
Frpsruwhphqw gh o*hqyhorssh gdqv od wudqvplvvlrq KI

prgìolvìh sdu ghv uhwdugv jdxvvlhqv

Pdgdolqd Dqguhl/ Ehuqdug Odfd}h
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5 Uxh Fdplfkho/ 643:4 Wrxorxvh Fhgh{/ Iudqfh

pdgdolqdCohq:1hqvhhlkw1iu/ odfd}hCohq:1hqvhhlkw1iu

Uìvxpì � Gdqv xq hqylurqqhphqw pxowlwudmhwv/ oh vljqdo uhêx vh frpsrvh g*xqh rqgh gluhfwh hw g*xq hqvhpeoh gh whuphv
fruuhvsrqgdqw dx{ frqwulexwlrqv uhvshfwlyhv gh fhwwh rqgh txl vxssruwh ghv uì h{lrqv/ rx ghv gl�udfwlrqv1 Ohv ìydqrxlvvhphqwv/
uhwdugv/ h�hwv Grssohu txl hq uëvxowhqw dorxuglvvhqw od wudqvplvvlrq udglr1 Gdqv od wudqvplvvlrq gljlwdoh/ ohv shuwhv vrqw olìhv dx
srxufhqwdjh gh sdvvdjhv ã qlyhdx/ ã od surirqghxu hw ã od gxuìh g*ìydqrxlvvhphqw1 Qrxv ìwxglrqv ohv fdudfwìulvwltxhv vwdwlvwltxhv
gx vljqdo uhêx hw hq sduwlfxolhu od glvwulexwlrq ghv gxuìhv g*ìydqrxlvvhphqw/ hq frqvlgìudqw xq prgëoh gh sursdjdwlrq pxowlwudmhwv
edvì vxu ghv uhwdugv doìdwrluhv Jdxvvlhqv1

Devwudfw � Lq d pxowlsdwk hqylurqphqw wkh uhfhlyhg vljqdo frqvlvwv ri wkh ORV +olqh ri vljkw, frpsrqhqw wrjhwkhu zlwk d
qxpehu ri rwkhu frpsrqhqwv zklfk duh jrlqj wkurxjk dw ohdvw rqh rughu ri uh hfwlrq ru gl�udfwlrq/ ehiruh duulylqj dw wkh uhfhlyhu1
Wkh uhdvrq zk| pxowlsdwk pdnhv zluhohvv frppxqlfdwlrq kdug lv ehfdxvh lw lv uhodwhg zlwk wkh iroorzlqj skhqrphqd = idglqj/
ghod| vsuhdg/ Grssohu vkliw1 Huuru orvv/ lq gljlwdo gdwd wudqvplvvlrq/ lv uhodwhg wr wkh udwh ri ohyho furvvlqjv dqg wkh ghswk dqg
gxudwlrq ri idghv1 Frqvlghulqj d pxowlsdwk sursdjdwlrq prgho edvhg xsrq Jdxvvldq udqgrp ghod|v/ vwdwlvwlfdo fkdudfwhulvwlfv ri
wkh uhfhlyhg vljqdo duh vwxglhg dqg sduwlfxoduo|/ wkh glvwulexwlrq ri wkh ohqjwkv ri idghv lv dqdo|}hg1

4 LQWURGXFWLRQ

Od prgìolvdwlrq gh fdqdx{ lrqrvskìultxhv suìvhqwh ehdx0
frxs g*lqwìuíw srxu ohv ìtxlshphqwv ghvwlqìv ã od frppx0
qlfdwlrq udglr gdqv od edqgh KI1 Soxvlhxuv prgëohv gh
fdqdx{ rqw ìwì ìwxglìv/ oh soxv xwlolvì ìwdqw oh prgëoh gh
Zdwwhuvrq ^4` dgrswì gdqv ohv vwdqgdugv FFLU ^5`1 Soxv
wdug/ g*dxwuhv prgëohv odujh0edqgh rqw ìwì sursrvìv ^6`/
^7`/ ^8`/ ^9` 1
Qrxv doorqv ìwxglhu dx frxuv gh fhw duwlfoh xq prgëoh

pxowlwudmhwv edvì vxu ghv fkdqjhphqwv g*kruorjh jdxvvlhqv
^:`1
Ohv  xfwxdwlrqv ghv dpsolwxghv hw ghv skdvhv hqjhqguhqw

ghv sìulrghv g*ìydqrxlvvhphqw +idglqj,/ rü od uìfhswlrq hvw
vxmhwwh ã ghv wdx{ g*huuhxuv lpsruwdqwv1
Od glvwulexwlrq ghv sìulrghv g*ìydqrxlvvhphqw d ìwì ìwx0

glìh srxu gl�ìuhqwv qlyhdx{1 Fh grpdlqh g*lqyhvwljdwlrq
d ìwì rxyhuw sdu V1R1 Ulfh ^;`= Fhv uhfkhufkhv rqw ìwì gì0
yhorssìhv soxv wdug sdu P1 Ndf dqg G1 Vohsldq ^<`/ Y1D1
Yronrqvnl hw \x1 D1 Ur}dqry ^43`111
Qrxv doorqv dqdo|vhu dx frxuv gh fhw duwlfoh od glvwulex0

wlrq gh gxuìhv g*ìydqrxlvvhphqwv srxu oh prgëoh sursrvì1
Rq frpsduhud ohv uìvxowdwv dyhf fhx{ rewhqxv sdu g*dxwuhv

dxwhxuv1

5 UHWDUGV DOHDWRLUHV

Oruvtx*rq wudqvphw xqh rqgh prqrfkurpdwltxh gh iuì0
txhqfh i3 @ $3

5� / oh vljqdo uhêx hvw xqh vrpph gh frp0

srvdqwhv gl�ìuhqwhv/ fdu fkdtxh wudmhw hvw vxmhw ã ghv ìyd0
qrxlvvhphqwv/ ghv uhwdugv hw ghv oìjhuv fkdqjhphqwv gh
iuìtxhqfh1 Dx frxuv gh fhw duwlfoh qrxv doorqv frqvlgìuhu
txh ohv uhwdugv doìdwrluhv rqw xq fdudfwëuh Jdxvvlhq1
O*rqgh uhêxh \ +w, shxw íwuh prgìolvìh sdu =

\ +w, @
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n@4

dnh
l$3+w�wn�Dn+w,,.lynw= +4,

rü =
q hvw oh qrpeuh gh wudmhwv pxowlsolì sdu 5/ dyhf ghv yd0

ohxuv w|sltxhv gh 9/ ;1
dn gì�qlw o*ìqhujlh wudqvplvh gdqv fkdtxh wudmhw/ +dn A 3, =
i3 @

$3
5� hvw od iuìtxhqfh gh o*rqgh ìplvh/ 6063 PK}=

wn hvw oh whpsv pr|hq gh wudqvplvvlrq/
+314 pv 0 ; pv,=
yn uhsuìvhqwh o*h�hw Grssohu/ +306 K},=
Dn hvw xq uhwdug Jdxvvlhq/ frqvlgìuì frpph xq surfhv0

vxv vwdwlrqqdluh/ fdudfwìulvì sdu ohv irqfwlrqv fdudfwìulv0
wltxhv gh Dn+w,/ hw gh Dn+w,�Dn+w� �, =
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Qrxv vxssrvrqv txh ohv surfhvvxv Dn+w, vrqw lqgìshq0

gdqwv/ fh txl lpsoltxh txh oh prgëoh \ +w, hvw vwdwlrqqdluh
srxu $3�n vx!vdpphqw judqg1



6 O*HQYHORSSH

Vrlw +4,/ vrlw
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Srxu q vx!vdpphqw judqg hw srxu ghv uhwdugv gh yd0
uldqfh vx!vdqwh/ ohv uìvxowdwv rewhqxv sdu vlpxodwlrq ^45`
rqw gìprqwuì txh od orl Jdxvvlhqqh uhsuìvhqwh xqh erqqh
dssur{lpdwlrq srxu ohv sduwlhv uìhoohv hw lpdjlqdluhv gx
vljqdo uhêx1 Hq frqvìtxhqfh/ o*hqyhorssh U+w, vxlw xqh glv0
wulexwlrq gh Ud|ohljk1

7 O*HYDQRXLVVHPHQW

Qrxv doorqv dqdo|vhu od glvwulexwlrq ghv gxuìhv g*ìyd0
qrxlvvhphqw/ f*hvw0ã0gluh ohv orqjxhxuv ghv lqwhuydoohv shq0
gdqw ohvtxhov o*hqyhorssh gx vljqdo uhvwh hq ghvvrxv g*xq
vhxlo vsìfl�ì1 Od �j1 4 gì�qlw ohv sìulrghv gh �idglqj� hw
gh �qrq0idglqj� srxu xq ìfkdqwloorq gx vljqdo dx vhxlo u=

Temps

Enveloppe R(t)

Seuil r

‘‘Non-fade période’’

‘‘Fade période’’

Ilj14 = Idgh hw qrq0idgh sìulrghv gx vljqdo

Oh surfhvvxv \ +w, v*ìydqrxlw dx0ghvvrxv gx vhxlo u txdqg
o*hqyhorssh U+w, gh \ +w, sdvvh oh qlyhdx u hq ghvfhqgdqw1
Xqh gxuìh g*ìydqrxlvvhphqw hvw xq lqwhuydooh gh whpsv

Wu hqwuh oh sdvvdjh gh U+w, dx qlyhdx u hq ghvfhqgdqw hw
oh sdvvdjh vxlydqw dx qlyhdx hq prqwdqw1
Qrxv qrwrqv I +x> u, od suredelolwì txh U+w, uhvwh dx0

ghvvrxv gx vhxlo u prlqv gh x vhfrqghv1

I +x> u, @ Su +Wu ? x,

V1R1 Ulfh ^;` hw soxv wdug K1Fudphu ^44` rqw ìwxglì oh fdv
rü o*hqyhorssh gx vljqdo uhêx hvw fhooh g*xq euxlw Jdxvvlhq
d|dqw xq vshfwuh Jdxvvlhq ìwurlw/ fhqwuì vxu od iuìtxhqfh
ìplvh1
Gdqv ^;` vrqw grqqìhv ohv ìydoxdwlrqv gh I +x> u, uìgxlwh

srxu ghx{ fdv sduwlfxolhuv =�
I4 @ I +x> u$4, @ h�x
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5 +6,

rü L4+}, uhsuìvhqwh od irqfwlrq Ehvvho g*dujxphqw lpdjl0
qdluh1
Hq xwlolvdqw oh prgëoh pxowlwudmhw +4� 5,/ rq uhsuì0

vhqwh vxu ohv �jxuhv vxlydqwhv od glvwulexwlrq I gh sìulrghv

g*ìydqrxlvvhphqw srxu gl�ìuhqwhv ydohxuv gx vhxlo u/ hw rq
od frpsduh dyhf ohv h{suhvvlrqv dqdo|wltxhv +6, rewhqxhv
sdu Ulfh1
Qrxv dyrqv frqvlgìuì gl�ìuhqwhv glvwulexwlrqv ghv frhi0

�flhqwv dn =
d, ohv frh!flhqwv idnjn@4==q vxlyhqw xqh orl jdxvvlhqqh

+�j1 5,
e, ohv frh!flhqwv idnjn@4==q vrqw xqlirupìphqw glvwul0

exìv +�j1 6,
f, dn @ 4@

s
q/ n @ 4> 5==q +�j1 7,

Ohv vlpxodwlrqv rqw ìwì uìdolvìhv srxu q @ 9 hw $3� @
47=
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Ilj1 5 = Idgh glvwulexwlrq srxu idnjn@4==q jdxvvlhqv
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Ilj1 6 = Idgh glvwulexwlrq srxu idnjn@4==q xqli1 glvwule1
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Ilj1 7 = Idgh glvwulexwlrq srxu idn @ 4@
s
qjn@4==q

Qrxv uhpdutxrqv txh =
0 I frqyhujh yhuv I5> srxu u $ 3/
0 I frqyhujh yhuv I4 srxu u$4=
D�q gh wurxyhu xqh h{suhvvlrq dqdo|wltxh srxu od glv0

wulexwlrq gh gxuìhv g*ìydqrxlvvhphqw/ qrxv ìfulyrqv aI
frpph xqh frpelqdlvrq olqìdluh gh I4 hw I5 =

aI @ fuI5 . +4� fu,I4> +7,

rü ohv frh!flhqwv fu rqw ìwì fdofxoìv hq uhvshfwdqw ohv
frqglwlrqv vxlydqwhv = �

f
4

@ 3
f3 @ 4

+8,

Vrxv od frqwudlqwh +8,/ qrxv fkrlvlvvrqv ohv frh!flhqwv
fu who txh =

fu @
4 . d � u
4 . e � u6 > +9,

rü ohv sdudpëwuhv d hw e vrqw hvwlpìv gh idêrq txh o*huuhxu
vrlw plqlpdoh1 Qrxv gì�qlvvrqv o*huuhxu g frpph ìwdqw
od gl�ìuhqfh hqwuh od glvwulexwlrq ghv gxuìhv g*ìydqrxlvvh0
phqw h{sìulphqwdoh I hw o*h{suhvvlrq dqdo|wltxh aI grqqìh
sdu +7, =

g @ plq
k
pd{

����I � aI
����l =

Qrxv uhwurxyrqv txh oh frxsoh +d> e, @ +�4>�5, plqlplvh
fhwwh huuhxu hw grqf od irupxoh fu @ 4�u

4�5u6
hvw xqh erqqh

dssur{lpdwlrq1
Qrxv doorqv frqvlgìuhu ohv wurlv fdv frqfhuqdqw od glv0

wulexwlrq ghv frh!flhqwv dn= Qrxv dqdo|vrqv gdqv fkdtxh
fdv o*ìyroxwlrq ghv gl�ìuhqwhv glvwdqfhv hqwuh od glvwulex0
wlrq ghv gxuìhv g*ìydqrxlvvhphqw h{sìulphqwdoh I hw o*h{0
suhvvlrq dqdo|wltxh aI hq irqfwlrq gx qrpeuh gh wudmhwv q=
Gdqv fh frqwh{wh/ qrxv gì�qlvvrqv ohv glvwdqfhv vxlydqwhv =

� Od glvwdqfh Nroprjrury =

g4 @ vxs
{

���I +{,� aI +{,
���

� Od glvwdqfh yduldwlrqhooh =

g5 @
4

5

] ���I +{,� aI +{,
��� g{=

� Od glvwdqfh Sdwulfn dqg Ilvkhu =

g6 @

v] �
I +{,� aI +{,

�5
g{=

� Od glvwdqfh Pdwxvlwd jìqìudolvìh =

g7 @

v] ���I4@5 +{,� aI 4@5 +{,
���5 g{=

� Od glvwdqfh Olvvdn dqg Ix =

g8 @

] ���I +{,� aI +{,
��� g{=

Ohv �jxuhv 80: uhsuìvhqwhv ohv glvwdqfhv srxu gl�ì0
uhqwhv glvwulexwlrqv gh frh!flhqwv dn=
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Ilj1 8 = Hwxgh gh glvwdqfhv srxu idnjn@4==q jdxvvlhqv
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Ilj1 9 = Hwxgh gh glvwdqfhv srxu idnjn@4==q xqli1 glvwule1
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Ilj1 : = Hwxgh gh glvwdqfhv srxu dn @ 4@
s
q

Qrxv uhpdutxrqv txh ohv glvwdqfhv gì�qlv suìfìghp0
phqw gìfurlvvhqw dyhf oh qrpeuh gh wudmhwv hw txh oh fkrl{
ghv frh!flhqwv dn lq xh oìjëuhphqw ohv uìvxowdwv1

8 FRQFOXVLRQ

Oh prgëoh sursrvì qrxv shuphw gh uhwurxyhu ohv sursulì0
wìv xvxhoohv dwwulexìhv dx fdqdo KI1 Vrxv o*k|srwkëvh gh
uhwdugv jdxvvlhqv/ oh surfhvvxv gì�ql sdu +4, hvw dssur{l0
pdwlyhphqw vwdwlrqqdluh1 Hq frqvìtxhqfh/ o*hqyhorssh gx
vljqdo vxlw xqh orl gh Ud|ohljk1
Qrxv dyrqv dqdo|vì od glvwulexwlrq ghv gxuìhv g*ìyd0

qrxlvvhphqw1 Qrxv dyrqv sursrvì xqh irupxoh dssurfkìh/
txl shuphw gh uhwurxyhu ohv uìvxowdwv olplwhv rewhqxv sdu
Ulfh hw do1 O*ìwxgh ghv glvwdqfhv frq�uph od ydolglwì gh
fhwwh dssur{lpdwlrq1

Uìiìuhqfhv

^4` F1F1 Zdwwhuvrq/ M1U1 Mxurvkhn dqg Z1G1 Ehqvhpd/
H{shulphqwdo frq�updwlrq ri dq KI Fkdqqho Prgho/
LHH Wudqv1 rq Frp1/ Yro1Frpp04;/ Qr9/ Ghf1 4<:3/
ss1:<50;36

^5` FFLU Uhsruw 87<06/ KI Lrqrvskhulf Fkdqqho Vlpxod0
wruv/ [YLL Sohqdu| Dvvhpeo| Gÿvvhogrui/ Yro16/ 4<<3/
ss17:08<

^6` \1P1 Oh Urx{/ U1 Iohxu|/ M1 Pìqdug/ M1S1 Mrolyhw/
Dqdo|vh h{sìulphqwdoh gh oldlvrqv KI/ Surf1 Frqi1
DJDUG/ 4<;:/ ss17�4070<

^7` \1P1 Oh Urx{/ P1 Qleìurq/ U1 Iohxu|/ M1 Pìqdug/
M1S1 Mrolyhw/ KI Fkdqqho Prghoolqj dqg Vlpxodwlrq/
Iliwk Lqw1 Frqi rq Udglr Uhfhlyhuv dqg Dvvrfldwhg
V|vwhpv/ 4<<3/ ss1:50:9

^8` M1D1 Kr�ph|hu/ O1H Yrjohu/ M1I1 Pdvwudqjhor/ O1H1
Sudww/ F1M1 Ehkp/ D qhz KI Fkdqqho Prgho dqg lwv
Lpsohphqwdwlrq lq d Uhdo0Wlph Vlpxodwru/ Iliwk Lqw1
Frqi1 rq KI Udglr V|vwhpv dqg Whfkqltxhv/ 4<<4/
ss14:604::

^9` P1Qhvhqehujv/ Prgholqj ri Zlgh KI Fkdqqhov/ Surf1
Frqi1 DJDUG/ 4<;:/ ss15;0405;049

^:` E1 Odfd}h/ Prgholqj wkh KI fkdqqho zlwk Jdxvvldq
udqgrp ghod|v/ Vljqdo Surfhvvlqj/ 97/ Qr5/ 4<<;/ ss1
5480553

^;` V1R1Ulfh/ Glvwulexwlrq ri wkh gxudwlrq ri idghv lq ud0
glr wudqvplvvlrq/ Ehoo V|vwhp Whfk1/ M1 6:/ 4<8;/ ss1
8;40968

^<` P1 Ndf/ G1 Vohsldq/ Odujh h{fxuvlrq ri Jdxvvldq sur0
fhvvhv/ Dqq1 Pdwk Vwdwlv1 63/ 4<8;/ ss145480455;

^43` Y1D1Yronrqvnl/ \x D1 Ur}dqry/ Vrph olplw wkhruhpv
iru udqgrp ixqfwlrqv/ Wkhrul|d Yhur|dwqrvwhl l hh
Sulphqhql|d 7/ 4<8</ ss14;9053: dqg 9/ 4<94/ ss15350
548

^44` K1 Fudpìu/ P1U1 Ohdgehwwhu/ Vwdwlrqdu| dqg Uhodwhg
Vrfkdvwlf Surfhvv/ Hg1 MrkqZloh| ) Vrqv/ Lqf1/ 4<9:/
ss14<30653

^45` P1 Dqguhl/ E1 Odfd}h/ Vwdwlvwlfdo Uhpdunv derxw
Pxowlsdwk Sursdjdwlrq zlwk Jdxvvldq Udqgrp Gh0
od|v/ LDVWHG Lqwhuqdwlrqdo Frqihuhqfh rq Vljqdo
Surfhvvlqj dqg Frppxqlfdwlrq/ 4<<;1
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