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1 INTRODUCTION 

$1!561;016!645576:!:19M/0L81!97;561/2!8/1!<g/:MZ<1!21<!:19M/0L81<!516:0/1/:1<!L80!<7/:!
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1.1 Résumé du mandat 

(1!*46:1/4604:! 28!B846:016! 21! <519:4931<! R*B?W! 4! /7:4;;1/:! 5786!;4/24:! 21! Q.616! 34!

567Q64;;4:07/! 1:! 3X4/0;4:07/! 983:861331<! <86! 20hh.61/:<! 1<5491<! 58N309<! 28! 91/:61[K0331!

21!D7/:6.43V!(1!*46:1/4604:! <78M40:1!20<57<16!2X78:03<!L84/:0:4:0h<!5786! 3X.K4384:07/!21!

3X49M434/24Q1V! (1<! 27//.1<! L84/:0:4:0K1<! <16K067/:! Y! ;1<8616! 3X.K738:07/! 21!
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56.90<.;1/:!57<<0N31!R4K19!8/1!;46Q1!2X166186!97/<:4/:1W!31<!h7831<!56.<1/:1<V!'4/<!8/!

561;016! :1;5<E! 31! *B?! 4! 97/h0.! Y! 3X,>?! 8/!;4/24:! 2X1e516:0<1! 4N7624/:! 34! 561;0Z61!
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h7831<E! /0! 8/! 37Q09013! 5786! 97;;4/216! 31<! 94;.64<V!! -78<! 4337/<! 1/:4;16! 91::1!
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567i1:!21!97;5:4Q1!21!h7831V!

1.2 Contexte de l’étude 

-7:61! ;4/24:! 97/<0<:1! Y! .K43816! 20K16<1<! ;.:M721<! 21! 97;5:4Q1! 21! h7831! 24/<! 31!

97/:1e:1! 56.K8! 2X75.64:07/! 28! B846:016! 21<! <519:4931<V! (1<! 97/:640/:1<! <5.90h0L81<! 48!

B846:016!21<!<519:4931<!<7/:!2.:4033.1<!90[21<<78<V!

1.2.1 Acquisition des images de foule 

(76<L81!31!B846:016!21<!<519:4931<!<164!5310/1;1/:!75.64:07//13E!_!94;.64<!K02.7!Y!M48:1!

2.h0/0:07/! <167/:!20<57<.1<! 1/!5.605M.601!28!B846:016! 21<! <519:4931<! 4h0/!21! 978K606! 48!

;018e! 3X1/<1;N31! 21<! 20K16<1<! <9Z/1<! 1e:.601861<! 2X8/! .KZ/1;1/:! 97;;1! 31! l1<:0K43!

0/:16/4:07/43!21!H4kk!21!D7/:6.43!78!31<!l64/97h7301<V!$1<!94;.64<!<167/:!20<57<.1<!<86!

31!:70:!21!_!0;;18N31<!1:!9M4L81!94;.64!578664!j:61!97;;4/2.1!5786!4i8<:16!31!k77;!1:!

3X4/Q31!2X0/9021/91!546!645576:!Y!34!K16:09431V!(1!97;5:4Q1!21!h7831!5786!9M4L81!94;.64!

<164! 6.430<.! 1/! 20hh.6.! 546! 3X4/43g<1! 0/h76;4:0L81! 2X8/! 0/<:4/:4/.! ! 567K1/4/:! 21! 34!

<.L81/91!K02.7!2X8/1!21<!94;.64<V!?X03!<X4KZ61!L81!34!6.<738:07/!21!3X0;4Q1!0/<:4/:4/.1!

/X1<:! 54<! <8hh0<4/:1! 5786! 3X4/43g<1! 48:7;4:0L81E! 03! h48264! 4376<! 1/K0<4Q16! 3X49M4:! 1:!

3X0/<:4334:07/!97853.1!Y!9M4L81!94;.64!K02.7!21!_!45546103<!5M7:7<!/8;.60L81<!Y!M48:1!

6.<738:07/V!

I!



! !

1.2.2 Conditions d’opération 

(X4/43g<1!48:7;4:0L81!21<!0;4Q1<!21!h7831!:1/:164!2X1<:0;16!31!/7;N61!21!50.:7/<!24/<!

20K16<1<!k7/1<!2X8/1!0;4Q1!Y!M48:1!6.<738:07/V!(1!37Q09013!21!97;5:4Q1!21!h7831!21K64!

j:61!1/!;1<861!2X75.616!5786!31<!20K16<1<!97/20:07/<!<80K4/:1<!S!

FV (4!21/<0:.!21!34!h7831!1<:!:6Z<!K4604N31E!578K4/:!54<<16!2X1<5491<!561<L81!K021<!Y!

21<!k7/1<!h76:1;1/:!51853.1<!376<!21!<519:4931<!1e:.60186<V!!

IV (1<!0;4Q1<!578667/:!j:61!49L80<1<!21!i786!97;;1!21!<706E!24/<!21<!97/20:07/<!

;.:.76737Q0L81<!1:!2X.934064Q1!46:0h09013!K4604N31<V!

\V (4!56.90<07/!21<!0;4Q1<!21K64!j:61!<8hh0<4/:1!4h0/!L81!34!k7/1!978K16:1!546!

9M4L81!94;.64!<70:!<8hh0<4;;1/:!.:1/281!5786!L81!31<!_!94;.64<!978K61/:!

3X1/<1;N31!21<!<9Z/1<!1e:.601861<!21!3X.KZ/1;1/:V!

_V (4!:19M/0L81!5786!31!97;5:4Q1!21!h7831!21K64!97;57<16!4K19!31<!97/:640/:1<!

2X8/!:48e!2X166186!;4e0;8;!h0e1V!(76<!21!<7/!4/43g<1E!91::1!:19M/0L81!

/X1e5370:164!54<!<0;83:4/.;1/:!31<!94;.64<!;83:0531<!5786!4/43g<16!8/1!;j;1!

<9Z/1V!!

^V (4!h7831!21K4/:!8/!<519:4931!.:4/:!6134:0K1;1/:!<:4:0L81E!31!;78K1;1/:!21<!

0/20K028<!24/<!8/1!h7831E!578K4/:!j:61!!945:.!<86!21!:64;1<!K02.7!<8991<<0K1<E!/1!

<164!54<!1e5370:.V!

1.2.3 Images de test 

&h0/! 2X.:82016! 34! h40<4N030:.! 2X8/! 37Q09013! 67N8<:1! 21! 97;5:4Q1! 21! h7831E! /78<! 4K7/<!

7N:1/8!21<! 0;4Q1<! /8;.60L81<! 28! <:8207!D4::164! 1:! 8/1! <.L81/91! K02.7! h03;.1! 546! 31!

6.430<4:186!$M4631<[=30K016!C3148V!

(1<!0;4Q1<!/8;.60L81<!h786/01<!546!31!?:8207!D4::164!7/:!.:.!49L80<1<!31!^!i80331:!IJFJE!

21!i786!1:!21!<706!Y!546:06!28!:70:!21!3X@B&D!1:!21!i786!Y!546:06!28!:70:!21!34!D40<7/!21<!

l1<:0K43<V!$1::1!24:1!97661<57/2!Y! 3X4K4/:[216/0Z61! i786/.1!28!l1<:0K43! #/:16/4:07/43!21!

\!



! !

H4kk!21!D7/:6.43V!(X45546103!5M7:7!8:030<.!1<:!8/!45546103!567h1<<07//13!Y!K0<.1!61h31e!21!

;46L81! -0p7/! 'GJJ! 4K19! 8/1! 6.<738:07/! 21! FIEF! D50e13V! (1<! h0Q861<! 90[21<<78<!

0338<:61/:!21<!5M7:7<!:g50L81<!945:.1<!546!31!5M7:7Q645M1V!

!!! !!! !

l0Q861!F!S!*M7:7<!560<1<!28!:70:!21!3X@B&DE!I!21!i786!1:!F!1/!<706.1V!

!! !! !

l0Q861!I!S!*M7:7<!560<1<!21!i786E!28!:70:!21!34!D40<7/!21<!l1<:0K43<V!

!

B813L81<! <.L81/91<! K02.7! M48:1! 2.h0/0:07/! 7/:! .:.! 1/61Q0<:6.1<! Y! 546:06! 28! :70:! 21!

3X@B&D!31!20;4/9M1!Fb!i80331:!IJFJ!21!IJM\J!Y!IFMIJE!376<!28!h1<:0K43!H8<:1!5786!6061V!

(4! K02.7! 4! .:.! 945:.1! 546! 31! 6.430<4:186! $M4631<[=30K016! C3148! Y! 3X4021! 2X8/1! 94;.64!

_!



! !

567h1<<07//1331!378.1!5786!3X7994<07/V!(4!h0Q861!90[21<<78<!0338<:61!\!0/<:4/:4/.<!945:86.<!

Y!20hh.61/:<!0/<:4/:<!21!34!K02.7V!

!

!

!

l0Q861!\!S!#;4Q1<!0/<:4/:4/.1<!560<1<!Y!546:06!21!<.L81/91<!K02.7!M48:1!2.h0/0:07/V!

^!



! !

2 TECHNIQUES POUR LE COMPTAGE DE FOULE 

(X1<:0;4:07/! 28! /7;N61! 21! 516<7//1<! 4<<0<:4/:! Y! 8/! <519:4931! 1/! 5310/! 406E! Y! 8/1!

;4/0h1<:4:07/!78! Y! 8/1! 0/48Q864:07/! 4E! 21580<! :78i786<E! 0/:.61<<.! 31<! 76Q4/0<4:186<E! 31<!

i786/430<:1<! 1:T78! 31<! 48:760:.<! 573090Z61<V! $1::1! 1<:0;4:07/! 578664! j:61! 8:030<.1! 546! 31<!

76Q4/0<4:186<! 5786! 567;78K706! 8/! .KZ/1;1/:E! 546! 31<! i786/430<:1<! 4h0/! 21! 645576:16!

3X.KZ/1;1/:!31!538<!h02Z31;1/:!57<<0N31!1:!546!31<!48:760:.<!573090Z61<!5786!76Q4/0<16!31<!

;1<861<! 21! <.9860:.! 45567560.1<V! H8<L8XY! 56.<1/:E! 34! Q64/21! ;4i760:.! 21<! 1<:0;.<! 21!

21/<0:.! 21! h7831! 1<:! 943983.1! ;4/81331;1/:E! 7hh64/:! 21! :6Z<! Q64/21<! 20hh.61/91<!

2.51/24/:! L80! 6.430<1! 3X1<:0;4:07/V! *46! 1e1;531E! 376<! 2X8/1! ;4/0h1<:4:07/! 97/:61! 34!

6.h76;1!21! 34! 61:640:1!Y!(g7/! 31!F\!79:7N61!IJFJE! 34!*73091!1<:0;40:! 34! h7831!Y!L813L81!

F`!JJJE!4376<!L81!31<!?g/2094:<!76Q4/0<4:186<!21!3X.KZ/1;1/:!3X1<:0;401/:!Y!_^!JJJq!$1<!

20hh.61/91<! <0Q/0h094:0K1<! 518K1/:! j:61! 4;70/2601<! Q6r91! Y! 21<! ;.:M721<E! :78i786<!

;4/81331<E!;40<!538<!60Q78618<1<!1:!L80!/.91<<0:1/:!21<!;7g1/<!1:!21!3X.L8051;1/:!538<!

<75M0<:0L8.<! 1:! 538<! 7/.618eV! @/1! 48:61! 50<:1! 21! <738:07/! 97/<0<:1! Y! 48:7;4:0<16!

3X75.64:07/! 21! 97;5:4Q1! 21! 34! h7831! Q6r91! 48e! 5169.1<! 6.91/:1<! 21! 34! K0<07/! 546!

7620/4:186!RsM4/!1:!43VE!IJJbWV!!

2.1 Estimation manuelle 

(76<L81! 3186! 0/<:4334:07/! 1<:! 57<<0N31E! 31<! :786/0L81:<! 2X499Z<! Y! 8/! <0:1! 21;1861/:! 31<!

78:03<! 21! 97;5:4Q1! 31<! 538<! <0;531<! 1:! 31<! 538<! 56.90<! 5786! 2.:16;0/16! 31! /7;N61! 21!

516<7//1<! 56.<1/:1<! <86! 8/! <0:1! Rl0Q861! _WV! #3! /X1<:! ;43M18618<1;1/:! 54<! 57<<0N31!

2X8:030<16!91::1! :19M/0L81!5786! 31<!<0:1<!28!B846:016!21<!<519:4931<!54691!L8X03!1e0<:1!21!

;83:0531<!570/:<!2X1/:6.1!1:!L81!34!56.<1/91!21! :786/0L81:<!6431/:0640:!97/<02.64N31;1/:!

31!h38e!21<!<519:4:186<V!

a!



! !

!

l0Q861!_!S!>786/0L81:<!21!97;5:4Q1!

!

'1<!;.:M721<!;4/81331<!2X1<:0;4:07/!21!h7831!538<!60Q78618<1<!6157<1/:!<86!31<!:64K48e!

28!567h1<<186!21!i786/430<;1!%16N16:!H497NE!2.K13755.<!Y!34!h0/!21<!4//.1<!aJ!1:!1/9761!

346Q1;1/:! 8:030<.1<! 21! /7<! i786<V! H497NE! Y! 34! h0/! 21<! 4//.1<! aJE! Y! 3X7994<07/! 2X8/1!

;4/0h1<:4:07/!;7/<:61!<86!31!94;58<!21!3X@/0K16<0:.!21!$430h76/01!Y!C16p131g!97/:61!34!

Q81661!48!A01:/4;E!7N<16K40:!34!;4/0h1<:4:07/!Y!546:06!21!<7/!N86148!<0:8.!24/<!8/1!:786V!

?7/!N86148!<86537;N40:!8/1!534kk4!;46L8.1!21!30Q/1<!h76;4/:!21<!Q60331<!6.Q830Z61<!N01/!

021/:0h0.1<V! #3! 18:! 4376<! 3X02.1! 2X1<:0;16! 31! /7;N61! 21! 516<7//1<! 1/! .K4384/:!

45567e0;4:0K1;1/:! 34! 21/<0:.! 21! 34! h7831! Y! 3X0/:.60186! 2X8/! 619:4/Q31! 21! <8516h0901!

97//81!R31<!Q60331<!21!34!534kk4W!R'70QE!IJJ`E!F^!i4/846gWV!H497N!8:030<40:!:670<!/0K148e!21!

21/<0:.!S!

G!



! !

 '1/<0:.!h40N31!S!F!516<7//1!T!;IV!(1<!546:09054/:<!<7/:!Y!8/!N64<!:1/28!21!20<:4/91!

31<!8/<!21<!48:61<V!

 '1/<0:.!;7g1//1!S!IE^!516<7//1<!T!;IV!$M4L81!516<7//1!799851!JE_!;IV!

 '1/<0:.!h76:1!S!_E^!516<7//1<!T!;IV!$M4L81!516<7//1!/X799851!538<!L81!JEI!;IV!

(1!/7;N61!21!516<7//1<!24/<!8/1!Q60331!1<:!943983.!546!31!567280:!21!34!21/<0:.!1<:0;.1!

546!34!<86h491!21!34!Q60331V!(1!/7;N61!:7:43!21!546:09054/:<!1<:!7N:1/8!1/!4220:07//4/:!31<!

6.57/<1<! 7N:1/81<! 5786! 9M4L81! Q60331V! RD130/4E! IJFJE! \! ?15:1;N16W! 56757<1! 8/1!

1e:1/<07/!21!34!;.:M721!21!H497N!1/!8:030<4/:!21<!5M7:7<!4.601//1<!Rl0Q861!^WV!!

 

!

l0Q861!^!S!)<:0;4:07/!;4/81331!21!34!21/<0:.!21!h7831V!

(4!5M7:7Q645M01!1<:!2X4N762!L8426033.1!546!21<!9466.<!78!21<! 619:4/Q31<!21!20;1/<07/<!
97//81<V! (4! 21/<0:.! 21! 9M4L81! Q60331! 1<:! .K438.1! 580<! 31! /7;N61! 45567e0;4:0h! 21!
546:09054/:<!24/<!9M4L81!Q60331!1<:!943983.V!

b!



! !

2.2 Analyse automatique 

(4!l0Q861!a!56.<1/:1!31!204Q64;;1!N379!28!<g<:Z;1!Q./.60L81!L80!K0<1!Y!8/1!1<:0;4:07/!

48:7;4:0L81!28!/7;N61!2X0/20K028<!24/<!8/1!h7831V!$1!204Q64;;1!N379!<X455461/:1!Y!8/!

<g<:Z;1! 21! 6197//40<<4/91! 21! h76;1<! 934<<0L81! R'824E! %46:! 1:! ?:76pE! IJJFWV! ,:4/:!

27//.1!8/1!0;4Q1!/8;.60L81!I L80!1<:!945:.1!546!8/1!94;.64!K02.7!Y!M48:1!6.<738:07/E!

91! <g<:Z;1! 5469786:! L84:61! .:451<! 560/905431<! 21! :640:1;1/:! 4h0/! 2X1<:0;16! 31! /7;N61!

2X0/20K028<!L80!799851/:!3X0;4Q1V!!

'4/<!8/!561;016! :1;5<E! 31!<g<:Z;1!45530L81!8/!prétraitement!Y! 3X0;4Q1 I!4h0/!2X0<7316!

8/1! 78! 538<0186<! 6.Q07/<! 2X0/:.6j:! 1:T78! 21! 97/20:07//16! 3X0;4Q1E! 5786! 31! 61/261! 1VQV!!

0/K4604/:1! 48e!K4604:07/<!2X0338;0/4:07/!1:!21!516<519:0K1V!)/<80:1E! 376<!21! 3Xextraction 

des descripteursE! 21<! 94649:.60<:0L81<! 516:0/1/:1<! 1:! 20<960;0/4/:1<! <7/:! 1e:640:1<! 21<!

6.Q07/<!2X0/:.6j:!78!21! 3X0;4Q1!97;53Z:1V!(1<!94649:.60<:0L81<!<7/:! <78K1/:! 61Q6785.1<!

1/!8/!K19:186!vi L80!1<:!21!/4:861!379431!78!Q37N431V!

(4! :670<0Z;1!.:451! 97/<0<:1! Y!classifier! 31! K19:186! 21! 94649:.60<:0L81<!516:0/1/:1<! <137/!

8/1!21<!934<<1<!21!6197//40<<4/91V!(4!934<<0h094:07/!270:!Q./.6431;1/:!h4061!45513!Y!8/!

;72Z31! 21! h7831! L80! 97661<57/2! 48e! K19:186<! 94649:.60<:0L81< viV! (1<! 934<<1<! 518K1/:!

97661<57/261!Y!20hh.61/:<!/0K148e!21!21/<0:.!21!34!h7831!24/<!8/1!21<!6.Q07/<!2X0/:.6j:!21!

IE! 78! N01/! Y! 3X7998661/91! 2X8/! ;78K1;1/:! 78! 2X8/! 97/:786! 21! :j:1V! l0/431;1/:E! 34!

L84:60Z;1! .:451! K0<1! Y! 1<:0;16! 31! /7;N61! :7:43! 2X0/20K028<! 24/<! 3X0;4Q1E! 1/! :1/4/:!

97;5:1!21!20hh.61/:1<!0/h76;4:07/<!97/:1e:81331<V!

`!



! !

PRÉTRAITEMENT

#;4Q1!I

EXTRACTION DE
DESCRIPTEURS

CLASSIFICATION
DÉNOMBREMENT DU

NOMBRE TOTAL
DANS UNE FOULE

6.Q07/R<W!2X0/:.6j:
1:

I  97/20:07//.1

94649:.60<:0L81<!
516:0/1/:1<!vi

934<<1<!21!
6197//40<<4/91

1<:0;4:07/!28!
/7;N61!
2X0/20K028<

97/:1e:1

MODÈLES DE
FOULE

!

l0Q861!a!S!?g<:Z;1!Q./.643!5786!31!97;5:4Q1!21!h7831V!

!

'4/<! 34! 30::.64:861! <901/:0h0L81E! 8/! 916:40/! /7;N61! 2X48:186<! 7/:! 56757<.! 21<! <g<:Z;1<!

48:7;4:0L81<!5786!1<:0;16!31!97;5:4Q1!21!h7831<V!(4!<80:1!21!91::1!<19:07/!56.<1/:1!8/1!

<g/:MZ<1!21!91<!:19M/0L81<!1/!h7/9:07/!21<!20hh.61/:1<!.:451<!28!:640:1;1/:V!

2.2.1 Prétraitement 

(X.:451!28!56.:640:1;1/:!97;561/2!M4N0:81331;1/:!8/!:640:1;1/:!21!3X0;4Q1!I 5786!h4061!

61<<76:06! 31<! 6.Q07/<! 78! <86h491<! 2X0/:.6j:! L80! <7/:! 79985.1<! 546! 21<! 0/20K028<V! (1!

56.:640:1;1/:! 516;1:! .Q431;1/:! 21! 97660Q16! 916:40/<! 2.h48:<! 21! 34! 945:861! 2X0;4Q1!

97;;1!34!20<:76<07/!21!516<519:0K1!1:!3X0338;0/4:07/!/7/[8/0h76;1!21!34!<9Z/1V!

Soustraction de l’arrière plan sans foule R'4K01<E!t0/!1:!A134<:0/E!F``^W!56757<1/:!21!

945:16!8/1!0;4Q1!21!34!<9Z/1!<4/<!34!56.<1/91!21!34!h7831V!$1::1!0;4Q1!21K01/:!3X0;4Q1!21!

6.h.61/91!RV!(X0;4Q1!21!6.h.61/91!R!1<:!546!34!<80:1!<78<:640:1!21!3X0;4Q1!4K19!h7831!IV!

(X0;4Q1! 7N:1/81! /1! 97/:01/:! 538<! L81! 31<! 0/20K028<! L80! 97;57<1/:! 34! h7831! Y! .K43816!

Rl0Q861!GWV!*786!L8X8/1!:1331!;.:M721!h7/9:07//1!N01/E!03!h48:!20<57<16!21!5.60721!24/<!34!

i786/.1!7u!03!g!4!:6Z<!518!78!54<!28!:78:!21!546:09054/:<!1:!L81!31<!5464;Z:61<!21!34!560<1!

2X0;4Q1<! R.3.K4:07/! 1:! 7601/:4:07/! 21! 34! 94;.64E! k77;E! k7/1! 0;4Q.1W! 21;1861/:! 31<!

;j;1<V!

FJ!



! !

R'1/;4/E!$M4/264/!1:!?602M464/E!IJJGW!56757<1/:!3X4/43g<1!28!;78K1;1/:!21!34!h7831!

5786! 021/:0h016! 31<! k7/1<!51853.1<V!$1::1! :19M/0L81!/1!518:! j:61!8:030<.1!24/<!/7:61! 94<!

580<L81!31<!21/<0:.<!21!h7831!1<:0;.1<!<7/:!560/905431;1/:!<:4:0L81<V!

g g ( ) pp

!!!!!!! !

l0Q861!G!S!?78<:649:07/!2X8/1!0;4Q1!21!6.h.61/91V!

@/1! 0;4Q1!21! 6.h.61/91!R! 1<:!2X4N762!7N:1/81! <4/<! 34!56.<1/91!21! 34! h7831!Y!.K43816V!
$1::1!0;4Q1!R!1<:!1/<80:1!<78<:640:1!21!3X0;4Q1!21!h7831!Y!.K43816V!(1<!50e13<!21!34!k7/1!
2X7N<16K4:07/!45546:01//1/:!:78<!Y!21<!0/20K028<V!

!

Effet de perspective! (X1hh1:! 21! 516<519:0K1! <1! ;4/0h1<:1! 54691! L81! 34! 560<1! 2X0;4Q1<!

/X1<:!54<!Y!34!K16:09431V!(4!94;.64!1<:!<0:8.1!Y!8/1!M48:186!M!1:!1<:!7601/:.1!Y!8/!4/Q31! !

546!645576:!Y!3XM760k7/:431V!$1::1!20<57<0:07/!h40:!1/!<76:1!L81!31<!516<7//1<!538<!56Z<!21!

34!94;.64!79985167/:!538<!2X1<5491!<86!3X0;4Q1!L81!31<!516<7//1<!538<!.370Q/.1<V!R"g4/!

1:!43VE!IJJ`W!97660Q1/:!91:!1hh1:!21!516<519:0K1!1/!9439834/:!8/!h49:186!21!976619:07/!N4<.!

<86!3X1<5491!79985.!546!8/1!516<7//1!Y!3X4K4/:[534/!1:!3X1<5491!79985.!546!8/1!516<7//1!

Y! 3X4660Z61[534/V! R'4K01<E! t0/! 1:! A134<:0/E! F``^W! 56757<1/:! 21! 61261<<16! 3X0;4Q1! 4h0/!

2X7N:1/06! 3X0;4Q1! 6.<83:4/:1! 97;;1! <0! 34! 94;.64! 4K40:! .:.! 5349.1! Y! 34! K16:09431! 21! 34!

<9Z/1! 7N<16K.1V! (1! 6.<83:4:! 21! 34! 976619:07/! Q.7;.:60L81! 45530L8.1! 5786! 61261<<16!

FF!



! !

3X0;4Q1! 455464v:! 90[21<<78<V! (1<! 48:186<! /1! 56.90<1/:! 54<! 3X43Q760:M;1! 8:030<.E!

;1/:07//4/:!L81!21!:13<!43Q760:M;1<!<1!61:678K1/:!24/<!31!;7/21!21!34!58N3090:.!78!21!34!

:.3.K0<07/!7u!21!:13<!61261<<1;1/:<!<7/:!6.430<.<!21!h4w7/!678:0/0Z61!5786!7N:1/06!21!N7/<!

1hh1:<!K02.7<V!-78<!967g7/<!578K706!4245:16!21<!43Q760:M;1<!21!61261<<1;1/:!346Q1;1/:!

8:030<.<! 1/! :.3.2.:19:07/! 4h0/! 21! 578K706! 6194316! 31<! 0;4Q1<! 567K1/4/:! 2X8/! <4:1330:1!

2X7N<16K4:07/!21!34!>1661!1:!31<!946:1<!Q.7Q645M0L81<!Q.76.h.61/9.<V!

!!!!! !

l0Q861!b!S!"1261<<1;1/:!2X8/1!0;4Q1V!

!

(X0;4Q1!21!Q489M1!1<:!61261<<.1!<86!3X0;4Q1!21!2670:1V!(4!94;.64!<1;N31!;40/:1/4/:!

<0:8.1!Y!34!K16:09431V!

R]7/QE!+64g!1:!>47E!IJJ^W!:01//1/:!97;5:1!21!3X7601/:4:07/!21!34!94;.64!R03<!<8557<1/:!

L81!34!94;.64!1<:!<8hh0<4;;1/:!.31K.1W!5786!94398316!3XM7;7Q645M01!1/:61!31!534/!0;4Q1!

1:!34!<9Z/1!\'!97661<57/24/:1!4h0/!21!61/261!31!<g<:Z;1!21!97;5:4Q1!21!h7831!0/K4604/:!Y!

3X1hh1:!21!516<519:0K1V!

RO8!1:!43VE!IJJ`W!<851657<1/:!<86! 3X0;4Q1!8/!1/<1;N31!21!Q60331<!2X.K4384:07/E!9M4L81!

Q60331!.:4/:!h76;.!2X8/!619:4/Q31!27/:!31<!20;1/<07/<!20;0/81/:!48!h86!1:!Y!;1<861!L81!

FI!



! !

3X7/! <X.370Q/1! 21! 34! 94;.64! 5786! :1/06! 97;5:1! 21! 34! 567i19:07/! 21! 516<519:0K1V! &0/<0E!

5786! 8/1! 21/<0:.! h0e1! 21! 516<7//1<E! 9M4L81! 9133831! 97/:01/264! 45567e0;4:0K1;1/:! 31!

;j;1!/7;N61!21!516<7//1<E! 31<!51:0:1<!Q60331<! <0:8.1<! 370/!21! 34! 94;.64!1/:7864/:!21<!

516<7//1<!L80!4554640<<1/:!1331<!48<<0!538<!51:0:1<!Y!948<1!21! 3X1hh1:!21!516<519:0K1V!(4!

l0Q861!`!90[21<<78<!0338<:61!31!54K4Q1!21!3X0;4Q1!546!8/!Q60334Q1!27/:!31<!20;1/<07/<!21<!

h1/j:61<!20;0/81/:!1/!<X.370Q/4/:!21!34!94;.64V!

!
l0Q861!`!S!*4K4Q1!21!3X0;4Q1!4K19!21<!Q60331<!21!20;1/<07/!K4604N31V!

!

(1<!20;1/<07/<!21<!Q60331<!20;0/81/:!1/!<X.370Q/4/:!21!34!94;.64!5786!97;51/<16!31<!

1hh1:<!21!34!567i19:07/!21!516<519:0K1!R2X456Z<!RO8!1:!43VE!IJJ`WWV!(1!9M0hh61!1/!i48/1!

0/20L81!31!/7;N61!:7:43!21!516<7//1<!<86!3X0;4Q1!4376<!L81!31<!9M0hh61<!1/!678Q1!

0/20L81/:!31!/7;N61!21!516<7//1<!24/<!9M4L81!Q60331V!

F\!



! !

Éclairage!(4!<9Z/1!Y!3X.:821!7hh61!8/1!455461/91!20hh.61/:1!<137/!L8X7/!1<:!1/!2.N8:!21!

i786/.1E!<86!3XM1861!28!;020!78!1/!2.N8:!21!<706.1V!R(0/E!$M1/!1:!$M47E!IJJFW!56757<1/:!

2X.Q430<16! 3XM0<:7Q64;;1!21<!/0K148e!21!Q60<!21!3X0;4Q1!5786!;0/0;0<16! 3X0/h381/91!21!

3X.934064Q1V!(XM0<:7Q64;;1!2X8/1!0;4Q1!1<:!8/!Q645M0L81!6156.<1/:4/:!34!20<:60N8:07/!21<!

K43186<!21!/0K148!21!Q60<!21!:78<!31<!50e13<!21!3X0;4Q1V!(X.Q430<4:07/!21!3XM0<:7Q64;;1!

516;1:! 8/1! 20<:60N8:07/! 8/0h76;1! 21<! /0K148e! 21! Q60<E! 516;1::4/:! 2X4::./816!

3X.934061;1/:! 21<! k7/1<! <86[.93406.1<! 21! 3X0;4Q1V! (X.Q430<4:07/! 2XM0<:7Q64;;1! 516;1:!

8/1!916:40/1!0/K4604/91!Y!3X0338;0/4:07/E!78!.934064Q1E!21!34!<9Z/1V!

Invariance à l’échelle!R&64/2i137K09E!IJJbW!56757<1!8/!<g<:Z;1!21!<1Q;1/:4:07/!2X8/1!

0;4Q1!1/!k7/1<!21!h7831!1:!1/!k7/1<!7u!34!h7831!1<:!4N<1/:1V!?86!8/1!0;4Q1E!34!h7831!<1!

56.<1/:1!<78<!I!20hh.61/:1<!h76;1<!2.51/24;;1/:!21!3X.9M1331!21!34!5M7:7V!x!8/1!51:0:1!

.9M1331! R6.<738:07/! .31K.1WE! 31<! 50e13<! 21! 3X0;4Q1! 0/20L84/:! 34! 56.<1/91! 21! h7831! <7/:!

97;57<.<! 2X.3.;1/:<! 5.60720L81<! 21! N4<1E! 9M4L81! .3.;1/:! 6.5.:0:0h! 61<<1;N34/:!

h40N31;1/:!Y!21<!516<7//1<!Rh40N31;1/:!54691!L81!31<!Kj:1;1/:<!518K1/:!j:61!21!9783186!

20hh.61/:1E! 3X4::0:821! K4601E! 56.<1/91! 2X79938<07/E! 1:9VWV! x! 8/1! 538<! Q64/21! .9M1331E! 34!

h7831! <86! 3X0;4Q1! 4554640:! 97;;1! 8/! 1/<1;N31! 2X.3.;1/:<! 6.5.:0:0h<! Y! 518! 56Z<!

8/0h76;1<! 1/! 455461/91V! &64/2i137K09! 56757<1! 21! 2.:19:16! 31<! 570/:<! <0/Q83016<!

0/K4604/:<! <86! 3X0;4Q1E! 1:! 91! Y! 538<0186<! .9M1331<! 48! ;7g1/! 2X8/1! h1/j:61! 2X4/43g<1!

Q30<<4/:1!97/<:0:8.1!2X8/1!5g64;021!;83:06.<738:07/V!(1<!570/:<!<0/Q83016<!97661<57/21/:!

Y! 916:40/<! 570/:<! 94649:.60<:0L81<! 2X7Ni1:<! <86! 3X0;4Q1! L80! <167/:! 2.:19:.<! L813L81! <70:!

3X.9M1331E! 3X7601/:4:07/! 78! 3X0338;0/4:07/V! *786! 8/! 7Ni1:! 1/! 546:0983016E! 03! /Xg! 4864! L81!

L813L81<!570/:<!<0/Q83016<!L80!6.57/267/:!48e!960:Z61<V!*46!1e1;531E!5786!8/!98N1E!03!/Xg!

4864!L81!31<!970/<!28!98N1!L80!<167/:!2.:19:.<!97;;1!570/:<!<0/Q83016<V!(4!2.:19:07/!21<!

570/:<! <0/Q83016<! 0/K4604/:<! 1<:! N4<.1! <86! 3X43Q760:M;1! ?#l>! RScale Invariant Feature 

TransformW!R(7U1E!IJJ_WV!$M4L81!570/:!<0/Q83016!2.:19:.!1<:!6156.<1/:.!546!8/!K19:186!

21!Q64/21!20;1/<07/!RFaJ!.3.;1/:<W!L80!516;1:!21!2.96061!31<!94649:.60<:0L81<!28!570/:!

<0/Q83016!1:!<7/!.9M1331!94649:.60<:0L81V!(4!l0Q861!FJ!90[21<<78<!0338<:61!3X1e:649:07/!21<!

F_!



! !

570/:<! <0/Q83016<! 2X8/1! 0;4Q1! 21! h7831V! $M4L81! 570/:! <0/Q83016! 1<:! 6156.<1/:.! 546! 8/!

916931!27/:!31!204;Z:61!1<:!30.!Y!3X.9M1331!94649:.60<:0L81!28!570/:V!

!

l0Q861!FJ!S!*70/:<!<0/Q83016<!2.:19:.<!24/<!218e!0;4Q1<!97/:1/4/:!21!34!h7831V!

(1<!570/:<!<0/Q83016<!<7/:!6156.<1/:.<!546!21<!916931<V!(1!204;Z:61!2X8/!916931!6156.<1/:1!
3X.9M1331!94649:.60<:0L81!28!570/:!<0/Q83016V!R2X456Z<!R&64/2i137K09E!IJJbWW!

!

$16:40/<!570/:<! <0/Q83016<!2.:19:.<! <86! 31<!516<7//1<!97;57<4/:! 34! h7831!57<<Z21/:!21<!

K19:186<! 21<9605:0h<! L80! <7/:! K70<0/<! 24/<! 3X1<5491! K19:76013! 21! FaJ! 20;1/<07/<! 1:! L80!

<7/:!20<960;0/4/:<!546!645576:!48e!48:61<!570/:<!<0/Q83016<V!$1::1!567e0;0:.!21<!K19:186<!

21<9605:0h<!516;1:!2X021/:0h016!31<!k7/1<!24/<!3X0;4Q1!L80!97/:01//1/:!21<!576:07/<!21!34!

h7831E!1:!91!L813L81!<70:!31!k77;!78!34!20<:4/91!21!34!94;.64!L80!945:1!34!<9Z/1V!

F^!



! !

2.2.2 Extraction de descripteurs 

#3!1e0<:1!24/<!34!30::.64:861!538<0186<!:19M/0L81<!516;1::4/:!2X1e:64061!21<!94649:.60<:0L81<!

516:0/1/:1<! 1:! 20<960;0/4/:1<! Y! 546:06! 2X8/1! k7/1! 21! 3X0;4Q1! IV! *46;0! 31<! 21<9605:186<!

2X8/1!h7831E!7/!61:678K1!34!21/<0:.!21<!50e13<E!34!:1e:861E!34!h76;1!R455461/91!21!34!:j:1W!

1:! 31! ;78K1;1/:V! $1<! 21<9605:186<! 518K1/:! j:61! 1e:640:<! <137/! 20hh.61/:1<! :19M/0L81<!

56757<.1<! 1/! :640:1;1/:! 2X0;4Q1! 1:! 1/! 6197//40<<4/91! 21! h76;1<V! *46! 97/:61E! 21<!

455679M1<! <5.90430<.1<! <7/:! 61L80<1<! 5786! 3X1e:649:07/! 21! 94649:.60<:0L81<! 24/<! 8/!

97/:1e:1!2X4/43g<1!21<!<9Z/1<!21/<1<V!!

(4! ;4i760:.! 21<! :19M/0L81<! 2.960:1<! 24/<! 34! 30::.64:861! 56757<1! 2X1e:64061! 21<!

94649:.60<:0L81<!21!/4:861!M730<:0L81!78!Q37N431!RN4<.1<!<86!3X1/<1;N31!21!34!h7831W!4h0/!

2X1<:0;16!34!21/<0:.!2X8/!h7831!1/!:16;1<!28!/7;N61!21!516<7//1<!546!8/0:.!21!<86h491!

R$M4/E! (04/Q! 1:! A4<97/9137<E! IJJbm! '4K01<E! t0/! 1:! A134<:0/E! F``^WV! (1<! :19M/0L81<!

N4<.1<! <86! 34! 21/<0:.! 21<! 50e13<E! 34! :1e:861E! 34! ;765M737Q01! 1:! 31<! 570/:<! 0/K4604/:<!

1e5370:1/:! 21<! 94649:.60<:0L81<! 20:1<! Q37N431<V! *46! 97/:61E! 916:40/1<! 48:61<! 455679M1<!

56757<1/:!2X1e:64061!21<!94649:.60<:0L81<!379431<E!N4<.1<!<86!8/1!<1831!516<7//1!78!<86!21!

51:0:<!Q67851<!2X0/20K028<E!5786!1/<80:1!97;5:16!538<!20619:1;1/:!31!/7;N61!2X0/20K028<V!

(1<!:19M/0L81<!N4<.1<!<86!3X4/43g<1!21!;78K1;1/:!1:!3X455461/91!R0V1V!31!97/:786!2X8/1!

:Z:1W!1e5370:1/:!21<!94649:.60<:0L81<!20:1<!379431<!R"g4/!1:!43VE!IJFJWV!

2.2.2.1 Densité des pixels classés « foule » 

$1::1!94:.Q7601!2X43Q760:M;1<!6157<1!<86!8/1!1<:0;4:07/!20619:1!21!34!21/<0:.!2X0/20K028<!

24/<!31<!6.Q07/<!2X0/:.6j:!Y!546:06!28!/7;N61!21!50e13<!934<<.<!n!h7831!oV!$1::1!21/<0:.!1<:!

1/<80:1! 6130.1! Y! 8/! /7;N61! .L80K431/:! 21! 516<7//1<! 546! 8/1! h7/9:07/! 30/.4061! R'4K01<E!

t0/!1:!A134<:0/E!F``^WV!!

(4!<1Q;1/:4:07/!21!3X0;4Q1!#!5786!021/:0h016!31<!50e13<!.:0L81:.<!n!h7831!o!<X7N:01/:!1/!380!

<78<:64g4/:!3X0;4Q1!21!6.h.61/91!"!945:.1!1/!3X4N<1/91!21!h7831V!(4!21/<0:.!21!h7831!1<:!

Fa!



! !

1/<80:1! 943983.1! <70:! 1/! 97;5:4/:! 31! /7;N61!21!50e13<! 934<<.<! n!h7831!o! 546! 645576:! 48!

/7;N61! :7:43! 21! 50e13<! 21! 34! k7/1! 2X0/:.6j:E! <70:! 1/! 1e:64g4/:! 31! 97/:786! 4;0/90! 21<!

0/20K028<!1:!1/!97;5:4/:!31!/7;N61!21!50e13<!45546:1/4/:!48e!97/:786<!2X0/20K028<!546!

645576:!48!/7;N61!:7:43!21!50e13<!21!34!k7/1!2X0/:.6j:V!

!(XMg57:MZ<1!h7/24;1/:431!1<:!L81!31!/7;N61!21!50e13<!.:0L81:.<!n!h7831!o!78!n!97/:786!

2X0/20K028!o! 30.<! 48e! 6.Q07/<! 2X0/:.6j:! 1<:! 30/.4061;1/:! 567576:07//13! 48! /7;N61! 21!

516<7//1<!24/<! 34!h7831V!(XMg57:MZ<1!/X1<:!54<!K.60h0.1!5786!21<!h7831<! :6Z<!21/<1<E!7u!

7/!61:678K1!N1489785!2X79938<07/!1:!21!9M1K489M1;1/:!1/:61!31<!0/20K028<!RsM4/!1:!43VE!

IJJbWV!'X456Z<!RD464/4!1:!43VE!F``GWE!34!6134:07/!21K01/:!/7/!30/.4061!376<L81!31!/7;N61!

21!516<7//1<!24/<!34!k7/1!2X0/:.6j:!2.54<<1!1/K067/!\J!516<7//1<E!91!L80E!5786!/78<E!1<:!

8/1! 97/20:07/! M4N0:81331! 376<! 21<! <519:4931<! 1e:.60186<V! '1! 538<E! 91::1! 455679M1! 1<:!

<1/<0N31!48e!K4604:07/<!2X0338;0/4:07/!1:!48e!/78K1331<!h76;1<!24/<!34!<9Z/1!L80!/1!<7/:!

54<!21<!516<7//1<V!(XMg57:MZ<1!1<:!.Q431;1/:!;0<1!Y!;43!376<L81!34!6.Q07/!2X0/:.6j:!1<:!

<78;0<1!Y!21<!1hh1:<!21!516<519:0K1!/7/[/.Q30Q14N31<!S! 31<!516<7//1<!56Z<!21! 34!94;.64!

799851/:!8/!1<5491!538<!Q64/2!<86!3X0;4Q1!L81!31<!516<7//1<!1/!4660Z61[534/V!

R%78!1:!*4/QE!IJJbW!<0:81/:!34!94;.64!370/!21!34!k7/1!.:820.1E!91!L80!.30;0/1!1/!N7//1!

546:01! 31<! 1hh1:<! 21! 516<519:0K1V! #3<! 0/:67280<1/:! 34! /7:07/! 0/:.61<<4/:1! 2X0;4Q1! 21!

6.h.61/91!4245:4:0K1E!91!L80!516;1::640:!21!;720h016! 3X0;4Q1!21!6.h.61/91!<4/<!h7831!48!

h86! 1:! Y! ;1<861! 21! 34! 567Q61<<07/! 28! <519:4931V! (1<! 48:186<! <1! <16K1/:! .Q431;1/:! 28!

;78K1;1/:!24/<!34!h7831!5786!546h4061!3X021/:0h094:07/!21<!50e13<!.:0L81:.<!n!h7831!oV!

2.2.2.2 Texture 

(X021/:0h094:07/!21<!20hh.61/:<!.3.;1/:<!97;57<4/:!8/1! 0;4Q1!/8;.60L81!/X1<:!<78K1/:!

54<!40<.1E!1/!546:0983016!376<L81!91<!.3.;1/:<!/1!<7/:!54<!21<!97;57<0:07/<!Q.7;.:60L81<!

<0;531<! 97;;1! 546! 1e1;531! 21<!;40<7/<E! 21<! N379<E! 21<! h1/j:61<E! 1:9V! '4/<! 91<! 94<E!

3X1e:649:07/!21<!97/:786<!21<!7Ni1:<E!L80!4554640<<1/:!97;;1!21<!.3.;1/:<!Q.7;.:60L81<!

<0;531<! 97;;1! 21<! 30Q/1<! 78! 21<! 9786N1<E! 1:! 3186! 76Q4/0<4:07/! 516;1::1/:! 21! 31<!

FG!



! !

021/:0h016V! @/1! 0;4Q1! 21! h7831! /X4554640:! 54<! 97;;1! 97;57<.! 2X7Ni1:<! Q.7;.:60L81<!

<0;531<E! ;40<! 538:f:! 97;;1! 56.<1/:4/:! 8/1! <86h491! Q37N431! 97;531e1! L80! 518:! j:61!

;018e!L8430h0.1!546!34!/7:07/!21!:1e:861!21!34!<86h491V!@/1!:1e:861!h0/1!2.960:!8/1!h7831!

21/<1!4376<!L8X8/1!:1e:861!Q67<<0Z61!2.960:!538:f:!8/1!h7831!;70/<!21/<1E!538<!.5465033.1V!

-78<! 9M169M7/<! 27/9! 21<!;1<861<! <86! 3X0;4Q1! L80! /78<! 516;1::1/:! 21! 94649:.60<16! 34!

:1e:861V #3! 21K01/:! 2Z<! 376<! 57<<0N31! 21! 2.60K16! 8/1! 6134:07/! 1/:61! 31! /0K148! 21!

:1e:860<4:07/!1:!31!/7;N61!21!516<7//1<!24/<!20hh.61/:1<!6.Q07/<!2X8/1!0;4Q1V!

!(1<! 21<9605:186<! 21! :1e:861! 4<<790.<! 48e! 0;4Q1<! 21! h7831! <1! 61Q67851/:! 1/! _! Q64/21<!

94:.Q7601<!S!

FV D4:6091<!21!977998661/91!

IV ?519:61!21!h6.L81/91<!

\V '0;1/<07/!h649:431!21!D0/p7U<p0!

_V D7;1/:<!0/K4604/:<!76:M7/76;48e!21!$M1Ng<M1K!

Matrices de cooccurrence! @/1! ;4:6091! 21! 977998661/91! HR! i, j | d,  W! 0/20L81! 34!

20<:60N8:07/!21<! 978531<! 21!50e13<! 21!/0K148!21!Q60<! i! 1:! j! <.546.<! 2X8/1!20<:4/91!21!d 

50e13<!1:!h76;4/:!8/!4/Q31!21! !!1/:61!31<!218e!50e13<V!(4!;4:6091!HR!i, j | d,  W!1<:!27/9!

8/!:4N3148!27/:!3X4e1!K16:0943!6156.<1/:1!31!/0K148!21!Q60<!i!28!561;016!50e13!28!978531!1:!

27/:! 3X4e1! M760k7/:43! 6156.<1/:1! 31! /0K148! 21! Q60<! j! 28! <197/2! 50e13E! 1:! 91E! 5786! 8/1!

K43186!d! 1:! 8/1! K43186! ! 27//.1<V!)/! Q./.643E! 8/1! 20<:4/91!d! 8/0:4061! 1<:! 8:030<.1! 1:! _!

7601/:4:07/<! <7/:! .:820.1<E! ! y! J7E! _^7E! `J7! 1:! F\^7V! =/! 9439831! 27/9! _! ;4:6091<! 21!

977998661/91V!*61/7/<!8/!1e1;531!5786!0338<:616!34!97/<:689:07/!21!34!;4:6091!5786!2yF!

1:! !y!J7!S!(4!94<1!21!34!;4:6091!21!977627//.1<!i!y!FJ!1:!j!y!F^!0/20L81!31!/7;N61!21!

h70<! L81! 3X7/! 61:678K1! I! 50e13<! K70<0/<! <86! 8/1! ;j;1! 30Q/1! 4K19! 31! 50e13! Y! Q489M1!

4hh09M4/:!8/1!K43186!21!/0K148!21!Q60<!21!FJ!1:!91380!Y!2670:1E!8/1!K43186!21!F^V!

(1<!;4:6091<! 7N:1/81<! <7/:! 20hh09031<! Y! 0/:1656.:16V! R%464309pE! F`G`W! 56757<1! 20hh.61/:<!

5464;Z:61<! 943983.<! <86! 31<! ;4:6091<! 7N:1/81<! 4h0/! 21! 94649:.60<16! 20hh.61/:<! :g51<! 21!

Fb!



! !

:1e:861V! B84:61! 21! 91<! 5464;Z:61<! h0Q861/:! 546;0! 31<! 538<! 8:030<.<! 5786! 94649:.60<16! 34!

:1e:861!S!(1!97/:64<:1E! 3XM7;7Q./.0:.E! 3X./16Q01!1:! 3X1/:67501V!$1<!_!;1<861<!516;1::1/:!

21!L84/:0h016!1:!94649:.60<16!31<!560/905431<!:1e:861<V!

RD464/4! 1:! 43VE! F``bm!O8! 1:! 43VE! IJJ`W! 8:030<1/:! 91<! _! 5464;Z:61<! 5786! 94649:.60<16! 31<!

:1e:861<!21!h7831!1/!^!Q67851<!21!21/<0:.!S!

 >l! 21/<0:.!:6Z<!h40N31! J[F^!516<7//1<!

 l!! 21/<0:.!h40N31! ! Fa[\J!516<7//1<!

 D! 21/<0:.!;7g1//1! \F[_^!516<7//1<!

 %! M48:1!21/<0:.! ! _a[aJ!516<7//1<!

 >%! :6Z<!M48:1!21/<0:.! z!aJ!516<7//1<!

B84:61!;4:6091<! 21! 977998661/91! Rd y! FE! ! y! J7E! _^7E! `J7! 1:! F\^7W! <7/:! h76;.1<! 5786!

9M4L81!h1/j:61!21!IJeIJ!<86!3X0;4Q1E!4K19!8/!2.53491;1/:!21!FJ!50e13<!1/:61!I!h1/j:61<!

97/<.98:0K1<!24/<!RD464/4!1:!43VE!F``bWV!(1<!6.<83:4:<!7N:1/8<!<7/:!56.90<!Y!GaE^{!5786!

34!M48:1!1:!:6Z<!M48:1!21/<0:.E!91!L80!97/<:0:81!8/1!4;.30764:07/!546!645576:!48e!6.<83:4:<!

7N:1/8<!546!R'4K01<E!t0/!1:!A134<:0/E!F``^W!R<19:07/!IVIVIVFW!4K19!34!;.:M721!21!21/<0:.!

21! 50e13<! 934<<.<! n!h7831!oV! *786! 3186! 546:E! RO8! 1:! 43VE! IJJ`W! 8:030<1/:! 21<! h1/j:61<!

2X4/43g<1!21!20;1/<07/!K4604N31!5786!:1/06!97;5:1!21!3X1hh1:!21!516<519:0K1!1:!3X.9M1331!

94649:.60<:0L81!21!9M4L81!h1/j:61!1<:!56.90<.;1/:!943983.1!1/!<1!N4<4/:!<86!3X43Q760:M;1!

?#l>! 20<98:.! N60ZK1;1/:! 24/<! 34! <19:07/! 56.9.21/:1! <86! 3X0/K4604/91! Y! 3X.9M1331V! (1<!

48:186<!1/!4660K1/:!40/<0!Y!8/1!166186!2X1<:0;4:07/!21!h7831!24/<!9M4L81!9133831!0/h.601861!

Y!^{!1:!Y!8/1!166186!0/h.601861!Y!FI{!5786!:78:1!3X0;4Q1!21!h7831V!

Spectre de fréquence!@/1! 0;4Q1!518:!j:61! 6156.<1/:.1!546!<7/!97/:1/8!h6.L81/:013V!(4!

:64/<h76;.1!21!l786016!20<96Z:1!45530L8.1!<86!3X0;4Q1!21!h7831!567280:!8/1!0;4Q1!SRr, W!

L80!97/:01/:!31<!h6.L81/91<!<54:0431<!21!3X0;4Q1!21!h7831!1e560;.1<!24/<!8/!<g<:Z;1!21!

F`!



! !

977627//.1<!5734061<V!'1<!;1<861<!943983.1<!<86!31!<519:61!516;1::1/:!21!20hh.61/9016!31<!

20hh.61/:1<! :1e:861<! 56.<1/:1<V! (1<! :1e:861<! 40/<0! 021/:0h0.1<! <137/! 31! 97/:1/8! <519:643!

97661<57/21/:! Y! 20hh.61/:1<! 21/<0:.<! 21! h7831V! (1<! h7831<! 21/<1<! 97661<57/21/:! Y! 21<!

k7/1<!21!h6.L81/91<!.31K.1<!:4/20<!L81!31<!h7831<!518!21/<1<!7/:!8/!97/:1/8!<519:643!21!

538<!N4<<1<! h6.L81/91<V! RD464/4!1:!43VE!F``GW!7/:!97;546.! 34!;.:M721!21<!;4:6091<!21!

977998661/91! 4K19! 91331! 28! <519:61! 21! h6.L81/91! 5786! 97/93861! Y! 21<! 6.<83:4:<!

97;5464N31<!5786!31<!218e!;.:M721<E!4K19!8/!3.Q16!4K4/:4Q1!5786!34!;.:M721!<519:6431!

5786!21<!h7831<!21!21/<0:.!h40N31!1:!;7g1//1V!

Dimension fractale de Minkowski!(4!20;1/<07/!h649:431!1<:!8/1!;1<861!L80!516;1:!21!

94649:.60<16!21<!7Ni1:<!21!h76;1!066.Q830Z61!1:!516;1:!21!L84/:0h016!3186!68Q7<0:.E!1:!27/9!

3186!:1e:861V!(4!20;1/<07/!h649:431!5786!8/1!0;4Q1!1<:!8/!9M0hh61!97;560<!1/:61!F!1:!I!L80!

516;1:!21!2.96061!8/1! 0;4Q1!066.Q830Z61V!)/!564:0L81E! 34!20;1/<07/!h649:431!1<:!.K438.1!

1/! 1e:64g4/:! :78:! 2X4N762! :78:1<! 31<! 46j:1<! 21! 3X0;4Q1V! (1<! 46j:1<! <7/:! 2034:.1<! 546! 8/!

.3.;1/:! <:689:864/:! 9069834061! 5786! h76;16! 21<! 46j:1<! 2034:.1<! /7;;.1<! saucisses de 

MinkowskiV! @/! Q645M0L81! 37Q460:M;0L81! 28! /7;N61! 21! 50e13<! 49:0K.<! 1/! h7/9:07/! 28!

64g7/! 21! 3X.3.;1/:! <:689:864/:! 1<:! 1/<80:1! :649.V! (4! 20;1/<07/! h649:431! 1<:! 7N:1/81!

97;;1!.:4/:!I!h70<!34!51/:1!21!34!2670:1!7N:1/81V!

RD464/4! 1:! 43VE! F```W! 7/:! 97;546.! \! ;.:M721<! 2X1<:0;4:07/! 21! 21/<0:.! 21! h7831!S! 31<!

;4:6091<! 21! 977998661/91E! 31! <519:61! 21! h6.L81/91! 1:! 34! 20;1/<07/! h649:431! 21!

D0/p7U<p0V!(1<!;1033186<! 6.<83:4:<!7/:!.:.!7N:1/8<!4K19! 31<!;4:6091<!21!977998661/91E!

<80K0!21!34!20;1/<07/!h649:431!21!D0/p7U<p0V!

Moments invariants orthonormaux de Chebyshev!(1<!;7;1/:<!<7/:!21!580<<4/:<!78:03<!

<:4:0<:0L81<!6197//8<!97;;1!21<!21<9605:186<!Q37N48eV!$1::1!h76;834:07/!546:09830Z61!21<!

;7;1/:<! 516;1:! 31! 943983! 564:0L81! 21! ;7;1/:<! 2X76261! 6134:0K1;1/:! .31K.! <86! 21<!

0;4Q1<!20<96Z:1<V!(X4/43g<1!21<!20hh.61/:<!;7;1/:<!943983.<!516;1:!21!934<<16!31<!k7/1<!

21!3X0;4Q1!1/!971hh0901/:!21!21/<0:.!21!h7831V!

IJ!



! !

R"4M;434/E! -0e7/! 1:! $46:16E! IJJaW! 97;5461/:! 3186! /78K13! 43Q760:M;1! N4<.! <86! 31<!

D7;1/:<! 0/K4604/:<! 76:M7/76;48e! 21! $M1Ng<M1K! 48e! ;.:M721<! 21! ;4:6091! 21!

977998661/91!1:!21!20;1/<07/!h649:431!20<98:.<!56.9.21;;1/:!1:!0/:67280:<!546!D464/4!1:!

<7/! .L8051V! (4! ;.:M721! 21<! ;7;1/:<! <X4KZ61! 34! ;10331861! ;.:M721! 546;0! 31<! :670<!

:1<:.1<E! ;40<! 31<! h7831<! .K438.1<! /1! 270K1/:! 54<! j:61! :675! 21/<1<E! 91! L80! 5786640:!

7994<07//16! 21<! 567N3Z;1<! <0! 7/! 9M70<0<<40:! 91::1! ;.:M721! 5786! 31! B846:016! 21<!

<519:4931<V! (1<! ;4:6091<! 21! 977998661/91! <80K1/:! 21! :6Z<! 56Z<! 28! 570/:! 21! K81!

516h76;4/91E!;40<!3186!:1;5<!21!943983!1<:!2X8/!76261!21!Q64/2186!538<!.31K.!L81!5786!34!

;.:M721! 21<!;7;1/:<V! '1! <7/! 9f:.E! 3X43Q760:M;1! N4<.! <86! 34! 20;1/<07/! h649:431! <X1<:!

61:678K.!2.934<<.!24/<!91<!1<<40<V!

2.2.2.3 Mouvement 

(1<!455679M1<!379431<!L80!1e5370:1/:!31!;78K1;1/:!<7/:!:6Z<!6.54/281<!1:!<7/:!<78K1/:!

45530L8.1<!24/<! 31!27;40/1!21! 34!<86K10334/91!K02.7V!)331<!<7/:!N4<.1<!<86! 34!2.:19:07/!

21<! 9M4/Q1;1/:<! 1:! 3X4/43g<1! 21<! :64i19:7061<! 6130.1<! 48e! /8.1<! 24/<! 8/1! <9Z/1V! (1<!

:19M/0L81<! 6157<1/:! <86! 3X4/43g<1!21! <.L81/91<! 9M67/737Q0L81<!2X0;4Q1<!78!21! :64;1<!

945:.1<!546!8/1!94;.64!K02.7!R]7/QE!+64g!1:!>47E!IJJ^WV!!

'4/<! 8/! 561;016! :1;5<E! 7/! 45530L81! :g50L81;1/:! 8/1! <1Q;1/:4:07/! 4h0/! 21! <78<:64061!

3X4660Z61[534/!21! 3X0;4Q1!I! 1:! 615.616! 31<! h76;1<!516:0/1/:1<!24/<! 3X4K4/:[534/V!)/<80:1E!

7/! 2.:19:1! 31<! h76;1<! 97661<57/24/:! Y! 8/1! <1831! 516<7//1! 78! Y! 8/! 51:0:! Q67851! 21!

516<7//1<V!(4!;4i760:.!21<!48:186<!24/<!34!30::.64:861!45530L81/:!4376<!8/1!5786<80:1!21<!

94649:.60<:0L81<!2.:19:.1<V!$X1<:[Y[2061!L81!31<!94649:.60<:0L81<!<0;034061<!;1<86.1<!24/<!

8/1!<.L81/91!21!:64;1<!<7/:!94:.Q760<.1<!<137/!34!:64i19:7061!2X8/1!h76;1!24/<!34!<9Z/1!

R&/:7/0/0!1:!>M064/E!IJJaWV!

*38<0186<!:19M/0L81<!<7/:!2.960:1<!24/<!34!30::.64:861!5786!6156.<1/:16!31<!h76;1<!546!21<!

94649:.60<:0L81<! <0;531<E! :1331<! L81! 34! <86h491! 21! 34! h76;1! R<7;;1! 21<! 50e13<W! 78! <7/!

5.60;Z:61! R<7;;1!21<! 50e13<! 28! 97/:786W! R%460:47Q38E!%46U772! 1:!'4K0<E! IJJJWV!&h0/!

IF!



! !

2X4;.307616!34!L8430:.!21<!20K16<1<!94:.Q760<4:07/<E!R]7/QE!+64g!1:!>47E!IJJ^W!56757<1/:!

21<! 94649:.60<:0L81<! 538<! 67N8<:1<! N4<.1<! <86! 21<! M0<:7Q64;;1<! 21! 20;1/<07/! 1:!

2X7601/:4:07/! 21! 97/:786<V! (1<! 48:186<! 56757<1/:! 48<<0! 8/1! /76;430<4:07/! 21<!

94649:.60<:0L81<!5786!97;51/<16!31<!K4604:07/<!4<<790.1<!Y!3X7601/:4:07/!1:!34!516<519:0K1!

21!567i19:07/!2X8/1!94;.64V!

R"0::<9M16E!>8!1:!]64M/<:71K16E!IJJ^W!1e:6401/:!21<!570/:<!2X4/964Q1!<137/!31<!567560.:.<!

379431<!28!97/:786V!!@/!43Q760:M;1!<5.90430<.!21!:g51!)[D!1<:!8:030<.!5786!61Q678516!91<!

94649:.60<:0L81<!1/!619:4/Q31!4g4/:!34!20;1/<07/!2X8/1!:j:1V!R%78!1:!*4/QE!IJFFW!K1831/:!

1<:0;16! 31! /7;N61! 21! 516<7//1<! 1:! 379430<16! 9M4L81! 516<7//1! 24/<! 34! <9Z/1V! #3<!

45530L81/:! 8/! <180334Q1! 48e! 50e13<! 21! 3X4K4/:[534/! 4h0/! 21! 31<! N0/460<16E! 40/<0! L81!

20hh.61/:1<! :19M/0L81<! 5786! 1e:64061! 31<! 6134:07/<! 1/:61! 50e13<! 1:! 61<<76:06! 3186! 567h03! 21!

;78K1;1/:V!

R"4N482!1:!C137/Q01E!IJJaW!56757<1/:!21!546:0:07//16!21<!h7831<!21/<1<!1/!h76;1<!<1;0[

60Q021<!546!31!N040<!21!34!94:.Q760<4:07/!1:!21!34!5786<80:1!21!570/:<!94649:.60<:0L81<!Y!N4<!

/0K148V! (X43Q760:M;1! 21! ]4/21[(894<[>7;4<0! 1<:! 8:030<.! 5786! 2.28061! 31<! :64i19:7061<!

2X8/1! <.L81/91! K02.7! 1:! 1/<80:1! 5786! 1hh19:816! 8/1! 4/43g<1! 21! ;78K1;1/:! 24/<! 31!

27;40/1!<54:07[:1;57613V!(1<!48:186<!56757<1/:!21!94:.Q760<16!31<!:64i19:7061<!4K19!21<!

97/:640/:1<!21!60Q020:.!379431<V!

!'4/<! R"10<;4/! 1:! 43VE! IJJ_WE! 31<! 48:186<! 56757<1/:! 8/1! <g<:Z;1! 5786! 2.:19:16! 31!

;78K1;1/:! 21! 50.:7/<! 2X8/1! h7831! 1/! :1;5<! 6.13V! @/1! 4/43g<1! <54:07[:1;5761331! 21!

<.L81/91<! K02.7! 516;1:! 21! 2.28061! 31! 54:67/! 21! ;78K1;1/:! 97661<57/24/:! 48e!

20hh.61/:1<! h76;1<! 24/<! 34! <9Z/1V!@/! 43Q760:M;1! 5786! 1<:0;16! 31<! h38e! 21<! 9M4;5<! 21!

K0:1<<1!1<:!56757<.!24/<!R$7/Q!1:!43VE!IJJ`W!4h0/!21!97;5:16! 31!/7;N61!21!50e13<!1:!21!

97/:786<!R0V1VE!50.:7/<W!:64K16<4/:!8/1!k7/1!21!34!<9Z/1V!

l0/431;1/:E!916:40/<!48:186<!97;;1!RA0734E!H7/1<!1:!?/7UE!IJJ^W!1:!R"g4/!1:!43VE!IJJ`m!

"g4/! 1:! 43VE! IJFJW! ! 1e5370:1/:! 21<! 94649:.60<:0L81<! 2X455461/91! 1:! 21!;78K1;1/:! 5786!

II!



! !

2.:19:16!21<!h76;1<V!'4/<!R%78!1:!*4/QE!IJFFWE!7/!2.:19:1!31<!:j:1<!4K19!8/!;72Z31!\'!

13305<7|21!5786!K.60h016!31<!509<!37948e!<86!31!97/:786!21!34!h76;1!1/!4K4/:[534/V!&0/<0E!

7/! ;72.30<1! 97/i70/:1;1/:! 31! 56791<<8<! 21! 2.:19:07/! 1:! 21! 5786<80:1! 97;;1! 8/!

567N3Z;1!D4e0;8;!&!*7<:160760!RD&*WV!

2.2.2.4 Apparence - contour de têtes 

@/! 48:61! 1e1;531! 21! 21<9605:186<! 37948e! 1<:! 56.<1/:.! 24/<! 3X46:0931! 21! R(0/E! $M1/! 1:!

$M47E!IJJFWV!(1<!48:186<!7/:!56757<.!8/1!455679M1!5786!31!97;5:4Q1!21!h7831<!L80!1<:!

N4<.1! <86! 34! 2.:19:07/! 21! 97/:786<! 21! :j:1! 24/<! 8/1! 0;4Q1! IV! (1<! h76;1<! 24/<! I!

61<<1;N34/:!Y!8/!97/:786!21!:j:1!<7/:!1e:640:1<!K04!8/!:64/<h76;.1!1/!7/2131::1!21!:g51!

%446V!(76<!2X8/1!5M4<1!56.30;0/4061E!8/!;72Z31!21!3X455461/91!2X8/!97/:786!21!34!:j:1!

1<:! 7N:1/8! Y! 546:06! 2X8/1! N4<1! 2X1/K067/! FJJJ! 0;4Q1<! 6.1331<! 1/! :7/<! 21! Q60<! RFaeFa!

50e13<WV!=/!1e:640:!31<!971hh0901/:<!1/!1e5370:4/:!20hh.61/:1<!6156.<1/:4:07/<!!1/!7/2131::1<!

21!%446!Rh0/1<!1:!Q67<<0Z61<WE!<80K0!2X8/1!4/43g<1!<:4:0<:0L81!4h0/!2X0<7316!31<!971hh0901/:<!

31<!538<!0;576:4/:<V!$1::1!:19M/0L81!:061!4K4/:4Q1!21<!0/h76;4:07/<!<86!3X455461/91!2X8/1!

:j:1!5786!1e:64061!21<!94649:.60<:0L81<!379431<V!

@/1!:19M/0L81!<1;N34N31!L80!1e5370:1!48<<0!3X455461/91!2X8/1!:j:1!<137/!8/1!:64/<h76;.1!

21!%446!R1/!538<!2X0/h76;4:07/<!<86!31!;78K1;1/:E!6.hV!?19:07/!IVIVIV_W!5786!34!2.:19:07/!

21!516<7//1<!1/!;78K1;1/:!1<:!56.<1/:.1!24/<!!RA0734E!H7/1<!1:!?/7UE!IJJ^WV!#3!<X4Q0:!

2X8/1!1e:1/<07/!21! 3X43Q760:M;1!A0734[H7/1<E! 0/0:0431;1/:!56757<.!5786! 34!2.:19:07/!21!

K0<4Q1<V! !(4! :19M/0L81!/.91<<0:1!546! 97/:61! 31!54<<4Q1!2X8/1! h1/j:61!21!2.:19:07/!4K19!

6156.<1/:4:07/!1/!7/2131::1<!21!%446!<86!I!:64;1<!97/<.98:0K1<!24/<!8/1!<.L81/91!K02.7V!

2.2.3 Classification et comptage 

?80:1!Y!3X1e:649:07/!21<!21<9605:186<E!31<!94649:.60<:0L81<!516:0/1/:1<!<7/:!934<<0h0.1<!546!

31! <g<:Z;1! 5786! 31! 97;5:4Q1! 21! h7831V!'4/<! 8/1! 5M4<1! 56.30;0/4061E! 8/!;72Z31! 21! 34!

h7831!1<:!2.60K.E!516;1::4/:!48!934<<0h094:186!21!97;54616!31<!K19:186<!94649:.60<:0L81<!vi!

I\!



! !

1e:640:<!21!3X0;4Q1!48e!934<<1<!21!6197//40<<4/91V!(X.:451!21!934<<0h094:07/!1<:!<78K1/:!

h76:1;1/:!97853.1!4K19!34!216/0Z61!.:451!28!:640:1;1/:!L80!97/<0<:1!Y!1<:0;16!31!/7;N61!

:7:43! 2X0/20K028<! 24/<! 3X0;4Q1! 1/! :1/4/:! 97;5:1! 21! 20hh.61/:1<! 0/h76;4:07/<!

97/:1e:81331<E!:1331<!L81!31<!K4604:07/<!24/<!31<!20;1/<07/<E!21/<0:.!1:!20<:60N8:07/<!21!34!

h7831E!4h0/!2X.30;0/16!31<!4;N0Q}0:.<V!

*786!31<!approches globales!R21/<0:.!21!50e13<E!:1e:861E!1:9VWE!7/!45530L81!Q./.6431;1/:!

8/! 43Q760:M;1!21! 934<<0h094:07/!;83:0[934<<1! 78! 8/!;72Z31! 21! 6.Q61<<07/E! 1:! 31<! <76:01<!

R934<<1<!21!6197//40<<4/91!78!K4604N31<!21!6.Q61<<07/E! 61<519:0K1;1/:W!97661<57/21/:!Y!

20hh.61/:<!/0K148e!21!21/<0:.!21!34!h7831!24/<!8/1!21<!6.Q07/<!2X0/:.6j:!21!I. '4/<!91!94<E!

8/!1e516:!M8;40/!270:!Y!560760!1<:0;16!31!/7;N61!21!516<7//1<!546!8/0:.!21!<86h491!<137/!

31<!21/<0:.<!516w81<V!*786!31<!approches locales!R;78K1;1/:!1:!455461/91WE!7/!45530L81!

Q./.6431;1/:! 8/! 934<<0h094:186! Y! F[! 78! I[934<<1<E! 1:! 31<! 934<<1<! 21! 6197//40<<4/91!

97661<57/21/:!Y!3X7998661/91!R78!/7/W!2X8/!;78K1;1/:!M8;40/!78!2X8/!97/:786!21!:j:1V!

@/! 1e516:! M8;40/! 270:! Y! 560760! 94649:.60<16! 31! ;78K1;1/:! 78! 3X455461/91! L80! <167/:!

2.:19:.1<E!<78K1/:!546!31!N040<!2X8/1!N4<1!21!27//.1<!6.1331V!

(1!934<<0h094:186!0/:164Q0:!4K19!<7/!;72Z31!21!34!h7831!4h0/!21!6.430<16!31<!97;54640<7/<!

1/:61! K19:186<! 94649:.60<:0L81<! vi! 2X0;4Q1<! 1:! 934<<1<! 21! 6197//40<<4/91V! $1::1!

;72.30<4:07/!518:!j:61!21!/4:861!expliciteE!1:!8/!1e516:!M8;40/!270:!4376<!94649:.60<16!34!

370! 21! 934<<0h094:07/! 4K19! 8/! <g<:Z;1! 2X.L84:07/<V! =/! 61:678K1! :g50L81;1/:! 91::1!

;72.30<4:07/!1e53090:1!24/<! 916:40/1<! :19M/0L81<!L80! 4275:1/:! 3X455679M1!Q37N431E! 5786!

2.96061!34!6134:07/!1/:61!31!/7;N61!21!50e13<!934<<.<!n!h7831!o!!R546!8/0:.!21!<86h491W!1:!31!

/7;N61!21!516<7//1<V! #3!1<:!57<<0N31!21!2.60K16! 34! 6134:07/!1/:61! 31!/7;N61!57/2.6.!21!

50e13<! 1:! 21! 97/:786<! 21! 6.Q07/<! 1:! 31! /7;N61! 21! 516<7//1<! Q6r91! Y! 8/1! 4/43g<1! 546!

6.Q61<<07/!78!8/1!:19M/0L81!21!976619:07/!Q.7;.:60L81!R'4K01<E!t0/!1:!A134<:0/E!F``^WV!

@/1!455679M1!538<!97;;8/1!24/<!34!30::.64:861!5786!.:4N306!8/1!97661<57/24/91!1/:61!31<!

94649:.60<:0L81<!1:!31!/7;N61!21!516<7//1<!1<:!34!;72.30<4:07/!impliciteV!'4/<!91!94<E!31<!

5464;Z:61<!2X8/!43Q760:M;1!21!934<<0h094:07/!78!21!6.Q61<<07/!R<:4:0<:0L81!78!/1867/0L81W!

I_!



! !

<7/:! 1<:0;.<! 78! 45560<! Y! 546:06! 2X8/1! N4<1! 21! 27//.1<! 6.1331V! *38<0186<! 48:186<! 7/:!

45530L8.<! 21<! 43Q760:M;1<! 2X45561/:0<<4Q1! 21! :g51! <8516K0<.!S! ?g<:Z;1! Y! K4<:1!;46Q1!

R?ADW! R&64/2i137K09E! IJJbm! (0/E! $M1/! 1:! $M47E! IJJFm! O8! 1:! 43VE! IJJ`WE! *16915:67/!

;83:09789M1! R]7/QE! +64g! 1:! >47E! IJJ^WE! &24C77<:! RA0734E! H7/1<! 1:! ?/7UE! IJJ^WE!

4/43g<1!546!6.Q61<<07/!R$M4/E!(04/Q!1:!A4<97/9137<E!IJJbm!]7/QE!+64g!1:!>47E!IJJ^m!(8!

1:!43VE!IJFJm!"g4/!1:!43VE!IJJ`m!"g4/!1:!43VE!IJFJWV!$16:40/<!48:186<!7/:!48<<0!8:030<.!21<!

43Q760:M;1<!2X45561/:0<<4Q1!21!:g51!/7/[<8516K0<.!97;;1!34!946:1!48:7[76Q4/0<4:6091!21!

]7M7/1/! RSOM – Self-Organizing MapW! RD464/4! 1:! 43VE! F``bW! R"4M;434/E! -0e7/! 1:!

$46:16E!IJJaW!4h0/!21!6.28061!34!20;1/<07//430:.!21!3X1<5491!21<!94649:.60<:0L81<E!1:!5786!

934<<0h016!31<!6.Q07/<!2X0/:.6j:!<137/!21<!94:.Q7601<!21!21/<0:.!21!h7831V!=/!518:!1/<80:1!

97;5:16!31!/7;N61!:7:43!21!516<7//1<!946!91<!94:.Q7601<!97661<57/21/:!Y!21<!/7;N61<!21!

516<7//1<!546!8/0:.!21!<86h491V!

2.3 Discussion 

#3!/X1e0<:1!56.<1/:1;1/:!4898/1!:19M/0L81!67N8<:1!24/<!34!30::.64:861!5786!3X1<:0;4:07/!28!

/7;N61!2X0/20K028<!L80!799851/:!8/1!<9Z/1!21/<1!Y!546:06!2X8/1!<1831!0;4Q1!<:4:0L81V!

(1<!455679M1<!N4<.1<!<86!21<!21<9605:186<!Q37N48e!<7/:!538<!97;;8/1<!1:!516;1::1/:!8/!

2./7;N61;1/:!538<! 645021!2X8/1!h7831V! !$151/24/:E!24/<!21<!<9Z/1<! :6Z<!21/<1<E! 03!1<:!

20hh09031! 21! <1Q;1/:16! 34! h7831! 21! 3X4660Z61! 534/E! 1:! 34! 56.<1/91! 2X79938<07/! 1:! 21!

9M1K489M1;1/:! 1/:61! 31<! 0/20K028<! 97;530L81! 3X0<731;1/:! 21<! 0/20K028<! 5786! 31!

2.97;5:1V!(1!2.h0!4K19!91!Q1/61!2X455679M1!1<:!31!;4/L81!2X0/h76;4:07/<!<54:0431<!24/<!

31! ;72Z31! 21! h7831V! (1<! 516<7//1<! 538<! 370/! 21! 34! 94;.64! 97/:60N81/:! ;70/<! Y!

3X1<:0;4:07/!21!34!h7831V!$1<!455679M1<!21;4/21/:!48<<0!21<!<:64:.Q01<!97;531e1<!5786!31!

97;5:4Q1!h0/43!2~!48e!20hh.61/:<!97;576:1;1/:<E!20<:60N8:07/<E!21/<0:.<!1:!20;1/<07/<!21!

34!h7831V!!

(4!516h76;4/91!21<!455679M1<!379431<!N4<.1<!<86!3X4/43g<1!28!;78K1;1/:!R2.:19:07/!21!

9M4/Q1;1/:<! 1:! 5786<80:1!21!/8.1<W!2.Q./Z61! 645021;1/:! 4K19! 34!21/<0:.!21<! h7831<! 1:!

I^!



! !

3X79938<07/!946!3X1e:649:07/!56.90<1!2X7Ni1:<!21!3X4660Z61[534/!21K01/:!4376<!:6Z<!20hh09031V!

(1<! 0/20K028<!270K1/:! :g50L81;1/:!j:61! 1/!;78K1;1/:V!'1!538<E! 03! 1<:! :6Z<!20hh09031!21!

<80K61! 34! :64i19:7061! 21! 538<0186<! /8.1<! <0;83:4/.;1/:! 24/<! 8/1! <9Z/1! 97;531e1V! (4!

97;531e0:.!43Q760:M;0L81!21!91<!455679M1<!21K01/:!567N3.;4:0L81!5786!31<!<g<:Z;1<!1/!

:1;5<[6.13V!'4/<!31<!455679M1<!379431<!N4<.1<!<86! 3X455461/91!R2.:19:07/!21!97/:786!21!

:j:1WE! 31! 2.:19:186! 518:! <1! 2.Q64216! 4K19! 21<! 9M4/Q1;1/:<! 2X0338;0/4:07/! 1:! 21!

516<519:0K1E! 1:! 518K1/:! 48<<0! 4K706! 8/! 978:! 97;58:4:07//13! .31K.V!'4/<! R(0/E! $M1/! 1:!

$M47E!IJJFWE!7/!56757<1!2X45530L816!8/1! :64/<h76;.1!<86! 3X0;4Q1!4h0/!21!<:4N030<16! 31<!

1hh1:<!21! 34!516<519:0K1V!*46!97/:61E!8/1! h70<!L81! 31<! :j:1<!7/:!.:.!2.:19:.1<E! <70:!546! 31!

;78K1;1/:!78!3X455461/91E!31!97;5:4Q1!21!h7831<!<X7N:01/:!538<!20619:1;1/:!L8X4K19!31<!

455679M1<!Q37N431<V!

@/!2.h0! 5786! 3X4553094:07/!564:0L81!21! :78:1<! 31<! :19M/0L81<!21! 97;5:4Q1!21! h7831<! 1/!

30::.64:861! 1<:! 31! N1<70/! 21! 973319:16! 1:! 2X4/43g<16! 21<! 27//.1<! Y! 546:06! 2X0;4Q1<!

6156.<1/:4:0K1<V! $1<! 27//.1<! <16K1/:! 5786! 34! <78<:649:07/! 2X4660Z61[534/<! <4/<! h7831! 1:!

5786! 34!97/915:07/!21<!934<<0h094:186<V!(4!516h76;4/91!21<!934<<0h094:186<!21!570/:1!1<:!

:6Z<!2.51/24/:1!21!34!L84/:0:.!1:!21!34!L8430:.!21<!27//.1<!8:030<.1<!5786!3X1<:0;4:07/!21<!

5464;Z:61<!28!934<<0h094:186V!

!
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3 APPROCHES COMMERCIALES 

-7:61!;4/24:! 97;561/2! 31! 6191/<1;1/:! 21! 567280:<! 97;;169048e! L80! 57866401/:! j:61!

8:030<.<!20619:1;1/:!78!4245:.<!4h0/!2X1<:0;16!31!/7;N61!21!516<7//1<!56.<1/:1<!<86!31<!

20hh.61/:<! 1<5491<! 58N309<! 28! B846:016! 21<! <519:4931<V! '1<! 94;.64<! M48:1! 2.h0/0:07/!

20<57<.1<! <86! 31! :70:! 2X.20h091<! <0:8.<! 24/<! 31! 5.60;Z:61! 28! L846:016! 21<! <519:4931<!

h786/067/:! 21<! 0;4Q1<! Y! M48:1! 2.h0/0:07/! 21! 34! h7831! 56.<1/:1V! (X1<:0;.! 28! /7;N61! 21!

516<7//1<!<164!567280:!Y!546:06!21!3X4/43g<1!0/h76;4:0L81!21!91<!0;4Q1<V!

-78<! 6191/<7/<! 24/<! 91::1! <19:07/! 31<! 37Q09013<! 97;;169048e! L80! 567934;1/:! 578K706!

1<:0;16! 31! /7;N61! 21! 516<7//1<! 24/<! 8/1! h7831E! 21!;j;1! L81! 31<! N61K1:<! 2.30K6.<! 1/!

=99021/:!L80!4N7621/:!34!567N3.;4:0L81!28!97;5:4Q1!21!h7831V!

3.1 Logiciels 

#3! /X1e0<:1! L81! h76:! 518! 21! 37Q09013<! 21<:0/.<! 48! 2./7;N61;1/:! 21! h7831V! @/1! 640<7/!

57<<0N31! 21;1861! L8X03! /X1e0<:1! L8X8/! 51:0:! ;469M.! 5786! 8/! :13! 567280:V! (1<! Q67851<!

0/:.61<<.<!546!21! :1331<!27//.1<!<1!97/:1/:1/:! <78K1/:!21!27//.1<! :6Z<!45567e0;4:0K1<E!

4K19! 8/! N040<! L80! 2.51/2! 21! L80! 21;4/21! 31<! <:4:0<:0L81<! 21! h7831!S! 3X76Q4/0<;1! L80!

76Q4/0<1! 8/1! ;4/0h1<:4:07/E! 31! 9765<! 57309016! L80! K10331! Y! 34! <.9860:.! 78! 34! 561<<1! L80!

645576:1!3X.KZ/1;1/:V!

-78<!/X4K7/<!61:678K.!L81!I!37Q09013<!20<57/0N31<!5786!.K43816!21<!h7831<!S!(1!37Q09013!

ExactCrowd! 21! 3X)<54Q/731! (g/91! 1:! 31! <g<:Z;1! Automated footfall monitoring 21!

3X&/Q340<1!?560/QN7462V!

3.1.1 ExactCrowd de Lynce 

@/!2.N4:!0/:1/<1!<.K0:!21580<!L813L81<!;70<!1/!l64/91!<86!31!97;5:4Q1!21<!;4/0h1<:4/:<!

376<! 21! Q64/21<! ;4/0h1<:4:07/<V! '1<! .946:<! 97/<02.64N31<! <7/:! 97/<:4:.<! 6.Q830Z61;1/:!

1/:61! 31<! 9M0hh61<! h786/0<! 546! 31<! 76Q4/0<4:186<! 21! 34! ;4/0h1<:4:07/E! 918e! 21<! 9765<!

IG!



! !

57309016<!1:!31<!9M0hh61<!8:030<.<!546!34!*61<<1E!L80!/1!<40:!538<!:675!L80!967061V!(1!i786/43!

l64/91[?706!R+7/k431kE!IJFJE!F_!79:7N1W!4!K7838!1/!4K706!31!9�86!/1:!1:!4!h40:!45513!Y!34!

<790.:.!1<54Q/731!(g/91E!<5.90430<.1!24/<!31!97;5:4Q1!21!;4/0h1<:4/:<E!5786!;1<8616!31!

64<<1;N31;1/:! 5460<01/! 28! ;4620! FI! 79:7N61! IJFJ! Y! 3X7994<07/! 21! 3X8/1! 21<!

;4/0h1<:4:07/<! <86! 3XrQ1! 21! 34! 61:640:1V! *786! 91::1!;4/0h1<:4:07/! 1/! 546:0983016E! (g/91[

)e49:$67U2!4!2.30K6.!31<!9M0hh61<!;1<86.<!Y!l64/91[?706!S!n!Nous avons mesuré un total 

de 73.027 personnes, avec une correction éventuelle à la hausse de 10 %, soit un total 

de 80.330 personnes. o! (1<! 76Q4/0<4:186<! 21! 34! ;4/0h1<:4:07/! 7/:! 97;5:.! \\J! JJJ!

516<7//1<!1:!34!573091!4!1<:0;.!34!h7831!Y!b`!JJJ!516<7//1<!q!

(4! ;.:M721! 21! 97;5:4Q1! 7hh16:1! 546! 34! <790.:.! (g/91! <1! N4<1! <86! 8/! 37Q09013E!

ExactCrowdE! 2.K13755.! 1/! IJJb! 546! 8/1! .L8051! 2X0/Q./0186<! 1<54Q/73<! 1:! L80!

97;5:4N030<1!31<!;4/0h1<:4/:<!8/!Y!8/!Y!546:06!21!5M7:7Q645M01<!560<1<!1/!M48:186!R(g/91E!

IJJ`WV!*786! 61;5306! <7/!;4/24:E!(g/91!4!2.537g.! :78:1!8/1!.L8051!5786!2.97;5:16! 34!

h7831! 56.<1/:1! Y! 91::1! ;4/0h1<:4:07/! 5460<01//1! 28! FI! 79:7N61V! (X0/<:68;1/:4:07/!

2.537g.1! 97;561/2! 1/! Q./.643! 21<! N4337/<! 4.601/<! ;8/0<! 21! 94;.64<! 1:! 538<0186<!

5M7:7Q645M1<!20<57<.<!1/!M48:186!<86!21<!0;;18N31<!31!37/Q!21!34!;4/0h1<:4:07/!Rl0Q861!

FFWV!*786!91::1!;4/0h1<:4:07/!1/!546:0983016E!31<!N4337/<!/1!578K401/:!j:61!8:030<.<!Y!948<1!

21! 64h431<! 21! K1/:V! (1<! 5M7:7Q645M1<! <X0/<:4331/:! Y! 3186! 57<:1! 2X7N<16K4:07/! 1/K067/! I!

M1861<!4K4/:!31!2.N8:!28!2.h03.V!(1<!5M7:7Q645M01<!560<1<!270K1/:!j:61!2X8/1!:6Z<!Q64/21!

/1::1:.!946!1331<!21K67/:!j:61!k77;.1<!4h0/!21!20hh.61/9016!9M4L81!;4/0h1<:4/:V!*6Z<!21!F!

JJJ! 5M7:7<! Y! :6Z<! M48:1! 6.<738:07/! <167/:! 945:.1<! 2864/:! :78:1! 34! ;4/0h1<:4:07/V! $0/L!

M1861<! 2X4/43g<1! 546! 8/1! <197/21! .L8051! 97;57<.1! 21! \! 0/Q./0186<! 1e516:<! 1:! 28!

56.<021/:! 21! (g/91! <167/:! /.91<<4061<! 5786! 56728061! 31<! 6.<83:4:<! h0/48eV! (1! 37Q09013!

ExactCrowd 4/43g<1!9M498/1!21<!5M7:7<E!/8;.67:1!9M4L81!;4/0h1<:4/:!4h0/!2X.K0:16!31<!

2.278N31;1/:<!2X8/1!5M7:7! Y! 34! <80K4/:1V!@/!43Q760:M;1!2X4/43g<1!28!;78K1;1/:! 1<:!

.Q431;1/:! 8:030<.! 4h0/!21! <80K61! Y! 34! :6491! 9M4L81! 0/20K028! <86! 8/1! <.L81/91!2X0;4Q1<!

945:.1<!31!37/Q!28!5469786<!21!34!;4/0h1<:4:07/V!(X.L8051!2X0/Q./0186<!:1/:1/:!21!6.28061!

31<! 4;N0Q}0:.<! 1/:61! 31<! <.L81/91<! 2X0;4Q1<! 4h0/! L8X8/1! ;j;1! 516<7//1! /1! <70:! 54<!

Ib!



! !

97;5:.1!538<!2X8/1!h70<V!$190!21K01/:!20hh09031!1:!978:18e!5786!21<!h7831<!21/<1<!4K19!34!

56.<1/91!2X79938<07/<V!

!

l0Q861!FF!S!,L8051;1/:!8:030<.!546!(g/91!5786!31!97;5:4Q1!21!h7831!S!RFW!94;.64!K02.7!
M48:1!2.h0/0:07/m!RIW!N4337/!4.601/m!R\W!45546103!5M7:7!/8;.60L81!M48:1!2.h0/0:07/V!

(4!;.:M721!2.K13755.1!546!(g/91!<X4KZ61!h76:!8:031!5786!2./7;N616!4K19!56.90<07/!21!

Q64/21<!h7831<!;40<!<X4KZ61!:675!7/.618<1E!:675!56.90<1!1:!N1489785!:675!37/Q81!5786!31<!

N1<70/<!28!*B?V!!

3.1.2 Automated Footfall Monitoring de Springboard 

(4!97;54Q/01!?560/QN7462!R?560/QN7462!M0QM!<:611:E!IJJIW!7hh61!<86!0/:16/1:!8/!<16K091!

21! 97;5:4Q1! 2X8/1! k7/1! 2.h0/01! 546! 31! 21;4/2186V! (4! :19M/737Q01! 7hh16:1! 546!

?560/QN7462! 516;1:! 21! <86K103316! 21! h4w7/! 97/:0/81! 31<! K.M09831<! 78! 31<! 50.:7/<! L80!

:64K16<1/:!34!k7/1!2.<0Q/.1V!@/1!94;.64!1<:!0/<:433.1!1/!M48:186!R<86!31!;86!2X8/!.20h091!

546!1e1;531W!5786!1/61Q0<:616!31<!50.:7/<!L80!h64/9M0<<1/:!34!k7/1V!(1!/7;N61!21!50.:7/<!

1<:!1/61Q0<:6.!Q6r91!Y!8/! 37Q09013!567560.:4061!N4<.!<86! 34!5786<80:1!21!90N31!<5.90h0L81V!

I`!



! !

(1<!27//.1<!<7/:!K.60h0.1<!L87:0201//1;1/:!546!?560/QN7462!4K4/:!2Xj:61!:64/<h.6.1<!1:!

<:79p.1<! <86! 8/! <16K186! 0/:16/1:V! (1! 21;4/2186! 499Z21! 48e! 645576:<! 21! <86K10334/91!

20619:1;1/:!<86!31!<0:1!0/:16/1:V!

(1! 37Q09013! 21! <86K10334/91! 1<:! Nr:0! 1<<1/:01331;1/:! <86! 34! 5786<80:1! 21! 50.:7/<! 1/!

;78K1;1/:V!'1!538<E!34!k7/1!978K16:1!1<:!N1489785!538<!61<:610/:1!L81!31<!k7/1<!L81!31!

*B?! 40;1640:! 2.97;5:16V! (1! 37Q09013! 56757<.! 546! ?560/QN7462! 1<:! 8:030<.! 5786! 34!

<86K10334/91!97;53Z:1!21!51:0:1<!k7/1<V!(1!37Q09013!4!.:.!2.K13755.!Y! 3X760Q0/1!5786! 31<!

;03018e! 21! 34! 2.h1/<1! 1:! 21! 34! <.9860:.! 5786! 7N:1/06! 21<! 6.<83:4:<! 56.90<! <86! 21! 51:0:<!

Q67851<! 21! 50.:7/<! 1/! ;78K1;1/:V! #3! /1! /78<! 4554640:! 54<! 4245:.! Y! /7:61! 567i1:! 21!

97;5:4Q1!21!h7831!24/<!21!Q64/2<!1<5491<!58N309<V!

3.2 Brevets 

-7<!619M169M1<!546;0! 31<!N61K1:<!2.30K6.<!48!$4/424E!48e!,:4:<[@/0<!1:!1/!)86751!7/:!

516;0<! 21! :678K16! :670<! N61K1:<! L80! 4N7621/:! 34! 567N3.;4:0L81! 28! 97;5:4Q1! 21! h7831V!

$7;;1!4K19! 31<! <g<:Z;1<! 97;;169048eE!218e!21! 91<!N61K1:<! 1e5370:1/:!8/1! 455679M1!

379431!N4<.1!<86!31!;78K1;1/:!1:!<7/:!90N3.<!5786!21<!4553094:07/<!1/!<86K10334/91!K02.7V!

(1<! :19M/0L81<! 6157<1/:! <86! 34! 2.:19:07/! 21<! 9M4/Q1;1/:<! 1:! 3X4/43g<1! 21<! :64i19:7061<!

6130.1<!48e!h76;1<!24/<!21<!<.L81/91<!K02.7V!!

!'4/<!R]034;N0E!D4<782!1:!*454/0p73757837<E!D4g!IIE!IJJbWE!7/!56757<1!8/1!:19M/0L81!

5786! 2.:19:16! 1:! <80K61! 34! :64i19:7061! 4<<790.1! 4K19! 21<! 516<7//1<! 24/<! 8/1! <.L81/91!

K02.7V!$1::1!:19M/0L81!1<:!90N3.1!5786!8/!97/:6f31!538<!<.9860:4061!28!:64h09!50.:7//016!1/!

:1;5<[6.13V!?80:1!Y!8/1!<78<:649:07/!21!3X4660Z61[534/E!7/!2.:16;0/1!31<!k7/1<!21!3X0;4Q1!

4K19!9M1K489M1;1/:V!(1<!h76;1<!24/<!8/1!21<!0;4Q1<!<7/:!021/:0h0.1<!1:!<80K01<!4K19!8/!

h03:61!21!]43;4/V!@/!934<<0h094:186!1<:!1/:640/.!4K19!21<!27//.1<!6.1331<!4h0/!21!9766.316!

31<! k7/1<! 21! 9M1K489M1;1/:! 4K19! 31! /7;N61! 21! 516<7//1<V! )/h0/E! 31! /7;N61! 21!

516<7//1<!1<:!1<:0;.!Y!546:06!21!34!<86h491!79985.1!546!3X1/<1;N31!21<!h76;1<V!!!!

\J!



! !

'4/<! R"0::<9M16! 1:! 43VE! ?15:1;N16! I`E! IJJ`WE! 7/! 56757<1! 8/! <g<:Z;1! 5786! 2.:19:16! 1:!

97;5:16! 31! /7;N61! 2X0/20K028<! 24/<! 8/1! h7831! /7/[<:4:07//4061E! Y! 546:01! 2X8/1! <1831!

94;.64V! @/! ;72Z31! Q.7;.:60L81! <:4:0L81! 1<:! 97/w8! Y! 546:06! 21! 27//.1<! R0;4Q1<! 21!

6.h.61/91W!4h0/!21!6156.<1/:16!31<!94649:.60<:0L81<!2X0;4Q1!97661<57/24/:!Y!8/1!516<7//1!

24/<! 34! h7831V! )/! 75.64:07/E! 34! :64i19:7061! 21! 9M4L81! 516<7//1! 1<:! 2.:16;0/.1! 4h0/! 21!

6.28061! 31<! 79938<07/<! 1/:61! 516<7//1<V! )/h0/E! 8/1! 576:1! K06:81331! 1<:! 2.h0/01! 5786!

97;5:16! 31! /7;N61! 21! 516<7//1<! L80! <1! 2.53491/:! Y! :64K16<! 8/1! k7/1! <5.90h0L81! 21!

3X0;4Q1V!!!

'4/<!R+7/k431k[C4/7<E!t4/Q!1:!+80N4<E!H4/846g!FGE!IJJaWE!7/!56757<1!8/!<g<:Z;1!5786!

2.:16;0/16! 31! /7;N61! 21! 516<7//1<! 24/<! 8/1! h7831! Y! 3X4021! 2X0/h76;4:07/<! <86! 34!

97/K1e0:.!K0<81331V!'4/<!8/!561;016!:1;5<E!7/!1e:640:!31<!0;4Q1<!<03M781::1<!Y!546:06!21<!

0;4Q1<!945:.1<!4K19!8/!6.<148!21!94;.64<V!(1!534/!21!567i19:07/!1<:!2.:16;0/.!<137/!34!

97/K1e0:.!K0<81331!21!34!h7831!Ä!7/!567i1::1!<86!8/1!534/!3X0/:16<19:07/!1/:61! 31!9f/1!21!

9M4L81!0;4Q1!<03M781::1!1:!31!K738;1!4/43g<.V!(1<!567i19:07/<!534/4061<!21<!0;4Q1<!<7/:!

1/<80:1! 4Q6.Q.1<! <137/! 9M4L81! 0/:16<19:07/!4h0/!21!56728061!8/!54:67/!21! <8N20K0<07/<V!

l0/431;1/:E!91<!54:67/<!<16K1/:!21!<85576:!5786!97/<:68061!8/1!<:689:861!1/!46N61!21!34!

<9Z/1V!$1::1!<:689:861!.K7381!24/<!31!:1;5<E!1/!h7/9:07/!21!/78K1331<!0;4Q1<V!(1!/7;N61!

21!516<7//1<!24/<!8/1!h7831!1<:!1<:0;.!Q6r91!48e!/�82<!21!91::1!<:689:861V!

>13! L81! ;1/:07//.! 48! 9M450:61! IE! 31<! 455679M1<! 379431<! N4<.1<! <86! 3X4/43g<1! 28!

;78K1;1/:! /1! <7/:! 54<! 516h76;4/:1<! 5786! 21<! <9Z/1<! 21/<1<! 1:! <:4:0L81<V! (1<! 218e!

561;016<! N61K1:<! 2.30K6.<! R]034;N0E! D4<782! 1:! *454/0p73757837<E! D4g! IIE! IJJbm!

"0::<9M16! 1:! 43VE! ?15:1;N16! I`E! IJJ`W! 7/:! .:.! 56757<.<! 5786! 21<! <9./4607<! 1/!

K02.7<86K10334/91E!5786! 34!2.:19:07/!1:! 34!5786<80:1!2X8/!/7;N61!61<:610/:!21!516<7//1<!

1/!;78K1;1/:V!#3<!/1!<7/:!54<!516:0/1/:<!5786!31!97;5:4Q1!21!h7831<!376<L81!31<!<9Z/1<!

<7/:!21/<1<!1:!31<!0/20K028<!24/<!34!h7831!/1!<7/:!54<!1/!;78K1;1/:V!(1!:670<0Z;1!N61K1:!

R+7/k431k[C4/7<E!t4/Q!1:!+80N4<E!H4/846g!FGE!IJJaW!270:!1e5370:16!<0;83:4/.;1/:!21<!

\F!



! !

94;.64<!;83:0531<!5786!4/43g<16!8/1!;j;1!<9Z/1E!1:!/1!61<519:1!27/9!54<!31<!97/:640/:1<!

21!3X4553094:07/V!

\I!



! !

4 APPROCHES PROPOSÉES 

'1K4/:!3X4N<1/91!21!<738:07/<!97;;1690431<!48!97;5:4Q1!21!h7831!Q./.6431;1/:!21/<1E!

/78<!56757<7/<! 31!2.K137551;1/:!1:! 31! :1<:! <86!21<! 0;4Q1<! 6.1331<!21! h7831!48!B?!21<!

43Q760:M;1<!31<!538<!567;1::186<!021/:0h0.<!376<!21!34!61K81!21!2798;1/:4:07/!2.:4033.1!48!

9M450:61!IV!

4.1 Méthodes prometteuses 

-78<!61561/7/<!31!<9M.;4!21!34!l0Q861!a!S!?g<:Z;1!Q./.643!5786!31!97;5:4Q1!21!h7831V!

(1!<9M.;4!0338<:61!31<!20hh.61/:1<!.:451<!28!37Q09013!21!97;5:4Q1!21!h7831V!

PRÉTRAITEMENT

#;4Q1!I

EXTRACTION DE
DESCRIPTEURS

CLASSIFICATION
DÉNOMBREMENT DU

NOMBRE TOTAL
DANS UNE FOULE

6.Q07/R<W!2X0/:.6j:
1:

I  97/20:07//.1

94649:.60<:0L81<!
516:0/1/:1<!vi

934<<1<!21!
6197//40<<4/91

1<:0;4:07/!28!
/7;N61!
2X0/20K028<

97/:1e:1

MODÈLES DE
FOULE

!
l0Q861!FI!S!?:689:861!28!37Q09013!21!97;5:4Q1!21!h7831V

\\!



! !

!

>4N3148!F!S!?.319:07/!21<!43Q760:M;1<!5786!9M4L81!.:451!28!<g<:Z;1!21!97;5:4Q1!21!
h7831V!

Étape 
 

Algorithmes 
 

Références 
 

Note
 

Prétraitement 

$430N64:07/!1:!Q60334Q1!21!34!
k7/1!.:820.1! RO8!1:!43VE!IJJ`W! F!

?78<:649:07/!21!3X4660Z61[534/!
<4/<!h7831!78!<1Q;1/:4:07/!
0/K4604/:1!Y!3X.9M1331!1/!
k7/1<!n!h7831!o!1:!n!/7/[
h7831!o!

R'4K01<E!t0/!1:!A134<:0/E!
F``^m!&64/2i137K09E!IJJbW! I!

$76619:07/<!45576:.<!Y!
3X0;4Q1!S!
FV ,Q430<4:07/!
2XM0<:7Q64;;1!R1hh1:<!
21!3X.934064Q1W!

IV "1261<<1;1/:!21!
3X0;4Q1!R94;.64!1/!
M48:186!1:!21!N040<W!

\V )hh1:!21!516<519:0K1!

FV R(0/E!$M1/!1:!$M47E!IJJFW!
IV R'4K01<E!t0/!1:!A134<:0/E!
F``^W!
&3Q760:M;1<!21!
61261<<1;1/:!0<<8<!21!34!
:.3.2.:19:07/!

\V R]7/QE!+64g!1:!>47E!IJJ^W!

!

Extraction de 
descripteurs 

>1e:861!S!D4:6091<!21!
977998661/91! RD464/4!1:!43VE!F``bW! !

>1e:861!S!D7;1/:<!0/K4604/:<!
76:M7/76;48e!21!$M1Ng<M1K!

R"4M;434/E!-0e7/!1:!$46:16E!
IJJaW! !

&55461/91!S!$7/:786!21!:j:1<! R(0/E!$M1/!1:!$M47E!IJJFW! !

Classification ?g<:Z;1!Y!K4<:1!;46Q1!
R?ADW!

R&64/2i137K09E!IJJbm!(0/E!
$M1/!1:!$M47E!IJJFm!O8!1:!
43VE!IJJ`W!

\!

Dénombrement '1/<0:.!2X799854:07/!21!34!h7831! !<86h491!21!34!k7/1! ! _!

!

-7:1<!S!

FV -78<! 21K67/<! j:61! 1/! ;1<861! 21! 94398316! 3X.L80K431/91! 1/:61! 31<! 20<:4/91<!

;1<86.1<! <86! 3X0;4Q1!1:! 31<!20<:4/91<!5Mg<0L81<! <86! 31!B846:016! 21<!?519:4931<V!

$1::1! 6134:07/! <164! 30/.4061! <0! 31<! 1hh1:<! 21! 516<519:0K1! /1! <7/:! 54<! 0;576:4/:<E!

\_!



! !

;40<! 24/<! 31! 94<! 567N4N31! 97/:64061E! 03! h48264! 9430N616! 31<! 0;4Q1<! Y! 3X4021! 21!

;1<861<!6.430<.1<!<86!31!:16640/E!57<<0N31;1/:!4K19!28!;4:.6013!2X4651/:4Q1V!

IV (4! ;.:M721! 21! <78<:649:07/! 21! 3X4660Z61[534/! <4/<! h7831! 1<:! 34! 538<! <0;531! Y!

6.430<16!1/!560/9051V!'4/<!/7:61!94<E!91::1!;1<861!5786640:!<X4K.616!538<!20hh09031!Y!

6.430<16! L81! 56.K8V! (1<! 94;.64<! <167/:!;8/01<! 21! k77;! 4i8<:4N31E! 1:! 27/9! 31<!

5M7:7Q645M01<!2X4660Z61[534/!<4/<!h7831!L80!270K1/:!978K606!31<!;j;1<!<8516h0901<!

L81! 31<! 0;4Q1<!21! h7831! <167/:!K640<1;N34N31;1/:!20hh09031<!Y!7N:1/06V!'1!538<E!

31<! 2.976<! 1:! 4991<<7061<! 20<57<.<! <86! 31<! <9Z/1<! 1e:.601861<! 9M4/Q1/:!

h6.L81;;1/:!1:!518K1/:! j:61!2.5349.<!Y! 3X0/:.60186!2X8/!;j;1! h1<:0K43V! #3! /X1<:!

54<!.K021/:!/7/!538<!2X7N:1/06!21<!0;4Q1<!<4/<!h7831V!'1!538<E!02.431;1/:E!/78<!

21K607/<!578K706!20<57<16!21! :1331<! 0;4Q1<!Y!20hh.61/:1<!5.60721<!21! 34! i786/.1V!

*786! :78:1<! 91<! 640<7/<E! /78<! 21K7/<! 1/K0<4Q16! 21! 97216! 3X43Q760:M;1! 21!

<1Q;1/:4:07/! 0/K4604/:1! Y! 3X.9M1331! 56757<.! 546! R&64/2i137K09E! IJJbWV! (X48:186!

h786/0:!518!21!2.:403<!5786!3X0;53.;1/:4:07/!564:0L81!21!3X43Q760:M;1E!;40<!/78<!

21K67/<!567N4N31;1/:!578<<16!24/<!91::1!20619:07/V!

\V *18! 0;576:1! 3X455679M1! 8:030<.1! 5786! 31! 2./7;N61;1/:! 21! h7831<E! 03! <164!

/.91<<4061! 21! 5464;.:616! 8/! 934<<0h094:186! 376<! 2X8/1! 5M4<1! 56.30;0/4061!

2X45561/:0<<4Q1V!$1::1!5M4<1! h40:! 45513! Y!8/1!N4<1! 6156.<1/:4:0K1!21!27//.1<!1:!

567280:!8/!;72Z31!21!h7831V!

_V @/1! h70<! 34! 21/<0:.! 21! h7831! 1<:0;.1! 5786! 21<! 54691331<! N01/! 021/:0h0.1<! 21! 34!

<9Z/1E!31!/7;N61!21!516<7//1<!56.<1/:1<!<86!34!54691331!<X7N:01/:!20619:1;1/:!546!

34!97//40<<4/91!21!34!<86h491!21!34!54691331V!'X7u!34!/.91<<0:.!21!578K706!;1<8616!

<86! 3X0;4Q1! 21<! 5.60;Z:61<! 21! 54691331! L81! 3X7/! 580<<1! h4061! 97661<57/261!

56.90<.;1/:!48e!;1<861<!6.1331<!1:!5Mg<0L81<!<86!31!:16640/V!

\^!



! !

4.2 Évaluation expérimentale 

-78<! 567h0:167/<! 28! :60;1<:61! 1/! 9786<! R%0K16! IJFFW! 5786! .K43816! I! 21<! \! ;.:M721<!

56757<.1<!2X1e:649:07/!21!21<9605:186<V!'18e!.:8204/:<!1/!h0/!21!CV#/QV!L80!<7/:!0/<960:<!

1/! *l)! R567i1:! 21! h0/! 2X.:821W! K7/:! <X4::4L816! Y! 91::1! 567N3.;4:0L81V! (1<! 6.<83:4:<! 21!

3186<!:64K48e!<167/:!1e57<.<!<78<!h76;1!2X4hh09M1!Y!34!h0/!28!:60;1<:61!1:!9M498/!56728064!

8/!645576:!2.960K4/:!<4!2.;469M1!1:!31<!6.<83:4:<!7N:1/8<V!

(1<!218e!;.:M721<!.K438.1<!<7/:!S!

FV $4649:.60<4:07/! 21! 34! :1e:861! 6156.<1/:4/:! 34! h7831! <86! 3X0;4Q1! 48! ;7g1/! 21!

;4:6091<!21!977998661/91V!

IV './7;N61;1/:!21!34!h7831!546!34!2.:19:07/!21<!97/:786<!21!:j:1V!

!

!

\a!



! !

5 CONCLUSION  

'4/<! 91::1! 561;0Z61! .:451! 28! 567i1:E! /78<! 4K7/<! 6.430<.! 8/1! 61K81! 97;53Z:1! 21! 34!

30::.64:861! <901/:0h0L81E! 40/<0! L81! 21<! N61K1:<! 1:! 21<! 567280:<! 97;;169048eV! #3! /X1e0<:1!

4898/1!<738:07/!97;;1690431!6.57/24/:!48e!N1<70/<!28!*B?V!

(4! 61K81! 1eM48<:0K1! 21! 34! 30::.64:861! 340<<1! 56.<4Q16! L813L81<! 50<:1<! 0/:.61<<4/:1<! 21!

<738:07/V! -78<! 4K7/<! 021/:0h0.! I! ;.:M721<! L80! 518K1/:! j:61! 645021;1/:! 567Q64;;.1<!

5786! :640:16! 31<! 0;4Q1<! 6.1331<! h786/01<! 546! 31! *B?V! @/1! 561;0Z61! ;.:M721! 4<<7901!

9M4L81!:1e:861!;1<86.1!<86!8/1!576:07/!21!3X0;4Q1!Y!8/1!;1<861!21!21/<0:.!21!h7831E!1:!

34! <7;;1!21! :78:1<! 31<! 21/<0:.<! 546:01331<! 21! 3X0;4Q1! h786/064! 31! /7;N61! 619M169M.!21!

516<7//1<!56.<1/:1<V!(4!<197/21!;.:M721!;72.30<1!31<! :j:1<!21<!546:09054/:<!48!;7g1/!

2X8/1!:64/<h76;.1!45530L8.1!<86!3X0;4Q1E!91!L80!21K640:!516;1::61!21!97;5:16!8/!/7;N61!

21!516<7//1<!<8hh0<4;;1/:!56.90<!5786!31<!N1<70/<!21!3X4553094:07/V!$1<!218e!;.:M721<!

h7/:!56.<1/:1;1/:!3X7Ni1:!28!567i1:!21!h0/!2X.:821<!21!I!.:8204/:<!h0/0<<4/:<!1/!Q./01!21!

34! 567289:07/! 48:7;4:0<.1V! (1<! 6.<83:4:<! <167/:! 56.<1/:.<! 48! 97337L81! n!A02.7!

/8;.60L81!S!>640:1;1/:E! 4/43g<1! 1:! 6197//40<<4/91!o!L80! <1! :01/264!K1/26120! 31!F\!;40!

IJFF!24/<!31!94261!28!G`Z;1!$7/Q6Z<!21!3X&9h4<!Y!?M16N677p1!28!`!48!F\!;40!IJFFV!

\G!
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BIBLIOGRAPHIE 

!

!

&/:7/0/0E!+VE!1:!HV!*V!>M064/V!IJJaV!n!$78/:0/Q!*121<:604/<!0/!A0217!?1L81/91<!@<0/Q!
>64i19:76g!$38<:160/Q!oV!#)))!>64/<49:07/<!7/!$06980:<!4/2!?g<:1;<!h76!A0217!
>19M/737Qg,!K73V!FaE!/7!bE!5V!FJJb[FJIJV!

!
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