-*&7#<! n7#//-! Y! X#+#$0);! iTKj! 4$50#;(#;(! ,")C+$9 ,F"$"I+'D9!
*;#! -44/'&-(');! 4#$%#((-;(! +#! 3'0*-/'0#$! *;#! &)//#&(');! +#! 47)()0! 7'#$-$&7'05#0!
4-$! +)00'#$<! =;F+-7/! Y! -/<! iMOj! *('/'0#;(! *;! $*++HDE9 4)*$! 3'0*-/'0#$! /#0! E'/0! +#!
+'0&*00');!+,*;!E)$*%<!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!
!
O!7((4dttyyy<F#;#-;#(<)$F!
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2.1.7 Réseaux 

K&67$"*;+C !"%(-'67/-$*4&"g+*2))7"*0"*dJAe+

G#0! $50#-*6! 0);(! #*6! -*00'! +#0! 0($*&(*$#0! 7'5$-$&7'05#09!%-'0! &);($-'$#%#;(! -*6!
-$.$#0! /#0! /'#;0! 3#$0! *;! 5/5%#;(! ;#! 4$)3'#;;#;(! 4-$! E)$&5%#;(! +,*;! 5/5%#;(!
4-$#;(9!%-'0!+,*;!)*!4/*0'#*$0!5/5%#;(0!>*#/&);>*#!+#!/,#04-&#!+,';E)$%-(');<!e;!
F$-;+!;)%.$#!+,#04-&#0!+,';E)$%-(');!4#*3#;(!:($#!$#4$50#;(50!0)*0!&#((#!E)$%#9!
&)%%#! /#0! /'#;0! 724#$(#6(#0! )*! #;&)$#! /#0! $50#-*6! 0)&'-*6<! n-$0(#;0! #(! -/<! iPOj!
4$50#;(#;(!0+)$D#K&AD*9L%+M9!*;#!(#&7;'>*#!4#$%#((-;(!+#!3'0*-/'0#$!#(!4-$&)*$'$!
+#0!$50#-*6!+#!;�*+0!F5;5$'>*#0!D!+'EE5$#;(0!;'3#-*6!+#!+5(-'/!I\'F*$#!L<TJ<!H$)'0!
&)*/#*$0!0);(!*('/'05#0!4)*$!$#4$50#;(#$!/#0!(24#0!+#!;�*+0!I3#$(!4)*$!/#0!E#*'//#09!
$)*F#!4)*$!/#0!;�*+0!-2-;(!+#0!E'/09!#(!.$*;b($#!4)*$!/#0!0)*0l$50#-*6J<!G#0!0)*0l
$50#-*6!4#*3#;(! -';0'! :($#!+54/'50! )*!;);!4)*$!%)+'E'#$! /#! ;'3#-*!+#!+5(-'/<! a-$!
#6#%4/#! /,'%-F#! +#! F-*&7#! +#! /-! \'F*$#! L<T! 4$50#;(#! *;#! 3*#! &)%4/8(#%#;(!
+54/'5#! +#! /,#04-&#! +,';E)$%-(');9! -/)$0! >*#! &#//#! +#! +$)'(#! #0(! .#-*&)*4! %)';0!
+5(-'//5#<!

2.1.8 Synthèse 

W)*0! -3);0! %);($5! 4-$! +#0! #6#%4/#0! >*#! /#0! 0#4(! (24#0! +#! +);;5#0! +#! /-!
(-6);)%'#! +#! B&7;#'+#$%-;! iKKTj! 0);(! -*1)*$+,7*'! 3'0*-/'050! 0*$! +'04)0'('E0!
%).'/#0<!C#0!(24#0!+#!+);;5#0!0);(!+#0!(24#0!+#!.-0#!+);(!'/!#6'0(#!+#0!3-$'-;(#0!
I+);;5#0! D! N! +'%#;0');09! -$.$#0! %*/('4/#09! #(&<J<! Q#! 4/*09! +#! ;)%.$#*0#0!
-44/'&-(');0! );(! .#0)';! +#! %-;'4*/#$! 4/*0'#*$0! +#! &#0! (24#0!d! /,-44/'&-(');!
^#;#-;#(! F8$#! 4-$! #6#%4/#! *;! -$.$#! +#! +);;5#0! %*/('+'%#;0');;#//#0!
I';E)$%-(');0!0*$!/#0!4#$0);;#0J<!!
!
G#0!-$.$#0!#(!/#0!$50#-*69!>*#!/,);!4#*(!$#F$)*4#$!+-;0!*;#!&-(5F)$'#!+#!+);;5#0!
7'5$-$&7'05#09! );(! +51D! 5(5! /-$F#%#;(! 5(*+'50! 0*$! +'04)0'('E0!%).'/#0! iMV9! OL9! OM9!
POj9!+#!%:%#!>*#! /#0!+);;5#0!D!+#*6!+'%#;0');0!I#(!;)(-%%#;(! /#0!&-$(#0J! iTL9!
[T9!KRO9!KMRj<!
G#0! +);;5#0! D! ($)'0! +'%#;0');09! .'#;! >*#!%-;'4*/5#0! 0*$! +'04)0'('E0!%).'/#09! ;#!
;5&#00'(#;(! 4-0! /#0! %:%#0! .#0)';0! ';(#$-&(');;#/0! >*#! 0*$! *;! )$+';-(#*$! +#!
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.*$#-*<!=;!#EE#(9!/#0!(b&7#0!#EE#&(*5#0!0*$!/#0!+#*6!(24#0!+#!+'04)0'('E0!0);(!0)*3#;(!
+'EE5$#;(#09!#(! /#!.#0)';!+#!+5(-'/!#0(!%)';0! '%4)$(-;(!0*$!+'04)0'('E0!%).'/#0<!Q#!
4/*09! /#0!).1#(0!#;!($)'0!+'%#;0');0!+#!F$-;+#!(-'//#!;5&#00'(#;(!*;#!4*'00-;&#!+#!
&-/&*/! 4)*$! :($#! %-;'4*/509! >*'! ;,#0(! 4-0! #;&)$#! +'04);'./#! 0*$! /#0! +'04)0'('E0!
%).'/#0!-&(*#/0<!C#0!(24#0!+#!+);;5#0!%-1)$'(-'$#%#;(!*('/'050!0*$!/#0!)$+';-(#*$0!
+#!.*$#-*!-*1)*$+,7*'!4)*$$);(!+);&!($80!&#$(-';#%#;(!5F-/#%#;(!:($#!3'0*-/'050!
0*$!+'04)0'('E0!%).'/#0!+#%-';<!!
!
C#! &);0(-(! 0*$! /#0! (24#0! +#! +);;5#0! 3'0*-/'05#0! ;)*0! -! ';&'(5! D! &);&#;($#$! ;)0!
($-3-*6!0*$!/#!(24#!+#!+);;5#0!D!*;#!+'%#;0');!#(!(#%4)$#//#0<!Q#!4/*09!&#!(24#!+#!
+);;5#0! #0(! 4$50#;(! +-;0! +#! ($80! ;)%.$#*0#0! -44/'&-(');0!%).'/#0! -*1)*$+,7*'!d!
/'0(#!+#!%-'/09!F-/#$'#!+,'%-F#09!F$-47#09!#(&<!

2.2 Techniques de visualisation sur dispositifs mobiles 

a/*0'#*$0! (-6);)%'#0! );(! 5(5! 4$)4)05#0! 4)*$! &/-00#$! /#0! (#&7;'>*#0! +#!
3'0*-/'0-(');<!!
!
e;#! 4$#%'8$#! E-`);! '%%5+'-(#! +#! &/-00#$! /#0! (#&7;'>*#0! +#! 3'0*-/'0-(');! #0(! +#!
&);0'+5$#$!/#0!(24#0!+#!+);;5#0!3'0*-/'05#0!#;!0#!$5E5$-;(!D!/-!(-6);)%'#!+#0!(24#0!
+#! +);;5#0! +#! B&7;#'+#$%-;! iKKTj<! C,#0(! /,-44$)&7#! -+)4(5#! +-;0! /-! 0#&(');!
4$5&5+#;(#<!!
!
G-! (-6);)%'#! +#0! (#&7;'>*#0! +#! 3'0*-/'0-(');! +#! C7'((-$)! iL[j! 054-$#! /#0!
(#&7;'>*#0! -+-4(5#0! +#! &#//#0! &);`*#0! 4)*$! +#0! )$+';-(#*$0! +#! .*$#-*9! +#0!
(#&7;'>*#0! &);`*#0! 045&'E'>*#%#;(! 4)*$! +'04)0'('E0! %).'/#0<! ?/! 4$)4)0#! -';0'! N!
&-(5F)$'#0!+#!(#&7;'>*#0!d!!

• ]*#! ^/).-/#_Q5(-'/0! I-+-4(5#0! +#! &#//#0! &);`*#0! 4)*$! +#0! )$+';-(#*$0! +#!
.*$#-*J!

• \)&*0_C);(#6(#! I-+-4(5#0! +#! &#//#0! &);`*#0! 4)*$! +#0! )$+';-(#*$0! +#!
.*$#-*J!

• U5E5$#;&#0! 3'0*#//#0! D! +#0! z);#0! 7)$0! 5&$-;! I045&'E'>*#0! -*6! +'04)0'('E0!
%).'/#0J!

• H#&7;'>*#0!+#!;-3'F-(');!';(*'('3#0!I045&'E'>*#0!-*6!+'04)0'('E0!%).'/#0J!
!

B'! /#0! ($)'0! 4$#%'8$#0! &-(5F)$'#0! 0#%./#;(! 4#$(';#;(#09! /-! +#$;'8$#! E-'(! 4/*(�(!
$5E5$#;&#!-*6!%)2#;0!+#!;-3'F*#$!+-;0!*;! (24#!+#!3'0*-/'0-(');!#;!*('/'0-;(!+#0!
%)+-/'(50! 4$)4$#0! -*6! +'04)0'('E0! %).'/#0<! c$9! '/! ;)*0! 0#%./#! 4/*0! 4#$(';#;(! +#!
+'0(';F*#$! /,-04#&(! 4$50#;(-(');! +#! /,-04#&(! ';(#$-&(');<! =;! #EE#(9! %:%#! 0'! *;#!
(#&7;'>*#! +#! 3'0*-/'0-(');! #0(! ';#6'0(-;(#! 0-;0! (#&7;'>*#! +,';(#$-&(');! -00)&'5#9!
;)*0!;)*0! ';(5$#00);0!+-;0!&#((#!0#&(');!*;'>*#%#;(!D! /,-04#&(!4$50#;(-(');!+#0!
+);;5#0<! W)*0! -+)4();0! +);&! *;#! -*($#! -44$)&7#! +#! &/-00'E'&-(');! +5&$'(#! &'l
+#00)*0<!
!
c$(7)F);-/#%#;(! -*6! (24#0! +#! +);;5#0! 3'0*-/'05#09! *;! #;1#*! &#;($-/! D! /-!
3'0*-/'0-(');!0*$!*;!+'04)0'('E!%).'/#!#0(! /-!(-'//#! /'%'(5#!+#!/,5&$-;!d! /#!+5E'!#0(!+#!
$#;+$#!-&&#00'./#!/,#;0#%./#!+#!/,#04-&#!+,';E)$%-(');!-/)$0!>*,'/!#0(!4/*0!/-$F#!>*#!
/,#04-&#! +'04);'./#! D! /,5&$-;<! C#! 4$)./8%#! ;,#0(! 4-0! 045&'E'>*#! -*6! +'04)0'('E0!
%).'/#0! #(! #0(! &/-00'>*#%#;(! ($-'(5! #;! 3'0*-/'0-(');! +,';E)$%-(');! 0*$! *;!
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)$+';-(#*$!iKLVj<!W5-;%)';0!'/!#0(!-%4/'E'5!+#!4-$!/-!(-'//#!+#!/,5&$-;!+*!+'04)0'('E!
%).'/#<! S*00'9! 4)*$! +$#00#$! *;! 5(-(! +#! /,-$(! +#0! (#&7;'>*#0! +#! 3'0*-/'0-(');!
#6'0(-;(#0!+#! E-`);!&)%4/5%#;(-'$#!D! /-!0#&(');!4$5&5+#;(#9!;)*0!&);0'+5$);0!&#!
4$)./8%#!+#!3'0*-/'0-(');!+,*;#!F$-;+#!>*-;('(5!+#!+);;5#0!0*$!*;!5&$-;!+#!(-'//#!
/'%'(5#!#;!;)*0!$5E5$-;(!D /-!;)(');!+#!%*/('4/#6-F#<!

2.2.1 Notion de multiplexage 

!

*

^-_ 

! !
^._ ^%_ 

K&67$"*;+O*T*<&55=$"'()*(FD")*0"*#7/(&D/"M-6"*P*^-_*,"#D9$"/*^h9'"h99#_c*^._*
\D-(&-/*^47"*f/9.-/"L<=(-&/)_c*^%_*S'*D$959'0"7$*^Q&'&#-D_+*!")D"%(&G"#"'(*

&))7")*0"*d8HAec*d8Ee*"(*d8HCe+*

G)$0>*,*;#! (#&7;'>*#! +#! 3'0*-/'0-(');! -EE'&7#! 0'%*/(-;5%#;(! )*! ;);! 4/*0'#*$0!
4-$('#0!+,*;!#04-&#!+,';E)$%-(');9!#//#!*('/'0#!/#!%*/('4/#6-F#!(#%4)$#/9!04-('-/9!)*!
#;!4$)E);+#*$!4)*$!/#0!/'#$!#;($#!#//#0!I\'F*$#!L<VJ<!

• G#!%*/('4/#6-F#!(#%4)$#/!d!+'EE5$#;(#0!4-$('#0!+#!/,#04-&#!+,';E)$%-(');!
0);(!4$50#;(5#0!05>*#;('#//#%#;(!+-;0!/#!(#%40<!G#0!+);;5#0!-EE'&75#0!D!
*;!';0(-;(!$!4#*3#;(!:($#!&);($�/5#0!4-$!/#!020(8%#!)*!+'$#&(#%#;(!4-$!
/,*('/'0-(#*$<!Q-;0!/-!\'F*$#!L<V<-9!/-!3*#!+*!+#*6'8%#!5&$-;!&)$$#04);+!D!
*;!-F$-;+'00#%#;(!+#!/-!z);#!#;&-+$5#!#;!$)*F#!+-;0!/#!4$#%'#$!5&$-;<!
G#!4$';&'4-/!';&);35;'#;(!+#!&#!(24#!+#!%*/('4/#6-F#!#0(!>*#!/,*('/'0-(#*$!
+)'(!0#!0)*3#;'$!+#!&#!>*,'/!-!3*!4$5&5+#%%#;(!4)*$!4)*3)'$!E-'$#!/#!/'#;!
-3#&!&#!>*'!0#$-!-EE'&75!#;0*'(#<!

• G#! %*/('4/#6-F#! 04-('-/ d! +'EE5$#;(#0! 4-$('#0! +#! /,#04-&#! +,';E)$%-(');
0);(!4$50#;(5#0! 0'%*/(-;5%#;(<!Q-;0! /-!\'F*$#!L<V<.9! /-!3*#!F/).-/#!+#!
/,#04-&#! +,';E)$%-(');! #0(! -EE'&75#! +-;0! /#! &)';! ';E5$'#*$! +$)'(9! 0*$! /#!
%:%#!5&$-;!>*#!/-!3*#!z))%5#<!G#!4$';&'4-/!';&);35;'#;(!+#!&#!(24#!+#!
%*/('4/#6-F#!#0(!/,#04-&#!)&&*45!D!/,5&$-;!4-$!/#0!+#*6!3*#0<!
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• G#! %*/('4/#6-F#! #;! 4$)E);+#*$!d! +'EE5$#;(#0! 4-$('#0! +#! /,#04-&#!
+,';E)$%-(');! 0);(! 0*4#$4)05#0! D! /,5&$-;<! Q-;0! /-! \'F*$#! L<V<&9! /-! 3*#!
F/).-/#!#0(!-EE'&75#!-*!+#00*0!+#!/-!3*#!z))%5#!#;!*('/'0-;(!*;!#EE#(!+#!
($-;04-$#;&#<!G#!4$';&'4-/! ';&);35;'#;(!+#!&#! (24#!+#!%*/('4/#6-F#!#0(!
>*,'/! 4#*(! #;F#;+$#$! *;#! 0*$&7-$F#! +,';E)$%-(');9! $#;+-;(! /-!
3'0*-/'0-(');!+'EE'&'/#%#;(!4#$&#4('./#!D!/,5&$-;<!

!
=;!&);0'+5$-;(!*;#!3'0*-/'0-(');!&)%%#!*;#!%)+-/'(5!+,';(#$-&(');!#;!0)$('#9! /#0!
(24#0! +#! %*/('4/#6-F#! +5E';'00#;(! +#0! $#/-(');0! 04-('-/#0! #(! (#%4)$#//#0! #;($#!
%)+-/'(50!+-;0!/,#04-&#!+#!&-$-&(5$'0-(');!+#!]#$;'#$!Y!W'F-2!iKLTj<!C)%%#!+-;0!
/-! (-6);)%'#! +#! a))}! iKRRj! 4)*$! /#! &-0! +#! /-! 3'0*-/'0-(');! 0*$! *;! )$+';-(#*$! +#!
.*$#-*9! ;)*0! *('/'0);0! /-! ;)(');! +#! %*/('4/#6-F#! 4)*$! &/-00#$! /#0! (#&7;'>*#0! +#!
3'0*-/'0-(');!0*$!+'04)0'('E0!%).'/#0<!!

2.2.2 Techniques reposant sur le multiplexage temporel 

G#0!(#&7;'>*#0!*('/'0-;(!/#!%*/('4/#6-F#!(#%4)$#/!;5&#00'(#;(!()*(#0!*;!%)2#;!+#!
;-3'F-(');!4)*$!4-$&)*$'$!/,#04-&#!+,';E)$%-(');!>*'!;,#0(!4-0!#;('8$#%#;(!-EE'&75!
D! /,5&$-;! #(! 4)*$! +5E';'$! /-! 4-$('#! +#! /u#04-&#! +u';E)$%-(');! >*'! -! .#0)';! +u:($#!
+5(-'//5#! 4)*$! /u-&&)%4/'00#%#;(! +#! /-! (b&7#<! W)*0! 4$50#;();0! +-;0! /-! 4-$('#!
0*'3-;(#! &#0! %)2#;0! +#! ;-3'F-(');! +-;0! /#! &-0! +#! %*/('4/#6-F#! (#%4)$#/!d! /#0!
.-$$#0!+#!+5E'/#%#;(9!/#0!(#&7;'>*#0!+#!Q54/-&#%#;(!Y!Z))%!#(!/#0!(#&7;'>*#0!+#!
E'/($-F#<!C#0!+#*6!+#$;'8$#0!-&(');0!+#!;-3'F-(');!0);(!%'0#0!#;!53'+#;&#!+-;0! /#!
%-;($-! 5;);&5! 4-$! B7;#'+#$%-;! iKKTj!d! N8O+*O%+M9 @%*'$P9 Q""H9 D#R9 @%A$+*P9 $F+#9
R+$D%A'?"#?R+HD#R9NS!!

2.2.2.1 Barres de défilement 

e;#! 4$#%'8$#! 0)/*(');! &);0'0(#9! &)%%#! 0*$! /#0! )$+';-(#*$0! +#! .*$#-*9! D! *('/'0#$!
+#0! .-$$#0! +#! +5E'/#%#;(<! C#/-! 4#$%#(9! -/)$0! >*#! /#0! *('/'0-(#*$0! ;#! 4#*3#;(!
3'0*-/'0#$! >*,*;#! 4#('(#! 4-$('#! +#0! +);;5#0! D! /-! E)'09! +#! 4-$&)*$'$! /,#;0#%./#! +#!
/,#04-&#!+,';E)$%-(');<!c$9!");#0!#(!-/<!iPKj!);(!%);($5!>*#!/,*('/'0-(');!+,*;#!.-$$#!
+#!+5E'/#%#;(!0*$!+#0!5&$-;0!+#!4#('(#!(-'//#!4#*(!$5+*'$#!+#!ORp!/#0!4#$E)$%-;&#0!
4-$! $-44)$(! D! /#*$! *('/'0-(');! 0*$! *;! 5&$-;! +,)$+';-(#*$! +#! .*$#-*<! Q#! %:%#9!
G--$;'! iTNj! -! &)%4-$5! /-!4#$E)$%-;&#!+#0!.-$$#0!+#!+5E'/#%#;(!4)*$!+'EE5$#;(#0!
(-'//#0! +,5&$-;<! ?/! -! ).0#$35! >*#! /#0! 4#$E)$%-;&#0! -*F%#;(#;(! -3#&! /-! (-'//#! +#!
/,5&$-;<!C#0!+#*6!$50*/(-(0!0,#64/'>*#;(!4-$!/#!E-'(!>*#!4/*0!/,5&$-;!#0(!4#('(9!4/*0!/#0!
*('/'0-(#*$0! +)'3#;(! #EE#&(*#$! +#! F#0(#0! +#! +5E'/#%#;(<! S*00'9! &#0! F#0(#0! $545(50!
4#*3#;(!:($#!+'EE'&'/#0!D!#EE#&(*#$!0*$()*(!#;!&);+'(');!+#!%).'/'(59!#(!+5F$-+#;(!/#0!
4#$E)$%-;&#0! #;! -*F%#;(-;(! /-! /);F*#*$!+#! /-! ($-1#&()'$#!+,';(#$-&(');! I;)%.$#!
+,-&(');0!#EE#&(*5#0!4-$!/,*('/'0-(#*$J<!
=;E';9! /#! E-'(! +#! 4)*3)'$! 3'0*-/'0#$! *;'>*#%#;(! >*,*;#! 0)*0l4-$('#! +#! /,#04-&#!
+,';E)$%-(');!D!*;!';0(-;(!+);;5!$5+*'(!F$-;+#%#;(!/-!&)%4$57#;0');!F/).-/#!+#!
&#/*'l&'<! =;! #EE#(9! 4)*$! *;#! #64/)$-(');! #EE'&-&#! +,*;! #04-&#! +,';E)$%-(');9! /#0!
*('/'0-(#*$0!);(!.#0)';!+,-&&5+#$!D!/-!E)'0!D!+#0!+);;5#0!+5(-'//5#09!#(!D!+#0!+);;5#0!
4/*0!F$)00'8$#0!%-'0!F/).-/#09!&)%%#!$-44#/5!4-$!C7#;!iLPj<!!
!
!
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2.2.2.2 Déplacement & Zoom 

!

 ! !
^-_ ^._ ^%_ 

K&67$"*;+E*X*U&'%>*^-_*D97$*i99#"$c*<$-6*^._*D97$*)"*0=D/-%"$c*K/&%j*^%_*D97$*

)"*0=D/-%"$*$-D&0"#"'(*

G#0! (#&7;'>*#0! +#! Q54/-&#%#;(! Y! Z))%! &);0'0(#;(! D! -1)*(#$! *;#! ($)'0'8%#!
+'%#;0');!-*6!.-$$#0!+#!+5E'/#%#;(<!=;!4/*0!+#!4)*3)'$!0#!+54/-&#$!+-;0!/,#04-&#!
+,';E)$%-(');9! /#0!*('/'0-(#*$0! );(! 5F-/#%#;(! /-!4)00'.'/'(5!+#! z))%#$9! #(! -';0'! +#!
%)+'E'#$! /#! ;'3#-*! +#! +5(-'/! +#0! +);;5#0! $#4$50#;(5#0! D! /,5&$-;<! B4#;&#! iKLRj!
+5E';'(!/#!E-'(!+#!z))%#$!&)%%#!q!-*F%#;(#$t+'%';*#$!/-!(-'//#!+,*;#!4-$('#!+,*;#!
'%-F#! D! +#*6! +'%#;0');0! ()*(! #;! -2-;(! *;#! E#;:($#! +,-EE'&7-F#! +#! (-'//#!
&);0(-;(#!r<!?/!+5E';'(!/#!+54/-&#%#;(!&)%%#!q!*;!%)*3#%#;(!E/*'+#!+#!/-!E#;:($#!
+,-EE'&7-F#!0*$!*;#!'%-F#!D!+#*6!+'%#;0');0!+#!4/*0!F$-;+#!(-'//#!r<!
a-$! #6#%4/#9! U)..';0! #(! -/<! iKROj! );(! *('/'05! &#((#! 0($-(5F'#! 4)*$! +53#/)44#$!
T"#+T""H9! *;#! (#&7;'>*#! 4#$%#((-;(! +#! ;-3'F*#$! D! ($-3#$0! *;! #04-&#!
+,';E)$%-(');! D! +#*6! +'%#;0');0! #;! *('/'0-;(! /#! &/-3'#$! +*! +'04)0'('E! %).'/#<!
G,#04-&#!#0(!+'3'05!#;![! 0)*0l#04-&#09! &7-&*;!-00)&'5!D!*;#! ()*&7#!+*!&/-3'#$!+*!
+'04)0'('E! %).'/#! I\'F*$#! L<V<-J<! S';0'9! /,5(-(! ';'('-/! 4$50#;(#! *;#! 3*#! F/).-/#! +#!
/,#04-&#!+,';E)$%-(');9!#(!/,*('/'0-(#*$!4#*(!4$#00#$!*;#!+#0!()*&7#0!+*!&/-3'#$!4)*$!
z))%#$!#(!0#!+54/-&#$!0*$!/#!0)*0l#04-&#!-00)&'5!>*'!#0(!-/)$0!D!0);!()*$!+5&)*45!
#;![!0)*0l#04-&#0<!?/!4#*(!D!()*(!%)%#;(!$#3#;'$!D!/-!3*#!4$5&5+#;(#!#;!4$#00-;(!/-!
()*&7#! �<! C#!%:%#! 4$';&'4#! -! -*00'! 5(5! -44/'>*5! 4)*$! /#! &-0! +#! 4-F#0!y#.! 4-$!
X-*+'0&7!Y!-/<!iKKj<!
Q#3#;*! *;! 0(-;+-$+! -3#&! /#0! 5&$-;0! (-&('/#09! /-! (#&7;'>*#! +*! ,%#)F?(*DK?3A%)C9
I\'F*$#! L<[J! 4#$%#(! +#! 0#! +54/-&#$! #(! z))%#$! +-;0! *;! #04-&#! +,';E)$%-(');<! G#!
F#0(#! +#! ,%#)F! I\'F*$#! L<[<-J! 4#$%#(! +#! z))%#$! #(! +5z))%#$! #;! 5&-$(-;(! )*!
$-44$)&7-;(! +#*6! +)'F(0! D! /,5&$-;<! G#! F#0(#! +#!(*DK! I\'F*$#! L<[<.J! 4#$%#(! +#! 0#!
+54/-&#$!/#;(#%#;(!#;!%-';(#;-;(!#(!E-'0-;(!F/'00#$!*;!+)'F(!D!/,5&$-;<!G#!F#0(#!+#!
3A%)C! I\'F*$#! L<[<&J! 4#$%#(! +#! 0#! +54/-&#$! $-4'+#%#;(! #;! #EE#&(*-;(! *;! .-/-2-F#!
$-4'+#! +*! +)'F(! D! /,5&$-;<! C#((#! &)%.';-'0);! +#! F#0(#0! 4#$%#(! +);&! +#! F5$#$! /#!
;'3#-*!+#!z))%!()*(!#;!0#!+54/-`-;(!+-;0!/,#04-&#!+,';E)$%-(');<!C);($-'$#%#;(!D!
T"#+T""H! iKROj9! &#((#! (#&7;'>*#! 4#$%#(! +#! F5$#$! /#! z))%! #(! /#! +54/-&#%#;(! +#!
%-;'8$#!4/*0!E/*'+#!&-$!'/0!0);(!#EE#&(*50!-*!E*$!#(!D!%#0*$#!>*#!/#!F#0(#!-00)&'5!#0(!
#EE#&(*5!D! /,5&$-;!d!4-$!#6#%4/#9!*;!+54/-&#%#;(!+#!*;!4'6#/!D! /,5&$-;!+54/-&#!*;!
4'6#/! +-;0! /,#04-&#! +,';E)$%-(');9! -/)$0! >*#! +-;0! T"#+T""H9! /-! 0#/#&(');! +,*;#!
(�*&7#! #;($-{;#! *;! +54/-&#%#;(! .#-*&)*4! 4/*0! '%4)$(-;(! +-;0! /,#04-&#!
+,';E)$%-(');<!Q#!4/*09 /#!+54/-&#%#;(!4#*(!:($#!E-'(!%-;*#//#%#;(!4-$!/,*('/'0-(#*$!
I-/)$0!>*,'/!#0(!E-'(!-*()%-('>*#%#;(!4-$!/#!020(8%#!+-;0!T"#+T""HJ<!
!
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c$(7)F);-/#%#;(!-*6!-&(');0!#EE#&(*5#0!/)$0!+#!Q54/-&#%#;(!Y!Z))%!I-&(');0!+#!
4$#00');!0*$!+#0!.)*();0!)*!F#0(#0!0*$! /-! 0*$E-&#! (-&('/#J9!;)*0!+'0(';F*);0!+#*6!
(24#0!+#!z))%!d!/#!z))%!F5)%5($'>*#!#(!/#!z))%!05%-;('>*#<!

2.2.2.2.1 Zoom géométrique 

!

* *
!

K&67$"*;+8H*X*h99#*6=9#=($&I7"*

G#! z))%! F5)%5($'>*#! ;,-F'(! >*#! 0*$! /-! (-'//#! +#! /,).1#(! D! $#4$50#;(#$<! C)%%#!
'//*0($5! D! /-! \'F*$#! L<KR9! '/! -F$-;+'(! /#0! ).1#(0! /)$0>*#! /,*('/'0-(#*$! z))%#9! #(! /#0!
$5($5&'(! /)$0>*,'/! +5z))%#<! G,-3-;(-F#! #0(! /-! &)75$#;&#! +#0! +);;5#09! %-'0! /#!
4$';&'4-/! ';&);35;'#;(!#0(! /#!%-;>*#!+#! /'0'.'/'(5!>*-;+! ($)4!+,';E)$%-(');0!0);(!
-EE'&75#0!D!/,5&$-;<!c;!/#!$#($)*3#!0)*3#;(!+-;0!/#0!/#&(#*$0!+#!aQ\!)*!/#0!F-/#$'#0!
47)()0! 4-$! #6#%4/#! I\'F*$#! L<KRJ<! S*($#E)'0! *('/'05! 4-$! /#0! -44/'&-(');0! +#!
&-$()F$-47'#9! '/! -! +#4*'0! 5(5! $#%4/-&5! 4-$! /#! z))%! 05%-;('>*#! 4-$! 0)*&'0! +#!
/'0'.'/'(5! +#0! +);;5#0<! C#! 4$';&'4#! -! 5(5! *('/'05! 4-$! n7#//-! Y! X#+#$0);! iTKj! 4)*$!
+53#/)44#$! ,F"$"I+'D9! *;#! -44/'&-(');! E-&'/'(-;(! /-! 3'0*-/'0-(');! +,*;#! F-/#$'#!
+,'%-F#0!&/-005#0!4-$!+)00'#$!0*$!aQS<!G#0!*('/'0-(#*$0!4#*3#;(!;-3'F*#$!D!($-3#$0!
/-!7'5$-$&7'#!+,'%-F#0!d!*;!z))%!F5)%5($'>*#!#0(!-44/'>*5!%)+'E'-;(!/-!$50)/*(');!
+#0!'%-F#0!%';'-(*$#0!-EE'&75#0!4)*$!&7->*#!;'3#-*!+#!/-!7'5$-$&7'#<!

2.2.2.2.2 Zoom sémantique

!
G#!z))%!05%-;('>*#!-F'(!0*$!/-!$#4$50#;(-(');!+#!/,).1#(!D!-EE'&7#$<!S';0'9!*;!%:%#!
).1#(!4)*$$-!:($#!$#4$50#;(5!+#!+'EE5$#;(#0!%-;'8$#09!3)'$#!%:%#!:($#!0*44$'%59!
0#/);!/#!;'3#-*!+#!z))%!I\'F*$#!L<KKJ<!G#0!+'EE5$#;(#0!$#4$50#;(-(');0!4#$%#((#;(!
+#! %-';(#;'$! /-! /'0'.'/'(5! +#0! +);;5#09! %-'0! '/! #0(! '%4)$(-;(! >*#! &#//#0l&'! 0)'#;(!
&)75$#;(#0!#;($#!#//#0<!=;!#EE#(9! /#0!+'EE5$#;(#0!$#4$50#;(-(');0!+#0!).1#(0!+)'3#;(!
&);0#$3#$!*;#!%:%#!05%-;('>*#!d!4-$!#6#%4/#!0*$!*;#!&-$(#9!*;#!-*()$)*(#!+#3$-!
()*1)*$0!-44-$-{($#!4/*0!'%4)$(-;(#!>*,*;!&7#%';<!
!
!
!
!
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* * * *

^-_* ^._*

K&67$"*;+88*X*h99#*)=#-'(&I7"*P*^-_*:-$(")+*^._*,$""#-Dc*&))7"*0"*d@Ae+*

!
C#((#!(#&7;'>*#!+#!z))%!05%-;('>*#!4#*(!0,-44/'>*#$!D!()*(!(24#!+#!+);;5#0<!S';0'!
-*!+#/D!+#0!&-$(#09!&#((#!(#&7;'>*#!-!4-$!#6#%4/#!5(5!*('/'05#!4-$!G-%!Y!X-*+'0&7!
iTOj! +-;0! *;! ;-3'F-(#*$! y#.! 4)*$! aQS! >*'! -EE'&7#! /#0! 0'(#0! y#.! &)%%#! *;!
#;0#%./#! +#! 3*#0! %';'-(*$#0<! a)*$! -EE'&7#$! /,#;0#%./#! +#! /-! 4-F#! D! /,5&$-;9! /#0!
+'EE5$#;(0! &7-%40! (#6(#0! 0);(! -.$5F509! &#! >*'! 4#$%#(! +#! &);0#$3#$! /#*$! /'0'.'/'(5!
()*(!#;!)&&*4-;(!%)';0!+#!4/-&#!D! /,5&$-;<!G)$0>*#! /,*('/'0-(#*$!z))%#9! /-!3#$0');!
)$'F';-/#!I;);!-.$5F5#J!+*!(#6(#!#0(!$#4$50#;(5#<!G#!%:%#!4$';&'4#!-!5(5!-44/'>*5!
4-$!n-$/0);!Y!-/<! iPTj!4)*$! /-!3'0*-/'0-(');!+,*;#!%-($'&#!+#!MP!-44/'&-(');0<!Q#0!
.)*();0! &'$&*/-'$#0! 0);(! +'04)050! -*6! ';(#$0#&(');0! +#! >*-($#! -44/'&-(');09!
4#$%#((-;(! +#! z))%#$! 0*$! &#//#0l&'<! G#0! >*-($#! -44/'&-(');0! 0);(! -/)$0!
$#4$50#;(5#0! 0#*/#0! D! /,5&$-;! #(! 4#*3#;(! D! ;)*3#-*! :($#! 05/#&(');;5#0!
';+'3'+*#//#%#;(<! G,-44-$#;&#! +#0! -44/'&-(');0! &7-;F#! #;! E);&(');! +*! ;'3#-*! +#!
z))%!d! '&�;#0!)*!-44/'&-(');0!+'$#&(#%#;(!%-;'4*/-./#0<!C#!4$';&'4#!-!5F-/#%#;(!
5(5!-44/'>*5!4-$!=;F+7-/!Y!-/<!iMOj!4)*$!/-!3'0*-/'0-(');!+,*;!$*++HDE!$#4$50#;(-;(!
/#0!+'0&*00');0!+,*;!E)$*%<!G#0!*('/'0-(#*$0!4#*3#;(!;-3'F*#$!+-;0! /#0!+'EE5$#;(#0!
&-(5F)$'#09!4$50#;(-;(!4/*0!)*!%)';0!+,';E)$%-(');0!0#/);!/#!;'3#-*!+#!z))%<!

2.2.2.3 Filtrage 

G#0!-44$)&7#0!4-$!E'/($-F#!&);0'0(#;(!D!$5+*'$#!/-!>*-;('(5!+#!+);;5#0!D!-EE'&7#$!#;!
-44/'>*-;(! +#0! E'/($#0! 0*$! *;! )*! 4/*0'#*$0! -(($'.*(0! +#! /,#04-&#! +,';E)$%-(');<! G#!
;'3#-*! +#! +5(-'/! 3-$'#! +);&! +-;0! /#! (#%40<! Q-;0! /#! &-0! +#! +);;5#0! (#%4)$#//#09!
/,-(($'.*(! D! E'/($#$! 4#*(! :($#! /#! (#%409! -E';! +#! %)+'E'#$! /-! 45$')+#! D! 3'0*-/'0#$9!
&)%%#!%);($5!D! /-!\'F*$#!L<KL!-3#&!*;#!-44/'&-(');!+#!&-/#;+$'#$!0*$!+'04)0'('E0!
%).'/#0<!G#0!*('/'0-(#*$0!);(!/-!4)00'.'/'(5!+,-EE'&7#$!*;!1)*$9!*;#!0#%-';#9!*;!%)'0!
)*!*;#!-;;5#!+#!+);;5#0<!
n-$/0);!Y!-/<!iPVj!);(!4-$!#6#%4/#!*('/'05!&#!%5&-;'0%#!4)*$!+53#/)44#$!\-(7*%.9!
*;#!-44/'&-(');!4#$%#((-;(!+#!;-3'F*#$!+-;0!*;#!.-0#!+#!+);;5#0!+#!(24#!4-F#0!
1-*;#0<! G#0! ()*&7#0! +*! +'04)0'('E! %).'/#! 0);(! -00)&'5#0! D! +#0! &$'(8$#0! I/'#*9!
+'0(-;&#9! 7)$-'$#09! #(&J<! =;! &7)'0'00-;(! *;! &$'(8$#! /,*('/'0-(#*$! 4#*(! -/)$0! /*'!
-(($'.*#$! *;#! 3-/#*$! I4-$! #6#%4/#! G'#*! o! ^$#;)./#J<! Q-&70#/(! Y! \$'0&7! iMMj! );(!
5F-/#%#;(! -44/'>*5! &#! 4$';&'4#! 4)*$! 3'0*-/'0#$! *;#! &)//#&(');!%*0'&-/#! 4)*3-;(!
:($#!E'/($5#!0#/);!+'EE5$#;(0!&$'(8$#0!&)%%#!/-!+*$5#9!/#!F#;$#9!/,-$('0(#9!#(&<!
!



Chapter 2: Visualisation 

sur dispositifs mobiles 

Sébastien Pelurson - septembre 2016    22 

* * *

^-_ ^._ ^%_ 

K&67$"*;+8;*X*K&/($-6"*^WDD/&%-(&9'*W6"'0-*)7$*W'0$9&0_*P*^-_*7'*`97$c*^._*7'"*

)"#-&'"c*^%_*7'*#9&)+*

2.2.3 Techniques utilisant le multiplexage spatial 

G#0!(#&7;'>*#0!*('/'0-;(!/#!%*/('4/#6-F#!04-('-/!);(!5(5!&/-005#0!#;!($)'0!&-(5F)$'#0!
4-$!U)*+-*(!iKRVj!d!?;+'&#0!&);(#6(*#/09!]*#!^/).-/#_Q5(-'/0!#(!\)&*0_C);(#6(#<!

2.2.3.1 Indices contextuels 

!

* *

^-_ ^._ 

K&67$"* ;+8@* X* 2'0&%")* %9'("M(7"/)* P* ^-_* a-/9c* ^._* k"06"+* !")D"%(&G"#"'(*

&))7")*0"*d8He*"(*dAHe+*

C#((#!4$#%'8$#!&-(5F)$'#!+#!(#&7;'>*#0!&);0'0(#!D!+);;#$!+#0!';E)$%-(');0!0*$!+#0!
4)';(0!+,';(5$:(! 0'(*50!#;!+#7)$0!+#! /,5&$-;<!a-$!#6#%4/#9!X-*+'0&7!Y!U)0#;7)/(z!
iKRj!*('/'0#;(!+#0!&#$&/#0!I@-/)J!&#;($50!0*$!/#0!4)';(0!+,';(5$:(<!^$b&#!D!/-!4)0'(');!
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+*!&#$&/#!#(!D!0);!+'-%8($#9!/#0!*('/'0-(#*$0!4#*3#;(!+#3';#$!+-;0!>*#//#!+'$#&(');!
#(! D! >*#//#! +'0(-;&#! 0#! ($)*3#! /#! 4)';(! +,';(5$:(! I\'F*$#! L<KM<-J<! S3#&! U+RK+9!
^*E(-E0);!Y!X-*+'0&7!iORj!5(#;+#;(!&#((#!(#&7;'>*#!4)*$!-EE'&7#$!+#0!($'-;F/#0!D!/-!
4/-&#! +#0! &#$&/#0! I\'F*$#! L<KM<.J<! G#0! ($'-;F/#0! 4#$%#((#;(! +,53'(#$! /#0!
&7#3-*&7#%#;(0!4)(#;('#/0!&$550!4-$!/#0!&#$&/#09 #;!)EE$-;(!+#*6!+#F$50!+#!/'.#$(5!
0*44/5%#;(-'$#0!d!$)(-(');!#(!-;F/#!+,)*3#$(*$#<!!

2.2.3.2 Vue Globale+Détails 

! !
^-_ ^._ ^%_ 

K&67$"*;+8?*X*47"*f/9.-/"L<=(-&/)*P*^-_*47"*6/9.-/"*0"*D"(&("*(-&//"*$"%97G$-'(*

/-*G7"*0=(-&//="c* ^._*47"*6/9.-/"*'"* $"%97G$-'(*D-)* /-*G7"*0=(-&//="c* ^%_*47"*
6/9.-/"*$"0&#"')&9''-./"+*2))7")*0"*d?Oe*

G#0! (#&7;'>*#0! ]*#! ^/).-/#_Q5(-'/0! *('/'0#;(! +#*6! 3*#0! +'0(';&(#0! -3#&! *;#! 3*#!
F/).-/#!+#!/,#04-&#!+,';E)$%-(');!-EE'&75#!4-$!+#00*0!)*!D!&�(5!+,*;#!3*#!+5(-'//5#!
4/*0! /-$F#<! ^5;5$-/#%#;(9! /-! 3*#! F/).-/#! #0(! $#4$50#;(5#! 4-$! *;#! %';'-(*$#! +#!
/,#04-&#! +,';E)$%-(');! &)%4/#(! +-;0! /#>*#/! *;! &-+$#! 4#$%#(! +#! 0'(*#$! /-! 3*#!
-&(*#//#%#;(!-EE'&75#!+-;0! /-!3*#!+5(-'//5#! I\'F*$#!L<KNJ<!C#((#! (#&7;'>*#!4#$%#(!
+#!3'0*-/'0#$!#;!+5(-'/!*;#!4-$('#!+#!/,#04-&#!+,';E)$%-(');!()*(!#;!#;!&);0#$3-;(!
0);! &);(#6(#! F$b&#! D! /-! 3*#! F/).-/#<! C#/-! 53'(#! D! /,*('/'0-(#*$! +,#EE#&(*#$! +#0!
)45$-(');0! +#! z))%! -$$'8$#! 4)*$! 0#! $#45$#$! &)%%#! '/! #0(! ;5&#00-'$#! +#! /#! E-'$#!
4)*$!0,)$'#;(#$!-3#&!/#0!(#&7;'>*#0!+#!Q54/-&#%#;(!Y!Z))%!4-$!#6#%4/#<!!
G#0!(#&7;'>*#0!]*#!^/).-/#_Q5(-'/0!);(!5(5!%);($5#0!#EE'&-&#0!0*$!)$+';-(#*$0!+#!
.*$#-*! 4-$!@)$;.-#}!Y! \)$}1-#$! iOPj9!%-'0! &#0! $50*/(-(0! ;#! 0);(! 4-0! E-&'/#%#;(!
($-;04)0-./#0! 0*$! +'04)0'('E0! %).'/#0<! =;! #EE#(9! &#0! (#&7;'>*#0! ;5&#00'(#;(!
/,-EE'&7-F#!+#!+#*6!3*#0!+'0(';&(#0!D!/,5&$-;!-/)$0!%:%#!>*#!/-!(-'//#!+#!/,5&$-;!#0(!
/'%'(5#!0*$!+'04)0'('E0!%).'/#0<!a-$!#6#%4/#9!+-;0! /,5(*+#!+#!a'#($'F-!Y!-/<!i[Vj! /-!
3*#!F/).-/#!)&&*4#!N<Op!+#!/-!(-'//#!+,5&$-;9!&#!>*'!;,#0(!4-0!4)00'./#!0*$!+'04)0'('E0!
%).'/#0! -3#&! *;! 5&$-;! +#! 4#('(#! (-'//#!d! &#/-! $#;+$-'(! /-! 3*#! F/).-/#! +'EE'&'/#%#;(!
/'0'./#!#(!%-;'4*/-./#9!&)%%#!0)*/'F;5!4-$!C7'((-$)!iL[j<!G,#;1#*!+#!&);&#4(');!#0(!
-/)$0!+#!+5E';'$!*;!.);!&)%4$)%'0!4)*$!/-!(-'//#!+#0!+#*6!3*#0!d!0'!);!&7)'0'(!*;#!
3*#!F/).-/#!($)4!4#('(#!#//#!+#3'#;(!'//'0'./#9!%-'0!/,#04-&#!$50#$35!D!/-!3*#!+5(-'//5#!
#0(!4/*0!'%4)$(-;(<!c$!&,#0(!#;!F5;5$-/! /#!4$';&'4-/!4)';(!+,';(5$:(!+#0!*('/'0-(#*$0!
4*'0>*#!&,#0(!/#!/'#*!+#!$5-/'0-(');!+#!/#*$0!(b&7#0<!
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?/!&);3'#;(!+#!;)(#$!>*#!&);($-'$#%#;(!-*6!]*#0!^/).-/#_Q5(-'/0!&);`*#0!4)*$!+#0!
)$+';-(#*$0! +#! .*$#-*9! )x! /-! 3*#! F/).-/#! 0#! 0'(*#! F5;5$-/#%#;(! +-;0! *;! &)';! +#!
/,5&$-;9!'/!#0(!4)00'./#!0*$!+'04)0'('E0!%).'/#0!+#!3'0*-/'0#$!/#0!+#*6!3*#0!+,*;!0#*/!
&)*4! +,�'/!d! /-! /-$F#*$! +,5&$-;! +,*;! )$+';-(#*$! +#! .*$#-*! ;#! /#! 4#$%#(! 4-0<! G#0!
%)*3#%#;(0! +#0! 2#*6! #(! +);&! /#0! &7-;F#%#;(0! +,-((#;(');! 0);(! 4-$! &);05>*#;(!
.#-*&)*4!4/*0!&)*$(0!0*$!+'04)0'('E0!%).'/#0<**
!
X*$'F-(!Y!C7'((-$)!iK[j!);(!5(*+'5!/,'%4-&(!+#!+#*6!&-$-&(5$'0('>*#0!+#0!(#&7;'>*#0!
]*#!^/).-/#_Q5(-'/0!d!%#(($#!#;!53'+#;&#!/#0!4)';(0!+,';(5$:(!+-;0!/-!3*#!F/).-/#9!#(!
4#$%#(($#!+#!+54/-&#$! /-! E#;:($#!+,-EE'&7-F#!$#4$50#;(-;(! /-!3*#!+5(-'//5#!+-;0! /-!
3*#!F/).-/#!4)*$!0#!+54/-&#$!+-;0!/,#04-&#!+,';E)$%-(');<!G#*$0!$50*/(-(0!%);($#;(!
>*#! &7-&*;#! +#0! &-$-&(5$'0('>*#0! #0(! .5;5E'>*#! -*6! (#&7;'>*#0! ]*#!
^/).-/#_Q5(-'/0! 0*$! +'04)0'('E0! %).'/#0! #;! (#$%#! +#! 4#$E)$%-;&#9! #;! 0)*/'F;-;(!
>*#! /-!%-;'4*/-(');!+#! /-!3*#!+5(-'//5#!+-;0! /-!3*#!F/).-/#!4#$%#(! /,-%5/')$-(');!
+#0! 4#$E)$%-;&#! /-! 4/*0! '%4)$(-;(#<! Q#! 4/*09! ^);`-/3#0! Y! -/<!iNVj! );(! &)%4-$5!
($)'0!%-;'8$#0!+'EE5$#;(#0!+#!$#4$50#;(#$!/-!3*#!F/).-/#!d!!

• e;#! q!0(-;+-$+!r9! +#! 4#('(#! (-'//#! #(! $#&)*3$-;(! /-! 3*#! +5(-'//5#! I\'F*$#!
L<KN<-J!

• e;#!4/*0!F$-;+#!;#!$#&)*3$-;(!4-0!/-!3*#!+5(-'//5#!I\'F*$#!L<KN<.J!
• e;#!$#+'%#;0');;-./#!I\'F*$#!L<KN<&J!

G#*$0! $50*/(-(0! $538/#;(! *;#! 4$5E5$#;&#! +#0! *('/'0-(#*$0! 4)*$! *;#! 3*#! F/).-/#!
$#+'%#;0');;-./#9!&#!>*'!&);E'$%#!/#0!$#&)%%-;+-(');0!+#!a/-'0-;(!Y!-/<!i[[j!0*$!
/,-+-4(-(');! +#! /-! (-'//#! +#! /-! 3*#! F/).-/#! #(! +#! /-! 3*#! +5(-'//5#! #;! E);&(');! +#! /-!
(b&7#!D!-&&)%4/'$<!
!
W5-;%)';0! /,#EE'&-&'(5! +#! &#! (24#! +#! (#&7;'>*#! $#0(#! %'('F5#! 0*$! +'04)0'('E0!
%).'/#0<! S/)$0! >*#! X*$'F-(! Y! -/<! iLRj! );(! %);($5! >*#! /,-1)*(! +,*;#! 3*#! F/).-/#!
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2.2.3.3 Focus+Contexte  
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* *

^-_ ^._ 
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*
!

K&67$"*;+8J*X*Q"($9*#-D)+*2))7"*0"*d8@He+*

2.2.4 Techniques utilisant le multiplexage en profondeur 

!
C#((#! +#$;'8$#! &/-00#!+#! (#&7;'>*#0! 0#! .-0#! 0*$! /#! 4$';&'4#!+#! 0*4#$4)0'(');!+#0!
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*
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!

!
!
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2.2.5 Synthèse 
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M5+.*0+%<#=%! %-!

0$3)3-'%5$ 
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!

2.3 Vue Focus+Contexte bifocale conçue sur dispositifs mobiles  

!

!

!

"#$ "%$ 

&'()*+!,-./!0!"#$!1)+!%'234#5+6!"%$!&3748'37!9+!:33;!9+!5#!<)+!%'234#5+-!

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

1#01/+0/0$!5!

67 ,/(!$8)/(!./!.#00'/(!9!30/!.%:/0(%#0!/$!$/:)#+/,,/(!)+'(/0$/(!.*0(!./!$+;(!

0#:<+/3(/(! *)),%1*$%#0(! :#<%,/(! *3=#3+.->3%!5! ,%($/! ./! :*%,(2! ?*,/+%/!

.-%:*?/(2!?+*)>/(2!/$1@!

A7 ,/(! &3/(! B#13(CD#0$/4$/! E3(%#00*0$! ./34! &3/(! )/+:/$$*0$! *%0(%! ./!

&%(3*,%(/+!(%:3,$*0':/0$!$#3$!,-/()*1/!.-%0E#+:*$%#0@!

!

F#3(!*&#0(!.#01!1#0G3!/$!%:),':/0$'!30/!$/1>0%H3/!./!$8)/!B#13(CD#0$/4$/!(3+!

%I>#0/!J!)#3+!./(!.#00'/(!9!30/!.%:/0(%#0!/$!$/:)#+/,,/(@!

2.3.1 Vue bifocale conçue 

!

!
!

&'()*+!,-,=!0!1)+!%'234#5+!';>5?;+78?+-!

K*! $/1>0%H3/! ./! &%(3*,%(*$%#0! 1#0G3/! /($! 30/! &3/! <%E#1*,/! LJM@! D/,,/N1%! 1#:)#+$/!

.#01!./34!0%&/*34!./!.'$*%,!5!30!)#3+!,/!E#13(2!/$!30!)#3+!,/!1#0$/4$/@!K/!E#13(2!*&/1!

30!0%&/*3!./!.'$*%,!%:)#+$*0$2!)/+:/$!.-*&#%+!30!/()*1/!./!$+*&*%,!)#3+!,/(!$O1>/(!

)+'1%(/(!1#::/!,/(!,/1$3+/(!./!&*,/3+(@!K/!1#0$/4$/2!*&/1!30!0%&/*3!./!.'$*%,!:#%0(!
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!"#$%&'(&)* #+%"+&* ,-$.&+(!%* ,+/* !(0$%"'&!$(/* ,+* #12/* 3'2&* (!4+'2* ,-'./&%'5&!$(*

5$""+*,+/*&+(,'(5+/6*7$2%*$.&+(!%*2(+*42+*,8&'!118+*'2*5+(&%+*91+*0$52/:*+&*,+2;*

42+/*($(*,8&'!118+/*,+*53'<2+*5=&8*91+*5$(&+;&+:)*($2/*'4$(/*'##1!<28*2(+*0$(5&!$(*

,+* &%'(/0$%"'&!$(* >* 1'* ,!"+(/!$(* 3$%!?$(&'1+* ,+* 1-+/#'5+* ,-!(0$%"'&!$(* >* 2(+*

,!"+(/!$(6* @'* 0$(5&!$(* '##1!<28+* +/&* 5+11+* ,85%!&+* #'%* @+2(A*B*C##+%1+D* EFGH* +&*

!112/&%8+* >* 1'* I!A2%+*J6GK6.6*C!(/!)* 1+/* ,$((8+/* '00!538+/* ,'(/* 1'* ?$(+*,+* 5$(&+;&+*

/$(&*%+#%8/+(&8+/*,+*"'(!L%+*#12/*5$(,+(/8+*<2+*5+11+/*'00!538+/*,'(/*1'*?$(+*,+*

0$52/6* @'* 42+*.!0$5'1+* $.&+(2+* 9I!A2%+*J6GK6':* +/&* #'%&!521!L%+"+(&* ','#&8+*#$2%*

$#&!"!/+%*1'*&'!11+*$552#8+*>*1-85%'(*+(*&+('(&*1+*,!/#$/!&!0*+(*"$,+*#'D/'A+6*M+&&+*

$%!+(&'&!$(* ,+* 1-85%'(* +/&* &%L/* 2&!1!/8+* #$2%* 1+* &D#+* ,+* ,$((8+/* 5$(/!,8%8+/* +&*

($&'""+(&*1+/*,$((8+/*&+"#$%+11+/*/$24+(&*%+#%8/+(&8+/*/$2/*0$%"+*,+*5$2%.+/*

9A%'#3+/*,-!(,!5+/*.$2%/!+%/)*'##1!5'&!$(/*,+*/'(&8*#%8/+(&'(&*,+/*A%'#3+/*/2%* 1+*

($".%+*,+*#'/*$2*,+*5'1$%!+/*.%218+/)*+&56:6**

*

! ! !

"#$!

* * *

"%$!

!

&'()*+! ,-,.! /! 0+)1! 234#567*+8! 9:';4+*#<4'7;!=! "#$! 035>#<+*! >:+85#<+!

9:';?7*2#4'7;! "234#567*+! 9:';4+*#<4'7;! 9)! *)%#;$! "%$! 035>#<+*! >#! @7;+! 9+!
?7<)8!"234#567*+!9:';4+*#<4'7;!9+!>#!>7)5+$-!

N$2&* +(* 0$2%(!//'(&* 2(+* 42+* A1$.'1+* +&* ,8&'!118+* !(&8A%8+/)* 1O!(5$(48(!+(&* +/&* 1'*

,!/5$(&!(2!&8*#+%5+#&!.1+*9N'.1+*J6G:*'2;*0%$(&!L%+/*+(&%+*1'*42+*,8&'!118+*,2*0$52/*

+&*1+/*42+/*,80$%"8+/*,2*5$(&+;&+*EFGH6*@+*"2%*+(*#+%/#+5&!4+*,85%!&*#'%*P'5Q!(1'D*

B*'16* EFRH*+/&*2(+*A8(8%'1!/'&!$(*,+*1-'00!53'A+*.!0$5'1*+&*'##1!<2+*2(+*0$(5&!$(*,+*

&%'(/0$%"'&!$(* ($(* 5$(/&'(&+* #$2%* 0$2%(!%* 2(+* 5$(&!(2!&8* #+%5+#&2+11+* +(&%+* 1+*

0$52/* +&* 1+* 5$(&+;&+6* @'* /$12&!$(* <2+* ($2/* '4$(/* !"#18"+(&8+* (+* 5$(/!,L%+* <2+*

,+2;* (!4+'2;* ,+* ,8&'!16* M+#+(,'(&)* ,2*"2%* +(* #+%/#+5&!4+* EFRH)* ($2/* %82&!1!/$(/*

1-+00+&* ,+* #+%/#+5&!4+* ST* !(&2!&!0* <2!* #+%"+&* ,O'00!53+%* #12/* ,O!(0$%"'&!$(/* ,'(/*

1-+/#'5+*,2*5$(&+;&+*EFRH*5$""+*1-!112/&%+*1'*I!A2%+*J6JU6*

@'* &'!11+* ,+/* ,!008%+(&/* +/#'5+/* 9I$52/* +&* M$(&+;&+:* +/&* 2(* 53$!;* ,+* 5$(5+#&!$(*

,!00!5!1+*+&*($2/*'4$(/*"+(8*2(+*84'12'&!$(*+;#8%!"+(&'1+*5$"#'%'(&*,+2;*&'!11+/*

,!008%+(&+/6*

*

V(0!()* #$2%* ('4!A2+%* ,'(/* 1-+/#'5+* ,-!(0$%"'&!$(* ,+* 5+&&+* 42+* .!0$5'1+)* ,+2;*

"8&'#3$%+/*,-!(&+%'5&!$(*/$(&*#$//!.1+/*W*
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• !"#$%&'()* +,-.#)($/#-'.* +0* (01$.*2* +"%3$/)(* 3,)4%$/)* +,-.5'(6$#-'.*

/'6%3)#7*8* 3,-6$9)*+,0.*(01$.*:0)* 3,'.*+"('03)*;<-90()*=>=?>$@>*A$*B'.)*+)*

5'/04*()4#)*5-C)>*

• !"#$%&'()*+,-.#)($/#-'.*+)*3$*3'0%)*2*+"%3$/)(*3$*B'.)*+)*5'/04*40(*3,)4%$/)*

+,-.5'(6$#-'.7*8*3,-6$9)*+,0.)*3'0%)*:0)*3,'.*+"%3$/)*$0*+)4404*+)*3,)4%$/)*

+,-.5'(6$#-'.*;<-90()*=>=?>1@>*A,)4%$/)*+,-.5'(6$#-'.*()4#)*5-C)>*

2.3.2 Expérience 

D'04* $E'.4* 6)."* 0.)* "#0+)* :0$3-#$#-E)* %'0(* /'6%$()(* 3$* E0)* 1-5'/$3)* 6-4)* ).*

F0E()* $E)/* +)4* E0)4* %304* /'0($66).#* 0#-3-4")4* 40(* 3)4* +-4%'4-#-54* 6'1-3)4>* A)*

%(-./-%$3* '1G)/#-5* +)* /)##)* )C%"(-6).#$#-'.* "#$-#* +)* 6'.#()(* %$(* 0.)* "E$30$#-'.*

:0$3-#$#-E)*;%("5"()./)*)#*4$#-45$/#-'.*+)*3,0#-3-4$#)0(@*:0)*3$*E0)*1-5'/$3)*'55()*0.*

1'.*/'6%('6-4*%$(*($%%'(#*8*+)0C*$0#()4*E-40$3-4$#-'.4*%304*/'0($66).#*0#-3-4")4*

40(*+-4%'4-#-54*6'1-3)4*)#*+"/(-#)4*+$.4*3$*4)/#-'.*40-E$.#)>**

H)##)* "E$30$#-'.* .'04* $* "9$3)6).#* %)(6-4* +)* /'6%$()(* +)0C* #$-33)4* +)* 5'/04*

+-55"().#)4*40(*0.*"/($.*+,-I&'.)*J*;KLM*%-C)34*+)*3$(9)0(*).*6'+)*%$N4$9)@*%'0(*

3$*E-40$3-4$#-'.*1-5'/$3)7*$5-.*+)*+"#)(6-.)(*3$:0)33)*4)($-#*3$*%304*$%%('%(-")*8*4'.*

0#-3-4$#-'.*40(*+-4%'4-#-54*6'1-3)4>*O.*)55)#7*/'66)*+"/(-#*+$.4*.'#()*4N.#&P4)*+)*3$*

Q$13)* =>?7* 0.* +)4* -./'.E".-).#4* +)4* E0)4* <'/04RH'.#)C#)* )4#* 3)* /'6%('6-4* 8*

$+'%#)(*40(*3$*#$-33)*+)*/&$/0.*+)4*)4%$/)4>*S$.4*/)##)*"#0+)7*.'04*$33'.4*/'6%$()(*

+)0C*#$-33)4*+-55"().#)4*40(*+-55"().#4*#N%)4*+)*#T/&)4>*

D'04* $E'.4* +"/-+"* +)* .)* %$4* "E$30)(* 3)4* #)6%4*+)* ("$3-4$#-'.*+)4* #T/&)4* /$(* 3)4*

("403#$#4* $0($-).#* "#"* +"%).+$.#* +)4* #)/&.-:0)4* +)* .$E-9$#-'.* 0#-3-4")4* %'0(*

/&$/0.)*+)4*E0)4*/'6%$(")4>*D'#()*'1G)/#-5*"#$-#*-/-*+,"E$30)(*0.-:0)6).#*3)4*E0)4*

-.+"%).+$66).#*+)*3$*#)/&.-:0)*+)*.$E-9$#-'.*0#-3-4")7*.'04*$E'.4*+'./*/&'-4-*+)*

6).)(*0.)*"#0+)*%0()6).#*:0$3-#$#-E)>*

2.3.2.1 Vues comparées 

D'04*$E'.4*/'6%$("*+)0C*E)(4-'.4*+)*3$*E0)*1-5'/$3)*;#$-33)*+)*5'/04*+-55"().#)@*8*

+)0C*$0#()4*E0)4*+$.4* 3)* /$4*+,0.*).4)613)*+)*KLM*E$3)0(4* 40(*0.*"/($.*+)*KLM*

%-C)34*+)*3$(9)*;-I&'.)*J@*2*

• U.)* E0)* 93'1$3)* $55-/&$.#* #'04* 3,)4%$/)* +,-.5'(6$#-'.* 8* 3,"/($.* ;E0)*

ODQVWO@7*)#*+'.#*3)4*+-55"().#)4*E$3)0(4*4'.#*$//)44-13)4*9(T/)*8*0.*/0(4)0(*

6$.-%03$13)*$E)/*3)*+'-9#*;<-90()*=>==X$@>*A$*#$-33)*+)*3,)4%$/)*+,-.5'(6$#-'.*

$*"#"*4"3)/#-'..")*%'0(*Y#()*).#-P()6).#*$55-/&$13)*40(*3,"/($.*+)*3,-I&'.)*J7*

).*/'.4-+"($.#*0.*%-C)3*%$(*E$3)0(>*H'66)*$..'./"7*3,)4%$/)*+,-.5'(6$#-'.*

("403#$.#* /'.#-).#* +'./* KLM* +'..")4>* A,0#-3-4$#)0(* %)0#* 8* #'0#* 6'6).#*

+"%3$/)(*4'.*+'-9#*8*3,"/($.*%'0(*5$-()*$%%$($Z#()*0.*/0(4)0(*30-*%)(6)##$.#*

+)*3-()*3$*E$3)0(*+,0.)*+'..")*;<-90()*=>==>$@>*D'04*$E'.4*+"/-+"*+)*.)*%$4*

/'.4-+"()(*-/-*3)4*$%%('/&)4*:0-*9P().#*%304*+,0.)*E$3)0(*%$(*%-C)37*/'66)*

3,-.#)($/#-'.* !"#$%&'(* +)*W'044)3*[*$3>* \?ML]>*D'#()*'1G)/#-5* "#$-#*+)*.)*%$4*

5$E'(-4)(*3$*E0)*1-5'/$3)*).*3$*/'6%$($.#*8*0.)*E0)*:0-*%)(6)#*+,$//"+)(*8*

#'0#)4* 3)4* E$3)0(4* +)* 3,)4%$/)* +,-.5'(6$#-'.* ).* +"%3$^$.#* 0.* /0(4)0(* 8*

3,"/($.>*

• U.)*E0)*+"#$-33")*:0-*$55-/&)* 3)4*E$3)0(4*4055-4$66).#* 3$(9)*8* 3,"/($.*%'0(*

Y#()*3-4-13)4*4$.4*/0(4)0(*;E0)*<_HU`@7*6$-4*:0-*."/)44-#)*+)*.$E-90)(*%'0(*

%$(/'0(-(* 3,).4)613)* +)* 3,)4%$/)* +,-.5'(6$#-'.* ;<-90()* =>==X1@>* H)33)X/-*

$55-/&)* +'./* 4)03)6).#* )* +'..")4* 8* 3,"/($.* ;)* -.5"(-)0(* $0* .'61()* +)*
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!"##$%&' ("()*+,' -*' %&(' !"#.' #$.%&&)/0%' !%' #)1/23%0' 4' (0)1%0&' *5%&6).%'

!5/#7"08)(/"#' 6"30' 6)0."30/0' *%&' 9:;' 1)*%30&' <35/*' ."#(/%#(,' ="30' .%*)>'

*53(/*/&)(%30' %77%.(3%' 3#' 2%&(%' !%' !"#$%' ?2*/&&%8%#(' !3' !"/2(' 4' *5$.0)#' 4'

2)3.@%' "3' 4' !0"/(%+' 6"30' &%' !$6*).%0' !%' &' !"##$%&' !)#&' *5%&6).%'

!5/#7"08)(/"#,

'

! !

"#$ "%$ 

' '

"&$ "'$ 

()*+,-! ./..! 0! 1+#2,-! 3+-4! &567#,8-4/! "#$! 9:;<=9! >! ?+-! *@5%#@-! #3-&! +A!

&+,4-+,! "2,#)2! 6)4! -A! 83)'-A&-! -A! %@-+$! 75+,! #&&8'-,! B! @#! 3#@-+,! 'C+A-!

'5AA8-! #DD)&E8-! -A! E#+2! '-! @C8&,#A! "%$! (FGHI! >! ?+-! '82#)@@8-! #DD)&E#A2! @-4!
3#@-+,4!'-!.J!'5AA8-4!"&$!K<(FGLMNI6#@@!>!?+-!%)D5&#@-!#3-&!+A!D5&+4!'-!OJJ!

7)P-@4! '-! @#,*-+,! "'$! K<(FGLMNM#,*-! >! ?+-! %)D5&#@-! #3-&! +A! D5&+4! '-! QJJ!
7)P-@4!'-!@#,*-+,/!

A)'13%'B/7".)*%')77/.@%'$2)*%8%#('&'!"##$%&'!)#&'*%'7".3&'?&' /#7$0/%30')3'#"8B0%'

("()*'!%'!"##$%&+>'."88%'*)'13%'!$()/**$%'!$.0/(%'./C!%&&3&,'D%'*)'8E8%'8)#/F0%>'*%'

!$6*).%8%#(' !)#&' *5%&6).%' !5/#7"08)(/"#' &%' 7)/(' 20G.%' )3' 2%&(%' !%' !"#$%>' <3/'

6%08%(' 3#' !$6*).%8%#(' !%' &' !"##$%&,' H"3&' ."#&/!$0"#&' !%3I' ()/**%&' !%' 7".3&'

!/77$0%#(%&'J''

• K#' 7".3&' !%' L;;' 6/I%*&' !%' *)02%30' ?13%' M-NOPQACR8)**+>' &"/(' %#1/0"#' *)'

8"/(/$'!%'*5%&6).%'!/&6"#/B*%'4'*5$.0)#,'P%./'/86*/<3%'<3%'*%'."#(%I(%')77/.@%'

3#%'!"##$%'&30'!%3I'?N/230%'S,SSC.+'6"30'*)'()/**%'!%'*5%&6).%'!5/#7"08)(/"#'

."#&/!$0$,'

• K#'7".3&'!%'T;;'6/I%*&'!%' *)02%30'?13%'M-NOPQACA)02%+>' &"/('%#1/0"#'T;U'

!%' *5%&6).%'!/&6"#/B*%' 4' *5$.0)#,' P%./' /86*/<3%'<3%' *%' ."#(%I(%' )77/.@%' 3#%'

!"##$%' &30' &/I' ?N/230%' S,SSC!+' 6"30' *)' ()/**%' !%' *5%&6).%' !5/#7"08)(/"#'

."#&/!$0$,''

'
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!"#$%&'(%)'#*%+'$(,"-(%)'%&.%+#'%/,0"1.&'2%&3#4,&,(.4'#$%5'#4%.116)'$%.#*%+.&'#$(%)'(%

)"--6'(%)#%1"-4'*4'%7(,%),(5"-,/&'(8%'-%)65&.9.-4%#-%1#$('#$%.+'1%&'%)",:4%).-(%&.%

+#'%)#%1"-4'*4';%<'(%)'#*%+#'(%/,0"1.&'(%='44'-4%'-%>#+$'%)'#*%-,+'.#*%)'%)64.,&2%

'4%),00?$'-4%)"-1%).-(%&'%-,+'.#%)'%)64.,&%)#%1"-4'*4'%'-%.@.-4%)'(%4.,&&'(%)'%0"1#(%

),(4,-14'(;%

%

A-% $606$'-1'% .#*% )'#*% =64.5B"$'(% )3,-4'$.14,"-% )61$,4'(% ).-(% &.% ('14,"-%

5$616)'-4'2% &.%-.+,:.4,"-%).-(% &.% +#'%CDEFG% (3'00'14#'% '-%#4,&,(.-4% &.%=64.5B"$'%

)3,-4'$.14,"-% )#% $#/.-;% E'44'% =64.5B"$'% )3,-4'$.14,"-% '(4% 1'&&'% 1"#$.=='-4%

#4,&,(6'%(#$%),(5"(,4,0(%="/,&'(%5"#$%1'%4@5'%)'%4H1B'%7-.+,:.4,"-%).-(%#-'%&,(4'%)'%

=.,&(2%#-'%:.&'$,'%)3,=.:'(2%'41;8;%I"#(%.+"-(%)"-1%+"#&#%&.%1"-('$+'$;%J,-(,2%.0,-%)'%

$'-)$'% &'(% ),006$'-4'(% +#'(% 1"=5.$./&'(% -"#(% .+"-(% 6:.&'='-4% .)"546% 1'44'%

=64.5B"$'%)3,-4'$.14,"-%5"#$%-.+,:#'$%).-(%&'(%)'#*%+#'(%/,0"1.&'(;%

%

F-'% 64#)'% 5,&"4'% .+'1% 1,-K% #4,&,(.4'#$(% .% ="-4$6% K#'% &'(% #4,&,(.4'#$(% 64.,'-4%

1.5./&'(% )'% &,$'% LM% +.&'#$(% =.*,=#=% N% &3>,&% -#% 7(.-(% O""=2% 1#$('#$% "#% "#4,&%

(#55&6='-4.,$'8%).-(%#-'%O"-'%)'%0"1#(%)'%PMM%5,*'&(%)'%&.$:';%I"#(%.+"-(%)"-1%

)60,-,%!%N%LM%5"#$%&'(%4'1B-,K#'(%CDEFG2%QRCDEJ<SG=.&&%'4%QRCDEJ<S<.$:';%

2.3.2.2 Participants et tâches 

I"#(%.+"-(%$'1$#46%TU%/6-6+"&'(2%)'(%,-:6-,'#$(%5$"0'((,"--'&(%'-%,-0"$=.4,K#'%N%

&3'*1'54,"-% )'% V% 1B'$1B'#$(% )'% -"4$'% &./"$.4",$';% <'(% 5.$4,1,5.-4(% 64.,'-4% 4"#(%

#4,&,(.4'#$(%$6:#&,'$(%)'%),(5"(,4,0(%="/,&'(%4.14,&'(%'4%0.=,&,'$(%)'(%:$.5B'(%1"=='%

1'#*%5$6('-46(%N%&.%C,:#$'%L;LL;%

%

!"#$% )60,-,$% &'(% 4H1B'(% N% $6.&,('$2% -"#(% -"#(% ("=='(% /.(6(% (#$% &.% 4.*"-"=,'% )'%

J-)$,'-W"% XLY;% E'&&'S1,% )61$,4% U% 4@5'(% )'% 4H1B'(% '4% ),(4,-:#'% )'(% 4H1B'(%

6&6='-4.,$'(%)'% 1'&&'(%),4'(% 1"=5&'*'(;%<'(% 4H1B'(%6&6='-4.,$'(%.:,(('-4% (#$%#-'%

)"--6'%)'% &3'(5.1'%)3,-0"$=.4,"-%.&"$(%K#'% &'(% 4H1B'(% 1"=5&'*'(%.:,(('-4% (#$%#-%

'-('=/&'%)'%)"--6'(;%Z'%5&#(2% 1'$4.,-(% 4@5'(%)'% 4H1B'%5$"5"('-4%)'#*%+'$(,"-(%[%

#-'%),$'14'%'4%#-'%,-),$'14';%F-'%4H1B'%),$'14'%1"-(,(4'%N%4$"#+'$%#-'%1.$.146$,(K#'%
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2.3.2.3 Procédure 
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"44".)'&$/*+#$(*$^,+"$/"$4,.'#$>H0C'%"$_<_X?<$$

2.4 Conclusion 

D*+#$."$.;*-0)%"$.,+#*.%&$S$ (*$80#'*(0#*)0,+$/@0+4,%3*)0,+$#'%$/0#-,#0)04#$3,10("#2$
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$
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80#'*(0#*)0,+$#'%$/0#-,#0)04#$3,10("#$#"(,+$("$)9-"$/"$3'()0-("A*C"$,44"%)$-*%$
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$
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!"#$"% &'(")"*% #'+,-% +-./#"01-% -#% 2,'2'$!#+% 3!% 2'$$"4"3"+*% (-% ,-("&-#$"'##-,% 3!%

+!"33-%(1%)'.1$%2'1,%35!(!2+-,%6%3!%+7./-%6%,*!3"$-,%!8-.%1#%9-$+-%(-%!"#$%:%%

%

;!% 2,"#."2!3-% +7./-% *3*&-#+!",-% 2'1,% 1#-% +-./#"01-% (-% 8"$1!3"$!+"'#%

<'.1$=>'#+-?+-%.'&&-%#'+,-%81-%4")'.!3-%-$+%(-%(*23!.-,%3-$%('##*-$%(1%.'#+-?+-%

(!#$%3-%)'.1$%!)"#%(5'4+-#",%1#-%#"8-!1%(-%(*+!"3%!(!2+*%6%3!%,*!3"$!+"'#%(-%3!%+7./-%

@AB:%C2,D$%!8'",%.'#E1F%"&23*&-#+*%-+%*8!31*%#'+,-%+-./#"01-%(-%8"$1!3"$!+"'#F%#'1$%

!33'#$% ('#.% (!#$% 3-$% 2,'./!"#$% ./!2"+,-$% *+1("-,% ("))*,-#+-$% &'(!3"+*$% 2'1,%

#!8"91-,%(!#$%.-33-G."%H%(*23!.-,%1#%2'"#+%(5"#+*,I+%(1%.'#+-?+-%8-,$%3-%)'.1$:%%

J'+,-% !22,'./-% (-% ,-./-,./-% !% ('#.% *+*% (5*+1("-,% 3-$% 8"$1!3"$!+"'#$% 9,!2/"01-$%

K"#+-,)!.-% 9,!2/"01-% -#% $',+"-L% (5!4',(% 21"$% 6% )'.!3"$-,% $1,% 3-$% +-./#"01-$% (-%

#!8"9!+"'#%K"#+-,)!.-%-#%-#+,*-L%-#$1"+-:%C"#$"%.-%./!2"+,-%!%)'.!3"$*%$1,%35"#+-,)!.-%

9,!2/"01-% -#% $',+"-% -+% 3-$% 2,'./!"#$% ./!2"+,-$% $'#+% .'#$!.,*$% !1?% "#+-,)!.-$% -#%

-#+,*-% -#% *+1("!#+% 3-$%&'(!3"+*$%(5"#+-,!.+"'#% -#% -#+,*-%2'1,%#!8"91-,%(!#$%1#-%
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3 INTERACTION AVEC UNE 

VUE BIFOCALE SUR 

DISPOSITIFS MOBILES :  

MODELE CONCEPTUEL DE 

NAVIGATION MULTIMODALE 

3.1 Introduction 

!"#$%&'()*+#'*,$,-+.)/#.0"1#&20.1#'*,1+.),#3&#2"+#4(50$&3+#$0.6"+#+)#,2&3",+7#8&.1#

$+#$%&'()*+#.0"1#.0"1#(.),*+110.1#9#3:(.)+*&$)(0.#+.#+.)*,+/#+)#.0"1#$0.1(-,*0.1#3+1#

-(55,*+.)+1#;0-&3(),1#'0"*#(.)+*&<(*#&2+$#3&#2"+#4(50$&3+7##

#

=&#)>$%+#(.)+*&$)(2+#,3,;+.)&(*+#'0"*#$+#)?'+#-+#2(1"&3(1&)(0.#+1)#-+#-,'3&$+*#-+1#

-0..,+1#-"#$0.)+@)+#'0"*#3+1#'3&$+*#9#3:(.),*(+"*#-"#50$"1#+)#&(.1(#&20(*#".#.(2+&"#

-+#-,)&(3#-+1#-0..,+1#&-&'),#9#3&#*,&3(1&)(0.#-+#3&#)>$%+#-+#%&")#.(2+&"#9#*,&3(1+*7#A3#

1:&<()#-0.$#-:".+#)>$%+#-+#.&2(<&)(0.#'"(1B":+33+#$0.1(1)+#9#-,'3&$+*#".#+.1+;43+#

-+#-0..,+1#C"1B":9#".#'0(.)#-:(.),*D)#*+$%+*$%,7##

#

E0"*# $0.$+20(*#-+1#;0-&3(),1#0"# )+$%.(B"+1#-:(.)+*&$)(0.#'+*;+))&.)#-+# *,&3(1+*#

$+))+# )>$%+# -+# .&2(<&)(0./# (3# $0.2(+.)# -+# '*+.-*+# +.# $0;')+# -:".+# '&*)# 3+1#

$0.)*&(.)+1#3(,+1#&"#)?'+#-+#-(1'01()(5#")(3(1,#+)#&"#$0.)+@)+#-+#;04(3(),/#+)#-:&")*+#

'&*)#3+1#'&*)($"3&*(),1#(.%,*+.)+1#9#".+#2"+#4(50$&3+7#!"11(#3&#'*+;(F*+#'&*)(+#-+#$+#

$%&'()*+# '*,1+.)+# 3+1# $0.)*&(.)+1# 3(,+1# 9# 3:(.)+*&$)(0.# 1"*# -(1'01()(51# ;04(3+17# =&#

-+"@(F;+#'&*)(+#-*+11+#".#,)&)#-+#3:&*)#-+1#;0-&3(),1#-+#.&2(<&)(0.#1"*#-(1'01()(51#

;04(3+17# 8&.1# ".+# )*0(1(F;+# '&*)(+# .0"1# $0.1(-,*0.1# 3+1# '&*)($"3&*(),1# 3(,+1# 9#

3:(.)+*&$)(0.#&2+$#".+#2"+#4(50$&3+/#'0"*#+.5(.#'*,1+.)+*#".#;0-F3+#-+#.&2(<&)(0.#
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!"#$%!&'(#)* )+* $,&%-* ./(-)-0* 1)* !&'2#)* ')* +(3%4($%&+* )-$* 5&+5).$")#* 5(,* %#* +)*

'6.)+'* .(-* '7"+)* !&'(#%$6* .(,$%5"#%2,)0* 8#* .),!)$* ')* ,6.&+',)* ("9* :)-&%+-*

%')+$%;%6-*#%6-*<*#(*+(3%4($%&+*'(+-*5)*$=.)*')*3%-"(#%-($%&+0*

3.2 Interaction sur dispositifs mobiles : contraintes 

>(*5&+5).$%&+*')*!&'(#%$6-*'7%+$),(5$%&+*.&",*'%-.&-%$%;-*!&:%#)-*'&%$*;(%,)*;(5)*<*

.#"-%)",-*,)-$,%5$%&+-*%+/6,)+$)-*<*5)*$=.)*')*'%-.&-%$%;-0*

3.2.1 Taille d’écran réduite 

?(#4,6* ')-* ,6-&#"$%&+-* '765,(+* @"%* &+$* .#"-* @")* '&":#6* 5)-* '),+%2,)-* (++6)-A* #(*

$(%##)* ')-* 65,(+-* ,)-$)* $&"$* ')* !B!)* $,2-* #%!%$6)A* '(+-* #)* :"$* ')* 5&+-),3),* #(*

.&,$(:%#%$6* ')-* '%-.&-%$%;-0* C&"-* (3&+-* 3"* '(+-* #)* 5/(.%$,)* .,656')+$* @")* 5)#(*

'6;%+%$* "+* '6;%*!(D)",* .&",* #(* 3%-"(#%-($%&+A*!(%-* 57)-$* 64(#)!)+$* "+)* #%!%$($%&+*

.&",* #7%+$),(5$%&+* )+* )+$,6)0* E+* );;)$A* ("D&",'7/"%* #(* !(D&,%$6* ')-* '%-.&-%$%;-*

!&:%#)-* )!:(,@")+$* "+* 65,(+* $(5$%#)A* )$* #7%+$),(5$%&+* ("* '&%4$* )-$* '&+5* #(* .#"-*

5&",(!!)+$* "$%#%-6)* -",* 5)* $=.)* ')* '%-.&-%$%;0* 1)##)F5%* )+$,(G+)* '%;;6,)+$-*

.,&:#2!)-*'65,%$-*5%F(.,2-0*

3.2.1.1 Occultation 

>)-* '%-.&-%$%;-* !&:%#)-* $(5$%#)-A* <* #(* '%;;6,)+5)* ')-* &,'%+($)",-* .&,$(:#)-* )$* ')*

:",)("A*&+$*#(*.(,$%5"#(,%$6*'7"$%#%-),*#)*!B!)*)-.(5)*H#765,(+I*.&",*#7%+$),(5$%&+*)+*

)+$,6)*)$*)+*-&,$%)0*1)5%*)+$,(G+)*'&+5*')-*.,&:#2!)-*'7&55"#$($%&+*5&!!)*%##"-$,6*

<*#(*J%4",)*K0L0(0**

*

>7%+$),(5$%&+* <* "+)* !(%+* )+$,(G+)* "+)* &55"#$($%&+* %!.&,$(+$)* ')* #765,(+* .(,* #)*

.&"5)0*M.,2-*"+*5(#5"#*(..,&9%!($%;*')*#(*-",;(5)*'"*.&"5)*<*#765,(+A*N&"'("$*OLPQR*

(* !&+$,6* @"7)+3%,&+* KST* ')* #765,(+* 6$(%$* &55"#$6* .(,* #)* .&"5)* #&,-@")* 5)#"%F5%*

5&"3,)* #(* '%(4&+(#)* ')* #765,(+0* M"D&",'7/"%* #)-* $(%##)-* '765,(+* ')-* '%-.&-%$%;-*

!&:%#)-* &+$* ("4!)+$6* HU* .&"5)-* )+* !&=)++)I*V* 5)$$)* )-$%!($%&+* '"* $("9*

'7&55"#$($%&+* (* '&+5* '%!%+"6* #642,)!)+$* !(%-* #7&55"#$($%&+* ,)-$)* $&"$* ')* !B!)*

%!.&,$(+$)0*W)*.#"-A*#)-*65,(+-*$(5$%#)-*(5$")#-*6$(+$*5(.(:#)-*')*'6$)5$),*.#"-%)",-*

.&%+$-* '7(.."%* -%!"#$(+6!)+$A* 5)* .,&:#2!)* '7&55"#$($%&+* )-$* (!.#%;%6* #&,-* '7"+)*

"$%#%-($%&+* (3)5* .#"-%)",-* '&%4$-*V* "$%#%-),* ')"9* '&%4$-* <* #765,(+* !"#$%.#%)* #)* $("9*

'7&55"#$($%&+*.(,*')"9*OUQR0*

*
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!

"#$%&'!()*!+!,-.!/00%12-2#34!5'!1670&-4!5%!5#8938#2#:!;3<#1'!9-&!1'!93%0'=!,<.!

>!"-2!:#4$'&!?!@**AB!C!300%12-2#34!5'8!23%0D'8!5%!01-E#'&!4%;7&#F%')!

!"#$%&'()%#*$+%()%#,&+-'*.*/0&+12(,&3&$%+0$&+*))0,%(%#*$+4&+,(+)#5,&+6+71,&)%#*$$&'+

,*'7/0&+ /0&+ )&,,&8)#+ &7%+ -,07+ -&%#%&+ /0&+ ,(+ %(#,,&+ 40+ 4*#2%9+ :*07+ #,,07%'*$7+ )&+

-'*5,;3&+ 4($7+ ,&+ )(7+ 40+ ),(.#&'+ $031'#/0&+ 6+ ,(+ <#20'&+ =9>959+ ?&+ -'*5,;3&+ (+ 1%1+

#4&$%#@#1+-('+A#&B+C+(,9+D>>EF+&%+417#2$1+7*07+,&+$*3+4&+G+<(%+@#$2&'+H9+I,+&7%+())&$%01+

,*'7+4&+,(+71,&)%#*$+4&+)#5,&7+4&+%';7+-&%#%&+%(#,,&+)('+,&7+0%#,#7(%&0'7+$&+-&'J*#.&$%+

-(7+%*0K*0'7+,&+-*#$%+4&+)*$%()%+-'#7+&$+)*3-%&+-('+,&+7L7%;3&9+M&$B*+C+(,9+D>NF+*$%+

&$+ &@@&%+ 3*$%'1+ /0&+ ,&7+ 0%#,#7(%&0'7O+ ,*'7/0"#,7+ #$%&'(2#77&$%+ (.&)+ ,&+ -*0)&O+

-&'J*#.&$%+)&+-*#$%+(0+5*0%+4&+,&0'+-*0)&+(,*'7+/0"#,+7&+%'*0.&+&$+'1(,#%1+(0+)&$%'&+

P<#20'&+=9QR9+?&+-S1$*3;$&+'&$4+(#$7#+4#@@#)#,&+,"());7+(0T+5*'47+4&+,"1)'($+)('+,&7+

0%#,#7(%&0'7+ -&0.&$%+ (.*#'+ ,"#3-'&77#*$+ 4&+ %*0)S&'+ ,"1)'($+ (,*'7+ /0&+ ,&+ -*#$%+

4"(--0#+&7%+&$+'1(,#%1+70'+,&+5&U&,+P)*$%*0'R+40+4#7-*7#%#@+3*5#,&9+

+

!

"#$%&'!()G!+!H&&'%&!5'!9'&0'92#34!5'!1-!938#2#34!5%!93#42'%&!83%8!1'!93%0'!C!

,-.! I38#2#34! 9'&J%'! 9-&! 16%2#1#8-2'%&=! ,<.! I38#2#34! 0-927'! 9-&! 1'! 8K82L;')!

M88%'8!5'!@*NAB)!

3.2.1.2 Accessibilité 

V$+3*4&+-*'%'(#%O+,&7+4#7-*7#%#@7+3*5#,&7+7*$%+3(K*'#%(#'&3&$%+0%#,#717+6+0$&+3(#$+

(.&)+ ,&+ -*0)&+ )*33&+ 4*#2%+ 4"#$%&'()%#*$9+ W&+ )&+ @(#%O+ )&'%(#$&7+ -('%#&7+ 4&+ ,"1)'($+

7*$%+-,07+ @()#,&3&$%+(%%&#2$(5,&7+/0&+4"(0%'&7+(.&)+ )&+ 7&0,+4*#2%O+ )*33&+3*$%'1+

-('+X(',7*$+C+M&4&'7*$+DYYF+&%+#,,07%'1+6+,(+<#20'&+=9=9+Z[\+4&+,"1)'($+&7%+4#@@#)#,&+6+

(%%&#$4'&+&$+3($#-0,($%+,&+4#7-*7#%#@+3*5#,&+6+0$&+3(#$9+!6+&$)*'&O+)&+-'*5,;3&+&7%+

(3-,#@#1+ (.&)+ ,(+ %(#,,&+ 2'($4#77($%&+ 4&7+ 1)'($7+ 4&+ 4#7-*7#%#@7+ 3*5#,&79+ ?&)#+

! !
,-. ,<. 

! !

,-. ,<. 
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!"#$%&'()#* +"),#* %-./* %-.* &-* /-'&&#* +#!* 01.-,!* 2%-.-+3$-&#4#,/* 5* 1#* ()'* -* 0/0* +'/*

%.010+#44#,/6* &#!* 01.-,!* !3,/* /.3%* 7.-,+!* %3).* 8/.#*4-,'%)&0!* 5* ),#*4-',9* #/*

+"-)/.#*%-./*%-.*&#!*&'4'/-/'3,!*401-,'()#!*+#!*-./'1)&-/'3,!*+#*&-*4-',*:*;-.&!3,*<*

-&=*>?@A*3,/*%-.*#$#4%&#*43,/.0*()#*&"-./'1)&-/'3,*5*&-*B-!#*+)*%3)1#*.#,+*+'CC'1'&#*

&#!*7#!/#!*+'-73,-)$*+-,!*&"-$#*+)*%3)1#*27#!/#!*D3.+EF)#!/*G#.!*H)+EI!/*%3).*&#!*

+.3'/'#.!9=*

*

!

"#$%&'!()( * +,-'.!/#00#1#2'3'-4!511'..#62'.!78,-'.!.,36&'.9!5:'1!2'!;,%1'!/'!

25!35#-!<%#!4#'-4!2'!/#.;,.#4#0!3,6#2'!/5-.!2'!15.!/=%-!/&,#4#'&)!>..%'!/'!?@@A)!

J#!* 1-%/#).!* #4B-.()0!* +-,!* &#!* +'!%3!'/'C!* 43B'&#!* -1/)#&!* 21344#* &#!*

7K.3!13%#!*#/*&#!*-110&0.34L/.#!69*%#.4#//#,/*+"-)/.#!*43+-&'/0!*+"',/#.-1/'3,*()#*

&-*43+-&'/0* /-1/'&#* 2!#1/'3,*M=M=N9=*J3.!()#* &-*43+-&'/0*+"',/#.-1/'3,* '4%&'()#*+#!*

43)G#4#,/!*+#*&-*4-',*#,/'L.#6*'&*13,G'#,/*+#*13,!'+0.#.*1344#*%3).*&-*43+-&'/0*

/-1/'&#* &#!*&'4'/-/'3,!*401-,'()#!*+#!*43)G#4#,/!*+#*&-*4-',=*O-P4-,*<*-&=*>Q@A*

3,/*0/)+'0* &#!*-4%&'/)+#!*!).* &#!()#&&#!*%#)G#,/* !"0/#,+.#* &#!*43)G#4#,/!*+#* &-*

4-',* /#,-,/* &#* +'!%3!'/'C=* R&!* 3,/* -',!'* !3)&'7,0* &#!* &'4'/-/'3,!* +#!* 43)G#4#,/!*

+-,!*&#!*+'CC0.#,/#!*+'.#1/'3,!*%.0!#,/0#!*5*&-*S'7).#*M=T=*

*

!
!
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!

"#$%&'!()*!+!,#--.&'/0'1!2345#0%6'1!4711#85'1!6'1!37%9'3'/01!6%!47#$/'0! :!

;2<! "5'=#7/>'=0'/1#7/! ;8<! ?&7/20#7/>1%4#/20#7/! ;@<! A/@5#/2#17/! %5/2#&'>!

#/@5#/2#17/!&26#25')!A11%'1!6'!BCDEF)!

3.2.2 Modalités d’interaction en entrée limitées 

!"#$% &'#% (#)% *")+,)"-".)%/,0"(#)% 12-'#()% #/013&'#$-% *#)% 21+-#'3)% +#3/#--1$-% *#%

2,$)"*43#3% +(')"#'3)% /,*1("-4)% *5"$-#312-",$% 6"$-#312-",$% 7#)-'#((#8% "$-#312-",$%

-12-"(#8% 3#2,$$1"))1$2#% 9"*4,8% 21+-'3#% *#% +3#))",$8% "$-#312-",$% 9,21(#8% #-2:;8% 2#)%

*#3$"<3#)% *,"9#$-% 3#+,)#3% )'3% (#)% -#2=$,(,7"#)% &'#% (#)% *")+,)"-".)% /,0"(#)%

#/013&'#$-8%2,$-31"3#/#$-%1'>%,3*"$1-#'3)%*#%0'3#1'%,'%+,3-10(#)%)'3%(#)&'#()%"(%

#)-% +,))"0(#% *#% 031$2=#3% *"..43#$-)% -?+#)% *#% *")+,)"-".)% *5"$-#312-",$% 62(19"#38%

),'3")8% @,?)-"2A8% #-2:;:% BC/#% )5"(% #)-% -#2=$"&'#/#$-% +,))"0(#% *#% 234#3% *#)%

1*1+-1-#'3)%/1-43"#()%#-% (,7"2"#()%+,'3%031$2=#3%*51'-3#)%*")+,)"-".)%*5"$-#312-",$%

)'3% '$% *")+,)"-".% /,0"(#8% (1% 2,$-31"$-#% *#% /,0"("-4% 3#)-#% ),'9#$-% (1% ("/"-1-",$%

/1@#'3#:%%

3.2.3 Modalités d’interaction dépendantes du contexte d’utilisation 

D,//#% +34)#$-4% 2"E*#))')8% (#)% *")+,)"-".)%/,0"(#)% 12-'#()% #/013&'#$-% +(')"#'3)%

21+-#'3)%,..31$-%*"..43#$-#)%+,))"0"("-4)%*5"$-#312-",$8%$#%("/"-1$-%+(')%(5"$-#312-",$%

#$%#$-34#%F%(5"$-#312-",$%-12-"(#%,'%1'%2(19"#3%+=?)"&'#%2,//#%254-1"-%(#%21)%+,'3%(#)%

+3#/"#3)% *")+,)"-".)% /,0"(#):% G13% 2,$-3#8% (#)% 2,$*"-",$)% *#% /,0"("-4% #$-31H$#$-%

*"..43#$-#)% 2,$-31"$-#)% &'5"(% .1'-% +3#$*3#% #$% 2,/+-#% (,3)% *#% (1% 2,$2#+-",$% *5'$#%

/,*1("-4%*5"$-#312-",$%+,'3%*")+,)"-".%/,0"(#%6#$%#$-34#%2,//#%#$%),3-"#;:%%

I"$)"8% /C/#% )"% (1% /1@,3"-4% *#)% *")+,)"-".)% /,0"(#)% +3,+,)#$-% 1'@,'3*5='"% '$#%

"$-#312-",$%9,21(#8%2#((#E2"%#)-%+#'%'-"(")4#:%J$%#..#-8%#$%-1$-%&'#%/,*1("-4%#$%#$-34#8%

2#((#E2"% +#'-% #$7#$*3#3% '$#% 7C$#% ),2"1(#% *1$)% '$% ("#'% +'0("2% +13% #>#/+(#:% K#%

/C/#8% (#)% 21+-#'3)% -#()% &'#% (#)% 7?3,)2,+#)% ,'% (#)% 1224(43,/<-3#)% +#3/#--#$-%

1'@,'3*5='"% *5"$-#317"3% *#% /1$"<3#% 7#)-'#((#% 19#2% '$% *")+,)"-".% /,0"(#:% D#% -?+#%

*5"$-#312-",$% $54-1$-% +1)% -3<)% 34+1$*'8% ),$% '-"(")1-",$% +#'-% 1'))"% 234#3% '$#% 7C$#%

*1$)%'$%("#'%+'0("2%+13%#>#/+(#:%%

!
!!!!!!!!!!!!!!!!!!!!!!!!;2<!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!;8<!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!;@< 
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!"# $%&'(#%)#*+,)%-./# )&,-.-0"# "1# '+2.-"# "'.# $"&# &.-%-'/"#3# "1# $%&'# ,"# %)# ,-44-5&%./# 6#

"1."1,2"# ,)1'# &1# %-"&# 72&8)1.(# %"'# &.-%-')."&2'# $"&0"1.# /9)%"*"1.# 0+&%+-2#

$2/'"20"2#%)#5+14-,"1.-)%-./#,"#%"&2'#-14+2*).-+1':##

;14-1(# %<-1."2)5.-+1# .)5.-%"# 5+&$%/"# 6# &1# 2".+&2# 0-'&"%# 5+15"1.2"# %<).."1.-+1# ,"#

%<&.-%-')."&2# '&2# %</52)1# ,"# '+1# ,-'$+'-.-4# *+7-%"# ".# $"&.# %"# 5+&$"2# ,"#

%<"10-2+11"*"1.#"=./2-"&2:#>"5-#$"&.#?.2"#,)19"2"&=#,)1'# %"# 5)'#,<&1"#&.-%-').-+1#

,)1'# %)# 2&"# $)2# "="*$%"(# +@# %<&.-%-')."&2# ,+-.# 4)-2"# ).."1.-+1# )&=# 0/A-5&%"'# ".#

$)'')1.'#%<"1.+&2)1.:##

3.2.4 Synthèse 

B"'# 5+1.2)-1."'# ,<-1."2)5.-+1# -1A/2"1."'# )&=# ,-'$+'-.-4'# *+7-%"'# '+1.# ,<&1"# $)2.#

%-/"'#6# %)#.)-%%"#,"#%</52)1#".#)&=#5)$)5-./'#A&*)-1"'#,"#*+&0"*"1.'#C,&#,+-9.#+&#

,"#%)#*)-1D#".#,<)&.2"#$)2.#)&=#%-*-."'#."5A1+%+9-E&"'#,"'#,-'$+'-.-4'#*+7-%"'#".#)&#

5+1."=."# ,"# *+7-%-./:# >"'# 5+1.2)-1."'# '+1.# -,"1.-4-/"'# ".# +1.# ,+11/#%-"&# 6# ,"#

1+*72"&=# .2)0)&=# ,)1'# %)# 5+**&1)&./# "1# F1."2)5.-+1# G+**"HI)5A-1"#3# &1"#

5+14/2"15"#J>I(#I+7-%"G>F(#52//"#"1#KLLM(#"'.#,/,-/"#6#%<-1."2)5.-+1#'&2#,-'$+'-.-4'#

*+7-%"':# J-1'-# $+&2# $)%%-"2# 5"'# 5+1.2)-1."'(# ,"# 1+*72"&'"'# ."5A1-E&"'#

,<-1."2)5.-+1#+1.#/./#$2+$+'/"':#N+&2#1"#5-."2#E&"#E&"%E&"'#"="*$%"'#3##

N+&2#$)%%-"2#%)#,-44-5&%./#,<)55O'#)&#$+&5"#6#5"2.)-1"'#P+1"'#,"#%Q/52)1(#$%&'-"&2'#

."5A1-E&"'#,<-1."2)5.-+1#92)$A-E&"#+1.#/./#$2+$+'/"':#N)2#"="*$%"#R+&,)&.#".#)%:#

SKTLU#+1.#$2/'"1./#!"#$%&'(#&1"#."5A1-E&"#6#5&2'"&2#,/5)%/:#B"#5&2'"&2#"'.#

5+1.2V%/#$)2#&1#7W.+11".#./%"'5+$-E&"#E&-#"'.#*)1-$&%/#$)2#%"#$+&5"#".#E&-#$"2*".#

,<).."-1,2"#4)5-%"*"1.#,"'#5-7%"'#"1#,"A+2'#,"'#P+1"'#4)5-%"'#,<)55O'#)0"5#%"#$+&5"#

CX-9&2"#Y:YD:##

N%&'-"&2'#."5A1-E&"'#0-'"1.#6#)*/%-+2"2#%)#$2/5-'-+1#,)1'#%"#$+-1.)9"#)0"5#%"#$+&5":#

N)2#"="*$%"#Z+9"%#[#\)&,-'A#SK]LU#+1.#$2+$+'/#$)&*%#&1"#."5A1-E&"#,"#$+-1.)9"#

$2/5-'#"1#,"&=#."*$'#3#&1#$2"*-"2#)$$&-#'&2#%</52)1#$2+0+E&"#%<)44-5A)9"#,"#%)#P+1"#

+55&%./"#$)2#%"#$+&5"#".#%<&.-%-')."&2#$"&.#)%+2'#,/$%)5"2#&1#5&2'"&2#,)1'#5".."#

$)2.-"#2/$%-E&/":#B"#2"%W5A"*"1.#,&#$+&5"#$2+0+E&"#%)#,-'$)2-.-+1#,"#%)#P+1"#

2/$%-E&/":##

N+&2#+442-2#&1"#-1."2)5.-+1#')1'#2"9)2,"2#C^#"8"'H42""#-1."2)5.-+1#_D(#%<),)$.).-+1#

,"'#*)2`-19#*"1&'#)&=#,-'$+'-.-4'#*+7-%"'(#1+./"#+",-.-%/!-01(#)&.+2-'"#%)#

'/%"5.-+1#,<&1#/%/*"1.#,&#*"1&#"1#*+,"#"=$"2.#')1'#2"9)2,"2#%</52)1#SaaU(#$)2#&1#

9"'."#)$$2-'#"1#*+,"#1+0-5":##

#

X)5"#6#%)#*&%.-.&,"#,"'#*+,)%-./'#,<-1."2)5.-+1#b#."5A1-E&"'#,<-1."2)5.-+1#.2)-.)1.#

5A)5&1"#,<&1"#5+1.2)-1."#%-/"#)&=#,-'$+'-.-4'#*+7-%"'(#1+&'#1"#,2"''+1'#$)'#&1#/.).#

,"# %<)2.# 9/1/2)%# *)-'# 1+&'# /.&,-+1'# ,)1'# %)# '"5.-+1# '&-0)1."# &1-E&"*"1.# %"'#

*+,)%-./'#$+&2#1)0-9&"2#,)1'#&1#"'$)5"#,<-14+2*).-+1:#

3.3 Modalités de navigation sur dispositifs mobiles 

B)#*+,)%-./#,"#1)0-9).-+1#%)#$%&'#5+&2)**"1.#&.-%-'/"#'&2#,-'$+'-.-4'#*+7-%"'#)0"5#

/52)1# .)5.-%"#"'.# %"#2&0')345"#36.&'(# E&"#1+&'#,/52-0+1'#,)1'# %)# '"5.-+1#'&-0)1."#

CY:Y:]D:#J0"5# %<)c+&.#,"#$%&'-"&2'#5)$."&2'#"*7)2E&/'#,)1'# %"'#,-'$+'-.-4'#*+7-%"'#

)5.&"%'(#,<)&.2"'#."5A1-E&"'#,"#1)0-9).-+1#+1.#0&#%"#c+&2(#1<&.-%-')1.#$%&'#%</52)1#".#

/0-.)1.# 1+.)**"1.# %"'# $2+7%O*"'# ,<+55&%.).-+1# ,/52-.'# $2/5/,"**"1.:# d+&'# %"'#

$2/'"1.+1'#,)1'#%)#'"5.-+1#Y:Y:Y:#
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3.3.1 Grille d’analyse des modalités de navigation 

!"# "$%&# '()('*"+# ,# -*# .()/"/+/$"# .0# 1/2*3# 4# *-5# 6789# .:%"0# ;$.*-/+(# <$;;0# %"#

<$%=-0# ./&=$&/+/)# .:/"+0'*<+/$"# !# 0+# -*"2*20# .:/"+0'*<+/$"# "># "$%&# .()/"/&&$"&# -0#

./&=$&/+/)#.:/"+0'*<+/$"#!#<$;;0#-:%"#.0&#<*=+0%'&#0;?*'@%(&#.*"&# -0&#./&=$&/+/)&#

;$?/-0&#0+#%+/-/&(#=$%'# -:/"+0'*<+/$">#0+# "# <$;;0# -0# -*"2*20#0"#0"+'(0#*&&$</(#,#<0#

./&=$&/+/)5#

A0#-*"2*20#"#=0%+#B+'0#<*'*<+('/&(#=*'#.0%C#+3=0&#.:*<+/$"#D##

• E$"+/"%0#

• F/&<'G+0#

#

A0&# "$+/$"&# .:*<+/$"# <$"+/"%0# $%# .:*<+/$"# ./&<'G+0# <*'*<+('/&0"+# -0&# *<+/$"&#

0))0<+%(0&# =*'# -:%+/-/&*+0%'# *%# '02*'.# .0&# <$;;*".0&# 0))0<+%(0&# =*'# -0# &3&+G;05#

E$"+/"%HF/&<'0+# .(<'/+# .$"<# <$;;0"+# -0# -*"2*20# .:/"+0'*<+/$"# .0# -*# ;$.*-/+(#

/"+0'='G+0# -0&# (I("0;0"+&# '0J%&# &%/+0# ,# .0&# *<+/$"&# =K3&/@%0&# &%'# %"# ./&=$&/+/)#

=$%'# $?+0"/'# .0&# <$;;*".0&5# L%&&/# "$%&# <*'*<+('/&$"&# %"0# *<+/$"# .0# ./&<'G+0#

M'0&=0<+/I0;0"+# <$"+/"%0N# &/# 0--0# .(<-0"<K0# %"0# <$;;*".0# $%# *<+/$"O&3&+G;0#

(-(;0"+*/'0#M'0&=0<+/I0;0"+#%"0#&%/+0#.:*<+/$"&O&3&+G;0#,#%"0#)'(@%0"<0#.$""(0N5##

#

#$%&'()*%!+%,$+%!+%"-$*("(./*+$0%D#P"0#*<+/$"#<$"+/"%0#$%#./&<'G+0#=0%+#<$''0&=$".'0#

,# %"0# $%# =-%&/0%'&# *<+/$"&# =K3&/@%0&# .0# &*# =*'+5# Q*'# 0C0;=-0# -:*<+/$"# R*==%/O

'0-S<K0;0"+T#.:%"#?$%+$"#/;=-/@%0#%"#0"&0;?-0#.:*<+/$"&#=K3&/@%0&#.0#-*#=*'+#.0#

-:%+/-/&*+0%'5#L%#"/I0*%#.%#&3&+G;0>#<0&#*<+/$"&#=K3&/@%0&#<*=+(0&#=*'#%"#./&=$&/+/)#

<$;;0#%"0# &$%'/&# &$"+# /"+0'='(+(0&# =*'# -0# -*"2*20# .:/"+0'*<+/$"# =$%'# "0# .()/"/'#

@%:%"0#&0%-0#*<+/$"#&3&+G;05#U-#&:*2/+#.$"<#.:%"0#*<+/$"#./&<'G+05#E0++0#.()/"/+/$"#0&+#

0"#*<<$'.#*I0<#-0#<$"<0=+#.0#V#=K'*&/"2#W#.0#X%C+$"#6YZ95#

#

#$% &'()*% !+% ,$+% .1.*23+%D# F0# )*J$"# $'+K$2$"*-0># -0# =/-$+0# .:%"# ./&=$&/+/)# =0%+#

0))0<+/I0;0"+# 0"I$30'# .0&# (I("0;0"+&# .0# )*J$"# ./&<'G+0# $%# <$"+/"%05#

E$"+/"%HF/&<'0+# =0%+# .$"<# *%&&/# <*'*<+('/&0'# -0# )$"<+/$""0;0"+# /"+0'"0# .:%"#

./&=$&/+/)#D#=*'#0C0;=-0# -0#=/-$+0#.:%"0#[//;$+0# )$%'"/+#.0&#(I("0;0"+&#.0# )*J$"#

<$"+/"%0#;*/&#<0#./&=$&/+/)#=0%+#B+'0#%+/-/&(#=$%'#0))0<+%0'#.0&#*<+/$"&#@%*-/)/(0&#.0#

./&<'G+0&# <$;;0# %"0# <$;;*".0# .0# "*I/2*+/$"# .*"&# .0&# +'*"&=*'0"+&# .0#

='(&0"+*+/$"#*I0<#-:*==-/<*+/$"#4"(!+45'6#6\]95##

#

E0&#"$+/$"&#.0# <$"+/"%H./&<'0+# &$"+# (+%./(0&#.*"&# -0&# +'*I*%C# &%'# -:/"2("/0'/0#.0#

-:/"+0'*<+/$"#;%-+/;$.*-05#E0&#"$+/$"&#&$"+#=*'#0C0;=-0#0C=-/</+0&#.*"&#-0#;$.G-0#,#

<$;=$&*"+&# .0# -*# =-*+0)$';0# -$2/</0--0# ^=0"U"+0')*<0# =$%'# -:/"+0'*<+/$"#

;%-+/;$.*-0# 6__895# F*"&# "$+'0# (+%.0># E$"+/"%HF/&<'0+# <*'*<+('/&0# <$;;0"+# -0&#

*<+/$"&# =K3&/@%0&# 0))0<+%(0&# =*'# -:%+/-/&*+0%'# &$"+# /"+0'='(+(0&# *%# '02*'.# .0&#

<$;;*".0&#$%#+S<K0&#(-(;0"+*/'0&#.0#"*I/2*+/$"#.(<-0"<K(0&5##

#

A0&#*<+/$"&#0))0<+%(0&#=*'#-:%+/-/&*+0%'#=0%I0"+#.()/"/'#.0%C#+S<K0&#(-(;0"+*/'0&#.0#

"*I/2*+/$"#.$"+#-*#&(;*"+/@%0#./))G'05#1$%&#=$&/+/$""$"&#<0&#+S<K0&#(-(;0"+*/'0&#

*%#;B;0#"/I0*%#.:*?&+'*<+/$"#@%0#<0--0&#.0#-*#+*C$"$;/0#.0&#+S<K0&#2("('/@%0&#.0#

`$-03#4#*-5#6]Z9#D#

• 4+"+7*(')#D#a(-0<+/$""0'#%"#$?b0+#

• 8'.(*(')#D#Q$&/+/$""0'#%"#$?b0+#

• 90(+)*#D#^'/0"+0'#%"#$?b0+#

• :);#D#F0&&/"0'#%"#+'*/+#
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• !"#$!"!#$%&%'!()!*+,*+!

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

!

34(&!5.0%)%&&4)&!$%)&%!5+(,!*6/7+&!8.).'%9(+&!5+!)$1%8$*%4)!"!!

• )*+'&,"-./"."!&+!5.-2$/+'!5:()+!5%&*$)/+!)!5$)&!2:+&-$/+!5:%)04';$*%4)<!=+&!

$/*%4)&! /$-*.+&! +*! %)*+'-'.*.+&! 5.0%)%&&+)*! ()! 5.-2$/+;+)*! 5$)&! 2:+&-$/+!

5:%)04';$*%4)<! >$'! +,+;-2+?! 24'&! 5:()+! )$1%8$*%4)! $1+/! ()+! @$''+! 5+!

5.0%2+;+)*?! 2:(*%2%&$*+('! +00+/*(+! 5+&! $/*%4)&! 5%&/'A*+&! &('! 2+&! 02A/7+&! 5+!

)$1%8$*%4)! -4('! )$1%8(+'<! B)+! $/*%4)! -'4149(+! -$'! +,+;-2+! ()!

5.-2$/+;+)*!5+!CDD!-%,+2&!5$)&!2:+&-$/+!5:%)04';$*%4)<!

• 0''"-. 1!"! $22+'! E! 2$! -4&%*%4)! 2! 5$)&! 2:+&-$/+! 5:%)04';$*%4)<! =+&! $/*%4)&!

5.0%)%&&+)*! ()+! -4&%*%4)! 5$)&! 2:+&-$/+! 5:%)04';$*%4)<! >$'! +,+;-2+?! 24'&!

5:()+! )$1%8$*%4)! $1+/! ()+! @$''+! 5+! 5.0%2+;+)*! 2:(*%2%&$*+('! $--(%+!

):%;-4'*+! 4F! &('! 2$! @$''+! -4('! &+! 5.-2$/+'! E! 2$! -4&%*%4)! /4''+&-4)5$)*+!

5$)&!2:+&-$/+!5:%)04';$*%4)<!

!

G+&!5+(,!*6/7+&!.2.;+)*$%'+&!%22(&*'.+&!E!2$!H%8('+!I<J!&4)*!5.&%8).+&!5$)&!2$!&(%*+!

5(!;$)(&/'%*!/4;;+!5+&!;45+&!5+!)$1%8$*%4)!"!!

• K+2$*%0!LH%8('+!I<J<$M!"!G+!;45+!/4''+&-4)5!E!2$!*6/7+!.2.;+)*$%'+!8.).'%9(+!

N!O.-2$/+'!5+!P<!

• Q@&42(! LH%8('+! I<J<@M!"! G+! ;45+! /4''+&-4)5! E! 2$! *6/7+! .2.;+)*$%'+!

8.).'%9(+!N!Q22+'!E!P<!!

!

=+! ;45+! 5+! )$1%8$*%4)?! 2+! *R-+! 5:$/*%4)! L2$)8$8+! 5:%)*+'$/*%4)M! +*! 2+! /$-*+('!

L5%&-4&%*%0! 5:%)*+'$/*%4)M! 5.0%)%&&+)*! *'4%&! 5%;+)&%4)&! 4'*7484)$2+&! -4('!

/$'$/*.'%&+'! 2+&! 5%00.'+)*+&! ;45$2%*.&! 5+! )$1%8$*%4)! (*%2%&.+&! &('! 5%&-4&%*%0&!

;4@%2+&<! 34(&! 4'8$)%&4)&! 2$! '+1(+! 5+&! ;45$2%*.&! 5+! )$1%8$*%4)! +,%&*$)*+&! 5+! 2$!

&+/*%4)! &(%1$)*+! &+24)! 2+! *R-+! 5+! /$-*+('?! +)! 5:$(*'+&! *+';+&! &+24)! 2+! *R-+! 5+!

5%&-4&%*%0!5:%)*+'$/*%4)!5+!2$!;45$2%*.<!!

!

!
"#$%&'!()*!+!,'%-!./0'1!0'!234#$35#/2!0#667&'251!839!:';35#6)!8<9!=<1/;%)!

839 8<9 
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3.3.2 Modalités tactiles 

!"#$"%&'(")* +,*-,#$%)./* &01* &)12$1).)31*-$4)+01* 2$115&06.* "6* /7%,6* .,7.)+08* 9$"1*

2%$2$106.* +01*:01.01*&0*!"#$%&'()*&+,"$-*2$"%* )6.0%,:)%*,;07*70*&0%6)0%8*<0*:01.0*

&0* !"#$%* 01.* ,11$7)/* =* +,* 3$67.)$6* &0* >$$-* ?* %,22%$7(0%* &0"@* &$):.1* =* +A/7%,6*

&)-)6"0* +0* 6);0,"* &0* >$$-* ,+$%1* B"0* +01* /+$):60%* +A,":-06.0* CD):"%0* E8F8,G8* <01*

:01.01* &0* '()*&+,"$-* 1$6.* ,11$7)/1* ,"@* 3$67.)$61* &0* &/2+,70-06.* 0.* 1$6.*

7$"%,--06.*".)+)1/1*06*-$&0*&0*6,;):,.)$6*%0+,.)3*CD):"%0*E8H8,G8*<0*:01.0*&0*'()**

7$61)1.0*06*"6*&/2+,70-06.*&"*&$):.*=* +'/7%,6*CD):"%0*E8F84G* ?*"6*&/2+,70-06.*&"*

&$):.* &0* "6* 2)@0+* =* +'/7%,6* 2%$;$B"0* "6* &/2+,70-06.* &0* "6* 2)@0+* &,61* +'012,70*

&')63$%-,.)$6* CD):"%0* E8F84G8* <0* :01.0* &0*+,"$-* 01.* "6* :01.0* &0*'()** ,"B"0+* $6* ,*

&$66/* "60* ;/+$7)./* 1"2/%)0"%0* =* "6* 70%.,)6* 10")+* +$%1B"'$6* %0+I7(0* +0* &$):.* &0*

+'/7%,6* CD):"%0* E8F84G8* J0..0* 7$-4)6,)1$6* &0* :01.01* 01.* +,* 2+"1* ".)+)1/0* 1"%*

&)12$1).)31* -$4)+01K* ,;07* &01* 3$67.)$61* &0* .%,6130%.* &"* &/2+,70-06.* &"* &$):.* 06*

;).0110*&0*6,;):,.)$6*&)33/%06.01*10+$6*+01*1L1.5-01K*7$--0*/."&)/*2,%*M")66*N*,+8*

OPQPR8*

*

S%K*06*2+"1*&01*2%$4+5-01*&'$77"+.,.)$6*C&/7%).1*7)T&011"1G*7,"1/1*2,%*70* .L20*&0*

-$&,+)./1K*+0"%*".)+)1,.)$6*20".*/:,+0-06.*1',;/%0%*3,1.)&)0"10*&,61*+0*7,1*&0*+,%:01*

012,701* &')63$%-,.)$68* <,* 1"%3,70* &')6.0%,7.)$6* /.,6.* %/&").0K* +',-2+)."&0* &01*

:01.01* +'01.* /:,+0-06.8*!)61)K* 2$"%*6,;):"0%* &0* +$6:"01*&)1.,6701K* +01* ".)+)1,.0"%1*

&$);06.*03307."0%*&"*U*7+".7()6:*V8*<0*7+".7()6:*7$61)1.0*=*%0+I7(0%*.0-2$%,)%0-06.*

+0*&$):.*&0* +'/7%,6K*2")1*=* +0*%02$1).)$660%*06* +',)%*2$"%*%0.$"7(0%* +'/7%,6*2%51*&"*

2$)6.*&0*7$6.,7.* )6).),+K*7$--0*)++"1.%/*=* +,*D):"%0*E8W8*<0*7+".7()6:*01.* )6/;).,4+0*

&,61* +0* 7,1* $X* "6* 10"+* :01.0* &0*'()*&+,"$-* 60* 20%-0.* 2,1* &0* 2,%7$"%)%* .$".0* +,*

&)1.,6708*Y06&,6.*B"0* +,*-,)6*01.*%02$1).)$66/0*2$"%*03307."0%* +0*2%$7(,)6*:01.0K*

,"7"60*,7.)$6*06*06.%/0*6'01.*03307."/08*M")66*N*,+8*OPQPR*$6.*-$6.%/*B"0*+0*.0-21*

-$L06* &0* 7+".7()6:* 01.* &0* PFQ-1* &,61* +0* 7,1* &'"60* 6,;):,.)$6* .%51* %,2)&0K* 0.*

,":-06.0* =* HEF-1* 06* -$L0660* &,61* +0* 7,1* &'"60* 6,;):,.)$6* 0@2+$%,.$)%0K* 2+"1*

+06.08*Z,61*+0*7,1*&0*&)1.,6701*+$6:"01*)-2+)B",6.*&0*6$-4%0"@*:01.01K*+0*.0-21*&0*

U*7+".7()6:*V*6'01.*&$67*2,1*6/:+):0,4+08*

*

[$"1* 7,%,7./%)1$61* +01* :01.01* &0*'()** 7$--0*&01* ,7.)$61* 7$6.)6"01*?* 06* 0330.* )+1*

&/7+067(06.* "60* 1/%)0* &0* &/2+,70-06.1* =* +'/7%,6* 06.%,\6,6.* "6* &/2+,70-06.*

/B");,+06.*&,61*+'012,70*&')63$%-,.)$68*]6*%0;,67(0K*+01*:01.01*&0*+,"$-*1$6.*"6*20"*

2,%.)7"+)0%18* ]6* 0330.K* 70* 1$6.* &01* :01.01* &0*'()** ,"@B"0+1* ,* /./* ,#$"./* "6* 0330.*

&')60%.)0*+$%1*&"*%0+I7(0-06.*&"*&$):.8*!)61)K*+,*2%0-)5%0*2,%.)0*&"*:01.0*C'()*G*01.*

"60*,7.)$6*7$6.)6"0K*,+$%1*B"0*+0*%0+I7(0-06.*&"*&$):.*&/7+067(,6.*+')60%.)0*&/3)6).*

"60*,7.)$6*&)17%5.08*

*
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!"#$%&'()*'+',-.'/&01&'2&'!"#$%)',3.'4-56"7&'8'91-1'2&0'#&01&0'2&'&'()'&1'*+"$,)'

!"#$%&'()%*!"#$%"&%'($)*#%"+,-)$)%"./0"1/23)4$)"5"/36"789!".%0:%&"+%"$;#&)3)<%0"*#;#$"

<%#3"2%<&%"+%"!"#$%".%#" ):.40&%" 3/"+)<&/$'%"="$/>)2#%06"?/"$/>)2/&)4$"%<&" )$)&),%"="

3;/)+%"+;#$"2%<&%"+%"!"#$%!"*#)"%$&0/@$%"#$%"$/>)2/&)4$"'4$&)$#%"=">)&%<<%"'4$<&/$&%"

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

+,-)$)&" 3/">)&%<<%"="3/*#%33%"3%"+,-)3%:%$&"0/3%$&)&!"'4::%"<)" 3;#&)3)</&%#0"-0%)$/)&" 3%"

+,-)3%:%$&"=" 3;,'0/$"/>%'"<4$"+4)2&6"?;#&)3)</&%#0".%#&"/)$<)"'4$&0B3%0" 3/">)&%<<%"+%"

+,',3,0/&)4$"+#"!"#$%6"C$"+%<<4#<"+;#$%"'%0&/)$%">)&%<<%!"3/"$/>)2/&)4$"<;/00D&%6"

E4::%" +,'0)&" .0,',+%::%$&!" 3%" <%#3" 2%<&%" +%" !"#$%" #&)3)<," .4#0" 3/$'%0" 3/"

$/>)2/&)4$"#&)3)<%"#$%"/'&)4$"'4$&)$#%"F+(),G!"%&"#$%"/'&)4$"+)<'0H&%"F0%3I'(%:%$&"

+#"+4)2&G"*#%"3%"<J<&H:%")$&%0.0H&%"'4::%"3%"+,K#&"+%"3/"$/>)2/&)4$"6"

"

'

!"#$%&'():'+';<$156"7#)'=00$&'2&'>?@?A)'

L)&'(%&&" 5" E4'MK#0$" 7NO9" 4$&" .0,<%$&,"-."/#0$(1""!" #$%" &%'($)*#%" +%" $/>)2/&)4$"

K/<,%"<#0"3%<"2%<&%<"+%"+(),2!"#$%".%0:%&&/$&"+%"3):)&%0"3%"'3#&'()$26"P4#0"'%3/")3<"

#&)3)<%$&"+%#Q":4+%<"R"#$"0/.)+%"%&"#$"3%$&6"?%":4+%"3%$&"%<&"K/<,"<#0"3%<"2%<&%<"+%"

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

:4J%$$%<6" ?%":4+%" 0/.)+%" .%0:%&" +%" ./0'4#0)0" 3%<" 34$2#%<" +)<&/$'%<6" E%":4+%"

0/.)+%" %<&" K/<," <#0" #$" 2%<&%" +%" +()," .%0:%&&/$&" +%" ./0'4#0)0" 3;%$<%:K3%" +%"

3;%<./'%"+;)$-40:/&)4$"+;#$"<%#3"2%<&%6"T)$<)!"./0'4#0)0"UV"+%"3;,'0/$"/>%'"'%":4+%"

-/)&"+,-)3%0"UV"+%" 3;%<./'%"+;)$-40:/&)4$6" ?%<"+%#Q":4+%<"+%"$/>)2/&)4$"#&)3)</$&"

&4#<" 3%<" +%#Q" #$" 2%<&%" +%"+(),!" 3/" +,</:K)2W)</&)4$" <%" -/)&" 20I'%" /#" $4:K0%" +%"

+4)2&<"=" 3;,'0/$"R"#$"2%<&%"+%"+(),"/>%'"#$"+4)2&"/'&)>%" 3%":4+%" 3%$&" &/$+)<"*#;#$"

2%<&%"+%"+(), />%'"+%#Q"+4)2&<"/'&)>%"3%":4+%"0/.)+%6

"

X4#&%<" 3%<" :4+/3)&,<" %&" &%'($)*#%<" +,'0)&%<" ')S+%<<#<" /#&40)<%$&" #$" :4+%" +%"

$/>)2/&)4$"0%3/&)-6"

'

'
,-. ,3. 

'
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3.3.3 Modalités reposant sur les capteurs du dispositif 

!"# $%&'()*(# +(# *"$,(-%'# +")'# .('# +/'$0'/,/1'#203/.('# "*,-(.'# "# $(%2/'# .4&,-+(# +(#

$.-'/(-%'#20+"./,&'#+(#)"5/6",/0)#7-/#)(#%($0'(),#$"'#'-%# .4/),(%"*,/0)#,"*,/.(8#!"#

$.-$"%,#+(#*('#20+"./,&' 0),#$0-%#"5"),"6(#+(#./2/,(%#50/%(#&./2/)(%#.(#$%03.92(#

+40**-.,",/0):#$-/'7-(#.4/),(%"*,/0)#)(#'(#1"/,#$.-'#;#.4&*%")8#<(#$.-':#*('#20+"./,&'#

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

."#)"5/6",/0)#;#+4"-,%('#,>*=('8##

#

?0-'# *."''0)'# *('# 20+"./,&'# +(# )"5/6",/0)# ()# ,%0/'# *",&60%/('# @# .('# 20+"./,&'#

/2$./7-"),#+('#+&$."*(2(),'#+-#+/'$0'/,/1:#.('#20+"./,&'#%($0'"),#'-%#.A/)*./)"/'0)#

+-#+/'$0'/,/1#(,#.('#20+"./,&'#3"'&('#'-%#+('#*"$,(-%'#+(#$%(''/0)8#

3.3.3.1 Modalités utilisant les déplacements du dispositif 

!('# *"$,(-%'# (23"%7-&'# +")'# .('# +/'$0'/,/1'#203/.('# $(%2(,,(),# +(# +&,(*,(%# '('#

+&$."*(2(),'8# B('# 20+"./,&'# *0)'/',(),# ;# $0'/,/0))(%# (,# +&$."*(%# .(# +/'$0'/,/1#

203/.(#"-#+(''-'#+(#.4('$"*(#+4/)10%2",/0)#CD/6-%(#E8F83G8#

#

!"#$%&' ()*' +' ,-."#-/"01' $/"2"3-1/' 2&3' 4562-7&8&1/3' 4$' 4"3603"/"9' :' ;-<'

=>-8&2&01)';?<'@008'=>-8&2&01)'A&36&7/".&8&1/'"33$&3'4&'BCDE'&/'BFDGE)'

!"# ,(*=)/7-(# B="2(.(0)# $%&'(),&(# $"%# D/,H2"-%/*(# I# ".8# JKLM# 1N,# .A-)(# +('#

$%(2/9%('# ;# -,/./'(%# .4/),(%"*,/0)# '$",/".(# $"%# +&$."*(2(),'# +")'# .4('$"*(# +-#

+/'$0'/,/1#203/.(@# .(# +/'$0'/,/1# '(%,# ".0%'# +(# 1()O,%(# +0))"),# "**9'# ;# -)# ('$"*(# P#

5/%,-(.# Q# 7-(# .('# -,/./'",(-%'# $(-5(),# (R$.0%(%# ()# +&$."S"),# .(# +/'$0'/,/1# +")'#

.A('$"*(#CD/6-%(#E8T8"G8#U5(*#B="2(.(0):# .('#-,/./'",(-%'#$(-5(),#'(#+&$."*(%#+")'#

-)(#'*9)(#()# ,%0/'#+/2()'/0)'#()#-,/./'"),# .('# '/R#+/%(*,/0)'#$0''/3.('# C="-,:#3"':#

6"-*=(:# +%0/,(:# "5"),:# "%%/9%(G8# B(# $%/)*/$(# "# ()'-/,(# &,&# %($%/'# +")'# $.-'/(-%'#

&,-+('8# V((# JWEKM# "# $"%# (R(2$.(# *023/)&# *(,,(# /),(%"*,/0)# '$",/".(# "5(*# -)(#

/),(%"*,/0)# "-# ',X.(,# '-%# .(# +/'$0'/,/1# 203/.(# (,# .A"# &5".-&(# '-%# +/11&%(),'# ,X$('#

+A"$$./*",/0)# @# )"5/6",/0)# +")'# -)(# ./',(:# +")'# -)(# /2"6(# +(# 6%")+(# ,"/..(:# 0-#

"$$./*",/0)#+(#+(''/)8#Y'")6#I#".8# JWLZM#0),#*0-$.&# .A/),(%"*,/0)#'$",/".(#"5(*#-)(#

/),(%"*,/0)#,"*,/.(#$0-%#5/'-"./'(%#(,#"))0,(%#-)#20+9.(#;#,%0/'#+/2()'/0)'#CD/6-%(#

E8T83G8# <(-R# "-,%('# &,-+('# J[\:# WLLM# 0),# *02$"%&# .A/),(%"*,/0)# '$",/".(# "5(*# .('#

6(',('# +(# !"#$%&'()*&+,"$-# $0-%# )"5/6-(%# +")'# -)# ('$"*(# +A/)10%2",/0)# ;# +(-R#

+/2()'/0)'8# !('# +(-R# ,(*=)/7-('# &,"/(),# *0)S-('# +(# ."# 2O2(# 2")/9%(# @# .('#

+&$."*(2(),'# =0%/H0),"-R# (,# 5(%,/*"-R# +-# +/'$0'/,/1# 203/.(# $(%2(,,"/(),# +(# '(#

+&$."*(%#+(#6"-*=(#;#+%0/,(#(,#+(#="-,#()#3"':#".0%'#7-(#.('#+&$."*(2(),'#+A"5"),#

' '
;-< ;?< 
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!"#$%%&'%!#(!%)!**$&!"*#+!#,--)!%#!*#+.,--)!%/#0!1#+!23#.*2+!1#-"*#)-"*%.#42!#5$#

"$6&7$*&-"#8$1.!#12%# 59&"*!%$:*&-"#1($*&$5!#-;;%!#+!1#(!%;-%)$":!1#)!&55!2%!1#42!#

:!55!1# +2#!"#$%&'()*&+,"$-<# !*# ($%*&:25&'%!)!"*# 5-%142!# 592*&5&1$*!2%# "$6&72!# 6!%1#

2"!#:&85!#429&5#$#+.=>#6&1&*.!/#

?!1# )-+$5&*.1# 1-"*# 2*&5&1.!1# !"# )-+!# +!# "$6&7$*&-"# %!5$*&;# $6!:# +!1# $:*&-"1#

:-"*&"2!1/#@"#!;;!*<#2"!#;-&1#5$#"$6&7$*&-"#$:*&6.!<#5!1#2*&5&1$*!2%1#(!26!"*#!;;!:*2!%#

+!1# )-26!)!"*1# ;52&+!1# +$"1# 5A!1($:!# (-2%# 1!# +.(5$:!%# +$"1# 5A!1($:!#

+A&";-%)$*&-"/# B$"1# :!# :$1<# 5!1# 2*&5&1$*!2%1# !;;!:*2!"*# +!1# $:*&-"1# :-"*&"2!1#

C:-%%!1(-"+$"*# $23# )-26!)!"*1# !"*%!# 5A$:*&6$*&-"# !*# 5$# +.1$:*&6$*&-"# +2#

+.(5$:!)!"*D<#+$"1#2"#)-+!#+!#"$6&7$*&-"#%!5$*&;/##

3.3.3.2 Modalités exploitant l’inclinaison du dispositif 

#

!

"#$%&'!()*!+!,-'.!/'!&0121#03!/%!405#6'7)!

0!1# 7E%-1:-(!1# !*# $::.5.%-)'*%!1# !)8$%42.1# +$"1# 5!1# +&1(-1&*&;1# )-8&5!1#

(!%)!**!"*#+A-8*!"&%#%!5$*&6!)!"*#(%.:&1.)!"*#5!1#$"75!1#+!#%-*$*&-"#+2#+&1(-1&*&;#

1!5-"#*%-&1#$3!1#CF&72%!#G/HD/#I51#1-"*#($%#!3!)(5!#2*&5&1.1#"$*&6!)!"*#12%#5$#(52($%*#

+!1#+&1(-1&*&;1#)-8&5!1#(-2%#$+$(*!%#5A-%&!"*$*&-"#+A2"!#&)$7!#-2#+A2"!#$((5&:$*&-"#

>#:!55!#+!# 59.:%$"#+2#+&1(-1&*&;/#?!1#:$(*!2%1#1-"*#$211&#:-2%$))!"*#2*&5&1.1#(-2%#

:-"*%J5!%# +!1# =!23# 6&+.-#K# :-"*%J5!%# 5$# *%$=!:*-&%!# +A2"# 6.L&:25!# +$"1# 2"# =!2# +!#

:-2%1!#($%#!3!)(5!/##

#

I5# :-"6&!"*# +!# "-*!%# 42!# 5!1#)-+$5&*.1# !"# !"*%.!# !3(5-&*$"*# :!1# :$(*!2%1# -"*# .*.#

.*2+&.!1# 8&!"# $6$"*# 42!# 5!1# :$(*!2%1# "!# 1-&!"*# !)8$%42.1# +$"1# 5!1# +&1(-1&*&;1#

)-8&5!1/#0!#;$&*#+9&":5&"!%#5!#+&1(-1&*&;#(-2%#&"*!%$7&%#!1*#:-""2#1-21#5!#7!1*!#+!#.",//#

I"1(&%.# +!# 5$# *$3-"-)&!# +!# M:-+&**&# N# $5/# OPPQR# "-21# +&1*&"72-"1# *%-&1# )$"&'%!1#

+A!3(5-&*!%#:!#7!1*!#(-2%#"$6&72!%#+$"1#2"#!1($:!#+A&";-%)$*&-"#K#

#

########################################################

#

#
S#L**(KTT+!6!5-(!%/$((5!/:-)#

!
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!
"#$%&'!()*+!,!-'./001#2210.'!3'!$'24'2!5!61&4#&!3'!78#0.7#01#2/0!3%!3#26/2#4#9!

6/%&!7'!./04&:7'!3;%0!7'.4'%&!<%2#.17)!=22%'!3'!>?@)!

• A1&! &'./001#2210.'! 3'! $'24'2! B! "#$%&"$%'$()%! *+! *$(,)($-$.! /)0$"1! 1(-!

$%-12,23-31!&)//1!+%!41(-1!5,'2!161/,"17!$%&"$%'$()%!*+!*$(,)($-$.!(+2!"#'61!

8! 912(! "'! 4'+&:1;<! =1(! 41(-1(! 21&)%%+(! ()%-! '(()&$3(! >! *1(! &)//'%*1(!

5?$4+21!@<AB;7!&1!()%-!*)%&!*1(!'&-$)%(!C+'"$.$31(!*1!*$(&2D-1(<!E'2!161/,"17!

F'2"1--! GHI! '! &)%(-2+$-! +%! 9)&'0+"'$21! 41(-+1"! 0'(3! (+2! "#)2$1%-'-$)%! *+!

*$(,)($-$.! /)0$"1! ,)+2! %'9$4+12! *'%(! +%1! 4'"12$1! *#$/'41(<! J:'&+%1! *1(!

)2$1%-'-$)%(! 1(-! '(()&$31! >! +%1! (1+"1! &)//'%*1!K! '..$&:12! +%1! $/'41! 1%!

,"1$%!3&2'%7!2191%$2!'+!*)(($12!*1(!/$%$'-+21(7!,'((12!>!"#$/'41!(+$9'%-1!)+!

1%&)21!,'((12!>!"#$/'41!,23&3*1%-1<!F'4"$)%$!L!'"<!GMI!+-$"$(1%-!34'"1/1%-!&1!

,2$%&$,1! '91&! !"#$%&'()<! =1(! '+-1+2(! +-$"$(1%-! :+$-! )2$1%-'-$)%(! *$..321%-1(!

,)+2! "1(! '(()&$12! >! :+$-! &)//'%*1(! 5?$4+21! @<AB;<! E)+2! '&-$912! +%1!

&)//'%*17! "1(!+-$"$('-1+2(!*)$91%-!*)%&! $%&"$%12! "1!*$(,)($-$.!/)0$"1!*'%(!

+%1! *$21&-$)%! 1-! $//3*$'-1/1%-! 2191%$2! >! "'! ,)($-$)%! $%$-$'"1!K! &#1(-!
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!"#$! 2/400#! +#%0'! )*+%"'0! 4-'! /4! 2"4(%'40(! 2#7'(! ('"/-! "#! 20'((%/-!

#22"%94*'5!%"#&'())*! =UO@!4&%"%('!4-!.#2&'40!2"#.*!(40! "'!)/(!)4!)%(2/(%&%+!

,/E%"'! ./,E%-*! M! "D%-&'0#.&%/-! &#.&%"'! 2/40! -#$%74'0! '&! V//,'0! )#-(! 4-!

'(2#.'! ):%-+/0,#&%/-! M! )'43! )%,'-(%/-(5! R'(! 4&%"%(#&'40(! )/%$'-&! 2#0!

'3',2"'!&/4.B'0!"#!V/-'!(40!"#94'""'!%"(!$'4"'-&!V//,'0!/4!$'0(!"#94'""'!%"(!

$'4"'-&!-#$%74'0L!24%(!20'(('0!"'!.#2&'40!)'!20'((%/-!2/40!'++'.&4'0!"D#.&%/-!

2"4(!/4!,/%-(!0#2%)','-&!'-!+/-.&%/-!)'!"#!20'((%/-!#22"%94*'5!R'!.#2&'40!

)'!20'((%/-!-'!2'0,'&&#-&!2#(!)D#.&%/-!E%W)%0'.&%/--'""'L! "D%-$'0(','-&!)4!

('-(!)'!V//,!/4! "'!.B#-7','-&!)'!)%0'.&%/-!2/40! "'!)*+%"','-&!(D'++'.&4'!

'-! +#%(#-&! 4-! 7'(&'! M! "D*.0#-! #$#-&! )'! 20'(('0! "'! .#2&'405! X/40! *$%&'0!

)D%-&'0#7%0 #$'. "D*.0#-! "/0(! )4! .B#-7','-&! )'! )%0'.&%/-! Y2'",'V#-! <! #"5!

=??U@! /-&! ./-Z4! +,-./".&&L! 4-'! &'.B-%94'! 4&%"%(#-&! )'43! .#2&'40(! )'!

20'((%/-!2"#.*(!(40! "#! &0#-.B'!)4!)%(2/(%&%+!,/E%"'!2/40!-#$%74'0!)#-(!4-!

'(2#.'!):%-+/0,#&%/-! M!4-'!)%,'-(%/-! FG%740'!>5?NI5! 6B#.4-!)'(! .#2&'40(!

'(&! )/-.! )*)%*! M! 4-! ('-(! )'! -#$%7#&%/-5! J"(! /-&! #((/.%*! M! .'(! .#2&'40(! 4-!

$/.#E4"#%0'!)'!-#$%7#&%/-!E#(*!(40!"'(!#.&%/-(!'++'.&4*'(!(40!"'(!.#2&'40(5!J"!

'(&!#%-(%!2/((%E"'!):4&%"%('0!"'(!)'43!&C2'(!):#.&%/-(!8!

o ./-&%-4'!8!2"4(!":4&%"%(#&'40!20'(('!+/0&L!2"4(!"#!-#$%7#&%/-!'(&!0#2%)'![!

o )%(.0\&'!8! ":4&%"%(#&'40! 2'4&! '++'.&4'0! )'(! ."%.(! ]#224%W0'"^.B','-&_!

2/40! )*."'-.B'0! )'(! (#4&(! )#-(! ":'(2#.'! ):%-+/0,#&%/-5! `-! #224%!
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!"#$%& '%()(*+$& +,& '$-.-& /0+-& -0,1./& *+2+,& 0''+.& 3(%-& '%()(*+$& +,&

/0+-&'!+/&#%0,14&

3.3.3.4 Modalités autour du dispositif 

!"#$%&' ()*+' ,' -./&%!0.1' 2' "34&%564".3' 5$4.$%' 7$' 7"89.8"4":' #%;6&' <' 7&8'

6594&$%8'"3:%5%.$#&8)'=88$&8'7&'>?(@)'

52.,-$%06-.(,&0+-(+%&1+&1./'(/.-.3&+-.!./$&!0&%$6(,,0.//0,6$&1$&#$/-$/&$33$6-+"/&10,/&

!2$/'06$7& 0+-(+%& (+& 0+& 1$//+/& 1+& 1./'(/.-.3& 8(9.!$4& :!!$& '$%8$-& 1$& !.8.-$%& !$&

'%(9!;8$& 12(66+!-0-.(,7& $-& '$%8$-& "#0!$8$,-& 12"!0%#.%& !0& /+%306$& 12.,-$%06-.(,&

!.8.-"$& <& !0& -0.!!$& 1$& !2"6%0,& 10,/& !$& 60/& 1$& !2.,-$%06-.(,& -06-.!$4& =.33"%$,-$/&

-$6>,(!(#.$/&/(,-&+-.!./"$/&'(+%&6$!0&?&

&

• A594&$%8' "3:%5%.$#&8& 2& 5$/& '%$8.$%/& '%(-(-@'$/& +-.!./0.$,-& 1$/& 60'-$+%/&
.,3%0%(+#$/&3.A"/&/+%&!$&1./'(/.-.3&8(9.!$&BCC7&DEF4&!"#$!"%&'&BCCF&+-.!./$&1$/&

60'-$+%/&3.A"/&/+%&6>0*+$&-%0,6>$&1+&1./'(/.-.3&$-&(%.$,-"/&)$%/&!2$A-"%.$+%7&

1"-$6-0,-&0.,/.&!$/&1(.#/-&0''%(6>0,-&!$&1./'(/.-.3&8(9.!$&'0%&!$/&6G-"/4&H$6.&

0& !I.,6(,)",.$,-& 1$& !.8.-$%& !$/& #$/-$/& <& +,$& /+%306$& '!0,$& 0+-(+%& 1+&

1./'(/.-.34&&

()*$+,-).& BDEF& 08"!.(%$& !0& /(!+-.(,& '%"6"1$,-$& $,& (%.$,-0,-& !$/& 60'-$+%/&

)$%/&!$&>0+-4&5$/&8(+)$8$,/&1$&1(.#-/&'$+)$,-&1(,6&J-%$&60'-"/&!(%/*+I.!/&

/(,-& $33$6-+"/& 0+& 1$///+/& 1+& 1./'(/.-.3& 8(9.!$7& '$%8$--0,-& 0.,/.& 1$&

%$6(,,0K-%$& 1$/& #$/-$/& 10,/& +,$& L(,$& <& -%(./& 1.8$,/.(,/& 0+& 1$//+/& 1+&

1./'(/.-.3&MN.#+%$&E4OPQ4&&

&

!"#$%&'()*?','=34&%564".3'5$4.$%'7$'7"89.8"4":'#%;6&'<'$3'8B84CD&'7&'8$"/"'95%'

65DE%5)'=88$&8'7&'>+F@)'

'  
& &

' '
& &



Chapter 3: Interaction avec une vue bifocale sur dispositifs mobiles :  

modèle conceptuel de navigation multimodale 

Sébastien Pelurson - septembre 2016    59 

• !"#$#% &'(% )'*+(',! -! "#$%&! '! ()*! +,-.! #$/! 0/1)1&2! 0$! &3&/45%! 6%! &0171! 8(9!
:(529(&*! ;%&! (0/%09&! #$/! :#58(92! 61<<29%$/%&! /%:=$1>0%&! 6?1$/%9(:/1#$!

(0/#09! 60! 61&8#&1/1<! 5#@1)%! 8#09! $(71A0%9! 6($&! 0$! %&8(:%! 6?1$<#95(/1#$!

50)/1B2:=%))%*! C)&!#$/!8#09! :%)(!0/1)1&2!6%&!5(9>0%09&!8)(:2&! &09! )%&!6#1A/&!

62612&! D! )?1$/%9(:/1#$E! (1$&1! >0%! &09! )%! 61&8#&1/1<! FG1A09%! H*IJK*! ;%&!

5#07%5%$/&! 6%! :=(:0$! 6%&! 6#1A/&E! (1$&1! >0%! )%09! 61&/($:%! 8(9! 9(88#9/! D!

)?2:9($! 60! 61&8#&1/1<! &#$/! :(8/2&*! L($&! +,-.! )(! 61&/($:%! 60! 6#1A/! D! )M2:9($!

2/(1/! 0/1)1&2%! 8#09! 62<1$19! )(! 71/%&&%! 6%! $(71A(/1#$!N! 8)0&! )%&! A%&/%&! 2/(1%$/!

%<<%:/02&!89#:=%!6%! )?2:9($E! 8)0&! )(! $(71A(/1#$! 2/(1/! 9(816%*! C)&! #$/!5#$/92!

>0%!:%!/38%!6?1$/%9(:/1#$!8#07(1/!#@/%$19!6%&!92&0)/(/&!&151)(19%&!(0O!A%&/%&!

6%!!"#$%&'()*&+,"$-E!/#0/!%$!2/($/!892<292!8(9!)%&!0/1)1&(/%09&*!!

!

.#/"(0%1234%5%6780(')8#97%'"89"(%:"%:#,&9,#8#;%/(<)0%=%"7%)'&80"(%*'/7+8#>"0%
,9",%;9(*0%:0%?'/"02%6,,"0,%:0%@ABC2%

• D'&80"(,%*'/7+8#>"0,%-%P#08)2%&!(0!5(A$2/#54/9%!62QD! %5@(9>02!6($&!
)(! 8)08(9/! 6%&! 61&8#&1/1<&! 5#@1)%&E! :%&! /%:=$1>0%&! 9%8#&%$/! &09! 0$! #0!

8)0&1%09&! :(8/%09&!5(A$2/1>0%&E! &#0&! <#95%!6%!@(A0%& 8(9! %O%58)%E! 8#09

62/%:/%9!)%&!5#07%5%$/&!6%&!6#1A/&!D!89#O151/2!60!61&8#&1/1<!FG1A09%!H*IRK*!

P%//%!&#)0/1#$!(!2/2!(6#8/2%!8(9!61<<29%$/%&!2/06%&!+SJE!TUE!,VE!J-.*!

!

;M0/1)1&(/1#$!6%!:(8/%09&!1$<9(9#0A%&!$2:%&&1/%!6M(Q#0/%9!60!5(/291%)!$#$!%5@(9>02!

(0O!61&8#&1/1<&!5#@1)%&E!5#61<1($/!(1$&1!)%09!<(:/%09!6%!<#95%*!;%&!&#)0/1#$&!6%!&0171!

8(9! :(529(&! &#0<<9%$/! 6%! )151/(/1#$&! 60%&! D! )M#::0)/(/1#$! 6%&!5(9>0%09&! 0/1)1&2&!

8#09! 62/%:/%9! )%&! 6#1A/&! %/! )%! 61&8#&1/1<*! ;%&! &#)0/1#$&! 0/1)1&($/! )%&! :(8/%09&!

5(A$2/1>0%&! $%! &#0<<9%$/! 8(&! 6%&! 6%0O! )151/(/1#$&! :1/2%&*! W))%&! 8%95%//%$/! 0$%!

1$/%9(:/1#$! $M158#9/%! #X! (0/#09! 60! 61&8#&1/1<! 5#@1)%E! (0/#91&($/! (1$&1! 0$%!

1$/%9(:/1#$!(0!6#&!6%!:%)01B:1!FG1A09%!H*IRK*!

!

Y#09! /#0/%&! )%&! /%:=$1>0%&! 62:91/%&! 6($&! :%//%! &%:/1#$E! )%&! (:/1#$&! %<<%:/02%&!

8%07%$/!Z/9%!61&:94/%&!#0!:#$/1$0%&*!W$!%<<%/E!()#9&!>0%!)%&!A%&/%&!9%:#$$0&!8(9!)(!

:(529(! 6($&! +,-.! 9%89#601&%$/! )%&! A%&/%&! 6%! '()*&!"#$%! 6($&! )M%&8(:%! F(:/1#$&!

:#$/1$0%&KE!./01(+,/2!+JH.!9%8#&%!&09!)(!9%:#$$(1&&($:%!6%!A%&/%&E!0$!A%&/%!2/($/!

! !
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!""#$%&'(')*+'!$,%#*'-+'-&.%/+0+*,'-!*"'/1+"2!$+'-1%*.#30!,%#*'4!$,%#*'-%"$35,+67'/+'

-&.%/+0+*,'"+'.!%"!*,'&/&0+*,'2!3'&/&0+*,'2!3')*+'")%,+'-+'8+",+"'49%8)3+':;<=6;'

3.3.4 Synthèse 

>+' $+,,+' 3+?)+' -+"'0#-!/%,&"' -+' *!?%8!,%#*' ")3' -%"2#"%,%."'0#@%/+"7' *#)"' *#,#*"'

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

),%/%"&+' !)B#)3-1C)%;' D+"' $!2,+)3"' +0@!3A)&"' -!*"' /+"' -%"2#"%,%."' 0#@%/+"'

2+30+,,+*,' *&!*0#%*"' -1+*?%"!8+3' -1!),3+"' 0#-!/%,&"' A)+' ,!$,%/+"'E' !)""%' -+'

*#0@3+)"+"'!),3+"'0#-!/%,&"'#*,'&,&'23#2#"&+"'!?+$'-+"'2+3.#30!*$+"'A)%'*+'"#*,'

2!"' ,#)B#)3"' 0+%//+)3+"' A)+' /!' 0#-!/%,&' ,!$,%/+;' F&!*0#%*"' /!' 0#-!/%,&' ,!$,%/+'

"#)..3+' -1)*+' /%0%,!,%#*' %02#3,!*,+' A)%' +",' /1#$$)/,!,%#*' -+' /1&$3!*' !/#3"' A)+' /!'

,G$C+' $#*"%",+' (' *!?%8)+3' -!*"' /1+"2!$+' -1%*.#30!,%#*' !..%$C&;' H1+",' -#*$' )*+'

/%0%,!,%#*' %02#3,!*,+' -+' /1%*,+3!$,%#*' ,!$,%/+' 2#)3' /!' ,G$C+'A)+'*#)"' $#*"%-&3#*"'

-!*"'*#"' ,3!?!)I;'H+$%'!'0#,%?&'*#"' ,3!?!)I'?%"!*,'('+I2/#3+3'-1!),3+"'0#-!/%,&"'

A)+',!$,%/+"'2#)3'*!?%8)+3'-!*"'/!'?)+'@%.#$!/+;''

'

J*' *#)"' 3&.&3!*,' (' /!' -&.%*%,%#*' -+' F%8!K' L' !/;' MNOP' -1)*+' 0#-!/%,&' $#00+' )*'

$#)2/+' -%"2#"%,%.' -1%*,+3!$,%#*' .' +,' /!*8!8+' -1%*,+3!$,%#*' ,7' *#)"' !?#*"' 23&"+*,&'

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

+0@!3A)&"' -!*"' /+"' -%"2#"%,%."' 0#@%/+";' Q#)3' /+' /!*8!8+' -1%*,+3!$,%#*' ,7' *#)"'

3+,+*#*"'/!'-%",%*$,%#*'+*,3+'/+"'!$,%#*"'$#*,%*)+"'+,'/+"'!$,%#*"'-%"$35,+";'J*'+..+,'

+,' %*-&2+*-!00+*,'-)'$!2,+)37' /1),%/%"!,+)3'2+),'+..+$,)+3'-+"'!$,%#*"'A)%'"+3#*,'

%*,+323&,&+"' $#00+' $#*,%*)+"' !K!*,' )*+' &2!%""+)3' ,+02#3+//+' +,' -&$/+*$C!*,'

2/)"%+)3"' !$,%#*"R"K",50+7' #)' $#00+' -%"$35,+"' -&$/+*$C!*,' A)1)*+' "+)/+' !$,%#*R

"K",50+;'Q!3'+I+02/+7' /1),%/%"!,+)3'2+),'*!?%8)+3'-!*"' /1+"2!$+'2!3')*'!22)%'2/)"'

#)' 0#%*"' .#3,' ")3' )*' $!2,+)3' -+' 23+""%#*' #)' 2!3' )*+' ")%,+' -1!$,%#*"' S!22)%R

3+/G$C+0+*,T' -)' $!2,+)3' -+' 23+""%#*' M<<NP;' U%+*' A)+' /1!$,%#*' S!22)%R

3+/G$C+0+*,T' ")3' )*' $!2,+)3' -+' 23+""%#*' 2+),' V,3+' 0#-&/%"&+' (' )*' *%?+!)' .%*'

$#00+')*+'")%,+'-1!$,%#*"'&/&0+*,!%3+"'-%"$35,+"'+,'$#*,%*)+"7'-!*"'/+'$!-3+'-+'/!'

*!?%8!,%#*'2!3'"!),"'-!*"'/1+"2!$+'-1%*.#30!,%#*7'*#)"'/!'$#*"%-&3#*"'$#00+')*+'

!$,%#*'-%,+'-%"$35,+;''

'

J*.%*' /+"' -+)I' 0#-+"' -+' *!?%8!,%#*' A)+' "#*,' /1!$$5"' !@"#/)' +,' /1!$$5"' 3+/!,%.'

$#*$+3*+*,' /+' *%?+!)' "&0!*,%A)+' -+' /1%*,+3!$,%#*' +*' -&.%*%""!*,' $#00+*,' /+"'

!$,%#*"' $!2,&+"' 4.6' +,' "+80+*,&+"' 4,6' "+/#*' )*+' 0#-!/%,&' "#*,' ,3!-)%,+"' +*'

$C!*8+0+*,'-+'2#"%,%#*"'-!*"'/1+"2!$+'-1%*.#30!,%#*;''

'

F#)"' $#*$/)#*"' A)+' /+"'0#-!/%,&"' -+' *!?%8!,%#*' ")3' -%"2#"%,%."'0#@%/+"' 2+)?+*,'

"1&,)-%+3' "+/#*' ,3#%"' -%0+*"%#*"' #3,C#8#*!/+"' A)+' *#)"' $#02!3#*"' !)' *%?+!)'

/+I%$!/7'"K*,!I%A)+'+,'"&0!*,%A)+'+*'/%*8)%",%A)+7'A)+'"#*,'E'

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

4.6'E''

/+',K2+'-1!$,%#*'-&.%*%""!*,'/!'"+80+*,!,%#*'4,6'-+"'!$,%#*"'$#00+'$#*,%*)+"'#)'

-%"$35,+"7'

/+'0#-+'-+'*!?%8!,%#*7'!@"#/)'#)'3+/!,%.7'-&.%*%""!*,'/1!$,%#*R"K",50+'-&$/+*$C&+'('

2!3,%3'-+"'&?5*+0+*,"'2CK"%A)+"'$!2,&"'+,',3!%,&";''

'

H+"' -%0+*"%#*"' "#*,' 2!3,%$)/%53+0+*,' ",3)$,)3!*,+"' -+"' ,3!?!)I' 0+*&"' ")3'

/1%*,+3!$,%#*' ")3' -%"2#"%,%."' 0#@%/+";' F#,#*"' *&!*0#%*"' A)+' /+"' -+)I' 23+0%53+"'
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!"#$%&"'%&(&'%)(*+%+,-.$&(/()'0)$(#'!-.")+(!1"%)$,-2)"'%(#-"&(!-%&(2$)(+)-)(!$(.1-,)(

%'0&( -3'%&( 2'%&"!+,+( .$&( !"44+,$%)&( !"&5'&")"4&( 6!7( !1"%)$,-2)"'%( $%( $%),+$(

!"&5'%"8.$&(&0,(!"&5'&")"4&(#'8".$&9(:-(),'"&";#$(!"#$%&"'%($&)($..$(&5+2"4"<0$(-0=(

#'!-.")+&(!$(%-3"*-)"'%(>(5'0,(2$.-(%'0&(-3'%&(!+4"%"(!$0=()?2@$&(+.+#$%)-",$&($)(

*+%+,"<0$&(!$(%-3"*-)"'%(<0$(%'0&(!+&"*%'%&(5-,(.$()$,#$(A #'!$(!$(%-3"*-)"'% B9(

3.4 Navigation avec une vue bifocale 

CD-%)(5,+&$%)+(0%(5-%',-#-(!$&(#'!-.")+&(!$(%-3"*-)"'%(&0,(!"&5'&")"4&(#'8".$&E(

%'0&(!+)-"..'%&(!-%&(2$))$(&$2)"'%(.$&(8$&'"%&(."+&(/(.-()?2@$(!$(%-3"*-)"'%(!-%&(0%$(

30$(8"4'2-.$9(

(

F'##$(!+2,")(!-%&(.$(2@-5"),$(GE( .-(30$(8"4'2-.$E(!$()D5$(H'20&IF'%)$=)$E(5$,#$)(

!$(3"&0-."&$,(/(.-(4'"&(0%$(5-,)"$(!$(.J$&5-2$(!J"%4',#-)"'%($%(!+)-".E($)(&'%(2'%)$=)$(

*.'8-.(-0(&$"%(!J0%$(#K#$(30$9(L$%!,$("%)$,-2)"3$(2$()D5$(!$(30$(2'%&"&)$(/(4'0,%",(

/( .J0)"."&-)$0,( 0%(#'D$%( !$( &5+2"4"$,( <0$..$( 5-,)"$( !$( .J$&5-2$( !J"%4',#-)"'%( !'")(

K),$(-44"2@+$($%(!+)-".9((

(

! !

"#$ "%$ 

&'()*+!,-./!0!"#$!&1234'12!5+!6117!58)2+!9)+!+2!:';!5+!<1'==12!"%$!&1234'12!

5+!6117!5+!;#!9)+!%'>13#;+-!

:$(5,'8.;#$(#-M$0,(!-%&(.-(,+-."&-)"'%(!$(2$))$()?2@$($&)(.-(!+4',#-)"'%($="&)-%)$(

$%),$(.-(N'%$(!$(4'20&($)(.-(N'%$(!$(2'%)$=)$(<0"(,$%!(.-()?2@$(!"44"2".$E(%')-##$%)(

.',&<0J".(D(-(0%$(!+4',#-)"'%(*,-!0$..$($%),$(.$&(!$0=(N'%$&(62-&(!$&(30$&($%(O".(!$(

5'"&&'%(!+2,")$&(!-%&(.$(2@-5"),$(G79(P-%&(2$(2-&E(.$(!+5.-2$#$%)(!J0%$(2"8.$($&)(!$(

5.0&( $%( 5.0&( ,-5"!$( -0( 40,( $)( /( #$&0,$( <0J$..$( &J-55,'2@$( !$( .-( N'%$( !$( 4'20&E(
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4 NAVIGATION MULTIMODALE 

DANS UNE VUE BIFOCALE 

4.1 Introduction 

!"#"$%&# '(&(")# &%*# +,#-$./+,# ,"# )*$0&# 12(&,&# .34*0)# .("&# +,# 42(10)*,# 1*343.,")5#

"$%&# (6$"&# 4$"7%#,)# 36(+%3#%"# ,"&,-'+,#.,#-$.(+0)3&# 4$-'0"3,&#1$%*#"(608%,*#

.("&#%",#6%,#'09$4(+,#:#%",#-$.(+0)3#1$%*#(-,",*#*(10.,-,")#+(#40'+,#;#1*$<0-0)3#

.,#+(#=$",#.,#9$4%&5#,)#%",#-$.(+0)3#1$%*#-,))*,#+(#40'+,#;#+>0")3*0,%*#.,#+(#=$",#.,#

9$4%&?##

#

@A,&1(4,# .,&# 1$&&0'0+0)3&# ,&)# )*/&# 6(&),# &0# "$%&# "$%&# *393*$"&# ;# +A,"&,-'+,# .,&#

-$.(+0)3&# .,# "(608()0$"# .34*0),&# .("&# +,# 42(10)*,# 1*343.,")# B&,4)0$"# C?C# .%#

42(10)*,#CD5#,)#.A(%)(")#1+%&#&0#"$%&#4$"&0.3*$"&#+A,"&,-'+,#.,#+,%*&#4$-'0"(0&$"&#

.,%<# ;# .,%<?# @A,<1+$*()0$"# &E&)3-()0F%,# .A%"# ),+# ,&1(4,# .,# 1$&&0'0+0)3&# ,&)# .$"4#

(-'0)0,%&,?#G(4,#;#4,#.3905#"$)*,#(11*$42,#(#3)3#,<13*0-,")(+,#,)#0"4*3-,")(+,?#H,#

42(10)*,# ,)# +,# &%06(")# .34*06,")# "$)*,# ,<1+$*()0$"5# 4,*),&# 1(*)0,++,5# .,# 4,# 6(&),#

,&1(4,#.,#1$&&0'0+0)3&?##

#

I("&#4,#42(10)*,#&)*%4)%*3#,"#.,%<#1(*)0,&5#"$%&#.34*06$"&#%",#3)%.,#10+$),#,)#.,%<#

,<13*0,"4,&?# J$%*# 42(F%,# ,<13*0,"4,# 4$".%0),5# "$%&# (6$"&# 4$"&0.3*3# 4$--,#

-$.(+0)3#.,#*393*,"4,#+(#-$.(+0)3#1%*,-,")#)(4)0+,?##

#

K? L$%&# (6$"&# .A('$*.# 63*0903# +,# '0,"M9$".3# .%# -$./+,# 4$"4,1)%,+# ,"# )*$0&#

12(&,&# (%<# ',&$0"&# .0&)0"4)&# ,"# -,"(")# %",# 3)%.,# 10+$),?# L$%&# (6$"&#

4$"&0.3*3#)*$0&#-$.(+0)3&#1%*,&#B(%#&,"&#"$"#4$-'0"3,&D# :# +A0"4+0"(0&$"#.%#

.0&1$&0)09# B!"#$%&&,4)0$"#C?C?C?N#.%# 42(10)*,#CD5# +,#.31+(4,-,")#.%#.0&1$&0)09#

B'($)*+,$"-(& ./01"23)5# &,4)0$"# C?C?C?K# .%# 42(10)*,# CD# ,)# +,&# 8,&),&# )(4)0+,&#

B4#",55# &,4)0$"# C?C?N# .%# 42(10)*,# CD?# @(# 4$-1(*(0&$"# .,&# 1,*9$*-("4,&# (#

1,*-0&#.,#4$"4+%*,#F%,#4,&#)*$0&#-$.(+0)3&#",#1,*-,)),")#1(&#.,#9$%*"0*#;#

+(#9$0&#+(#*(10.0)3#,)#+(#1*340&0$"#*,F%0&,&#1$%*#42(4%",#.,&#.,%<#12(&,&#.,#

"(608()0$"#B&,4)0$"#O?N?ND?#
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!" #$%&' ()$*&' (+$,&' -$*&./0,0' +(' -$12.*(.&$*' /3' 1$/(+.40&' &3+$*' *$4,3'

1$/5+3'/3'*().6(4.$*'1%+4.1$/(+3'7' *$%&' ()$*&' ,38,.&' +3&'/3%9'1$/(+.40&'

!"#$%34'&'$()*+$",'%-./0"12('/3'+:04%/3'8.+$43';%3'*$%&'()$*&'-$12.*03&'()3-'

+('1$/(+.40'4(-4.+3'3#"+4'8$%,'+('8<(&3'8,0-.&3"'=3&',0&%+4(4&'3980,.13*4(%9'

&$*4' 3*-$%,(63(*4&' >&3-4.$*' ?"!"@A' -(,' +3&'1$/(+.40&' -$12.*03&' ,0/%.&3*4'

+:$--%+4(4.$*'/3'+:0-,(*'+$,&'/3'+('8<(&3'$B'+:%4.+.&(43%,'8(,-$%,4'%*3'6,(*/3'

8(,4.3' /3' +:3&8(-3' /3' +:.*C$,1(4.$*"' #0(*1$.*&' +3&' 83,C$,1(*-3&' ()3-' +3&'

1$/(+.40&'-$12.*03&'*3'&$*4'8(&'13.++3%,3&';%:()3-'+('1$/(+.40'8%,313*4'

4(-4.+3'>&3-4.$*'?"!"@A"''

@" #$%&'()$*&'3*C.*'13*0'%*3'/3%9.513'3980,.3*-3'3*'(*(+D&(*4'3*'/04(.+'+3&'

83,C$,1(*-3&' 8$%,' -<(;%3' 8<(&3' /3' *$4,3' 1$/5+3"' E(*&' -3443' /3%9.513'

3980,.3*-3F'*$%&'()$*&'(G$%40'(%'8(*3+'/3&'1$/(+.40&F'+('1$/(+.40',38$&(*4'

&%,' /3&' -(843%,&' /3' 8,3&&.$*' ;%3' *$%&' ()$*&' +H' 3*-$,3' -$12.*03' ()3-' +('

1$/(+.40'4(-4.+3'>&3-4.$*'?"@A"''

4.2 Etude pilote et Expérience 1 : bien-fondé du modèle 

conceptuel en trois phases 

I$%,'13*3,'+3&'3980,.3*-3&F'*$%&'()$*&'%4.+.&0'+3'8,$4$4D83'/3'*$4,3')%3'2.C$-(+3'

>&3-4.$*'!"@"J'/%'-<(8.4,3'!A'/0)3+$880'&%,'%*'.I<$*3'?'()3-'%*3'4(.++3'/:0-,(*'/3'

KLM9L?M'8.93+&'3*'1$/3'8(D&(63"'=3'8,$6,(113'04(.4'39-+%&.)313*4'-$/0'&%,' +('

8+(43C$,13'.NO"''

'

=('4(.++3'/3' +('P$*3'/3' C$-%&'04(.4'/3'QMM'8.93+&'/3' +(,63%,F'&$.4'%*'83%'8+%&'/3' +('

1$.4.0' /3' +:0-,(*"' =(' 4(.++3' /3' +:3&8(-3' /:.*C$,1(4.$*' 04(.4' /3' !?' MMM' 8.93+&' H'

+:0-<3++3'/%' C$-%&"'=:3&8(-3'(++$%0'(%'-$*43943'04(.4'/3'!'?MM'8.93+&'/3' +(,63%,'(%'

4$4(+"'R.*&.F'+3'C(-43%,'/3'P$$1'%4.+.&0'3*4,3'+3'C$-%&'34'+3'-$*43943'04(.4'/3'JM"'

'

S*3' P$*3' /3' -$*43943' >%*3' /3&' /3%9' )%3&' 3*' 83,&83-4.)3A' 83,1344(.4' /3'

,38,0&3*43,' 3*4,3' M' 34' !@' QMM'8.93+&' >&3+$*' ;%:3++3' -$18$,4(.4' (%-%*3' )(+3%,' $%'

2.3*'+3'1(9.1%1'/3')(+3%,&A"'=:3&8(-3'(++$%0'8$%,'-3443'P$*3'/3'-$*43943'04(*4'/3'

!?MM' 8.93+&F' 3*' (++$%(*4' %*3' )(+3%,' 8(,' 8.93+F' 4$%43&' +3&' )(+3%,&' /3' +:3&8(-3'

/:.*C$,1(4.$*' *:04(.3*4' /$*-' 8(&' ,38,0&3*403&' H' +:0-,(*' +$,&;%3' +3%,' *$12,3'

/08(&&(.4' -3' &3%.+"' =3' -$*43943' /$**(.4' /$*-' %*3' )%3' -$*/3*&03' /3' +:3&8(-3'

/:.*C$,1(4.$*"'

'

E(*&' -3' -$*43943F' *$%&' ()$*&' -$*&./0,0' +(' 4T-<3' /3' *().6(4.$*' /0-,.43' /(*&' +3'

8(,(6,(8<3'&%.)(*4"'

4.2.1 Tâche de navigation 

I$%,' +:04%/3' 8.+$43' 34' +:3980,.3*-3' J' /0-,.43&' -.U/3&&$%&F' *$%&' ()$*&' %4.+.&0' %*3'

4T-<3' /3' *().6(4.$*' ./3*4.;%3' ()3-' +(' 104(8<$,3' /:.*43,(-4.$*' /%' ,%2(*'

>/08+(-313*4' /3' +:3&8(-3' /:.*C$,1(4.$*A"' #$%&' ()$*&' ,0%4.+.&0' +3' 8,$4$-$+3'

3980,.13*4(+' 34' +(' 4T-<3' /0-,.43' 8(,'R883,4'V' (+"' W@X' 8$%,' +(' *().6(4.$*' /(*&' %*'

+(,63' 3&8(-3' /:.*C$,1(4.$*"' #$%&' ()$*&' %4.+.&0' +(' 104(8<$,3' /:.*43,(-4.$*' /%'

,%2(*"'=:$2G3-4.C'8$%,' +3&'8(,4.-.8(*4&'04(.4'/3'/08+(-3,'%*3'-.2+3'(CC.-<03'/(*&' +('

P$*3'/3'-$*43943F')3,&'%*3'P$*3'/0&.6*03'8(,'/3%9' 4,(.4&',$%63&'/(*&' +('P$*3'/%'

C$-%&' >Y.6%,3' ?"J"(A"' S*3' C$.&' +(' -.2+3' /(*&' -3443' P$*3F' +3&' /3%9' 4,(.4&' /3' +(' P$*3'

04(.3*4' (CC.-<0&' 3*' )3,4' >Y.6%,3' ?"J"2A"' =(' -.2+3' /3)(.4' (+$,&' D' Z4,3' 1(.*43*%3'
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!"#$%#&'%(')*+#,'(#"',"-*#$"'%.+#'/("'0%'&1-2"',*+&'3%0+$4"5'6#"'.*+,'0%'3%0+$%&+*#'

".."-&(4"7'(#"'#*(3"00"'-+80"'4&%+&'!9*!*,4"5''

'

  

!"# !$# 

%&'()*+,-.+/+!"#+01$(2+3*+4"+2567*+8+4"+6&$4*+*92+&:3&;(1*+3":9+4*+6<:2*=2*+>")+
(:+2)"&2+$4*(-+?"+@4A67*+&:3&;(*+4"+3&)*62&<:+3*+4"+><9&2&<:+3*+4"+6&$4*-+!$#+%&:+

3*+4"+2567*+8+4"+6&$4*+*92+><9&2&<::1*+3":9+4"+B<:*+319&':1*+3(+@<6(9-+?"+B<:*+

*92+"4<)9+"@@&671*+*:+C*)2-+

:;".."&'$"'!"9,!"-&+3"'9"#$%#&'0%'3+,(%0+,%&+*#'$"'0%'-+80"'$+..+-+0"'0*9,/("'-"00"<-+',"'

&9*(3"'0*+#'$"'0%'=*#"'$"'.*-(,7'(#'.%-&"(9'$"'=**)'$"'>'%'4&4'%!!0+/(4'%.+#'/(;"00"'

,*+&'&*(?*(9,'3+,+80"'!"('+)!*9&"',%'!*,+&+*#5'@+#,+7'0",'-+80",'4&%+"#&'9"!94,"#&4",'

!%9'$",'&9%+&,'80"(,'$"'A'!+B"0,'$"'0%9C"(9'$%#,'0%'=*#"'$"'.*-(,7'"&'!%9'$",'&9%+&,'

80"(,'$"'DE'!+B"0,'$"'0%9C"(9'$%#,'0%'=*#"'$('-*#&"B&"'FG+C(9"'A5DH5'I*(?*(9,'$%#,'

0"'8(&'$;%+$"9'0;(&+0+,%&"(9'J'9"!49"9'0%'-+80"'%('$48(&'"&'!"#$%#&'&*(&"'0%'&1-2"7'(#"'

.0K-2"' 3"9&"' +#$+/(%+&' 0%' $+9"-&+*#' 3"9,' 0%/("00"' ,"' &9*(3"' 0%' -+80"' FG+C(9"' A5D5%H5'

L"&&"'.0K-2"'43+&"'/("'0;(&+0+,%&"(9',"'9"&9*(3"'!"9$('$%#,'0;",!%-"'$;+#.*9)%&+*#'"&'

#%3+C("'%+#,+'$%#,'0%')%(3%+,"'$+9"-&+*#'F!24#*)K#"'$"'M'$","9&'.*C'N'$4-9+&'!%9'

O(0'P'G(9#%,'QR>SH5''

'

:%' =*#"' $%#,' 0%/("00"' $"3%+&' T&9"' $4!*,4"' 0%' -+80"' .%+,%+&' EUU' !+B"0,' $"' 0%9C"(95'

L"&&"'=*#"'$4,+C#4"'!%9'$"(B'&9%+&,'$%#,' 0"' .*-(,'4&%+&'$*#-'9"0%&+3")"#&'C9%#$"5'

V#' ".."&' $%#,' 0"' -%,' $;(#"' &1-2"' -*#-9K&"7' +0' -*#3+"#&' $;%)"#"9' 0%' $*##4"' /(+'

+#&49",,"' 0;(&+0+,%&"(9'#;+)!*9&"'*W'$%#,' 0"' .*-(,'!*(9'*8&"#+9',%'3%0"(9'$4&%+004"5'

:%' &1-2"' -*#,+$494"' #;4&%+&' $*#-' !%,' (#"' &1-2"' $"' !*+#&%C"' !94-+,5' X*(,' #"'

3*(0+*#,'!%,'/("'0%'$+..+-(0&4'$"'0%'&1-2"'94,+$"'$%#,'0%'.+#'$"'0%'&1-2"'-*#,+,&%#&'J'

)"&&9"'0%'-+80"'$%#,'0%'=*#"'$"'3%0+$%&+*#5'

'

X*(,' %3*#,' -*#,+$494' /(%&9"' $+,&%#-",' $+..49"#&",' !*(9' !*,+&+*##"9' 0",' -+80",7'

94!%9&+",'4/(+&%80")"#&'$%#,'0%'=*#"'$('-*#&"B&"'J'C%(-2"'"&'J'$9*+&"'$('.*-(,5'L",'

$+,&%#-",'-*99",!*#$"#&'J'/(%&9"'+#$+-",'$"'$+..+-(0&4'FYZH'$+..49"#&,'FE'['\5>'['R5>'

[']H'$*##4",'!%9'0%'0*+'$"'G+&&,'QADS'^'YZ'_'0*CFD`Z[aH7'*W'Z'",&'0%'$+,&%#-"'?(,/(;J'

0%'-+80"7'"&'a'",&',%'&%+00"'F-*99",!*#$%#&'J'0%'&%+00"'$"'0%'=*#"'$%#,'0%/("00"'$4!*,"9'

0%'-+80"'$%#,'#*&9"'-%,'$*#-'EUU'!+B"0,'$"'0%9C"(9H5'

4.2.2 Etude pilote 

X*(,' %3*#,' 94%0+,4' (#"' 4&($"' !+0*&"' %3"-' DE' !%9&+-+!%#&,' !*(9' 349+.+"9' 0",' $"(B'

!2%,",' $"' #%3+C%&+*#' $"' #*&9"')*$K0"' -*#-"!&("0' !*(9' #%3+C("9' $%#,' #*&9"' 3("'
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!"#$%&'() *+,() -.&/() 0() ,&1"2&3"$,) 4&-"0() (3) +,() -.&/() 0() ,&1"2&3"$,) -45%"/(67)

8$34() .9-$3.:/() (/3) ;+() '<+/&2() 0<+,() =$0&'"35) -+4() *,$,) %$=!",5(6) 4(,04&"3)

0"##"%"'()'<+,()0(/)0(+>)-.&/(/)0()'&)3?%.(7)

@$+4) %('&) (3) %$==() ",0";+5) 0&,/) '<",34$0+%3"$,A) ,$+/) &1$,/) %.$"/") 0() %$=-&4(4)

+,()=$0&'"35)3&%3"'()!&/5()/+4)'(/)2(/3(/)0()!"#$B%&'()**&--('5()%&'())-&4)'&)/+"3(6)

%$,,+/)0()3$+/)'(/)+3"'"/&3(+4/)0()0"/-$/"3"#/)=$!"'(/)&1(%)0(+>)&+34(/)=$0&'"35/)C)

+,() !&/5() /+4) '() 2(/3() 0() +'&,) *,$==5() +'&,* -&4) '&) /+"3(6A) 'D&+34() +3"'"/&,3) '(/)

05-'&%(=(,3/) 0+) 0"/-$/"3"#) *,$==5() -.,/"#(,'0.* 1234'56/) -&4) '&) /+"3(67) E$==()

5,$,%5)0&,/)'()%.&-"34()-45%50(,3)*/(%3"$,)F7F7F6)C)

E(/)0(+>)=$0&'"35/)-(4=(33(,3)0<51"3(4)'(/)-4$!':=(/)0D$%%+'3&3"$,)0()'<5%4&,)

%455/)-&4)'&)=$0&'"35)%&'()7))

E(/)0(+>)=$0&'"35/)$,3)05GH)535)%$=-&45(/)H)'&)=$0&'"35)3&%3"'()*-&4)I"3%.(33)J)

E$%K!+4,)LFMN)-$+4)+'&,A)(3)-&4)O-",0'(4)J)&'7)LPQQN)-$+4)-.,/"#(,'0.*1234'56/67)

RS=()/")'()%$,3(>3()0D&--'"%&3"$,),D53&"3)-&/)'()=S=(A)(''(/)$,3)$!3(,+)0()!$,,(/)

-(4#$4=&,%(/);+"),$+/)$,3)",%"35/)H)'(/)/5'(%3"$,,(4)-$+4)%(33()53+0(7))

)

T()-'+/)%(/)0(+>)=$0&'"35/),D+3"'"/(,3)-&/)'()=S=()=$0()0(),&1"2&3"$,)*/(%3"$,)F7F)

0+)%.&-"34()F67)U,)(##(3A)&'$4/);+()+'&,)+3"'"/()+,)=$0()0(),&1"2&3"$,)4('&3"#)!&/5)/+4)

'&)1"3(//()*I"2+4()F7V7&6A),$34() "=-'5=(,3&3"$,)0() -.,/"#(,'0.*1234'56/)-(4=(3)+,)

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

-$/"3"$,)0&,/)'<(/-&%()0<",#$4=&3"$,)*I"2+4()F7V7!67)W",/")&1(%)+'&,A) '(/)+3"'"/&3(+4/)

054$+'(,3) '() 4+!&,) 0() '<(/-&%() 0<",#$4=&3"$,) -$+4) '() -&4%$+4"4A) &'$4/) ;+<&1(%)

-.,/"#(,'0.* 1234'56/A) "'/) /-5%"#"(,3) +,() -$/"3"$,) 0&,/) '<(/-&%() 0<",#$4=&3"$,) (,)

-$/"3"$,,&,3)'()0"/-$/"3"#)0&,/)'<(/-&%(7))

)

8$+/)053&"''$,/)'D"=-'5=(,3&3"$,)0()%(/)0(+>)=$0&'"35/)%"X0(//$+/7)

)

4.2.2.1 Tilt 

! !

"#$! "%$!

&'()*+!,-.!/!"#$!012#3'45!!"#$-!"%$!67+8!2+!*14#4'19!2)!2'8:18'4';-!

E(33()=$0&'"35)-(4=(3)0D(##(%3+(4)'(/)0(+>)-.&/(/)0(),&1"2&3"$,)*4&-"0()(3)-45%"/(6)

&1(%)0(/)2(/3(/)0()+'&,)+,";+(=(,37)Y&)=$0&'"35)4(-$/()/+4)+,)=$0()0(),&1"2&3"$,)

4('&3"#) (3) +3"'"/() 0$,%) +,() ,&1"2&3"$,) -&4) 1"3(//() */(%3"$,) F7F7F7Q) 0+) %.&-"34() F67)

8$+/) &1$,/) %.$"/") %(33() =$0&'"35) %&4) (''() &) 535) %$=-&45() H) '&) =$0&'"35) %&'())

.&!"3+(''(=(,3)+3"'"/5( -$+4),&1"2+(4)/+4)+,)0"/-$/"3"#)=$!"'()LFMNA)(3)&)$!3(,+)0()

!$,/) 45/+'3&3/7) 85&,=$",/) 0&,/) '<(>-54"(,%() 05%4"3() 0&,/) LFMNA) '(/) 0"/3&,%(/)

51&'+5(/) 53&"(,3)=$",/) '$,2+(/A) 0$,%) '() !(/$",) 0() 4&-"0"35)=$",/) "=-$43&,37) Y()



Chapter 4: Navigation multimodale dans une vue bifocale 

Sébastien Pelurson - septembre 2016    71 

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

(%-'34-*,$.$-'(+6643%#$-7'

'

8"*3'(49%,"00%3',.':"(.,+$4'!"#$;'#"*-'.9"#-'*$+,+-4',).!!4,43":<$3%'%$',%'1=3"-!"0%'

+#$4134-' .*' (+-0"-+$+67' >#' %66%$;' ,%' ?@A' +B?' *$+,+-%' (%-' .,1"3+$C:%-' (%' 6*-+"#'

0%3:%$$.#$'().66+#%3',%-'9.,%*3-'3%,.$+9%-'.*&':"*9%:%#$-'(*'(+-0"-$+6'%#'*$+,+-.#$'

,%-' (+6643%#$-' !.0$%*3-7' D"*-' .9"#-' 0"*3' !%,.' *$+,+-4' ,%-' .#1,%-' (%' 0"-+$+"#' (*'

(+-0"-+$+6'.9%!',.'6"3:*,%'-*+9.#$%'E''

$"#$%&'#() *) +,"&-./-01+$23/01+$24) 5) 01+$26/01+$2788) "F' 01+$' %-$' ,%' G*.$%3#+"#'

3%034-%#$.#$' ,.' 0"-+$+"#' (*' (+-0"-+$+6' :"H+,%' -%,"#' -%-' $3"+-' .&%-' (%' 3"$.$+"#'

/I+1*3%'J7K7H27'

$+,$L#1,%' 3%034-%#$%' .+#-+' ,).#1,%' -%,"#' ,).&%' 8+$!C' /I+1*3%' J7K7H27' D"*-' .9"#-'

.00,+G*4'*#%'!"#9%3-+"#',+#4.+3%'5',).#1,%'()+#!,+#.+-"#'0"*3'"H$%#+3'*#%'0,.1%'(%'

9+$%--%' !":03+-%' %#$3%' M' %$' N' MMM' 0+&%,-' 0.3' -%!"#(%' %#' !"#-+(43.#$' *#' .#1,%'

()+#!,+#.+-"#' :.&+:*:' (%' OMP7' L+#-+;' +#!,+#%3' ,%' (+-0"-+$+6' 9%3-' ,.' 1.*!C%'

/3%-0%!$+9%:%#$' 9%3-' ,.' (3"+$%2' (40,.Q.+$' ,)%-0.!%' ()+#6"3:.$+"#' 9%3-' ,.' 1.*!C%'

/3%-0%!$+9%:%#$'9%3-' ,.'(3"+$%2'5' ,)+:.1%'()*#'3*H.#'G*+'-%'(43"*,%'(*'!R$4'"F' ,%'

(+-0"-$+6'%-$'+#!,+#47'

'

8"*3'.*1:%#$%3',.'034!+-+"#',"3-'(%',.'#.9+1.$+"#;'#"*-'.9"#-'34(*+$',.'9+$%--%'(%'

(46+,%:%#$' 0.3' N' ,"3-G*%' ,).#1,%' ()+#!,+#.+-"#' %-$' !":03+-' %#$3%' SKKP' %$' KKP' 0.3'

3.00"3$'5',.'0"-+$+"#'(%'34643%#!%'/I+1*3%'J7K7.27'T.'0"-+$+"#'(%'34643%#!%'%-$'!%,,%'

(*'(+-0"-+$+6'.*',.#!%:%#$'(%',U.00,+!.$+"#7'V%$$%'-",*$+"#'0%3:%$'.+#-+'(%-'9+$%--%-'

!":03+-%-'%#$3%'M'%$'WMM'0+&%,-'0.3' -%!"#(%' X*-G*)5'KKP7'V%' -%*+,' .' 4$4'(46+#+'(%'

6.Q"#' %&043+:%#$.,%7' D"*-' .9"#-' (%:.#(4' 5' J' *$+,+-.$%*3-' ()*$+,+-%3' ,.':"(.,+$4'

!"#$'(%',.':Y:%':.#+<3%'G*%'0%#(.#$',)4$*(%;'%$'(%'#"*-'(+3%'5'C.*$%'9"+&'5'0.3$+3'

(%' G*%,' -%*+,' +,-' .+:%3.+%#$' 9"+3' ,.' 9+$%--%' (+:+#*%3' 0"*3' 1.1#%3' %#' 034!+-+"#7'

T).#1,%'()+#!,+#.+-"#'(*'(+-0"-+$+6'.66+!C4'%#'(+3%!$'-*3'*#'4!3.#'#"*-'0%3:%$$.+$'(%'

!"##.Z$3%' ,.' 9.,%*3' (4-+34%' 0.3' ,)*$+,+-.$%*37' T.' 9.,%*3' (%' ,U.#1,%' [\SKKP' %-$' ,.'

:"=%##%' (%-' 9.,%*3-' "H-%394%-7' V%!+' 0%3:%$' (U.9"+3' (%*&' #+9%.*&' (%' 9+$%--%;' %$'

.:4,+"3%' .+#-+' ,.' 034!+-+"#' ,"3-G*%' ,U+#!,+#.+-"#' (*' (+-0"-+$+6' #U%-$' 0.-' $3<-'

+:0"3$.#$%7''

'

8,*$R$' G*%' (%' 03"0"-%3' *#%' .!$+9.$+"#' -*3' (%:.#(%' (%' ,.' :"(.,+$4' !"#$;' G*+'

+:0,+G*%'*#%'.!$+"#'-*00,4:%#$.+3%'(%',)*$+,+-.$%*3;'#"*-'.9"#-'(46+#+'!"::%'(.#-'

]N^_' *#%' `"#%' (.#-' ,.G*%,,%' ,%-' :"*9%:%#$-' #)%#$3.Z#%#$' 0.-' (%' (46+,%:%#$'

/I+1*3%'J7K7.27' V%$$%' `"#%'%-$' !":03+-%' %#$3%' SO7aP' %$'['O7aP' /I+1*3%'J7K7.27' V%!+' .'

41.,%:%#$',U.9.#$.1%'(U.*1:%#$%3',.'-$.H+,+$4'%#'6+,$3.#$'$"*$%-',%-'+#!,+#.+-"#-'#"#'

9","#$.+3%-'(*'(+-0"-+$+67''



Chapter 4: Navigation multimodale dans une vue bifocale 

Sébastien Pelurson - septembre 2016    72 

4.2.2.2 Interaction physique 

!

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

!" #$%&'()*(" +(" !"#$," -(..(" /0+1#%.2" -0&*%+3)(" #(" +%*40*%.%5" -0//(" 6&(" 5(&7.)("

+$155%-819(" :6(" #$0&" +24#1-(" *6)" 6&" )6;1&" +(" +0&&2(*<" =$6.%#%*1.(6)" 1" +0&-" #1"

40**%;%#%.2"+("+24#1-()"48>*%:6(/(&."#("+%*40*%.%5"+1&*"#$(*41-("#("40*%.%0&&()"+1&*"

#$(*41-(" +$%&50)/1.%0&" ?@%96)(" A<BC<" D(..(" /0+1#%.2" 4()/(." 1#0)*" 6&" /0+(" +("

&1'%91.%0&" 1;*0#6" E" +(*" +0&&2(*" (&" 40*%.%0&&1&." #(" +%*40*%.%5" #6%F/7/(" *6)" 6&"

)6;1&"'%).6(#"4#1-2"+('1&." #G6.%#%*1.(6)<"H06)"2'%.()"+(*"+24#1-(/(&.*"&0&"'06#6*"

#0)*" +(" #G%&.()1-.%0&" 06" (&" *%.61.%0&" +("/0;%#%.2," #1"/0+1#%.2" %&$'()*$"+&,-./0"12',

&G(*." 1-.%'2(" :6(" #0)*:6(" #G6.%#%*1.(6)" /1%&.%(&." 6&" +0%9." 1446>2" ?:61*%F/0+("

-0//("+1&*"IJKKLC"+1&*" #1"M0&("+6"-0&.(N.("+(" #1"'6(";%50-1#(<"!%&*%" #G1-.%'1.%0&"

*6)"+(/1&+("+("#1"/0+1#%.2"%&$'()*$"+&,-./0"12',4()/(."E"#G6.%#%*1.(6)"+$1'0%)"6&("

40*%.%0&" *.1;#(" +1&*" #G(*41-(" +G%&50)/1.%0&" #0)*:6(" #1"/0+1#%.2" &G(*." 41*" 1-.%'2(<"

O6"51%.":6G%#">"1"6&("-0))(*40&+1&-("(&.)("#1"40*%.%0&"48>*%:6("+6"+%*40*%.%5"/0;%#("

(." #1" 40*%.%0&" '%).6(##(" +1&*" #G(*41-(" +G%&50)/1.%0&," &06*" &G1'0&*" 41*" 6.%#%*2" 6&("

M0&("+1&*"#1:6(##("16-6&"+25%#(/(&."&G(*."+2-#(&-82,"-0//("51%."406)"#1"/0+1#%.2"

!"#$,+2-)%.("-%F+(**6*<"D(#1"16)1%."-)22"6&"+2-1#19("+1&*"#1"-0))(*40&+1&-("(&.)("#1"

40*%.%0&" 48>*%:6(" +6" +%*40*%.%5" (." #1" 40*%.%0&" '%).6(##(" +1&*" #(*" +0&&2(*" #0)*" +("

-81:6("1))7."P"#1"/0+1#%.2"16)1%."1#0)*"2.2"/0%&*"4)2-%*("(."%&.6%.%'(<"

"

H06)" #1"/%*(" (&"Q6')(" +(" #1"/0+1#%.2" %&$'()*$"+&,-./0"12',&06*" 1'0&*" 6.%#%*2" #("

9>)0*-04(" %&.29)2" 16N" +%*40*%.%5*" /0;%#(*," ;%(&" :6(" +(*" *>*.3/(*" +("

40*%.%0&&(/(&." 4#6*" 4)2-%*" (N%*.(&." ?41)" (N(/4#(," R4.%S)1-TUC<" V&" (55(." &06*"

'06#%0&*" 6.%#%*()" #1" .(-8&0#09%(" 1-.6(##(/(&." +%*40&%;#(" +1&*" #(*" +%*40*%.%5*"

/0;%#(*<" =(*" 1--2#2)0/3.)(*" 4()/(..(&." +(" +2.(-.()" +(*" .)1&*#1.%0&*" 9)W-(" E"

#$1--2#2)1.%0&"+6"+%*40*%.%5" (&"(55(-.61&."6&("+06;#(" %&.29)1.%0&"+(" -(##(F-%" *6)" #("

.(/4*<" R)," -(..(" /2.80+(" (*." 4(6" 5%1;#(" -1)" .)3*" %/4)2-%*(<" V&" (55(.," #1" +06;#("

%&.29)1.%0&" 1--(&.6(" #1" /0%&+)(" ())(6)" +(" /(*6)(" )(.06)&2(" 41)" #(*" -14.(6)*,"

-0//(" )(40).2"41)"X6&"Y" 1#<" IJBZL<" DG(*." (&-0)("4#6*" ')1%" +1&*"&0.)(" -1*" 0[" #(*"

/06'(/(&.*"*0&."+("51%;#("1/4#%.6+("?/0%&*"+G6&"/3.)(C<"

H186+"(."1#<"I\]L"0&."4)2*(&.2".)0%*"50&-.%0&*"406)"1**0-%()"6&("40*%.%0&"48>*%:6("E"

6&(" 40*%.%0&" +1&*" #G(*41-(" +G%&50)/1.%0&" P" 6&(" 1**0-%1.%0&" 4#1&(" 5%N(," 6&("

1**0-%1.%0&"*482)%:6("5%N("(."6&("1**0-%1.%0&"+>&1/%:6("?@%96)("A<AC<"^06*"1'0&*"

-80%*%"6&("1**0-%1.%0&"*482)%:6("?@%96)("A<BC<"V##("(*."+2-)%.("41)"H186+"(."1#<"I\]L"

-0//("+%55%-%#("E"6.%#%*()"#0)*:6("#1"/1&%46#1.%0&"*41.%1#("4()/(."16N"6.%#%*1.(6)*"

""""""""""""""""""""""""""""""""""""""""""""""""""""""""

"

"
U"8..4*P__```<04.%.)1-T<-0/"
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!"# $%%&"'# "(# !)*+,-,(.# +"# !/0*%0/./1#&%2/+"# *+30# %3#&%/(0# *'%45"# !3# 4%'*0# 6# 4"#

(7"0.# *,0# (%.'"# 4,0# 4,'# (%30# (8,9%(0# *,0# !"# 1%(4./%(# !"# $%%&:# ;"# *+30<# 3("#

,00%4/,./%(# 0*5)'/=3"# (%30# *"'&".# !"# &"..'"# "(# >39'"# +,# &%!,+/.)# 0,(0# 3(#

0?0.@&"#"A."'("#!"#*%0/./%(("&"(.#*')4/0#B*,'#"A"&*+"<#C*./.',4DE#6#"(#"11".<#(%30#

,9%(0#3./+/0)# +"#F?'%04%*"#!3#!/0*%0/./1#*%3'#!)."4."'#0,#'%.,./%(:#G%3'#4"+,<#(%30#

,9%(0#"A*+/4/."&"(.#!"&,(!)#,3A#3./+/0,."3'0#!"#!)4'/'"#3(#,'4#!"#4"'4+"#!"9,(.#

"3A#*%3'#*,'4%3'/'# +8"(0"&2+"#!"# +8"0*,4"#!8/(1%'&,./%(# BH/F3'"#I:JE:#C'<# 4%&&"#

',**%'.)# *,'# G,53!# K# ,+:# LMNO<# +"0# 3./+/0,."3'0# %(.# (,.3'"++"&"(.# ."(!,(4"# P#

!)*+,4"'# +"0#2',0#!"#F,345"#P#!'%/."#!"#&,(/@'"#4/'43+,/'"<# 4"#=3/#(8/&*%0"#!%(4#

*,0#3(#&%39"&"(.#/(4%(1%'.,2+"#%3#(%(#0*%(.,()#,3A#3./+/0,."3'0:#

#

!

"#$ 

!

"%$ 
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!

"#$ 

%&'()*!+,+ - ./012&34!51)!04521#*6*738!0(!0&85/8&3&9 :!9/7#3&/78!0;188/#&13&/7!
:! "1$! <88/#&13&/7! 2&741&)*! "=$! <88/#&13&/7! 85>4)&?(*! "#$! <88/#&13&/7!

0@716&?(*,!A88(*8!0*!BCDE,!

!

!

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

,/0#0%/(! #*0/*,! -'! .3#5'! 6%027! 89%4*,'! :;<;=>! '0! ?',$'0! -'! ?#,2/*,%,! '(0%@,'$'(0!

.3'&?#2'!-3%(A/,$#0%/(!#+'2!*(!#(4.'!-'!BCDEF!GDE!+',&!.#!4#*27'F!GDE!+',&!.#!-,/%0'!

89%4*,'! :;H>;! I/$$'! ?/*,! .#! $/-#.%01! 1(2#F! .#! ?/&%0%/(! %(%0%#.'! #! 101! A%51'! #*!

.#(2'$'(0! -'! .J#??.%2#0%/(;! I'00'! ?/&%0%/(! '&0! #&&/2%1'! #*! $%.%'*! -'! .3'&?#2'!

-3%(A/,$#0%/(;!!

4.2.2.3 Procédure et résultats 

K/*&! #+/(&! -'$#(-1! L! B<! *0%.%&#0'*,&! -J'AA'20*',! .#! 0M27'! -'! (#+%4#0%/(! -12,%0'!

?,121-'$$'(0! '(! *0%.%&#(0! 0,/%&! $/-#.%01&! -%AA1,'(0'&! N! .'&! $/-#.%01&! 1(2#! '0!

!"#$%&'#()"*+,-.(/0$!-12,%0'&!2%O-'&&*&F!#%(&%!P*'! .#!$/-#.%01!32('4;!I'00'!-',(%@,'!

$/-#.%01! #4%0! &*,! .J'&?#2'! A/2*&F! 2'.#! &%4(%A%'! P*J*(! -1?.#2'$'(0! -*! -/%40! -'! *(!

?%5'.!L! .J12,#(!'(0,#Q('!*(!-1?.#2'$'(0!-'!*(!?%5'.!-#(&!.J'&?#2'!-J%(A/,$#0%/(!L!

.J127'..'!-*!A/2*&;!"#!$%&'!'(!)*+,'!-'!2'00'!$/-#.%01!10#%0!2'..'!'5%&0#(0'!-*!RST!

%UR;!"'&!4'&0'&!-'!5%&6V32('4!-'+#%'(0!#+/%,! .%'*!-#(&! .#!W/('!-'! A/2*&;!"3/=X'20%A!

10#%0!%2%!-'!,'(A/,2',!.#!$10#?7/,'!-3%(0',#20%/(!-*!,*=#(;!I'.#!&J#??#,'(0'!-/(2!L!

A#%,'!-1A%.',! .'!,*=#(!-'! .3'&?#2'!-3%(A/,$#0%/(!#+'2! .'!-/%40!P*%!'&0! .#!$10#?7/,'!

-3%(0',#20%/(!.#!?.*&!2/*,#$$'(0!*0%.%&1'!&*,!-%&?/&%0%A&!$/=%.'&;!

!

"'&! ?#,0%2%?#(0&! -'+#%'(0! 0/*&! ,1#.%&',! 0,/%&! =./2&! -'! 0M27'&F! &/%0! *(! =./2! ?#,!

$/-#.%01;!Y(!=./2!2/$?,'(#%0!<:!2%=.'&!#+'2!.'&!P*#0,'!%(-%2'&!-'!-%AA%2*.01!-12,%0&!

L! .#! &'20%/(! :;<;BF! &/%0! Z! 2%=.'&! ?#,! %(-%2'! -'! -%AA%2*.01;! "#! 2/(&%4('! -/((1'! 10#%0!

-J[0,'!#*&&%!,#?%-'!P*'!?/&&%=.';!

!

I/$$'!#00'(-*F! 2'00'!10*-'!#!$/(0,1! .'&! .%$%0#0%/(&!'(! 0',$'!-'!?,12%&%/(!?/*,!

.'&!-'*5!$/-#.%01&!1(2#*'0!!"#$%&'#()"*+,-.(/0$;!!

• \(!'AA'0F!.'&!?#,0%2%?#(0&!/(0!'*!='#*2/*?!-'!$#.!L!'AA'20*',!.#!?7#&'!?,12%&'!

-'!.#!0M27'F!$[$'!#+'2!.#!$/-#.%01!1(2#!P*%!2/$?/,0'!-'*5!(%+'#*5!-'!

+%0'&&';!!

• ]*#(0!L!.#!$/-#.%01!!"#$%&'#()"*+,-.(/0$F!.'&!0,'$=.'$'(0&!-'&!$#%(&!

?,/+/P*#%'(0!-'!(/$=,'*5!$/*+'$'(0&!(/(!-1&%,1&!?#,!.'&!*0%.%&#0'*,&F!

,'(-#(0!0,@&!2/$?.%P*1'!.#!?7#&'!-'!(#+%4#0%/(!?,12%&';!"3*0%.%&#0%/(!-3*(!

A%.0,'!2/$$'!2'.*%!2/(^*!?#,!I#&%'W!_!#.;!`<:a!#*,#%0!#$1.%/,1!2'!?,/=.@$'F!

$#%&!*('!-%AA%2*.01!#*,#%0!?',&%&01!-*'!L!.#!2/,,'&?/(-#(2'!-1?.#2'$'(0!
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!"#$%&'()*)+,!-./(0(12)3%42'(-5)61)(77(28)'1)+,!-./(0(12)+')+%$!9$%2%7)+()

'1)!%:(-)+.1$)-;($!./()+,!-.<.12)!-'$)+()'1)!%:(-)+.1$)-;($!./()

+;%17940.2%918)-.)!4,/%$%91)4($2.%2)+91/)-%0%2,(5)

)

61)2(40()+()!(47940.1/(8)-()2(0!$)09#(1)+=(:,/'2%91)+()-.)2>/"(),2.%2)+(':)?)249%$)

!-'$),-(3,$).3(/)-($)09+.-%2,$)!"#$)(2)%&$'()*$"+&,-./0"12'8)&'=.3(/)-.)09+.-%2,)3#"*45))

)

@($) '2%-%$.2('4$) 912) /(!(1+.12) /900(12,) -() 7.%2) &'() -($) +(':) 09+.-%2,$) !"#$) (2)

%&$'()*$"+&,-./0"12')$(0A-.%(12)(77%/./($)+'4.12)-.)!".$()+()1.3%B.2%91)4.!%+(5))

)

C91/(41.12)-.)09+.-%2,)3#"*48)-()/91$2.2)7D2)-=%13(4$()E))

• F9'4)-.)1.3%B.2%91)$=(77(/2'.12)+.1$)-=($!./()79/'$8)-($)!.42%/%!.12$)912)

249'3,)-.)!".$()+()1.3%B.2%91)4.!%+()-.A94%('$()/.4)1,/($$%2.12)A(.'/9'!)

+()B($2($)G/-'2/"%1BH5)

• I')/9124.%4()-.)09+.-%2,)2./2%-()-('4).)!(40%$)+=J24().$$(K)!4,/%$)!9'4)

(77(/2'(4)-.)$(/91+()!".$()(77%/./(0(125)

)

@($) 4,$'-2.2$) +() /(22() ,2'+() !%-92() 912) /917%40,) -() A%(1L791+,) +() 1924() 09+M-()

/91/(!2'(-) +() 1.3%B.2%91) (1) 2(40($) +() !".$($) .':) A($9%1$) +%$2%1/2$8)

4($!(/2%3(0(12) +() -.) 4.!%+%2,) (2) +() -.) !4,/%$%915) F9'4) -($) 249%$) 09+.-%2,$) !'4($)

2($2,($8)/($)A($9%1$)912),2,)$9'-%B1,$)!.4)-($)!.42%/%!.12$5))

))

N.1$) -;(:!,4%(1/() $'%3.12() 19'$) .391$) +91/) /91$%+,4,) -.) /90A%1.%$91) +() +(':)

09+.-%2,$) E) '1() !9'4) -.) !".$() +() 1.3%B.2%91) 4.!%+(8) '1() !9'4) -.) !".$() +()

1.3%B.2%91) !4,/%$(5) F9'4) /(-.) 19'$) .391$) 4(!4%$) -($) +(':) 09+.-%2,$) !"#$) (2)

%&$'()*$"+&,-./0"12',+,3(-9!!,($)!9'4)/(22(),2'+()!%-92()!9'4)-($)/90A%1(4).3(/)-.)

09+.-%2,)3#"*45)

4.2.3 Expérience 1 

C900()/917%40,)!.4)-=,2'+()!%-92(8)-.)1.3%B.2%91)+.1$)'1()3'()A%79/.-()1,/($$%2()?)

-.)79%$)+()-.)4.!%+%2,)!9'4).22(%1+4()-($)/%A-($)-($)!-'$),-9%B1,($8)(2)+()-.)!4,/%$%91)

!9'4)!9$%2%911(4)-($)/%A-($)?)-=%12,4%('4)+()-.)K91()+()79/'$5)@;(1O(')+()/91/(!2%91)

$(-91)1924()09+M-()/91/(!2'(-)($2)+91/)E)

• +;.$$%B1(4) ?) /"./'1()+($)+(':)!".$($)'1()09+.-%2,) .+,&'.2() .':)A($9%1$)

G4.!%+%2,)(2)!4,/%$%91H8)0.%$).'$$%))

• +() !(40(224() '1) (1/".P1(0(12) 4.!%+() (124() -;'$.B() $,&'(12%(-) +($) +(':)

09+.-%2,$8) 39%4() !(40(224() '1) '$.B() (124(-./,) QRSTU) +($) +(':)09+.-%2,$5)

@;9AO(/2%7)($2)%/%)+()1()!.$)!(4+4()-()A,1,7%/()+($)+(':)09+.-%2,$)(1)/9D2)+()

/".1B(0(125))

)

V9'$).391$)+91/)/91$%+,4,)+(':)09+.-%2,$)/90A%1,($)&'()$912)-($)09+.-%2,$)!"#$)

(2) %&$'()*$"+&, -./0"12') /9'!-,($) ?) -.) 09+.-%2,) 2./2%-() 3#"*4,5, G!"#$63#"*4H) (2)

G%&$'()*$"+&,-./0"12'63#"*4H5)I%1$%)!9'4)-($)+(':)09+.-%2,$)/90A%1,($8)19'$).391$)

.$$9/%,) '1() 09+.-%2,) 4.!%+() .3(/) '1() 09+.-%2,) !4,/%$(8) $(-91) 1924() 09+M-() +()

1.3%B.2%91) 0'-2%09+.-(5) W1) .'24() !9%12) +() 3'() /(124,) $'4) -.) 09+.-%2,) 2./2%-()

!(40(2)+()/91/-'4()&'()/($)+(':)09+.-%2,$) /90A%1,($) $912)+($)(:2(1$%91$)+() -.)

09+.-%2,)2./2%-()!9'4).'294%$(4)'1()1.3%B.2%91)4.!%+(5)

)

C"./'1()+($)249%$)09+.-%2,$)X-%/Y8)GZ%-2[X-%/YH)(2)G\12(4./2%91)!"#$%&'([X-%/YH)
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!"#$%&'(%)*+&,!-+%./-'&0%1+)!%&#"2#.#+%3'*'2%45,)!-+6+2$%4*'2%,#7+)%8,+'%#6,/($+%)!%

6/4!)#$5%'$#)#&5+9:%+2$(!;2+%'2%45,)!-+6+2$%4*'2%,#7+)%<%)*5-=+))+%4'%./-'&0%%

%

1/66+% )/(&% 4+% )>5$'4+% ,#)/$+:% )!%6#&+% +2%?'@(+% 4+% )!%6/4!)#$5%!"#$%:% 3'*+))+% &/#$%

'$#)#&5+% &+')+% /'% +2% -/6A#2!#&/2% !@+-% '2+% !'$(+%6/4!)#$5:% +&$% -+))+% +7#&$!2$+% 4'%

BCD% #EB0% F*'$#)#&!$+'(% 4/#$% 45A'$+(% &/2% "+&$+% 4+%&'()G!"#$%*4!2&% )+% ./-'&0% H/'&%

!@/2&% .!#$% -+% -=/#7% ,/'(% (+2./(-+(% )!%65$!,=/(+% 4>#2$+(!-$#/2%4'% ('A!2% I% )/(&% 4+%

)>#2$+(!-$#/2%4!2&%)!%J/2+%4+%./-'&:%)+&%'$#)#&!$+'(&%45,)!-+2$%)>+2&+6A)+%4+%)*+&,!-+%

4*#2./(6!$#/2% 8")#&&+6+2$% 4'% ('A!29% ,)'$K$% 3'+% )!% J/2+% 4+% ./-'&% +))+L6M6+0% N!(%

-/2&53'+2$:%)+&%4/225+&%(+&$+2$%&/'&%)+%4/#"$%4>'$#)#&!$+'(0%

%

N/'(% )!%6/4!)#$5%-/6A#25+%8+#",-!"#$%9:% )+&%4+'7%6/4!)#$5&%(+,/&+2$%&'(%'2%6/4+%

4+% 2!@#"!$#/2% &#6#)!#(+% ,!(% !--O&% (+)!$#.0% F+&% 4+'7% 6/4!)#$5&% +#",* +$% !"#$%* &/2$%

!-$#@+&% <% $/'$% #2&$!2$% +$% ,+'@+2$% M$(+% '$#)#&5+&% +2% ,!(!))O)+% !'$/(#&!2$% !#2&#% '2%

'&!"+% +2$(+)!-5% 4+&% 4+'7%6/4!)#$5&0% F>#6,)56+2$!$#/2% 4+% )!% 6/4!)#$5% +#",% +&$% )!%

6M6+%3'+%-+))+%4+%)>5$'4+%,#)/$+0%

%

P'% -/2$(!#(+:% ,/'(% )!% 6/4!)#$5% -/6A#25+% 8./,0'($,#1/* 2345#670-!"#$%9:% )+&% 4+'7%

6/4!)#$5&% 3'#% &/2$% -/6A#25+&% /..(+2$% 4+&%6/4+&% 4+% 2!@#"!$#/2% 4#..5(+2$&%I% !--O&%

!A&/)'% ,/'(% ./,0'($,#1/* 2345#670* +$% !--O&% (+)!$#.% ,/'(% !"#$%8* 1+&% 4#..5(+2-+&% 4+%

6/4+% 4+% 2!@#"!$#/2% ,+'@+2$% (+24(+% )!% ,=!&+% 4+% $(!2&#$#/2% ,)'&% 4#..#-#)+% ,/'(%

)*'$#)#&!$+'(0%Q)%-/2@#+2$%25!26/#2&%4+%2/$+(%3'+%-/2$(!#(+6+2$%<%)!%6/4!)#$5%8+#",*

-!"#$%9:% )*'$#)#&!$+'(%2+%,+'$%,!&%'$#)#&+(%)+&%4+'7%6/4!)#$5&%./,0'($,#1/*2345#670*+$%

!"#$%*+2%,!(!))O)+0%R2%+..+$%./,0'($,#1/*2345#670%25-+&&#$+%4*M$(+%!-$#@5+%+2%$/'-=!2$%

)*5-(!20%F>#6,)56+2$!$#/2%4+%)!%6/4!)#$5%./,0'($,#1/*2345#670%+&$%)!%6M6+%3'+%-+))+%

4+%)>5$'4+%,#)/$+0%

%

H/'&%!@/2&%6+25%'2+%5@!)'!$#/2%-/2$(K)5+%,/'(% -/6,!(+(% )+&%,+(./(6!2-+&%4+&%

$(/#&% 6/4!)#$5&% I% !"#$%:% 8+#",-!"#$%9% +$% 8./,0'($,#1/* 2345#670-!"#$%9% ,/'(% 2!@#"'+(%

4!2&%'2+%@'+%A#./-!)+0%H/'&%!@/2&%./(6')5%4+'7%=S,/$=O&+&%I%%

• TU% I% F+&% 4+'7% 6/4!)#$5&% -/6A#25+&% 8+#",-!"#$%9% +$% 8./,0'($,#1/*

2345#670-!"#$%9% &/2$%,)'&%,+(./(6!2$+&%3'+% )!%6/4!)#$5%!"#$%0% R2%+..+$:% -+&%

6/4!)#$5&%A525.#-#+2$%4+%)!%,(5-#&#/2%4+%)!%6/4!)#$5%!"#$%%,/'(%)!%,=!&+%4+%

2!@#"!$#/2% ,(5-#&+:% +$% 4>'2+% ,)'&% "(!24+% (!,#4#$5% ,/'(% )!% ,=!&+% 4+%

2!@#"!$#/2%(!,#4+0%

• TV%I%F+&%$(/#&%6/4!)#$5&%&/2$%53'#@!)+2$+&%,/'(%)+&%-#A)+&%,+'%5)/#"25+&0%R2%

+..+$:% 2/'&% 2/'&% !$$+24/2&% <% -+% 3'+% ,/'(% -+&% -#A)+&% ,(/-=+&% 4'% ./-'&:% )+&%

'$#)#&!$+'(&%2>'$#)#&+2$%3'+%)!%6/4!)#$5%!"#$%%,'#&3'+%)+%A+&/#2%4+%,(5-#&#/2%

+&$%,)'&%#6,/($!2$%3'+%)+%A+&/#2%(!,#4#$50%

4.2.3.1 Participants, tâche et procédure 

H/'&% !@/2&% 6+25% )>+7,5(#6+2$!$#/2% !@+-% UV% A525@/)+&% 8+2% 4+=/(&% 4+% 2/$(+%

)!A/(!$/#(+9:% $/'&% #2"52#+'(&% ,(/.+&&#/22+)&% +2% #2./(6!$#3'+:% W"5&% 4+% XY% !2&% +2%

6/S+22+0%Z/'&%5$!#+2$%4+&%'$#)#&!$+'(&%(5"')#+(&%4+%4#&,/&#$#.&%6/A#)+&%$!-$#)+&0%F+&%

,!($#-#,!2$&%5$!#+2$%)+&%6M6+&%3'+%-+'7%4+%)>5$'4+%,#)/$+%+$%2/'&%(!,,+)/2&%3'*#)&%

!@!#+2$% &/')#"25% )+&% )#6#$+&% 4+% ,(5-#&#/2% 4+&% 4+'7% 6/4!)#$5&% ,'(+&% +#",* +$%

./,0'($,#1/*2345#6700%R2%&/))#-#$!2$%<%2/'@+!'% )+&%6M6+&%,!($#-#,!2$&:%2/'&%!@/2&%

!#2&#% 6#2#6#&5% )!% 4#..5(+2-+% 4*+7,+($#&+% +2$(+% )!% 6/4!)#$5% !"#$%* -/'(!66+2$%

'$#)#&5+% +$% )+&% 4+'7% 6/4!)#$5&% +#",* +$% ./,0'($,#1/* 2345#670* 2/'@+))+&% ,/'(% )+&%

,!($#-#,!2$&0%%
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!

"#!$%&'(!)!*+#,-.(*!/.(&$-01!234356!+$#-$!,#!787(!9:(!&(,,(!;(!,<+$:;(!=-,0$(3!"<0*;*(!

;<:$-,-.#$-01!;(.!70;#,-$+.!#!+$+!&01$*(>#,#1&+!=#*!:1!&#**+!,#$-13!

!

?1! ;+>:$! ;(! .(..-01@! #=*A.! :1(! >*AB(! ;+701.$*#$-01! ;(.! $*0-.! 70;#,-$+.@! ,(.!

=#*$-&-=#1$.! .(! .01$! (1$*#-1+.! C:.9:D)! &(! 9:D-,.! .(! .(1$(1$! )! ,D#-.(! #B(&! &'#9:(!

70;#,-$+! /EF2! 7-1:$(.! (1! 70G(11(63! ?1.:-$(@! =0:*! &'#9:(! 70;#,-$+@! ,(.!

=#*$-&-=#1$.! 01$! (HH(&$:+! I! $%&'(.! ;<(1$*#J1(7(1$! #B#1$! ;(! &077(1&(*!

,<+B#,:#$-013! K#*&(! 9:(! $0:.! ,(.! =#*$-&-=#1$.! .01$! (L=(*$.! #B(&! ,#! 70;#,-$+! !"#$%@!

$*0-.! H0-.!70-1.!;(! $%&'(.!;<(1$*#J1(7(1$!+$#-(1$!;(7#1;+(.!#B(&!&($$(!70;#,-$+!

/E!$%&'(.!.(:,(7(1$63!

"#!&01.-M1(!;011+(!#:L!54!=#*$-&-=#1$.!+$#-$!;<8$*(!#:..-!*#=-;(!9:(!=0..->,(3!K0:*!

&'#9:(! $%&'(! /&->,(6@! 10:.! #B01.! 7(.:*+! ,(! $(7=.! ;(! *+#,-.#$-013! N=*A.! #B0-*!

(HH(&$:+! ,(.!42! $%&'(.!;(!=0-1$#M(!/42!&->,(.6!=0:*!:1(!70;#,-$+@! ,(.!=#*$-&-=#1$.!

01$!*+=01;:!)!:1!9:(.$-011#-*(!OPO!Q5RS!/N11(L(!46!=0:*!*(&:(-,,-*!,(:*!=0-1$!;(!

B:(! .:>C(&$-H! .:*! ,#!70;#,-$+! :$-,-.+(3! ?1H-1! -,! +$#-$! ;(7#1;+! #:L! =#*$-&-=#1$.! ;(!

&,#..(*! ,(.! $*0-.!70;#,-$+.!=#*!0*;*(!;(!=*+H+*(1&(!($!;<(L=,-9:(*! ,(:*.!&'0-L!)! ,#!

H-1!;(!,#!.(..-013!P1(!.(..-01!#!;:*+!(1!70G(11(!4T!7-1:$(.!=#*!=#*$-&-=#1$3!!

4.2.3.2 Résultats 

4.2.3.2.1 Temps d’exécution 

"#! U-M:*(! 23V! =*+.(1$(! ,(.! $(7=.! 70G(1.! ;<(L+&:$-01! =0:*! &'#9:(! 70;#,-$+! ($!

&'#9:(!-1;-&(!;(!;-HH-&:,$+3!W0:.!#B01.!B+*-H-+!,#!10*7#,-$+!;(.!;011+(.!#B(&!,(!$(.$!

;(! O'#=-*0FX-,Y3! "(! $(.$! #! *+B+,+! :1! =($-$! +&#*$! =#*! *#==0*$! )! ,#! ;-.$*->:$-01!

10*7#,(3! N=*A.! 10*7#,-.#$-01! =#*! :1(! $*#1.H0*7#$-01! ,0M#*-$'7-9:(@! ,(! $(.$! #!

*+B+,+!,#!10*7#,-$+!;(.!;011+(.!/X!Z!T3I[RV@!=!Z!T345[[63!"(!$(.$!;(!"(B(1(!1D#!=#.!

.-M1#,+!:1(!B-0,#$-01!;(!,D'070M+1+-$+!;(.!B#*-#1&(.!(1$*(!,(.!&01;-$-01.!/U55@5E4!

Z!T324R[@!=!Z!T3I25263!!

!

!

"#$%&'!()*!+!,'-./!-01'2/!34'567%8#02!.9&!-039:#86!'8!;<!9='7!#28'&=9::'!3'!

702>#927'!3'!?*@)!

K#*! &01.+9:(1$@! 10:.! #B01.! (HH(&$:+! :1(! #1#,G.(! ;(! B#*-#1&(! /NW\]N6! )! ;(:L!

H#&$(:*.! /^0;#,-$+! ($! _`6! .:*! ,(! $(7=.! ;<(L+&:$-013! "<#1#,G.(! #! 701$*+! :1! (HH($!
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!"#$"%"&'("%) *+!) %'&(+,-!) ./*'0"(1) 2345674) 8) 679:;5) <) =) >9>>>6?) +() @A) 2375674) 8)
BC9745)<)=)>9>>>6?9))
DE"$(+-'&("/$) +$(-+)./*'0"(1) F) @A) +!() 1#'0+G+$() !"#$"%"&'("H+) 23C5674) 8) 75>C5) <) =)

>9>6?9) I$) (+!() </!(JK/&) *+) L,M+N) ') -1H101) ,$+) *"%%1-+$&+) !"#$"%"&'("H+) +$(-+)
2!"#$%&#"'(?)+()&#"'()2<)=)>9>>6?)+()+$(-+)2!"#$%&#"'(?)+()2)*$+,-'$".*/0123"45+%&#"'(?)
2<)=)>9>>6?9))
)
O/,!)'H/$!)1#'0+G+$()+%%+&(,1),$+)'$'0N!+)*+)H'-"'$&+)2POQRP?)S),$)!+,0)%'&(+,-)
./*'0"(1)+$)+%%+&(,'$()*+!)(+!(!)</!(JK/&)*+)L,M+N)</,-)0+!)@A!)T)

• U/,-) @A) 8) V5) 0+!) -1!,0('(!) /$()G/$(-1) W,+) 2)*$+,-'$".*/0123"45+%&#"'(?) +!()
<0,!)-'<"*+)W,+)2!"#$%&#"'(?)2<)=)>9>6?9)U'-)&/$(-+5)"0)$XN)' <'!)*+)*"%%1-+$&+)
!"#$"%"&'("H+)+$(-+)&#"'(/+()2)*$+,-'$".*/0123"45+%&#"'(?)'"$!")W,X+$(-+)&#"'(/+()
2!"#$%&#"'(?9))

• U/,-) @A) 8) :97) +() @A) 8) C975) $/,!) $E'H/$!) /Y!+-H1) ',&,$) +%%+() !"#$"%"&'("%)
2-+!<+&("H+G+$()34577)8)49475)<)8)>964Z)+()34577)8)69C:5)<)8)>94>V?9))

• U/,-)@A)8)45)$/,!)'H/$!)(-/,H1),$)+%%+()!"#$"%"&'("%)<-"$&"<'0)234577)8)6697V5)

<)=)>9>>6?9)D+)(+!()</!(JK/&)*+)L,M+N)')-1H101)W,+)&#"'(/+!()<0,!)-'<"*+)W,+)
2!"#$%&#"'(?)+()W,+)2)*$+,-'$".*/0123"45+%&#"'(?)2-+!<+&("H+G+$()<)=)>9>>6)+()
<)=)>9>6?9)

4.2.3.2.2 Utilisabilité subjective et préférences 

DE,("0"!'Y"0"(1)!,Y[+&("H+)+() 0+!)<-1%1-+$&+!)*+!)<'-("&"<'$(!)*"%%\-+$()*+!)-1!,0('(!)
*+)<+-%/-G'$&+9)])0')3"#,-+)Z9C9'5)0+!)G/*'0"(1!)!/$()/-*/$$1+!)*+)#',&K+)S)*-/"(+)
<'-)/-*-+)*1&-/"!!'$()*+)!&/-+)G/N+$)^I^9)D+!)<'-("&"<'$(!)/$()&0'!!1)0')G/*'0"(1)
&#"'(/&/GG+)0')<0,!),("0"!'Y0+)23"#,-+)Z9C9'?9)

! !

"#$ "%$ 

&'()*+! ,-.! /! "#$! 0+1! 123*+1! 454! 637+81! #9+2! )8! '8:+*9#;;+! <+! 238='#82+!
23**+1>38<#8:!<+!?@A!"%$!B;#11+6+8:!>#*!>*C=C*+82+!<+1!:*3'1!63<#;':C1-!

O1'$G/"$!)0+!)!&/-+!)^I^)23"#,-+)Z9C9'?)!/$()+$)&/$(-'*"&("/$)'H+&)0+!)<-1%1-+$&+!)
23"#,-+)Z9C9Y?9)U/,-)&'0&,0+-) 0+) !&/-+)#0/Y'0)*+)<-1%1-+$&+!)S) 0')3"#,-+)Z9C9Y)</,-)
&K'W,+)G/*'0"(15)$/,!)'H/$!)'<<0"W,1)0')%/-G,0+)!,"H'$(+)T):F6+-)_7F4+)_)7+)/`)6+-5)
4+5) +() 7+) &/--+!</$*+$() ',) $/GY-+) *+) %/"!) /`) 0') G/*'0"(1) S) 1(1) &0'!!1+) ',) -'$#)
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!"##$%&"'()'*+,-".%,)/"'%,/0#1210,3.$,($%,!"$221!1$'*%,1'20#1$.#%,4567,87,9:,).,;1$.,

($, 5<7, 67, 9:, !1=($%%.%>7, ("''$'*, ($%, #0%.;*)*%, !"?&)#)@;$%+, A$%, &)#*1!1&)'*%,

&#02B#$'*, 4!"#$%&#"'(>, );"#%, 3.$, !$**$, ?"();1*0, $%*, "@%$#/0$, ?"1'%, #)&1($, 3.$,

4)*$+,-'$".*/0123"45+%&#"'(>, $*,&#"'(+, C$, &;.%,?);D#0, ;$%, @"''$%, &$#2"#?)'!$%, ($,

4)*$+,-'$".*/ 0123"45+%&#"'(>7, !$**$, ?"();1*0, $%*, !;)%%0$, $', ($#'1$#, $', *$#?$%, ($,

%!"#$%,EFE,$*,($,&#020#$'!$%+,,

4.2.3.2.3 Discussion 

A$%,(1220#$'!$%,($,&$#2"#?)'!$,'G0*)'*,&)%,%1D'121!)*1/$%,&".#,;$%,HC%,<+67,I+6,$*,J7,

'".%,'$,&"./"'%,&)%,/);1($#,;GKL&"*KB%$,M9+,-".%,'G"@%$#/"'%,("'!,&)%,($,D)1',($,

&$#2"#?)'!$, %1D'121!)*12, &".#, ;$%, !1@;$%, ;$%, &;.%, 0;"1D'0$%+, H;, $%*, &"%%1@;$, 3.G$',

!"'%1(0#)'*,($%,(1%*)'!$%,$'!"#$,&;.%,1?&"#*)'*$%,;G0!)#*,$'*#$,;),?"();1*0,&#"'(/$*,

;),?"();1*0,!"?@1'0$,4)*$+,-'$".*/0123"45+%&#"'(>,!"'*1'.$,N,%$,!#$.%$#7,!"??$,;$,

?"'*#$, ;), *$'()'!$, ($, ;), O1D.#$, P+<+, Q".#, /0#121$#, !$**$, )%%$#*1"'7, .'$, ).*#$,

$R&0#1$'!$,%$#)1*,'0!$%%)1#$+,,

,

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

1'*0#$%%)'*, (G"@*$'1#, ($%, #0%.;*)*%, !"?&)#)@;$%, )/$!, ;$%, ($.R, ?"();1*0%,

!"?@1'0$%+, S$;), $%*, ("'!, &#"?$**$.#, T, )/$!, ($%, &$#2"#?)'!$%, %$?@;)@;$%7, !$%,

?"();1*0%, !"?@1'0$%, &$#?$**$'*, ($, #0%".(#$, $', &)#*1$, ;$%, &#"@;B?$%, ;10%, N,

;G1'*$#)!*1"',*)!*1;$,%.#,?"@1;$,T,"!!.;*)*1"',$*,#0(.!*1"',(.,!;.*!K1'D+,,

,

H;, $%*, 0D);$?$'*, &$#*1'$'*, ($, '"*$#, 3.$, ;), ?"();1*0, !"?@1'0$, 4)*$+,-'$".*/

0123"45+%&#"'(>,'G),&)%,0*0,.*1;1%0$,$',?"($,($,')/1D)*1"',)@%";.,!"??$,'".%, ;$,

&$'%1"'%7, ?)1%, $', ?"($, ($, ')/1D)*1"', #$;)*12+, U', $22$*, ;$%, .*1;1%)*$.#%, 2)1%)1$'*,

(021;$#,;G$%&)!$,(G1'2"#?)*1"',N,;G0!#)',$',@".D$)'*,;$,(1%&"%1*12,*".*,$',?)1'*$')'*,

;$.#,("1D*,)&&.L0,()'%, ;),V"'$,(.,!"'*$R*$+,W#,'".%,)/1"'%,!"'X.,!$**$,?"();1*0,

&".#,.',?"($,($,')/1D)*1"',)@%";.,T,;$%,.*1;1%)*$.#%,&"%1*1"''$'*,);"#%,;$,(1%&"%1*12,

(1#$!*$?$'*, N, ;G$'(#"1*, %".K)1*0, ()'%, ;G$%&)!$, &.1%, )&&.1$'*, ()'%, ;), V"'$, ($,

!"'*$R*$,&".#,?$**#$,N, Y".#, ;G)221!K)D$, 4!"??$,&".#,&#$'(#$,.'$,&K"*"D#)&K1$,T,

!)(#)D$,&.1%,&#1%$,($,&K"*">+,S$,?"($,($,')/1D)*1"',)@%";.,).#)1*,&$#?1%,.',D)1',

($, &$#2"#?)'!$7, %.#*".*, &".#, ;$%, (1%*)'!$%, ;"'D.$%+, H;, $%*, &"%%1@;$, 3.G)/$!, &;.%,

(G$R&0#1$'!$, $*, .'$, ?$1;;$.#$, !"'')1%%)'!$, ($, ;G$%&)!$, (G1'2"#?)*1"'7, ;$%,

.*1;1%)*$.#%,&#"21*$'*,($,!$**$,&"%%1@1;1*07,3.1,'G$%*,&)%,)!*.$;;$?$'*,&"%%1@;$,%.#,;$%,

(1%&"%1*12%, ?"@1;$%+, S$**$, #$?)#3.$, '0!$%%1*$#)1*, .'$, $R&0#1$'!$, &;.%, ;"'D.$,

2"!);1%)'*,%.#,!$**$,?"();1*0,)*$+,-'$".*/0123"45+7,3.1,'G0*)1*,&)%,;G"@Y$!*12,&#1'!1&);,

($,!$**$,$R&0#1$'!$+,

,

C$,&;.%,&".#,;$%,!1@;$%,&#"!K$%,$*7,!"'*#)1#$?$'*,N,!$,3.$,'".%,)**$'(1"'%7,;$%,*#"1%,

?"();1*0%,'$, %"'*,&)%,03.1/);$'*$%+,M8,'G$%*,&)%,/0#1210$+,U',$22$*,'".%,&$'%1"'%,

3.$,;$%,.*1;1%)*$.#%,);;)1$'*,.*1;1%$#,.'13.$?$'*,;),?"();1*0,&#"'(/?Z?$,()'%,;$,!)%,

($%,($.R,?"();1*0%,!"?@1'0$%,4!"#$%&#"'(>,$*,4)*$+,-'$".*/0123"45+%&#"'(>+,S$,'$,2.*,

&)%, ;$, !"?&"#*$?$'*, "@%$#/0+, -".%, &$'%"'%, 3.$, ;$, 2)1*, 3.$, ;$%, *[!K$%, %"1$'*,

!K#"'"?0*#0$%,),1'!1*0,;$%,&)#*1!1&)'*%,N,.*1;1%$#,;),?"();1*0,;),&;.%,#)&1($,?Z?$,%1,

!$;), 'G$%*, &)%, ;$, &;.%, $221!)!$+, S$*, $22$*, &$.*, (1%&)#)\*#$, )&#B%, .', *$?&%,

(G)&&#$'*1%%)D$, &;.%, ;"'D+, F*1;1%$#, .'13.$?$'*, ;), ?"();1*0, &#"'(/ &".#, ;$%, !1@;$%,

&#"!K$%,?"'*#$#)1*, );"#%, 3.$, ;$%, .*1;1%)*$.#%, $R&;"1*$'*, &;$1'$?$'*, ;$%, !)&)!1*0%,

($%,($.R,?"();1*0%,!"?@1'0$%,4!"#$%&#"'(>,$*,4)*$+,-'$".*/0123"45+%&#"'(>+,,

,

O1');$?$'*7, ;$%, *$?&%,(G$R0!.*1"',%"'*,$',!"'*#)(1!*1"',)/$!, ;$%,&#020#$'!$%,($%,

&)#*1!1&)'*%, 3.1, "'*, !K"1%1, 4!"#$%&#"'(>, $', &#$?1$#, ()'%, ;$%, &#020#$'!$%7, $',
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!"#!$%&"'($%)!*+(,+'!-&!,"'(&./!0(1'1(2*%+(0&2!#,+(&.,3(3,'',(-/#&*!'14(5,'',(6&%++,(

2,03,2'!/"( #,( 0&2!#!'1( '0&#%!'( +&"+( #/%',( %",( 201610,"3,( #&"+( *)%'!*!+&'!/"( #,( *&(

-/#&*!'14(7,(2*%+8(-&*901( *,+(:/"+( 01+%*'&'+( ,"( ',-2+(#),;13%'!/"(#,( *&(-/#&*!'1(

<!"#$%&'#()"*+,-.(/0$123('4=8( 3,**,>3!(&(/:',"%(%"(+3/0,(?@?( *,(2*%+( 6&!:*,(,'(,+'( *&(

-/#&*!'1( *&(-/!"+(&22013!1,(#,+(2&0'!3!2&"'+4(A,+(-/%.,-,"'+(#%(#!+2/+!'!6(#&"+(

*),+2&3,(/"'(1'1($%&*!6!1+(#,(3/"'0&!9"&"'+(2&0(*,+(2&0'!3!2&"'+4(A)&+2,3'(0121'!'!6(#,(

*),;210!,"3,( ,;2*!$%,( 2,%'>B'0,( 3,'',( 0,-&0$%,8( ,'( %",( &22*!3&'!/"( 01,**,( ,"(

3/"',;',( 2/%00&!'( 3C&"9,0( *)/2!"!/"( #,+( %'!*!+&',%0+4( D1&"-/!"+8( 3,0'&!"+(

2&0'!3!2&"'+(/"'(-,"'!/""1(,;2*!3!',-,"'( *&($%,+'!/"(#,( *E&33,2'&:!*!'1(+/3!&*,(#,(

3,'',(-/#&*!'1($%!(!-2*!$%,(#,+(-/%.,-,"'+(#%(#!+2/+!'!6(#&"+(*),+2&3,4((

4.2.4 Conclusion 

F/%0( "&.!9%,0( ,66!3&3,-,"'( #&"+( *&( .%,( :!6/3&*,8( "/%+( &./"+( 1'%#!1(

,;210!-,"'&*,-,"'(#,%;(-/#&*!'1+(3/-:!"1,+($%!(.!+,"'(G(&-1*!/0,0( *&(-/#&*!'1(

3*&++!$%,( '&3'!*,( 2&0( #,+( 9,+',+(23('4* H( <5(3#123('4=( ,'( <!"#$%&'#()"*+,-.(/0$123('4=4(

@",( 1'%#,( 2!*/',( "/%+( &( -/"'01( *)!"'10B'( #)%'!*!+,0( 3,( 'I2,( #,( -/#&*!'1( 2/%0(

:1"16!3!,0( G( *&( 6/!+( #,( *&( 0&2!#!'1( ,'( #,( *&( 2013!+!/"( #,( 3C&3%",( #,+( -/#&*!'1+(

3/-:!"1,+(#&"+(*,(:%'(#)&33/-2*!0(*,+(#,%;(2C&+,+(#,("&.!9&'!/"(#,("/'0,(-/#J*,(

#,(6&K/"(,66!3&3,4((

A),;210!,"3,(3/-2&0&"'(*,+(2,06/0-&"3,+(#,+('0/!+(-/#&*!'1+(L*!3M8(<5(3#123('4=(,'(

<!"#$%&'#()"*+,-.(/0$123('4=( &(-/"'01( #,+( 01+%*'&'+( 20/-,'',%0+( #,( 2,06/0-&"3,(

/%( #,( 201610,"3,( 2/%0( 3,+( #,%;( -/#&*!'1+( 3/-:!"1,+( H( !"3*!",0( /%( #12*&3,0( *,(

#!+2/+!'!6( #&"+( *E,+2&3,(2/%0(%",("&.!9&'!/"( 0&2!#,(-&!+( !-2013!+,8( ,'(23('4*2/%0(

%",("&.!9&'!/"(2013!+,(-&!+( *,"',4(N"(2&0'!3%*!,0( *,+( 01+%*'&'+(#,(2,06/0-&"3,(#,(

<!"#$%&'#()"*+,-.(/0$123('4=(3/"6!0-,"'(,'(3/-2*J',"'(3,%;(#,(?2!"#*,0(,'(&*4(OPQR4(

D1&"-/!"+8(-&*901( *,+( :/"",+( 2,06/0-&"3,+( #,( 3,'',(-/#&*!'18( *,+( 01+%*'&'+( /"'(

-/"'01( $%,( *,+( 2&0'!3!2&"'+( ",( +/"'( 2&+( 20B'+( G( ,66,3'%,0( #,+( -/%.,-,"'+(

2CI+!$%,+( #&"+( *E,+2&3,( 2/%0( !"',0&9!0( &.,3( *,%0+( #!+2/+!'!6+( -/:!*,+( H( 3,'',(

:&00!J0,(#E&33,2'&:!*!'1( +/3!&*,(2,%'( 3C&"9,0(#&"+(%"( 6%'%0(20/3C,( +!( *&(-/#&*!'1(

,+'(*&09,-,"'(#!+2/"!:*,(,'(%'!*!+1,(2&0'/%'4(S!"+!8(,"(2*%+(#,(6/%0"!0(#,+(01+%*'&'+(

1$%!.&*,"'+(G(3,%;(#,(*&(-/#&*!'1(23('48(3,+(#,%;(-/#&*!'1+(3/-:!"1,+(2,0-,'',"'(

#)1.!',0(*,+(20/:*J-,+(#)/33%*'&'!/"(#%+(G(*)!"',0&3'!/"('&3'!*,4(

5,+(01+%*'&'+("/%+(/"'(#/"3(-/'!.1(G(&220/6/"#!0(*)1'%#,(#,(-/#&*!'1+(3/-:!"1,+(

2/%0( "&.!9%,0( #&"+( %",( .%,( :!6/3&*,4( N"( 2&0'!3%*!,0(*),;210!,"3,( #130!',( #&"+( *&(

+,3'!/"( +%!.&"',( -,+%0,( *,+( 2,06/0-&"3,+( 2/%0( 3C&$%,( 2C&+,( #,( "/'0,( -/#J*,4(

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

#,+( '0/!+( -/#&*!'1+( 23('48( 5(3#* ,'( !"#$%&'#()"* +,-.(/0$8* "/%+( 3/"+!#10/"+( %",(

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

4.3 Expérience 2 

A/0+( #,( 3,'',( #,%;!J-,( ,;210!,"3,( +%0( *&( "&.!9&'!/"(-%*'!-/#&*,( #&"+( %",( .%,(

:!6/3&*,8( "/%+( 1'%#!/"+( *,+( 2,06/0-&"3,+( #,( 3C&3%",( #,+( #,%;( 2C&+,+( #,(

"&.!9&'!/"(#%(-/#J*,(#,("&.!9&'!/"(&!"+!($%,(*&(2C&+,(#,('0&"+!'!/"(,"'0,(3,+(#,%;(

2C&+,+4( 7,( 2*%+( "/%+( 1*&09!++/"+( *,( 2&",*( #,+( -/#&*!'1+( ,"( 3/"+!#10&"'( %",(

-/#&*!'1(:&+1,(+%0(#,+(3&2',%0+(#,(20,++!/"8(1.&*%1,(,66!3&3,(2/%0("&.!9%,0(#&"+(

#,(90&"#+(,+2&3,+(#)!"6/0-&'!/"(OTTUR4(
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4.3.1 Contexte 

!"#$%&'"($%)*(+%,-*./+01*(2*%$#0%#(%134"(*%5%6789.859%/1.*,$%*(%)":*%/&;$&<*=>%

?*%/0"<0&))*%&%+@+%*(@1A0*)*(@%2":+%$#0%1BCD%E%,F*.2*/@1"(%:F#(%/0"<0&))*%*(%G%

H#1%/*0)*@@&1@%:*%0+2#/+0*0%,*$%'&,*#0$%:*$%2&/@*#0$%:*%/0*$$1"(%*@%:*%,*$%0*('";*0%

&#%:1$/"$1@1I%)"J1,*%*(%#@1,1$&(@%,*%K1L1>%

%

M&($%,&%'#*%J1I"2&,*D%("#$%:1$@1(<#"($%,-*$/&2*%I"2#$%:*%,-*$/&2*%2"(@*.@*%H#1%$"(@%

0*/0+$*(@+$% E% ,F+20&(% E% :*#.% +24*,,*$% :1II+0*(@*$>% 3"#0% &II124*0% ,*$% :*#.% N"(*$%

2"00*$/"(:&(@*$D%N"(*%:*% I"2#$%*@%N"(*%:*%2"(@*.@*D%("#$%&'"($%:1'1$+% ,-+20&(%*(%

:*#.%N"(*$%+<&,*$%/"#0%24&2#(%:*$%:*#.%*$/&2*$>%O1($1D%,&%N"(*%:*%I"2#$%*@%,&%N"(*%

:*% 2"(@*.@*% 6:1'1$+*% *,,*% &#$$1% *(% :*#.% N"(*$% E% ,F+20&(=% +@&1*(@% :*% 5P9% /1.*,$% :*%

,&0<*%$#0%#(%134"(*%5>%%

%

?&% @&1,,*% 24"1$1*% /"#0% ,F*$/&2*% :-1(I"0)&@1"(% +@&1@% :*% QR% 899% /1.*,$>% !"#$% &'"($%

:"(2%2"($1:+0+%#(%*$/&2*%:-1(I"0)&@1"(%/,#$%<0&(:%H#*%:&($% ,-*./+01*(2*%S%:*% ,&%

$*2@1"(% 5>T% &I1(% :*% @*$@*0% :*$% :1$@&(2*$% /,#$% ,"(<#*$% *@% '+01I1*0% ,&% @*(:&(2*%

"J$*0'+*%:&($%,-*./+01*(2*%S>%%

%

G"))*%/0+2+:*))*(@D% ("#$% &'"($% &,,"#+% E% ,&% N"(*% :*% 2"(@*.@*% #(% *$/&2*% :*% 5%

P99%/1.*,$%:*%,&0<*#0D%$"1@%:1.%I"1$%/,#$%<0&(:%H#*%2*,#1%:#%I"2#$>%U(*%I"1$%,-*II*@%:*%

/*0$/*2@1'*% &//,1H#+D% 2*@@*% N"(*% (-"22#/*% /,#$% H#*% 5P9% /1.*,$% E% ,-+20&(>% !"#$%

"J@*("($% :"(2% #(% I&2@*#0% :*% N"")% 6IN=% *(@0*% ,-+24*,,*% :#% I"2#$% *@% ,-+24*,,*% :#%

2"(@*.@*% +<&,% E% ST% 6QR% 899% V% 5% P99=>% !"#$% ("@"($% *(I1(% H#*% 2*$% /&0&)A@0*$%

2"00*$/"(:*(@%E%:*$%2&$%:F&//,12&@1"(%2"(20*@$%W%/&0%*.*)/,*%,&%'1$#&,1$&@1"(%:F#(%

<0&/4*% :-1(:12*% J"#0$1*0% $#0% S9% &($% &'*2% #(*% /+01":*% :F#(%)"1$% &II124+% :&($% ,&%

N"(*%:*%I"2#$%W%5P9%/1.*,$%6@&1,,*%:#%I"2#$=%X%S9%&($%X%ST%)"1$%Y%QR%899%/1.*,$>%

4.3.2 Modalités comparées 

G"))*% /"#0% ,-*./+01*(2*% SD% ("#$% I1."($% ,&% )":&,1@+% #@1,1$+*% /"#0% ,&% /4&$*% :*%

(&'1<&@1"(%/0+21$*>%Z,,*%0*/"$*%$#0%,&%)":&,1@+%!"#$%%I"#0(1*%/&0%,*%CM[%1BC>%Z,,*%*$@%

1(@+<0+*%:&($% ,*$%:1$/"$1@1I$% 1BC%*@%*$@%#(%$@&(:&0:%J1*(%+@&J,1%/"#0% ,&%(&'1<&@1"(%

$#0%)"J1,*>%G*@@*%)":&,1@+%*$@%&2@1'*%#(1H#*)*(@%:&($%,&%N"(*%:*%I"2#$>%%

%

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

.,&$%&$%-(/+0(*+,-%
1+2)34*$% 5,-*+-6$%

\*,&@1I% M1$20*@*30*$$% G"(@1(#"#$30*$$D%]1,@D%L&$@M0&<%

OJ$",#% M10*2@]"#24D%3**/4",*%

!(78$%9:;%<%=%>,&(8+*?2%#,63%8(%#@(2$%&$%-(/+0(*+,-%3(#+&$:%

G*@@*%)":&,1@+%*$@%#@1,1$+*%2"))*%)":&,1@+%/0+21$*%,"0$%:*%,&%/4&$*%:*%(&'1<&@1"(%

/0+21$*%/"#0%@"#@*$% ,*$%)":&,1@+$%2")J1(+*$>%?&%)":&,1@+%!"#$%%*$@%/01"01@&10*%/&0%

0&//"0@% E% @"#@*$% ,*$% )":&,1@+$% /*0)*@@&(@% &1($1% #(*% @0&($1@1"(% 0&/1:*% *(@0*% ,*$%

)":&,1@+$>%G*,&%$1<(1I1*%H#-#(*%1(@*0&2@1"(%@&2@1,*%E%,-+20&(%$@"//*%,-&2@1"(%*(%2"#0$%

:-#(*%&#@0*%)":&,1@+>%!"#$%&'"($%I&1@%2*%24"1.%/"#0%/*0)*@@0*%#(*%@0&($1@1"(%/,#$%

0&/1:*%:*$%:*#.%/4&$*$%:*%(&'1<&@1"(>%3&0%*.*)/,*D%/"#0%/&$$*0%:*%,&%)":&,1@+%&#"'%

E%,&%)":&,1@+%!"#$%D%1,%$#II10&%:*%/"$*0%#(%:"1<@%E%,-+20&(%&,"0$%)^)*%H#*%,*%:1$/"$1@1I%

*$@%*(2"0*%1(2,1(+>%C&($%2*,&D%1,%&#0&1@%:-&J"0:%I&,,#%0&)*(*0%,*%:1$/"$1@1I%)"J1,*%E%$&%

/"$1@1"(% :*% 0+I+0*(2*% /"#0% $@"//*0% ,&% (&'1<&@1"(% 2&#$+*% /&0% ,*%&#"'% /"#0% *($#1@*%

#@1,1$*0%,&%)":&,1@+%!"#$%>(%

%
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!"#$%&'"($%)*+,"-.% ,&%/"012(&2$"(%3)%/)44)%0"3&,24.%+-./2$)%)4%12)(%/"((#)%3)$%

#42,2$&4)#-$%&')/%5%0"3&,24.$%+"#-% ,&%+6&$)%3)%(&'27&42"(%-&+23)8%9)$%5%0"3&,24.$%

$"(4%-.+)-4"-2.)$%3&($%,&%:&1,)%;8<%$),"(%,)$%320)($2"($%23)(42=2.)$%3&($%,>.4&4%3)%

,>&-4%3#%/6&+24-)%?8%!"#$%,)$%3./-2'"($%3&($%,)$%$)/42"($%$#2'&(4)$8%

%

!

"#$%&'!()*!+!,--'.!/01$&12/#33'4'2.!5!6%12/!71!78%9'!3'!/:971;'!<'&3!7'!=1%.>!
70#41$'!1$&12/#'!3'!/:971;'!<'&3!7'!?13)!@33%'!/'!ABCD)!

9"(4-&2-)0)(4% @% ,>)*+.-2)(/)% <% "A% /6&/#()% 3)$%0"3&,24.$% #42,2$&24% ,&% 0.4&+6"-)%

3>2(4)-&/42"(%3#%-#1&(B%("#$%&'"($%3./23.%2/2%3>#42,2$)-%,&%0.4&+6"-)%3>2(4)-&/42"(%

3)% ,&% ,"#+)8% C2($2B% (&'27#)-% ')-$% ,&% 3-"24)% D-)$+)/42')0)(4% ')-$% ,&% 7&#/6)E%

3.+,&/)-&% ,&% F"()% 3)% ="/#$% ')-$% ,&% 3-"24)% D-)$+)/42')0)(4% ')-$% ,&% 7&#/6)E8% !"#$%

&'"($%=&24%/)%/6"2*%3&($%,)%1#4%3>"+4202$)-%#(%+)#%+,#$%,>)$+&/)%@%,>./-&(8%G(%)==)4B%

)(%=2*&(4%,>)$+&/)%3>2(="-0&42"(%)4%)(%3.+,&H&(4%,&%F"()%3)%="/#$B%,>)$+&/)%@%,>./-&(%

)$4%4"#4%,)%4)0+$%"+4202$.8%C')/%,&%0.4&+6"-)%3>2(4)-&/42"(%3#%-#1&(B%#()%+&-42)%3)%

,>./-&(%$)%-)4-"#')%'23)%,"-$I#)%,)%="/#$%)$4%$#-%,>#()%"#%,>&#4-)%3)$%)*4-.024.$%3)%

,>)$+&/)%3>2(="-0&42"(%DJ27#-)%K8K<E8%

%

L&% 0.4&+6"-)% 3>2(4)-&/42"(% 3)% ,&% ,"#+)% +"$)% +&-% /"(4-)% #(% +-"1,M0)% ,"-$% 3)%

,>#42,2$&42"(%3)% ,&%0"3&,24.%+-./2$)%!"#$%8%G(%)==)4B%)(%3.+,&H&(4%$"(%3"274%@% ,>./-&(%

')-$%,&%7&#/6)%D-)$+)/42')0)(4%')-$%,&%3-"24)EB%,&%F"()%3)%="/#$%$)%3.+,&/)%')-$%,&%

7&#/6)% D-)$+)/42')0)(4%')-$% ,&%3-"24)E8%N-B% ,&% =&21,)% &0+,24#3)%3)$%3.+,&/)0)(4$%

-.&,2$.$% ,"-$% 3)% /)44)% +6&$)% -)(3% ,)$% 0"#')0)(4$% 3)% ,&% F"()% 3)% ="/#$% +-)$I#)%

20+)-/)+421,)$B% &,"-$% I#)% /)#*% 3)% ,>)$+&/)% 3>2(="-0&42"(% ,)% $"(48% L>#42,2$&4)#-% &%

&,"-$%,>20+-)$$2"(%3)%0&(2+#,)-%,>)$+&/)%3>2(="-0&42"(%+,#4O4%I#)%,&%F"()%3)%="/#$8%

N-B%)(%3.+,&H&(4%$"(%3"274%@%,>./-&(%')-$%,&%7&#/6)%D-)$+)/42')0)(4%')-$%,&%3-"24)EB%

,>#42,2$&4)#-%'"24%,>)$+&/)%3>2(="-0&42"(%$)%3.+,&/)-%3&($%,)%$)($%"++"$.B%/)%I#2%(>)$4%

+&$% ,)% $)($% 3)% 3.=2,)0)(4% /"#-&00)(4% #42,2$.% $#-% 32$+"$242=$% 0"12,)$8% 9)%

+6.("0M()%&%.4.%3./-24%+&-%P#4Q2(%RS<T%)4%)$4%2,,#$4-.%@%,&%J27#-)%;8U8%%

V"#-%/)44)%-&2$"(B%("#$%&'"($%3./23.B%3>2(')-$)-%,)%$)($%3)$%7)$4)$%3)%&'()W!"#$%%3)%

,&%0"3&,24.%+-./2$)%!"#$%B%+"#-%I#>#(%3.+,&/)0)(4%3#%3"274%@%,>./-&(%')-$%,&%7&#/6)%

D-)$+)/42')0)(4% ')-$% ,&% 3-"24)E% 3.+,&/)% ,&% F"()%3)% ="/#$% 3&($% ,)% $)($% "++"$.B% )4%

3"(()%&2($2%,>20+-)$$2"(%3>#42,2$)-%,&%0.4&+6"-)%3>2(4)-&/42"(%3#%-#1&(8%

4.3.2.1 FastDrag et DirectTouch 

!(*+&'()%)4%&#',$+-./$0%$"(4%3)#*%0"3&,24.$%1&$.)$%$#-%,X2(4)-&/42"(%4&/42,)8%%

%

!(*+&'()% )$4% 1&$.)% $#-% 3)$% 7)$4)$% 3)% &'()% 3&($% ,X)$+&/)% /"(4)*4)8% C2($2B% #(%

3.+,&/)0)(4%3)%#(%+2*),%@%,X./-&(%+-"'"I#)%#(%3.+,&/)0)(4%3)%,&%F"()%3)%="/#$%3)%

#(% +2*),% 3&($% ,X)$+&/)% /"(4)*4)B% )4% +&-% /"($.I#)(4% #(% 3.+,&/)0)(4% 3)% 12% +2*),$%

3&($% ,X)$+&/)% ="/#$% D=F% .4&(4% ,)% =&/4)#-% 3)% F""0E8% 9)/2% +)-0)4% 3)% 02(202$)-% ,)%
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!"#$!%&'()*+,),+**-,$).)#'/)'+0&(+$&-').)"12!%/""/)3#)4-!#56)3+'5)"/)!+5)31#')(,+'3)

/5*+!/)31&'4-,7+$&-'8))

9&'5&)"/5)3/#:)7-3+"&$25)!"#$%&"')/$)!()*+)5-'$);+52/5)5#,)3/5)(/5$/5)3/)%&"')<)

)=-#5)3&5$&'(#-'5)"+)7-3+"&$2)!"#$%&"',3/)!/""/)!()*+)*+,)"/)'-7;,/)3/)3-&($5).)

">2!,+')<)3/#:)3-&($5)5/)32*"+?+'$)'1&7*-,$/)-@).)">2!,+')324&'&55/'$)"+)'+0&(+$&-')

3+'5)">/5*+!/)3/)!-'$/:$/)A!"#$%&"')<)*%+5/)3/)'+0&(+$&-'),+*&3/B)/$)#')3-&($)5/)

32*"+?+'$)3+'5)"+)C-'/)3/)4-!#5)324&'&$)"+)'+0&(+$&-')3+'5)">/5*+!/)3/)4-!#5)A!()*+)<)

*%+5/)3/)'+0&(+$&-')*,2!&5/B8))

90/!)"+)!-7;&'+&5-')A!"#$%&"'D!()*+B6)"/5)#$&"&5+$/#,5)*/#0/'$)4+!&"/7/'$)*+55/,)

3>#'/)7-3+"&$2).)">+#$,/)/'),/$&,+'$)-#)*-5+'$)#')3-&($).)"12!,+'8))

)

%)&-*$./0*1) */,7/$) 3/5) 5+#$5) 3&,/!$5) 0/,5) #'/) '-#0/""/) *-5&$&-'8) E>#$&"&5+$/#,)

52"/!$&-''/)#')*-&'$)A*+,)#')+**#&).)"12!,+'B)'1&7*-,$/)-@)3+'5)"+)C-'/)3/)!-'$/:$/)

*-#,)"/)32*"+!/,)3+'5)"+)C-'/)3/)4-!#58)F/"+)*/,7/$)#')7-3/)3/)'+0&(+$&-')+;5-"#)

$,G5),+*&3/)/$)20&$/)"/)!"#$!%&'(8)E-,5)3/)"+)52"/!$&-')3>#')*-&'$6)#'/)+'&7+$&-')/5$)

32!"/'!%2/6)+&3+'$)+&'5&)">#$&"&5+$/#,).)"&7&$/,)"/5)/44/$5)3/)325-,&/'$+$&-'8)H'),+&5-')

3#)4+!$/#,)3/)C--7)/'$,/)">/5*+!/)3/)4-!#5)/$)"1/5*+!/)3/)!-'$/:$/6)+&'5&)I#/)">/44/$)

3/) */,5*/!$&0/) 3/) "+) 0#/) ;&4-!+"/6) "+) 7-3+"&$2) '1/5$) *+5) *,2!&5/8) E1#$&"&5+$/#,)

,/'!-'$,/)"/5)*,-;"G7/5)3/)*-&'$+(/)5#,)5#,4+!/)$+!$&"/)32!,&$5)3+'5)"+)5/!$&-')J8K8L)

!%+*&$,/)J)AM)4+$)4&'(/,)N)/$)*/,!/*$&-')3/)"+)C-'/)$-#!%2/B8)H')/44/$6)"+)C-'/)$+!$&"/).)

"12!,+')/5$)3/)OPQ)*&:/"5)+"-,5)I#/)"+)C-'/)3/)!-'$/:$/),/*,25/'$2/)/')*/,5*/!$&0/)

/5$)3/)O)PQQ)*&:/"5)<)#')*&:/")3/)"12!,+')/5$)3-'!)+55-!&2).)LQ)*-&'$5)3+'5)"1/5*+!/)

!-'$/:$/6)5-&$)LKQ)*-&'$5)3+'5)"1/5*+!/)4-!#58)E+)7-3+"&$2)%)&-*$./0*1)/5$);+52/)5#,)

#'/) &'$/,+!$&-') $+!$&"/8) E-,5) 3/) "+) !-7;&'+&5-') A%)&-*$./0*1D!()*+B) "+) $,+'5&$&-')

0/,5) "+)7-3+"&$2)!()*+)/5$)3-'!) $,G5),+*&3/)*#&5I#1#')7R7/)3-&($)*/#$)5/,0&,)+#:)

3/#:)7-3+"&$258)

4.3.2.2 Tilt 

E/5),25#"$+$5)*,-7/$$/#,5)3/).)($)*,25/'$25)*+,)S&$!%/$$)T)F-!U;#,')VJWX)+&'5&)I#/)

"/5)!-77/'$+&,/5)*-5&$&45)3/)'-$,/)*,2!23/'$/)2$#3/)A*,242,/'!/)#$&"&5+$/#,)3/) "+)

S&(#,/)O8YB)'-#5)-'$)7-$&025).),2#$&"&5/,)!/$$/)7-3+"&$2)3+'5)!/$$/)'-#0/""/)2$#3/8)

F-77/)3+'5) "1/:*2,&/'!/)L6) "/5)#$&"&5+$/#,5) &'!"&'/'$) "/)3&5*-5&$&4) +#$-#,)3/) ">+:/)

0/,$&!+") 3#) *"+') 324&'&) *+,) "/) 3&5*-5&$&48) Z'!"&'/,) "/) 3&5*-5&$&4) 0/,5) "+) (+#!%/)

A,/5*/!$&0/7/'$) 0/,5) "+) 3,-&$/B) 32*"+!/) "+) C-'/) 3/) 4-!#5) 0/,5) "+) (+#!%/)

A,/5*/!$&0/7/'$) 0/,5) "+) 3,-&$/B8) ["#5) ">+**+,/&") /5$) &'!"&'26) *"#5) "+) 0&$/55/) 3/)

324&"/7/'$)/5$)&7*-,$+'$/)3+'5)">/5*+!/)3/)!-'$/:$/8))

)

=-$,/)&7*"27/'$+$&-')3/).)($)/5$)"2(G,/7/'$)3&442,/'$/)3/)!/""/)3/)"1/:*2,&/'!/)L)<)

'-#5) +0-'5) 5#**,&72) "/5) 3/#:) *+"&/,5) 3/) 0&$/55/) /$) +#(7/'$2) "/5) 0&$/55/5) 3/)

'+0&(+$&-')*-55&;"/58)H')/44/$6)"1/5*+!/)31&'4-,7+$&-')2$+'$)*"#5)(,+'36)'-#5)+0-'5)

0-#"#)+#$-,&5/,)3/5)0&$/55/5)*"#5)&7*-,$+'$/58)E+)*/,$/)3/)*,2!&5&-')/'(/'3,2/)/5$)

7&'&7/)3#)4+&$)3/)"+)*,25/'!/)3/)"+)7-3+"&$2)*,2!&5/)!()*+8)\+!]/'C&/)VPJX),20G"/)

I#>#') (+&') A4+!$/#,) #$&"&52) *-#,) "+) !-'0/,5&-') "&'2+&,/) 3/) "1+'("/) /') 0&$/55/B)

!-7*,&5)/'$,/)^Q)/$)LQQ)/5$)-*$&7+")*-#,)!-'$,_"/,)"/).)($6)'-#5)+0-'5)3-'!)#$&"&52)

#')4+!$/#,)2(+").)`^6)+#$-,&5+'$)+&'5&)#'/)0&$/55/)3/)324&"/7/'$)3/)O)^QQ)*&:/"5)*+,)

5/!-'3/) *-#,) #') +'("/) 31&'!"&'+&5-') 3/) YQa) +#$-#,) 3/) "+) *-5&$&-') 3/) ,242,/'!/8)

F/$$/) *-5&$&-') 3/) ,242,/'!/) /5$) 324&'&/) *+,) "+) *-5&$&-') 3/) ">+**+,/&") "-,5) 3#)

"+'!/7/'$)3/)">+**"&!+$&-'8)[#&5I#/)"/5)#$&"&5+$/#,5)*/#0/'$)!%+'(/,)3/)*-5&$&-')+#)

!-#,5) 3/) "1#$&"&5+$&-'6) '-#5) "/#,) +0-'5) */,7&5) 3/) ,/324&'&,) !/$$/) *-5&$&-') 3/)

,242,/'!/)/')/44/!$#+'$)#')3-#;"/)$+*)5#,)">2!,+'8))
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!

"#$$%!&#'(! )*+$&),$%-./.+#-!0%!!"#$!0/-1! )*%2&,(+%-3%!4!56+7'(%!89:;!%.!3%))%!0%!

6+.3<%..!=!"#3>?'(-! @ABCD!-#'1!/E#-1!0,F+-+!'-%!G#-%!$#(.%!0/-1! )/H'%))%!/'3'-!

0,F+)%$%-.!-*%1.!0,3)%-3<,!I! @JK9LMD!K9LMC!/'.#'(!0%! )/!&#1+.+#-!0%! (,F,(%-3%9!"%..%!

(,7+#-!1./?)%D!-#'1!)%!(/&&%)#-1D!&%($%.!0N,E+.%(!0%1!0,F+)%$%-.1!+-0,1+(/?)%1!0'1!

O!0%1! .(%$?)%$%-.!#'! /'! 3</-7%$%-.!0%!$#0/)+.,9! P%1!'.+)+1/.%'(1!0#+E%-.!0#-3!

(%&)/3%(!)%!0+1&#1+.+F!0/-1!3%..%!G#-%!1./?)%!&#'(!/((Q.%(!)%!0,F+)%$%-.9!

4.3.2.3 ContinuousPress et DiscretePress 

! !

"#$%&'!()*!+!,&-.-./0'!1234!3%&!5'3!620.'%&3!5'!0&'33#-7)!

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

&(%11+#-9!R#'1!&%-1#-1!H'%! 3%! .S&%!0%! 3/&.%'(1! 1%(/! +-.,7(,!0/-1! )%1!0+1&#1+.+F1!

$#?+)%1! 0/-1! '-! /E%-+(! .(T1! &(#3<%9! P%1! 0%(-+%(1! )/0+$12&',)! U&&)%! %.! V'/W%+!

+-.T7(%-.! 0,XO! 0%1! ,3(/-1! 1%-1+?)%1! O! )/! &(%11+#-D! $/+1! 3%)/! +$&)+H'%! '-%!

+-.%(/3.+#-!O!)*,3(/-!%.!0#-3!-*%$&Q3<%!&/1!)%1!&(#?)T$%1!0*#33')./.+#-9!Y%!&)'1!0%!

?#-1! (,1')./.1!#?.%-'1!&/(!Z&%)$%G/-!%.!/)9! @44BC!/E%3!3%! .S&%!0%!3/&.%'(1!-#'1!

#-.!+-3+.,1!O!3#-1+0,(%(!3%..%!$#0/)+.,9!R#'1!/E#-1!3#-1.('+.!'-!&(#.#.S&%!'.+)+1/-.!

'-%! 3/(.%! U(0'+-#![+3(#! %.! 0%'2! 3/&.%'(1! 0%! &(%11+#-! \-.%()+->! ])%>.(#-+>1! 6Z^!

8__! 3#$$%! )%!$#-.(%! )/! 6+7'(%! 89`9! "%1! 3/&.%'(1! 1#-.! 3/&/?)%1! 0%! 0,.%3.%(! '-%!

F#(3%!3#$&(+1%!%-.(%!_9:R!%.!:_R9!P%'(!&%.+.%!./+))%!5_9A`$$!0*,&/+11%'(!%.!L$$!

0%!0+/$T.(%;D! &%($%.!0%! )%1! +-.,7(%(! F/3+)%$%-.! 1'(! '-!0+1&#1+.+F!$#?+)%! 1/-1! %-!

$#0+F+%(!)%!F/3.%'(!0%!F#($%9!P%1!3/&.%'(1!#-.!,.,!F+2,1!1#'1!'-%!3#H'%!0%!0+1&#1+.+F!

$#?+)%!%-!&)/1.+H'%9!R#'1!/E#-1!/X#'.,!0%!&%.+.1!$#(3%/'2!0%!.+11'!1'(!)/!3#H'%!0%!

0+1&#1+.+F!$#?+)%! &#'(!&%($%..(%! /'2!'.+)+1/.%'(1! 0%! 1/E#+(! (/&+0%$%-.! #a!&#1%(!

)%'(1!0#+7.1!1/-1!/E#+(!O!(%7/(0%(!)%!0+1&#1+.+F9!P/!3/(.%!U(0'+-#!%1.!F+2,%!1'(!)%!0#1!

0'! .,),&<#-%D! -%! 7Q-/-.! &/1! )/! .%-'%! 0%! 3%)'+J3+! %-! $#0%! &/S1/7%9! P%! 3/&.%'(!

7/'3<%! 5(%1&%3.+E%$%-.! 0(#+.;! 0,&)/3%! )/! G#-%! 0%! F#3'1! E%(1! )/! 7/'3<%!

5(%1&%3.+E%$%-.!E%(1!)/!0(#+.%;9!"#$$%!)%1!/'.(%1!$#0/)+.,1!0,0+,%1!O )/!&</1%!0%!

-/E+7/.+#-!(/&+0%D!)%!0,F+)%$%-.!1%!&(#0'+.!O!)*,3<%))%!0'!3#-.%2.%9!

!

UE%3! -").+,$,*+,))D! )%1! 3/&.%'(1! '.+)+1%-.! 0%1! /3.+#-1! 0+13(T.%19! U+-1+D! )%1!

'.+)+1/.%'(1!-/E+7'%-.!%-!3)+H'/-.! 5/3.+#-!b/&&'+J(%)c3<%$%-.d;! 1'(! )%1! 3/&.%'(19!

"#$$%! 0/-1! )*,.'0%! 0%! Z&%)$%G/-! %.! /)9! @44BCD! 0%'2! -+E%/'2! 0%! &(%11+#-!

0,3)%-3<%-.!0%'2!,E,-%$%-.1!0+FF,(%-.1!I!#"32$4.#".5!%.!)$+&'34.#".59!!

#"32$4.#".56%1.!0,3)%-3<,!/&(T1!'-!3)+3!/E%3!'-%!&(%11+#-!$+-+$/)%!0%!_9LR!%.!'-%!

&(%11+#-!$/2+$/)%!0%!:R9!"%.!,E,-%$%-.!7,-T(%!/)#(1!'-!0,&)/3%$%-.!0%!`_!

&+2%)19!!

)$+&'34.#".56%1.!0,3)%-3<,!/&(T1!'-!3)+3!/E%3!'-%!&(%11+#-!$+-+$/)%!0%!:R9!"%.!

,E,-%$%-.!%1.!/11#3+,!O!'-!0,&)/3%$%-.!0%!`__!&+2%)19!!

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

4("& )*&-"'()*(+,+"(#&!"#$"%&-56%#"&(0&!"(&!+(,&!#./*,&"0&'##*1'0%&7&!#3)*$*%.&-"&+'&

/*2+"8&

&

.$%"*%/$/!0#1!!&(%*+*,"&+",&/'!%"(#,&-"&!#",,*30&'1"/&-",&'/%*30,&/30%*0(",8&9+(,&(0&

/'!%"(#&",%&!#",,.&:3#%;&!+(,&+'&1*%",,"&-"&-.:*+"$"0%&",%&*$!3#%'0%"8&<'&0'1*='%*30&

#",%"&'/%*1"&>(,4(57&/"&4("&+"&/'!%"(#&,3*%&#"+?/@.8&A3$$"&03(,&0"&-*,!3,*30,&!',&

-5(0& '$!+*:*/'%"(#& 3!.#'%*300"+& !3(#& +*0.'#*,"#& +",& 1'+"(#,& #"%3(#0.",& !'#& +",&

/'!%"(#,;& 03(,& '130,& -.:*0*& %#3*,& !+'=",& -"& !#",,*30,& ',,3/*.",& 7& %#3*,& ='*0,& -"&

1*%",,"&-*::.#"0%,&!3(#&,*$(+"#&(0"&+*0.'#*,'%*30&B&&

C&4('0-&+'&!#",,*30&",%&*0:.#*"(#"&7&D8EF;&&

G&4('0-&+'&!#",,*30&",%&/3$!#*,"&"0%#"&D8E&F&"%&H8EF;&"%&&

I&4('0-&+'&!#",,*30&",%&,(!.#*"(#"&H8EF8&&

A",& :'/%"(#,& ,30%& '!!+*4(.,& '()& 1'+"(#,& #"013J.",& !'#& +'& /'#%"& K#-(*03& 4(*&

/301"#%*%&+'&:3#/"&-.%"/%."&"0&"0%*"#&/3$!#*,&"0%#"&D&"%&LDHC&MD&N&DF;&LDHC&N&HDFO8&

A"%%"& ,3+(%*30& !"#$"%& -5'13*#& (0"& 1*%",,"& -"& -.:*+"$"0%& ,*$*+'*#"& 7& /"++"& -"& +'&

$3-'+*%.&2*)"&MD&7&G&EDD&!*)"+,&!'#&,"/30-"O8&

4.3.2.4 Peephole 

A3$$"&+'&$3-'+*%.&3%"1#4("*$%,5-6!*7/1&-"&+P")!.#*"0/"&L;&/"%%"&$3-'+*%.&(%*+*,"&+'&

$'0*!(+'%*30& ,!'%*'+"& ':*0& -P',,3/*"#& (0"& !3,*%*30& !@J,*4("& -(& -*,!3,*%*:& 7& (0"&

!3,*%*30& 1*#%("++"& -'0,& +P",!'/"& -P*0:3#$'%*308& <7& "0/3#";& 03(,& '130,& /@3*,*& (0"&

',,3/*'%*30& ,!@.#*4("& "0%#"& +",& -"()& !3,*%*30,& M!@J,*4("& "%& 1*#%("++"O& /3$$"&

*++(,%#.&,(#&+'&Q*=(#"&G8G8&93(#&*$!+.$"0%"#&+'&$3-'+*%.&0115-$)1&03(,&'130,&/"%%"&

:3*,R/*& (%*+*,.& +"& $'=0.%3$S%#"& *0%.=#.& '(& -*,!3,*%*:& !3(#& -.%"/%"#& +'& #3%'%*30&

'(%3(#& -"& +5(%*+*,'%"(#& M"0& (%*+*,'0%& +P'0=+"& !'#& #'!!3#%& '(& F3#-O8& F3(,& 13(+*30,&

1.#*:*.& ,*&(0"&(%*+*,'%*30&-(&$'=0.%3$S%#"&7& +'&!+'/"&-(&=J#3,/3!"&!"#$"%%'*%&-"&

#"0-#"&+P(%*+*,'%*30&-"&/"%%"&$3-'+*%.&!+(,&,%'2+"8&T0&"::"%;&+'&!3,*%*30&(0&!"(&$3*0,&

/30:3#%'2+"&4(P'1"/& +'&$3-'+*%.&2*)"& M$3(1"$"0%,&-",&2#',& "%U3(&-(&2(,%"O&!"(%&

"0%#'V0"#&-",&%#"$2+"$"0%,&-./+"0/@'0%&(0"&0'1*='%*30&030&-.,*#."8&F3(,&0P'130,&

!',& 32,"#1.& -P'$.+*3#'%*308& F3(,& 0P'130,& !',& "01*,'=.& -"& :(,*300"#& +",& -"()&

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

-.#'0="#& +",& (%*+*,'%"(#,& "0& !3,*%*30& -P*0,%'2*+*%.;& "%& +P'$.+*3#"#& 0"& :"#'*%&

4(P'=#'1"#&+"&!#32+S$"8&

&

!

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

<3#,& -(& +'0/"$"0%& -"& +5'!!+*/'%*30;& +5'0=+"& /3(#'0%& ",%& /'!%.& "%& $*,& "0&

/3##",!30-'0/"& '1"/& +"& $*+*"(& -"& +P",!'/"& -P*0:3#$'%*30& /'#& /5",%& +'& !3,*%*30&

*0*%*'+"&-"&+'&X30"&-"&:3/(,8&F3(,&(%*+*,30,&"0,(*%"&+'&-*::.#"0/"&"0%#"&/"%&'0=+"&-"&
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!"#"!$%&$'$(')*+%,)$'&-.!+%('/-.!'0"#1%1!')+'/-21(1-%'&-!!$2/-%0+%($'0+%2')*$2/+&$'

0*1%#-!3+(1-%4'5-.2'+6-%2'!$2(!$1%(')7+3/)1(.0$'0.'3-.6$3$%('0+%2')+'/)+,$'0$'89
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4.3.4 Procédure 
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4.3.5 Hypothèses 
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4.3.6 Résultats 
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4.3.6.1.1 Phase de navigation rapide 
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(+220/')1'&# &+,)+2+1"-+*'&# ')-/'# -.5-'&# 4'&# $"+/'&# ('# 3.("4+-0&# 1.3K+)0'&A# &"52#

')-/'# +,-.'-/,/01"200# '-# !'0("2.21"200# 6$# S# O:PTTU9A# ')-/'# +,-.'-/,/01"200# '-#

%#0.!"#$#6$#S#OAVUPW9#'-#')-/'#!'0("2.21"200#'-#%#0.!"#$#6$#S#O:WVXT9:#

#

Y.33'#$/0*5#6ZP9A#!'"2(.3,/(4#'&-#14"+/'3')-# 4"#3.("4+-0# 4"#$45&#/"$+('#6[+,5/'#

\:PP:"9A#1"/#'44'#2.5/)+-#5)#3.('#('#)"*+,"-+.)#"K&.45:#].5-'2.+&A#$.5/#4"#3.("4+-0#

12254,&2A#<5+#$'/3'-#0,"4'3')-#(8"110('/#(+/'1-'3')-#7#5)'#^.)'#(5#1.)-'B-'#')#

(0$4"_")-#48"$$"/'+4A#4'#/0&54-"-#'&-#(+220/')-#`#12254,&2#'&-#$45&#4')-#<5'#%#0.!"#$#'-#

+,-.'-/,/01"200:#D.)1#ZP#)>'&-#$"&# *0/+2+0'#$.5/#12254,&2:# Y'4"# &>'B$4+<5'#$"/# 4'#

2"+-# <5'# 4'&# $"/-+1+$")-&# .)-# 5-+4+&0# 1'--'# 3.("4+-0# (")&# 5)# 3.('# ('# )"*+,"-+.)#

/'4"-+2A#1.33'#4./&#('#4>'B$0/+')1'#$/010(')-':#a"/#1.)&0<5')-A#4'&#$"/-+1+$")-&#.)-#

$"&&0# $45&# ('# -'3$&# <5'# $/0*5# &5/# 1'--'# $%"&':# Y'--'# 5-+4+&"-+.)# .K&'/*0'# ('# 4"#

3.("4+-0# 12254,&2# '&-# ')# 1.)-/"(+1-+.)# "*'1# ).-/'# /"-+.))'4# ('# 1.)1'$-+.)# <5+#

1.)&+&-'# 7# 2.5/)+/# 5)# 3.('# ('# )"*+,"-+.)# "K&.45# $"/# 4'# $.&+-+.))'3')-# (5#

(+&$.&+-+2#&5/#5)#'&$"1'#*+/-5'4#7#5)'#(+3')&+.)#&+-50#')#2"1'#('#485-+4+&"-'5/:#D'5B#

/"+&.)&# $'5*')-# 'B$4+<5'/# 1'--'# 5-+4+&"-+.)# .K&'/*0'# ('# 4"# 3.("4+-0:# D8"K./(# 4"#

30-"$%./'#(8+)-'/"1-+.)#(5#(0$4"1'3')-#(5#(+&$.&+-+2#<5+# 2.5/)+-#5)'#2')?-/'#&5/#

5)#'&$"1'#*+/-5'4#(8+)2./3"-+.)#6"$$'40'#30-"$%./'#!')&G+)GZ")(#$"/#a"%5(#'-#"4:#

bUTc9#'&-#$'5-G?-/'#$45&#2./-'#"*'1#5)#'&$"1'#*+/-5'4#WD#1.33'#(")&#bUTA#PWWc:#D'#

$45&A# 1'--'# 30-"$%./'# !')&G+)GZ")(# '&-# $'5-G?-/'# $'/_5'# ')# .$$.&+-+.)# "*'1# 4"#

30-"$%./'#,/"$%+<5'#1.)&+&-")-#7#"22+1%'/#48'&$"1'#(8+)2./3"-+.)#1.3$4'-#62.15&#'-#

1.)-'B-'9# &5/# 4801/")# (5# (+&$.&+-+2# 3.K+4':# a.5/# 4'# /'&-'# ('# 48")"4d&'A# ).5&#

1.)&+(0/.)&#<5'#4"#3.("4+-0#12254,&2#'&-#5)'#3.("4+-0#(.)-#4'#3.('#('#)"*+,"-+.)#

'&-#/'4"-+2A#1.33'#4"#3.("4+-0#3'&.#$"/#'B'3$4':#

#
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!"# $"%&'# ()"*+,-$./0# "'$# 1"2-,/-&# &3-'# .%&/4$20$# &/-4# 32# %/(23.$+# !"#$5# 6/-$#

()21/4(7#0/-'#28/0'#/1'"48+#&/-4# ,"$$"#%/(23.$+# '"-3"%"0$7#9-"# 3"'#&24$.,.&20$'#

4"8"02."0$#2,,.("0$"33"%"0$#:# 32#&;2'"#("#028.<2$./0#42&.("#=!"#$>#2&4?'# 32#&;2'"#

("# 028.<2$./0# &4+,.'"# =%#"&'>5# @."0# 9-"# 0/-'# 2A/0'# (+B.0.# -0"# C/0"# '$213"# &/-4#

3).0,3.02.'/0# =DEF5GH7# F5GHI# 2-$/-4# ("# 32# &/'.$./0# .0.$.23"># (20'# 329-"33"# 2-,-0#

(+B.3"%"0$# 0J"'$# (+,3"0,;+7# 3).0$"42,$./0# $2,$.3"# 2# &4/8/9-+# -0"# .0,3.02.'/0# 0/0#

(+'.4+"#(-#(.'&/'.$.B# "0$42K020$#2.0'.#-0#(+B.3"%"0$#0/0#8/-3-5#L"$$"#/1'"482$./0#

"*&3.9-"# 9-"# 3"# $"%&'# ()"*+,-$./0# ("# 32# &;2'"# ("# 028.<2$./0# 42&.("# &/-4# 32#

%/(23.$+#!"#$('/.$#$4?'#3/0<5#M0"#2-$4"#"*&3.,2$./0#"'$#32#B2N/0#(/0$#3"'#&24$.,.&20$'#

-$.3.'2."0$#3"'#%/(23.$+'#,/%1.0+"'5#O0#"BB"$7#0/-'#28/0'#/1'"48+#-0"#'$42$+<."#("#

028.<2$./0#.02$$"0(-"5#P3-$Q$#9-"#("#(+&32,"4#42&.("%"0$#32#C/0"#("#B/,-'#&2'#$4/&#

3/.0#("#32#,.13"#&/-4#&2''"4#"0'-.$"#:#32#%/(23.$+#&4+,.'"7#3"'#&24$.,.&20$'#/0$#&2''+#

(-# $"%&'#:# "''2A"4#("#%"$$4"# 32# ,.13"#(20'# 32# C/0"#("# B/,-'#(.4",$"%"0$# 28",# 32#

%/(23.$+# 42&.("5# L"$$"# '$42$+<."# 2# &"-$ER$4"# +$+# "0,/-42<+"# &24# 3"# B2.$# 9-"# 32#

%/(23.$+#&4+,.'"# .%&3.9-"#("'#<"'$"'#$2,$.3"'#(20'#32#C/0"#("#B/,-'#'"-3"%"0$5#!2#

&;2'"# ("# 028.<2$./0# &4+,.'"# +$2.$# 23/4'# $4?'# ,/-4$"# &-.'9-J.3# A# 282.$# $4?'# &"-# ("#

(.'$20,"# :# &24,/-4.4# &/-4# %"$$4"# 3"# ,-4'"-4# '-4# 32# ,.13"7# %2.'# 32# &;2'"# ("#

028.<2$./0#42&.("#+$2.$#"33"#1"2-,/-&#&3-'# 3/0<-"#(-#B2.$#(-#%209-"#("#&4+,.'./0#

("'# %/(23.$+'# -$.3.'+"'#S# 3"# $"%&'# <2<0+# '-4# 32# &;2'"# ("# 028.<2$./0# &4+,.'"# 0"#

,/%&"0'2.$#&2'#,"3-.#&"4(-#'-4#32#&;2'"#("#028.<2$./0#42&.("5##

#

T.0'.7# 3"# $"%&'# ()"*+,-$./0# 2-# ,/-4'# ("# ,"$$"# &;2'"# "'$# 3.+# :# 32# &4+,.'./0# ("# 32#

%/(23.$+5#L",.#"'$#,/0B.4%+#&24#32#1/00"#&"4B/4%20,"#("#32#%/(23.$+#%)*$+,)-7#9-.#

"'$#-0"#%/(23.$+#4"32$.8"%"0$#&4+,.'"#(-#B2.$#("#3J.0$"42,$./0#$2,$.3"#9-J"33"#-$.3.'"5#

U"# &3-'7# 28",# %)*$+,)-# 3"# ,3-$,;.0<# 2# +$+# 4+(-.$# 2-# %.0.%-%7# ,"# 9-.# 4"0(# 32#

%/(23.$+# "0,/4"# &3-'# 42&.("5# T8",#./0$"01/1*2,3**7# -0"# &4"''./0# 14?8"# "$# 3+<?4"#

'-4# -0# ,2&$"-4# ("# &4"''./0# "BB",$-2.$# -0"# &;2'"# ("# 028.<2$./0# $4?'# ,/-4$"# "$#

&"4%"$$2.$# (/0,# 2-*# &24$.,.&20$'# ()R$4"# &4+,.'5# O0# ,"# 9-.# ,/0,"40"# 23345/#37#

3)2,$.82$./0#:#32#("%20("#28",#-0"#&4"''./0#'-4#3"#,2&$"-4#("#&4"''./0#2%+3./4"#32#

&4+,.'./05#!"'#&24$.,.&20$'#("82."0$#'.%&3"%"0$#4"3V,;"4#3"#,2&$"-4#&/-4#244R$"4#32#

028.<2$./05# T3/4'# 9-)28",# !"#$7# .3'# ("82."0$# 4"8"0.4# :# 32# &/'.$./0# '$2$.9-"7# &-.'#

20$.,.&"4# 3"# %/-8"%"0$# /-# 028.<-"4# &3-'# 3"0$"%"0$5# L",.# "*&3.9-"# 9-"# 3"'#

&"4B/4%20,"'#'/0$#%".33"-4"'#28",#23345/#3#9-J28",#!"#$5#

#

#
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! !

"#$ "%$ 

!
!

"&$ "'$ 

()*+,-! ./00! 1! "#$! 2-345! 367-85! '9-:;&+<)68! 46+,! =#! 4>#5-! '-! 8#?)*#<)68!

,#4)'-!"%$!2-345!367-85!'9-:;&+<)68!46+,!=#!4>#5-!'-!8#?)*#<)68!4,;&)&-!"&$!
2-345!367-85! '9-:;&+<)68! 46+,! =#! 4>#5-! '-! <,#85)<)68! "'$! 2-345!367-85!

'9-:;&+<)68! 46+,! =#! <@&>-! *=6%#=-! #?-&! +8! )8<-,?#==-! '-! &68A)#8&-!
&6,,-5468'#8<!'-!BCD/!

!"#$"%&'())*&+*&)(",-*&+.&/$01-*&23443.%&+*&,*)56&78*9:'1,$("&.10)*",*&.1&#1-&*,&;&

)*61-*&<1*& +=$"7$'*& 7*&7$##$'1+,:& .10)*",*&5(1-& ,(1,*6& +*6&)(7.+$,:6& '()>$":*6%&

6.1#&5(1-&!"#$%&'&(%&##&*,&!"%&$')*+$,3&&

?-*)$@-*)*",%&!"#$%&'&(%&##&*6,&5+16&+*",*&5(1-&+=$"7$'*&7*&7$##$'1+,:&+*&5+16&#.$>+*3&

A(16&*95+$<1("6&'*&-:61+,.,&5.-&+.&7$##$'1+,:&5(1-&'*-,.$"6&5.-,$'$5.",6&;&7$6,$"01*-&

+*6&7*19&"$B*.19&7*&5-*66$("3&C*,,*&7$##$'1+,:&*6,&'("#$-):*&5.-&+*6&5-:#:-*"'*6&7*6&

1,$+$6.,*1-63&D+6&(",&5.-&'("6:<1*",&*##*',1:&7*&+("06&)(1B*)*",6&"("&7:6$-:6&61$,*&

;&1"&.551$&1"&5*1&,-(5&#(-,&61-&+*6&'.5,*1-6&7*&5-*66$("3&&
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!"#$%&'"'"()*+',-./0+1#"+!"#$%&'()%*+23#/(%)+#(+,44&5+6%/"4)*+-,+'36,-%)0+"5)+

(0,('3%(5+607"(6,()"+6"+-,+6%5),(4"+"(+/,%53(+6"+-8"22")+6"+7"/57"4)%9":+;(+"22")+

7-#5+-,+4%<-"+"5)+0-3%.(0"+6"+-,+=3("+6"+234#5*+'3%(5+"--"+"5)+9%5%<-":+>,+4%<-"+"5)+63(4+

7-#5+6%22%4%-"+?+50-"4)%3(("/+@7/3<-&'"5+6"+A+2,)+2%(."/+B+")+7"/4"7)%3(+6"+-,+=3("+

)3#4C0"+604/%)5+?+-,+5"4)%3(+D:E:F+6#+4C,7%)/"+DG:+H,/+43(501#"()*+-,+)I4C"+73#9,%)+

(04"55%)"/+7-#5%"#/5+4-%45+,9,()+6"+7-,4"/+-,+4%<-"+?+#("+6%5),(4"+43(9"(,<-"+6"+-,+

=3("+6"+234#5+73#/+"(5#%)"+<,54#-"/+"(+'36"+6"+(,9%.,)%3(+7/04%5:+J"))"+

3<5"/9,)%3(+"$7-%1#"+73#/1#3%+-"+)"'75+68"$04#)%3(+6"+!%/"4)K3#4C+"5)+-"+7-#5+

-3(.+73#/+L!M:+

4.3.6.1.2 Phase de navigation précise 

>"+)"5)+6"+N/#5O,-PQ,--%5+,+/090-0+#(+"22")+5%.(%2%4,)%2+73#/+-"5+'36,-%)05+43'<%(0"5+

5#/+-"+)"'75+68"$04#)%3(+6"+-,+7C,5"+6"+(,9%.,)%3(+7/04%5"+@7+R+S:SSFG:+>"+)"5)+735)P

C34+,+'3()/0+1#8%-+(8T+,9,%)+7,5+6"+6%220/"(4"+5%.(%2%4,)%9"+"()/"++(,&",)()-.#$--+")+

!"-%#$&$.#$--+@7+U+S:SVWSWG*+"()/"++(,&",)()-.#$--+")+/0-&!#01+@7+U+S:MXYFG*+"()/"+

!"#$%&'()%*+ ")+.$$2*(3$+ @7+ U+ S:FEYVG*+ "()/"+!"#$%&'()%*+ ")+'"3&+ @7+ U+ S:XMFD+ G*+ ")+

"()/"+.$$2*(3$+")+'"3&+@7+U+S:XXFYG:+

+

J3''"+7/09#*+4"))"+7C,5"+("+607"(6+7,5+6#+2,4)"#/+L!+@Z%.#/"+M:FF:<G:+;(+2,%)*+-"5+

7"/23/',(4"5+6"+ 4"))"+7C,5"+607"(6"()+6"+ -,+7/04%5%3(+ -3/5+ -,+7C,5"+7/0406"()"+

@(,9%.,)%3(+ /,7%6"G*+ 43''"+ 53#-%.(0+ ,#55%+ 7,/+ [77"/)+ ")+ ,-:+ \X]:+ /0-&!#01+ "5)+ -,+

'36,-%)0+ -,+ 7-#5+ /,7%6"+ 73#/+ 4"))"+ 7C,5":+ J"4%+ "5)+ 6^+ ,#+ 2,%)+ 1#"+ 4"))"+'36,-%)0+

43'<%(0"+ 23#/(%)+#(+'"%--"#/+43()/_-"+7"(6,()+ -,+7C,5"+6"+(,9%.,)%3(+/,7%6"*+6"+

53/)"+ 1#"+ -"5+ 7,/)%4%7,()5+ 7,/9%"(("()+ ?+ 735%)%3(("/+ -,+ 4%<-"+ )/&5+ 7/34C"+ 6#+

4#/5"#/:+!"+-,+'`'"+',(%&/"+")+43''"+"$7-%1#0+4%P6"55#5*+,9"4++(,&",)()-.#$--*+

#("+ 7/"55%3(+ </&9"+ 5#/+ -"+ 4,7)"#/+ 6"+ 7/"55%3(+ "22"4)#"+ #("+ 7C,5"+ 6"+ (,9%.,)%3(+

)/&5+ 43#/)"*+ 4"+1#%+7"/'")+ ,#$+7,/)%4%7,()5+68`)/"+7/04%5:+[#.'"()"/+ -,+7/04%5%3(+

-3/5+ 6"+ -,+ 7C,5"+ 6"+ (,9%.,)%3(+ /,7%6"+ 6%'%(#"+ 63(4+ -"+ )"'75+ 6"+ -,+ 7C,5"+ 6"+

(,9%.,)%3(+7/04%5":+

+

a0,('3%(5*+ 0),()+ 63((0+ 1#"+ -"5+ 7,/)%4%7,()5+ 3()+ #)%-%50+ -,+ '`'"+ 5)/,)0.%"+ 6"+

(,9%.,)%3(+73#/+)3#)"5+-"5+'36,-%)05+43'<%(0"5+"(+"55,T,()+68`)/"+7/04%5+-3/5+6"+-,+

7C,5"+6"+(,9%.,)%3(+/,7%6"*+%-+"5)+5#/7/"(,()+6"+43(5),)"/+6"+2,%<-"5+9,/%,)%3(5+6#+

)"'75+68"$04#)%3(+"()/"+-"5+'36,-%)05+,#+43#/5+6"+4"))"+7C,5":++

4.3.6.1.3 Phase de transition 

>"+)"5)+6"+N/#5O,-PQ,--%5+,+/090-0+#(+"22")+5%.(%2%4,)%2+73#/+-"5+'36,-%)05+43'<%(0"5+

5#/+-"+)"'75+6"+)/,(5%)%3(+@7+R+S:SSFG:+>"+)"5)+735)PC34+,+'3()/0+1#8%-+"$%5),%)+6"5+

6%220/"(4"5+ 5%.(%2%4,)%9"5+ "()/"+ )3#)"5+ -"5+ 7,%/"5+ 6"+ '36,-%)05+ 43'<%(0"5*+ 5,#2+

"()/"++(,&",)()-.#$--+")+.$$2*(3$+@7+U+S:YDFXG:+

J3''"+7/09#*+-,+6#/0"+6"+)/,(5%)%3(+("+607"(6+7,5+6"+-,+6%5),(4"+6"+-,+4%<-":++

+

/0-&!#01+,+-,+7C,5"+6"+)/,(5%)%3(+-,+7-#5+43#/)"+@Z%.#/"+M:FF:4G*+43(2%/',()+bE+73#/+

4"))"+'36,-%)0+@7,5+6"+)"'75+A+C3'%(.+BG:++

H#%51#"+'"3&+(8,+7,5+<"53%(+6c`)/"+,4)%90"*+-,+)/,(5%)%3(+7"#)+`)/"+,()%4%70"*+4"+1#%+-,+

/"(6+)/&5+/,7%6"+d+-"5+#)%-%5,)"#/5+%(4-%("()+-"+6%5735%)%2+73#/+-,+(,9%.,)%3(+/,7%6"+")+

)3#4C"()+-804/,(+73#/+-,+(,9%.,)%3(+7/04%5"+5,(5+,93%/+?+/,'"("/+-"+6%5735%)%2+6,(5+

5,+735%)%3(+%(%)%,-":++

+

+(,&",)()-.#$--+ ")+ .$$2*(3$+ 3()+ #("+ 7C,5"+ 6"+ )/,(5%)%3(+ 7-#5+ -3(.#"+ ,9"4+ 6"5+

)"'75+6"+ )/,(5%)%3(+ 5%'%-,%/"5:+ H3#/+ -"5+6"#$+'36,-%)05*+ (3#5+ ,93(5+3<5"/90+1#"+
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!"#$%&#'$(!)'*%+%!),*$(,&($&($&,*)%&,*(!)$(-(".)%$&(!/#'(%,*&')0%'($#'(".1+'),()2&+("&(

!/#+&( */#*( &,( *&,),*( "&$( +)!*&#'$( )2&+( "&$( %,3&45( 6)'( +/,$17#&,*8( %"$( 3&2)%&,*(

'&*%'&'("&#'$(%,3&4(3&$(+)!*&#'$(3&(!'&$$%/,(!/#'(&99&+*#&'(")(!:)$&(3&(,)2%0)*%/,(

!'1+%$&8(+&(7#%()#0;&,*)%*("&(*&;!$(3&(*'),$%*%/,5(

(

<,9%,8( ")(=%0#'&(>5??5+(;/,*'&(7#&(!"#$%&'()%*( &*(!"+%#$&$,#$++( /,*(#,&(!:)$&(3&(

*'),$%*%/,(@&)#+/#!(!"#$("/,0#&5(AB(,C&$*(3/,+(!)$(21'%9%1&(!/#'(!"#$%&'()%*5(D&$(

3&#4(;/3)"%*1$(%;!"%7#&,*(3&$()+*%/,$(3%$+'E*&$5(D&")(&,*')F,&(#,&(31$/'%&,*)*%/,(

3#&(-(")(!&'*&(3&(+/,*'G"&(3&$(;/#2&;&,*$(-("C1+'),8(;H;&($%(#,&(),%;)*%/,(1*)%*(

9/#',%&5( I)( 3#'1&( 3&( ")( *'),$%*%/,( &$*( !'%,+%!)"&;&,*( 3#&( -( +&*( &99&*( 3&(

31$/'%&,*)*%/,5((

D&( '1$#"*)*( ;/,*'&( 7#&( "&$( +:),0&;&,*$( 3&( !/$%*%/,$( 3&$( 3/%0*$( /#( 3&( ")( ;)%,(

J!'1$&,*$( !/#'( '"-&8( ,$$.*(-$8( /(0&"0)()+,#$++( &*( !"+%#$&$,#$++K( $/,*( ;/%,$(

%;!/'*),*$(7#&(")(31$/'%&,*)*%/,(+)#$1&(!)'(")(!&'*&(3&(+/,*'G"&(3&$(;/#2&;&,*$(

-("C1+'),()2&+("&$(3&#4(;/3)"%*1$(!"#$%&'()%*(&*(!"+%#$&$,#$++5(

4.3.6.1.4 Temps d’exécution global 

I&(*&$*(3&(L'#$M)"NO)""%$()('121"1(#,(&99&*($%0,%9%+)*%9(!/#'("&$(;/3)"%*1$(+/;@%,1&$(

$#'("&(*&;!$(*/*)"(3.&41+#*%/,(J!(P(Q5QQ?K5(I&(*&$*(!/$*N:/+()(;/,*'1(7#.%"(&4%$*)%*(

3&$(3%991'&,+&$($%0,%9%+)*%2&$(&,*'&(*/#*&$("&$(!)%'&$(3&(;/3)"%*1$(+/;@%,1&$8($)#9(

&,*'&(12+&!#23(&*(/(0&"0)()+,#$++(J!(R(Q5QST>K(&*(&,*'&(12+&!#23(&*(!"#$%&'()%*(J!(

R(Q5B?UTK5((

(

I&(*/*)"(3&$(*&;!$(3.&41+#*%/,(+/,9%';&(")(;/31"%$)*%/,(3&(")(*V+:&(&,(*'/%$(!:)$&$5(

<,(&99&*(W(

I)(=%0#'&(>5??53(;/,*'&(7#&("&$(*'/%$(;/3)"%*1$(+/;@%,1&$("&$(!"#$(')!%3&$($/,*(

!"#$%&'()%*8(12+&!#238(&*(/(0&"0)()+,#$++5(X)"0'1(7#&(!"#$%&'()%*($/%*(*'E$(')!%3&(

"/'$(3&(")(!:)$&(3&(,)2%0)*%/,(')!%3&8(")(3%991'&,+&()2&+("&$()#*'&$(;/3)"%*1$(&$*(

$1'%&#$&;&,*('13#%*&($#'("&(*&;!$(*/*)"(3.&41+#*%/,8(,/*);;&,*(&,(')%$/,(3&$(

3#'1&$(3&(*'),$%*%/,5((

I&$(*&;!$(7#)$%;&,*(+/,$*),*$(+/,$*)*1$(3#'),*(")(!:)$&(3&(,)2%0)*%/,(!'1+%$&(

;/,*'&,*(7#&(+&**&(!:)$&()(!&#(3.%,9"#&,+&($#'("&(*&;!$(*/*)"(3.&41+#*%/,5(Y/#$(

"C&4!"%7#/,$(!)'(")($*')*10%&(3&(,)2%0)*%/,()3/!*1&(!)'("&$(!)'*%+%!),*$8(&,(&$$)Z),*(

3&(;&**'&(")(+%@"&(3),$(")([/,&(3&(9/+#$()2),*(3&(!)$$&'(-(")(!:)$&(3&(,)2%0)*%/,(

!'1+%$&5(D&**&($*')*10%&(9)%$)%*(7#&("C);!"%*#3&(3&$(31!")+&;&,*$(!/#'(")(!:)$&(3&(

,)2%0)*%/,(!'1+%$&(1*)%*(*'E$($%;%")%'&(!/#'(*/#*&$("&$(;/3)"%*1$5(\%,$%8()2&+(+&**&(

$*')*10%&8("&$(3&#4(!'%,+%!)#4(9)+*&#'$($/,*(3/,+(")(!:)$&(3&(,)2%0)*%/,(')!%3&(&*(")(

!:)$&(3&(*'),$%*%/,5(6/#'("&(21'9%&'8(,/#$()2/,$(+)"+#"1(".1+)'*N*Z!&(!/#'(+:)7#&(

!:)$&(&*(+:)+#,&(3&$(](;/3)"%*1$5(Y/#$()2/,$(/@*&,#(>5B(!/#'(")(!:)$&(3&(

,)2%0)*%/,(')!%3&8(Q5S(!/#'(")(!:)$&(3&(*'),$%*%/,(&*(?5S(!/#'(")(!:)$&(3&(

,)2%0)*%/,(!'1+%$&5(<,(+)"+#"),*("&(')!!/'*(&,*'&("&(*&;!$(;/Z&,(3&(+:)7#&(!:)$&(

JB5>^($&+/,3&$(!/#'(")(!:)$&(3&(,)2%0)*%/,(')!%3&8(Q5S?($&+/,3&$(!/#'(")(!:)$&(3&(

*'),$%*%/,(&*(B5_B($&+/,3&$(!/#'(")(!:)$&(3&(,)2%0)*%/,(!'1+%$&K8(")(!:)$&(3&(

,)2%0)*%/,(!'1+%$&()("&(')!!/'*("&(!"#$(9)%@"&(J?5S?(!/#'(")(!:)$&(3&(,)2%0)*%/,(

')!%3&8(Q5U_(!/#'(")(!:)$&(3&(*'),$%*%/,(&*(Q5>U(+%@")0&(!/#'(")(!:)$&(3&(,)2%0)*%/,(

!'1+%$&K5(D&")($%0,%9%&(7#&(")(2)'%)@%"%*1(3&(")(!:)$&(3&(,)2%0)*%/,(!'1+%$&(&$*(;/%,$(

%;!/'*),*&(7#&(!/#'("&$(3&#4()#*'&$(!:)$&$8(&*(7#&(")(3#'1&(*/*)"&(3.&41+#*%/,(&,(

#*%"%$),*(+&**&($*')*10%&(3&(,)2%0)*%/,(&$*(%,9"#&,+1&(!)'("&(*&;!$(!)$$1($#'(")(!:)$&(

3&(,)2%0)*%/,(')!%3&(&*(")(!:)$&(3&(*'),$%*%/,5(

<,(+&(7#%(+/,+&',&(")(31!&,3),+&(&,*'&("&(*&;!$(3.&41+#*%/,(&*("C%,3%+&(3&(

3%99%+#"*18("&$(*&,3),+&$($/,*()$$&[($&;@")@"&$(-(+&""&$(3&(")(!:)$&(3&(,)2%0)*%/,(
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!"#$%&'()&(*+,-.".(!&,/+!*&(0&(/"$.(12&(0&(.&3#-(.+."0(%4&56*2.$+,(%6#&,%(/+!.&3&,.(

%2(.&3#-(#"--6(-2!(0"(#7"-&(%&(,"8$9".$+,(!"#$%&(&.(%2(.&3#-(%&(.!",-$.$+,'(

(

4.3.6.2 Préférences utilisateur 

!

!

"#$ "%$ 

&'()*+!,-./!0!"#$!123*+!141!536+7!#8+2!)7!'79+*8#::+!;+!237<'#72+!;+!=>?!"%$!

@:#AA+5+79!B#* B*C<C*+72+!#8+2!:+!735%*+!<3'A!3D!2E#F)+!53;#:'9C!235%'7C+!

#!C9C!2:#AAC+!.G*+H!/G!3)!IG-!

)+,.!"$!&3&,.(:(0;&5#6!$&,*&(<=(0&-(#!6/6!&,*&-(2.$0$-".&2!(!&/0>.&,.(0&-(!6-20.".-(%&(

#&!/+!3",*&'( ?",-( 0"( @$92!&( A'<B'"=( 0&-( 3+%"0$.6-( -+,.( +!%+,,6&-( %&( 9"2*7&( :(

%!+$.&( #"!( +!%!&( %6*!+$--",.( %&( -*+!&(3+C&,( DED'( F&( 12&-.$+,,"$!&( DED(3+,.!&(

12&( 0&-( #"!.$*$#",.-( +,.( *0"--6( 0"( 3+%"0$.6( *+3G$,6&( !"#$%&"'( *+33&( 0"( #02-(

2.$0$-"G0&'((

(

F"(#!6/6!&,*&(%&(*0"--&3&,.(H@$92!&(A'<B'GI(&-.(-$3$0"$!&("2(-*+!&(DED(3+C&,'(F&-(

.!+$-(3+%"0$.6-( *+3G$,6&-(#!6/6!6&-(+,.( 69"0&3&,.(6.6(%6*!$.&-( *+33&(6.",.( 0&-(

#02-( 2.$0$-"G0&-( %",-( 0&( 12&-.$+,,"$!&( DED'( J+2-( "8+,-( *"0*206( 0&( -*+!&( %&(

*0"--&3&,.(HDI(%42,&(3+%"0$.6(*+3G$,6&(&,(2.$0$-",.(0"(/+!320&(D(K(L(M(<&!(N(O(M(B&(N(

A(M(P&(=(+Q(0&(<&!=(B&(&.(P&(%6-$9,&,.(0&(,+3G!&(%&(/+$-(+Q(0"(3+%"0$.6("(6.6(*0"--6&(:(0"(

#+-$.$+,( *+!!&-#+,%",.&'( J+2-( "8+,-( 86!$/$6( 12;"8&*( %&-( *+&//$*$&,.-( $,/6!$&2!-(

H!&-#&*.$8&3&,.(P=(B=(<I=(0&-(!6-20.".-(!&-.&,.(-$3$0"$!&-'(

(

F&-(#"!.$*$#",.-(+,.(.!+286(0"(3+%"0$.6(%(&)*$+,-*.(.!>-(/"*$0&(:(2.$0$-&!R(S(/0&1#232

,-242*5(*#62 7)2#"(#28-)27)2#-(#2"##)920&,*.)20,-&20"##)&2:25"2;,<"5($=20&=*(#)2T'( D&20-(

12&012&-( #"!.$*$#",.-( +,.( -$9,"06( 0&( #!+G0>3&( %&( %6-+!$&,.".$+,( ,+.6( %",-(

04","0C-&(%&(#&!/+!3",*&-'(J+2-(#&,-+,-(12&(04$3#!&--$+,(%&(/"*$0$.6(&.(%4&//$*"*$.6(

/+2!,$&(#"!(*&..&(3+%"0$.6(*+,,2&(*+3#&,-"$.(*&(#!+G0>3&'(

(
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"#$ "%$ 

&'()*+!,-./!0!&#123*#(!"#$!4!5#*2'*!6)!%#1!6+!789:*#;!<!=::)72#2'=;!7'>'29+!"%$!

4!5#*2'*!6)!:?29!6+!789:*#;!<!=::)72#2'=;!'>5=*2#;2+-!

!"#$%&"'! "! #$#!"%%&#'(#)!%"&')!*+,)--)!).$!+/)!012"-($#!3()/!'1//+)4!560)!.(! -)!

'-+$'7(/8! "! #$#! &#2+($! "+! 0(/(0+0! 901+:)0)/$.! 2"/.! -,).%"')! 2)! '1/$);$)!

(0%-(*+"/$!<!1+!=!8).$).!2)!>&"8!%1+&!"$$)(/2&)!-).!'(3-).!$&?.!#-1(8/#).@A!%-+.()+&.!

%"&$('(%"/$.!1/$!.(8/"-#!')!%&13-?0)4!>)!%-+.A!')&$"(/.!%"&$('(%"/$.!1/$!#8"-)0)/$!

0)/$(1//#! -)! %&13-?0)! 2)! -B1''+-$"$(1/4! C)-1/! -"! D"E1/! 21/$! -).! %"&$('(%"/$.!

$)/"()/$! -)! 2(.%1.($(DA! -).! 21(8$.! %1+:"()/$! 13.$&+)&! +/)! 8&"/2)! %"&$()! 2)! -,#'&"/!

9F(8+&)!<4GH@4!

!

"#$ "%$ 

&'()*+! ,-.,! 0! 3'1:*+2+@*+11! "#$! @=):+1! 1=)1! 7+! 6'15=1'2'A<! #55)'1! 79(+*1! +2!

A=*21!6'AA':'7+1! B!6'AA9*+;:'+*! "%$!@=):+1! 1)*! 789:*#;<! #55)'1! A=*21!6'AA':'7+1! B!

+AA+:2)+*-!

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

-,,./0*,4!J-+.()+&.!%"&$('(%"/$.!1/$!K+8#!').!012"-($#.!$&1%!'10%-(*+#).!L!+$(-(.)&!

%1+&! -"!$M'7)!%)&E+)!'100)!.(0%-)!L!)DD)'$+)&4!N)&$"(/.!2,)/$&)!)+;!/1+.!1/$!2($!

*+)! 2"/.! +/)! +$(-(."$(1/! )/! '1/$);$)! &#)-A! ')$$)! 2(DD('+-$#! %)&E+)! %1+&&"($! -).!

)0%6'7)&!2)!&).$)&!'1/')/$&#.!.+&!-B).%"')!2B(/D1&0"$(1/4!

• ()*$ "! #$#! %)&E+)! '100)! $&1%! .)/.(3-)4! O1+$! 2,"31&2A! 2"/.! /1$&)!0(.)! )/!

P+:&)A! /1+.! ":1/.! :1+-+! %)&0)$$&)! +/)! /":(8"$(1/! &"%(2)! ."/.! ":1(&! L!

D1+&/(&!+/!8&"/2!"/8-)!2,(/'-(/"(.1/!)$!21/'!."/.!$&1%!&#2+(&)!-"!:(.(3(-($#!2)!

-,#'&"/4! O1+$)D1(.A! ')&$"(/.! %"&$('(%"/$.! /1+.! 1/$! 2($! *+)! -)! %&13-?0)! 2)!

:(.(3(-($#! 2)! -,#'&"/! -1&.! 2)! -"! /":(8"$(1/! %)&.(.$"($! $1+$! 2)! 060)4!

>)+;(?0)0)/$A! '100)! );%-(*+#! '(Q2)..+.A! -).! %"&$('(%"/$.! 1/$! ).."R#!
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!"#$%&'()**+',%-.+*'(/&.' .&$$&'01!(2+$-'3)4(/&.'!"()$%&*'01!(2+$-*5' .100&'

!"#$%&"'' 1)' %(#)&*$*+&*##,' 3)+' ,&%0&$$&6$' !&*' 01)/&0&6$*' ,2)*' ,%-.+*7'

869+65'61)*'(/16*',(%91+*'1:*&%/-'!&*'6(/+;($+16*'616'!-*+%-&*'*)+$&'<'!&*'

+6.2+6(+*16*'!)'!+*,1*+$+9'616'/1)2)&*',%1/13)-&*',(%')6'(,,)+'*)%'24-.%(67'

• =('01!(2+$-'%(#)&*$*+&*##'('!&)>',%1:2?0&*'*&216'2&*',(%$+.+,(6$*7''

@1)$'!"(:1%!5'.16$%(+%&0&6$'<'%(&*)$-./)05' 2&*',(%$+.+,(6$*'16$'.2(+%&0&6$'

&>,%+0-' 3)"+2' A' (/(+$' )6' ,%1:2?0&' !&' !-*1%+&6$($+167' B2*' 64-$(+&6$' ,(*' &6'

0&*)%&'!"(6$+.+,&%'2(',1*+$+16'!)'.)%*&)%'(,%?*'(/1+%'(,,)A-'*)%')6'.(,$&)%'

!&' ,%&**+167' C&$$&' 01!(2+$-' &*$' 61)/&22&' ,1)%' 2&*' ,(%$+.+,(6$*' &$' .&'

,%1:2?0&',1)%%(+$'#$%&'%-!)+$'()'0+6+0)0'&$'0#0&'!+*,(%(D$%&'(,%?*')6&'

,-%+1!&' !"(,,%&6$+**(;&' ,2)*' 216;)&7' E&' ,2)*' 2(' ,%-*&6.&' !4)6' %&$1)%'

!4+691%0($+16',%-!+.$+9' F9&&!91%G(%!H',1)%' 24+6$&%(.$+16' (/&.'!&*' .(,$&)%*'

!&' ,%&**+16' (' -$-' *1)2+;6-&' .100&' +0,1%$(6$' IJJK5' JLLM7' N1)*' %&/&616*'

*)%'.&*'(*,&.$*'!(6*'2&'.O(,+$%&'P'.(%'+2'6-.&**+$&')6&'()$%&'-$)!&7''

E&)>+?0&0&6$5'*&216'2('0(6+?%&'!16$'2&*',(%$+.+,(6$*'$&6(+&6$'2"(,,(%&+25'+2*'

16$'.16*$($-'3)"+2'-$(+$'!+99+.+2&'!&'!+99-%&6.+&%'2&*'!&)>'6+/&()>'!&',%&**+167'

86' &99&$5' 2&*' ,(%$+.+,(6$*' $&6(6$' 2&' !+*,1*+$+9' .100&' )6' (,,(%&+2' ,O1$1'

FQ+;)%&' R7JR7(H' (/(+&6$' !)' 0(2' <' &99&.$)&%' !&*' ,%&**+16*' 2-;?%&*5' &$' !16.'

&99&.$)(+&6$' !&' ;%(6!*' !-,2(.&0&6$*' <' 2(' ,2(.&' !&*' ,&$+$*7' C&)>' $&6(6$' 2&'

!+*,1*+$+9' .100&')6&'0(6&$$&' !&' S&)' FQ+;)%&' R7JR7:H' (/(+&6$' ()' .16$%(+%&'

:&().1),' !&'0(2' <' ($$&+6!%&' 2&*' ,%&**+16*' -2&/-&*' &$' !16.' <' &99&.$)&%' !&'

;%(6!*' !-,2(.&0&6$*7' C&%$(+6*' ,(%$+.+,(6$*' 16$' *);;-%-' !"(/1+%' )6&' -$(,&'

!"-$(2166(;&' ,1)%' 2&)%' ,&%0&$$%&' !&' .O1+*+%' 2&)%*' 6+/&()>' !&' ,%&**+16'

,%-9-%-*7'

• T1)%'2('01!(2+$-'+**10.2*5',%&*3)&'$1)*'2&*',(%$+.+,(6$*'16$'+6!+3)-'3)&'2&*'

01)/&0&6$*' ,OA*+3)&*' -$(+&6$' $%1,' .16$%(+;6(6$*' &$' ,OA*+3)&0&6$'

9($+;(6$*7'E&',2)*5' .100&' 21%*'!&' 24-$)!&',%-.-!&6$&5' .&%$(+6*',(%$+.+,(6$*'

16$'0&6$+166-'&>,2+.+$&0&6$' 2('3)&*$+16'!&' 2"(..&,$(:+2+$-' *1.+(2&'!&'.&$$&'

01!(2+$-7' U(2;%-' 2&' 9(+$' 3)&' 2(' 01!(2+$-' +**10.2*' *1+$' ,2)*' .1)%(00&6$'

)$+2+*-&'(/&.'!&*'/+*)(2+*($+16*' .16.(/&*5' (21%*'3)&' 2('/)&':+91.(2&'&*$')6&'

/+*)(2+*($+16' .16/&>&5' 2&*' ,(%$+.+,(6$*' 6"16$' ,(*' 9(+$' !&' %&0(%3)&*' *)%' .&'

,1+6$7'

'

!"# !$# 

%&'()*+,-./+0+12$&'(345+6()+7*+6*86+9*+95:&7*2*84+7;)6<(*+7"+=;6&4&;8+9(+:;>(6+
8?*64+ ="6+ :&@*+A+ !"#+ 7*+ :;>(6+ 6*+ 95=7">*+ B*)6+ 7"+ '"(>C*D+ 7"+ >&$7*+ 6*2$7*+ 6*+

95=7">*)+B*)6+7"+9);&4*-+!$#+7*+'*64*+9*+!"#$E%&'()+*64+*::*>4(5*+B*)6+7"+9);&4*D+

7"+>&$7*+6*+95=7">*)+B*)6+7"+9);&4*-+

869+65',2)*+&)%*')$+2+*($&)%*'61)*'16'9(+$',(%'!4)6',%1:2?0&'!4(0:+;)V$-'*)%'2&'*&6*'

!&'!-9+2&0&6$'<')$+2+*&%',1)%'2&*';&*$&*'!&'%&"'3!2()47'86'&99&$5'&6'+6/&%*(6$'2&'*&6*'

!&'!-9+2&0&6$'!&*';&*$&*'!&'%&"'3!2()4'21%*'!&'2(',O(*&'!&'6(/+;($+16',%-.+*&'F/1+%'

*&.$+16' R7L7WH' 2&*' *&6*' !&' !-9+2&0&6$' !&*' 01!(2+$-*' $(.$+2&*' 21%*' !&*' ,O(*&*' !&'

6(/+;($+16'%(,+!&'&$',%-.+*&'*16$'+6/&%*-&*'X'!)%(6$'2(',O(*&'!&'6(/+;($+16'%(,+!&5'

!-,2(.&%'2&*'!1+;$*'/&%*'2(';().O&'F%&*,&.$+/&0&6$'/&%*'2('!%1+$&H'!-,2(.&'2('Y16&'
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!"#$%&'(#)"*(#+,#-,'&."#/*"(0"&12)"3"41#)"*(#+,#!*%21"56#,+%*(#7'"#!'*,41#+,#0.,("#

!"# 4,)2-,12%4# 0*8&2("# !80+,&"*# +"(# !%2-1(# )"*(# +,# -,'&."# /*"(0"&12)"3"41# )"*(# +,#

!*%21"5# !80+,&"# +,# 9%4"# !"# $%&'(# )"*(# +,# !*%21"# /*"(0"&12)"3"41# )"*(# +,# -,'&."5:#

;"11"#24)"*(2%4#!'#("4(#!"#!8$2+"3"41#,#0"*1'*<8#&"*1,24(#'12+2(,1"'*(#7'2#4%'(#%41#

$,21#0,*1#7'=2+(#0*8$>*"*,2"41#'4# ("4(#!"#!8$2+"3"41#'427'"6#3,2(#7'"# +,#0.,("#!"#

4,)2-,12%4# 0*8&2("# !"),21# &%4("*)"*# +"# ("4(# !"# !8$2+"3"41# .,<21'"++"3"41# '12+2(8#

('*#!2(0%(212$(#3%<2+"#&,*#2+(#?#(%41#.,<21'8(:#@%'*#&"11"#*,2(%46#+="A08*2"4&"#!8&*21"#

,'#&.,021*"#B#'12+2("#C#4%')",'#+,#381,0.%*"#!=241"*,&12%4#!'#*'<,4#7'2#0"*3"1#!"#

*80%4!*"#C#&"#<"(%24:#

4.4 Conclusion 

D4#4%'(#<,(,41#('*#+"#3%!>+"#!"#4,)2-,12%4#C#1*%2(#0.,("(#!8&*21#!,4(#+"#&.,021*"#

0*8&8!"416#+"(#!"'A#"A08*2"4&"(#3"48"(#4%'(#%41#0"*32(#!"#E#

F5 ;%4$2*3"*# +=2418*G1#!='12+2("*#!"(#3%!,+218(# &%3<248"(#0%'*#4,)2-'"*#!,4(#

'4"#)'"#<2$%&,+"#('*#3%<2+"#/"A08*2"4&"#F5:#

H5 ;%30,*"*#!2$$8*"41"(#&%3<24,2(%4(#!"#3%!,+218(#/"A08*2"4&"(#F#"1#H5#

I5 DA0+27'"*#+"(#0"*$%*3,4&"(#%<1"4'"(#C#0,*12*#!"#4%1*"#3%!>+"#/"A08*2"4&"#

H5:##

#

J%'(#,)%4(#,24(2#%<("*)8#7'"# +"(#3%!,+218(#&%3<248"(#<,(8"(#"A&+'(2)"3"41#('*#

+=241"*,&12%4# 1,&12+"# /!"#$%&'()%*6#+,-&!#,.5# %41# %<1"4'# +"(#3"2++"'*(# *8('+1,1(# "4#

1"*3"# !"# 0"*$%*3,4&"# "1# !"# 0*8$8*"4&"# !"(# '12+2(,1"'*(:# K%'1"$%2(6# 3,+-*8# &"(#

*8('+1,1(6#&"(#!"'A#3%!,+218(#(%'$$*"41#1%'L%'*(#!"(#0*%<+>3"(#+28(#C# +=241"*,&12%4#

1,&12+"#E# 0*24&20,+"3"41# %&&'+1,12%4# 3,2(# ,'((2# +"# 0*%<+>3"# !'# M#$,1# $24-"*#N:# O"(#

,'1*"(# 3%!,+218(# &%30,*8"(# 0"*3"11"41# !"# *8(%'!*"# &"(# 0*%<+>3"(:# J%'(#

(%'+2-4%4(#!%4&#+"#&%30*%32(#!"#&%4&"012%4#"41*"#+"(#0"*$%*3,4&"(#!"#*8,+2(,12%4#

!"# +,# 1P&."# "1# 0*24&20,+"3"41# +,# 4%4# %&&'+1,12%4# !"# +=8&*,46# '4# &*21>*"#

0,*12&'+2>*"3"41#&*'&2,+#+%*(#!='4"#1P&."#!"#4,)2-,12%4:##

#

@%'*#+"(#3%!,+218(#,'1*"(#7'"#1,&12+"(6# +=%&&'+1,12%4#!"#+=8&*,4#"(1#*8!'21"#3,2(#+"(#

0"*$%*3,4&"(# !"# *8,+2(,12%4# (%41# 3%24!*"(:# Q"# 0+'(6# &"(# 3%!,+218(# 0*8("41"41#

!=,'1*"(# !2$$2&'+18(# !=241"*,&12%4:# @,*# "A"30+"6# '"/&# 0*%)%7'"# '4"# !2$$2&'+18# !"#

+"&1'*"#C#+=8&*,46#+%*(7'"#+"#!2(0%(212$#"(1#1*%0#24&+2486#,+%*(#7'"#0$$1*(/$#0*%)%7'"#

'4"# $,12-'"# 0.?(27'"# !'"# ,'A# 3%')"3"41(# !,4(# +="(0,&":# O"(# !"'A# ,'1*"(#

3%!,+218(# <,(8"(# ('*# +"(# &,01"'*(# !"# 0*"((2%4# %41# ,24(2# %<1"4'# !"# 3"2++"'*(#

*8('+1,1(# /0"*$%*3,4&"# "1# 0*8$8*"4&"# !"(# '12+2(,1"'*(5:# D4# "$$"16# &"(# !"*42"*(# 4"#

(%'$$*"41# 0,(# !"(# 0*%<+>3"(# &218(# &2R!"(('(6# "1# (%41# $,&2+"3"41# 2418-*,<+"(# ,'A#

!2(0%(212$(#,&1'"+(:#;"#&%4(1,1#$,21#!"#&"(#!"'A#3%!,+218(#<,(8"(#('*#+"(#&,01"'*(#!"#

0*"((2%4# !"(# (%+'12%4(# 0%1"412"++"(# ,'# 0*%<+>3"# !"# 4,)2-,12%4# !,4(# '4"# )'"#

<2$%&,+"#('*#3%<2+":#S2"4#7'"#+"(#0"*$%*3,4&"(#%<1"4'"(#4"#!80,(("41#0,(#"4&%*"#

&"++"(#!"(#3%!,+218(#1,&12+"(6#!"'A#02(1"(#!=,38+2%*,12%4#(%41#"4)2(,-",<+"(#E##

• @%(212%44"3"41#!"(#&,01"'*(#E#+,#1"4'"#!'#18+80.%4"#C#!"'A#3,24(#$%*&"#+"(#

'12+2(,1"'*(# C# '12+2("*# '4"# !"(# 3,24(# 241"*,-2((,41# ('*# +"(# &,01"'*(# !"#

0*"((2%4# 0%'*# 241"*,-2*# C# +=8&*,46# *,++%4-",41# ,24(2# +,# 0.,("# !"# 1*,4(212%46#

0'2(7'"#!80"4!,41"#!"(#&.,4-"3"41(#!"#0%(212%4#!"#+,#3,24#"1#!"(#!%2-1(:#

@"*3"11*"# ,'A# '12+2(,1"'*(# !=,)%2*# '4"# 3,24# !8!28"# C# +=241"*,&12%4# 1,&12+"#

0"*3"11*,21# ,24(2# !"# *8!'2*"# +,# !'*8"# !"# +,# 0.,("# !"# 1*,4(212%4:# ;"# 0%241#

*"(1"#C#)8*2$2"*#&,*# +"# 1"30(#!"#&.,4-"3"41#"41*"# +"(#3%!,+218(# /0.,("#!"#
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!"#$%&!&'$()&*+,&-./)#.01/,2)1.)34#$5/*/$!)1/)+'%&!&'$%)1/),#)*#&$)/!)1/%)

1'&5!%).$)3'6!)3'5$&!&78))

• 9'$!":,/)1."#$!),#)+4#%/)1/)$#;&5#!&'$)"#+&1/)<),/%).!&,&%#!/."%)34/"34/$!)2)

%/) "#++"'34/")#.)+,.%)+"=%)1/) ,#) 3&>,/)1."#$!) 3/!!/)+4#%/?) ,/) !/*+%)+/"1.)

$@=!#$!)+#%)3'*+/$%=)1."#$!),#)+4#%/)1/)$#;&5#!&'$)+"=3&%/8)A77"&")+,.%)1/)

3'$!":,/) B/!) 1'$3) +,.%) 1/) +"=3&%&'$() #.C) .!&,&%#!/."%) 1."#$!) 3/!!/) +4#%/)

+/"*/!!"#&!)#&$%&)1/)"=1.&"/) ,#)1."=/)!'!#,/)1/)"=#,&%#!&'$)1/) ,#) !D34/)%#$%)

!'.!/7'&%)"/*/!!"/)/$)3#.%/)$'!"/)#++"'34/)>#%=/)%."),#)*.,!&*'1#,&!=8)

)

E/) 34#+&!"/) %.&;#$!) B34#+&!"/) F() 3'$!&$./) $'!"/) /C+,'"#!&'$) 1/) ,@/%+#3/) 1/%)

+'%%&>&,&!=%) /$) !/"*/%) 1/) *'1#,&!=%) 3'*>&$=/%) +'.") $#;&5./") 1#$%) .$/) ;./)

>&7'3#,/8)E/%)"=%.,!#!%)1=3"&!%)1#$%)3/)34#+&!"/)$'.%)'$!)&$3&!=%)2)/C+,'"/")+,.%)/$)

1=!#&,),/%)*'1#,&!=%)>#%=/%)%."),/%)3#+!/."%)1/)+"/%%&'$?)'>G/!)1.)34#+&!"/)%.&;#$!8)

)
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5 NAVIGATION AVEC DES 

CAPTEURS DE PRESSION 

DANS UNE VUE BIFOCALE 

5.1 Introduction 

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

*.%-#5'/+ ,#+ %'#//(3)+ %35'+ ).6(75#'+ '.%(,#2#)-+ ,.)/+ 5)#+ 65#+ 8(93*.0#+ /5'+

,(/%3/(-(9/+ 238(0#/:+ !#/+ 23,.0(-&/+ ,3)-+ 0#+ ,(/%3/(-(9+ ,"()-#'.*-(3)+ #/-+ 5)+ 35+ ,#/+

*.%-#5'/+ ,#+ %'#//(3)+ %#'2#--#)-+ ,#+ '&/35,'#+ 0#/+ 0(2(-.-(3)/+ ()1&'#)-#/+ ;+

0"()-#'.*-(3)+%5'#2#)-+-.*-(0#+%35'+*#--#+-<*1#+,#+).6(7.-(3)+250-(=&*1#00#+>+

• !"3**50-.-(3)+%'363?5&#+%.'+0"()-#'.*-(3)+/5'+0.+/5'9.*#+,#+6(/5.0(/.-(3)+#00#=

242#+@/#*-(3)+A:B:C+,5+*1.%(-'#+AD:+

• !.+ )&*#//(-&+ ,"#99#*-5#'+ 5)+ *1.)7#2#)-+ ,#+ 23,#+ %35'+ ,(/-()75#'+ 0.+

).6(7.-(3)+ ;+ 0"&*1#00#+ ,5+ *3)-#$-#+ @'.%(,#D+ ,#+ 0.+ ).6(7.-(3)+ ;+ 0"&*1#00#+ ,5+

93*5/+ @%'&*(/#DE+ %5(/?5#+ *#/+ ,#5$+ -F%#/+ ,#+ ).6(7.-(3)+ '#%3/#)-+ /5'+

0"()-#'.*-(3)+ -.*-(0#:+ G35'+ *#+ *1.)7#2#)-+,#+23,#E+ %05/(#5'/+ /305-(3)/+ 3)-+

&-&+ *3)H5#/+>+ 5-(0(/#'+ ,(99&'#)-#/+ I3)#/+ ;+ 0"&*'.)+ @).6(7.-(3)+ '.%(,#+ #)+

.7(//.)-+,.)/+0.+I3)#+,#+*3)-#$-#+#-+).6(7.-(3)+%'&*(/#+#)+.7(//.)-+,.)/+0.+

I3)#+ ,#+ 93*5/DE+ ,(99&'#)-/+ 7#/-#/+ @).6(7.-(3)+ '.%(,#+ ;+ ,#5$+ ,3(7-/+ #-+

).6(7.-(3)+%'&*(/#+ ;+ 5)+,3(7-DE+ 35+ #)*3'#+5-(0(/#'+5)+835-3)+ @%1F/(?5#+35+

)52&'(?5#D+%35'+ /&0#*-(3))#'+ 0#+23,#+;+5-(0(/#':+J./(#I+K+.0:+ LBMN+3)-+%.'+

#$#2%0#+ 5-(0(/&+ ,#5$+ I3)#/+ ,(/-()*-#/+ /5'+ 5)+ %.6&+ -.*-(0#+ %35'+ ,(/-()75#'+

,#5$+23,#/+,#+).6(7.-(3)+>+ 0"5)+5-(0(/.)-+ 0.+).6(7.-(3)+8./&#+/5'+ 0.+6(-#//#+

%#'2#--.)-+5)#+).6(7.-(3)+%'&*(/#E+ 0".5-'#+5-(0(/.)-+0.+).6(7.-(3)+8./&#+/5'+

0.+%3/(-(3)+%#'2#--.)-+5)#+).6(7.-(3)+'.%(,#:+

+

O)+ 5-(0(/.)-+ 0#/+ *.%-#5'/+ ,#+ %'#//(3)+ #-+ #)+ .%%0(?5.)-+ 0#+23,P0#+ #)+ -'3(/+ %1./#/+

%35'+ 0.+ ).6(7.-(3)+250-(=&*1#00#+ ,.)/+ 5)#+ 65#+ 8(93*.0#E+ *#+ *1.%(-'#+ %'&/#)-#+ 5)#+

.%%'3*1#+ 8./&#+ /5'+ 5)#+ 5-(0(/.-(3)+ 8(2.)5#00#+ ,#/+ 23,.0(-&/+ *328()&#/:+ J#*(+ .+

%35'+.6.)-.7#+,#+0(2(-#'+0#+-#2%/+%.//&+/5'+0.+%1./#+,#+-'.)/(-(3)+#)+.//(7).)-+5)#+



Chapter 5: Navigation avec des capteurs de pression dans une vue bifocale 

Sébastien Pelurson - septembre 2016    100 

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

56%73#%0/*%,"-%.($/+730$*%*(3*%'0%*0!,/%)#/,($#8'09%%

%

:#$/#;% '"% ,-0!#<-0% /0.*#($% ,-+/0$*0% 0*% =3/*#>#0% '2",,-(.40% 8#!"$30''0% .4(#/#09% ?0/%

/0.*#($/%/3#@"$*0/%,-+/0$*0$*%'0/%)#>>+-0$*0/%!()"'#*+/%.($A30/%73#%/($*%8"/+0/%/3-%

'"%.",*3-0%)0%,-0//#($;%"#$/#%730%'2+@"'3"*#($%0B,+-#!0$*"'0%!0$+09%

5.2 Interaction bimanuelle et interaction par pression 

C($*-"#-0!0$*% &% '2",,-(.40% ")(,*+0% )"$/% '0% .4",#*-0% ,-+.+)0$*% (D% '23*#'#/"*03-%

3*#'#/"#*%/0/%)03B%!"#$/%)3-"$*%'"%,4"/0%)0%$"@#E"*#($%-",#)0%13$%)(#E*%/3-%.4"730%

.",*03-% )0% ,-0//#($6;% $(3/% 0B,'(-($/% '23/"E0% )23$0% /03'0% !"#$% "@0.% 3$% /03'%

.",*03-9%F$%,'"A"$*%.0'3#G.#%/3-%'"%>".0%"@"$*%)3%)#/,(/#*#>%!(8#'0%1H#E3-0%I9J6;%.0'"%

,0-!0*%K%%

• )23*#'#/0-%'"%!"#$%$($%)(!#$"$*0%*0$"$*%'0%)#/,(/#*#>%0$%!()0%,"L/"E0%,(3-%

#$*0-"E#-%"@0.%'0%.",*03-%)0%,-0//#($ M

• )2+@#*0-% *(3*0%(..3'*"*#($%)0% '2+.-"$%)3-"$*% '"%,4"/0%)0%$"@#E"*#($% -",#)0;%

73#%-073#0-*%)0%,"-.(3-#-%3$0%E-"$)0%,"-*#0%)0%'20/,".0%)2#$>(-!"*#($%M%

• '#8+-0-%'"%!"#$%)(!#$"$*0%,(3-%'"%,4"/0%)0%$"@#E"*#($%,-+.#/09%

%

%
!

"#$%&'!()*!+!,&-.-./0'!1-23%!4!150.'%&!6'!0&'77#-2!7%&! 8'!0522'5%!5952.!6%!

6#70-7#.#:)! ;5! <5#2! 2-2! 6-<#252.'! =%#! .#'2.! 8'! 6#70-7#.#:! '7.! 6>6#>'! ?! 85!
<-658#.>!@57>'!7%&!85!0&'77#-2!59'1!8'!0-%1')!;5!<5#2!6-<#252.'!'7.!6>6#>'!?!

8A#2.'&51.#-2!.51.#8')!

N*#'#/0-% 3$% /03'% .",*03-% ,0-!0*% )($.% 3$0% 3*#'#/"*#($% &% 3$0% !"#$% )0% '"% !()"'#*+%

8"/+0%/3-%'"%,-0//#($9%O(3/%,(3@($/%"#$/#%"//(.#0-%3$0%!"#$%&%.4".3$0%)0/%,4"/0/%

)0% $"@#E"*#($% 1-",#)0% 0*% ,-+.#/069% :#$/#;% /0'($% '0/% ,-(,-#+*+/% C:PF%

1C(!,'+!0$*"-#*+;% ://#E$"*#($;% P0)($)"$.0% 0*% F73#@"'0$.06% )0% Q0--"$(%R%O#E"L%

SJJTU% ,0-!0**"$*% )0% ."-".*+-#/0-% )0/% #$*0->".0/% !3'*#!()"'0/;% .4"730% !"#$% 0/*%

"//#E$+0% &% 3$0% !()"'#*+;% '0/% )03B% !()"'#*+/% +*"$*% .(!,'+!0$*"#-0/% ,(3-% '"%

$"@#E"*#($%)"$/%'"%@30%8#>(."'09%O(3/%"**-#83($/%'"%!()"'#*+%8"/+0%/3-%'"%,-0//#($%&%

'"%!"#$%$($%)(!#$"$*0%*0$"$*%'0%)#/,(/#*#>%,(3-%$"@#E30-%)"$/%'20/,".0%.($*0B*0;%0*%

'"% !()"'#*+% *".*#'0% 1!"#$%6% &% '"% !"#$% )(!#$"$*0% ,(3-% '"% $"@#E"*#($% )"$/% '20/,".0%

>(.3/9%V0%,'3/;%.0**0%",,-(.40%8#!"$30''0%0/*%+E"'0!0$*%.(!,"*#8'0%"@0.%'0%!()<'0%

)0%'"%.4"W$0%.#$+!"*#730%,-+/0$*+%,"-%X3#"-)%S5YU9%F$%0>>0*;%'"%!()"'#*+%8"/+0%/3-%

'"%,-0//#($%0/*%3*#'#/+0%"@0.%'"%!"#$%$($%)(!#$"$*0%K%

• "@"$*%'"%!"#$%)(!#$"$*0%73#%*0-!#$0%'"%*Z.40;%
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• !"#$%&'()*)$%#*%+,!-.+%&+% $'('$+*.+% /% 0-%*-1)2-3)"*%!-$% )*3+$-.3)"*% 3-.3)0+%

-1+.%0-%4-)*%&"4)*-*3+5%

%

6'-*4")*,%#3)0),+$%#*%,+#0%.-!3+#$%&+%!$+,,)"*%*+%,#(()3%!-,%.-$%*"#,%-1"*,%7+,")*%

&+%*-1)2#+$%&-*,%&+#8%&)$+.3)"*,5%90%."*1)+*3%&"*.%&:'3#&)+$%."44+*3%,!'.)()+$%0+%

,+*,%&+%&'()0+4+*3%&',)$'5%%

%

;.<-=0-*%+3%>$+?,3+$%@AAB%"*3%'3#&)'C%,#$%#*+%3-70+33+C%0-%."47)*-),"*%7)4-*#+00+%

&+%!0#,)+#$,%4"&-0)3',5%<+,%-#3+#$,%"*3%&'."4!",'%0-%3D.=+%&+%*-1)2-3)"*%+*%&+#8%

,"#,E3D.=+,%F% &'()*)3)"*% &#% ,+*,% &+% &'()0+4+*3% +3% ."*3$G0+% &+% 0-% 1)3+,,+% &+%

&'()0+4+*35% 90,% "*3% +*,#)3+% '3#&)'% 0:-,,".)-3)"*% &+,% &+#8% 4-)*,% -#8% &+#8% ,"#,E

3D.=+,5%90,%"*3%*"3-44+*3%+8!0"$'%0-%."47)*-),"*%F%

• &+% 0-%4"&-0)3'% 7-,'+% ,#$% 0-% !$+,,)"*% #3)0),'+% -1+.% 0-%4-)*% *"*% &"4)*-*3+%

!"#$%."*3$G0+$%0-%1)3+,,+%%

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

&'()0+4+*35%%

>)+*% H#+% 0+,% $',#03-3,% +8!'$)4+*3-#8% -)+*3% 4"*3$'% H#I#*+% 7-$$+% &+% &'()0+4+*3%

-(().='+%/%0:'.$-*%+3%4-*)!#0'+%!-$%0-%4-)*%*"*%&"4)*-*3+%'3-)3%!0#,%+(().-.+%H#+%0+%

.-!3+#$% &+% !$+,,)"*% !"#$% ."*3$G0+$% 0-% 1)3+,,+C% 0+,% -#3+#$,% "*3% ."*.0#% H#+% 0+%

($-.3)"**+4+*3% &#% ."*3$G0+% &+% 0-% 1)3+,,+% &+% &'()0+4+*3% J!$+,,)"*C% 4-)*% *"*%

&"4)*-*3+K% +3% &+% 0-% &'()*)3)"*% &#% ,+*,% &+% &'()0+4+*3% J)*3+$-.3)"*% 3-.3)0+C% 4-)*%

&"4)*-*3+K%+*3$+%0+,%&+#8%4-)*,%'3-)3%#*+%7"**+%,"0#3)"*%&+%."*.+!3)"*%+*%3+$4+%

&+%!+$("$4-*.+,%!"#$%*-1)2#+$%,#$%#*+%3-70+33+5%%

%

;-.<-=0-*% +3% -05% @ALB% "*3% '3+*&#% .+% 3$-1-)0% +*% '3#&)-*3% #*% -#3$+% 3M!+% &+%

."47)*-),"*% &+,% &+#8% 4"&-0)3',% F% 0-% !$+,,)"*% #3)0),'+% +*% 3-*3% H#+% 4"&-0)3'%

3$-*,)3")$+%-1+.% 0-%4-)*%*"*%&"4)*-*3+C%-0"$,%H#+% 0:)*3+$-.3)"*% 3-.3)0+%+,3%#3)0),'+%

!"#$% ."*3$G0+$% 0-% ,'0+.3)"*% -1+.% 0-% 4-)*% &"4)*-*3+5% N"*3$-)$+4+*3% /% 0I'3#&+%

!$'.'&+*3+%@AABC%0-%!$+,,)"*%+,3%#3)0),'+%).)%."44+%#*+%4"&-0)3'%&I+*3$'+%-#8)0)-)$+C%

."4!0'3-*3%4-),%*+%$+4!0-O-*3%!-,%0:)*3+$-.3)"*%3-.3)0+5%

%

P"#$% 0-% ."*.+!3)"*%&+%0-%4"&-0)3'% 7-,'+% ,#$% 0-% !$+,,)"*%!"#$% 0-% *-1)2-3)"*C% *"#,%

$',#4"*,% ).)% 0+,% $',#03-3,% .0+(,% &:-#3$+,% '3#&+,5% QI-7"$&C% 0+,% #3)0),-3+#$,% !+#1+*3%

#3)0),+$% 0-% 4"&-0)3'% 7-,'+% ,#$% 0-% !$+,,)"*% -1+.% ,#((),-44+*3% &+% !$'.),)"*% !"#$%

*-1)2#+$%+*%#3)0),-*3% 0+#$%4-)*%&"4)*-*3+%,#$%#*%,4-$3!="*+%@RRLB%."44+%-1+.%

0+#$%4-)*%*"*%&"4)*-*3+% ,#$% #*+% 3-70+33+% @ALB5%Q+#8)S4+4+*3C% 0-% !$+,,)"*%!+#3%

T3$+%."*3$G0'+%!-$% 0-%4-)*%*"*%&"4)*-*3+% 3+*-*3% 0+%&),!",)3)(C% .+%H#)%!+$4+3%#*+%

)*3+$-.3)"*%3-.3)0+%-1+.%0-%4-)*%&"4)*-*3+%@AAC%ALB5%%

%

Q-*,% .+% .=-!)3$+C%*"#,%'3+*&"*,%.+,% 3$-1-#8%+*%."*,)&'$-*3% 0-%*-1)2-3)"*% ,#$%#*%

,4-$3!="*+5% P-$% "!!",)3)"*% /% @ALBC% *"#,% ."*,)&'$"*,% 0-% !$+,,)"*% +*% 3-*3% H#+%

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

0I+,!-.+% ."*3+83+% &+% 0-% 1#+% 7)(".-0+K% +3% 0:)*3+$-.3)"*% 3-.3)0+% ."44+% 4"&-0)3'%

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

&+% 0-%1#+%7)(".-0+K5%P0#,%'3$")3+4+*3% 0)'+%/% 0I'3#&+%&+% 0I)*3+$-.3)"*%7)4-*#+00+%,#$%

3-70+33+% @AABC% *"#,% *"#,% ."*.+*3$"*,% ,#$% 0I)*3+$-.3)"*% -1+.% #*% ,4-$3!="*+C% !"#$%

0+H#+0%0-%!",3#$+%&+%0-%4-)*%&+%0I#3)0),-3+#$%+3%0+,%4#,.0+,%)4!0)H#',%!"#$%."*3$G0+$%

0-% !$+,,)"*% !+#1+*3% T3$+% &)(('$+*3,5% U*% +((+3C% 0-% 3-)00+% &#% &),!",)3)(C% ,"*% !")&,% "#%

+*."$+% 0+% ."*3+83+% &:#3)0),-3)"*% ,"*3% -#3-*3% &+% (-.3+#$,% !"#1-*3% ."*&#)$+% /% &+,%

!+$("$4-*.+,%&)(('$+*3+,%,#$%0+,%&+#8%3M!+,%&+%&),!",)3)(,%J3-70+33+%+3%,4-$3!="*+K%
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!"#$% #&'% ()('% ("*+,-./0% 1-&2-% 2',"&% ,'2% 3+$+3./$-2.-4#'2% *5#&'% ("*+,-./% *'%

&+6-7+.-"&% 2#$% *-2!"2-.-82% ("9-,'2% :2'3.-"&% ;0;0<% *#% 3=+!-.$'% ;>% &"#2% 8-?"&2% ,'%

*-2!"2-.-8% #.-,-2/% 3"(('% /.+&.% ,'% 3+!.'#$% *'% !$'22-"&@% '.% ,'% ("*'% *'% &+6-7+.-"&%

3"(('%/.+&.%$',+.-80%A"#2%'?!,"$"&2%,5'88'.%*#%.B!'%*5+3.-"&%:3"&.-&#C*-23$'.>%+-&2-%

4#'%3',#-%*5#&%&"#6'+#%!+$+(D.$'%*'%3"&3'!.-"&%E%,5-&'$.-'0%

5.3 Matériel 

A"#2% +6"&2% */6',"!!/% #&% !$".".B!'% #.-,-2+&.% #&'% 3+$.'% 1$*#-&"% (-3$"% '.% #&%

3+!.'#$%*'%!$'22-"&% F&.'$,-&G%H,'G.$"&-G2%IJK%LMM0%A"#2%+6"&2% 8-?/% ,'%3+!.'#$%*'%

!$'22-"&% 2#$% ,'% !+&&'+#% +6+&.% *#% *-2!"2-.-8% :I-7#$'% N0O>0% P"&.$+-$'('&.% +#%

!$".".B!'% *'% ,5'2!/$-'&3'% O% */3$-.% +#% 3=+!-.$'% L@% &"#2% &5+6"&2% !+2% 8-?/% ,+% 3+$.'%

1$*#-&"%*'$$-D$'%,'%*-2!"2-.-8%!"#$%&'%!+2%7)&'$%2+%.'&#'%Q%#&'%(+-&0%P',,'R3-%/.+-.%

*"&3%*/!"$./'%2#$%#&%9#$'+#0%S'%*-2!"2-.-8%("9-,'%#.-,-2/%'2.%#&%-T="&'%L%+6'3%#&'%

$/2",#.-"&% *5/3$+&% *'% UVM?VLM% !-?',2% '&% ("*'% !+B2+7'0% S'% !$"7$+(('% +% /./%

'&.-D$'('&.% 3"*/% '&% #.-,-2+&.% ,'% JWX% -YJ@% Q% ,5'?3'!.-"&% *5#&% !$"7$+(('% '&% P%

3=+$7/% *'% $/3#!/$'$% ,'2% 6+,'#$2% $'."#$&/'2% !+$% ,'% 3+!.'#$% *'% !$'22-"&% !"#$% ,'2%

$'&6"B'$%'&%Z-I-%+#%*-2!"2-.-80%%

%

!
!

"#$%&'!()*! +!,&-.-./0'! 1-23%!4! 5'! 160.'%&!7'!0&'88#-2!%.#5#89! '8.! 1'5%#! 05619!

8%&!5'!0622'6%!6:62.!7%!7#80-8#.#;)!

S'2%6+,'#$2%$'."#$&/'2%!+$%,'%3+!.'#$%*'%!$'22-"&%&5/.+&.%!+2%,-&/+-$'2@%&"#2%+6"&2%

9$+&3=/% #&% +(!,-8-3+.'#$% "!/$+.-"&&',% 2#$% ,'% 3-$3#-.% /,'3.$"&-4#'% !"#$% ,'2%

,-&/+$-2'$%'&%8"&3.-"&%*'%,+%8"$3'%+!!,-4#/'%2#$%,'%3+!.'#$%:1&&'?'%;>0%S5+22"3-+.-"&%

*5#&%+(!,-8-3+.'#$%"!/$+.-"&&',%Q%#&'%8"&3.-"&%*'%.$+&28'$.%,-&/+-$'%+%/./%("&.$/'%

'88-3+3'% !+$% J.'[+$.% \% +,0% ]<O;^% '.% +% /./% #.-,-2/'% &".+(('&.% !+$% J!',('_+&%\% +0%

]<<U^% 4#-% "&.% "9.'&#% +-&2-% *'% 9"&2% $/2#,.+.2% +6'3% ,'#$% .'3=&-4#'% *'% &+6-7+.-"&%

9+2/'%2#$%*'2%3+!.'#$2%*'%!$'22-"&0%

%

S'%3+!.'#$%*'%!$'22-"&%#.-,-2'%#&%("*'%*'%&+6-7+.-"&%$',+.-8%:3"&.$`,'%9+2/%2#$% ,+%

6-.'22'%R2'3.-"&%;0;0;0;%*#%3=+!-.$'%;R>0%P'3-%!'$('.%*5).$'%!,#2%!$/3-2@%!,#2%$+!-*'%

'.%("-&2%'?-7'+&.%('&.+,'('&.%4#'%,'%3"&.$`,'%9+2/%2#$%,+%!"2-.-"&%]<<U@%<;<^0%W'%

!,#2@%#&%("*'%*'%&+6-7+.-"&%+92",#%+6'3%*'2%3+!.'#$2%*'%!$'22-"&%!"#$%&+6-7#'$%

*+&2% #&% 7$+&*% '2!+3'% *a-&8"$(+.-"&% Q% #&'% *-('&2-"&% -(!,-4#'$+-.% *'% *-2.-&7#'$%
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!"#$%&'($)*&+#$,)*+#$-#$,&#((./"($-.001&#"%#(2$3&4$.)$*$1%1$-15/"%&1$6!7*!$-#((!($-#$

8$/!$9:$".;#*!<$-#$,&#((./"4$)*$,&1=.(./"$=/55#"=#$>$-1=)."#&$?9@9A2$$

B"0."$5C5#$(.$=#%%#$5/-*).%1$#(%$!%.).(1#$,/!&$)*$,D*(#$-#$"*;.+*%./"$&*,.-#4$"/!($

*;/"($ /E(#&;1$ )/&($ -#$ )F1%!-#$ ,&1=1-#"%#$ G(#=%./"$ H2@2I$ -!$ =D*,.%&#$ HJ$ 6!#$ )*$

(%&*%1+.#$ -#$ "*;.+*%./"$ #5,)/K1#$ ,*&$ )#($ !%.).(*%#!&($ .5,).6!#$ !"$ 5.".5!5$ -#$

,&1=.(./"4$=#$6!#$)#$5/-#$-#$"*;.+*%./"$&#)*%.0$,#&5#%$-#$0/!&".&2$

5.4 Options de conception des modalités basées sur la pression 

L/!($-1=&.;/"($%/!%$-F*E/&-$)#$=/"%#<%#$-F."%#&*=%./"2$M#($5/-*).%1($E*(1#($(!&$)#($

=*,%#!&($-#$,&#((./"$(/"%$-1-.1#($>$)*$"*;.+*%./"$&*,.-#$>$)71=D#))#$-!$=/"%#<%#$-#$

)*$;!#$E.0/=*)#4$#"$!%.).(*"%$)*$5*."$"/"$-/5."*"%#$6!.$%.#"%$1+*)#5#"%$)#$-.(,/(.%.02$

N#($ 5/-*).%1($ (/"%$ =/5E."1#($ *;#=$ !"#$ 5/-*).%1$ %*=%.)#$ G!"#$%J$ ,/!&$ !"#$

."%#&*=%./"$,&1=.(#$ >$ )71=D#))#$ -!$ 0/=!($-#$ )*$ ;!#$E.0/=*)#2$B"$/!%&#4$ =/55#$-*"($

?88A$ -*"($ )#$ =*($ -7!"#$ %*E)#%%#4$ )#$ (#"($ -#$ -10.)#5#"%$ #(%$ -10.".$ ,*&$ !"$ +#(%#$ -#$

&'#()$G+#(%#$-#$*+,-$=/!&%$#%$&*,.-#J$>$)F1=&*"$*;#=$)*$5*."$-/5."*"%#$GO.+!&#$P2@$

).+"#($9$#%$QJ$#%$)*$;.%#((#$-#$-10.)#5#"%$#(%$-10.".#$,*&$)*$,&#((./"$*,,).6!1#$*;#=$

)*$5*."$"/"$-/5."*"%#2$$

$

R/!%#($ )#($ 5/-*).%1($ E*(1#($ (!&$ )*$ ,&#((./"$ =/"S!#($ .5,)15#"%#"%$ !"$5/-#$ -#$

"*;.+*%./"$ &#)*%.02$ N#$5/-#$-#$ "*;.+*%./"$ &#)*%.0$ "/!($ *$ ."=.%1$ >$ 0*.&#$ )#$ ,*&*))')#$

#"%&#$)*$5/-*).%1$E*(1#$(!&$)*$,&#((./"$#%$)*$5/-*).%1$%*=%.)#$!"#$%$E.#"$=/""!#$-#($

!%.).(*%#!&(2$L/!($=/"(.-1&/"($*."(.$-#!<$/,%./"($,/!&$)*$=/"=#,%./"$-#($5/-*).%1($

E*(1#($(!&$)*$,&#((./"$T$$

• RK,#($-F*=%./"$T$=/"%."!#$U$-.(=&'%#$G(#=%./"$@2@29$-!$=D*,.%&#$@J$

• V"#&%.#$

$

V"(,.&1#$,*&$ )#$+#(%#$*+,-4$ !"#$,&#5.'&#$ (/)!%./"$-#$=/"=#,%./"$#(%$-F*((/=.#&$ )*$

,&#((./"$*,,).6!1#$>$ )*$;.%#((#$-#$-10.)#5#"%$>$ )F*.-#$-F*=%./"($ =/"%."!#($ GO.+!&#$

P2@$ ).+"#$9J2$W)!($ )#($!%.).(*%#!&($,&#((#"%$ )#$=*,%#!&$ 0/&%$#"$!%.).(*"%$ )*$5*."$"/"$

-/5."*"%#4$,)!($)*$;.%#((#$-#$-10.)#5#"%$#(%$ .5,/&%*"%#2$M#$-10.)#5#"%$*((/=.1$#"$

%#5,($&1#)$,#&5#%$!"$&#%/!&$;.(!#)$=/"%."!$-#$)*$,&#((./"$*,,).6!1#4$=/55#$-*"($

)#($1%!-#($-#$X,#)5#Y*"$Z$*)2$?99[A$/!$#"=/&#$-#$\.)(/"$Z$*)2$?9@@A2$R/!%$=/"%*=%$>$

)71=&*"$ *;#=$ )*$ 5*."$ -/5."*"%#$ *&&C%#$ )*$ "*;.+*%./"$ .".%.1#$ ,*&$ )#($ =*,%#!&($ -#$

,&#((./"$T$=#)*$-/""#$)*$,&./&.%1$>$)*$5/-*).%1$%*=%.)#$#%$,#&5#%$*!<$!%.).(*%#!&($-#$

5.#!<$=/"%&])#&$ )*$"*;.+*%./"$#"$)#!&$0/!&".((*"%$!"$5/K#"$-#$ )*$(%/,,#&$*;#=$ )*$

5*."$-/5."*"%#$-.(,/".E)#$-!&*"%$=#%%#$,D*(#2$$

$

B"$,)!($-F*=%./"($ =/"%."!#($ (!&$ )#$ =*,%#!&4$ "/!($ #<,)/&/"($ 1+*)#5#"%$ )#($ *=%./"($

-.(=&'%#(2$ N#)*$ .5,).6!#$ -#($ *=%./"($ -.(=&'%#($ (!&$ )#$ =*,%#!&$ -#$ ,&#((./"$ #%$ 1;.%#$

*."(.$ *!<$ !%.).(*%#!&($ -#$ 5*."%#".&$ !"#$ 0/&=#$ (!&$ )#$ =*,%#!&2$ W)!($ )#$ =*,%#!&$ #(%$

,&#((1$ 0/&%4$ )*$ ,&#((./"$ 1%*"%$ =*)=!)1#$ *!$ 5/5#"%$ -!$ &#)^=D#5#"%4$ ,)!($ )#$

-1,)*=#5#"%$ -*"($ )7#(,*=#$ -7."0/&5*%./"$ #(%$ .5,/&%*"%2$ W/!&$ "*;.+!#&4$ )#($

!%.).(*%#!&($ -/.;#"%$ *."(.$ #00#=%!#&$ !"#$ (1&.#$ -F*=%./"($ -.(=&'%#($ _*,,!.`

&#)^=D#5#"%a$ (!&$ )#$ =*,%#!&$ #"$ *b!(%*"%$ )*$ ,&#((./"$ #"$ 0/"=%./"$ -#$ )*$ -.(%*"=#$ >$

,*&=/!&.&$ b!(6!F>$ )*$ =.E)#$ GO.+!&#$ P2@$ ).+"#$ QJ2$ M*$ "*;.+*%./"$ -15*&&#$ )/&(6!#$

)7!%.).(*%#!&$&#)^=D#$)#$=*,%#!&2$N#=.$,#&5#%$*!<$!%.).(*%#!&($-#$5.#!<$=/"%&])#&$ )*$

0/&=#$ *,,).6!1#$ (!&$ )#$ =*,%#!&$ ,!.(6!F.)($ ,#!;#"%$ )*$ 5/-.0.#&$ *;*"%$ -#$ &#)^=D#&$

=/5,)'%#5#"%$)#$=*,%#!&2$M*$(1&.#$-7*=%./"($#00#=%!1#($(!&$)#$=*,%#!&$#(%$(.5.)*.&#$>$

)*$ (1&.#$ -#$ +#(%#($ %*=%.)#($ )/&($ -#$ )7#<1=!%./"$ -#($ +#(%#($ -#$ !"#$%$ !%.).(*"%$ )#$
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!"#$!%&'()* +,--.* "/,'$* .01"&2#3* 45'!."* .$* 5")* 6789:* ".;* (.;$.;* '<#$&"&;5'$* 15;* ".*

!"#$!%&'(*;,'$*1"#;*=&>>&!&".;*?*@35"&;.@)*A'.*.01"&!5$&,'*1,;;&B".*.;$*2#.*".*!"#$!%&'(*

1.@-.$* =.* =3!,-1,;.@* #'* -,#C.-.'$* =&>>&!&".* .'* -,#C.-.'$;* 1"#;* ;&-1".;* .$*

!,'$@D"5B".)* 4,#;* 1.';,';* =,'!* 2#.* !.* 1@&'!&1.* 1.#$* 5#;;&* ;<511"&2#.@* ?*

"<&'$.@5!$&,'*B5;3.*;#@*=.;*!51$.#@;*=.*1@.;;&,')*

*

+.*15@5""E".*.'$@.*"5*1@.;;&,'*.$* ".;*(.;$.;*=.*!"#$%*5;;,!&3;*?*=#*!"#$!%&'(*',#;*5*

!,'=#&$*?*.'C&;5(.@*#'.*=.#0&E-.*,1$&,'*=.*!,'!.1$&,'* F*5G,#$.@*=.* "/&'.@$&.*5#0*

-,=5"&$3;*B5;3.;*;#@*"5*1@.;;&,')*H,#$*!,--.*".;*(.;$.;*=.*!"#$%*1,#@*"5*'5C&(5$&,'*

$5!$&".:* "5* '5C&(5$&,'* B5;3.* ;#@* "5* 1@.;;&,'* 1.#$* I$@.* 5#(-.'$3.* (@J!.* ?* #'*

=3>&".-.'$* !&'3$&2#.)* K.* ;L;$E-.* ;&-#".* 5",@;* =.* "/&'.@$&.)* K.* -,#C.-.'$* =.*

=3>&".-.'$* 15@* &'.@$&.* .;$* !5"!#"3* ",@;* =#* @."J!%.-.'$* =#* !51$.#@* =.* 1@.;;&,'* .$*

;.",'* "5*-,L.''.* =.;* !&'2* =.@'&E@.;* C5".#@;* =.* 1@.;;&,'* 5C5'$* 2#.* !."".M!&* ;,&$*

'#"".)* H,#$.* 5!$&,'* ?* "/3!@5'* 5C.!* "5* -5&'* =,-&'5'$.* 5@@I$.* ".* =3>&".-.'$* 15@*

&'.@$&.)*

*

K.;* =.#0* ,1$&,';* =.* !,'!.1$&,':* ?* ;5C,&@* ".* $L1.* =<5!$&,'* N!,'$&'#O=&;!@.$P* .$*

"/&'.@$&.:* ',#;* ,'$* 1.@-&;* =.* =3>&'&@* 2#5$@.*-,=5"&$3;* B5;3.;* ;#@* "5* 1@.;;&,')* K5*

;.!$&,'*;#&C5'$.*=3!@&$*".#@*-&;.*.'*Q#C@.)*

5.5 Modalités basées sur le capteur de pression implémentées 

+,--.* ",@;* =.* "<.013@&.'!.* R* =#* !%51&$@.* 8:* ',#;* 5C,';* #$&"&;3* #'* .;15!.*

=/&'>,@-5$&,'* =.* STUVV* 1&0.";* =.* "5@(.)* +.$$.* $5&"".* !,@@.;1,'=* ?* =.;* !5;*

=/511"&!5$&,'*!,'!@.$;*F*15@*.0.-1".*"5*C&;#5"&;5$&,'*=/#'*(@51%.*=<&'=&!.*B,#@;&.@*

=.*WV*5';*5C.!*#'.*13@&,=.*=/#'*-,&;*5>>&!%3.*=5';*".*>,!#;*F*8XV*1&0.";*N$5&"".*=.*

>,!#;P*Y*WV*5';*Y*WR*-,&;*Z*STUVV*1&0.";)**

*

K.;*(.;$.;*=.*&'()O!"#$%*,'$*1@&,@&$3*;#@*".*!51$.#@*=.*1@.;;&,'*$."*2#.*=3!@&$*15@*"5*

-5!%&'.* ?* 3$5$* =.* "5* [&(#@.* S)8)* K.;* #$&"&;5$.#@;* 1.#C.'$* 5@@I$.@* "5* '5C&(5$&,'*

=3!".'!%3.*15@*".*!51$.#@*=.*1@.;;&,'*.'*$,#!%5'$*"/3!@5')*\&';&:*".;*3C3'.-.'$;*=#*

!51$.#@* =.* 1@.;;&,'* ;,'$* &(',@3;* ;/&"* L* 5* #'* =,&($* ;#@* "/3!@5'* N3$5$;* ]*^@.;;#@.*

&(',@.=*_*.$*]*^@.;;#@.*&(',@.=*`*a'.@$&5*_*?*"5*[&(#@.*S)8P)*
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!

!"#$%&'()*'+',-&./0&1'2&'34&."51'26"57&%837"95)'

:"#5&';<=>'?!"#$"%!%&' @'A37"95'3957"5$&'1$%' 0&'38/7&$%'2&'/%&11"95)';8@B='#&17&'2&''($)*'/9$%'2CD"5"%' 0&'1&51'2&'2CD"0&.&57';3@&='38/7&$%'/%&11C'&7' 0&'2CD"0&.&57'3957"5$';.9$E&.&57'F' 0GC34&00&'2$'
3957&-7&=';D='38/7&$%'595'%&0H34CI'.8"1'79$34&%'06C3%85'8%%J7&'0&'2CD"0&.&57';#@4='#&17&1'+,-.K/0$12'/%C3"1'&DD&37$C1'/8%79$7'F'0GC3%85';.9$E&.&571'F'0GC34&00&'2$'D93$1=)'

:"#5&';L=>'+$&1,*#*3@ A37"95'2"13%M7&'1$%' 0&'38/7&$%'2&'/%&11"95) ;8@B='#&17&'2&''($)* /9$%'2CD"5"%' 0&'1&51'2&'2CD"0&.&57 ;3@2=' N/%&11"95'&7'%&0H34&.&57O' D9%7'/%9E9P$857'$5' 095#'2C/083&.&57'2851'

06&1/83&' 26"5D9%.87"95' ;.9$E&.&57' F' 0GC34&00&' 2$' 3957&-7&=' ;&@D=' N/%&11"95' &7' %&0H34&.&57O' 0C#&%' /%9E9P$857' $5' 39$%7' 2C/083&.&57' 2851' 06&1/83&' 26"5D9%.87"95' ;#@4' =' #&17&1'+,-.K/0$12' /%C3"1'
&DD&37$C1'/8%79$7'F'0GC3%85';.9$E&.&571'F'0GC34&00&'2$'D93$1=)'

:"#5&' ;*=>' /0$12)' :8'.8"5' 595' 29."5857&' ;595' %&/%C1&57C' 1$%' 08' D"#$%&=' 7"&57' 0&' 2"1/91"7"D)' :&1' 837"951' 7837"0&1' 1957' &DD&37$C&1' 8E&3' 08'.8"5' 29."5857&)' ;8@2=' Q&$-' #&17&1' /0$12' 8E&3' 2&$-' 29"#71'
5C3&11"7857'2$'30$734"5#';.9$E&.&57'F'0GC34&00&'2$'3957&-7&=)';&@D='#&17&1'+,-.K/0$12'/%C3"1'8E&3'$5'29"#7'&DD&37$C1'/8%79$7'F'0GC3%85';.9$E&.&571'F'0GC34&00&'2$'D93$1=)'

:"#5&' ;R=>' Q"%&37S9$34)' ;8@B@3=' +,-.' &7' +,!)' ;.9$E&.&57' F' 0GC34&00&' 2$' 3957&-7&=)' ;2@&=' #&17&1' +,-.K/0$12' /%C3"1' 8E&3' $5' 29"#7' &DD&37$C1' /8%79$7' F' 0GC3%85' ;.9$E&.&571' F' 0GC34&00&' 2$' D93$1=)
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!

!

!

!

"#$%&'!()*!+!,'-!.%/0&'-!123/4#05-!6/-5'-!-%&!4/!7&'--#28!'0!4'%&!9216#8/#-28!

/:'9!4/!123/4#05!!"#$%)!

5.5.1 Modalités Continuous 

"#$! %&'! ('! )*+,'&-! '$,! +-'$$./! ('!01&2'0'3,! 4'! 4.56('0'3,! )100'3)'7! 83$&6,'/!

+(&$!('!)*+,'&-!'$,!+-'$$.!51-,/!+(&$!(*!3*269*,613!'$,!-*+64'7!:1-$%&'!('!)*+,'&-!'$,!

-'(;)<./! ('!01&2'0'3,!4'!4.56('0'3,!$=*-->,'7!:'!,?+'!4=*),613$!&,6(6$.

)13,63&7!

:*! )132'-$613! +-'$$613! @! 26,'$$'! '$,! (63.*6-'/! )'! %&6! +'-0',! 4'$! 26,'$$'$! 4'!

3*269*,613! '3,-'! A! ',! BCAA! +6D'($! +*-! $')134'! 4*3$! (E'$+*)'! 4&! )13,'D,'!

F-'$+'),62'0'3,! A! ',! GGHAA! +6D'($! +*-! $')134'! 4*3$! (E'$+*)'! 4&! 51)&$I7! J'

26,'$$'!0*D60*('! *! .,.! 4.,'-063.'! *+-#$! &3'! .,&4'! +6(1,'! )10+*-*3,! 4655.-'3,$!

5*),'&-$!4'!9*63!+1&-! (*! 513),613!4'! ,-*3$5'-,! (63.*6-'7!J',,'!.,&4'!*!.,.!)134&6,'!

*2')!KA!+*-,6)6+*3,$!',!)10+*-*6,!L!5*),'&-$!4655.-'3,$!F+'-0',,*3,!-'$+'),62'0'3,!

('$! 26,'$$'$!0*D60*('$! 4'! MAA/! KLAA/! BCAA! ',! NHAA! +6D'($! +*-! $')134'I7!

+*-,6)6+*3,!*!-.*(6$.!C!,;)<'$!+1&-!)<*%&'!5*),'&-7!O1&$!*213$!4'0*34.!P!)<*%&'!

+*-,6)6+*3,!4'!)<16$6-!('!5*),'&-!Q&9.!('!+(&$!*4.%&*,7!M!+*-,6)6+*3,$!$&-!('$!KA!13,!

)<16$6 )'(&6! +'-0',,*3,! &3'! 26,'$$'! 0*D60*('! 4'! BCAA! +6D'($! +*-! $')134'/! 31&$!

*213$!413)!$.('),6133.!)'!5*),'&-!*2')!(*!513),613!4'!,-*3$5'-,!$&62*3,'!

!"S"#$"T"%/!1U!KA!)1--'$+134!*&!5*),'&-!-','3&!4*3$!(=.,&4'!+6(1,'/!',!+!-'+-.$'3,'!

(*!+-'$$613!-',1&-3.'!+*-!(*!)*+,'&-!4'!+-'$$613!$1&$!(*!51-0'!4=&3!'3,6'-!)10+-6$!

'3,-'!A!',!BCA!FA!S!AO/!BCA!S!BAOI7!

Idle Inertia 

Pressure 

Drag-Flick 

p>0 & !touch p=0 

touch touch 

touch 

speed=0 & p=0 

speed>0 

p>0 

p>0 

!touch & 
 speed>0 & 

p=0 

!touch & 
 speed=0 & 

p=0 

Pressure 
ignored 

!touch & 
 speed=0 & 

p>0 

p=0 

touch 

speed=0 & p>0 

Pressure 
 ignored & 

Inertia 

speed>0 touch 

!touch & 
 speed>0 & 

p=>0 
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5.5.2 Modalité ContinuousInertia 

!"#$%&'%()*'&+,-%!"#$%#&"&'(#)*$%+.%&)/012#%&#%$'3,#2/%#0,%/#&4$5-.%26%#77#,%*8+6#/,+#%

#0,%'9)2,-:%;#,%#77#,%3/)")12#%26#%*-$-&-/',+)6%*#%&'%"+,#00#%*#%*-7+&#(#6,%'2%7+&%*2%

,#(30:%<#%,=3#%*>'$,+)60%2,+&+0-#0%#0,%*)6$%$)6,+62:%

<'%"+,#00#% +6+,+'&#%2,+&+0-#%3)2/% &8#77#,%*8+6#/,+#%#0,%?'0-#%02/% &'%()=#66#%*#0%$+61%

*#/6+@/#0% "'&#2/0% *#% 3/#00+)6% *-,#$,-#0% '"'6,% 12>#&&#% 0)+,% 62&&#:% <'% "+,#00#% *#%

*-7+&#(#6,% *+(+62#% #602+,#% 92012>A% $#% 12>#&&#% ',,#+B6#% C% #6% 2,+&+0'6,% &8-12',+)6%

02+"'6,#% D% !E,FGH% I% !E,H% J% C.KKLM*,.% )N% *,% #0,% &8+6,#/"'&&#% *#% ,#(30% #6,/#% *#2O%

$'&$2&0% EPC(0H:% Q6% *#00)20% *#% G% 3+O#&% 3'/% 0#$)6*#.% &#% *-7+&#(#6,% 0>'//R,#:% !+60+.%

3&20%&'%"+,#00#%*#%*-7+&#(#6,%#0,%-&#"-#%&)/012#%&#%$'3,#2/%#0,%/#&4$5-.%3&20%&'%35'0#%

*#%*-$-&-/',+)6%#0,%&)6B2#%#,%&'%*+0,'6$#%3'/$)2/2#%+(3)/,'6,#:%!%,)2,%()(#6,.%&#%

*-7+&#(#6,% $/--% 3'/% &>#77#,% *>+6#/,+#% 3#2,% R,/#% '//R,-% '"#$% 26#% +6,#/'$,+)6% ,'$,+&#%

ES+B2/#%T:UH:%

5.5.3 Modalité Discrete 

!"#$% &'%()*'&+,-%,%'-*)$).% /+#6% 6#% 0#% 3'00#% &)/012#% &#% $'3,#2/% #0,% #67)6$-.% #,% $#%

920128A%$#%128+&%0)+,%/#&4$5-:%<#%,=3#%*>'$,+)60%2,+&+0-#0%#0,%*)6$%*+0$/#,:%

<)/012#%&#%$'3,#2/%#0,%/#&4$5-.%&'%()=#66#%*#0%$+61%*#/6+@/#0%"'&#2/0%*#%3/#00+)6%

*-7+6+,% &'% &)6B2#2/% *2% *-3&'$#(#6,% *'60% &>#03'$#% *>+67)/(',+)6:% <'% $)6"#/0+)6%

3/#00+)6%V%*-3&'$#(#6,%#0,%&+6-'+/#%#,%3#/(#,%26%*-3&'$#(#6,%*#%C%A%GGCCC%3+O#&0%

*'60%&>#03'$#%7)$20:%;#&'%3#/(#,%'2O%2,+&+0',#2/0%*#%3'/$)2/+/%&#0%TLWCC%3+O#&0%*#%

&>#03'$#%*>+67)/(',+)6%'"#$%#6"+/)6%T%B#0,#0%*#%X'332+Y/#&4$5#(#6,Z:%

5.5.4 Modalité DiscreteInertia 

;)((#% &'% ()*'&+,-% 3/-$-*#6,#.% &'% ()*'&+,-%,%'-*)$)(#)*$%+% 6#% *-$&#6$5#% 3'0% *#%

*-7+&#(#6,% 920128A% $#% 12#% &#% $'3,#2/% *#% 3/#00+)6% 0)+,% /#&4$5-:% [&2,\,% 12#% *#%

*-$&#6$5#/% 26% *-3&'$#(#6,% *'60% &>#03'$#% *>+67)/(',+)6% $)((#% $>#0,% &#% $'0% 3)2/%

,%'-*)$).%,%'-*)$)(#)*$%+%3/)")12#%26%#77#,%*8+6#/,+#:%<#%,=3#%*>'$,+)60%2,+&+0-#0%#0,%

*)6$%*+0$/#,:%

<)/012#%&#%$'3,#2/%#0,%/#&4$5-.%&'%()=#66#%*#0%$+61%*#/6+@/#0%"'&#2/0%*#%3/#00+)6%

#0,% 2,+&+0-#% #6% ,'6,% 12#% "+,#00#% +6+,+'&#% *2% *-7+&#(#6,% 3'/% +6#/,+#:% <8-12',+)6% *#%

*-$-&-/',+)6%#0,%&'%(R(#%12#%3)2/%!"#$%#&"&'(#)*$%+:%<'%3&'B#%*#%"+,#00#%#0,%*#%C%A%

]^CC% 3+O#&0% 3'/% 0#$)6*#% *'60% &8#03'$#% *2% $)6,#O,#% E/#03#$,+"#(#6,% C% #,% PPWCC%

3+O#&0%3'/%0#$)6*#%*'60%&8#03'$#%*2%7)$20H:%_+%&#0%2,+&+0',#2/0%'332+#6,%#,%/#&4$5#6,%

&#% $'3,#2/% A%6)2"#'2%'2% $)2/0%*#% &'%35'0#%*#%*-$-&-/',+)6% +6#/,+#&&#.% &#0% "+,#00#0%

0)6,% $2(2&-#0% '3/@0% &#% 12',/+@(#% B#0,#% *#% X'332+Y/#&4$5#(#6,Z% $)((#% $>#0,% &#%

$'0%3)2/%&'%()*'&+,-%./%-0%0)20%+`_%aGCGb:%c)20%'")60%3)2/%$#&'%2,+&+0-%&'%7)/(2&#%

02+"'6,#%3)2/%$'&$2&#/%&'%"+,#00#%*#%/-7-/#6$#%A%2,+&+0#/%3)2/%&>#77#,%*>+6#/,+#%D%%

!!"#$%% I%!E,H% F%!E3H.% )N%!E3H% #0,% &'% "+,#00#% *#% /-7-/#6$#% *#% &>#77#,% *>+6#/,+#% *2%

6)2"#'2% B#0,#% *#% X'332+Y/#&4$5#(#6,Z% #,%!E,H% &'% "+,#00#% *#% *-7+&#(#6,% '$,2#&&#%

*2#% A% &>#77#,% *>+6#/,+#% #6% $)2/0% E'2% ()(#6,% )N% &#% $'3,#2/% A% -,-% 3/#00-H:% <#%

*-7+&#(#6,%3'/%+6#/,+#%3#2,%R,/#%'//R,-%'"#$%26#%+6,#/'$,+)6%,'$,+&#%A%,)2,%()(#6,%

ES+B2/#%T:UH:%

5.6 Expérience 

c)20%'")60%$)6*2+,%26#%-"'&2',+)6%$)6,/\&-#%3)2/%$)(3'/#/%&#0%12',/#%()*'&+,-0%

?'0-#0% 02/% &'%3/#00+)6%*-$/+,#0% $+Y*#0020% E!"#$%#&"&'.%!"#$%#&"&'(#)*$%+.%,%'-*)$).%
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!"#$%&'&()&%'"*!"#$%&"'%()"*+'#,-./0".#&.-,%0"1(-"(.-,-0%2."3%04%&.-$%*%2.",%0"5%0.%0"

!%*+6,-"$." %." !%*+6!%/0" 72+**/%" 3%04%&.-$%*%2." 4#3" ,#" 0(-.%" ,-"$." %."

!"%&$'1/2$3!8"9+(0"3/0(*+20",%0"&#3#&./3-0.-1(%0"'%0"*+'#,-./0"&+20-'/3/%0"4+(3"

,#"4:#0%"'%"2#$-5#.-+2"3#4-'%"'#20",#";#<,%"=8>8""

"

?#"*/.#4:+3%" '@-2.%3#&.-+2" (.-,-0/%" %0." ,#" */.#4:+3%" '@-2.%3#&.-+2" '(" 3(<#28" A2"

%BB%.C",@%)4/3-%2&%"D"'("&:#4-.3%"E"2+(0"#"3/$/,/"1(%",#"*/.#4:+3%"'@-2.%3#&.-+2"'%"

,#" ,+(4%" /.#-." *+-20" #443+43-/%" F" ,@(.-,-0#.-+2" '%" *+'#,-./0" &+*<-2/%0"G" &+**%"

%)4,-1(/" #(" &:#4-.3%" E" 70%&.-+2" E8H8D!C" &%..%" */.#4:+3%" 2@%0." 4#0" #'#4./%" F" (2%"

2#$-5#.-+2"43/&-0%"#$%&",%0"5%0.%0".#&.-,%08"I%,#"2+(0"#"+<,-5/"F"*+'-B-%3",%"0%20"'%"

'/B-,%*%2."F"(.-,-0%3"4+(3" ,%0"5%0.%0"'%"!%*+4,-"$.5'(3#2." ,#"4:#0%"'%"2#$-5#.-+2"

43/&-0%C"J-20-C"'(3#2.",#"4:#0%"'%"2#$-5#.-+2"3#4-'%C",%0"5%0.%0"'%"!%*+4,-"$."$%30",#"

5#(&:%"73%04%&.-$%*%2."$%30",#"'3+-.%!"'/4,#K#-%2.",#"L+2%"'%"B+&(0"$%30",#"5#(&:%"

73%04%&.-$%*%2."$%30",#"'3+-.%!C"#,+30"1(%"'(3#2.",#"4:#0%"'%"2#$-5#.-+2"43/&-0%C",%0"

5%0.%0"'%"!%*+4,-"$."$%30",#"5#(&:%"73%04%&.-$%*%2."$%30",#"'3+-.%!"'/4,#K#-%2.",#"

L+2%"'%"B+&(0"$%30",#"'3+-.%"73%04%&.-$%*%2."$%30",#"5#(&:%!"&+**%"-,,(0.3/"0(3",#"

M-5(3%"E8>=8"I%..%"#*<-5(N./"F"4%3.(3</"&%3.#-20"(.-,-0#.%(30C"%."2+(0"#"'+2&"-2&-./"F"

(.-,-0%3" F" 2+($%#(" ,#" */.#4:+3%" '%" ,@-2.%3#&.-+2" '(" 3(<#2C" 2%" &3/#2." 4#0"

'@#*<-5(N./"%2.3%",%0"'%()"4:#0%08"

"

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

.-$/*+$%
0+1)/2*$" 3,-*+-4$"

O(-" P-0&3%.%Q2%3.-#" I+2.-2(+(0Q2%3.-#C"M,-&R"

9+2" P-0&3%.%" I+2.-2(+(0C"P-3%&.;+(&:"

!(56$%789%:%;%<,&(6+*=1%#,4/%6(%#>(1$%&$%-(?+@(*+,-%/(#+&$8%

?@/$#,(#.-+2"2+(0"#"4%3*-0"'S/.('-%3",%0"1(%0.-+20"'%"3%&:%3&:%"0(-$#2.%0",-/%0"#("

3#.-+22%,"'%"&+2&%4.-+2"'%0"*+'#,-./0"<#0/%0"0(3",#"43%00-+2"G"

• T>" G" ?%0" *+'#,-./0" <#0/%0" 0(3" ,#" 43%00-+2" 4%($%2.U%,,%0" +<.%2-3" '%"

*%-,,%(3%0"4%3B+3*#2&%0"1(%",%0"*+'#,-./0".#&.-,%0"V"

• TD"G"W"#".U-,"(2"#$#2.#5%"F" ,S(.-,-0#.-+2"'%"*+'#,-./0"<#0/%0"0(3"'%0"#&.-+20"

&+2.-2(%0"#(",-%("'%"'-0&3X.%0"0(3",%"&#4.%(3"'%"43%00-+2"V"

• TH" G"T(%,0" 0+2." ,%0" %BB%.0" '%" ,@-2%3.-%" 0(3" ,#" 4:#0%"'%"2#$-5#.-+2" 3#4-'%" %."

&%,,%"'%".3#20-.-+2"V"

5.6.1 Modalités tactiles utilisées 

?#"43%*-X3%"*+'#,-./C"2+./%",-"$.C"(.-,-0%"'%0"5%0.%0"'%"!%*+6,-"$."'#20",S%04#&%"'("

&+2.%).%" #$%&" '%()" '+-5.0C" 4+(3" ,%0" '-0.-25(%3" '%0" 5%0.%0" '%" !%*+6,-"$." '#20"

,S%04#&%"'(" B+&(0" %BB%&.(/0" #$%&"(2"'+-5."4%2'#2." ,#"4:#0%"'%"2#$-5#.-+2"43/&-0%"

7M-5(3%"DC",-52%"H!8""

J-20-C" ,%0" (.-,-0#.%(30" 4%($%2." B#&-,%*%2." <#0&(,%3" %2.3%" ,%0" '%()" *+'#,-./0" %."

%BB%&.(%3"'%0"5%0.%0"'%"!%*+6,-"$."4#3.+(."F",S/&3#28"Y2"'/4,#&%*%2."'%"(2"4-)%,"F"

,S/&3#2" #$%&" '%()" '+-5.0" 43+$+1(%" (2" '/4,#&%*%2." '%" (2" 4-)%," '#20" ,S%04#&%" '("

&+2.%).%C" %." '+2&"(2"'/4,#&%*%2."'%" 67" 4-)%,0"'#20" ,S%04#&%"'(" B+&(0" 767" /.#2." ,%"

B#&.%(3"'%"L++*"%2.3%",%"B+&(0"%.",%"&+2.%).%"'%",#"$(%"<-B+&#,%!8"?%0"'-3%&.-+20"'%0"

5%0.%0" 0+2." &%,,%0" :#<-.(%,,%*%2." (.-,-0/0" 0(3" ,%0" '-04+0-.-B0"*+<-,%0" #$%&" /&3#20"

.#&.-,%0" G" (2" 5%0.%" '%"!%*+6,-"$." $%30" ,#" 5#(&:%" 73%04%&.-$%*%2." $%30" ,#" '3+-.%!"

'/4,#&%",%0"'+22/%0"$%30",#"5#(&:%"73%04%&.-$%*%2."$%30",#"'3+-.%!8"I%..%"*+'#,-./"

(.-,-0%"(2"*+'%"'%"2#$-5#.-+2"3%,#.-B"#$%&"'%0"#&.-+20"&+2.-2(%0"7;#<,%"=8>!8"

"
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!"# $%&'()%#*')"+,-./# 0# $"1',2#!"#$%&'()%*/# 3-,+,$%# )%$# 4%$-%$# )%#!#+,5!#(-6# !%$#

3-,+,$"-%32$# $.+%&-,'((%(-# ),2%&-%*%(-#3(#7',(-# )"($# +"# 8'(%#)%# &'(-%9-%#7'32# +%#

2%+:&;%2# )"($# +"# 8'(%# )%# <'&3$6# =,($,# +"# *')"+,-.# %97+',-%# 7+%,(%*%(-# +%$#

7'$$,>,+,-.$#)?3(%#13%#@'&3$#A#B'(-%9-%6##

B'**%# +%$# 4%$-%$# )%# !#+,# )"($# +"# 8'(%# )%# &'(-%9-%# ).<,(,$$%(-# +%$# "&-,'($# )%#

!#+,5!#(-/# +%$# 3-,+,$"-%32$# (%# 7%31%(-# %<<%&-3%2# )%$# 4%$-%$# )%# !#+,5./"%0# )%# +"#

7;"$%#)%#("1,4"-,'(#72.&,$%#3(,C3%*%(-#)"($#+"#8'(%#)%#<'&3$#D@,432%#E/#+,4(%#FG6#

B%--%# *')"+,-.# 3-,+,$%# 3(# *')%# )%# ("1,4"-,'(# 2%+"-,<# "1%&# )%$# "&-,'($# &'(-,(3%$#

DH">+%#I6JG6#

#

!%$#)%39#*')"+,-.$#-"&-,+%$#).<,(,$$%(-#)%39#<"K'($#),<<.2%(-%$#7'32#),$-,(43%2#+%$#

)%39# 7;"$%$# )%# ("1,4"-,'(# L#./"%0# %$-# >"$.%# $32# )%$# 4%$-%$# ),<<.2%(-$# D3(# 5# )%39#

)',4-$G#"+'2$#C3%#!"#$%&'()%*#,*7+,C3%#)%$#4%$-%$#$,*,+",2%$#)"($#),<<.2%(-%$#8'(%$#

)%# +?.&2"(6# =3# &'(-2",2%# +%$# *')"+,-.$# >"$.%$# $32# +"# 72%$$,'(# "1%&# +"# *",(# ('(#

)'*,("(-%# %(2,&;,$$%(-# +%# 1'&">3+",2%# )%$# .1.(%*%(-$# %-# ('3$# 7%2*%--%(-#

)?"--2,>3%2#3(%#*')"+,-.#),$-,(&-%#7"2#7;"$%#)%#("1,4"-,'(6#

5.6.2 Tâche expérimentale 

M'3$#"1'($#2.3-,+,$.# +"# -:&;%#)%# +N%97.2,%(&%#E#)3#&;"7,-2%#F/#&'**%#,++3$-2.#0# +"#

@,432%#I6I/#"1%&#C3%+C3%$#*'),<,&"-,'($6##

#

!%$# 7"2-,&,7"(-$# )%1",%(-# $.+%&-,'((%2# )%$# &,>+%$# )"($# +"# 8'(%# )%# &'(-%9-%6# O+$#

)%1",%(-#*%--2%#+"#&,>+%#$32#3(#&32$%32#"<<,&;.#"3#&%(-2%#)%#+"#8'(%#)%#<'&3$#%-# +"#

*",(-%(,2#7%()"(-#J#$%&'()%#L#+"#&,>+%#2'34%#)%1%(",-#"+'2$#1%2-%#+'2$C3?%++%#.-",-#

7'$,-,'((.%#$32#+%#&32$%326#=72P$#&%+"/#3(%#('31%++%#&,>+%#"77"2",$$",-6##

#

# #
!"# !$# 

%&'()*+ ,-,+ .+ /012*+ *345)&6*78"9*:+ ;*<+ =9>12*<+ &7?&@(*78+ 9*+ <*7<+ ?*+

?5=&9*6*78-+!"#+;"+1&$9*+*<8+?"7<+9*+1A85+'"(12*+?*+9"+BC7*+?*+1C78*38*-+!$#+;"+
1&$9*+*<8+?"7<+ 9"+ BC7*+?*+ =C1(<D+ E+?)C&8*+?(+1()<*()+"==&125+"(+1*78)*+ !9&'7*+

7C&)*#-+

#

!%$#&,>+%$#.-",%(-#4.(.2.%$#)%#*"(,P2%#.C3,-">+%#0#4"3&;%#%-#0#)2',-%6#Q++%$#.-",%(-#

2%72.$%(-.%$# 7"2# )%$# 8'(%$# 2'34%$# )%# RS# 7,9%+$# )%# +"24%326# !%# &32$%32# .-",-#

2%72.$%(-.#"3#&%(-2%#)%#+"#8'(%#)%#<'&3$#7"2#3(%#42"()%#+,4(%#(',2%#)%#R#7,9%+$#)%#

+"24%32# DJS# <',$# 7+3$# 7%-,-%# C3%# +%$# &,>+%$G6# =,($,/# +%$# &,>+%$# 7'31",%(-# T-2%#

<"&,+%*%(-# $.+%&-,'((.%$6# Q(# %<<%-# +"# -:&;%# &'(&2P-%# %$-# )%# ).7+"&%2# )%$# 7',(-$#

)N,(-.2T-# )"($# +"# 8'(%# )%# <'&3$# "<,(# )?'>-%(,2# )%$# ).-",+$# %-# ('(# )%# 7',(-%2#
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!"#$%&#'()*+, -.*"(, ./0($*%1, )2(&*, 3.)$, !4&, 32#5467(", 64, !"#$%&%.), 3(, !"#$8%&'(),

34)&, 64, 9.)(, 3(, 1.$7&, :!;4&(, 3(, )45%<4*%.), !"#$%&(=+, -.7&, "()3.)&, 3.)$, $(**(,

!;4&(,14$%6(,>,"#46%&(",(),*("'(&,3(,!"#$%&%.)+,,

,

?),"4%&.),3(, 6@(11(*,3(,!("&!($*%5(A,(*,37, 14$*(7",3(,9..'A, 64,$%/6(,34)&, 64,57(,3(,

$.)*(B*(,)@#*4%*, !4&, *.70.7"&, $64%"('()*, 5%&%/6(, :).*4''()*, 6."&C72(66(, #*4%*, *"D&,

#6.%<)#(,3(, 64, 9.)(,3(, 1.$7&=+,E.7", "#&.73"(, $(,!"./6D'(A, 64, $.76(7",3(, 1.)3,37,

$F*#,37,$.)*(B*(,$.)*()4)*, 64,$%/6(,#*4%*,'.3%1%#(, :G%<7"(,H+H+4=,41%),3@%)3%C7(",>,

627*%6%&4*(7",3(,C7(6,$F*#,64,$%/6(,&(,*".754%*,(*,4%)&%,'%)%'%&(",6@(11(*,3(,I,3(&("*,1.<,

J, KLMN, O, 6(&,!4"*%$%!4)*&, &454%()*,3.)$, *.70.7"&,34)&,C7(66(,3%"($*%.), %6&,3(54%()*,

)45%<7("+, P(, !67&A, 64, $%/6(, #*4%*, ()*.7"#(, !4", 7), "($*4)<6(, /6(7, 34)&, 64, 9.)(, 3(,

$.)*(B*(,41%),32Q*"(,*.70.7"&,!("$(!*%/6(,!(7,%'!."*(,&4,3%&*4)$(,>,64,9.)(,3(,1.$7&,

:G%<7"(,H+H+4=+,

,

?)1%),3(&,16D$;(&,34)&,6(&,3(7B,9.)(&,3(,$.)*(B*(,:G%<7"(,H+H=,%)3%C74%()*,6(,&()&,

3(,3#1%6('()*,3(,62(&!4$(,32%)1."'4*%.)+,

,

-.7&, 45.)&, 7*%6%&#, 3(&, $%/6(&, 3(, 64"<(7", 1%B(, :R, S, LT, !%B(6&=, (*, $.)&%3#"#, U,

3%&*4)$(&,3%11#"()*(&,O,PV,S,UWTT,!%B(6&A,PX,S,YLTT,!%B(6&A,PM,S,VYXTT,!%B(6&,(*,PU,

S, MWUTT, !%B(6&+, Z(&, 3%&*4)$(&, 34)&, 6@(&!4$(, 37, 1.$7&, $.""(&!.)3()*,

"(&!($*%5('()*,>,UTTA,WTTA,VLTTA,(*,MXTT,!%B(6&,34)&,6@(&!4$(,37,$.)*(B*(+,PV,(&*,

4$$(&&%/6(, 45($, 7), &(76, <(&*(, 3(, %&'(), 34)&, 6@(&!4$(, 37, $.)*(B*(+, [(&, 47*"(&,

3%&*4)$(&,&.)*,*.7*,&%'!6('()*,PV,'76*%!6%#(,!4",XA,U,(*,W,:PX,S,X,\,PVA,PM,S,X,\,

PXA,PU,S,X,\,PM=+,]%)&%A,$(&,3%&*4)$(&,3#1%)%&&()*,C74*"(,)%5(47B,3(,3%11%$76*#,!.7",

64,*^$;(,:_P%,S,6.<X,:P%,8,LT,`,V=A,"(&!($*%5('()*,_PV,S,L+MMA,_PX,S,a+MMA,_PM,S,W+MX,

(*,_PU,S,Y+MX+,

5.6.3 Participants et procédure 

P%Bb;7%*,/#)#5.6(&,:3.)*,;7%*,1(''(&=A,^<#&,3(,VH,>,MW,4)&,:'.c())(,XHA,'#3%4)(,

Xa=A,.)*,!4"*%$%!#,>, 6@(B!#"%()$(+, _6&,#*4%()*,*.7&,(B!("*&,(),%)*("4$*%.),*4$*%6(,&7",

3%&!.&%*%1, './%6(A, $4", %6&, #*4%()*, 7*%6%&4*(7"&, "#<76%("&, 3@7), &'4"*!;.)(, 45($, 7),

#$"4),*4$*%6(+,,

,

[(&,!4"*%$%!4)*&,#*4%()*,4&&%&,(*, *()4%()*, 6(,3%&!.&%*%1,'./%6(,$.''(, 6(,'.)*"(, 64,

G%<7"(,H+V+,[4,$.)3%*%.),3(,'./%6%*#,)@4,!4&,#*#,$.)&%3#"#(+,d.7*,3@4/."3,R%6&.),(*,

46+,KVMXN,.)*,'.)*"#,C7(,6@%)*("4$*%.),/4&#(,&7",64,!"(&&%.),"(&*(,7*%6%&4/6(,!()34)*,

64, '4"$;(+, P(7B%D'('()*A, 64, )45%<4*%.), (*, 6@(B!6."4*%.), 3@7)(, 6.)<7(, 6%&*(, 3(,

3.))#(&, $.""(&!.)3, >, 7)(, *^$;(,C7(, 6(&, 7*%6%&4*(7"&, (11($*7()*, !67*F*, 3(/.7*, .7,

4&&%&A,'4%&,3(,'4)%D"(,%''./%6(,:!4",(B('!6(A,7)(,6%&*(,3(&,'4%6&A,3(,'7&%C7(,.7,

6(&, !".37%*&, 3@7), &%*(, R(/, 3(, $.''("$(, (), !.&%*%.), 3(/.7*, .7, 4&&%&(, 34)&, 6(,

*"4'e4c,.7,>,64,'4%&.)=+,

,

-.7&, 45.)&, 3@4/."3, (B!6%C7#, 6(, !"%)$%!(, 3(, 64, 57(, /%1.$46(, (), !"#&()*4)*, 47B,

!4"*%$%!4)*&,7),(B('!6(,$.)$"(*,45($,3(&,3.))#(&,&7",6(,'4"$;#,/.7"&%("+,?)&7%*(A,

6@#54674*%.), 4, #*#, 3%5%&#(, (), L, /6.$&A, 7), !4", '.346%*#+, [@."3"(, 3(&, /6.$&, 4, #*#,

$.)*"(/464)$#,!4",7),$4""#,64*%)+,,

E.7",$;4C7(,/6.$A,).7&,45.)&,3@4/."3,3#$"%*,64,'.346%*#A,(*,6(&,!4"*%$%!4)*&,.)*,37,,

"#46%&(", L, *^$;(&, 32()*"4f)('()*+, _6&, !.754%()*, 46."&, !.&(", *.7*(&, 6(&, C7(&*%.)&,

C72%6&, 3#&%"4%()*, 47, $.7"&, 3(, $(**(, #*4!(+, _6&, .)*, ()&7%*(, (11($*7#, MX, *^$;(&, 3(,

)45%<4*%.), :W, *^$;(&, !4", %)3%$(&, 3(, 3%11%$76*#=+, _6&, .)*, 1%)46('()*, "('!6%, 7),
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!"#$%&'(()&*#+,-,+./01+23((#4#+56+$"*+7)+8'9)7&%:+!";&7$+<#()&#(%+9;"%&7&$#*+)=&(+9#+

*#>"#&77&*+ 7#"*+?'&(%+9#+<"#+$"@A#>%&=+$"*+$)+ =)>&7&%:+9B"%&7&$)%&'(C+D(=&(E+)?*F$+ 7#$+G+

@7'>$E+ 7#$+ ?)*%&>&?)(%$+ '(%+ :%:+ &(<&%:$+ H+ >7)$$#*+ 7#$+ G+ 8'9)7&%:$+ ?)*+ '*9*#+ 9#+

?*:=:*#(>#+ #%+ H+ #4?7&!"#*+ 7#"*$+ >I'&4C+ JB#4?:*&#(>#+ #(%&F*#+ )+ 9"*:+ #(<&*'(+ KL+

8&("%#$+?'"*+>I)!"#+?)*%&>&?)(%C+

5.6.4 Analyse du temps d’exécution par phase 

M'"*+ >I)!"#+8'9)7&%:E+ ('"$+ 9:=&(&$$'($+ 7)+ ?I)$#+ 9#+ ()<&N)%&'(+ *)?&9#+ >'88#+ 7#+

%#8?$+ ?)$$:+ H+ "%&7&$#*+ 7)+ 8'9)7&%:+ 9:9&:#+ H+ 7)+ ()<&N)%&'(+ *)?&9#+ 2H+ 7B:>I#77#+ 9"+

>'(%#4%#6C++

• M'"*+ 7#$+ 8'9)7&%:$+ @)$:#$+ $"*+ 7)+ ?*#$$&'(E+ #77#+ >'88#(>#+ 7'*$!"#+ 7#$+

"%&7&$)%#"*$+%'">I#(%+7B:>*)(+?'"*+9:=&(&*+7#+$#($+9#+9:=&7#8#(%C++

• M'"*+ 7#$+ 8'9)7&%:$+ )<#>+ "(+ #==#%+ 9;&(#*%&#E+ #77#+ $#+ %#*8&(#+ 7'*$!"#+

7B)(&8)%&'(+9B&(#*%&#+$#+%#*8&(#+'"+7'*$!"#+7#$+"%&7&$)%#"*$+%'">I#(%+7B:>*)(+

?'"*+"%&7&$#*+ 7)+8'9)7&%:+?*:>&$#C+M'"*+ 7#$+8'9)7&%:$+$)($+#==#%+9;&(#*%&#E+ 7)+

?I)$#+9#+()<&N)%&'(+*)?&9#+$#+%#*8&(#+7'*$!"#+7#$+"%&7&$)%#"*$+#(7F<#(%+7#"*+

9'&N%+9"+>)?%#"*+9#+?*#$$&'(+2?'"*+7#$+8'9)7&%:$+@)$:#$+$"*+7)+?*#$$&'(6+'"+

9#+7B:>*)(+2?'"*+7#$+8'9)7&%:$+%)>%&7#$6C++

• M'"*+ %'"%#$+ >#$+ 8'9)7&%:$E+ $&+ 9#$+ )>%&'($+ $">>#$$&<#$+ $'(%+ #==#>%":#$+

2?7"$&#"*$+N#$%#$+9#+O)??"&P*#7Q>I#8#(%R+?'"*+7)+?*#$$&'(E+?7"$&#"*$+N#$%#$+

9#+!"#$S%&'()+?'"*+7;&(%#*)>%&'(+%)>%&7#6E+>#%%#+?I)$#+>'8?*#(9+7#+%#8?$+9#+

>I)>"(#+9#$+)>%&'($+)&($&+!"#+7#+%#8?$+?)$$:+#(%*#+>I)>"(#+9;#77#$C+

+

J)+?I)$#+9#+()<&N)%&'(+?*:>&$#+#$%+9:=&(&#+?)*+7#+%#8?$+?)$$:+H+"%&7&$#*+7)+8'9)7&%:+

?*:>&$#+ 2H+ 7B:>I#77#+ 9"+ ='>"$6C+ D77#+ >'88#(>#+ 7'*$!"#+ 7#$+ "%&7&$)%#"*$+ %'">I#(%+

7B:>*)(+ #%+ $#+ %#*8&(#+!")(9+ &7$+ #(7F<#(%+ 7#"*+9'&N%+ 9#+ 7B:>*)(+ 2N#$%#+9#+!"#$6+ '"+

7'*$!"#+7B#==#%+9B&(#*%&#+$;)**T%#+2N#$%#+9#+%&'()6C+U'88#+?'"*+7)+?I)$#+?*:>:9#(%#E+

$&+ 9#$+ )>%&'($+ $">>#$$&<#$+ $'(%+ #==#>%":#$+ H+ 7;:>*)(+ 2>7"%>I&(N6E+ >#%%#+ ?I)$#+

>'8?*#(9+ 7#+ %#8?$+?)$$:+H+#==#>%"#*+>I)>"(+9#$+N#$%#$E+)&($&+!"#+ 7#+ %#8?$+?)$$:+

#(%*#+>I)>"(+9;#"4C+

+

J)+?I)$#+9#+ %*)($&%&'(+#$%+9:=&(&#+>'88#+ 7#+ %#8?$+:>'"7:+#(%*#+>#$+9#"4+?I)$#$C+

3&($&E+ $&+ 7#$+ "%&7&$)%#"*$+ 8#%%#(%+ 7#+ 9'&N%+ $"*+ 7B:>*)(+ %)(9&$+ !"#+ 7#+ >)?%#"*+ 9#+

?*#$$&'(+#$%+#(='(>:E+ 7)+?I)$#+9#+ %*)($&%&'(+#$%+("77#C+V)($+ 7#+>)$+>'(%*)&*#E+ &7+#$%+

9:=&(&+>'88#+7#+%#8?$+:>'"7:+#(%*#+7#+8'8#(%+'W+7)+()<&N)%&'(+9:>7#(>I:#+?)*+7#+

>)?%#"*+ 9#+ ?*#$$&'(+ >#$$#+ #%+ 7#+ 8'8#(%+ 'W+ 7#$+ "%&7&$)%#"*$+ 8#%%#(%+ 7#+ 9'&N%+ $"*+

7B:>*)(C+

+
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! !
!"# !$# 

! !
!%# !&# 

'()*+,-./0-1-!"#-2,345-367,85-46*+-9"-4:"5,-&,-8";()"<(68-+"4(&,/-!$#-2,345-

367,85-46*+-9"-4:"5,-&,-8";()"<(68-4+=%(5,/-!%#-2,345-367,85-46*+-9"-4:"5,-
&,-<+"85(<(68/-!&#-2,345-367,85-46*+- 9"-<>%:,-)6$"9,-";,%-*8-(8<,+;"99,-&,-

%68?("8%,-%6++,5468&"8<-&,-@.A/-

5.6.5 Résultats 

5.6.5.1 Performances : temps d’exécution 

"#$%!&'()$*!+,&'*-!.#$/!(0#./!*.%*12/+%3!+#$/! 4*/!303.*5*.+/!&(6+3/!6(%!$.!7*/!

72/6#/2+28/! 7*/! 5#7(42+3/! &#./273%3*/! 9303.*5*.+/! +(&+24*/! *+! 6%*//2#.:;! <.*!

(.(4=/*! >! 6#/+3%2#%2! 7*/! 82&'2*%/! 13.3%3/! .#$/! (! 6*%52/! 7*! /(0#2%! 6#$%! &'()$*!

+,&'*-! )$*44*! 5#7(42+3! 3+(2+! $+242/3*! *+! 6*.7(.+! &#5?2*.! 7*! +*56/;! @#$/! (0#./!

03%2823! 4(! .#%5(42+3! 7*! .#/! 7#..3*/! *.! $+242/(.+! 4*! +*/+! 7*! A'(62%#BC24D;! E44*! (!

%30343! $.! ?2(2/! 7(./! 4(! 72/+%2?$+2#.! 7*/! 7#..3*/! *+! ($&$.*! 7*/! +%(./8#%5(+2#./!

94#1(%2+52)$*! #$! %(&2.*! &(%%3*:! 13.3%(4*5*.+! $+242/3*/! (0*&! &*! +=6*! 7F3&(%+! .G(!

.#%5(42/3! 4*/! 7#..3*/;! @#$/! (0#./! 7#.&! *88*&+$3! 4*! +*/+! .#.! 6(%(53%+2)$*! 7*!

H%2*75(.!(82.!7*!+*/+*%!4F*88*+!7*!&'()$*!8(&+*$%!9I#7(42+3!*+!J.72&*!7*!K2882&$4+3B

JK:!*+!7*!4(!&#5?2.(2/#.!7*!8(&+*$%/!9I#7(42+3!L!J.72&*!7*!72882&$4+3!BJK:!/$%!&'()$*!

0(%2(?4*! 736*.7(.+*! 9+*56/! 7F*L3&$+2#.! 6#$%! &'()$*! 6'(/*:;! @#$/! (0#./!

31(4*5*.+!$+242/3!4*!+*/+!7*!C24&#L#.!M!(0*&!$.*!&#%%*&+2#.!7*!N#.8*%%#.2!6#$%!4*/!

&#56(%(2/#./!6(%!6(2%*/;!
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5.6.5.1.1 Temps d’exécution pour la phase de navigation rapide 

!"#$"%$#&"#'()"&*+,#+#(-.-/-#0,#"11"$#%)2,)1)3+$)1#&0#1+3$"0(#45&+/)$-#%0(#/"#$"*6%#

&"#3"$$"#67+%"8#9:;#9<=#>#?@<A#6#B#C8CCC?=8#D,"#35*6+(+)%5,#&"%#6+)("%#+."3#/"#$"%$#

&"#E)/35F5,#"$#0,"#35(("3$)5,#&"#G5,1"((5,)#+#*5,$(-#H0"#!"#$%#9*5I",,"#>#J8KC%=#

"$#&#'$()*)+,)(*#-#9*5I",,"#>#L8MM%=#%5,$#%)2,)1)3+$)."*",$#6/0%#/",$"%#H0"#$50$"%#

/"%# +0$("%#*5&+/)$-%# 96#B#C8C<=8#&#'$()*)# 9*5I",,"#>#J8L<%=# "%$# %)2,)1)3+$)."*",$#

6/0%#/",$"#96#B#C8CCC?=#H0"#&#()$*./0$1#9*5I",,"#>#J8CL%=A#2/,*#,0/0'#9*5I",,"#

>#J8C@%=#"$#2/,*#,0/0'+,)(*#-#9*5I",,"#>#J8CN%=8#&#()$*./0$1#"%$#%)2,)1)3+$)."*",$#

6/0%#(+6)&"#96#B#C8CC<=#H0"#2/,*#,0/0'#"$#2/,*#,0/0'+,)(*#-8#

#

O,#3"#H0)#35,3"(,"#/P),&)3"#&"#&)11)30/$-#9')20("#<8M8+=A#/"#$"%$#&"#E)/35F5,#+#*5,$(-#

H0"#&#'$()*)+,)(*#-# "%$# %)2,)1)3+$)."*",$#6/0%# /",$"#H0"# /"%# +0$("%#*5&+/)$-%# 96#B#

C8CC<=# 650(# QRJ# "$# QRL# $+,&)%# H0"#&#()$*./0$1# "%$# %)2,)1)3+$)."*",$# 6/0%# (+6)&"#

H0"#$50$"%#/"%#+0$("%#*5&+/)$-%#96#B#C8C<=#650(#/"%#*S*"%#QR8#!"#$%#"$#&#'$()*)#%5,$#

%)2,)1)3+$)."*",$#6/0%#/",$"%#H0"#2/,*#,0/0'+,)(*#-#650(#QRJ#"$#QRL#96#BC8C<=#+/5(%#

H0T"//"%#%5,$#%)2,)1)3+$)."*",$#6/0%# /",$"%#H0"#2/,*#,0/0'# %"0/"*",$#650(# QRL#96#

BC8CCC?=8#U50(#QR;A#R)%3("$"Q,"($)+#"%$#%)2,)1)3+$)."*",$#6/0%#/",$"#H0"#$50$"%#/"%#

+0$("%#*5&+/)$-%#96#B#C8C<=A#%+01#!"#$%8#O,1),A#650(# QR?A#&#'$()*)#"$#&#'$()*)+,)(*#-#

%5,$#%)2,)1)3+$)."*",$#6/0%#(+6)&"%#H0"#2/,*#,0/0'A#!"#$%#"$#&#()$*./0$1#96#B#C8C<=8#

5.6.5.1.2 Temps d’exécution pour la phase de navigation précise 

!"#$"%$#&"#'()"&*+,#+#(-.-/-#0,#"11"$#%)2,)1)3+$)1#&0#1+3$"0(#45&+/)$-#%0(#/"#$"*6%#

&"#3"$$"#67+%"#9V;#9<=#>#?<CA#6#B#C8CCC?=8#D,"#35*6+(+)%5,#&"%#6+)("%#+."3#/"#$"%$#

&"#E)/35F5,#"$#0,"#35(("3$)5,#&"#G5,1"((5,)#+#(-.-/-#H0"#!"#$%#9*5I",,"#>#J8?C%=A#

&#'$()*)# 9*5I",,"# ># J8JM%=# "$# &#'$()*)+,)(*#-# 9*5I",,"# ># J8?N%=# %5,$#

%)2,)1)3+$)."*",$# 6/0%# /",$"%# 96# B# C8C<=# H0"# &#()$*./0$1# 9*5I",,"# ># ;8KN%=A#

2/,*#,0/0'# 9*5I",,"# ># ;8KL%=# "$# 2/,*#,0/0'+,)(*#-# 9*5I",,"# ># ;8<L%=8#

2/,*#,0/0'+,)(*#-#"%$#%)2,)1)3+$)."*",$#6/0%#(+6)&"#H0"#2/,*#,0/0'#96#B#C8CC<=8#

#

O,#3"#H0)#35,3"(,"#/P),&)3"#&"#&)11)30/$-#9')20("#<8M8W=A#/"#$"%$#&"#E)/35F5,#+#*5,$(-#

H0"# &#'$()*)# "%$# %)2,)1)3+$)."*",$# 6/0%# /",$"# H0"# &#()$*./0$1A# 2/,*#,0/0'A#

2/,*#,0/0'+,)(*#-# 96# B# C8C?=# 650(# QR?# $+,&)%# H0"# &#'$()*)+,)(*#-# "%$#

%)2,)1)3+$)."*",$#6/0%#/",$"#H0"#&#()$*./0$1#"$#2/,*#,0/0'#96#B#C8C?=#650(#/+#*S*"#

&)%$+,3"8# U50(# QR;A# &#'$()*)# "%$# %)2,)1)3+$)."*",$# 6/0%# /",$"# H0"# &#()$*./0$1A#

2/,*#,0/0'A# 2/,*#,0/0'+,)(*#-# 96# B# C8C?=A# $+,&)%# H0"# &#'$()*)+,)(*#-# "%$#

%)2,)1)3+$)."*",$#6/0%# /",$"#H0"#2/,*#,0/0'+,)(*#-#)*#X5,$),050%#96#B#C8C?=8#U50(#

QRJA#&#()$*./0$1#"%$#%)2,)1)3+$)."*",$#6/0%#(+6)&"#H0"#2/,*#,0/0'+,)(*#-A#&#'$()*)A#

&#'$()*)+,)(*#-#"$#!"#$%#96#B#C8C<=A#$+,&)%#H0"#2/,*#,0/0'#"%$#%)2,)1)3+$)."*",$#6/0%#

(+6)&"#H0"#&#'$()*)A#&#'$()*)+,)(*#-#"$#!"#$%#96#B#C8C<=8#O,1),A#650(#QRLA#&#'$()*)#"$#

&#'$()*)+,)(*#-# %5,$# %)2,)1)3+$)."*",$# 6/0%# /",$"%# H0"#&#()$*./0$1A# 2/,*#,0/0'# "$#

2/,*#,0/0'+,)(*#-#96#B#C8C<=8#2/,*#,0/0'#"%$#%)2,)1)3+$)."*",$#6/0%#(+6)&"#H0"#!"#$%#

96#B#C8C<=8#

5.6.5.1.3 Temps d’exécution pour la phase de transition 

!"#$"%$#&"#'()"&*+,#+#(-.-/-#0,#"11"$#%)2,)1)3+$)1#&0#1+3$"0(#45&+/)$-#%0(#/"#$"*6%#

&"#$(+,%)$)5,#9V;#9<=#>#MKNA#6#B#C8CCC?=8#D,"#35*6+(+)%5,#&"%#6+)("%#+."3#/"#$"%$#&"#

E)/35F5,#"$#0,"#35(("3$)5,#&"#G5,1"((5,)#+#*5,$(-#H0"#!"#$%# 9*5I",,"#>#C8M;%=#

"%$#6/0%#(+6)&"#H0"#$50$"%#/"%#+0$("%#*5&+/)$-%#96#B#C8CCC?=8#&#()$*./0$1#9*5I",,"#

># C8@J%=A#2/,*#,0/0'# 9*5I",,"# ># ?8CN%=# "$#2/,*#,0/0'+,)(*#-# 9*5I",,"# ># ?8?K%=#

%5,$#%)2,)1)3+$)."*",$#6/0%#(+6)&"%#96#B#C8CCC?=#H0"#&#'$()*)#9*5I",,"#>#?8JK%=#"$#

&#'$()*)+,)(*#-#9*5I",,"#>#?8JC%=8#
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!

"#! $%! &'(! $)#$%*#%! +%! +,(#-($%! -%! -(..($'+/0! 12(3'*%! 4565$7! +%! /%8/! -%! 9(+$):)#! ;!

<)#/*0! &'%!!"#$%! %8/! =+'8! *;=(-%! &'%! /)'/%8! +%8!<)-;+(/08! =)'*! /)'8! +%8! >?! 1=! @!

A5AAAB75!&#'$()*)! %8/! 8(3#(.($;/(C%<%#/! =+'8! +%#/%! &'%! +,-*#-.,.'! %/!&#()$*/,.$0!

=)'*!>?B5!D)'*!>?E!%/!>?FG!&#'$()*)!%8/!8(3#(.($;/(C%<%#/!=+'8!+%#/%!&'%!&#()$*/,.$0!

1=! @! A5AA47G! +,-*#-.,.'! %/! +,-*#-.,.'1-)(*#2! /;#-(8! &'%! &#'$()*)1-)(*#2! %8/!

8(3#(.($;/(C%<%#/!=+'8! +%#/%!&'%!+,-*#-.,.'! %/!+,-*#-.,.'1-)(*#2! 1=!@!A5A475!D)'*!

>?HG!&#'$()*)!%/!&#'$()*)1-)(*#2! 8)#/!8(3#(.($;/(C%<%#/!=+'8! +%#/%8!&'%!&#()$*/,.$0!

%/!+,-*#-.,.'!1=!@!A5AA475!

5.6.5.1.4 Temps d’exécution global 

I%!/%8/!-%!2*(%-<;#!;!*0C0+0!'#!%..%/!8(3#(.($;/(.!-'!.;$/%'*!J)-;+(/0!8'*!+%!/%<=8!

/)/;+!-K%:0$'/()#!1LE!147!M!FBEG!=!@!A5AAAB75!N#%!$)<=;*;(8)#!-%8!=;(*%8!;C%$! +%!

/%8/! -%! 9(+$):)#! %/! '#%! $)**%$/()#! -%! O)#.%**)#(! ;! <)#/*0! &'%! &#()$*/,.$0!

1<)P%##%!M!Q5ER87G!+,-*#-.,.'!1<)P%##%!M!Q5AE87!%/!+,-*#-.,.'1-)(*#2!1<)P%##%!

M!65QH87!8)#/!8(3#(.($;/(C%<%#/!=+'8!*;=(-%8!1=!@!A5AAB7!&'%!&#'$()*)! 1<)P%##%!M!

S5ER87G! &#'$()*)1-)(*#2! 1<)P%##%! M! R5EA87! %/! !"#$%! 1<)P%##%! M! Q56B875!

&#'$()*)1-)(*#2! %8/!8(3#(.($;/(C%<%#/! +;!<)-;+(/0! +;!=+'8! +%#/%!1=!@!A5AAAB7G! /;#-(8!

&'%!!"#$%!%8/!8(3#(.($;/(C%<%#/!=+'8!*;=(-%!&'%!&#'$()*)!1=!@!A5AAAB75!

!

"#!$%!&'(!$)#$%*#%!+,(#-($%!-%!-(..($'+/0!12(3'*%!4565-7G!+%!/%8/!-%!9(+$):)#!;!<)#/*0!

&'%!&#'$()*)! %8/! 8(3#(.($;/(C%<%#/!=+'8! +%#/%!&'%!+,-*#-.,.'G!+,-*#-.,.'1-)(*#2! %/!

&#'$()*)1-)(*#2!=)'*!>?B!1=!@!A5A475!D)'*!>?EG!&#'$()*)1-)(*#2!%8/!8(3#(.($;/(C%<%#/!

=+'8!+%#/%!&'%!!"#$%G!+,-*#-.,.'G!+,-*#-.,.'1-)(*#2!%/!&#()$*/,.$0!1=!@!A5AB7G!/;#-(8!

&'%!&#'$()*)!%8/!8(3#(.($;/(C%<%#/!=+'8!+%#/%!&'%!+,-*#-.,.'!%/!+,-*#-.,.'1-)(*#2!1=!

@! A5AAB75! D)'*! >?FG!&#'$()*)! %/!&#'$()*)1-)(*#2! 8)#/! 8(3#(.($;/(C%<%#/! =+'8! +%#/%8!

&'%! /)'/%8! +%8! ;'/*%8! <)-;+(/08! 1=! @! A5A475! !"#$%! %8/! #%//%<%#/! =+'8! +%#/%! &'%!

+,-*#-.,.'! %/! &#()$*/,.$0! 1=! @! A5A47G! /;#-(8! &'%! +,-*#-.,.'1-)(*#2! %8/!

8(3#(.($;/(C%<%#/!=+'8! +%#/%!&'%!&#()$*/,.$0! 1=!@!A5A475!"#.(#G!=)'*! >?HG!&#'$()*)!

%8/!8%#8(T+%<%#/!+;!<)-;+(/0!+;!=+'8!+%#/%!1=!@!A5AAAB7G!/;#-(8!&'%!&#'$()*)1-)(*#2!

%/! !"#$%! 8)#/! 8(3#(.($;/(C%<%#/! =+'8! +%#/%8! &'%! &#()$*/,.$0G! +,-*#-.,.'! %/!

+,-*#-.,.'1-)(*#2!1=!@!A5AB75!

5.6.5.2 Préférences des utilisateurs 

I%8! =*0.0*%#$%8! -%8! '/(+(8;/%'*8! #%! *%.+U/%#/! =;8! %#/(U*%<%#/! +%8! *08'+/;/8! -%!

=%*.)*<;#$%5!?;#8!+;!2(3'*%!45Q5;G!+%8!<)-;+(/08!8)#/!)*-)##0%8!-%!3;'$V%!W!-*)(/%!

=;*!)*-*%!-0$*)(88;#/!-%!8$)*%!<)P%#!XNX5!N#!/%8/!-%!2*(%-<;#!;!*0C0+0!'#!%..%/!

8(3#(.($;/(.!-'!.;$/%'*!J)-;+(/0!8'*!+%!8$)*%!XNX!1LE!147!M!B4G!=!@!A5AB75!N#!/%8/!-%!

9(+$):)#! ;C%$! '#%! $)**%$/()#! -%! O)#.%**)#(! ;! <)#/*0! &'%!&#'$()*)! ;! 0/0! #)/0%!

8(3#(.($;/(C%<%#/!<)(#8!T(%#!&'%!+,-*#-.,.'! %/!&#'$()*)1-)(*#2! 1=!@!A5A475!Y)'/%8!

+%8!;'/*%8!<)-;+(/08!#%!8)#/!=;8!8(3#(.($;/(C%<%#/!-(..0*%#/%85!

!
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!

!

!"# !$# 

%&'()*+,-.+/+!"#+012)*3+425*63+070+"8*1+9*3+&6:*)8";;*3+9*+126<&"61*+=+>,?+
!$#+@;"33*4*6:+A")+2)9)*+9*+A)B<B)*61*+*:+624$)*+9*+ <2&3+2C+ ;*3+429";&:B3+

26:+B:B+1;"33B*3+D*)E+FG4*+2(+HG4*-+

"#! $%&''#(#)*!+#!,-./.-#)$#!+#! %&! 0123-#!45657!)8#'*! ,&'! *93*! :! /&1*! '1(1%&1-#! &3;!

'$9-#'! <=<! (9>#)'5! "#'! (9+&%1*.'! ,-./.-.#'! '9)*! %#'! ,%3'! -&,1+#'?! (&1'! '9)*!

+1//.-#)*#'! +#'! *-91'! (9+&%1*.'! @32.#'! %#'! ,%3'! 3*1%1'&7%#'5! A93'! &B9)'! $&%$3%.! %#!

'$9-#!+#!$%&''#(#)*!C<D!+E3)#!(9+&%1*.!#)!3*1%1'&)*!%&!/9-(3%#!<!F!G;H#-!IJ;J#!I!G#?!

9K! H#-?! J#! #*! G#! '9)*! %#! )9(7-#! +#! /91'! 9K! %&!(9+&%1*.! &! .*.! $%&''.#! :! %&! ,9'1*19)!

$9--#',9)+&)*#5! A93'! &B9)'! B.-1/1.! L38&B#$! +#! ,%3'! 2-&)+'! $9#//1$1#)*'!

C-#',#$*1B#(#)*!4?!G?!HD?!%#'!-.'3%*&*'!-#'*&1#)*!'1(1%&1-#'5!

5.6.6 Discussion 

5.6.6.1 Pression vs Tactile 

!"#$%#&"&'! #*! (%)*+$,"&+-! 9)*! .*.! %#'! (9+&%1*.'! %#'! ,%3'! -&,1+#'! #*! 9)*! .*.! %#'!

(1#3;! $%&''.#'! ,&-! %#'! 3*1%1'&*#3-'5! M&)'! 3)! $9)*#;*#! +1//.-#)*! +83*1%1'&*19)! #*! +#!

*N$O#?!$#$1!$9)/1-(#!%#'!-.'3%*&*'!+E.*3+#'!&)*.-1#3-#'!PQR?!HHRS!(9)*-&)*!L3#!%#'!

(9+&%1*.'! 7&'.#'! '3-! %&! ,-#''19)!,#3B#)*! T*-#! &3''1! #//1$&$#'! B91-#! '3-,&''#-! %#'!

(9+&%1*.'! *&$*1%#'! C-#',#$*1B#(#)*! (%)*+$,"&+-! #*! ./%+0D! *93*! #)! (1)1(1'&)*!

%89$$3%*&*19)!+#!%E.$-&)5!

!

./%+0! &! .*.! +.$-1*#! $9((#! 1)$9)/9-*&7%#5! U)! #//#*?! %#'! 3*1%1'&*#3-'! +#! +1',9'1*1/'!

(971%#'!&B#$!.$-&)!*&$*1%#!'9)*!O&71*3.'!:! 1)*#-&21-!&B#$! %E.$-&)!#)!3*1%1'&)*! %#3-'!

,93$#'5! M#! $#**#! /&V9)?! %#! +./1%#(#)*! B#-'! %&! 2&3$O#! 93! B#-'! %&! +-91*#! 1(,%1L3#!

'1(,%#(#)*!+#'!(93B#(#)*'!+#!%8&-*1$3%&*19)!+3!,93$#!C0123-#!45Q5&D5!"&!(9+&%1*.!

0%1$W! $9)'1'*&1*! :! 3*1%1'#-! +#3;! +912*'! ,93-! #//#$*3#-! 3)#! )&B12&*19)! -&,1+#! :!

%E.$O#%%#! +3! $9)*#;*#5! X93-! $#! /&1-#?! *93'! %#'! ,&-*1$1,&)*'! 9)*! 3*1%1'.! %E1)+#;! #*! %#!

(&@#3-!,93-!1)*#-&21-5!"&!,%3,&-*!+E#)*-#!#3;!9-1#)*&1#)*!%#3-'!+912*'!+&)'!%#!'#)'!

+#! +./1%#(#)*! Y! $#%&! %#'! $9)*-&12)&1*! :! #//#$*3#-! 3)#! %.2Z-#! -9*&*19)! +3! ,912)#*!

C0123-#!45Q57D!#*!$-.&1*!&1)'1!+#!%E1)$9)/9-*!-&,,9-*.!,&-!,%3'1#3-'!,&-*1$1,&)*'5!M#!

,%3'?! )93'! &B9)'! 97'#-B.! $#-*&1)'! ,&-*1$1,&)*'! &>&)*! +#'! ,-97%Z(#'! &B#$! %&!

-#$9))&1''&)$#! *&$*1%#! #)! -&1'9)! +#! %#3-'! 9)2%#'?! 3)! ,-97%Z(#! +.@:! 97'#-B.! ,&-!

<,1)+%#-! #*! &%5! PHJJS5! "#'! *-Z'! (&3B&1'! -.'3%*&*'! 97*#)3'! ,&-! %&! (9+&%1*.! ./%+0!

,#3B#)*! +9)$! T*-#! #;,%1L3.'! ,&-! $#**#! ,9'1*19)! 1)O&71*3#%%#5! [1)'1?! )93'! ,93B9)'!

$9)$%3-#!L3#! %E&,,-9$O#!+#!+.'&(7123\'&*19)!#)!3*1%1'&)*!3)!93!+#3;!+912*'!,93-!

#//#$*3#-!+#'!2#'*#'!+#!./%+0! +.-&)2#! %#'!O&71*3+#'!+#'!3*1%1'&*#3-'!+#!+1',9'1*1/'!

Technique #1 #2 #3 Score 

Continuous 7 6 3 36 

DirectTouch 7 2 3 28 

ContinuousInertia 1 3 7 16 

DiscreteInertia 1 5 2 15 

Flick 2 2 3 13 

Discrete 0 0 0 0 
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!"#$%&'( )*&+( ,+-).( /)+/$%&( &/( +".01$/( 2( 0&( !)1*)$'&'( 3&-4"-!).+&'5( 67)33-"+8&(

+".'$'/)./(2()''"+$&-(+8)+1.(0&'(!"0&'(938)'&'(0&(.)*$:)/$".(-)3$0&(&/(3-,+$'&;(2(

1.&(<".&(0&( %7,+-).('&!#%&(0".+(1.&(!&$%%&1-&('"%1/$".=(+"!!&(."1'(!"./-&( %&'(

-,'1%/)/'( 0&( !"#$%&'()%*5( >.( &44&/=( &.( /&.)./( %&( 0$'3"'$/$4( !"#$%&( 2( 0&1?( !)$.'(

9@$:1-&( A5B5);=( %7$./&-)+/$".( )*&+( %&( 3"1+&( &'/( 3"''$#%&( )*&+( +8)+1.&( 0&'( !)$.'5(

C$.'$=( %&( 3"1+&( 0&( %)(!)$.( :)1+8&( 9-&'3&+/$*&!&./( 0-"$/&;( 3&1/( $./&-):$-( 0).'( %)(

<".&(0&( +"./&?/&(2(:)1+8&( 9-&'3&+/$*&!&./(2(0-"$/&;(0&( %)( <".&(0&( 4"+1'(3"1-( %)(

38)'&(0&(.)*$:)/$".(-)3$0&=(&/(+8)+1.(07&1?(3&1/(,:)%&!&./($./&-):$-(0).'(%)(<".&(

0&(4"+1'(3"1-(%)(38)'&(0&(.)*$:)/$".(3-,+$'&5(

(

D"1-( %)(38)'&(0&( /-).'$/$".=( %)(!"0)%$/,(+,"%-( ,/)$/(.&//&!&./(3%1'( -)3$0&(E1&( %&'(

)1/-&'(!"0)%$/,'5(F&3&.0)./=(%&'(3)-/$+$3)./'(.7"./(3)'(3&-G1(1.&(0$44,-&.+&()''&<(

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

0$'+-I/&'( '1-( %&( +)3/&1-( 0&( 3-&''$".( "./( !"./-,( 1.&( 3%1'( %".:1&( 38)'&( 0&(

/-).'$/$".5( F&+$( 3&1/( J/-&( &?3%$E1,(3)-( %7&44&/( 0&(0,'"-$&./)/$".(01&( 2( %)( 3&-/&(0&(

+"./-K%&( 0&'( !"1*&!&./'( +"!!&( ."1'( %7)*$".'( "#'&-*,( %"-'( %7&?3,-$&.+&( L( 01(

+8)3$/-&(M(3"1-(%&'(!"0)%$/,'(!".%#$&$/#$..(&/(!"#$%&'()%*5(

(

!"# !$# 

%&'()*+,-.+/+012"3&45+!"#$%6+3*7+8174()*7+2*+3"+9"&:+2*+3;(4&3&7"4*()+!"#+"<*=+(:+
21&'4+*4+!$#+"<*=+2*(>+21&'47-+

5.6.6.2 Actions Continues vs Discrètes 

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

4"1-.$( 0&( !&$%%&1-'( -,'1%/)/'( E1&( +&%%&'( .,+&''$/)./( 0&'( )+/$".'( 0$'+-I/&'5( 6&'(

3)-/$+$3)./'("./(&?3-$!,(E1&(%&(+"./-K%&(0&(%)(3%):&(0&(3-&''$".()(,/,(0$44$+$%&()*&+(

%&'( )+/$".'( 0$'+-I/&'5( F&-/)$.'( 0N&./-&( &1?( ."1'( "./( 0$/( E1N$%'( )*)$&./( 1/$%$',( +&'(

!"0)%$/,'( O()1( 8)')-0(P( 3)-+&( E1N$%'( .&( ')*)$&./( 3)'( E1&%%&( 3-&''$".( $%'(

)33%$E1)$&./('1-(%&(+)3/&1-5(H"1'(3&.'".'(E1&(+&(3-"#%I!&(3&1/(J/-&(-,01$/()3-I'(

1.&(3,-$"0&(0N)33-&./$''):&(3%1'(%".:1&5(6&(+"./-K%&(0&(%)(3-&''$".(,/)$/(3%1'(4)+$%&(

)*&+( %&'( )+/$".'( +"./$.1&'( &.( -)$'".( 01( -&/"1-( *$'1&%( &.( /&!3'( -,&%5( 6&'(

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

$!3"-/)./'( 0).'( QRRS=( RTTU5(V.&( '"%1/$".(3"1--)$/( 0".+( J/-&( 0N)W"1/&-( 1.( -&/"1-(

*$'1&%( 3"1-( $.0$E1&-( %)( 4"-+&( )33%$E1,&( '1-( %&( +)3/&1-( "1( %)( %".:1&1-( 01(

0,3%)+&!&./=( !)$'( +&%)( 3&-/1-#&-)$/( %N)//&./$".( 0&( %N1/$%$')/&1-( +"!!&( $.0$E1,(

0).'(QAAU5(H"1'('1::,-".'(0".+(3%1/K/(%N)W"1/(0N1.(-&/"1-(8)3/$E1&()1(+)3/&1-(0&(

3-&''$".( 9)!,%$"-&-( %&( !)/,-$&%( 3"1-( 1.&( !&$%%&1-&( '&.')/$".( 0&( %)( 3-&''$".(

)33%$E1,&;5(F&%)(3&-!&//-)$/()1?(1/$%$')/&1-'(0NJ/-&(+".'+$&./'(0&(%)(3-&''$".(E1N$%'(

)33%$E1&./=(/"1/(&.(-&'/)./(+".+&./-,'('1-(%7&'3)+&(07$.4"-!)/$".5((

(

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

4)'/$0$&1'&(&.(-)$'".(0&'(:&'/&'(0&(3-&''$".(-,3,/$/$4'(E1N$%'(0&*)$&./(-,)%$'&-5(X)$'(

+&-/)$.'( 3)-/$+$3)./'( "./( ,:)%&!&./( '$:.)%,( E1&( %&'( :&'/&'( 0&( 3-&''$".( '1++&''$4'(

'&!#%&./(3%1'(O(.)/1-&%'(P(E1&(0&'()+/$".'(+"./$.1&'('1-(%&(+)3/&1-5(F&+$(3&1/(J/-&(
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!"#$%&'()#*+)$!),*%-)&'!)$!.)#*+-%/%#*0-.).10-)2*3%-'(.)4)'-%$%.!+)5!.).(+%!.)5!)!"#$%)

6*7!/) /$'-/2%089) $1+.&':%$.) 0*7%8'!0-) .'+) $!'+.) 5%.#1.%-%,.);13%$!.<) =!.);15*$%-(.)

3*.(!.).'+)5!.)*/-%10.)5%./+>-!.).'+) $!)/*#-!'+)5!)#+!..%10)%;#$%&'!0-)(8*$!;!0-)

'0!) .(+%!) 5?*/-%10.) 6.(+%!.) 5!) @*##'%A+!$B/2!;!0-C) .'+) $!) /*#-!'+) 5!) #+!..%109<)

D%0.%E) /!+-*%0.) #*+-%/%#*0-.E) !0) +*%.10) 5!) $*) .%;%$%-'5!) *7!/) $!) 8!.-!) 5!)!"#$%E) 10-)

*##+(/%() '-%$%.!+) $!) /*#-!'+) 5!) #+!..%10) !0) !,,!/-'*0-) 5!.) */-%10.) 5%./+>-!.<)

&#'$()*)+,)(*#-)*)5100()$%!')4)5!)310.)+(.'$-*-.)#1'+)$*)5%.-*0/!)$*)#$'.)/1'+-!<)F!$*)

01'.)#!+;!-)5!)#!0.!+)&'!) $!.)'-%$%.*-!'+.) .10-)#$'.)4) $?*%.!)*7!/) $!.)0%7!*'")5!)

#+!..%10) $!.)#$'.) ,*%3$!.E) /!)&'%) /10-+!5%-) $!.) +(.'$-*-.) .'3G!/-%,.)5!)H-!I*+-)J)*$<)

KLMNO<) D%0.%E) !..*P!+) 5?*;($%1+!+) $!.) ;15*$%-(.) 3*.(!.) .'+) 5!.) */-%10.) 5%./+>-!.)

#1'++*%-) /105'%+!) 4) 5!) 3100!.) #!+,1+;*0/!.) !-) 5!) 3100!.) (7*$'*-%10.) 5!.)

'-%$%.*-!'+.<)

5.6.6.3 Inertie vs Sans inertie 

F10-+*%+!;!0-)4)/!)4)&'1%)01'.)01'.)*--!05%10.E)$?%0!+-%!)0?*)#*.)(-()-+>.)'-%$!<)Q$$!)

0?*)#*.)!')5?!,,!-).'+)$*)#2*.!)5!)-+*0.%-%10<)R0)*'+*%-)#')#!0.!+)&'!)$?!,,!-)5?%0!+-%!)

+(5'%+*%-) /!--!) #2*.!) 5!) -+*0.%-%10) !0) #!+;!--*0-) *'") '-%$%.*-!'+.) 5:*0-%/%#!+)

$:*/-%10).'%7*0-!).!$10)$*);15*$%-()-*/-%$!<)S*%.)$!.)+(.'$-*-.)5!)#!+,1+;*0/!)0!)$!)

/10,%+;!0-)#*.<))

)

=!.)'-%$%.*-!'+.)10-)(-()#*+-*8(.)&'*0-)4).10)'-%$%-(<)T?'0!)#*+-E) $*)#$'#*+-)5?!0-+!)

!'") 10-) -+1'7() &'?!$$!) *'8;!0-*%-) $*) /2*+8!) /180%-%7!) U) %$.) 10-) -+1'7() &'?%$) (-*%-)
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5.6.6.4 Combinaison des facteurs d’action et d’inertie 
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+,)'")-,-#()&%'"*3(!"#$%&'&()(:+:(;&%'$(9%#'(*7)$$:#(?1#(F%$*"#+#G'#"+%)(#'(,:!%+(,#(
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5.7 Conclusion 
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6 CONCLUSION 
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6.1 Démarche scientifique et contributions 
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6.1.2 Conception et évaluation de techniques de visualisation et 

d’interaction 

$

:,"$ +*8&%.2"$;$ <&,#$ .-&'#$ (&,($ /=.+&)/$ %&'>,$ "($ 3-.2,3$ ,'"$ ("%4'*5,"$ /"$

-*#,.2*#.(*&'$+*8&%.2"$#,)$/*#1&#*(*8#$7&+*2"#9$?.'#$2"$+,($/"$)31&'/)"$.,$+"#&*'$/"$

-*#,.2*#")$ @$ 2.$ 8&*#$ ,'"$ -,"$ 62&+.2"$ /"$ 2="#1.%"$ /=*'8&)7.(*&'$ "($ ,'"$ #&,#A1.)(*"$

/3(.*223"$/"$%"2,*A%*B$2.$("%4'*5,"$%&'>,"$%&'#*/C)"$/",0$'*-".,0$/"$/3(.*2$;$,'$1&,)$

2.$-,"$62&+.2"$/"$ 2="#1.%"$/=*'8&)7.(*&'B$"($,'$1&,)$ 2.$#&,#A1.)(*"$/3(.*223"9$D"(("$

("%4'*5,"$,(*2*#"$,'$7,2(*12"0.6"$#1.(*.2$1&,)$%&7+*'")$ 2"#$/",0$"#1.%"#$;$@$ (&,($

*'#(.'(B$ 2"#$ /",0$ "#1.%"#$ #&'($ -*#*+2"#$ #*7,2(.'37"'(9$ ?.'#$ 2"$ +,($ /"$ -*#,.2*#")$

12,#$ /=*'8&)7.(*&'$ /.'#$ 2.$ -,"$ 62&+.2"B$ '&,#$ .-&'#$ .112*5,3$ ,'$ "88"($ /"$

1")#1"%(*-"9$ !.$ ("%4'*5,"$ 1")7"($ 2.$ -*#,.2*#.(*&'$ /=,'"$ 6).'/"$ 5,.'(*(3$ /"$

/&''3"#$#,)$/*#1&#*(*8#$7&+*2"#9$

$

<.-*6.(*&'$ 7,2(*7&/.2"$;$ !"#$ ("%4'*5,"#$ /"$ '.-*6.(*&'$ 7,2(*7&/.2"$ %&'>,"#$

)"1&#"'($#,)$'&()"$7&/C2"$%&'%"1(,"2$/"$'.-*6.(*&'9$E*'#*B$%4.%,'"$/="22"#$)"1&#"$

#,)$ 2.$ %&7+*'.*#&'$/"$/",0$7&/.2*(3#$ F,'"$ ).1*/"$"($,'"$1)3%*#"G9$H.%"$.,$-.#("$

"#1.%"$/"#$1&##*+*2*(3#B$'&,#$.-&'#$)3/,*($'&()"$"012&).(*&'$.,0$%.#$&I$2.$7&/.2*(3$

1)3%*#"$ "#($ (.%(*2"9$ <&,#$ .-&'#$ /&'%$ 8.*($ -.)*")$ 2.$7&/.2*(3$ ).1*/"$ "($ 3-.2,3$ #&'$

"88*%.%*(3$1&,)$2.$14.#"$/"$'.-*6.(*&'$).1*/"$"($1&,)$2.$14.#"$/"$().'#*(*&'$-")#$2.$

7&/.2*(3$(.%(*2"9$<&,#$.-&'#$1&,)$%"2.$,(*2*#3$2="#1.%"$/"$%&'%"1(*&'$/"#$7&/.2*(3#$

/"$'.-*6.(*&'$1&,)$8.*)"$-.)*")$/*883)"'("#$/*7"'#*&'#$;$$

• !"#$%&#"'();$ .%(*&'#$ %&'(*',"#$ /=*'%2*'.*#&'$ /,$ /*#1&#*(*8$ 1&,)$ ,'$ 7&/"$ /"$

'.-*6.(*&'$)"2.(*89$

• *+$,-.'$"/+) 0123"45,%&#"'();$ /312.%"7"'(#$ /,$ /*#1&#*(*8$ /.'#$ 2="#1.%"$

*'(")1)3(3#$ %&77"$ /"#$ .%(*&'#$ /*#%)C("#$ 1&,)$ ,'$ 7&/"$ /"$ '.-*6.(*&'$

.+#&2,B$"($/"#$.%(*&'#$%&'(*',"#$1&,)$,'$7&/"$/"$'.-*6.(*&'$)"2.(*89$

• 6-,33"/+%&#"'();$ .%(*&'#$ /*#%)C("#$ &,$ %&'(*',"#$ /"$ 1)"##*&'$ #,)$ ,'$ &,$ /"#$

%.1(",)#$/"$1)"##*&'$1&,)$,'$7&/"$/"$'.-*6.(*&'$)"2.(*89$

$

<&,#$.-&'#$7&'()3$1.)$"013)*7"'(.(*&'#$5,"$2.$7&/.2*(3$%&7+*'3"$6-,33"/+%&#"'($

*712*5,.'($/"#$.%(*&'#$%&'(*',"#$"#($.,##*$ ).1*/"$5,"$/"#$7&/.2*(3#$ (.%(*2"#$+*"'$

%&'',"#$/"#$,(*2*#.(",)#$/"$/*#1&#*(*8#$7&+*2"#9$J22"$.$/"$12,#$2=.-.'(.6"$/"$2*7*(")$

2="88"($/=&%%,2(.(*&'$"'6"'/)3$1.)$2"#$7&/.2*(3#$(.%(*2"#9$

6.2 Perspectives 

H.%"$ .,$ -.#("$ "#1.%"$/"$1&##*+*2*(3#B$ 2"#$ 1")#1"%(*-"#$ #&'($ '&7+)",#"#9$<&,#$ 2"#$

/*-*#&'#$"'$/",0$1.)(*"#$;$2"#$1")#1"%(*-"#$@$%&,)($"($7&K"'$(")7"$"($%"22"#$@$12,#$

2&'6$ (")7"9$ <&,#$ )"()&,-&'#$ /.'#$ '&#$ 1")#1"%(*-"#$ 2.$ /,.2*(3$ "'()"$ ().-.,0$

%&'%"1(,"2#$"($1).(*5,"#$/"$'&()"$/37.)%4"$#%*"'(*8*5,"9$$

6.2.1 Perspectives à court et moyen terme 

L&,)$ %&'(*',")$ 2"#$ ().-.,0$ "'()"1)*#$ #"2&'$ '&()"$ .11)&%4"$ 7,2(*7&/.2"B$ '&,#$

*/"'(*8*&'#$ ()&*#$ .0"#B$ 2=,'$ %&'%")'.'($ 2"#$ ("%4'*5,"#$ /"$ '.-*6.(*&'B$ ,'$ .,()"$ 2.$

73(4&/"$/=3-.2,.(*&'B$"($2"#$/",0$.,()"#$2="0("'#*&'$/"$'&()"$7&/C2"$%&'%"1(,"29$$
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6.2.1.1 Capteurs de pression avec des actions discrètes 

!"#$%&'"($%)"(*+,%-#.%/.$%*.01(2-#.$%-#2%0")32(&2.(*%#(.%)"4&/2*,%3&$,.%$#+%/.$%

0&5*.#+$%4.%5+.$$2"(%.*%4.$%&0*2"($%0"(*2(#.$%&'.0%#(.%)"4&/2*,%*&0*2/.%4,62(2$$&2*%

#(.%3"((.%&/*.+(&*2'.%&#7%)"4&/2*,$%5#+.).(*%*&0*2/.8%9.5.(4&(*% /:#*2/2$&*2"(%4.$%

0&5*.#+$% 4.% 5+.$$2"(% &'.0% 4.$% &0*2"($% 42$0+;*.$% (:.$*% 5&$% <% .70/#+.8% =(% .66.*>%

/:,'&/#&*2"(%.75,+2).(*&/.%).(,.%&%)"(*+,%-#.%*.(*.+%4.%+.5+"4#2+.%/.$%?.$*.$%4.%

!"#$%&'()*% &'.0% #(% 0&5*.#+% 4.% 5+.$$2"(% &'&2*% ,*,% &55+,02,% 5&+% /.$% #*2/2$&*.#+$%

1&32*#,$%<%.66.0*#.+%0.%*@5.%4.%?.$*.$8%A&%/2)2*&*2"(%,*&2*%4#.%&#%)&(-#.%4.%+.*"#+%

-#&(*% <% /&% 5+.$$2"(% &55/2-#,.% &#% 0&5*.#+>% .*% <% /&% 426620#/*,% <% )&B*+2$.+% /:.66.*%

4:2(.+*2.% &C"#*,8% D2($2>% ("#$% 5.($"($% -#.% 4.#7% 5"2(*$% 5"#++&2.(*% 5.+).**+.%

4:"3*.(2+%4.%).2//.#+$%+,$#/*&*$%&'.0%0.**.%*.01(2-#.%E%%

• D),/2"+.+% /.% +.*"#+% 1&5*2-#.% 4#% 0&5*.#+% .(% #*2/2$&(*% #(% )&*,+2&#% 5/#$%

4,6"+)&3/.%5"#+%6"#+(2+%#(%+.*"#+%4:2(6"+)&*2"(%$#+%/&%5+.$$2"(%&55/2-#,.8%

9.%+.*"#+%4:2(6"+)&*2"(%0"(*2(#.%$#+% /&%5+.$$2"(%&55/2-#,.%.$*%#(%,/,).(*%

24.(*262,%0")).%0+#02&/%5&+%5/#$2.#+$%*+&'&#7%FGGH>%GIIJ8%!"#$%$"#1&2*"($%

,*#42.+% /.% +.*"#+% 4:2(6"+)&*2"(% 1&5*2-#.8% =(% .66.*% ("#$% (.% 5.($"($% 5&$%

-#:#(%+.*"#+%4:2(6"+)&*2"(%'2$#.//.%.$*%&4,-#&*.%&62(%4.%(.%5&$%$#+01&+?.+%

/:,0+&(%-#2%0"($*2*#.%#(.%+.$$"#+0.%0+2*2-#.%$#+%42$5"$2*26$%)"32/.$8%

• K,&/2$.+% #(.% ,*#4.% 5/#$% /"(?#.% 5.+).**&(*% /&%)"(*,.% .(% 0")5,*.(0.% 4.$%

#*2/2$&*.#+$% $#+% /:.66.*% 4:2(.+*2.% .*% &2($2% 5.+).**+.% 4:&(*2025.+% /:&0*2"(%

$#2'&(*.8% 9.**.% ,*#4.% 5.+).**+&2*% 5&+% .7.)5/.% 4:"3$.+'.+% #(.% 51&$.% 4.%

*+&($2*2"(%)2(2).%'.+$%/&%)"4&/2*,%5+,02$.8%%

6.2.1.2 Evaluation en contexte 

!"#$% +.?+.**"($%4.%(.%5&$%&'"2+%.#% /.% *.)5$%4.%).(.+%4.$%.75,+2.(0.$%&'.0%4.$%

'+&2$% C.#7%4.%4"((,.$%.*%4.$%*L01.$%0"(0+;*.$%.(%("#$%+,6,+&(*%<%/&%*&7"(")2.%4.%

*L01.$% 4.% D(4+2.(M"% FNJ8% =(% .66.*>% #(% .$5&0.% 4:2(6"+)&*2"(% 0"(*.(&(*% 4.% '+&2.$%

4"((,.$% 4.'+&2*% (,0.$$2*.+% #(.% 0")5+,1.($2"(% .*% #(.% &55+,1.($2"(% 4.% 0./#2O02%

/"+$%4.%/&%(&'2?&*2"(%5"#+%+,&/2$.+%4.$%*L01.$%5/#$%0"(0+;*.$%0")).%0.//.$%#*2/2$,.$%

4&($% /:.75,+2.(0.% 4#% 01&52*+.% N8% A.% 6&0*.#+% 4:2(.+*2.% ,*#42,% 4&($% /.% 0&$% 4.$%

)"4&/2*,$%4.%5+.$$2"(%0"($24,+,.$%&#%01&52*+.%P%5"#++&2*%&/"+$%)"(*+.+%$"(%#*2/2*,%

5"#+% )2.#7% 0"(*+Q//.+% /&% 51&$.% 4.% (&'2?&*2"(% +&524.% &#7% &3"+4$% 4:#(% 5"2(*%

4:2(*.+R*8% S.% )&(2;+.% ?,(,+&/.>% /.$% )"4&/2*,$% (:#*2/2$&(*% 5&$% /:2(*.+&0*2"(% *&0*2/.%

/2)2*.(*% /:"00#/*&*2"(% <% /:,0+&(% .*% &),/2"+.% &2($2% /&% 0")5+,1.($2"(% .*%

/:&55+,1.($2"(%4.%/:.$5&0.%4:2(6"+)&*2"(8%

6.2.1.3 Compléter l’espace conceptuel de navigation multimodale : étude de l’inertie 

!"*+.% .$5&0.% 4.% 0"(0.5*2"(% 5"#++&2*% R*+.% 0")5/,*,% 5"#+% 5+.(4+.% .(% 0")5*.%

/:&$5.0*%4:2(.+*2.%,*#42,%.75,+2).(*&/.).(*8%!"#$%0"(0.5*#&/2$"($%/:2(.+*2.%0")).%

#(.% 6"+).% 4.% )2?+&*2"(% 4.% *L01.% 4.% /:#*2/2$&*.#+% '.+$% /.% $@$*;).8% A:,*#4.%

0"(0.5*#.//.% 4.% /:2(.+*2.% ("#$% 0"(4#2+&% <% ,*#42.+% #(.% 6"+).% 4.% (&'2?&*2"(% <%

2(2*2&*2'.%)27*.8%A:"3C.*%4:,*#4.%$.+&%&/"+$%/.$%4266,+.(*.$%6"+).$%4:2(2*2&*2'.%)27*.%<%

/&%?+&(#/&+2*,%4.%/&%(&'2?&*2"(%.*%("(%4.%/&%*L01.%0")5/;*.%E%5&+%.7.)5/.%/.%$@$*;).%

.7,0#*.% /&% (&'2?&*2"(% .(%)"4.% 4.% (&'2?&*2"(% +./&*26% .*% /:#*2/2$&*.#+% .(%)"4262.% /&%

'2*.$$.%T0")).%/&%*.01(2-#.%&'()*+,"#*-%5+"5"$,.%5&+%U&?/2"(2%.*%&/8%FVJW8%S&($%0.%

0"(*.7*.% 2/% 0"('2.(*% 4:,*#42.+% /.$%)"4&/2*,$% 4:2(*.+&0*2"(% 5"#+% 2(2*2.+% /&% *L01.% 4.%

(&'2?&*2"(% )&2$% &#$$2% 0.//.$% 5"#+% 0"(*+Q/.+% /&% (&'2?&*2"(% &2($2% -#.% /.% 5&+*&?.%

4:&#*"+2*,% .(*+.% /.% $@$*;).% .*% /:#*2/2$&*.#+% FVXJ8% Y&+% .7.)5/.% /&% 4,62(2*2"(% 4.% /&%

'2*.$$.%4.%(&'2?&*2"(%5.#*%R*+.%<%*"#*% 2($*&(*%.(*2;+.).(*%4,62(2.%5&+% /:#*2/2$&*.#+%

"#% &/"+$%4,62(2.% .(% 0"//&3"+&*2"(% .(*+.% /.% $@$*;).%.*% /:#*2/2$&*.#+% 0")).%0./&% .$*%
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!"#$% &"'(% )"% $*+,'#-.*% !"#$%&'()%*% /0% )1.$#)#("$*.2% 3/&#!#*% )"% 4#$*((*% +/.2"'$*%

&5!#'#*% 6"2% )*% (7($83*9% :*% 6"2$";*% &<".$/2#$5% *'$2*% )<.$#)#("$*.2% *$% )*% (7($83*% *($%

#)).($25%"4*+%)<*=$*'(#/'%-.*%'/.(%*'4#(";*/'(%>%)"%3/&")#$5%?"(5*%(.2%)*%+"6$*.2%&*%

62*((#/'%&.%+,"6#$2*%@%A%)"%35$"6,/2*%&*%)"%$/.6#*%>%6/36*%*$%!2#+$#/'%BC#;.2*%@9DE9%

6.2.1.4 Unifier les deux espaces de conception  

F'%"=*%&15$.&*%"3?#$#*.=%+/'(#($*%>%.'#!#*2%'/(%&*.=%*(6"+*(%&*%+/'+*6$#/'%"!#'%&*%

62*'&2*% *'% +/36$*% )*(% +"2"+$52#($#-.*(% &*(% 3/&")#$5(% &"'(% '/$2*% *(6"+*% &*%

'"4#;"$#/'% 3.)$#3/&")*9% :*$$*% .'#!#+"$#/'% &*(% &*.=% *(6"+*(% 6*23*$$2"% ")/2(%

&15$.&#*2% *'% 6"2$#+.)#*2% )"% 6,"(*% &*% $2"'(#$#/'% *'% (1"66.7"'$% (.2% )*(%

+"2"+$52#($#-.*(%&*%+,"-.*%3/&")#$5%+/3?#'5*9%:*%$2"4"#)%#36)#-.*%.'*%*=6)/2"$#/'%

(7($53"$#-.*%&*%)"%+/3?#'"#(/'%&*%3/&")#$5(%>%)15+,*))*%&*%)*.2(%+"2"+$52#($#-.*(9%

G)%6*23*$$2"%&1#&*'$#!#*2%&*(%28;)*(%&*%+/3?#'"#(/'%&*%3/&")#$5(%-.#% (*2/'$%")/2(%

62*(+2#6$#4*(%6/.2%)"%+/'+*6$#/'9%%

H"'(% '/(% $2"4".=% '/.(% "4/'(% +/33*'+5% >% 5$.&#*2% +*(% "(6*+$(% &*% !"I/'% '/'%

(7($53"$#-.*%*'%+/'(#&52"'$%6"2%*=*36)*% )*(%+,"';*3*'$(%&*%$*'.*%&.%&#(6/(#$#!%

3/?#)*% *$% )*(% +,"';*3*'$(% &*% 6/(#$#/'% &*(% &/#;$(% )/2(% &*% )"% $2"'(#$#/'% &1.'*%

3/&")#$5%>%)1".$2*9%G)%(1";#$%#+#%-.*%&*(%"(6*+$(%(*'(/2#J3/$*.2(%,.3"#'(%*$%&1".$2*(%

"(6*+$(%+/33*%)*%+/K$%+/;'#$#!%(/'$%>%62*'&2*%*'%+/36$*9%L"2%*=*36)*%$"'&#(%-.*%

)1#'$*2"+$#/'%?#J3"'.*))*%6*23*$%&*%3#'#3#(*2% )*(%3/.4*3*'$(%&*% )1.$#)#("$*.2%*'%

"((#;'"'$% .'*% 3"#'% >% +,"-.*% 3/&")#$5% B4/#2% +,"6#$2*% @EM% -.1*'% *($J#)% &.% +/K$%

+/;'#$#!%NOPQ%&*%+,"';*3*'$%&*%3/&")#$5(%R%S/.(%(/.,"#$/'(%5$.&#*2%+*(%"(6*+$(%".%

2*;"2&%&*(%+"2"+$52#($#-.*(%&*%+,"-.*%3/&")#$59%%

6.2.2 Perspectives à plus long terme 

T*(% &*.=% 6*2(6*+$#4*(% >% 6).(% )/';% $*23*% 5$*'&*'$% )*% (.U*$% &*% '/$2*% 5$.&*% *$%

+/'+*2'*'$%>% )"% !/#(% )"%'"4#;"$#/'%B#'$*2!"+*%*'%*'$25*E%3"#(%".((#% )"%4#(.")#("$#/'%

B#'$*2!"+*%*'%(/2$#*E9%

6.2.2.1 Incitation au changement de modalités 

:/33*%2*)"$5%6"2%S"'+*)%V%")9%NDWQ%&"'(%)*%+"(%&.%6/#'$";*%>%&#($"'+*M%'/.(%"4/'(%

/?(*245% -.*% )*(% .$#)#("$*.2(% ,5(#$"#*'$% >% 6"((*2% >% )"% 3/&")#$5% 625+#(*9% X#'(#M%

?*".+/.6% &*% $*36(% 5$"#$% 6*2&.% &.2"'$% )"% 6,"(*% &*% '"4#;"$#/'% 2"6#&*% *'% $*'$"'$%

&1Y$2*% 625+#(M% $*36(% -.#% '15$"#$% 6"(% +/36*'(5% &.2"'$% )"% 6,"(*% &*% '"4#;"$#/'%

625+#(*9%S"'+*)%V%")9%NDWQ%/'$%4#(5%>%3#'#3#(*2%)*%+/K$%+/;'#$#!%"((/+#5%>%)"%&5+#(#/'%

&.% +,"';*3*'$% &*% 3/&*9% G)(% /'$% 6/.2% +*)"% !/2+5% )*(% .$#)#("$*.2(% >% +,"';*2% &*%

3/&")#$5% *'%&5+/.6"'$% )1*(6"+*%&1#'!/23"$#/'% *'% Z/'*(% ;2/((#82*(9% T"% '"4#;"$#/'%

2"6#&*% +/'(#($"#$% ")/2(% .'#-.*3*'$% >% '"4#;.*2% *'$2*% +*(% Z/'*(M% )"% '"4#;"$#/'%

625+#(*% >% )1#'$52#*.2% &1.'*% Z/'*% 6/.4"'$% .'#-.*3*'$% Y$2*% *!!*+$.5*% "4*+% )"%

3/&")#$5% 625+#(*9% G)(% /'$% "#'(#% /?(*245% .'% ;"#'% &*% $*36(% &.2"'$% )"% 6,"(*% &*%

'"4#;"$#/'%2"6#&*M%3"#(%6"(%"((*Z%#36/2$"'$%6/.2%/?(*24*2%.'%;"#'%&*%$*36(%(.2%)"%

$[+,*%;)/?")*9%

%

\.2% )"% ?"(*% &*(% /?(*24"$#/'(% &"'(% '/(% $2"4".=% *=652#3*'$".=M% '/.(% 6*'(/'(%

-.1#'+#$*2%)1.$#)#("$*.2%>%+,"';*2%&*%3/&")#$5%6*.$%"35)#/2*2%)*(%6*2!/23"'+*(%&*(%

3/&")#$5(%+/3?#'5*(M%&1".$"'$%6).(%6/.2%&*(%.$#)#("$*.2(%'/4#+*(9%%

%

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

+/33*'+*2%>%)*(%$2"#$*2%A%
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• !"#$%&'()* %('*+(),")-./0('*#(*0(*01./2(-(/3*#(*-"#.%&3$'*4* 3./#&'*56(*%(*

-"#7%(*#(*+(),")-./0(*#(*3)./'&3&"/*#(*-"#.%&3$'*#6*-"#(*/"8&0(*.6*-"#(*

(9+()3* #$0)&3* +.)* :0.))* (3* .%;* <==>?* 0"-@&/(* #(69* %"&'* #(* +6&''./0(* (3*

'"6%&2/(*6/(*+()3(*#(*+(),")-./0(*%")'*#6*+.''.2(*#A6/(*-"#.%&3$*B*%A.63)(C*

/"6'*8&'"/'* %.*-"#$%&'.3&"/*#A6/*2.&/*#(*+(),")-./0(;*D(33(*-"#$%&'.3&"/*

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

0"--(*#./'*<==>?F*-.&'*'6)*%.*#&'3./0(*)('3./3(*B*+.)0"6)&)*+"6)*.33(&/#)(*

%.*0&@%(;**

• D"/0(8"&)* 6/*-"G(/* #A&/0&3()* %('* 63&%&'.3(6)'* B* (,,(036()* 0(* 01./2(-(/3*4*

H('* 3).8.69* '6)* %(* 01./2(-(/3* #(* -"#.%&3$'* (/3)(* %(* -"#(* /"8&0(* (3* %(*

-"#(* (9+()3* +(68(/3* #$,&/&)* 6/* +"&/3* #(* #$+.)3* B* 0(33(* $36#(*0"--(* %('*

3).8.69*#(*!.%.0)&.*(3*.%;*<IJC*IK?;**

• L$3()-&/()* %(* -(&%%(6)* -"-(/3* +"6)* %A(,,(036()*4* 0(* 0.%06%* +(63* #./'* %(*

0.#)(*#A(9+$)&-(/3.3&"/'*0"/3)M%$('*N3)(* &--$#&.3*(/*0"//.&''./3* %.*0&@%(*

-.&'* #./'* %(* 0.'* 2$/$).%* #(8).* )(+"'()* '6)* %('* .03&"/'* (,,(036$('* +.)*

%A63&%&'.3(6)*'./'*0"//.O3)(*%.*0&@%(;*

• P.&)(*8.)&()*0(33(*.&#(*'(%"/*%(*/&8(.6*#A(9+()3&'(*#(*%A63&%&'.3(6);*

6.2.2.2 Données dynamiques 

Q"63* .6* %"/2* #(* /"'* 3).8.69C* /"6'* .8"/'* 0"/'&#$)$* 6/* ('+.0(* #A&/,")-.3&"/*

#&'+"/&@%(* (3* '3.3&56(;*R/(* (9(3/'&"/* #(* /"3)(* 3).8.&%* ('3* .%")'* #(* 0"/'&#$)()* 6/*

('+.0(*#(*#"//$('*#G/.-&56('C*-&'*B*S"6)*0"/3&/6(%%(-(/3;**

*

HA.'+(03* #G/.-&56(* #('* #"//$('* B* 8&'6.%&'()* ('3* ,)$56(/3* #./'* #(* /"-@)(6'('*

.++%&0.3&"/';* T.)* (9(-+%(* #./'* %(* #"-.&/(* @"6)'&()C* &%* +(63* N3)(* /$0(''.&)(* #(*

8&'6.%&'()*#('*1&'3")&56('*#(*8.%(6)'*56&*0"/3&/6(/3*#AN3)(*-&'*B*S"6);*L(*+%6'*/"6'*

)(3)"68"/'*0(3*.'+(03*#G/.-&56(*#('*#"//$('*%")'*#(*%.*8&'6.%&'.3&"/*#A6/(*%&'3(*#(*

0"6))&()'* $%(03)"/&56('*4* 6/* /"68(.6* 0"6))&()* +(63* N3)(* #$%&8)$* B* 3"63* -"-(/3C*

.%")'*56(*%A63&%&'.3(6)*('3*(/*3).&/*#(*8&'6.%&'()*6/*0"6))&()*)(U6;*

*

D(*'6S(3*('3*#"/0*#A&-+")3./0(;*L./'*%(*0"/3(93(*#(*%.*'"0&$3$*:3)(.-#.3.;&"*#./'*

%.56(%%(* "/3* $3$* (,,(036$'* 0('* 3).8.69* #(* 317'(C* 0(* '6S(3* ('3* +.)3&06%&7)(-(/3*

&-+")3./3* (3* 0"-+%$-(/3.&)(* B* %.* +%.3(,")-(* %"2&0&(%%(* +)"+"'$(;* V/* (,,(3C* %.*

+%.3(,")-(*#(*%.*'"0&$3$*:3)(.-#.3.;&"*0"/'&'3(*S6'3(-(/3*B*(/8"G()*.69*#&'+"'&3&,'*

0%&(/3'*6/&56(-(/3*%('*/"68(%%('*8.%(6)'*#(*%A('+.0(*#A&/,")-.3&"/C*%")'56A&%*G*(/*.;*

*

W"6'*#$,&/&''"/'*#(69*.9('*#A$36#(*0"-+%$-(/3.&)('*+"6)*+)(/#)(*(/*0"-+3(* %.*

#G/.-&0&3$* #(* %A('+.0(* #A&/,")-.3&"/* 8&'6.%&'$*4* %A"@'()8.@&%&3$* #('* /"68(%%('*

#"//$('* (3* %A&/3().03&"/* #./'* 6/* ('+.0(* #G/.-&56(;* L./'* 0(* 8.'3(* #"-.&/(* 56(*

0"/'3&36(* %.* 8&'6.%&'.3&"/* &/3().03&8(* #(* #"//$('* #G/.-&56('* <XKC* Y>?C* 6/(*

.++)"01(*#(*3).8.&%*('3*#(*,"0.%&'()*'6)*%.*8&'6.%&'.3&"/*@&,"0.%(;**

• Z@'()8.@&%&3$*4* [&/'&C* 3"63* (/* 8&'6.%&'./3* 6/* 2)./#* ('+.0(* #A&/,")-.3&"/C* &%*

0"/8&(/3*#(*/"3&,&()*%A63&%&'.3(6)*56A6/(*"6*+%6'&(6)'*/"68(%%('*8.%(6)'*'"/3*

#&'+"/&@%(';*L./'*%(*0.'*#A6/(*86(*@&,"0.%(C*'&*%.*#()/&7)(*8.%(6)*B*8&'6.%&'()*

'(*'&36(*#./'*%.*+.)3&(*#$3.&%%$(*#(*%.*3(01/&56(*#(*8&'6.%&'.3&"/C*%A63&%&'.3(6)*

%.* )(-.)56().* ,.0&%(-(/3* (/* 63&%&'./3* 6/(* ./&-.3&"/* +.)* (9(-+%(;* T.)*

0"/3)(* '&* %.* #"//$(* B* -"#&,&()* '(* 3)"68(* #./'* %.* +.)3&(* /"/* #$3.&%%$(* #(*

%A('+.0(*#A&/,")-.3&"/C*&%*#(8&(/3*.%")'*+%6'*0"-+%&56$*#(*)(/#)(*"@'()8.@%(*

B*%A63&%&'.3(6)*"\*'(*'&36(*0(33(*/"68(%%(*#"//$(*(3*56(%%(*('3*'.*8.%(6);**
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• !"#$%&'#()"*+* ,&* -(.$* /* 0)1%* 23"&-(41$* 2$* 56$.7&'$* 2$* 2)""8$.* 7$1#*

$"#%&9"$%*2$.*2(::('15#8.*5)%.41$*561#(5(.&#$1%*$.#*$"*')1%.*2$*"&;(<&#()"*'&%*

5&* ;(.1&5(.&#()"* 2$;($"#* (".#&=5$>* ?"$* .)51#()"* $.#* 7&%* $@$-75$* 2$* :(<$%* 5&*

;(.1&5(.&#()"* 5$* #$-7.* 2$* 5&* "&;(<&#()"* 71(.* 2$* -$##%$* /* 0)1%* 56$.7&'$*

26(":)%-&#()">* A$##$* .)51#()"* $.#* (".7(%8$* 2$.* .)51#()".* 26("#$%&'#()"* $"*

%8&5(#8* &1<-$"#8$*-)=(5$* )B* 56$.7&'$* $.#*-)-$"#&"8-$"#* :(<8* CD*:%$$E$*F*

2$*5&*;(28)G*7)1%*751.*2$*.#&=(5(#8*5)%.*2$*56("#$%&'#()"*HIJKL>**

A$'(* 28:("(#* 1"* ;&.#$* .10$#* 268#12$* 41(* 2)(#M* &1* 2$5/* 2$.* &.7$'#.*

("#$%&'#()""$5.* 21* "(;$&1* 2$.* &'#()".* 7N3.(41$.M* 7%$"2%$* $"* ')-7#$* 5&*

#O'N$*')1%&"#$*2$*561#(5(.&#$1%>*P&%*$@$-75$*$"*")1.*%8:8%&"#*/*5&*#&@)")-($*

2$.*#O'N$.*28'%(#$*7&%*Q"2%($"R)*HJLM*.(*5&*#O'N$*2$*561#(5(.&#$1%*$.#*2$*#37$*

.3")7#(41$* (-75(41&"#* 26$@75)%$%* 5S$".$-=5$* 2$* 56$.7&'$* 26(":)%-&#()"*

&5)%.*5$.*")1;$55$.*2)""8$.*.)"#*26(-7)%#&"'$*$#*"$*7$1;$"#*T#%$*-&.418$.>**

*
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7 PUBLICATIONS 

PERSONNELLES 

• !"#$%#&'( )*'( +%,-./0#'( 1*'( 2%34550#"'( !*'( 6-.4&4'( )*'( 7( 8"349'( :*( ;<=>?@*(

2%,4&"0#/( /A4&"4,%/( %#( 2B4,"&B( C-3D%#&B%( /-.( E"/A0/"&"F/(D0G",%/*( H#(!"#$%&

'$%&()*$%&+,-./0$%&1.2/",34,/$%&5,6787#0&$#&967:-7#0&;9675,6&<=>?@*(

• +%,-./0#'(1*'(7(8"349'(:*(;<=>I'(J$&0G%.@*(K"F0$4,(E"/A,49(0#(D0G",%(E%L"$%/M(

%DA"."$4,( "#L%/&"34&"0#*( H#( A.,"$$'7/B%& ,1& #4$& <C#4& D,/1$.$/"$& ,/&

8EF/#$.2"#7,/&G,**$H52"47/$(;A*(<=@*(CNO*(

• K%.&0,0'(P*'(8"349'(:*'(+%,-./0#'(1*'(7(!"L"4#'(2*(;<=>I'(J$&0G%.@*(QRA,0.4&0.9(

%RA%."D%#&4&"0#( 0F( &S.%%( &%$S#"T-%/( F0.( .0&4&"#3( 4( ?P( /$%#%( G9( A."D4.9(

/$S00,( /&-E%#&/*( H#( A.,"$$'7/B%& ,1& #4$& <C#4& D,/1$.$/"$& ,/& 8EF/#$.2"#7,/&

G,**$H52"47/$(;A*(U?@*(CNO*(

• +%,-./0#'( 1*'(7(8"349'( :*( ;<=>I'(80L%DG%.@*(O-,&"D0E4,( H#&%.4$&"0#(V"&S(4(

K"F0$4,( !"%V( 0#( O0G",%( P%L"$%/*( H#( A.,"$$'7/B%& ,1& #4$& <=>I& !D5& ,/&

F/#$./2#7,/28&D,/1$.$/"$&,/&5-8#7*,'28&F/#$.2"#7,/(;AA*(>W>X>WY@*(CNO*(

• +%,-./0#'( 1*'( 7( 8"349'( :*( K"D4#-4,( H#A-&( F0.( O-,&"/$4,%( 84L"34&"0#( V"&S(

+.%//-.%( 4#E( )0-$S( Z%/&-.%/*( H#( A.,"$$'7/B%& ,1& #4$& <=>J& !D5& ,/&

F/#$./2#7,/28&D,/1$.$/"$&,/&5-8#7*,'28&F/#$.2"#7,/*(CNO*(
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G@)(('@), H&@, ?0D0@)450&6/*, 6/B0:/50&6, &6, (T/**, D)B04)($, J6, !"#$%%&'()*+ #,+ -.%+

K0-.+ '(-%"(1-'#(13+ $#(,%"%($%+ #(+ ?281(C$#892-%"+ '(-%"1$-'#(+ ;'-.+ 8#I'3%+

&%B'$%*+1(&+*%"B'$%*,<GG$,!!M="A$,3.O$,

!="$ ]G)64)+, %$, <=""!A$, =(,#"81-'#(+ B'*213'T1-'#(, <9&*$, !A$, -)U, `&@_F, 3DD0(&6M

e)(*)E$,
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!"!# $%&'(&)* +#)* ,* -%%&./&0)* 1#* 2!34"5#* 6787* 97:&* '7;<=78<>'?* 7'* >@@<(&*
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!"F# SB>A7:>')*T#)*,*U7'=)*T#*2"I!")*$&%8&A9&.5#*QV%/>.<'=*AH/8<EG<A&':<>'7/*G787*
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9 ANNEXES 

!"#$ %&&"'"#$ ()#"&*$ +$ ,-./&)/$0"#$ )&,-/1%*)-&#$ 2-13451"&*%)/"#$ %.$1%&.#2/)*$ 0"$

*67#"$0%&#$4"$8.*$0"$3"/1"**/"$+$.&$4"2*"./$0"$/"3/-0.)/"$4"#$"'35/)"&2"#$1"&5"#$

"*9-.$0"$/":05("4-33"/$4"#$1-0%4)*5#$2-&;."#<$$

9.1 Annexe 1 – Tâches réalisées durant l’expérience de 

visualisation  

!"**"$%&&"'"$3/5#"&*"$4%$4)#*"$0"#$*=26"#$.*)4)#5"$3-./$4>"'35/)"&2"$3/5#"&*5$0%&#$4"$

26%3)*/"$ ?$ "*$ )&#3)/5$ 0"$ 4%$ *%'-&-1)"$ 0"$ *=26"#$ 0"$ @&0/)"&A-$ B?C<$ D"#$ "#3%2"#$

0>)&,-/1%*)-&$ .*)4)#5#$ #)1.4%)"&*$ 0"#$ 0-&&5"#$ /5%4)#*"#$ &-.#$ 3"/1"**%&*$ 0"$

,-/1.4"/$0"#$*=26"#$2-&2/E*"#<$

$

F< G."44"$"#*$4%$(%4"./$0"$4>)&0)2"$4"$?H9IH9FJ$K$

?< G."44"#$#-&*$4"#$(%4"./#$0"$4>)&0)2"$%.'$0%*"#$#.)(%&*"#$K$

%< ?I9IH9FJ$

8< FL9IM9IM$

2< FN9FI9IJ$

O< @$P."44"$0%*"$4>)&0)2"$%:*:)4$%**")&*$#%$(%4"./$1%')1%4"$K$

J< D%$(%4"./$1)&)1%4"$%:*:"44"$5*5$%**")&*"$%(%&*$-.$%3/7#$4%$(%4"./$1%')1%4"$K$

Q< R./%&*$4"$1-)#$0"$1%/#$?IIHS$P."44"$%$5*5$4%$*"&0%&2"$0"$4>)&0)2"$K$

N< @$P."44"#$0%*"#$4>)&0)2"$%:*:)4$053%##5$#%$(%4"./$+$4%$0%*"$IO9IJ9?IIH$K$

L< G."44"#$#-&*$4"#$(%4"./#$0"$4>)&0)2"$%.'$0%*"#$#.)(%&*"#$K$

%< IH9IH9FJ$

8< IM9IH9F?$

2< F?9IH9FI$

0< ?F9IH9IH$

"< FI9IH9IN$

,< ?H9FI9IJ$

H< D%P."44"$0"#$0".'$0%*"#$#.)(%&*"#$%$4%$(%4"./$4%$34.#$54"(5"$K$

%< ?Q9IL9FJ$

8< IJ9IH9FJ$

M< G."4$"#*$4"$34.#$T/%&0$)&*"/(%44"$0./%&*$4"P."4$4>)&0)2"$&>%$3%#$052/.$K$
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!"# $%&'()*&+,-./)0&1"!"&-232)0&*45)&46%&7-4**%&8&

!!# 94%00%*&*(63&0%*&.-0%4/*&+%&0,)6+):%&-4;&+-3%*&*4).-63%*&8&

-# !<="<=!>&

5# !?=">=!>&

:# "<="<=!?&

+# !1=">=!1&

%# 1"="<="@&

A# 1!=!"=">&

!1# $-B4%00%&+%*&+%4;&+-3%*&*4).-63%*&-&0-&.-0%4/&0-&C04*&D0%.D%&8&

-# !?="!=!!&

5# 1E="<=!>&

!?# 94%00%*&*(63&0%*&.-0%4/*&+%&0,)6+):%&-4;&+-3%*&*4).-63%*&8&

-# ">="<=!>&

5# !1="@=!?&

:# !<=!"=!1&

+# !"=!!=!!&

%# 1?=!1=!"&

A# 1!="!=!"&

F# !1="1="@&

7# 1E="?="<&

)# "G=">="E&

H# 1G="G="I&

J# "1="I="G&

0# ">=!!=">&

!># 94%00%&-66D%&-&*45)&0-&C04*&F/(**%&+)AAD/%6:%&+%&.-0%4/&8&

!G# 94%00%*&*(63&0%*&.-0%4/*&+%&0,)6+):%&-4;&+-3%*&&*4).-63%*&8&

-# !<="<=!>&

5# !@=!1=!?&

:# "@="<=!1&

+# "G="<=!"&

%# 1"=!1="E&

A# !<=!!=">&

!I# K(66%/&+%4;&'()*&-L-63&+%*&3%6+-6:%*&(CC(*D%*#&

!E# $-B4%00%&+%*&+%4;&+-3%*&*4).-63%*&-&0-&.-0%4/&0-&C04*&A-)50%&8&

-# 1!="<=!>&

5# "I="G=!>&

9.2 Annexe 2 – Questionnaire SUS 

M%33%& -66%;%& :(63)%63& 0-& 3/-+4:3)(6& A/-6N-)*%& +4& B4%*3)(66-)/%& OL*3%'& P*-5)0)3L&

O:-0%& QOPOR& S!ET& 43)0)*D& +4/-63& 0%*& +)AAD/%63%*& D.-04-3)(6*& C/D*%63D%*& +-6*& :%&

'-64*:/)3#&M%&B4%*3)(66-)/%&:('C/%6+&!"&-AA)/'-3)(6*&6D:%**)3-63&46%&D.-04-3)(6&

*4/&46%&D:7%00%&+%&$)J%/3&+%&G#&$-&6(3%&+%&!&*)F6)A)%&U&V-*&+4&3(43&+,-::(/+&W&-.%:&

0,-AA)/'-3)(6X&0-&6(3%&+%&G&*)F6)A)%&U&Y(43&Z&A-)3&+,-::(/+&W&-.%:&0,-AA)/'-3)(6#&

&

!<# [%&C%6*%&B4%&H,-)'%/-)*&43)0)*%/&:%&3LC%&+%&*L*3\'%&A/DB4%''%63#&

!@# [%&3/(4.%&B4%&:%&*L*3\'%&%*3&)643)0%'%63&:('C0%;%#&

1"# [,-)&3/(4.D&B4%&0%&*L*3\'%&D3-)3&A-:)0%&Z&43)0)*%/#&

1!# [%& C%6*%& B4%& H,-4/-)*& 5%*()6& +%& 0,-)+%& +,46%& C%/*(66%& %;CD/)'%63D%& C(4/&

43)0)*%/&:%&*L*3\'%#&

11# [,-)&3/(4.D&B4%&0%*&+)AAD/%63%*&A(6:3)(6*&+4&*L*3\'%&D3-)%63&5)%6&)63DF/D%*#&
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!"# $%&'()*+,-.(/,%'0(1(&-&')()*+2(3%'45+6.*7457(3&48(57(818)9:7#(

!;# $%':&<'47(/,7(20,8'7,*8(27*8+4478(&22*743*+4)(-')7(=(,)'0'87*(57(818)9:7#(

!># $%&'()*+,-.(/,7(07(818)9:7(.)&')(278&4)?(0+,*3?(0+*8(37(8+4(,)'0'8&)'+4#(

!@# $7(:7(8,'8(874)'(74(5+4A'&457(0+*8(37(0%,)'0'8&)'+4(3,(818)9:7#(

!B# $%&'(7,(C78+'4(3%&22*743*7(C7&,5+,2(37(56+878(&-&4)(3%,)'0'87*(07(818)9:7#(

(

D7(5&05,0(3,(85+*7(2+,*(57(/,78)'+44&'*7(8%7AA75),7(37(0&(:&4'9*7(8,'-&4)7(E((

• F+,*(078(&AA'*:&)'+48(G?("?(>?(B(7)(H?(07(85+*7(78)(07(*.8,0)&)(8,*(0%.567007(:+'48(

G#(I)+,)(=(A&')(3%&55+*3(E(>JG(K(;L(

• F+,*( 078( &AA'*:&)'+48( !?( ;?( @?( M(7)( GN?( 07( 85+*7( 78)( >(:+'48( 07( *.8,0)&)( 8,*(

0%.567007(#(I)+,)(=(A&')(3%&55+*3(E(>J>(K(NL(

• O&'*7(07()+)&0(378(85+*78(7)(:,0)'20'7*(2&*(!#>(2+,*(+C)74'*(07(85+*7(PQP(/,'(

-&*'7(37(N(=(GNN#(

9.3 Annexe 3 – Linéarisation des capteurs de pression avec un 

amplificateur opérationnel 

D78( 5&2)7,*8( 37( 2*788'+4( /,7( 4+,8( &-+48( ,)'0'8.( 3&48( 4+8( 2*+)+)1278( IR4)7*0'4S(

T07S)*+4'S8( OPU( ;NNL( 47( *7)+,*474)( 2&8( 378( -&07,*8( 0'4.&*'8.78?( :&'8(

0+<&*')6:'/,78#( V75'( *743( 0%&5598( &,W( 2*788'+48( C&8878( 7)( 6&,)78( 5+:20'/,.#(

V+::7( XG">?( G"@Y?( 4+,8( &-+48( ,)'0'8.( ,4( &:20'A'5&)7,*( +2.*&)'+4470( 2+,*(

0'4.&*'87*( 578( 3+44.78#( Z+,8( A+,*4'88+48( 5'J3788+,8( 07( 856.:&( .075)*'/,7(

27*:7))&4)(37(*72*+3,'*7(57(:+4)&<7(7)()'*.(37(0&(3+5,:74)&)'4(3,(5&2)7,*GN#(

(

(
(

!"#$%&'()*'+',-./01'2$'-345&%6"77&$%'-3$%14686&47"34'$6"9"7/':3$%'9"4/1%"7&%'
9&7'519&$%7'%&63$%4/&7':1%'9&7'-1:6&$%7'2&':%&77"34)''

(

((((((((((((((((((((((((((((((((((((((((((((((((((((((((

(

(
GN(6))2E[[\\\#'4)7*0'4S7075)*+4'58#5+:['4)7<*&)'+4]<,'378[OPU;NNP7*'78]R^#_'2(


