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DE*C5'&%(2.'7%5
> ?')2-$')2-+$%7&322'$2-0) -"-4&+$*+40) -2A2%"632-(3-%&0$24'&%-)&10+$-4')&-

(32-C+8832-6'A3$$32-D-8/0)%'1)2-3$-2+%3-4&'4&3-3%-83-67%&'-8793&,

> ./0)%'1)2-32%-83-4&+$*+408-2A2%"63-(3-%&0$24'&%-3 48'+%7-(0$2-(3
$'61&3)232-C+8832-3%-+8-83-&32%3&0-3$*'&3-%-6'A3$-%3&63,

> &$-&7067$09363$%-(3-8/3240*3-4)18+*-3$-'0C3)&-(3-8/0)%'1)2D-*')8'+&2(-
2+%32-4&'4&32(-4&+'&+%72-0) -*0&&3'')&2-('$$3&0-%')%3-2'$-3''+*0*+%7-%-*3-
2A2%"63-D-*/32%-83-1)2-%-)0)%-$+C30)-(3-23&C+*3-*+?,

> .32-2A2%"632-2)&-&0+82-43)C3$%-0)22+-&7()+&3-80-*'$932%+'$(-+82-$7*322+%3$%-
(32-2+%32-&723&C72-3%-(/+64'&%0$%2-+$C32%+22363$%2,

> .3-*)'+ -()-6'(3-(3-%&0$24'&%-83-6+3) -0(04%7-43)%-2/0C7&3&-(+''+*+83-4')&-
*3) --)+-2'$%-+$%7&32272-40&-)$-$')C30)-2A2%"63-(3-*040*+%7-6'A3$$3-')-
783C7-3%-(72+&3$%-'4%+6+23&-80-932%+'$-(32-*'.%2-(/+$C32%+22363$%-3%-
(/3 48'+%0%+'$
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HEDED*!)0*37')00)0*.%;;)&.7,+)0
> ./3223$*3-6:63-(3-8/0)%'1)2-3$-2+%3-4&'4&3-32%--)3-
C+%3223-3%-'+01+8+%7-43)C3$%-:%&3-0678+'&732-3$-
&7()+20$%-')-78+6+$0$%-832-(+''7&3$%2-%A432-(3-&3%0&(-
2)&-2'$-40&*')&2,-

> .3-%3642-(3-6'$%73-43)%-:%&3-&7()+%-3$-'4%+6+20$%-83-
%3642-(3-40+363$%(-0C3*-(3-$'61&3)232-4'&%32-3%-(32-
480$*)3&2-0)-$+C30)-(32--)0+2,

> .32-&3%0&(2-43)C3$%-:%&3-&7()+%2-3$-0)963$%0$%-80-
(+2%0$*3-3$%&3-832-0&&:%2-D-)$-*'64&'6+2-('+%-:%&3-
%&')C7-3$%&3-(+2%0$*3-3%-*'$''&%-(3-8/)2093&,
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HEH*!)0*75I&,0'&2.'2&)0

> &$-2+%3-4&'4&3-32%-*'$2%+%)7-97$7&08363$%-(3-(3) -C'+32-3$-2+%3-
2740&7(-2+%)7-0)-6+8+3)-(/)$-1')83C0&(,

> .32-2+%32-%-9&'2-(71+%-43,9, *'9'%06-*'64'&%3$%-"-C'+32-40&-
(+&3*%+'$-4!;-66-3%-(32--)0+2-(3-=8-%-!58-6-3$-2%0%+'$

> ./3 48'+%0%+'$-%-9&0$(3-C+%3223-4;08-\6])6-$7*322+%3-)$3-
2740&0%+'$-60%7&+3883-3$%&3-832-C'+32-

> .3-(+63$2+'$$363$%-(32-*)0)22732-('+%-%3$+&-*'64%3-()-
$'61&3-3%-(3-80-*)0&932-(32-322+3) -3%-()-%0) -(3-*&'+220$*3-
2)&-80-47&+'(3-(/)%+8+20%+'$-4"8-%-58-0$26,
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HEK*!)0*L%M'0
HEKED*!)0*.%M'0*("753)0'700);)5'
> .32-*'.%2-(/+$C32%+22363$%-(+6+$)3$%-(3-"!(/"-&,->?-4')&-83-

67%&'-8793&-%-8(="-&,->?-4')&-8/0)%'1)2-3$-2+%3-10$08

> .32-4&'`3%2-(3-2+%3-4&'4&3-*'64&3$$3$%-83-*'.%-(32-+$'&02
4*)0)2273(-2%0%+'$2(-A3B6(-,CD(-4&+'&+%7-0) -'3) (-832-
C7)+*)832-3%-83-(74E%,

> ,)&-83-%01830)-!-*+F(322')2-832-*'.%2-23-2+%)3$%-3$%&3-=(0-3%-!8(5-
>?-55-4')&-(32-2+%32-4&'4&3-0)-2'8,
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HEKEH*!)0*.%M'0*(")N$+%7','7%5

> .32-*'64'20$%2-4&+$*+40) -()-*'.%-(/3 48'+%0%+'$D-43&2'$$38(-
7$3&9+3(-4+"*32-(7%0*)732,,

> <'640&0+2'$-(32-*'.%2-(/3 48'+%0%+'$-(3-2+%3-4&'4&3-3%-67%&'-
8793&-2+%)72-%-!F708802(-"F73$C3&(-5F.'2-C$93832(-=FA+%%21)&9)(-
;F,0$-7+39'(-/F,0$-N'27,-9+9,-5-%-;-*+F04&"2

> .0-9&0$(3-(+240&+%7-(32-*'.%2-(/3 48'+%0%+'$-3%-(3-80-
'&7-)3$%0%+'$-2/3 48+-)3-40&-80-%0+883-(32-C7)+*)832-3%-80-
(+C3&2+%7-(32-4&'`3%2-&3%3$)2-40&-80-<')&-(32-<'64%32-&,-
2CG,
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KEDEH*!)0*37')00)0*.%;;)&.7,+)0

,')&*3-D-O))$-4!5106-3-4!5116

9+9,-0D-P+%32232-*'663&*+0832-3$-&380%+'$-0C3*-83-%0) -(3-2+%3-4&'4&3-+$%79&08-3%-
2740&7-0)-*3$%&3-(3-<'8'9$3-2)&-832-8+9$32-(3-67%&'-8793&
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KE*H*!)0*C5I&,0'&2.'2&)0

> A')&-)$3-8+9$3-(3-67%&'-8793&-('$$73(-832-C'+32-2'$%-3$-2+%3-
4&'4&3-')-3$-%)$$38-0)-*3$%&3(-4)+2-3$-2+%3-2740&7-3$-47&+4)7&+3
3%-3$-2+%3-10$08-3$-10$8+3)3,

> .32-9010&+%2-D

F .0-C'+3-C0&+3-238'$-832-40A2(-$'&608-(3-!=5;-66(

67%&+-)3-3$-,)+223(-7%&'+%-4588-666-0$*+3$$3-8+9$3-(3

B+'(-.+21'$$3(-80&93-(3-!;"=-66-3$-B)22+3(-0) -&,C,

F .3-9010&+%-(32-C'+%)&32-C0&+3-3$%&3-"("8-3%-5(88-6

F .0-80&93)&-(/364&+23-C0&+3-3$%&3-/(88-3%-0("8-6,
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KE*K*!)0*.%M'0
KEKED*!)*.%M'*("753)0'700);)5'

> P+%3223-3%-'+01+8+%7-(/)$->.-2'$%-'1%3$)32-40&-)$3-*'648"%3-
2740&0%+'$-(3-83)&-2+%3,

> .3-*'.%-(/+$C32%+22363$%-32%-3$-&380%+'$-(+&3*%3-0C3*-*3%%3-
2740&0%+'$D-"1->-&,-?-51-40&-\6 2)&-C+0()*-4>0$+8836(-!5->-
&,?-51-0)-2'8-4K)$+26,
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,')&*3-D-A+89&+6 4"8886

K0183-=-D-<'.% (32-2')2F2A2%"632 (3-8+9$32 (3->.-0) -&,C,

81,d'4+#2,?0,.'.+# 9Z'1)6'#2,(+N>?#
75*OA9P*QR*

9765,+SL%;;257.,'7%5ST%F)&* @"BE#
J,++,0')(*(%2<+)*4&,.U* !"$B#
V)/7.+)0*W*O,75')5,5.)* @"@#
O,X%&*9'&2.'2&)Y*,'*6&,()* !"!#

6&,()*0)$,&,')(* D"%!#
9','7%5Y*,'*6&,()* !"DE#
6&,()*0)$,&,')(* @"DE#

'255)+* !V"VE#
H,+):#&LH#9Z'"#01,d'4+#2,(+# %!"C%#

-
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,')&*3-D-*BL(-#$* +$-A+89&+6 4"8886

K0183-;-D-<'.% 238'$ 83-%A43-(3-2+%3-4&'4&3 (3-8+9$32 (3->.-0) -&,C,

L,]#2)+'6,1K# 9Z'1)6'#2,(+Ne?#
/.#Mf<g#V#

<+).G)1G#
`'Z/)+/,.#

aY4:*(/Z'# !D"V# E"B!#
81/Z)+'J#)+#61)G'# !@"V# %!"E#
<+1''+N^/63\)K# %$"@# !E"B#
L'('1"&).'NM)::# @V"!# @!"!#
H*..':N<*-\)K# %"V# !E"#

-
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,')&*3-D-A+89&+6 4"8886-?'%0-D-!F ,08%-.0\3I-"F73$C3&I-5F,%-.')+2I-=F708802I-;FA'&%80$(I-/F,0$-7+39'

9+9,1D-.32-*'.%2-( /+$C32%+22363$%-0)-\6 (3-8+9$3-3$-
''$*%+'$-()-%A43-(3-2+%3-(3-/-8+9$32-(3->.

0
10
20
30
40
50
60
70
80
90

100

1 2 3 4 5 6

Cities

Exclusive RoW
Private RoW
Street Median
Lane/Mall
Tunnel/Subway



!"#$$%&' ()*+,*-)./)&./)*)'*()0*1%23)++)0 4)./5%+%67)0
8*+,*9:.2&7': #2'%;%<7+)

5!

Journée d’Études du 4 mai 2005, ISSAT de Sousse, Tunisie.
Francis Kuhn,  Laboratoire des Technologies Nouvelles

,')&*3D-,*))60$-4"8886,

K0183-/-D-<'.%-(3-C'+%)&3-(3-67%&'-8793&-0)-\6 (0$2-/-C+8832-
(32-&,C-3$->,-&,?-51,

8'1#>?# <"&)>'#̀ '.Z'1#<+#&,*/(#`)::)(# 8,1+:).G# <"`/'6,
U'3/4*:'# !# !"$# %# %"@# !"$# !"D#
U'3"2,(+# %"B# @"B# B# B"DB# @"B# $"%B#
-
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,')&*3D-*'%%'62 4"8886-!-&,-?-"888-Q-/,;8-99,
K0183-0,-<'.%2-( /+$C32%+22363$%-3$->-&,-?-51-3%-$'61&3-(3-

C7)+*)832-0)-\6 (0$2-;-C+8832-'&0$R0+232

R'+\,1># &'.6+3# U'3N>?# 2,(+N>?# 8)+1,.)6'#
M,.+0'::/'1# !B"%# !"$# %@"%# DBJEEE#
P1:').(# !"E# !"%D# !C"E# $BJEEE#
&K,.# !"D# %"@E# !"V# !!EJEEE#

U):'.4/'..'(# !E"V# !"BC# !D"%# R"9"#
5,1G')*Y# %%"B# !"CV# %E"B# R"9"#

-
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!)*'&,;F,=*;%()&5) L7',(70*()*O%5'$)++7)&
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> D$-*'$*8)2+'$(-83-*'.%-6+$+6)6-32%-'1%3$)-4')&-)$->.-3$-2+%3-
4&'4&3-0)-2'8D

> .3-*'.%-6'A3$-(0$2-/-C+8832-&,-32%-!5(5->-?51-4')&-!(1-
C'+%)&32-0)-\6 ')-5(5->?]\6,

> .3-*'.%-6'A3$-()->.-K)$+2-4;-8+9$326-32%-!5(5->-?51-4')&-=-
C'+%)&32-0)-\6 ')-/(/->?51,

> .3-*'.%-6'A3$-()->.-(3-;-4&36+"&32-8+9$32-3$-9&0$*3
32%-(3-!5("->-?51-4')&-!(1-C'+%)&32-0)-\6 ')-5("->?51,
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KEKEH*!)0*.%M'0*(")N$+%7','7%5*W*;,75')5,5.)

,')&*3D-2'(0&((-O))$-3-08,-4"8886-?'%0D-G,OD-G''3&3( ,40*32 \6,-!-&,-?-51-Q-;,10-99,-J-P3)+*83F\6 Q-!-*0&-S%&0+$- -\6

K0183-1,-<'.%2-( /3 48'+%0%+'$-3%-(3-60+$%3$0$*3-(3-=-&7230) 

(3->.-'&0$R0+2--3%-()->.-(3-K)$+2-?-51(-)'&2-06'&%+22363$%,

2,(+(# h1'.,-:'#
!V#>?#

<+a+/'..'#
V#>?#

R).+'(#
%D#>?#

L,*'.#
!>?#

42570*
KH*U;*

U'3O">?# C"@B# $"CC# B"BV# $"$# HEZ[*
H1/0# E"BD# E"$C# E"$@# E"$DB# [ED\R*
P<e# E"E@# E"E@B# E"E%$# E"E%C# [E[D[*

-
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\E*!"#2'%<20 %2*+)*O:'&%*+:6)&*>
\ED*!,*$+,57I7.,'7%5

> .3-4&+$*+408-'1`3*%+'-32%-(3-&7()+&3-8/)%+8+20%+'$-(3-
8/0)%'6'1+83(-80-*'$932%+'$-2)&-832-&')%32(-80-(7%7&+'&0%+'$-
(3-8/3$C+&'$$363$%,,

> .0-*''&(+$0%+'$-(3-8/)2093-(32-2'82-0C3*-80-480$+'+*0%+'$-
(32-%&0$24'&%2-32%-)$-40&06"%&3-+64'&%0$%-4')&-&708+23&-(32-
2A2%"632-(3-K<-%-''&%3-'&7-)3$%0%+'$,

> .3-2+%3-4&'4&3-')->.-43&63%%3$%-*3%%3-*''&(+$0%+'$,
> ./0$08A23-(32-*0&0*%7&+2%+-)32-(3-80-C+883-%-(3223&C+&-('+%-

:%&3-3''3*%)73-D
F K0+883(-%'4'9&04)+3(-)+2%'+&3(-'&90$+20%+'$-(3-8/3240*3(-
F .32-&322')&*32(-80-2+%)0%+'$-(32-K<-]-+$(+C+()38,
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9','7%50*(":./,56)0*02&*07')*$&%$&)*8*L2&7'7<,



!"#$$%&' ()*+,*-)./)&./)*)'*()0*1%23)++)0 4)./5%+%67)0
8*+,*9:.2&7': #2'%;%<7+)

51

Journée d’Études du 4 mai 2005, ISSAT de Sousse, Tunisie.
Francis Kuhn,  Laboratoire des Technologies Nouvelles

]23&,6)0*5:.)00,7&)0*$%2&*+7,70%50*$7:'%55)0
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\EH*!)0*.%M'0

> .3-*'.%-(3-*'$2%&)*%+'$-(/)$->.-32%-48)2-783C7--)3-*38)+-
(3-8/0)%'1)2-+$%79&7-0)-2'8-3$%&3-0(!!->?-51-3%-!/->?-
*'$%&3-!->?-55-%-;(0/->-?-4" "C6-0)-\6,

> .3->.-$7*322+%3-6'+$2-(3-43&2'$$38-(/3 48'+%0%+'$--)3-
8/0)%'1)2-60+2-()-43&2'$$38-(/3$%&3%+3$-(32-C'+32(-2%0%+'$2(-
*0%7$0+&32(-2')2F2%0%+'$2(-0+9)+880932(-2+9$08+20%+'$T

> .3-%01830)-5-*+F04&"2-6'$%&3--)3-83-C7)+*)83-(3->.-('+%-
:%&3-3 48'+%7-0C3*-)$-1'$-$+C30)-(3-23&C+*3-60+2-0C3*-)$3-
'&7-)3$*3--)+-*'&&324'$(-1+3$-%-80-(360$(3-0'+$-(/0C'+&-
)$-%0) -(/'**)40%+'$-60 +6)6,
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,')&*3D-2'(0&( 3-08-4"8886I-<3$3C+C0 4!5556I-J-%)+2-C3)+*83F\6-*'2%-M02-32%+60%3(-+$-&,?-"88",

K0183-5,-<'.% 0)-P3)+*83F\6-40C3*-06'&%+22363$%6-238'$
(+''7&3$%-%0) (/'**)40%+'$ 2)& )$-C7)+*)83 (3->.-3%-(3) 
0)%'1)2-+$-&,-?-51,

S+'?( H*./(#&LH 2*1/+/-)#5LH5,6,+)#5LH
<0)4'(NZ'3/4:' DEE %DE !CE
U'3">?#2,(+#/.#g D"E @"BE !"$DO
<0)4'#N#2,(+">? E"E!E E"E!% E"EEV

L)+/, BE#i DE#i E#i
@BE#0)("Q>?#2,(+ D"E C"$ $"E%

L)+/, BB#i DE#i E#i
@BE#0)("Q>?#2,(+ C"$@ C"$ $"E%

L)+/, B#i DE#i E#i
@BE#0)("Q>?#2,(+ $"!C C"$ $"E%



!"#$$%&' ()*+,*-)./)&./)*)'*()0*1%23)++)0 4)./5%+%67)0
8*+,*9:.2&7': #2'%;%<7+)

=!

Journée d’Études du 4 mai 2005, ISSAT de Sousse, Tunisie.
Francis Kuhn,  Laboratoire des Technologies Nouvelles

> .3-40&*-8+6+%7-()->.-(3-K)$+2(-)$-+$%3&C0883-0(04%7-%')%-0)-
8'$9-(3-80-`')&$73-('$$3-)$-%0) -(3-&3648+22093-1+3$-
2)47&+3)&-%-;8-UD-83-$'61&3-783C7-(3-C7)+*)83- -\6
'4%+6+23-83-*'.%-()-C7)+*)83- -\6,

> >089&7-)$-*'.%-(/+$C32%+22363$%-48)2-783C7--)3-*38)+-(3-
8/0)%'1)2-3$-2+%3-4&'4&3(-83->.-(3-K)$+2-0-)$-*'.%-0)-
C7)+*)83- -\6 *'647%+%+'-D-83-%0) -783C7-(3-80-'&7-)3$%0%+'$-
32%-)$3-(32-&0+2'$2-(3-*3%%3-4&'()*%+C+%7,
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\EK*!)0*.,$,.7':0

> #8-32%-+64'&%0$%-(3-$'%3&-80-(+''7&3$*3-3$%&3-*040*+%7-
%)7'&+-)3-(32-C7)+*)832-')-2A2%"632-3%-*040*+%7-)%+8+273-,

> .32-'+9,-!-3-/(-83-%01830)-!-$')2-'$%-6'$%&7--)3-832-(3) -
2A2%"632->.-3%-0)%'1)2-43)C3$%-%&0$24'&%3&-(32-C'8)632-
7-)+C083$%2,

> .0-*040*+%7-(/)$-2A2%"63-+$%79&7-(/0)%'1)2-40223-40&-
8/067$09363$%-(32-2%0%+'$2-3%-832-8'$9)3)&2-(3--)0+-
43,9,CC,<0&0*02(-/-0&&:%2-40&--)0+-(/'V-!1866,

> ./0)%'1)2-3$-2+%3-4&'4&3-43)%-&74'$(&3-%-80-(360$(3-(3-80-
48)40&%-(32-*'&&+('&2-)&10+$2-(32-C+8832-6'A3$$32



!"#$$%&' ()*+,*-)./)&./)*)'*()0*1%23)++)0 4)./5%+%67)0
8*+,*9:.2&7': #2'%;%<7+)

=5

Journée d’Études du 4 mai 2005, ISSAT de Sousse, Tunisie.
Francis Kuhn,  Laboratoire des Technologies Nouvelles

^7,6&,;;)*("25)*0','7%5*,3).*'&%70*()0'75,'7%50
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\E\*!)0*:'2()0*)'*+,*.%50'&2.'7%5

> &$-4&'`3%-(3->.-$7*322+%3--)38-)32-%3*)$+-)32-247*+'+-)32-D-
783*%&+'+*0%+'$(-2+9$08+20%+'$(-2)+C+-(32-%&0+$2(+6480$%0%+'$-3$
2+%3-4&'4&3(-3$-2')%3&&0+$(-247*+'+*0%+'$2-()-C7)+*)83(-90&093F
0%38+3&(-0+9)+880932(,,

> &$-4&'`3%-(3-2+%3-4&'4&3-4')&-0)%'1)2-$7*322+%3-(32-%3*)$+-)32-
&')%+"&32-(3-*'$2%&)*%+'$-(3-*)0)2273(-(32-')C&0932-%382--)3-
40223&38832-4')&-4+7%'$2(-2%0%+'$2(-90&093F0%38+3&(-2+9$08+20%+'$(-
2)+C+-3$-%3642-&738(-+$''&60%+'$-C'A093)&2(-3%*,
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A5)*3%7)*I)&&:)*2&<,75)*)5*.%50'&2.'7%5
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\EZE*!")N$+%7','7%5*)'*+,*;,75')5,5.)

> .3-2A2%"63-+$%79&7-(/0)%'1)2-43&63%-)$3-3 48'+%0%+'$-
48)2-2')483--)3-83->.-D-8/0)%'1)2-43)%-(3223&C+&-80-
47&+4)7&+3-0)F(38%-()-*'&&+('&(

> .32-1)2-(/08+63$%0%+'$-3%-832-1)2-(3-8/0 3-8')&(-$/'$%-
402-$7*3220+&363$%-80-6:63-*040*+%7-)$+%0+&3T

> .32-7-)+4363$%2-$7*3220+&32-(3-%&0*%+'$(-(/7$3&9+3(-(3-
2+9$08+20%+'$-()->.-*'$%&+1)3$%-%-80-*'6483 +%7-(3-80-
''&60%+'$-(32-*'$()*%3)&2(-8/3 48'+%0%+'$-3%-80-
60+$%3$0$*3,
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\E_E*!,*0,'70I,.'7%5*()*+"20,6)&*)'*+"7;,6)*(2*0=0'`;)
> &$-(32-*)0883$932-(3-8/0)%'1)2-3$-2+%3-4&'4&3-32%-(3-'0+&3-

(+240&0W%&3-8/+6093-()-1)2-1&)A0$%(-(3-80-4'88)%+'$(-()-%&0$24'&%-
+$*'$''&%0183(-3%*,

> .0-*+&*)80%+'$-3$-2+%3-4&'4&3(-0C3*-4&+'&+%7-0) -'3) (-2)&-)$3-
*')*)3-(3-&')8363$%-20$2-'&$+7&093-('+%-43&63%%&3-)$3-
0**787&0%+'$F(7*787&0%+'$ 4&'9&322+C3-4*'$()+%3-&3243*%)3)23-
(3-8/3$C+&'$$363$%6-'0C'&0183-%-)$3-10+223-()-$+C30)-(3-1&)+%-
3%-(3-4'88)%+'$(-%-)$3-0678+'&0%+'$-(3-80-C+%3223(-()-*'$''&%-3% %-
80-27*)&+%7-(32-C'A093)&2]&+C3&0+$2,

> .32-6'%3)&2-(+3238-2'$%-43&'3*%+1832-4'%2-*0%08A%+-)32-5-C'+32-
X-'+8%&32-%-40&%,-3%-90H'83-(72)8')&7-*',,-$'&632-DD&BG-##45/6(-
###4"8886-#P-4"88;6(-P-4"8816
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> G)%&3-83-7+3238-4&'4&3(-832-*0&1)&0$%2-08%3&$0%+'2-D-2A.(-
2?P(-1+'*0&1)&0$%2-4(+32%3&(,,6

> .32-C7)+*)832-(+3238F783*%&+-)3-43&63%%3$%-(3-&7()+&3-83-
$+C30)-(/76+22+'$-(3-1&)+%-3%-(3-4'88)%+'$-42%'*\093-
(/7$3&9+3-40&-2)43&-*'$(3$20%3)&2(-&7*)47&0%+'$-0)-
'&3+$093(-"8-U-(3-&7()*%+'$-(3-*'$2'660%+'$6

> 77C38'44363$%-(/0)%'1)2-7-)+472-(3-4+83-%-*'61)2%+183-
4#&+21)2(-DC'1)2(?3M-98A3&(-?'C01)2(->C?(-,*0$+06

> .32-%&'883A1)2(-832-2A2%"632-+$%3&67(+0+&32D-<+C+2(-
K&0$28')&(-KPB(-3%*,,
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> .3->.-17$7'+*+3-(/)$3-63+883)&3-+6093--)3-8/0)%'1)2-3$-
97$7&08-

> ./3 36483-*'$$)-()-2)**"2-()->.-(3-YZ&+*)D-;;8-
C'A093])01+%0$%]0$

> .32-2A2%"632-+$%79&72-(3-%&0$24'&%-40&-0)%'1)2-0('4%0$%-832-
(3&$+"&32-%3*)$'8'9+32-(/7$3&9+3-783*%&+-)3(-)A1&+(32-
2)43&*'$(3$20%3)&2(-10%%3&+32(-(3-2)+C+((3-8/+$''&60%+'$-(32-
C'A093)&2(-(3-40+363$%-40&-*0&%32(-(3-*'$''&%(-(3-(32+9$(-
43)C3$%-0678+'&3&-83)&-+6093-D-(32-3$-):%32-0)4&"2-(32-
)2093&2-('$$3$%-)$-1'$-+$(+*3-(3-20%+2'0*%+'$-D-*/32%-83-
')%)&-*+?,-4&'4'27-40&-83-2CBK-3%-<DBK&-3$-9&0$*3
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\Ea*T%007<7+7':*()*(:3)+%$$);)5'

> .32-K<-3%-8/0)963$%0%+'$-(3-83)&-'&7-)3$%0%+'$-0678+'&3$%-
8/)2093-()-''$*+3&,

> .0-6+23-3$-23&C+*3-(/)$-2A2%"63-2)&-&0+8-32%-)$-*0%08A23)&-
0)-(7C38'44363$%-)&10+$,

> .32-3 364832-(3-<)&+%+10(-(/G%%0M0(-(3-*'9'%0 6'$%&3$%-
-)/)$-2A2%"63-(3-%&0$24'&%-1027-2)&-(32-2+%32-4&'4&32-4')&-
0)%'1)2-43)%-0C'+&-83-6:63-3''3%--)/)$-2A2%"63-2)&-&0+8,

> .0-&7)%+8+20%+'$-(3-C'+32-'3&&732-(3-47&+4)7&+3-40&-83-%&06-
32%-)$3-&73883-'44'&%)$+%7-4')&-&044&'*)3&-83-47&+)&10+$-()-
*3$%&3FC+883-0)-6'+$(&3-*'.%-(/+$C32%+22363$%"
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ZE*L%5.+207%5
> . /0)%'1)2-3$-2+%3-4&'4&3-32%-)$3-08%3&$0%+C3-27&+3)23-0)-

67%&'-8793&-(0$2-832-C+8832-6'A3$$32,
> ,38'$-832-*'$(+%+'$2-8'*0832(-83-2+%3-4&'4&3-43)%-:%&3-83-

63+883)&-*)'+ -(0$2-80-43&243*%+C3-*'.%F3''+*0*+%7 3%-83-
$+C30)-(3-23&C+*3-'''3&%-0) -)2093&2,

> .32-2)**"2-(3-<)&+%+10(-G%%0M0(-*'9'%0(-3%*,-43)C3$%-:%&3-
)$-6'("83-4')&-(/0)%&32-C+8832-(0$2--8/0C3$+&,

> ./)%+8+20%+'$-(3-$')C38832-%3*)$'8'9+32-0(04%732-*'663-83-
2)+C+-0)%'60%+-)3-(32-C7)+*)832-0678+'&3-83-*'.%-
(/3 48'+%0%+'$-3%-83-23&C+*3-(3-8/0)%'1)2,

> >+2-3$-[)C&3-(0$2-)$-*')&%-(780+(-0C3*-(32-*'.%2-+$+%+0) -
6'(32%32(-83-2+%3-4&'4&3-43)%-&74'$(&3-%-80-(360$(3-20$2-
(7%')&$3&-832-*&7(+%2-(/0)%&32-+$C32%+22363$%2-$7*3220+&32
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> .3->.-0-(3-$'61&3)232--)08+%72--)+-23-%&0()+23$%-40&-)$-
3''3%-(/+6093--)+-0%%+&3-832-*8+3$%2-4!;U-4&'C3$0$%-(3-
8 /0)%'6'1+836

> ?'$-23)8363$%(-6'A3$-(3-%&0$24'&%-60+2-')%+8-(3-
&3-)08+'+*0%+'$-)&10+$3-3%-(/0678+'&0%+'$-(3-8/3240*3-
4)18+*,

> *+3$-+$%79&7-(0$2-)$3-C+883(-83->.-0-()-2)**"2-3%-43)%-
`)2%+'+3&-232-*'.%2,
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> D$-*'$*8)2+'$(-)$-2A2%"63-(/0)%'1)2-+$%79&7-4')&-(32-
C+8832-+$%3&67(+0+&32-43)%-:%&3-)$-1'$-*)'+ -D-832-23&C+*32-
'6$+1)2-3%-3 4&322-2)&-8/0 3-8')&(-3%-832-8+9$32-)&10+$32-3$-
&010%%363$%-43)C3$%-*&73&-)$-3''3%-&7230)--)+-C0-0)963$%3&-
80-'&7-)3$%0%+'$-(32-K<,

> ./+$'&02%&)*%)&3-43)%-:%&3-*'$2%&)+%3-3$-&723&C0$%-20-
*'$C3&2+'$-0)->.,

> .3->.-43)%-:%&3-+$2%0887-2)&-(32-0 32-%-)0)%3-(3$2+%7-'V-
8/+$23&%+'$-()-2+%3-4&'4&3-32%-(+''+*+83,

> .3-''$*+3&(-480%3F''&63-3%-97$+3-*+C+8-7%0$%-&708+272-4')&-832-
0)%'1)2(-+8-&32%3&0-83-*'.%-(32-C'+32(-*0%7$0+&32-3%-7$3&9+3(-
80-2+9$08+20%+'$(-83-40&*-3%-83-(74E%,

> . /+$C32%+22363$%-4&'9&322+'-8+6+%3&0-8/364&)$%-3%-83-&+2-)3-
(/)$3-+6480$%0%+'$-(3-8/0 3-608-0(04%73-%-80-(360$(3,
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!75:,7&)*.2;2+:*()*4&,;F,=*;%()&5)*)5*?&,5.)

• Ramifications et divisions de lignes pour une 
ligne forte non cadencée exploitée à intervalles 
oscillant entre 4 et 6min :

 demi-ligne forte : intervalles entre 8 et 12min,
 quart de ligne forte : intervalles entre 16 et 24min,
 Offre à horaires peu lisibles, peu performante.
 Enjeu du cadencement...

...sur quel(s) intervalle(s) de base?...
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A5)*0','7%5S'2<) (2*&:0),2*()*L2&7'7<,
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! ",2'%<20*<7S,&'7.2+: ()*L2&7'7<,
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!)*'&,;F,=*02&*$5)20*LCVC9*8*L+)&;%5'*?)&&,5(
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!)*;%')2&S&%2) (2*LCVC9*)'*+,*0765,+70,'7%5*/%&7b%5',+)*(2*627(,6)
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&'#(K(+j?'#HaPL#G'#L,*'.J#6*/G)6'#0)1#4)?b1)
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&'#(K(+j?'#HaPLJ#0,(+'#G'#4,.G*/+'
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&'#<K(+j?'#HaPLJ#?)1k*)6'#0,*1#)44,(+)6'#'.#(+)+/,.
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!)*5%23),2*'&,;F,=*L&70',+70 ()*!=%5
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!)*4&,;F,=*02&*$5)20*4V-
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&'#HUL#G'#2)'.#,*#+1)?\)K#(*1#0.'*(
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&'#(K(+j?'#HUL
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S.('1+/,.#G*#HUL
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&'#H1).(:,31 <H@
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<K(+j?'#H1).(:,31
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9=0'`;)*4&,50+%/&Y*)007)2Nc*627(,6)c*,&'7.2+,'7%50
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<K(+j?'#H1).(:,31
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H1)?\)K#(*1#0.'*(#8^S&a9<
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H1)?\)K#(*1#0.'*(#8^S&a9<
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H1)?\)K#(*1#0.'*(#-/?,G' 8^S&a9<
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!)*V:/7.2+)*!:6)&*02&*T5)20*()*9d% T,2+%
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9*+,-*(#6*/Gb#Gla(('.#P#5)3.
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!)*.,()5.);)5'c*
.%5(7'7%5*()*e2,+7':*
()*0)&37.)*$%2&*+)0*
I,7<+)0*I&:e2)5.)0*Y

S /)2&)0*.&)20)0c
S $:&7$/:&7)c*
S $:&72&<,75c
S &:67%5,+E
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4&%++)=<20*)5*07')*$&%$&)*8*f27'%
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!)*'&,;F,=*;%()&5)*()*9'&,0<%2&6
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! ");$&70)*("25*07')*$&%$&)*8*6&%0*(:<7'


