
 

 

 

 

  

 

 

 
 

 !"#$%&'(#)*+,-+#.//-01#2'1341#5',6##7!89:;#5:!<

.=:>#9#.0%?21@#A9@#9##,B4(#A@1C<##
 

 !"#$%&!'()*!+,-. $/01  

234,35!6!+, !7 ,86!
9:8;*<!=#6$>*!2 6$?@!6!7$A/AB5  

 

 

!"#$% & '(&)"* +),-)./ 01*2 

 3%( !4)56 7#8/ 94):0;<2=>();? @A%0$% (2  



 

 

 
  

 

 

 

 

 

 

 

 

 

 



 

 



 
 

'0<%0B & 3%( +(%C& 

'(&)"* & +)D;DEB FGCH/I J4&),/ 
 

 
 3%( !4)56 7#8/ 94):0;<2=>();? @A%0$% (2  

 

 

 

 

 

 

 !"#$%&'(#)*+,-+#.//-01#2'1341#5',6#5:!<#9#.0%?#7!89:;#

.=:>21@#A9@#9##,B4(#A@1C<##
KLLK 3%( M.N +)OPQ/ 9< RH<0/ S();? !"* 91;#T =C1@  

 

 

!CD,!EF;()*E(&35!G,;?F!=B5!"H ,IJ!8,!=K,!2,L !
International Experiment to Harmonize Longitudinal  

and Transverse Profile Measurement 
 and Reporting Procedure!

 

E&;5!L!!!CD,!E/%5!8,!MNO!!!EF;()*!E#;J!!!!!!!!!!!8,!2 6$?@!P$AQ#,!RS$T! U!"VVW5!7$F;X;*!Y3Z!9$O
!!!!!"*!3[Q>*!"VVW5!'4$?*!3\#!]D3Z!!NH$4!^!!+3%4!E/_`!E4!,aS!!"b*!E/c;5!G, ,U34!!!!=b%&!UU3bJ

!!!!!!!!!!N?D$(#!E>&,3*!'4$?*!dc,!E4!+ $H,!U ;*!2$OU ,N#$QK,!6!U,NF,!U34 $`!^!!!!!!3bH$#!=bK,!"%DNb4
!!!!"Q/S6ef*!E#;J!g/O!!db[AQ*!, !h;@!E/c;5!E4!E&;5!iNF!8,!"H$#!j;K!2$ON*$/0!k;Vl! U

NH!NO,;W#^!!
 
 

 

!"#$% & '(&)"* +),-)./ 01*2 

 



 

 

  

'(&)"* & +)D;DEB FGCH/I J4&),/     

!"#$% & '(&)"* +),-)./ 01*2U 3&0V !D;W.B +),-)./  
 

 

!"#$% &#'()                              X AH/CI Y;< !ZZ#-% [)#[\" 3C%]4% 'C)N '0;V ^;*&0? !-H_ & !`0a 3%( & G&( G(%bV )54I##
*+,-. / 0+1.       X 3%( !4)56 7#8/ 94):0;<2=>();? @  

23456         X!4)c&( A)60/  

78#48/         X!d)e;/ A)#;?U!$)`( 0f)4  05/  
49:;        X ^#c 3]gQ[&h? ^D4&  

<:= >?';     Xi&%  

":@5;# A8":.   X b;$)?jklm  
":@5;# BC                     XKnm/RRRM/lm  

D?:9                    XLUjkUKookUompUoql    
E#4+.      X jLLL9Pr4   

>F+G      X jKLLA)/HB   

'5+,%HI#4       X A%()<  
HI:JK / <:=      X A)/h? LA%0/)s   

H;:@;                                          X Y;14%t(I A%];/U   )D$0*I 3%0V(b< '%]1<% U  u)Wa !`%(%  2)<IU      A)v/2%2 ];5vs A)#1:)vN U  
'0<%0B & 3%( +(%C&U!-)#s w[2b;N 9DW_ Uxy_% ]c%&  z[&h? 0Q4 & !4)N( )[ 

                                                  {g|ZB X}~~pp�mp                                       web:www.rahiran.ir   
                                                       +)$0Q4 G&0* J$)N  &                      http://shop.rahiran.ir  

   

!JN% "H|E/ 0s)4 '%0< #HDc 9;Z$ !  

MFN OBP@Q/RS H,:6 >8:FN :? !"#$% T8# / H6 4@5(6 MU; VV4%  

http://www.rahiran.ir
http://shop.rahiran.ir


 

!-),B 9#r< 

#4. / O#" W"#X/MFN >Y(K HZK# H,'56 &#'() 0? [4? \"'@C MU;/ X# OV:]5^# B(6X:+;   "V H_^B(16 W:6B` X# HY+^/ 7a?

     O41? / ["#B1b; \>`:^ \HN#4c d(+6X      MFN 25e+^ f#$3# X# ["#V4?   H6 MU;/  B9:? g T8# X#          H_(I 7_;#V 0_C >^# ["/4h /"

    G 0c'?46 &:^:(9":C / &#48B6 ":+5`# "V 4F5e6 "'i? X:+; V"'6  VV4_% j_].46 :1;k H.:U+UJ. / H.:Y,:i6 [:QX:+; :. 05I4% "#4 g

                   *_Z5a6 [:1@_a? H_^:^# [:QX:+; H8:^:(9 TFh >^# VBK"V [4?#4. / O#" W"#X/ ["/:(I / W:U+UJ.\!X'6k >;/:Y6

 MFN H(I Ml:e6 d(+6X "V [V4?":C _ HFZ) W:U+UJ. m:n;# / o'p56 W"#X/  5_^V T84`k X# OV:]5^# T+(qFQ / MU;/ / :QV"/:

               VX#V4r? :QX:+; T8# jI" 0? \s?48t Huua. / HFZ) [:1;:6X:^ / j6:n6 :? HFZ) WvV:p6 m:n;# g     >;/:Y6 T8# :5^#" T+FQ "V

        !"#$% 0)'Fn6 T8/B. / 0+1. :? :. >^# &k4?                  [:1@_a? ":_+5`# "V w^:(6 HZP9 0? #" X:+; V"'6 H(I 7;#V \Huua. [:Q

ua56 48:^ / o'p56 W"#X/ *Z5a6BQV "#4G &:u g  

           3C)N %$%0s Y;"&#[ & !Z#a ")E- C% 3%( 20T()T 0'4)Q4 3%( '(%H#[    JN% AI '% (G&(       ();rv< '(%H#[ !N(0< ')[

    G&( ^/)s & ]"1r[ +&)|1/   3C%]4% ')[     G&( F3%( ^;*&0? '0;V             !<)v$C(% & '(%H#[)v4 9v< JWr4 z"T%& z8"N ')[

 !/ '0)4  ]"s)< (3)'1N2   ̂ ;*&0? ')[    G&( & ()'4   3C%]4% ')[            0'$2 (HQT 9< (HQT *$ C% !`0a & !-H_ '(%H#[ '0;V

  JN% +&)|1/ +y/)T (          3C%]4% ,$)14 9r$)D/ '%0< !s&( Y1:)N w[%0* FAH/CI Y$% C% -][  '0;V        32)|1vN% )< 9T JN% !$)[

 3)'1N2 C%     G&( & .Z1P/ ')[   3C%]4% ')[      JN% 3]s /)84% +&)|1/ '0;V (    < !? '%0< AH/CI Y$% ,$)14G&( 9< A20   ')v[

     3%( 'C)N&( J$0$]/ ()VC)N=              0v< )v54I +%0v0% !N(0< Y;"&#[ & !`0a 1;s & !`0a & !-H_ '(%H#[ 9< 96HB )<

      Jr$C %;E/ & 3%( A)g-)/ F3%( A%0<()$ @     2H< ][%H: ]"#sC(% F(HQT M.N (2 (         G(%bvV 9vT JN% /C2 FY$% 0< 3&ya

3C%]4% '0;V  A%H1< )B ]s)< \"[)#[ & A)rg$ )[Y;$I 9/)4 20T 2(%]4)1N% %( 'C)N&( ')[(  

           H(F8# / ["/:(I W:Y,:i645IV "V 05I4% W"'K [:19x. :? 0C >^# B+6# /              #" :_6 !"#$_% T_8# d+1. "V 0C [V#4I# [":PFQ 

                   V'_9 05_9#V4? :_QV4PZF) f:_U."# / ["/k'_; \y'_J. V:n8# >13 "V 4z{6 H6:% \B;B;:^" [":8(       3]gQv[&h? C% A)v$)? (2 

^#c & D4!/ !4%2(]d & 0gQB 9aH#8/ Y$% ()Q14% C% J$)#c J56 9< F^ 220V(  

  

  

4&),/  J'(&)"* & +)D;DEB FGCH/I   

!"#$% & '(&)"* +),-)./ 01*2  



 



 

 !"#$%&'(")*%+"", -./  
 

 T+? TFn;#    O4b(C HFl#V HZZF,#     O#" [:Q|}":+S ~  jF3 �BQ :?        :e6  'u` "V W:)xc# ":@5;# / ["/k8     OV:3 0? !'?46 M /

      O'+9 &V4C V"#B;:5^# / "xK# \&k D+I#4.  [:Q \HN#4c            x) &V4_C >`#'(P8 \:1Q#" ["#B1b; / H,:6 / ["#V# \H8#43#  _8  / 2

0;:@;     B_6k 0? !'?46 [:QBC \:Q      7+_S / *_Z5a6 [:Q"'@_C [:1Q#4Q:_9 "V B_9 /    Pp_9 H_(+?0    :_? w_^:(56 mXv Hc:_p."# 

>I4@+S          y:^ "V :Q"'@C H):F53# / [V:u5G# [:Q#$%&     4b(C T+,/# ["#$%4? :? &:6$FQ O >C49 :? / &k '(   &:_13 "'@_C 

B9 M+P@. )8":S "Vg  

   >C":@6 :? \TFn;# T8#              >,/V s^'. 0C H;:P6 / &:6X "V ":pP8 y:^ ":1= 4Q *Z5a6 [:Q"'@C          *_I#'. V"'_6 '+_) [:_Q

 H6 "#4G  V4+%\ O4b(C      H6 "#$%4? #" [#    2Q / B(C        :13 jFn6 0? m:; 4++,. :? &'(C#      X# 7+? :? O#" H;'%%%     X# OB_(8:F; #%-   "'@_C 

 H6 06#V# V'` ":C 0? '+) BQV g y:^ "V.//0>e+? [Vx+6  / T+6'^4b(C O   41_9 "V j_Fn6 T8#  )8":_S  0e_;#4I "'@_C "V  

B8V4% "#$%4?g  

H6 #" }":+S 0+,/# / HZC �#BQ# V'F; 0Kx` 48X W"'K 0? &#'.1  

#L  T+? W:c:p."# V'p1? HZZF,#  

'L  /B.>^:+^ T8 MFN [:Q OV:3 MU;/ [#  

2L  06:;4? >+]+C [:U."# :1Q#" ["#B1b; / [X:e1? \>`:^ \[$8"  

3L  25e+^ >848B6 / H8#43# >+]+C [:U."# O#" [:Q  

H6 w+UY. [45@+? >)4^ :? / OV4C #B+S [B8B3 MP9 �#BQ# T8# OX/46# X# B(.":p) 0C VV4%1  

#L T+? [":PFQ 78#$I# HZZF,#  

'L 0= 4Q >I4@+S>13 / 45Y84^  >^:+^ &V'F; "#V 06:;4? [:Q :1Q#" ["#B1b; / [X:e1? \>`:^ \[$8"  

 y:^ Hc  4+`# [:Q\ >+,:YI       O#" H;:13 jFn6 [:Q|}":+S ~            _;:`4+?V M+P@_. :_? / 0_5I:8 !45e_% &#48# "V0     "V j_Fn6 T_8#  

 \!X'6k >;/:Y6   / W:U+UJ. [4?#4. / O#" W"#X/ ["/:(I9 &k 4? HY^ \f:+)# HI4Y6 /   }":_+S $C46 :? 45@+? 0= 4Q 0C OB

    V'9 "#4G4? mXv !:p."# 0e;#4I "V g        '+_) D_8 / HZ_K# '+_) D_8 M6:_9 OB_9 05I4% 44; "V jFn6 T8# [#4? 0C H8:+)#

0p.:P6 05+FC X# D8 4Q [#4? [#  [:Q568X "V 7"B(6 0;:% H6 4 B(9:?1  

  

jU zP<33%( w1r;N 3(%2% & J$0$]/4   

TC1-1  15+FC0+^ V:u5G# O#" 25e                                              

TC1-2  15+FC008:64^  O#" 25e+^ "V ["#8%                                 

TC1-3  15+FC0            O#" W#"#V# V4PZF)                                  

TC1-4  15+FC0O#" 0Pp9 V4PZF) >848B6   



 

KU zP<3^#c )? ^D4&(%]$49WB)5/ & !Zf% ')6a% J$H6a )<  91;#T '% !OOPB ')[X  

TC2-1  15+FC0MFN / "#B8:S dY^'.  OV:3 MU;/     [#                    

TC2-2  15+FC0T+? [:1Q#"  MFN / [419       0=":rP8 MU;/           

TC2-3  15+FC0 / [419 *c:(6 [419 0=":rP8 HN#4c                 

TC2-4  15+FC0MFN  MFN / ":? MU;/  Hp+C4. MU;/                       

TC2-5  15+FC0 [:1Q#" [:QX:+; &/4?  [419H^45^V >+Z?:G /  

         

kU zP<3)5[%( !"#$%4   

TC3-1  15+FC0          :1Q#" H(F8#                                         

TC3-2  15+FC0:1Q#" "V De8" >848B6                                  

TC3-3  15+FC0  W:+ZF)O#" [:1Z;'.                                       

TC3-4  15+FC0 H;:5e6X ["#BQ#"   
                                         

pU zP<33%( ')51:)N0$C & J;|;$4   

TC4-1  15+FC0#" [:15`:^48X "V H,:6 j?:(6 >848B6       O         

TC4-2  15+FC04z# W#Z+^/ / O#" M?:U56 00+ZU;                         

TC4-3  15+FC0     O#" [X:^/"                                         

TC4-4  15+FC0OX:^ / :1ZS  sp.46 [:Q                                  

TC4-5  15+FC0\HC:` W:+ZF)  / H@PQX45e?       [X:^/"         
 

  }":+S y/# OB(8:F; "V &#48# [:Gk 45CV V'FJ6   [46:)   / >^#[:Gk 9B(16 &#416 H;:?4G >F^ 4+?V }":+S / [:Gk  9B_(16 

TeJ6 HF+N" >+,/{e6 0;:`4+?V }":+S "V &#48# #" OB1) "#V H6  B(_9:?g  :_?  0_3'.  0_?  �#B_Q#  HZ_K#  j_Fn6  H;:_13 \O#" 

;:`4+?V0 }":+S "V 8#&#4 :? [4b;X:? "V Wx+P@. / [:+)# V'` 0? >13 &B+^" 0? w+C4. OB8# yk 0= 0? ::J,  W:_;:P6# / 

Wx+1e. / 0= 0? ::J, [:Q/4+;  Hu_ua.  y:_YI  "#/B_+6#  >_^#  0_C  B_;#'5? "V  [:_U."#  ;i_^  7_;#V  H_(I /  Hu_ua. 

0)'Fn648X [:Q *Z5a6 MFN MU;/ OV:3 [# "'@C 21^ / 7U; V'` #" f:]8# B8:F;g  

  

     

                                                                                 0!12$32" !", -./"45-+$.""
  

 



 

 

 !"#$%&'(#)*+,-+#.//-01#2'1341#5',6#.=:>#9#.0%?#7!89:;#5:!<21@###

A9@#9##,B4(#$D:E#A@1C<##
# #

F0,G&#H6:B8##

"""""""""""""""""""""""""""""""""""""""12*67"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""489:"""
""

57;3](((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  j  

j U 9/]D/(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  K  

5L5L <(Q:FQ 0? X:+; [X:^ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  3  

5L5L5L O#" ["#'FQgggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  3  

5L5L.L Hb(Q:FQggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  -  

5L.L �#BQ#gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  -  

5L=L B8#'Igggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  >  

5L3L O:b5^V M+I/4S [:Q v:? >)4^ ":b;ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  0  

5L3L5L !/" >I4@+S ["#'FQ H?:8X"# [:Qgggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  6  

5L3L.L OX#B;# H?8$+I y'K# [4+% H(+) [:Qgggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  6  

5L3L=L OX#B;# 7(@#/ / M+I/4S [4+%ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  A  

5L3L3L O:b5^V >)4^ 0? Hb5e?#/ OX#B;# [:Q [4+%gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  A  

5L3L-L OV#V y45(@ OX#B;# B8:5; 08#"# / :Q [4+%ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  5/  

5L3L>L O:b5^V X# OV:]5^# OX#B;# [:Q [4+%ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  5/  

5L3L0L [X:^/" y45(@ B8B3 [:Qgggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  55  

5L3L6L OX#B;# [4+% >^41I [:Q[V'3'6 ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  55  

5L3LAL  H^"4?.u]+ZHM+I/4S  O#" [:Qgggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  55  

5L-L C`:9 *84Y. OV:]5^# V"'6 [:Qgggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  55  

5L-L5L T+? C`:9 ["#'FQ:; HZZF,#ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  55  

5L-L.L  T++Y.PSDggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  5=  

5L-L=L [":+9 M?94++,. T++Y.ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  5=  

K U c%0_!<08B !((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  jm  

.L5L >e. *c:(6ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  5>  

.L5L5L :?846k "V >e. *c:(6ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  5>  

.L5L.L TS#E "V >e. *c:(6gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  56  



 

    

.L5L=L :S/"# "V >e. *c:(6ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  ..  

.L.L OX#B;# [4+% 6 [:Qj34gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  .=  

.L.L5L O:b5^V [:QOV:]5^# V"'6 OX#B;# [#4?  j346 [4+%gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  .=  

.L.L.L OX#B;# !/" 4+%[ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  .3  

.L.L=L O:b5^V j346 [:Qgggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  .3  

.L=L "OX#B;# !/ [4+%ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  .>  

.L=L5L :?846k "V 78:6Xk O'+9ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  .>  

.L=L.L Xk O'+9:6TS#E "V 78gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  .>  

.L=L=L :S/"# "V 78:6Xk O'+9ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  .>  

.L3L &:6X 06:;4? 78:6Xk OB9 [B(? :Qgggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  .0  

.L3L5L 78:6Xk 06:;4? :Q:?846k "V gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  .0  

.L3L.L 78:6Xk 06:;4? TS#E "V :Qggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  .0  

.L3L=L 78:6Xk 06:;4? :S/"# "V :Qggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  .6  

k U 3)'1N2 )[' 32)|1N% 2(H/((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  Ko  

p U 1N2;<)!*&0? 9< ;,d%& ^! u)N% 0< 3)'1N2 )['760/ (((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  kL  

n U JrB 8_)"/ 0< !-)#6% 0)4(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  kK  

-L5L OX#B;# O:b5^V :? M+I/4S [4+% j84^ [:Qggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  =3  

m U 32%2 ^;ZEB )[((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  kn  

>L5L H,'c C`:9 M+ZJ. HZ@ B8:5;gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  =-  

>L.L  M@ s^'56 T++Y.IRIggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg =6  

>L=L :?846k "V >e. *c:(6ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  =6  

>L3L TS#E "V >e. *c:(6gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  3/  

>L-L :S/"# "V >e. *c:(6ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  33  

>L>L  0? H?:8X"# C`:9 M+ZJ. W"'KZ+u].Hgggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  30  

>L>L5L :?846k "V >e. *c:(6ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  36  

>L>L.L  T+? �x5`# T845@+? :? :?846k "V >e. *c:(6GA-IRI / TP-IRIgggggggggggggggggggggggggggg  36  

>L>L=L  T+? �x5`# T845F@ :? :?846k "V >e. *c:(6GA-IRI / TP-IRIggggggggggggggggggggggggggggg  -/  

>L>L3L TS#E "V >e. *c:(6gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  -5  

>L>L-L  T+? �x5`# T845@+? :? TS#E "V >e. *c:(6GA-IRI/  TP-IRIggggggggggggggggggggggggggggggg  -5  

>L>L>L  T+? �x5`# T845F@ :? TS#E "V >e. *c:(6GA-IRI / TP-IRIgggggggggggggggggggggggggggggggg  -=  



 

    

q U  & '0$9?(%05B J;Z<)dC)<];-HB3)'1N2  2)< Ja0N ')[((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  nn  

0L5L O:b5^V [488S"#4?. :Qgggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  --  

0L.L  >+Z?:GX:?O:b5^V B+,'. :Qggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  ->  

l U ^;*&0? ^;ZEB 3C%]4% ')[ 3]s '0;V(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  no  

6L5L M+I/4S M+ZJ. !/" :Qggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  -A  

6L5L5L 0+,/# &V4@ 45Z+Iggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  -A  

6L5L.L VBn6 ["#V4? 0;'F;ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  -A  

6L5L=L 7'6 B;:? &V4@ 45Z+Igggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  -A  

6L5L3L  0? >e. *c:(6 2+eU.7a? H)4I [:Qggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  >/  

6L5L-L 2+4(.gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  >/  

6L.L M+I/4S M+ZJ. B8:5;ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  >5  

o U 3C%]4% '0;V !`0a ^;*&0? 9< RH<0/ ')[((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  mK  

AL5L  *F) T++Y. HZ@ H?:8X"#H%B9":+9O:b5^V s^'.  :Qgggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  >=  

AL5L5L  *F) T++Y.H%B9":+9:?846k >e. *c:(6 "V gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  >=  

AL5L.L  O:b5^V [488S"#4?. T++Y..gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  >-  

AL5L=L  *F) T++Y.H%B9":+9TS#E "V >e. *c:(6 "V ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  >-  

AL5L3L O:b5^V [488S"#4?. T++Y. TS#E "V :Qgggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  >>  

AL5L-L O:b5^V [488S"#4?. T++Y. :S/"# "V :Qgggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg  >0  

jL U 98;14 '0;V((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  mo  

jj U 76%0/ (((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  qL  

 9#;#`j U  9QD4)5$0/I F)4&b$(I (2 JrB 8_)"/((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  qj  

 9#;#`K U 9QD4  !"# $% &'( )*+,-((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  qK  

 9#;#`k U ." /0+12 !"# $% &'( )*+,- ((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  qk  

 9#;#`p U ." /0+12!"# $% &'( )*+,-   (((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  qp  

 9#;#`n U  9QD4 (2 JrB 8_)"/)?&(%((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  qn  

 9#;#`m U ." /0+12+!3$" $% &'( )*+,- ((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  qm  

 9#;#`q U  C% !$)#4z$)/CI '%0< JrB ^E/ /)84% ')[ 3)'1N2 )< 3]s 3C%]4% ')[ 760/ '0;V((((((  qq  

 415168- ." /0+12 )*+,- 7."82" 9":; &'( <59: =>:- 9+?(((((((((((((((((((((((((((((((((((((((((((((((((((((((  ql  

 9#;#`o U't04% +)WN)E/ u)N% 0< ^;*&0? !<)$C(% (((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((  qo  



 

  

  

  

  

  

  

  

  

  
   



 Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N !`0a & !-H_ ^;*&0? '0;V%( 3& (((                                                             j   

57;3]  
 y:^ "V #$$&\ F@ +05 DW:ua@6  O#" ;i^ }":+S D |C1~ #4?[ ̂ "4? H V4?ZF)   *Z5a6 o#';#  O:b5^V  :Q[ 4S /I _+M   ":_b;\ 

H;'6Xk ;i^ "V ;:13H V#V m:n;#g  

 c "VH    ,V 0? \0598% 0QV +  :Q"'e(^ 0h4) M[ E + ̂ :F. 4H  , B(;:6 +  :^ / :Q"$8  4O:b5^V  :Q[ "'; [  \k":@H8 ZF) H  _^4.+2 

I/4S+ X:^/" M[ OV:3    4I / :Q #$I# :1Q:%V/8  78 >^# 05I:g   :Q"'e(^     H8v:? >)4^ :?   0? "V:GOX#B;#  [4+%    X# 0ZK:I 8   0_iU; F

   X:^/" ;i^ :. j346[     X# OV:]5^# :? 25e+^ :Q[ B38 BjF3 ["/k OV#V :Q r6:@ / B(5eQ+`t / !X#V4S &:?6# :Q4.'+  2_nN O4

X8V:[   X# OV#V  :Q     # FF@ :? 0@ #" 8  TO:b5^V  :Q 0?  >^V OB6k  B;# I  6 2Q#4H B;X:^g     X# OV:]5^# :?#8  T["/:(I H6  &#'.   I/4S 2_Q  _+ M

,'cH   I/4S 2Q / + h4) MH X:^/" [      I#4. y'FY6 >)4^ &:FQ :? #" +  FOX#B;#  [4+% V4C g # 0?8 .4. T+  \wH6  &#'.     O#" T5e_? X# 

8# :8I#4. "V 0]G/ V:n+ 0@ F:1,:^ "V[ 0598% ,V 0?+ X# OV:]5^# MO:b5^V :Q[ >)4^ 2@ #86 V:nH %'Z3 \B9+4[V'F; g  

  # 0h4) :?8  T25e+^  :Q[ 4^ 8j\ \y45(@ ^"4? / 0Y,:i6HK'u` +"#'FQ 0? !'?46 W:[X:^/" [  0?p_9 ;i^ "V  :_1Q#" 

&:^k ":@ 4.[6 G:eN 0? H k8B g#4?:(?8# OX/46# \T824(6 W"'K 0? ":@ T 4.[ m:n;# H6 V'9g  

  (? y'K# 0=4%#+V:[ O:b5^V  :Q[ B3 8 BOX#B;# [4+%I/4S + MX:^/"[ 0?:@6 ,/ >^#H :^/ 0Y^'.8 MOX#B;# [4+%  *_Z5a6 

4b;:@;"/k'; [Gx` / +> X8V:>^# &:13 4^#4^ "V g  

"4c   O:b5^V *Z5a6 W:YiG # 4b;:@; "'h/ 0?8s` T @6HZ@ H0@ >^#   m:b(Q "VOX#B;# [4+%  M_+I/4S  :_Q[ ,'_c H / 

h4)H   0= Z6#')H  :Q"'@@ "V[   *Z5a6   c# &#'() 0? I:@ W:)xH  4; "V     >_^# OB9 05I4% 4 g _^"4?H #  _8       0_;'b= 0_@ 4_6# T

&'(I / :Q44; �x5`# *Z5a6 ?4:5; 8 BOX#B;# [4+% :Q[# 8 TO:b5^V :Q  4z#H6 V"#8%,V \+ZK# MH# m:n;# 8:6Xk ":@ T8@H>^# g  

  "V  m:b(Qm:n;# 06:;4?  :Q[ "#B1b; [  \>646 /  :e6 8  MH'I   f$3:Q456#":S[ ZK#H   6 G:eN 0?H k8   # X# / B(8T /"  "4c "V 

    #4? V'3'6 j?:(6 X# OV:]5^#[ "#B1b; [    :1Q#" 0?p9     0Y6:3 j]; 0? 2Q 0@  V X# 8 Z@ O:%BH      j]; 0? 2Q / &#4?":C   O#"   V'_? BQ#'` \

]6+ :I B8 B(5eQ OBg #4?:(?8 :5; \T8# B8UJ. T+S *+"#$?# I":[ H.:6BU6#4? [e6 { ;V 4_^#4^ "V O#" &v/ _+     4_? 0_@ V'_? B_Q#'` :

 &k 9:^#H6 ;#'. B(b5^VQ:H 0@ #" Z@+ 0;+:QX:[#4? #" :1;k [ ^"4? / 0Y,:i6H:1Q#" 0?p9  OV"/k4? H6 VX:^Y. \++:F; T8B(g 



K International Experiment to Harmonize Longitudinal and …                                                             

0.1m 
 
 
 
 
 

0m 
 
 
 
 
 

-0.1m 

�U 9/]D/  
"#'FQ[   O#" 8?H  45F16 X# 8   " ;i^ W:ua@6 TX:^/[    0_?    H_6 ":F_9   B_8k g "#'_FQ[   /" 4_? [  _`4?H   K'u_` X# +W: 

":@V4@[     :^/ >`'^ �4u6 B(;:6 \:1Q#" 8 ZU; M+ :^ \0+8%BH   ?#4` / J4= H ;:?6 +?H z-. +  4H6  V"#8% g"#'FQ[  _(qFQ +   4_? T

M6#') 4z{6 4?  &#4?":C   O#"   $+;4z#"#8% H6 B9:?#BK 0ZF3 X# [9:6 M`#V +T \ &/V:6W'K|     ":+e_? :_1;k B6:e_? 0C H8:Q#BK

  0? >^# T+8:S  0;'%          >e+; :1;k &B+(9 0? "V:G &:e;# !'% 0C [#~ 5N#" \H "V  B(;#" %H   b5e_` / H  OB_(;#"    >_^# "#8_%4z# g  _?  0

   W#4z# \O/x)>e8X  Hi+J6   #BK 0ZF3 X# [ 3":` H  %V',k / H  ; #'Q +     V#4I# 4? 0@ B;"#V V'3/ $[  B(5e_Q O#" W"/:n6 "V 0@ 

  4z#H6  B;"#8% g  ; J4= ":?+  ,V 0? $+ "#'FQ:; M[ ;i^ \ ,. ++ V W#486:(+?H v:? H8     0@ >9#V BQ#'` H6  ;#'.  B  V4?ZF)OX:^  [#  O#" 

 Y+. #"+  *B(@ g9:+U6  :QH8  6# 0@  #4? OX/4[ K'. + "#'FQ:; *[     "#4G OV:]5^# V"'6 H6  B;4+% K:6'F) #4? [ 7+S  H(+?  _5N#" H  "V 

%B(;#"HX B(5eQ w^:(6 8# 0? #48 V'3/ 0? "'4(6 TOB6k B;# g  

  

  

  

  

  

  

  
  

  

  

  

 ^5sjU],< 9N :0_ 'C)N&( M.N ' F3C%]4% '0;V )< 3]s $ 3)'1N2 **&0?; ̂2)< Ja0N )< ()'4  

  

"#'FQ[   O#" b;:@;4 V4@":@  O#"    ZF) ::J, X# H  FQ / (q+T#49 8 sOX:^ [#>^# &k  g!/"  :_Q[ _^"4? H "#'_FQ [ e_? + ":

     M6:9 / B(5eQ W/:]56!/"  :Q[ OX#B;#  [4+% I/4S + O#" M  \!/"  :Q[ 7n(^     "#'FQ:_; 0? >pe; 7(@#/ [ /  H?:_8X"# 4_4; [ 

H6  B(9:? gO:b5^V  :Q[ I/4S +M  ":b;   / !/"  :Q[ OX#B;#  [4+% "#'FQ [ ,'c H  ) / h4H   X#  _8       V "'@_@ 0_? "'@_@ F8   4_b Kx6:_@ 

 >^# W/:]56 g  �BQ  X##8  T\&'6Xk   9/" T5`:^ 2Q#4I H  #4_? [ :U6  _8  :_5; 0e8  B OX#B_;#   [4_+%   :_QH8      0_@ >_^#      X# OV:]5_^# :_?

O:b5^V  :Q[    / *Z5a6 !/"  :Q[ OX#B;#  [4+%    >^# OB9 m:n;# W/:]56 g :5; 8 # B8  T&'6Xk #4? [ S H    0? &V4? !/"  :Q[   ":%X:_^ 

B6848 ̂ /" >X:[ O#" |   :?  "#'FQ 0? 03'.[ ,'c H  h4) / H  9 / + h4) wH (qFQ / + _^"4? TH    4_? :_1;k W#4_z#  &#4?":_C \O#" 

P,:6   J6 / O#" &:+ X s8>e ~  "V "'@@ ;i^\   V'? BQ#'` B(F9X"#  g  # 4? O/x)8    !"#$% 0@ >^# mXv \TOX#B;# [4+% :Q   &:e_P8

 / &#'5? :. B9:? <(Q:FQT+8k 06:; :Q[X:^/" ["#B;:5^# #" V4@ Vg  

4.020         4.220          4.420          4.650             4.820           5.020         5.220             5.420          5.610 



 Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N !`0a & !-H_ ^;*&0? '0;V%( 3& (((                                                             k   

  UJ. 0598% "V+ VBY56 W:U[ #4? [ :U6 8  0eO:b5^V  :Q[  "#'FQ 7n(^ [ ,'c H   >^# OB9 m:n;#  g45F168 # T _8UJ. T+  W:_U

:6Xk87 T+?   HZZF,# "#'FQ:; [ O#" | IRRE~ #4? [ Y. ++ :QV"#B;:5^# T[ b5epFQ H   / ,:@+   &V4_@ O4p| _4(.+2~#  >_^#   s_^'. 0_C 

     B9 m:n;# H;:13 F;:?| (I 0,:U6H   O":F9 3- F;:?  ;:13 H g~#8 :6Xk T8  y:^ "V 75A6.X4? "V 8 B_9 #43# M g "VIRRE  m:_F. 

  o#';#O:b5^V  :Q[  "#'FQ 7n(^ [     0_ZF3 X#  25e_+^  :_Q[ @_(@#/ H  B(5_9#V V'_3/  gIRRE _(qFQ +  C`:_9 T T+_?  H_ZZF,# 

"#'FQ:;[| IRI ~  #"0?  V'3/ V"/k  gH.:Y,:i6   $+;  s^'.SHRP  # "V 8$F' |>,:8# k 8#'~\  OV:]5^# O/4%  &:%B_((@  I/4S X#  _+M  ":_b; 

  O#"|RPUG~2    0e^'6 / W:Y,:i6   MFN / O#"   6 O:b@;#V MU;/+@+&:b |UMTRI~L#4? [ FHWA  B_9 m:n;# g  :_S/"# "V  $_+;

 H`4?&:6X:^ :Q  G:a5;# "'4(6 0?W#$+1n.#4? [  >9#V4?\0?p9 ;i^ "V 78:6Xk :Q[pi. +UHOV#V m:n;#  B;# g  

:5;8B 0?     X# OB6k >^V 78:6Xk  :Q[ # 8 UJ. T+*\    M6:9 :1(. O:b5^V  :Q[ M+I/4S  ":b; H6  B9 gO:b5^V   :_Q[  @_(@#/ H  # "V  _8 T

&'6Xk  B(59#B; V'3/ g BY?   UJ. X# +  *IRRE   "V  y:^5A6.\  B3 o#';# 8B[ X# O:b5^V :Q[ M+I/4S ":b;,'. +I/4S 0@ B;B9 B _+ M

h4)H   V'% *F) / [ :3 [ J4= | H%B9":+9~  ; #" +   OX#B;# $H6  B;4+% g#4?:(?8  \T0?  X:^X/"[    _ZpG ":_@ H   &V"/k G:e_N 0_? / 

I/4S+h4) MH V'? ["/4hg  

#8  T&'6Xk X 8   5@S / 44; 4+;:pH F@ +  05ua@6  O#" ;i^ W: }":+S | C1 ~  'u. 0? y'@'6 / >I4% "#4G8F@ w+ #43# 0_5 H_8 

S+ B9 I": g  O/4%B F@ +  05C1 y/{e6  :6Xk ":@ 8@H           >_9#V "#4_G O/4% &k W":4; >J. ":@ / V'?  g   O/x_) 0_?  \# _8   O/4_% T

!/"  :Q[ (I H  ̂ "4? #" H    / V4@ S+.#V:1(@H   #" #4?[ 'u. 8  F@ 0_? w+  0_5C1 #"# _8 0 V'_F; g  _FQ 0_?+.4. T _+ V O/4_% \w8 4_b[ 

0(8$Q  :QH8S s^'. 0@ #" +6-. I":+ TH6 \B9 y45(@ H6 V'F; g#8 T03V'? :Q#4? ["#4G4? [? !:p."# +:6Xk MJ6 0^ T81. / 7 _+ 0

:1; !"#$%H8V'? mXv g  

#8  :6Xk ":@ T8@H  0^ "V    MJ6  B9 m:n;# 146k8:?[ ,:F9 H   TS#E / :S/"# \ g "'6:6 0^ ZK# H UJ. +  *|Zb;# _+eH   e_;#4I \  [' /

(S#EH~  \78:6Xk  :Q[ ZJ6 H #BQ #" 8B;V4@ > g 4Q8 0Ui(6 0^ X# F06:;4?":@ [ #" V'` 4(.+B;V4@ 2 0_@     &V'_? #"#V !4_9 0_? 

 \HZK# [:1;:F,# H6  ;#'.  >e  4?9:^#  ZK# "4c H   se?   !45e% /S _+  B_(@ #B g    &:_6X "V OX#B_;#   [4_+%   !/" *c:_(6 m:_F. "V 

8;:e?H#4? [Y. ++ TDI/4S+YG#/ MH D>I4% "#4G OV:]5^# V"'6 g#8 T0,-e6"#4G4? M):? [!:p."# ? + T#8 T *c:(6B9g  

:5;8 UJ. B+   "V *8  (I !"#$% FH  / 8 F 0Kx` 4@5(6 !"#$%8V4%B g#8 T!"#$% :Q !/"  :_QH8 #4_? [   T5`:_^ sp.4_6 

"#'FQ[ ,'c H   / h4)H  s^'. 0@ 78:6Xk :Q[./:]56 V"#B;:5^# H OX#B;# [4+% OB9  B_;#  #" Q#'` 4_? "V _( >_9#V B g  >_GV| "V

:5^#"[ V'F)[ ,'c \Hh4) / H ~:;#'. /H8 W#$+1n.#4? *Z5a6 [5^V +?:H; V"'6 >GV 0? +#4? X:[1. +:Q":6k 0[ ":u_5`# [ 

;'%:;'%H   B6 s^'. 0@ 8 X:^/" &#4[ #4? [ OX#B;#  [4+%  :Q[,'c H\h4) H9 / +":%B9H "#4G OV:]5^# V"'6 H6  V4_+%X"# \ _8?:H 

H6 9'Vg  ? "V +  # \V"#'6 45@8     :QV"#B;:5_^# s_^'. :Q":6k T[ ISO  \CEN  \AASHTO  _8  :ASTM    Ca@_6  H_6   B;'_9 g "V

:3H8  Q 0@ +N 8 X# F V"#B;:5^# :Q[     03'. B9:p; 945^V "V V'3'6  ? +45@[   0?    W:)xc# &V4@ 2Q#4I|OV#V  :_Q[~   ; V"'_6 _+ X:

4?#[ 1. +   :QV"#B;:5^# 0  0? #4?  'u`[ !/"  :Q[6 y/#B56 iY'B9 BQ#'` �g  B_(;:FQ _,/# + :_6Xk T8 _%"$? 7H   s_^'. 0_@ 

F@+  05C1 S +  I": 0(+6X "V    Ji^ >I:? / I:?iK# H        F_;:? \B_9 m:_n;# OV#V   :_QH8    0_@  0_?   >_^V    B_6k B_Q#'`      48:_^ [#4_?

                                                
1- Calibration 
2- Ames 
3- Road Profiler User Group (RPUG) 
4- University of Michigan Transportation Research Institute (UMTRI) 



p International Experiment to Harmonize Longitudinal and …                                                             

&:6X:^    H6 0C H8:Q         B(QV m:n;# H^"4? / M+ZJ. B(Q#'`e?+ 216 ":  !X"#:? / H6 ?B9: g O/x) 0?     X# )_S \ j_F3  ["/k OV#V   :_Q 

    :^ 945^V "V >e. *c:(68 UUJ6 4;:H  0Gx) 0@      # X# OV:]5^# 0? B(68    / *c:(6 TOV#V   :_Q  #4_? [ UJ. +  V W:_U8  B(_9:? 4_b\  "#4_G 

 >I4% BQ#'` g    4h:N y:N "Ve?+":[   X# UJ.+  W:U # 0?8  UJ. OE/4S T+UH   sp.46  OB_9   B_;#    X# / OV#V   :_Q[#  _8 :_@ T:6Xk " _8@H 

  OV:]5^#H6 B(8:F; OE/4S B(;:6 30L5/ NCHRP  &#'() :?D:QV'F(Q"H8#4? [ OX#B;# [4+%I/4S  _+ ,'_c MH X:_^/" [ D   2_Q 0_@

 s^'. &'(@#UMTRI #43# H6 VV4%g  

  

jUjU 4;\"[)#[ 9< C) C)N'  

jUjUjU (%H#['3%(   

8   X:^/" :? O#" F[   "#'FQ:; 0(8$Q  :QH8     0? 2Q #" &#4?":C      0? 2Q / O#" &:P,:6  FJ. O#" +  MH6  B(@ g#4?:(?8  \TOX#B;#  [4+% 

"#'FQ:;[ V'3'6 8  : W":4; / 78:SS +/4@[K'u` + "#'FQ:_; 0? !'?46 W:[  2_16 O#"  >_^# g# _8  :_QV4pQ#" 4_6# T[ 0_(+1?  

"#B1b;[X:^/" [ T?F6 #" H6 VX:^ 0@ &#4?":C / O#" &:P,:6 &k X# O#" O41? B(6B9 B(Q#'` g  

"#'FQ:;[   x5`# &#'() 0?� I/4S +I/4S 0? >pe; M+N#4c ;i^ MH,/# OB9 +4Y. \08 *H6 VV4% g#8   4_n(6 �x5_`# T

V W#4z# 0?86:(+?H13'. M?:G H/" 4? [:^/ 8ZU; M+0 #[/" 4? 0@ [X:^/" [ >@4N H6 B((@ \H6 V'9g  

W/:].  :? I/4S + N#4c MH H6  ;#'.    W"'K 0? Bo:]."#| %"$?H# ~   ;i^ X#  [44;| D_8"'O. ~ X:_^/"[    "#'_FQ    / OB_9

y'c 7'6| m ~8 );:@4I :|Hz~\p6'.# >)4^ 0? 4%# +K'. \B9:? !'?46 M+VV4% *g  

#4?[ y'c  7'6 :Q[ X:^/" [    X# 45F@ =P/   V 7(@#/ \456 86:(+?H   X:^/" �4c X# [ Kv'FY6   ̂ / J4= s^'. + ZU; 0Z _+ 0

  G83H6  VV4% gy'c 7'6 :Q[    X# 45%"$? -/  Q 456 +  V 7(@#/ N8 6:_(+?H    13'_. M_?:G H    _^ "V #"     V:_) >_@4N >)4[ # 8  V:_n

;HF  B((@g #4?:(? 8  \TKv'FY6 # 8  4Y. "'c T8  *H6  V'9    0(6#V 0@ y'c  7'6  :QH8    5N#" mB) M):? 0@ H   %V'_^4I / H  _^/ + ZU; 0Z _+ 0

H6 B;'9? + T-P/ / -/ 456 >^#g  

+Y?H   X# ["#'FQ:;  :Q       0? !'?46 O#" ;i^ "V D+(P.  [:Q      S W":_16 / >`:_^ +   ":_?;:F >_^# g    e_? V"'_6 "V+":[  X# 

W#"#V#%"$? \O#" H #8"#'FQ:; T[,/# + 0X# OV:]5^# :?UI#'. W:V#V"#4G [ 8:QV"#B;:5^# :[Z6 H y45(@ O#" H6 V'9g  

 V o#';#8 "#'FQ:; 4b[        6 H:].# O#" X# OV:]5^# &:6X y'c "V H 5I#(           #$_I# &:_6X "/4_6 0_? w_ZE# / B8  _6 7H 8?: _(B g# _8 T

["#'FQ:;  :Q ? +   ,. 0? W:G/# 45@++ 5^xS M?94+   "V F  %V4@I \45e? I:`H 08v  :Q[ ":? 4?  ,. / ++  v "V M?948 5,:]^k 0H  !'?46 

H6 B(9:? g:^8 o#';# 4H? F4(6HX:^/" ;i^ "V [  X# B(.":p)0,:= %B(@ \:QH'9:; m"'. \H X# 8E / &#B(pa+O4g  

"#'FQ:;[ I/4S +  O#" MKv'FY6#"#V [K'u` +E >+4?/:(.H W"'K 0? 0@ >^# 8IV:u. j?:. FHK'. + * H_6  VV4_%g 

 "Ve].+4(= +Y?:. TH# 4? 2^" wZE# \8TX:^/" ;i^ 0@ >^# [X V#BY. :? 8V:[ j?:. K'. <(Q:FQ+V'9 *g  

#4?[ # 8   X:^/" ;i^ &#'5? 0?([     5N#" :? !:p."# "V #" H %V'^4I \H ̂ / + ZU; 0Z+  \00(8$Q  :Q[ "#B1b; [    E / >646 / + O4

K'.+      0@ >^# mXv \V4@ *8 :F;X:? FH8  I/4S X# +  '3'6 O#" M B9:? V g#8 T 46# #"H6 &#'.I/4S X# OV:]5^# :? +^B(Q MH _YG#/ H \

                                                
1- Amplitude 
2- Stripping 



 Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N !`0a & !-H_ ^;*&0? '0;V%( 3& (((                                                             n   

OX#B;#  [4+% I/4S +  M8    K'. X# OV:]5^# :? :+]H  ?:F@ 0@ +7 :F; 8 "#'FQ:; 4b;:[ >^# \  4c X# _8*  OX#B_;#  [4_+%  X:_^/" 7(_@#/ [\ 

0? >^VV"/k g  

  0=4%# 4Y. *pc8*\ [X:^/"  :Q[  #"#V "#'FQ:; [ y'c  7'6  :QH8  _? +  T=P/   / -/    4_56  H_6   B(_9:?    B@_. W#4_z# \8  "V B

:^/8ZU; M+ 0H6 ;#'. ;i^ "V B[X:^/" :QH84U. 0@ 8Q :p+"#'FQ:; N[B;"#B; ; +$? H:].# +B5] g  

05p,#\ :6Xk8   :^/ &:%B(;#" :? 78ZU; M+ 08 *Z5a6 &#4I:e6 :H6 ;#'.B9:? W/:]56 B g# V'3/ :? _8 "#B_1b; !/" "V \T[ 

B38 X:^/" B[ "#'FQ:; \[    &#'() 0? 8?H   X# 45F168  ? M6#') T+ $Q 4b;:8 #4? 0([   &#4?":C UZ. O#"H H6  VV4%   5; "V / + :? 0n8   0_? B

V'9 OV#V 7Q:@ T?F6 "#BU6 MG#BN g  
  

jUjUKU '"[)#[!  

#4?[ #43# [ 451?  :QV4pQ#" [ "#B1b; [X:^/" X# [ ;+X:    Y_h/ O":_?"V 4_p5Y6 W:_)xc# 0? + 5; "V / O#" 0?p_9 >+  0_n

O:b5^V :Q[ OX#B;# [4+%'3/ 4p5Y6 V"#V Vg  

   ,'. 0598% 0QV "V+  BO:b5^V  :Q[ OX#B;#  [4+% "#'FQ [   (I Wv'J. O#" H X 8V:[     >^# 059#V 4? "V #"  g    4_h:N y:N "V

Y.++ "#'FQ T[    :? O#" OX#B;#  [4+%I/4S + MI#4. y'FY6 >)4^ "V O#"+ 0p^:J6 )r^ / FC`:9  :_Q[   M_Q6 O#" *_Z5a6 IRI 

  m:n;#H6  V'9 g e? >GV+":[  # X# 8  TC`:9  :Q e? b5H     O:b5^V V4?ZF) 0? OX#B;#  [4_+%V"#V  g #4?:_(?8 \T O:b5_^V  :_Q[  *_Z5a6 

H6  ;#'. V:U6 B(8 4IRI 8 *F) :H%B9":+9./:]56 H5N B((@ !"#$% #" H 4%# OX#B;#  [/" [4+%8  O#" X# 0?:@_6 >FeG F  m:_n;#

V'9 g8 F#4? !/"[ BY.8M# 8Ix5`# T"V W: C`:9 :Q[  !"#$% OB9H6 ;#'.<(Q:FQ B  [X:^VO:b5^ :Q[ *Z5a6 9:?B g  

   X# "'4(6<(Q:FQ  [X:^ #8   9/" 0@ >^# TH # 8V:n9 'I/4S O:b5^V 4Q :. V+M ":b; B;#'5?   Hp_^:(6 T+Fa.I/4S X# _+ M

YG#/H   /" X# 0@ [    m:F. &k C`:9  :Q p^:J6 0    \B9 BQ#'`  B9:? 059#V g   \w+.4. T8B?#8      2Q#4_I #" &:?6# T H_6   VX:_^    0_@   4_Q

O:b5^V  U6 &:FQ :V84[ #"  0@  KxpG  6 !"#$% H     B(@ !"#$% OV4@  /&:(qFQ     :? #" &k 8 I/4S F+ YG#/ MH    B_(@ <(Q:FQ I45@6 g 

#8   4(. &:?6# ":@ T+  2O:b5^V  :Q[ V 8   / 4bO:b5^V  :Q[ B3 8   #" B;+  $ 6 2Q#4IH  X V"/k8  #4H6  ;#'.( K#BY? B  I/4S 0? + YG#/ MH  sp.4_6 

'9;B g!/" :38$b8T <(Q:FQ  X:^[ V"#B;:5^# \[X:^ H6  B9:? 0@   # m$Z5e6 8      0_FQ 0@ >^# TGV+   :_U _8 /" F _80   #"   _S "V+ 7

%+4B;g  

  

jUKU -%][%  

ZK# �BQ /VH  H@8:6Xk ":C T8# [#4? Ca@6>^# OB91  

5g      &V4@ sp.46 / <(Q:FQOX#B;#  [4+%  :Q[ M+I/4S  :Q[  ,'_c H   _h4) / H     #4_? O#" ;i_^ [       / >`:_^ "V OV:]5_^# 

B6848O#" > g# 0?8:? "'4(6 T8BOE/4S 1 

• OV#V  :Q  2Q#4I #"    :^ :. B(@ 8  4&:6X:^   :_Q   B_(;#'5?  #4_98 s / _8 V/B_N :Y. #"  +_+ OV4_@ T  X"# 0_? "V:_G /  _8?:H 

!/"  :Q[ ZJ. +ZH B(9:?    B6 s^'. 0@ 848 X:^/" >[ #4? [   O:%V/4I / :1Q#"    :Q  Y. "'4(6 0?++    V"'_6 >GV T

;+ X: "#4G OV:]5^# V"'6H6 B;4+%g 



m International Experiment to Harmonize Longitudinal and …                                                             

• :;#'.H8   4Q 8   X# FO:b5^V  :Q "V  1. +  09:+U6  :Q[ "#B;:5^#  "#'FQ V[ ,'c H   / 8 h4) :H #"     1e_. "'4(6 0? + M

yV:p.<(Q:FQ /  X:^[ \"'6V^"4? HBQV "#4G g 

.g 1.+ 08#4? :(p6 F[^"4? H ":p5)# OV#V :Q[I/4S 0? !'?46 +:1Q#" M g# 0?8:? "'4(6 T8OE/4S B1 

•     ":p5)# / >GVM+I/4S  :Q[ ,'c H  h4) / H 0?  >^V        :U6 :_? #" O:b5^V 4Q X# OB6k  _8  U5e_6 0e+    :_? 2DI/4S _+ M

YG#/HD X"# 8?:H B(@  g#8 :U6 T80e   #49 >J. :Q8 I s+$8?H ]Z5a6 H   YG#/ "V 0@ +  _S >+  7 H_6   B_8k  \ 0_?   >_^V 

 B6k BQ#'` g#8   :n?:3 M6:9 V"#'6 TH8 p;:3 H ,. \++  Gk \>)4^ W#4   X:^/" o'; \#'Q/[ 9:?Y;# \#    >_I:? / 

 ;i^H6 B9:?g 

•   5^V "'4(6 0?+?:H      ":u5`# ":6k "V G'Zi6 >GV 0? [  43# M?:G   \# 0;'F; >)4^ %+4[ /  _8   #" 0_;'F; OX#B_;# :

   "V 0@!/"  :Q[    Y. >^# mXv *Z5a6 ++ :F; T8Bg 8S"#4?.84[  :Q:i` / [    0? !'?46 O:b5^V   :_Q[   *_Z5a6 

#"$+; ? 0 RF@ W"'KHBQV &:@; g  

 ,V 0?+  M>8V/BJ6  :Q[ ,:6 H  # "V 8  T&'6Xk   ZK# >FeG :1(. \H �#BQ#  m:F.# / #43# :? 78:6Xk  :_Q  # OV:]5_^# :_?  X _8 F

?:a5;# 0)'Fn6H X# O:b5^V :Q[I/4S +M  j84^ ":b;945^V "V &:13 4^#4^ "V \>^# OB9 m:n;#g   

  

jUkU %H*$]  

 #$I# :?8  7VV4. "V   ?#4` :1Q#" H X:^/" [ #$I# 8  7H6  B?:8   0@ #8   46# T      >6B_` 7Q:_@ 0_? 4n(6  _QVH  0_?  &#4?":_C O#" 

 B9 BQ#'`g # 8    "V 7Q:@ T   >6B` ;i^    7Q:@ W"'K 0?5N#"H   "V %B(;#"H   9:eN# H6  V'9         #$_I# 0_? 4_n(6 V'_` 0@ 8 7

0(8$Q  :Q[ "#B1b; [  FY. / + ̂ / 4+ ZU; 0Z+     / >`'^ �4u6 \00(8$Q  :Q[  _?#4` H    ":_?  H_6   VV4_% g _(qFQ+  T     m:_b(Q >_^# mXv

   O":?"V >pJK0(8$Q  [#   0@  O#" &#4?":C   / 0Y6:3   B8:?#4?[ :1Q#" [   ?#4` y:N "V H  :e6 \B;X#V4r? 8ZH    b5e_` M_Q6 H  OB_(;#"   / 

?O41 ["/7Q:@ O'U,:?  8\05I: ":(@ "V5N#" 7Q:@ H'9 05I4% 44; "V 4I:e6 / OB(;#" ;Bg  

  ? M?:U56 4z#+ $Q T8 "#B1b; 0([ 8    #'I / O#" 0?p9 F8 #4? &k B[ O#" &#4?":C0Y6:3 / \Z@ �#BQ# +B[#4? [  0_(+1?  [X:_^ 

:QV4pQ#"[ "#B1b; [ X:^/" [ H6  B(9:? g   e? 0@ :n;k X#+":[   X# ,/{e6+  :? O#" T >8V/BJ6  :Q[  #4? 03V'? [ "#B1b; [   >646 / 

  :QV4pQ#" V'3/ \B(13#'6[ "#B1b; [ X:^/" [    N#4c >GV 0? 0@ H   / 06:;4?  [$8" OB9 9:? B(\  "/4_h [  >_^#g  _8  M_N O#" F

 #4? T?F6[ B6 848 1? >+ X:^/" 0([\ #"# 8  025e+^  :Q[ B6 848 X:^/" >[| PMS ~ ̂  B(;:6+  25eHDM-4 >^#  g  :?  T8# \V'3/

3/4`H  # 4p5Y6   X25e+^  :Q[ PM 0? OV#V :Q[V/"/ [#49 O":?"V 4p5Y6 8X:^/" s[;  _+ / V"#V X:8 _?H 4_5F16 X# 8 TOV#V  :_Q[ 

  #49 0? !'?468X:^/" s["#'FQ \["#'FQ S>^# [Z@ M6:) +B[#4? [$Q 8 0(&#4?":C  H_6  B_9:? g# _8  #" w_Zi6 T H_6  &#'_. "V 

^+ 25eHDM-4V 8"#'FQ &k "V 0@ B[F16 7U; HY. "V ++$Q T8 0(C&#4?": :]8# H6 B(@g  

   "'4(6 0?OX#B;#  [4+% "#'FQ [   \O#"     [":n. ::J, X#O:b5^V  :Q[ e? + ./:]56 ":H     945_^V "V  H_6   B(_9:?      0_? OX/4_6# / 

 , FF@+  :^ / "$8  E &'(I 4+ ̂ :F. 4H ̀  +ZH  # X# 8  TO:b5^V  :Q      ":@ v:? >)4^ :? H6  B((@ g?+  45@O:b5^V  :Q[ B3 8   Y. 0? "V:G B++ T

I/4S+ ,'c MH  h4) / H  #4? O#"[ Y. ++ ,. T++ 9 M?94+":[  "#'FQ / [ ,'c H B(5eQ  g  Y. "'4(6 0?++ # T8     >_^# mXv \:Q456#":S T

 "'b,# 0@825 :QH8  ̂  "V +  V'9 OB;:n(% 25e g:5;8    "#'FQ 0p^:J6 X# MK:N B[  ,. / ++ 9 M?94+":[   X# OX#B;#  [4+%   :_Q[ I/4S  _+ M

                                                
1- Reflectivity  



 Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N !`0a & !-H_ ^;*&0? '0;V%( 3& (((                                                             q   

b5e?H    >GV 0? OX#B;#  [4+%  "'b,# / 8   V"#V OB9 OV:]5^# 25 g%# 3/4` 4H ̂  + 25eOX#B;# [4+%z-. >J. +% "#4G :Q:i` 4 _+  4_z# \V4

X8V:[ 4? /"[ 3/4`H / V4?":@ PMSBQ#'`  >9#8%5; / +Y. &k 0n++:QV4pQ#" T["#B1b; [I:@:; / B? HV'? BQ#'` g  

   "'4(6 0?8   #49 B3#/ O:b5^V T5I:8 #4? s[   OE/4S "V OV:]5^#    :Q8  :OX#B;#  [4+%   :_Q[       \0?p_9 ;i_^ "V  _^#4^ "V;V 4 _+ :

:U680e :QH8 ? +  TO:b5^V  :Q[ M+I/4S  ":b;   s^'. ,/{e6+ ZJ6 TH 8  :06:;4?   :_Q[ UJ. + _UH          0_6:;4? B_(;:6 v:_? ;i_^   W:_Y,:i6

 [V4pQ#"# "V :1Q#"846k OBJ56 >,:8 \:?m:n;#OB9  #>^g  

e?+":[  # X# 8 UJ. T+  BN :. W:U[    0? V/BJ6 #8   >@49 0@ B;V'? T  #4? &:%B((@[    B;'9 W')V ":@ &k ; /  :_58B; &k  _+$ 

 [":n. W:c:p."# H`4? M+,V 0?945^V "Vm'F) >I4b; "#4G g  

   X# �BQ78:6Xk  :Q[ S +  I":8 X"# F8?:H? H E / �4c+4 ":n.[ X# O:b5^V :Q[  V"'6 :]5_^#5; "V / OV+ #"# 0_n _8 0 _8 F

:F(Q#"[#4? G'` [ O:b5^V G:a5;# OX#B;# [4+%ZJ. !/" / +>^# Mg  

#'I8# B86Xk T&'X# B(.":p) 1  

• .1+  0!/"  :Q[ <(Q:FQ  B6 848 X:^/" >[   ;:13 ;i^ "VH  V"'6 "V "#'FQ [ ,. \++ 9 M?94+":[   _9 / + w

h4)H\:. # 80?(B6 8:QV4pQ#" B(;#'5? O#" &#4["#B1b; / >`:^ [O#" :U6 #" 8B((@ 0eg 

•     :U6 &:_?6# T5`:^ 2Q#4I _8  :_5; 0e8  #4_? B[  _UUJ6 +   5; "V / T+       0_? F_F@ 0_n ,/{e_6+      / O:_%V/4I / O#" T

&:6X:^ :Q[UJ. +UH "V 06:;4? :Q8&:@g 

•   S T5`:^ "V:G+    OV"/k4? "V &#":?;:FT5`:^ 8 :U6 : _80e  #4_9 8    V'_3'6 s T+_8k  0_6:;  :_Q[    "V OV:]5_^# V"'_6

6{:e^.H:5; 0@ 8 #" B^"4? V"'6H "#4G H6 B(QV 5;"V /+ 0n)N &V4? v:?43 "V >?:G" 80uG:(6 &:g 

•   2Q#4IT5`:^    O":?"V W:)xc# O:b5^V  :QH80@ #4^ "V 4^;V + :>^# V'3'6#4? [ 4Q  _8 X# F ,/{e_6+ T _8 :

:^8 44?":C &#O'U,:? O#"g 

• .Y^'0  4` "#X:? 8    !/4I / BO:b5^V  :Q[:6Xk 8  #$_I# :_? 78 :_;#'. 7H8   OV"/k4_? "V :_1;k  T5`:_^; + :_QX:[ 

:Q"'@@[*Z5a6 g 

• 0Upc B(?[ O:b5^V :Q[ OX#B;# [4+% >)4^ / >GV 9:^# 4? 0;'F; [4+%g 

•   2Q#4I5`:^ W:)xc# T   O":?"V C`:9  :Q[   "#'FQ:_; *Z5a6 [      ;V 4_^#4^ "V 0_@  _+       "#4_G OV:]5_^# V"'_6 :

6H %+V4g 

•  5`# "V+    F;:? T59#8% ":OV#V   :_QH8    0_@  H_6   _;#'.    OV:]5_^# V"'_6 B &:6X:_^  :_Q[  % "#4_G V"#B;:5_^#  _+  :_. V4

:QV"#B;:5^#[Z6 H / T+? HZZF,#Y. #" ++B((@ Tg 

•  2Q#4IT5`:^Uc:(6 H :? OV#V :Q[@ OB9 >pz ;i^ #4? 0[UJ. +V W:U8 4b945^V "V B9:?g 

 
jUpU 3)'1N2 )[' ^;*&0? ()'42)< Ja0N   

  e? o#';# OX/46#+ X ":8V:[  X# O:b5^V :Q;V 4^#4^ "V + 05`:^ :OB9 B;#44; / 80 :Q[e? W/:]56 +":[# "V  _8   'u_` T

   V"#V V'3/    "#BU6 0= 0@OX#B;#  [4+% :? 8    'u. :. V'9 m:n;# B8 ?'` 4H X:_^/" ;i^ X# [  _?0  >_^Vk  _8 "#'_FQ / B[ ,'_c H / 

:Q456#":S[h4) HY. O#" ++VV4% Tg  



l International Experiment to Harmonize Longitudinal and …                                                             

jUpUjU ?; J*0QG&( )['C(% $<)!(%H#[ '  

X"#8?:H "#'FQ [ X:^/" [ H6  ;#'.  B W"'K 0? 44; [ Q/4% s^'.H  V#4_I# X#  _8  :_? : OX#B_;#  [4_+%  :_Q[) + _(H  s_^'. 

O:b5^V  :Q[ OX#B;#  [4+%  V'9 m:n;#  gX"#8?:H 44; [ H6  ;#'.B  # 0? 8 'K T  % m:n;# W"+   0@ V48 Q F+ X"# W:8    :_? G: _8  _9:6 F+ T

,'FY6H/" [X:^/" ;i^ [%B(;#" HB((@ g  

8   #4? OV:^ y:Q6 F[ # 8  X"# !/" T8?:H    0? !'?46 78:6Xk  :Q[ AASHTO  46k "V 8 >^# :? g c "VH # 8  T78:6Xk   :_Q\ 

  X"# "'4(6 0?8?:H   ;i^>6B` QVH V'3'6 # (PSR) [X:^/"  :Q[  :6Xk >J. 8  \7 X V#BY.8V:[ 6      Q s_^'. >e_. *c:( _+ W:

X"#8 X"# \G:8?:H B;B9  g X"# \)r^8?:H     Q s_^'. OB_9 m:n;#  _+X"# W: _8  :_? G: OX#B_;#  [4_+%  :_Q[) + _(H    s_^'. OB_9 m:_n;# 

M+I/4S ":b; AASHTOV4% sp.46 8Bg  

M+I/4S  ":b; AASHTO ,. ++ 9 W#4+   X:^/" ;i^ "V w[      / >I4% OX#B;# #" 8   !:p."# F|b5epFQH ~?+  W:ua@6 T

 ) ;i^+(H ;#OX#B  [4+% OB9    44; "#BU6 / [ X"# 8?:H   B9 "#4G4? OB9 g  "V5;+  0n   T_8# "#4_G4?[  !:_p."#\  C`:_9   05`:(_9    OB_9

>6B` QVH V'3'6 '| PSI ~ B9 V:n8#    "#'FQ 4? O/x) 0@ [\ ,. ++ 9 M?94+":[  \ 0_?, % _+4[   I4_. /   %V"'_`H  ; #"  _+  $   4_? "V

6H %+4V g  

  

jUpUKU * iHf%;b$5! 3C%]4% '0;V )['a ;"!  

I y'K#+$8?H OX#B;# [4+% H6 ;#'.:1Q/4% "V B[X *Z5a6 84Y. 48V'9 *1  

5L !/" :Q[^B(Q H1 

• OX#B;# [4+%  :?0@F9 | C`:9~X#4. /  

• OX#B;# [4+%? �x5`# + T8s` F  7@8X:^/" ;i^ / 0@F9 :[ 

• OX#B;# [4+% :? o:Y9, +UI# "$Hj346 &#'() 0?  

• OX#B;# [4+% 0? >pe; 8I4J56 0J]K F 

• OX#B;# [4+% 9+w 

•  jF3OX#B;# [4+% :Q[ 0? >^V:Q"'e(^ X# OB6k [, +"$[/" 4? 0@ [#V "#4G 0@F9 B;"g 

.L @4.+ w!/" :Q[^B(Q H / G:59 n(^H 

 # MK#8 9 T+  O'OX#B;#  [4+%   T++Y. 08:S 4?    X:^/" ;i^ X# 0ZK:I [  ̂ :9 :. H p6'.# +  MH6  B9:? g#8   ":@ T8  s^'. :

8  i` yBp6 FH   /" OB9 wu; [ ̂ :9 H   / 8  X#B;# J4= FO %+    c #" ;i^ 0@ 4H H6  B(@ 8  "'e(^ s^'. :[  0@ 

    ; ;i^ :? 9:F. "V+  >e|"';[ 8 .'K :H~   m:n;#H6  V'9 g ̂ :9 >@4NH  @4. :?  _+    _56x) *):+_6 wH   X# 0_@ 

G:59  B(^   /" OB9 wu; [ ̂ :9 H   OV:5^4I H6  V'9 Y. \++  TH6  VV4% g       :_5; &V4_@ j_F3 :_?8   /V B OX#B_;#   [4_+% 

I/4S+YG#/ MHY. ++ TH6 V'9g  

  

                                                
1- Present Serviceability Rating (PSR) 
2- Present Serviseability Index (PSI) 



 Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N !`0a & !-H_ ^;*&0? '0;V%( 3& (((                                                             o   

=L ]5^# X# OV: y/B;:Sj346 

OX#B;# [4+%/#X G/:(56 8 0; 0? >pe8j346 y/B;:S F  m:n;#H6 V'9g  

3L OX#B;# [4+%? 0ZK:I +p6'.# "'J6 T+^:9 / MH 

   # X# OV:]5^# :?8   pe; >@4N !/" TH  ? 2l:G +   ̂ :9 / "'J6 TH Y. ++  TH6   VV4_% g  # )r_^ _8       0Z_K:I 4_? "#B_U6 T

OX#B;# [4+%eU. OB9 + 2H6 V'9|  X##8U6 T"#'FQ C`:9 &#'() 0? "#B[ OV:]5^# H6 V'9~g  

-L  2lx)G:59 B(^ 

  >6x)OX#B;#  [4+%    s^'. OB9 G:59  B(^    /" 4? OB9 wu; [ OB((C"'p) 8 ̂ / :+ ZU; 0Z _+       C`:_9 &#'_() 0_? 0

"#'FQ[ OV:]5^# H6 VV4%g  

  

jUpUkU 3C%]4% '0;V*&0? ;z"T%& & ^  

OX#B;#  [4+%  :Q[ "#'FQ [   #"H6  &#'.Q:b5^V s^'. H I/4S 0@+^B(Q MHYG#/ HX:^/" ;i^ [Y. #"  +_+ T H_6  B_(@  _8 :

 Q:b5^V s^'.H 0@ 4c X#8 *OX#B;# [4+%X:^/" 7(@#/ [\"#'FQ:; [?:F@ #" +K'. 7+ *H6 B(@\ 0? >^VV"/k  gO:b5^V  :_QH8 

0@ 7(@#/  X:^/" [ #"  OX#B;#  [4+% H6  B((@  W"'K "V 4(.+2 \w^:(6  #4? wZE# [ OX#B;#  [4+%  :Q[ >^41I  '3'6 V[#   "V  _8 F

   O#" 0?p9O:b5^V  :Q[  p^:(6 y45(@ H   6 ":F9 0?H /"B; g  # V'3/ :?8  \T4(.+  2|,:@+ &V4@ O4p ~O:b5^V  :Q   /" 4_? [  [X:_^/"   :_Q[ 

"/4h Ca@6 j346[>^# g  

 I/4S 7n(^+\M  OV:]5^# :?   OV:^ X#  4.8   O:b5^V T|0@F9  X#4. / ~  :_.  O:b5_^V  :_Q[B3  _8  E'_,'(?. :_? B[   X# 0_@ 4_.4? 

MZQ6 B(?[ , +$"[   OV:]5^# H6  B((@  >^# W/:]56 \g O:b5^V  :Q[ M+I/4S  ":b; H6  ;#'.     o#';# m:F. "V B(OX#B;#   [4_+%   :_Q[ "#'_FQ [ 

0?  ":@B;/"  g#$I#8bF@= 7+k":@ 4H8 &:?6# 0598% 0QV y'c "V >GV / OX#B;#  [4_+%43 "V  _8I#4. &: _+ ,'_FY6 FH  2Q#4_I #" 

>^# OV4@# / 8 T0,-e6 M):? H6 V'9# 0@ 8 !/" TB;#OX# [4+%:^ X# 4.4? 8 4!/" :QB9:? g  

 E 0?+     "#'FQ O":?"V 4p5Y6 W:)xc# X# 4[ X:^/" [    "V 0@ 25e+^  :Q[ B6 848 X:^/" >[     _6 "#4G OV:]5^# V"'6 H % _+ \V4

   X# OV:]5^#O:b5^V  :Q[ M+I/4S  ":b; S + ; 05I4@+    X:^/" ;i^ 0Y,:i6 &:?6# $[ #"   l$3 :? + ? W:+  45@    X# OV:]5_^# :? /  M_+ZJ.   :_Q[ 

X8 4 2Q#4IH6 VX:^1  

• X'.8 j;#/#4IH 7'6 M?9 I/4S+ M[X:^/" :Q\ 

• 7(@#/ :Q[^/ +ZU; 0Z+0\ 

• V W#4z#86:(+?H 4? [X:^/" :Qg 

  

jUpUpU '1r<%&! Ja0N 9< 3)'1N2 )[' 3C%]4% '0;V  

 ,V 0?+ #$I# M8  I#4. 2nN 7+   ;V 4^#4^ "V F+: /   0?'4(6"  y:N O:I"O#" &#4?":C \`-. &V4@ V/BJ6+:Q4H8 _Z) 0? 0@  >

ZF)+FY. W:+ / OV:3 4OX#B;# [4+% :Q[Yh/ +X:^/" >[ J" H6 B(QV \e?+":"/4h [ >^#g  

                                                
1- Inventory 



jL International Experiment to Harmonize Longitudinal and …                                                             

p6'.#+:1Z[ OX#B;#  [4+%  0@ OX#B;# D8 "V :1;k s^'. [4+% >?:z >)4^ ;#  H_6 m:_n   V'_9 H_6 ;#'.   ̀ -_. M_):? B_(+ "V 4

 I#4. m:NVX# / B9/B6k+,V / B;'9 F+ZH#4? [ >+YG'6 o'G/ [:Q^ "V I:;4i` +#" 25e:1Q[  >_I"4S  B_6k/ B(_9:?  g8 _?H X# 

#$68:[ O:b5^V  :Q[ M+I/4S  ":b; B3 8 :;#'. BH8        I#4. y'FY6 >)4^ "V &V4@ MF) "V :1;k +  ? / F+   >)4^ :? W:G/# 45@ :QH8  :. 

 V/BNkm/h 5//>^# g  

S+ (I >I4@H O:b5^V  :Q   @ V'p1? M):? +]+  >OX#B;#  [4+%  :Q>^# OB9  g :? T8# :_5; \V'3/8 B OX#B_;#  [4_+%  :_Q  H_6  _;#'. B

z-. >J.+V M6#') 484b[ "V O:b5^V y45(@ 0? 0@ m:b(Q OX#B;# [4+%!'?46 H6  B9:?% "#4G \+V4g  

  

jUpUnU  i01"T32%2 )[%(% & $)14 9$ ,3C%]4% '0;V  

    y45(@ "V M6:?.OV#V  :Q[    0? !'?46 OX#B;#  [4+%   X# !/"   :_Q[   #"# OV:_^  _8     G W"'_K 0_? 0+ _^:H#   /" 4_? [     0_? 8_E:@ 

O:b5^V :Q[ jF3 ["/kS + 0@ 05I4@H6 ;#'. B(OV#V :Q "V #" 9:+U6 [:Q mm / cm >9#V4?,. \B((@ ++ 405I:8>^# g  

8?H  #$6 X# 8:[ D+(P.   B8B3 [:Q M+I/4S  ":b;[   / 06:;4?  :Q[ ZJ. +S M+ 05I4@ /S+q+# OB8  X"# &:_?6# 0_@ >^# T _8?:H 

M+I/4S  :Q  l$3 :? + ? W:+           \V'? T?F6 0598% y:^ B(= "V 0@ 0q;k X# 45@ V"#V V'3/ g  I/4S T59#V :?+V M8n+,:5H   M_K#'I :_? 0@ 

mm   / cm      \>^# OB9 OV#V &:@; H6  &#'. ZJ. +  #4? #" M[   O#" O"#V# 4_Q   W"'_K 0_?  V#V m:_n;# 0_;:%#B3  g p_9+0  X:_^[  o#'_;# 

  *Z5a6O:b5^V  :Q[ OX#B;#  [4+% @(@#/ H H6  ;#'.    FF@ :? B06:;4? :Q[p9 +0 X:^[e? +GV ":+  &#'_5? :. V'9 m:n;# * u_`:9H #" 

  0@KxpG   "V &:6X:^  :Q[   O#" 0?  ":@ 6 H   V'F; 0p^:J6 05I" g^O,#'H     # V"#V V'3/ wZE# 0@ 8     V'_% *F) 0@ >^# T[  e_6 +   J4_= 4

:?8   ,'c 0= :? BH   Y. 0@F9 X# ++ VV4% T g#8  T0,-e6   #" H6  &#'.  I/4S "V + h4) MH       GV &V4_@ yB_6 :? O:b5^V  _+  B_(= *8   y'_c T

I/4S "V *Z5a6 0@F9+UI# MH:6Xk 87V'F; g  

  

jUpUmU  C% 32)|1N%3)'1N2 )[' 3C%]4% '0;V  

8?H  45F16 X# 8 :e6 T8ZH    06:;4? m:b(Q "V 0@  "8$[ #4? [   0h4) 8   O:b5^V FOX#B;#  [4+% B3 8 :? B _8    V'_9 Ca@_6 B\ 

    k "V &k X# OV:]5^#8 >^# OB( gKv'FY6 H6   &#'_.    :_;#'. 0_@ >_]% H8  I/4S &V#V &:@_; "V O:b5_^V  _+ M _8 X:_^/" F[ #4_3# / [ 

X#B;#O [4+%l$3 :? +ZJ. / W:+M\:? 8 m:n;# X# �BQ :? BOX#B;# [4+%HUi(6 Hc:p."# B9:? 059#V  g  

ZK# W:ua@6H 48X H6 ;#'.#4? B[:Q":@ [ OX#B;# [4+%V'9 05I4% 44;"V 1  

• >`:^ y45(@ [:QX:^/B3 8B\ 

• OX#B;# [4+% :Q[>^41I V'3'6 [:1Q#" 0?p9 "V \ 

• ^"4?H HZ+u].I/4S +:1Q#" M1 

− :Q":@[. UJ+UHsp.46  

− OX#B;# [4+%#4? >e. *c:(6 [,:@ +:^ &V4@ O4p8 4O:b5^V :Q 

− OX#B;# [4+%"#'FQ:; Wx?@6 :? >e. *c:(6 [ :`  

                                                
1- Analogue  



 Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N !`0a & !-H_ ^;*&0? '0;V%( 3& (((                                                             jj   

    0@ \y:U5;# j?:.:?  0? 03'.  y'c  7'6  );:@4I / \    %"$? &V#V &:@; &:?6# H "#'FQ:; [ 8 I/4S :+  #" M O:b5^V 0? _6H   \B_QV

#"#V[FQ# +K:` >H#4? [ O:b5^V :Q[ #B;#OX [4+% H6 B9:?g  
  

jUpUqU  i01"T'C)N&( )[']6 $]  

      >`:^ 0? !'?46 W:ua@6 "V8 X:^/" F[ B3 8B\   wZE#    #4? OV:]5^# V"'6 O:b5^V o';[ OX#B;#   [4_+% I/4S  _+  M _8 :

"#'FQ:;[   >^# OB9 Ca@6  g8?H  :e6 X# 8ZH  :? 0@ 8      V'9 05I4% 44; "V By'c   3'_6H      0_@ >_^#  V X# _8  B  O#" &#4?":_C   M_?:G

 04Nx6|"$?T ~>^# g O:b5^VOX#B;# [4+%:? 8 0? "V:G BOX#B;# [4+% y'c 7'6# 4? 8B9:? 9:^# Tg  
   

jUpUlU 3C%]4% '0;V )['JN05* '2H6H/   

OX#B;#  [4+%  :Q[   y'FY6 |O46X/" ~"#'FQ[ #4? [ ̂ "4? H ?#4` H X:^/" [  c "V H   &:6X  0_?   ":_@  _6 H     5; "V / B_;/"+  0_n

:(p6[ 06:;4? [$8"#4? ["#B1b; [ #" >646 / ?@.+ MH6 B(QVg  

 ,V 0?+ # M8   :? wZE# 0@ T8 @ B+ O#" X# :Q456'ZOX#B;# [4+%V'9 \ OX#B;# m:n;# H8:;#'. [4+%    v:_? >_+I4U :? :Q e_?+  2_16 ":

>^# g(qFQ+ # T8    0@ wZi6 TOX#B;#  [4+%  :Q   0? &#'5? #" 8 V4@ sp.46 0?p9 "V 0iU; F $+;#"#V[FQ# +;#/#4I >HX >^#  _8 #4 X#

#8#4? 0iU; T[:@ :Q"[B6 848X:^/" >[B9 BQ#'` OV:]5^# g  
  

jUpUoU N(0<! BO|;Z! ^;*&0? )['3%(   

#4?[ ̂ "4? H :Q[ UJ. +UH  \OX#B;#  [4+%      / j346 >e. *c:(6 [X:^/"  :Q[   [#"#V   "#'FQ:_; Wx?@_6[   :_`   mXv \

    X# 0@ >^#O:b5^V  :Q[ M+I/4S  ":b;[  I/4S 0@ +  MDYG#/H DX:^/" ;i^[ >pz #" H6 B((@ (@ &:_?6# /  S y4_5 _+ 05I4@OV#V  :_Q[ 

I/4S 0? !'?46+V'9 OV:]5^# \B;"#V #" ;i^ Mg  
  

jUnU 0,B$ .;:)s )['32)|1N% 2(H/   

jUnUjU  ;:)sY;< !ZZ#-%(%H#[)4 '  

  C`:9T+?  HZZF,# "#'FQ:; [#| IRI ~u`:9H;V 4^#4^ "V 0@ >^# + "#4G OV:]5^# V"'6 :H6  V4_+% gIRI   4_? #B_5?# "V 

  :S C`:9 9:^#8 &:6X "#B\ V    4`#/# "5A0/  # "V 846k OBJ56 Wv:8B6k V'3/ 0? :? g? 0Y^'. _+   OV:_^ M6:_9 0_@ 45@  X:_^[ / 

V'? C`:9 &V4@ V"#B;:5^#\;:13 F;:? s^'. H'6-. + 2^# 0? / 03V'? TIRI"#8b6:; [B9 g  

 0p^:J6IRI9:^# 4?  OX#B;# [4+% :Q[ 0@F9 X#4. /  V"#B;:5^# "VASTM \E 1364-95>^# OB9 OV#V "49 g  

6   0p^:J6 m'1]IRI                  V'_9 yB6 [X:^/" ;i^ [/" >@4N y:N "V T+9:6 X# m":1= F8 0@ >^# T8# |   M?_9. ~ /

M?94++,.   VV4% 0p^:J6 HYFn. *ZY6 [:Q gDZ15e6 / 4(I [:15?:z 0@ >^# W:)xc# [4^ F8 yB6 [V/"/ OB((@  :_Q2  0_? #" 

m43 O#4FQ H6 MF) yB6 "V 0@ ["#V4(I4+E / "#V4(I [:Q +K'. B((@H6 * B(@g  

                                                
1- International Roughness Index  
2- World Bank  
3- Damper  



jK International Experiment to Harmonize Longitudinal and …                                                             

  
  

 ^5sKU  9WN)E/ i]/ /H5|/IRI <j=  

  

   y:^ "V5A6.  ;:13 F;:? H ":@ [ :6Xk 8@H   #"     _^"4? "'_4(6 0?H   # &:_?6# 8   V:_n _8   ,:@ V"#B;:5_^# F+4p &'+_^#  #4_? [ 

OX#B;#  [4+%  :Q[   "#'FQ 0? !'?46 [  \ X4? "V8M  V4@ X:Ek  g    UJ. ":@ :1,:^ X# )S+UH Y. ++   C`:9 TIRI    &#'() 0?  _8 U6 F _+9: 

 #4? V"#B;:5^#[ Y. ++ "#'FQ T[  ZF) O#" H B9  g;:13 F;:?H:QV'F(Q" H8 #4_? #" [  O'_J;  OX#B_;#  [4_+% IRI    *_Z5a6 o#'_;# :_? 

O:b5^V  :Q  V4@ 4@5(6  gm43 :Q[   E / "#V4(I +  >?:z / "#V4(I4 :Q[   FZ15e6 / 4(I    OB((@IRI K:F^"     _; V"#B;:5_^# OB@  B_;# _,/ H  4_? 

 9:^#805I: :Q[ 78:6Xk :Q[B9 m:n;# OX4? "V 8 Ca@6 MOB9 B;#g  

  
 ^5skU 9"/%2 IRI%0< ' )5[%('9DW_ )<  ]"<' .Z1P/ <j=  

  

 

@:A :,B  
  

$CD- E:>  
  

F( :,B3 )5G  
78,,H IGJK'-  

  

L'> E:>  
  

M5B3:!  
7."82"  9:5<

78N  
  

 O+1H
PCGQ-  

 3 /R8,S T0+U:B
/VKB$3:B )51W 9+?  

OC1F- &W:U  

/VKB$3:B 9%+0. %"8F(  9+?
)51W /S:; X)1W LH  

 9%"8F(
/VKB$3:B /YZ> 9+?  

[QU  
PCGQ-+2  

9.+U3$  9+?
P":S 

 9+J?"$
 9.+U3$
78\2 
$"C1?+2 

 9.+U3$ 9+J?"$
78N &-:- 78\2  

9.+U3$ 808> 9+?
9.+U3$ /108R 9+? :(

]+;C(" 3 7+<%3:B 82+;

:(C5^-+H LK0$CV_" 



 Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N !`0a & !-H_ ^;*&0? '0;V%( 3& (((                                                             jk   

IRI 8 U6 F+ ZF) 9:H| y'UY6 ~#4?[ "#'FQ [    >^# O#" / H6  ;#'.    $Q :? !:p."# "V B8  0( X# OV:]5^# ̂ / + U; 0ZZ+# \08 _(FH 

E / O#"+ O40? ":@V/" g   

  

jUnUKU ,B;; YPSD  

   2@#4. "Vc+]H &#'.#| PSD~ V4I   # 4? 8    0@ >^# TOV#V  :Q[   "#'FQ:; 0? !'?46 [  IV:u. O#" H B(5eQ  gPSD  4b;:@; 

#8    0@ >^# Ty'c  7'6  :Q[ :+I H8   "V 8 :(1S F[       "V BN 0= :. B;:? "#'FQ:;[   B(5eQ 4z{6 O#"  g  X M@ ;i^ _8  _(J(6 4H c  _+ *

6 \&#'.+b;:+"#'FQ:; "/8n6 M@ T[X:^/" [ j?46456 weN 4? 8:QBN#/ :[6 V 0?:@8 #" 4b 0l#"#6H VBQ g  

  

jUnUkU ,B;;>B Y;;s ^5s0;()'  

,.++ 9 M?94+":[| H%B9":+9~   V'% &#'() 0?[  e6 "V + J4= 4    I#4. s^'. 0@ :Q+ # F8  V:nH6  V'9\4Y. 8 *H6  VV4_% g

  Y. "'4(6 0?++ # T8     I/4S 0@ >^# mXv 456#":S T+ h4) MH   O#" OX#B;#  [4+%    "'b,# X# / V'9 8F5H #4? [   B_) 0p^:J6  ,. V++  M?_94

9+":[VV4% OV:]5^# g  M?930;'F;  #[ X# M+I/4S :Q[h4) H OX#B;# [4+%#4? OB9 [:1Q#" [I":F;#V 6 &:@; #" H BQVg  

  

  
  

  
  

  
 ^5spU94H#4  %' C% ^;*&0? )['`0a !  

                                                
1- Power Spectral Density (PSD) 

$Z5_ &5FRC-  

$Z5_ &5FRC-  

$Z5_ &5FRC-  



jp International Experiment to Harmonize Longitudinal and …                                                             

Q+- B;:5^# W[X:^V"# :S/"# #| CEN ~ /" 4?[    &V4@ V"#B;:5^# OX#B;#  [4+%  :Q[  I/4S 0_? !'_?46  _+ _h4) MH/ Y.  +_+ T

,.++9 M?94+":[:1Q#" [:S/"# $+;  ":@ H6 B(@ gFQ 0?+,V T+":@ O/4% M[ - X# TC 227 O/4% CEN   &V4_@ OV:_6k y:N "V \

"4cS +V:1(@[X 8#4? 4[ 8 V"#B;:5^# FH6 B9:?g  

wi 00227-133 ex 509 CEN/TC227/WG5 N 89E."#'FQ \;i^ W:ua@6 \[h4) H !/" \OX#B;# [4+%g  

 # "V8 "4c T S +@V:1([    X# �BQ \OX#B;#  [4+% I/4S + h4) MH X:^/" [   V'? BQ#'` W/:]56  gOX#B;#  [4+%     0Z_K:Ix? 0_@ 

     m:n;# >`:^ X# )SH6  V'9 #4? [ X:^/" ;i^ y45(@ [ / H? F4;H :QH8c "V 0@ >^# H >`:^ 0?  V'_3/  OB_6k  B_;# g  X# B_Y?

  #4? O#" 0?;k[ .B6 H   V"'6 O41?  ["#V4?    >I4% "#4G OX#B;#  [4+% I/4S +  Mh4)H  :(p6 4? [ 8  >?:z 06:;4? F / :_^:(9 "'4(6 0?H8 

  ,. o'; 4Q++Z?94H  ,. B(;:6 ++ 9 M?94+":[\ b5I"/4IH   >e@; / :Q   :Q  "V 0_8v   :_Q[  T+8:_S   4_.     ,V 0_? >`:_^  _+  7(_. M    / :_Q

7;4@ :Q[9:; HI#4. X# +]6 \F+V'? BQ#'` Bg  

 s^'. OB9 "4i6 V"#B;:5^#CENX V"#'6 8#4? #" 4[ OX#B;# [4+%:ua@6 I/4S W+h4) MHS + V:1(@H6 B(@1 

  
 ^5snU $*&0? *;`0a ^!0)4 '01#5/ )< $)[01/%()? Y'>B 9< RH<0/ ;;s ^5s0;()'  

=<;01Q$>B Y;;s ^5s0;()' R)D4 (2 A & B 8#a & (H?B' R)D4 (2  I C & DJN% @  <K=  

  

CEN#4? #" !/" /V [Y. ++,. T++9 M?94+":[ h'.+6 ;H BQV1  

  

•  9Q#s G&(=:% zT @%0<',B ;;>B Y;;s ^5s0;()'  

  OX#B;# m:b(Q "V              *_F) T+_+Y. 0_@ >_^# H_F16 456#":_S 0@_F9 y'_c \0@_F9 X# OV:]5^# :? [":+9 M?94++,. [4+%

      H6 "#4G 4+z-. >J. #" [":+9 M?94++,.  BQV gH6 $+; Hh4) M+I/4S M?9     0_? B8:_5; [/" 4_? H13'_. M?:G 4+z-. B;#'.   >_^V

@F9 X# OV:]5^# :? OB6k B9:? 059#V 0| M?9>g~  

                                                
1- European Standardization body 

  

 /`B" =>:- aS  

$CbW aS 4b_  $CbW aS 4b_  

&U"$ &1U @:A :5'- $% 9%C<  cA &1U @:A :5'- $% 9%C<  

5`K'- aS =>:- L)/FR"3 /6:W d5N(  



 Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N !`0a & !-H_ ^;*&0? '0;V%( 3& (((                                                             jn   

  
s ^5mU 3C%]4% '0;V>B ;;s ^5s0;()'9Q#s G&( C% 32)|1N% )<   

=*&0? ^5s u)N% 0<;)14 9Q#s iH_ & ^$ C% ,A )B F>1/ ;2H< ][%H: 0@  <K=  

  

• N G&(;zQT JEB w  

           >^# 7@@ >J. 2+^ !/" \0@F9 !/" X# 4+E 0? 4b8V !/" g        F_8 0? #" [X:^/" HYG#/ ;i^ !/" T8#   s_` 

        OB8# 7@@ >J. 2+^ F8 :? OB9 V:n8# 2+U5e6         H6 sp.46 \>^# Hh4) M+I/4S "V 0iU; T84.v:? :? 9:F. "V 0@ yk  B_(@ g  :_?

                  B_Q#'` V'3/ M+I/4S / s` T8# T+? 0ZK:I T++Y. :? [":+9 M?94++,. 0p^:J6 &:?6# \:(p6 s` &#'() 0? s` T8# X# OV:]5^#

>9#V g#" H8:Q4+,56 X# H+Y? !/" T8#H6 �8N V"#V V'3/ 0@F9 !/" "V 0@  B(@g  

  

  
 ^5sqU>B ;;,B ^5s0;;N G&( C% 32)|1N% )< 3]s Y; zQT JEB w <K=  

9.+U3$ 9$+,H 4b_  9.+U3$ aU3 aS  
L5`K'- 4b_  

&U"$ &1U @:A :5'- $% 9%C<  cA &1U @:A :5'- $% 9%C<  

9.+U3$ 9$+,H 4b_  9.+U3$ aU3 aS  

&U"$ &1U @:A :5'- $% 9%C<   &1U @:A :5'- $% 9%C<cA  



jm International Experiment to Harmonize Longitudinal and …                                                             

KU c%0_!<08B !  

KUjU JrB 8_)"/  

KUjUjU 0/I (2 JrB 8_)"/$)5  

  # >e. *c:(68  :6Xk ":@ T8@H  46k "V 8:?  # "V \8 "k >,:8   ;'I 0Ui(6 "V :;/$+)?#  &'e@:. / '|    F_h 0@_U;+0F 5 ~  "#4_G

>9#V g   :1Q#" "V >e. *c:(6[   )8/4^ y:N "V  HQV |  T+? [:1Q#" 2Q       :1Q#4Q:9 :8 H5,:8# [:1Q#" 2Q / H5,:8# ~  V'? OB9 jG#/g 

  "'c >e. *c:(6[c 0@ B;B9 G:a5;# +^/ *+YH  "#'_FQ :_? !:p."# "V #" >6B` "'i^ X# [,. / ++  _9 M?_94+":[ "V  4_? 

%+V4 g     >e. 0Ui(6 4Q y'c8 :6 F8  M|km >P5 ~  YG#/ y'c /H   :(? >e. 0Ui(6    :6Xk !/" 4?8   .:6BU6 "4c "V 7H  V"#B;:5^# 

ASTM #4? [ Y. ++   %V:6k / >GV TH    #4? OV:]5^# V"'6 O:b5^V [ OX#B;#  [4+%I/4S  _+ ,'_c MH  X:_^/" ;i_^ [\ ==/   V'_? 4_56 

| 4p6:5r^5AA6g~  

   M@ "V./    :1Q#" "V >e. 0Ui(6 [  y:N "V )8/4^  HQV     K:` >e. *c:(6 O#4FQ 0? H   / O:%V/4I "V8Z+ % $6:+'5[2  / 

  O:%V/4I 4?":Q [:?^#L  ;'I "V +       Y. &'e@:. "V &'e@:. O:%V/4I "V / )?++ V4% T8B g     :_1Q#" "V >e. *c:(6 MJ6[    y:_N "V

)8/4^ HQV y/B3 "V 5>^# OB9 OV#V &:@; g  

     *c:(6 "V >e. 0?p978:6Xk   M6:9 HN#';   "#BU6 0@ V'? IRI  _? :_1;k + Tm/km -P/ / m/km -P3 '_? V g #4?:_(?8 \T

   :1Q#" M6:9 >e. *c:(6[        :. 05I4% O:%V/4I B;:? X# \V"#B;:5^# [X:^/"  :Q[ BG 8FH 4. H6  B9 gW:ua@6 # 8     *?:_i6 *c:_(6 T

 :QV"#B;:5^# :?[  ;:13 F;:? H    M?9 "V =   &:@; OB9 OV#V >^#  g(qFQ+  T  #4? >e. 0?p9[   *c:(6 78:6Xk ?:a5;# H    y/B_3 "V 

. )?Y(6>^# OB9 g  

  # "'4(6 0?8?(      0F.:` / o/49 !:U; 0OX#B;#  [4+%  :Q    VV4% Ca@6     :Q"#'; :? >e. 0Ui(6 4Q[ ?:.X:? HW  0;:@_;   "#8_%[ 

B9 g#8      0@ B9 M):? ":@ TO:b5^V  :Q[     B(;#'5? OV:]5^# V"'6  W"'K 0?   ":@V'` jF3  ["/k OV#V   :_Q         0_F.:` / OV4_@ o/4_9 #" 

B(@a?g  

  

                                                
1- Phoenix  
2- Tucson 
3- Williams Gateway Airport 
4- Sky Harbor Airport 
5- Reflecting Tape 



 Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N !`0a & !-H_ ^;*&0? '0;V%( 3& (((                                                             jq   

 i&]6jU (2 JrB 8_)"/ ^E/ z$)/CI )[' (2 3]s /)84% 0/I$)5  

)5[%('< ;% Y$1-)!  [)s)5[%0'% $1-)!  )5[%('ZE/ !  

3()#s  

9D."/  
9D."/ wN%  

3()#s  

9D."/  
9D."/ wN%  

3()#s  

9D."/  
9D."/ wN%  

@): JrB 8_)"/  

5  
I10; 

mp 107 - 106  
|G4E >F^ 0?~ 

5.  
S83; 

mp 41 - 40  
|G'(3 >F^ 0?~  

0  
`+@ &:?:+(H  

|V$;8'@ OX'6 F84~  
/ O:%V/4I8Z+% $6:+'5[  

.  
I10; 

mp 106 - 107  
|H49 >F^ 0?~  

5=  
S83; 

mp 31 - 30  
|G'(3 >F^ 0?~  

6  
`+"#B;:^ &:?:8'  

|V$;8` F+'(6 &:?:8M~  
 O:%V/4I4?":Q [:?^#  

=  
I10; 

mp 131 - 132  
|H49 >F^ 0?~  

53  
S83; 

mp 30 - 31  
| >F^ 0?y:F9~  

  &'e@:. O:%V/4I  

3  
I10; 

mp 174 - 175  
|H49 >F^ 0?~  

5-  
S83; 

mp 27 - 26  
|G'(3 >F^ 0?~  

    

-  
I10; 

mp 176 - 177  
|H49 >F^ 0?~  

56  
S83; 

mp 131 - 132  
| >F^ 0?H49~  

    

>  
I10; 

mp 180 - 181  
|H49 >F^ 0?~  

5A  
S83; 

mp 134 - 135  
| >F^ 0?H49~  

    

A  
I10; 

mp 270 - 271 
|H49 >F^ 0?~  

./  
S83; 

mp 139 - 140  
| >F^ 0?H49~  

    

5/  
I10; 

mp 273 - 274  
|G4E >F^ 0?~  

        

55  
I10; 

mp 274 - 273  
|H49 >F^ 0?~  

        

5>  
I19; 

mp 57   58 
|y:F9 >F^ 0?~  

        

50  
I19; 

mp 90   91 
|y:F9 >F^ 0?~  

        

  

  



jl International Experiment to Harmonize Longitudinal and …                                                             

 i&]6KU(I (2 JrB 8_)"/ $0/I F)4&b$)5  

0)4 2(H/ JrB 95Ws  

(%H#[' IRI  
m/km  

9D."/ 3()#s  

-X  IRI  5= / 53  

- Y IRI Y 3    

3 Y IRI Y -P.  = / 0 / A  

-P. Y IRI Y -P5  3 / 6 / 5. / 5- / 50 / 56 / ./  

-P5 Y IRI Y 5  5 / . / > / A / 5>  

5 Y IRI  - / 5/ / 55  

  

KUjUKU Y?%t (2 JrB 8_)"/  

  #4? >e. *c:(6[ 78:6Xk :Q[ "V TS#E "V OB9 m:n;# $@46 >FeG[:@'Q  _8   /"'S:_^ �#4_c# /B| F_h+ 0F. ~  j_G#/

OB9 V'?   ';# :.  ]Z5a6 o#H   X:^/" "'i^ X# [    % 4? "V #" +  Fc# / V4+     0_@ V'9 MK:N &:( OX#B_;#  [4_+%  :_Q :_1Q#" "V [   y:_N "V

)8/4^  HQV   >^# OB9 m:n;#  g 4U. >e. 0Ui(6 4Q8K:p 5@ + 0@ >9#V y'c 456'Z-//#4? &k 456 [:6Xk 8  "#4_G OV:]5^# V"'6 7

>I4%       O:b5^V 0@ Hi+J6 / H?+I#4. s8#49 /    OX#B;# [:Q  [4+%    &k "V 0?  ":@     >I4% "#4G 03'. V"'6 B(5I"  g M@ "V\ 5-   0_Ui(6 

 y/B3 "V :1;k MJ6 0@ >e.=Y. \>^# OB9 OV#V ++B;B9 Tg  

  

 i&]6kU (2 JrB 8_)"/ ^E/ z$)/CI )['Y?%t (2 3]s /)84%   

[)sZ/ 3%0!  

=jKJrB 9D."/ @  

!4)1N% 3%(  

=jJrB 9D."/ @  

V(b<3%0  

=KJrB 9D."/ @  

 OV:3=>  5  

 OV:3.=3  3  

 OV:3.0-  5  

 OV:3.0>  5  

 OV:3==0  .  

 OV:33-5  5  

^45^V :? O#4%"$?H Kx6:@  y45(@

 OB9 #/:%:@'IL'6#" H8  
.  

OV:36:@ + :6'e.:L:6'@:6'. H8  5  
%"$? O#4Douo  

|;Z#+ #'IC [@ +Q:5+9/4+ :FIC~  
.  

  

      M6:9 TS#E "V >e. *c:(68 >e. 0Ui(6 F-//456 [?  :=//b?:59 >FeG 456 +4[ / >e. 0Ui(6 X# MpG .// 456 

ZK# >e. 0Ui(6 X# BY? >)4^ 7Q:@ >FeGHV'? g  



 Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N !`0a & !-H_ ^;*&0? '0;V%( 3& (((                                                             jo   

     >6x) >GV :? >e. 0Ui(6 4Q "#8%[    Bu56 :. V'? OB9 [# ̂ / + ZU; 0Z+ :6Xk 087\        :_6Xk M_J6 / >e_. 0Ui(6 8  #" 7

S+ B(@ #Bg / 8%RH    :` 78:6Xk  :Q  # TS#E "V 8,V 0? 0@ V'? T+5(@ W#"4U6 MI#4. y4 _+ _(qFQ / F+   _]Z5a6 o#'_;# V'_3/ TH X# 

O:b5^V :Q#4? 0@ [ 05`:^ w9 "V ":@ OB9 B;#\:6Xk 8 :? 7O:b5^V :Q[B9 m:n;# w9 "V v:? >)4^ g  

    OV"/k4? "'4(6 0?'F;     W:)xc# T59#V !49 &Vw^:(6   "V   :_? !:p."#         >e_. *c:_(6 0_F.:` / o/4_9 !:_U; \  2_lx) 

c/4a6HV#V "#4G MJ6 "V T9/" M?9 V'? OB9 OB; g M?96 OX#B;# [4+%6 &:@; #" w9 "V OB9 m:n;# H BQVg  

  

  
 ^5slU z$)/CI )[' Ja0N 2)<' 1s (2 3]s /)84%  

  

M?9  .4. / +    >e. *c:(6 w-// 456 [   >e. MJ6 /  :Q[     F_h "V *_Z5a6 +  0F=  / 3  OV#V &:@_;  OB_9  B_;# g "V# _8 T

 .4. 2l:Fh+ %"#4G w+4[  4p` 2lx) [ 0@ >e. *c:(6 "V :? 8B F+.+T  OB((@ >GV "VOX#B;#  [4_+%  :_Q   &:@_; \B_9:?  OV#V  OB_9

>^#g  

  #4? >e. 0?p9[         V:U6 :? >e. 0Ui(6 M6:9 TS#E "V >e. *c:(6 8  4IRI  _? +  T3P.    :_. m/km /P-     5; "V / V'_? +  0_n

    :15FeG "V >e. *c:(6 M6:9[ :15;# H8 >e. 0?p9 H6 B9 g#8` >e. *c:(6 M6:9 >e. 0?p9 T+ZH :? "#'FQ IRI 4_5F@  X# 

3P. V'p;  g   ?:a5;# >e. *c:(6 0?p9H    y/B3 "V 3             "V 44; V"'6 >e. 0?p9 :? 0@ >^# OB9 OV#V &:@;  B(_^  Z_K# H :U6  _8 0e

V4%8>^# OBg  

                                                
1- Operator 



 Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N !`0a & !-H_ ^;*&0? '0;V%( 3& (((                                                             j   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



K International Experiment to Harmonize Longitudinal and …                                                             

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



KK  International Experiment to Harmonize Longitudinal and …                                                            

 

 

KUjUkU )?&(% (2 JrB 8_)"/  

  #4? >e. *c:(6[ 78:6Xk  :Q    Fh "V 0@ "'i;:FQ :S/"# "V + 0F-OB9 OV#V &:@;  >^#? &:F,k / B(ZQ "V \+k T8 B_(Q &'

 /V /8ep'   >^# OB9 jG#/ T" g   o'Fn6 "V5.   Y. >e. 0Ui(6 ++  B_9 T g# _8           :_1Q#" "V >e_. *c:_(6 0_? *c:_(6 T[    y:_N "V

)8/4^  HQV        _K:` >e_. M_J6 "V / H         >@4_9 F_ZF. "V 0_@ DAF    e_U. \V'_? +  B;B_9 2g X'. _8 # j _8      / >e_. *c:_(6 T

OX#B;# [4+% :Q[ y/B3 "V 0c'?46 -V &:@;  OV#OB9>^# g  

 i&]6nU 2%],B & JrB ^E/ z$)/CI )[ (2 z$)/CI )[')?&(% (2 3]s /)84%   

 ^E/z$)/CI )[  

 32)6 3()#s A(HQT  
JrB 8_)"/ 2%],B   2%],Bz$)/CI )[  

E34 / A67B(ZQ \  .  .5  

 >e. MJ6DAFB(ZQ \  -  3-  

 >e. MJ6DAF\B(ZQ \  

 :` >e.  
L  5>  

E34 / A40&:F,k \  -  3>  
  

OX#B;# %[4+ :Q m:n;# :? OX#B;# [4+% :Q["V V"#B;:5^# >)4^  [:Q km/h >/\km/h  A/ZF) >)4^ / [V4P1? +  "V 0_(

    :1Q#" "V Ca@6 >e. *c:(6[   )8/4^ y:N "V  HQV  B9 m:n;#  g   #"#V >e_. *c:(6[    y'_c -//     :_1Q#" "V 4_56 [    y:_N "V

)8/4^    HQV  /3//      >e. MJ6 "V 456 DAF B;V'?  g  #"#V >e. *c:(6[ :15FeG [      e. 0Ui(6 X# BY? / MpG  Z_K# >H  B_;V'?  g

.4. / M?9+*c:(6 w "V >e. Fh+ 0F>>^# OB9 OV#V &:@; g  

   :1Q#" "V >e. *c:(6[   )8/4^ y:N "V    HQV  :6Xk &:6X "V8  /" 0? 7[ I#4. +    ,:N "V B;V'? X:? F+    "V >e. *c:(6 0?

  MJ6DAF 8J6 F+V'? 05e? sg M?9 :Q [A / 5/ _^V "'.#4S# B8V X# OV:3 [:F;   OX#B_;# &:_6X "V #" O:b5    X# H_?8 "V [4_+%

)8/4^ y:N "V >e. *c:(6  >e. *c:(6 X# H?8 / HQVDAF &:@; H6 BQVg  
  

    
       ^5soU JrB 9D."/ {$&0N i)c (2 ![2                ^5sjLU JrB 9D."/ DAF  



Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N ;*&0? '0;V!`0a & !-H_ ^3%( & (((                                                            Kk   

   :1?9 "V 0@ "'i;:FQ[ A   / 5/ V 8  OBH6  V'9     0?;k "'4(6 0? \:Q"'.#4S# 8  e_6 F+  V #" 4        ":_@ *_Z5a6 W:_YIV " _cH 

  :F(Q#" !'i` \B((@H8  /" 4? [ i^ ; [X:^/"  :Q @@ +  OBOB9  B;# g#8   :F(Q#" !'i` T# 0?8 "'_4(6 T  0_?  ":_@   0_@ B_(5I"   &:_?6#

OX#B;# [4+%I/4S +,'c MH 8:^/ s^'. &:e?8ZU; M+W/:]56 0 >e. *c:(6 "V #" 0? "'c1? +B((@ 2Q#4I 0(g  

  

 i&]6m U%0< JrB 95Ws ' z$)/CI )[)?&(% (2   

(%H#['= IRI,m/km@  >B;;s ^5s0;()'= mm@  JrB 9D."/ 3()#s  

G'`  /P5Y   L mm 5/Y   = \3 \- \A \5A \55 \R01 

s^'56  -P. L /P5  L  mm 5/Y   > \0 \6 \5=  

B98B  -P.X   L  mm 5/Y   R02,R03, R23, R050 

G'`  /P5Y   M  mm ./L5/  . \R067  

s^'56  -P. L /P5  H  mm ./X   5  

B98B  -P.X   H  mm ./Y   5. \R22 

  

    "V >e. *c:(678:6Xk  :Q[       V:_U6 :? >e. *c:(6 M6:9 :S/"# "V OB9 m:n;# 8 4IRI4U. 8  :_p>P/  :_. APA V'_? g   *c:_(6

  ? :? >e.+45@8  TIRI     >e. MJ6 "V DAF      K:` >e. *c:(6 &k "V 0@ H     :_6Xk "'_4(6 0? 8 6:@ 7+    :_1Q#" "V :_1;'[ ̀  + _ZH 

   05`:^ "#'FQ:;OB9  B;#  (59#V "#4G \B g    "V >e. *c:(6DAF #"#V [ V:U6 8  4IRI ? +  T6P/   :. APA      :_1Q#" "V >e. *c:(6 / [  "V

)8/4^ y:N  HQV#"#V &:F,k / B(ZQ[V:U6 8 4IRI X# >P/ V/BN :. -P.B;V'? g  

  

KUKU 3C%]4% '0;V )['760/   

KUKUjU 3)'1N2 )['  32)|1N% 2(H/%0<' 3C%]4% '0;V760/   

  "#4G4? "'4(6 0?[  ? !:p."# +  Tk78:6X  :Q OX#B;#  [4+%  :Q[    N:; 4Q "V j346 +      X# OV:]5_^# :? 0 O:b5_^V   :_Q   /  [:_Q"'.#4S# 

B9 m:n;# 0?:@6g  

 4p5@# "V5AA>   ZJ. "'4(6 0? \+  :U6 / M8  0eO:b5^V  :Q[   #4? w^:(6 j346 [   6Xk "V OV:]5^# &'\ 8  :_6Xk F8 "V 7  M_J6  

>e.  :1Q#" O"#V#[   I 4;4. y#"BI +  # "V $?(?48  46k OBJ56 Wv:8 ;# :? B9 m:n g:5;8 :6Xk B8# 78    ,V 0_? O:b5_^V 0_^ 0_@ V'? T _+ M

   5N#" / G'` V4?ZF)H MFN  MU;/   0? MJ6  :Q[ :6Xk 8 ; &/B? *Z5a6 7+$Q 0? X:8 &#'() 0? \v:? MFN 0(O:b5^V  :_Q[  j_346 

B(5I4% "#4G OV:]5^# V"'6g  

O:b5^V  :Q[ ?:a5;# H0@ #4? ["#4G4? [? !:p."# +:6Xk ":@ 0^ T8@HN:; +0 #[ 0? @":  X# B_;V'? W":_p) B(5I"  16+ 0_Z  :_Q[ 

  \7"B66+ *F) 0Z B(^ 5ZE&:   / M+I/4S  ":b;:Q[   I4J56 ARRB g  4Q8  # X# F8  TO:b5^V  :Q I/4S +  X:_^/" M[   _^'? #" +  0Z _8 F

w+9 B(^ >pz H6 B(@g m:F. O:b5^V :QrQ#" >)4^ "V +:FH8  MF)H6 B((@| M?9 :Q[ 55 \5. \5=g~  
  



Kp International Experiment to Harmonize Longitudinal and …                                                             

KUKUKU  G&(3C%]4% '0;V  

  6 4Q "V   4Q 0Ui(=/ 456  8 >l#4G ":p? :QH8   s^'. 0@F9    X#4. /   >9#V4?B9 g8  Fw+9  B(^ >?:z \ I/4S  _+     :_? #" O#" M

 0;'F; MK#'I %+4[ .-   ":(@ "V 456  OX#B;#  [4+%  :Q[ 0@F9  X#4. / \  >I4% OX#B;# g 8 9 F+w   B(^5ZE&: ;+  $ #4_?[  5_^V +?:H   0_? 

I/4S+ S M+  05^'0?  ":@ >I"  g#8  TOX#B;#  [4+%  :Q   :? B;#OX#  [4+%  :Q[ 0@F9   pi. X#4. / +  B;B9 OV#V * gOX#B;#   [4_+%   :_Q[  0@_F9  / 

 #4? X#4.[  Fc# y'uN +>l#4G "V �#4J;# V'3/ mB) X# &:( :Q[9 +w  #4_? / >?:z B(^[ Ju_. + ; OX#B_;#  [4_+%  :_Q[S +  05_^'

0?  ":@ B(5I"  gI/4S+ S M+ :1; 05^'H8   I/4S &#'() 0? +  #4? j346 M[ OX#B;# [4+% :Q[. OB9 m:n;#  s^' O:b5_^V  :_Q[   v:_? >)4_^ 

  B? B9 OV:]5^#8    0@ W"'K TM+I/4S  :Q    :? 0iU; 0? 0iU;  :U6 2Q 8 B;B9 0eg  Y. :? ++ T _8I/4S F _+S M+   _9 s_^'. 05_^'+w   B(_^

5ZE\&:  :U6 &:?6# 8 I/4S 0e+  M0?  >^V     4Q X# OB6kM+I/4S  ":b;[     0;'F; 0ZK:I 4Q :? /  %+4[   0?  V'3/H6  B8k g OX#B_;#   [4_+%   :_Q[ 

 #4? j346[ . ZJ+ I/4S M+ h4) MH     9/" &:FQ X# OV:]5^# :? H  #4? 0@ [ OX#B;#  [4+%  :Q[       ,'_c >_13 "V j_346 H  _h'. +  OV#V ;

 \B9>I4% m:n;#g  

  

KUKUkU 3)'1N2 )['760/   

• 9Q#sC%0B &   

OX#B;# [4+% :Q[ 0@F9 &#'() 0? X#4. / OX#B;# [4+% :Q[S +:F87 V"#B;:5^# 0@F9 X#4. /  4Q "V=/ 456 #m:n;B;B9 g  

• /;9Z8#a  ,"NJ<)0   

  O:b5^V6+ *F) 0Z B(^     >@49 s^'. >?:z FACE  46k "V 8 N#4c :?H  >^# OB9  g ZK# �BQH  # X# 8  X"# O:b5^V T8?:H 

"#'FQ[ 6X +T :Q[ (5? H  >^# OV'? g # 8 ̂ / T+   M6:9 0Z8  Fw+9  B(^ #4? [ Y. ++   ? o:]."# �x5`# T+ :S T80 :Q[ 6 +  >_^# 0Z g# _8 T

w+9  B(^    &#'() 0? 8  ;/45?,# y/B;:S F+?H   ":@ H6  B(@    Y. #" o:]."# �x5`# 0@ ++TOV4C 6 &:@; / H  B_QVg  _Y6 >_GV +  OB_9 T

 OB;X:^ s^'. in //5-P/+ |mm/3P/ ~4Q "V >^# >l#4Gg 6+ 0Z*F) B(^ OV#V :Q[ >pz #" o:]."# 0? !'?46 m:` H6  B_(@ / 

  :?8   0)'Fn6 F  X#06:;4?  :Q[ V4?":@ [ r6:@ +4.'[ H6  &#'. OV#V  :Q   O":6k 0? #"  :Q[ "#'FQ:;[    0ZF3 X# IRI  V4@ !X#V4S \ g O'J;

 6 ":@+  0Z*F)  B(^  # 0? 8   0@ >^# W"'K T # 8T ̂ / +  e6 "V 0Z+     OV#V >@4N :1`4= 4H6  V'9 g"'.#4S# 6 \+    X# #" 0Z8  B(Z? MJ6 F 

  V MJ6 0?8 6 4bH   # 0? B;:`4=8 .4. T+  :S 0@ w8   /" #" 'Z3 0[X:^/" ;i^ [ H6 V"#8%,:N "V H :S 0@8   '_Z3 >F_^ 0? wU) 0

4=  OB;:`H6  V'9 g :S 4%#8   /" X# 'Z3 0[            :? ":@ / >I" BQ#'` >^V X# j346 o:]."# V'9 B(Z? ;i^ 8    V'_9 "#4_?. B g "'_.#4S# 

6 445(6H :F; 0J]K :. B;:68 mx)# #" >l#4G O:b;k / V'9 >?:z 7H6 B(@g  



Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N ;*&0? '0;V!`0a & !-H_ ^3%( & (((                                                            Kn   

  
 ^5sjjU/ ; 9Z8#a ,"NJ<)0   

• /; 9Z8#a ,"N 1ZBA) 

4c8  6 ":@ 0U+  0Z*F)  B(^ 5ZE &: Kv'K#   6 0?:@6 +  0Z*F)  B(^  >^# >?:z  g,/H # 8   O:b5_^V T 0_?  "'_cS +  e_6 "V 05_^'+ 4

   OB;:5ZE :1`4=H6  V'9   /0?  "'c S +  05^'OV#V  :Q[      #" o:]."# 0? !'?46 jF3  ["/k H6  B(@ g#8    O":6k 0p^:J6 &:?6# O:b5^V T :Q[ 

"#'FQ:;[; #" + 2Q#4I $H6 B(@g  

  
 ^5sjKU/ ; 9Z8#a ,"NA)1ZB   

• ^;*&0? ()'41/  S0EARRB  

M+I/4S  ":b;  Q:b5^V I4J56 H  #4? >^# [ OX#B;#  [4+% I/4S +  X:^/" "'i^ M[        >)4_^ :_? 0@ OB9 rQ#"+ :_FH8    0_? / 

 5^V W"'KH   ":@ H6  B(@ gOX#B;#  [4+%  :Q   :? 8 . F+  m:n;# I4J56 4H6 V'99 0@ +@;#4% wHYG#/ H? +:S T80 :Q[ w_U) / 'Z3  

    0ZK:I :? 0@mm =P.35   X# 8B?8  B;"#V "#4G 4b   6 OX#B;# #"H %+V4g 6:b(Q H  :S 0@ 8      >_@4N O:b5_^V 0 H_6  B_(@:S \ _8  "V w_U) 0

ZJ6H  :S 0@ 8   'Z3 0"#4G V >9# :3[ 6 H %+V4g OV#V  :Q  W"'K 0? "#V'F;   /" 4? [ 8  F   M_?:G 0_;:8#"   M_FN       OV#V &:@_; M_J6 "V 

H6  V'9   / H6  ;#'. "'c B[ 4(. +    O":6k M6:9 0@ V'9 2 :Q[ "#'FQ:; [ ; + B9:? $ g pe; >GVH X#B;#O  [4+%  :Q[       o:_]."# 0_? !'_?46 

?+   ,#'56 0iU; /V TH    0p.46 X#mm //-P/+  >^# g    weN 4? H'I VB) >_GV  7+_S  H_(+? OB_9 "V   :_1; o:_]."# H8 0_@   V/B_N      

mm 5+"V  -/I/4S >I:e6 456 +M H6 B9:?\ 0? >^V H6 B8kg  



Km International Experiment to Harmonize Longitudinal and …                                                             

  
 ^5sjk U ^;*&0? ()'4 ARRB 

KUkU  G&(3C%]4% '0;V  

KUkUjU s;)/CI 3H$I (2 z0/$)5  

O:b5^V  :Q[ 4^ 8j 78:6Xk  :Q     >)4^ :? #" >/   / km/h A/ 6 m:n;# H V#VB;    OB;X:_^ s_^'. O:b5_^V >)4^ MG#BN / 

  V'? OB9 Ca@6 g#4?[ 78:6Xk  :Q[    :`    :_. T5I4% >)4^ )r^ / M6:@ *G'. &:6X X# O:b5^V 0@ V'? mXvkm/h A/ / 

 \M6:@ *G'. :. >)4^ 7Q:@OX#B;# [4+%B(@ g  

  

KUkUKU s;H/CI 3)$Y?%t (2 z  

 >)4^ TS#E "VOX#B;# [4+%;#'G 0? O:b5^V +b5e? >e. 0Ui(6 "V >)4^ TH# 0? >9#V 8.4. T+0@ w1  

•  BN >)4^ :? >e. *c:(6 "Vkm/h -/ \ X# >)4^OX#B;# [4+% -/ / km/h =/B9 OV:]5^# g 

•  BN >)4^ :? >e. *c:(6 "Vkm/h >/ \ X# >)4^OX#B;# [4+% >/ / km/h =/OV:]5^# B9 g 

•  BN >)4^ :? >e. *c:(6 "Vkm/h A/ \ X# >)4^OX#B;# [4+% A/ / km/h >/B9 OV:]5^# g 

•      Uc:(6 "V jG#/ >e. *c:(6 "VH    0_@     )8/4_^ y:_N "V   H_QV    \B_;V'p;   X# >)4_^     [:_Q OX#B_;#   [4_+% A/  \>/ /             

km/h =/B9 OV:]5^# g 

  

KUkUkU s;)/CI 3H$)?&(% (2 z  

    >)4^ :S/"# "VOX#B;#  +%[4:^/ 8ZU; M+ "V 078:6Xk :Q   B_6 0? OX#B_;#  [4_+%   e_U.  :_` / V"#B;:5_^# +  B_? B_9 28 T

0@ W"'K1  

• :6Xk B68 >e. MJ6 "V V"#B;:5^# 7DAF >e. *c:(6 "V / )8/4^ y:N "V HQVX# V'? W":p) 1 

− km/h >/ \km/h A/1? >)4^ / +#4? 0([^/ +ZU; 0Z+0 

• :6Xk B68 >e. MJ6 "V sUI  :` 7DAF V'? W":p) X#1 

−  OV/BJ6 "V 2@ >)4^- :. km/h .-  

− #$I#8,56 >)4^ 7Q:@ / 7+ X# 4-/ 0? 0-O":?/V /  0? km/h -/g  



Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N ;*&0? '0;V!`0a & !-H_ ^3%( & (((                                                            Kq   

KUpU A)/C 9/)40< ]"<' 3]s z$)/CI )[  

":.8:6Xk m:n;# A8N:; 0^ "V 7+ y/B3 "V >e. 00>^# OB9 OV#V &:@; 1  
  

 i&]6qUA)/C 9/)40<  ]"<'%0< 3]s ' z$)/CI )[  

c)4;9  ^E/  ()B$4% C/)8   2%],BJ$0s A)V]""$  

46k8:?  "k8:;/$  5- M8"/k :. 56 H \5AA6  3  

TS#E  :@'Q8/B  >v'3 [ :. 50v'3 [ \5AA6  0  

:S/"#  &:F,k / B(ZQ  5- :. 4p6:5r^ .-4p6:5r^   .>  

  

KUpUjU  9/)40<z$)/CI )[0/I (2 $)5  

>@49   "V &:%B((@5- M8"/k 5AA6 &#'() 0? \8S F+ W:Gx6 78B?8"V #" 4bMFN / O#" W"#X/ O"#V#  "k MU;/8  :_;/$

B;V4@ W:Gx6g  

    \BY? X/" "V5> M8"/k 5AA6 78:6Xk  :Q[    / O:%V/4I "V  :` 8Z+ % $6:+'5[  B9 o/49  g#8  T78:6Xk  :Q      B_Y? X/" :_. 

S 06#V#+V4@ #B g X/" 4u) "V56 M8"/k 5AA6 78:6Xk :Q O:%V/4I "V 4?":Q [:?^#B9 m:n;# g  

  X#5A M8"/k   :. .5 8"/kM 5AA6 78:6Xk  :Q     >e. *c:(6 "V   )8/4^ y:N "V HQVUc:(6 "V HN:; "V 0@  _+ ;'_I 0+ )?

   >I4% m:n;# \>9#V "#4G gOX#B;#  [4+% :Q[:S >)4^ :? +8 M6:9 TOX#B;# [4+% :Q[  "V >e_. *c:(6 "V j346 5A / ./  M_8"/k 

  "V>    B9 m:n;# >e. 0Ui(6  gOX#B;#  [4+%   :? O:b5^V :Q[4^ 8j "V ./ / .5 8"/kM>I4% W"'K  g8(YH  OX#B_;#  [4_+%  :_Q[  :_? 

 m:n;# X# BY? X/" v:? >)4^OX#B;# [4+% :Q[>I4% m:n;# j346 g  

#4?[  5e. *c:(6H   N:; "V 0@ +     B(59#V "#4G &'e@:. 078:6Xk  :Q   X# .5   :. .6 M8"/k 5AA6   B_9 m:n;#  g    *c:_(6 B_(;:FQ

 ;'I >e.+         s^'. #B5?# &'e@:. "V jG#/ >e. *c:(6 \)?O:b5^V  Q:[ :? )r^ / j346 O:b5^V :Q[ v:? >)4^  OX#B_;#  [4_+% 

B;B9 g X/" 4u) "V.3 M8"/k 5AA6 78:6Xk :Q[B9 #43# &'e@:. O:%V/4I "V  :` g  

:S X# )S8 &:OX#B;# [4+% :Q 8:FQV4% 0eZ3 FH8V4% "#$%4? &'e@:. "V 8Bg  

  

KUpUKU  9/)40<z$)/CI )[Y?%t (2   

 :6Xk ":@8@H     :? TS#E "V 8    2_^#46 FN:55I# _+    X/" "V 0>  v'_3 [ 5AA6    B_9 X:_Ek  g     X/" 4u_) "V>  v'_3 [ 5AA6 

78:6Xk  :Q[     ̂ 45^V :? O#4%"$? "V  :` H Kx6:@    B9 m:n;# OB9 y45(@ 0@ Z@ +0 O:b5^V :Q 78:6Xk :Q[ >)4_^ :?  :_S +8T  :_? / 

 ,56 >)4^+   B;V#V m:n;# #" 4g  :QX/" "V [   BY? OX#B;#  [4+%  :Q     >e. *c:(6 "V   )8/4^ y:N "V  QVH  :@'Q "V 8    B;B_9 m:_n;# /B g

78:6Xk  :Q[ / j346 78:6Xk :Q[:S >)4^ :? +8 X/" y'c "V T /78:6Xk :Q[   X# w_9 "V v:_? >)4^ 6   :_. 4u_) =   ;p_K

B9 m:n;#B;g  

78:6Xk :Q "V TS#E "V 50v'3 [ 5AA6UI'6 :? + "V M6:@ >OX#B;# [4+% jG'6 0? |06:;4? *pc ~:S88S &:8>I4g  



Kl International Experiment to Harmonize Longitudinal and …                                                             

KUpUkU  9/)40<)/CIz$ )[)?&(% (2   

78:6Xk  :Q     "V :S/"# "V 53   4p6:5r^ 5AA6  :FQV4% :? H8 >@49    / &:%B((@ &k X# )S8N:55I# 2^#46 F+:F; / 0 _8@H X# 

O:b5^V :Q[ OV:]5^# V"'6k "V 8B(Q B(ZQ "V &'B9 X:Ekg  

    "V >e. *c:(678:6Xk  :Q[    :S/"# "V OB9 m:n;#        V'? OB9 jG#/ &:F,k / B(ZQ "V g  5; "V +0n\  e_6 ,'O+  &:6X:_^ >  _QVH 

#43#[ 78:6Xk :Q.4. 0? + :? wDWW / B(ZQ "V BAStV'? &:F,k "V g  

N:55I# X/"+ :? 089X'6k 0eZ3 FH #"8&:b >e. MJ6 "V DAF:S 8 &:8>I:g  

    #"# :? >e. X/" 4Q8 0Kx` 0 #[   #4? X/" 06:;4? X# [ >C49 &:%B((CB9 o/49  g78:6Xk :Q X# B(ZQ "V 5-   :_. 4p6:5r_^ 

56 6:5r^      / B9 m:n;# 4p50  #4? 4p6:5r^ [  #4_3# [  78:_6Xk   :_Q[         >e_. M_J6 "V  :_` DAF     B_9 OV#V  :u_5`#  g  m:_F.

78:6Xk :Q :. B(ZQ "V 56 4p6:5r^ 5AA68S 0F.:` 8>I4 g  

   ? 0p(9/V X/" "V+   / >e82? 4p6:5r^      m/V 7_a? \ 78:_6Xk   :_Q    :_?  _8    3'_. 0e_Z3 F+1H      # O#" O"#V# "V 4u_5a6 [g m#

#"8     # )S / B9 X:Ek T4p(  >@49 &k X  #4? &:%B((@[   m:n;# 78:6Xk  :Q    :1Q#" >e. *c:(6 "V [     B_;V4@ I4_. #" 0e_Z3 &:_F,k g 

?+ >@49 45@   &:%B((@OX#B;#  [4+%  :Q[     :. #" V'` ..   4p6:5r^ 5AA6  :S 0? 8   Z@ / B;B;:^" &:+  078:6Xk  :Q        X# M_pG "4_U6 &:6X "V 

6:55`#+  :6Xk ":@ 08@H   "V .-   4p6:5r^ 5AA6   ̂ " m:F.# 0? \+B g#8  :6Xk ":@ T8@H  1. :? + 08 / !"#$% F84I:N#B` 0eZ3 FH "V 

#[g#" m#8 0F.:` &:F,k "V T4p(8>I:g  



Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N ;*&0? '0;V!`0a & !-H_ ^3%( & (((                                                            Ko   

kU 3)'1N2 )[' 32)|1N% 2(H/  
 i&]6lU J$0s  & A)V]""$3)'1N2 )[' 32)|1N% 2(H/0/I (2 $)5  

JT0s  3)'1N2  

K.J. Law  K.J. Law profilometer  
Arizona Department of Transportation  K.J. Law profilometer  

Dynatest  Dynatest 5051  
ARRB Transport Research  ARRB profiler  

  

 i&]6oU J$0s 3)'1N2 & A)V]""$  32)|1N% 2(H/ ')[Y?%t (2  

JT0s  3)'1N2  

Pasco Corp.,FOR   A Co. Ltd.  TEV-1 

Kokusai Logyo Co. Ltd.  Kokusai Road Profiler  
Nichireki Co. Ltd.  RCX 

Nippon Hodo Ltd.  Road Vision  
Pasco Corp.  Road Recon  
Toa - Doro  CHASPAR  

Toen  Pavemeter 
  

 i&]6jLU J$0s 3)'1N2 & A)V]""$  32)|1N% 2(H/ ')[)?&(% (2  

JT0s  3)'1N2  

Flemish Road Eng. Div. APL  
Ministere de Wallon  APL  

Centre de Recherches Routieres  ARAN  
SPRINC - DYNEX  DYNVIA  

Dynatest  Dynatest 5051 RSP  
DRI  DRI Profilograph III  

VTT Communities and Infrastructure  Roadmaster  
LCPC  PALAS 2  
BASt  LSAQ  
BASt  HRM  

Schniering lng. Gesellschaft  ARGUS  
WDM Limited  Multifunction Road Monitor  

Transport Research Laboratory  HRM  
Transport Research Laboratory  Harris  

DWW  ARAN  
WMD  ARAN  

Norwegian Publ. Road Administration  ALFRED  
Road and Bridge Research Institute  Kolein omierz  

DRO Konsult  TUS  

Soyuzdornii    

National Building and Civil Eng. Inst. ZAG  ZAG - VIP  
CEDEX  Profilograph  
AEPO  RST  
AEPO  RST  

Etsamex  Profilograph  
SCC  RST  



kL International Experiment to Harmonize Longitudinal and …                                                             

pU 1N2;<)!*&0? 9< ;,d%& ^! u)N% 0< 3)'1N2 )['760/   
4Q 8F X#  >e. *c:(6  # "V8  :6Xk ":@ T8@H     X# OV:]5^# :? O:b5^V  :Q[   j346 OX#B;#  [4+% B;B9  g#4?[ 78:6Xk  :Q  46k "V 8 :?

   #4? / TS#E /[ 78:6Xk :Q[ :`  \:S/"# "V 8 FDI/4S+YG#/ MH| DTP~#  @4. :_? >e_. *c:(6 X#  _+ w OX#B_;#  [4_+%  :_Q[  0_^ 

 6 O:b5^V+  0Z*F)  B(^   6 / >?:z + 0Z*F) B(^5ZE &:| M?9 :Q[ 55  /5. ~ O#4FQ 0?OX#B;# [4+% :Q[ 0@F9 1. X#4_. /  _+ B_9 0 g

@4. :?+ wOX#B;# [4+% :Q[# 8O:b5^V 0^ T\5^V &:?6# +?:H 0? 8I/4S F+G#/ MYH0;'F; MK#'I :?  %+4[ /.-P/B9 2Q#4I 456 g  

  

  
 ^5sjpUZEB ; ^PSD 3C%]4% '0;V )['0/I JrB 8_)"/ (2 760/ $)5  

  
 ^5sjn UZEB ; ^PSD 3C%]4% '0;V )['Y?%t JrB 8_)"/ (2 760/   

                                                
1- True Profile (TP) 

eC- %8W  

eC- %8W  



Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N ;*&0? '0;V!`0a & !-H_ ^3%( & (((                                                            kj   

  
 ^5sjmUZEB ; ^PSD 3C%]4% '0;V )[' )?&(% JrB 8_)"/ (2 760/ = JrB 8_)"/ %D*DAF@  

  

  "VM?9  Q:[ 53   :. 5> M+ZJ.  :Q[ c +     46k "V >e. *c:(6 &#'. *8        OV#V &:@_; :S/"# / TS#E \:? OB_9   B_;#|     *c:_(6 :_1(.

     >e. MJ6 "V >e.DAF    S j346 O:b5^V :? +  I":OX#B;#  [4+% B;B9  g   :S/"# "VOX#B;#  [4+%  :Q[        O:b5_^V X# OV:]5_^# :? j346 

Primal X# VTI j346 0? \B9 m:n;# Bl'^ = w5@ >^41I X# :F; 0Y3#46+8Bg~  

     H'I M?9 0^ "V|53   :. 5> ~6 H6 OBQ:@  \V'9 ZJ. +  MPSD OX#B;#  [4+%  :Q[    B;/" \j346 8;:e?H  #4? #" [    7'_6 V#B)# 

X8  45      &:@; 456 "V "/V H6  BQV g#8    "V 0?:@. TPSD 0?  >^V   OB6k #4?[ 78:6Xk  :Q[  OB9 m:n;#      46k \TS#E >e. *c:(6 "V 8 :?

  ? :S/"# /+ # 4b;:8T  >^# wZi6 # 0@ 8 0?:@. TV4?ZF) 4b;:@; O:b5^V :Q'u. 0; / 84[I/4S X# +>^# >e. *c:(6 M g  V'_3/ :?

#8   ; 44; 0? \THF  B^"  # 0@ 8 BS T8 z-. OB+4[/" 4? [  M+ZJ.O:b5^V :QZJ. 9:^# 4? + MIRIB9:? 059#V  gZJ. "V+ MM+I/4S  :_Q[ 

OX#B;#  [4+%   \OB9 8 I F+45Z8 ,/# <(+0   M+I/4S [/" 4?    :Q V/BJ6 "V  Om -/ L 065.-P/ B9 m:n;# g# _8     0_@ B_9 M_):? ":_@ T

);:@4I  :Q[  43 :? V'? T?F6 0@ 4.v:? 80;'F; &: %+4[B;'9 �8N \B((@ M`#B. VBn6  g,/H #8I T+45Z8,/# <( _+0\ BS 4_z#  _8 OB

 0? !'?46M+I/4S :Q[:U6 m:b(Q "V #" j346 8 :? :1;k 0eM+I/4S :Q[ OX#B;# [4+% :? OB9 O:b5^V :Q; +$ X# ?+6 TH V4?g  

  # V'3/ :?8 :? \T8     V"#'6 "V 0@ V'F; 03'. B[    W:)xc# 0@ [#"#V l$3 +.:H   O":?"V M+I/4S  :Q[ X:^/" [    B_9:? 44; V"'6 \ 

BS8OB :QH8#4? 0q;k 0?:@6 [ OX#B;# [4+% :Q[# "V j346 8:6Xk ":@ T8@HV 8 \B9 OBH6 ;#'.BQV J" Bg  

eC- %8W  



kK International Experiment to Harmonize Longitudinal and …                                                             

nU -)#6% 0)4!JrB 8_)"/ 0<   
#4?[ Fc# +  # X# &:(8  0?(O:b5^V  :Q[  OV:]5^# V"'6\   5e. *c:(6 "V H 0?    05I" ":C     B_;#   &:@_; 0_@    #4_9 OB_(QV8  X:_^/" s[  "V 

:1Q#"[   )8/4^ y:N "V  HQV \B(5eQ  H(I 05+F@C1 8�BQ 0?p9 F##4? [#49 8"#'FQ s[  V'_F; T+_+Y. #"  :? 0_@  _8H5e "V 

 :6Xk ":@8@H   V'3'6B9:?g :U6 8 :5; 0e8  BOX#B;#  [4+%  :Q[   FQ 0? !'?46 "#'[   I/4S 9:^# 4? +  _YG#/ MH       # :_? >e_. *c:_(6  _8 T

 �BQ 0?p9    V#V &:@;0?  "'c   Y. &:?6# s^'56 ++  5e. *c:(6 TH       �BQ >e. 0?p9 *?:i6 0@ | 44; V"'6 ~  #V V'3/ B(9:?V" g "V

  y/B355 :5; 8 "#'FQ B[          C`:9 W"'K 0? 0@ >e. *c:(6 "V s^'56 T+?  H_ZZF,# "#'FQ:_; [| IRI ~  ? >e_. 0?p_9 / _+ &:

:@; \OB9>^# OB9 OV#V &g  

 i&]6jjU%0< -][ 95Ws ' z$)/CI )[2)D/ & JrB 8_)"/ 2%],B F$ 0 IRI,d%&!  

,d%& JrB 95Ws!-][ JrB 95Ws &   

IRI0)4 2(H/   0/I$)5  Y?%t  )?&(%  

   |>>P- [ .0P- ~.    |0-P> [ -6P- ~.  

- Y IRI Y 3    |3-P3 ~5  |30P3 ~5  

3 Y IRI Y -P.  |A=P. [ >0P. ~=  |5AP= [ >AP. ~=  |/6P= [ 0AP. ~.  

-P. Y IRI Y -P5  |3>P. [ >.P5 ~0  |>.P5 ~5  |A.P5 [ >-P5 ~.  

-P5 Y IRI Y 5  |=>P5 [ //P5 ~-  |/6P5 ~6  |/0P5 ~5  

5 Y IRI  |6>P/ [ 00P/ ~.  |A3P/ [ 65P/ ~.  |A0P/ [ 6.P/ ~=  

  

  y/B355   &:@; H6  BQV   N#'; m:F. 0@ H #"#V [   V:U6 :? >e. *c:(6 8 4IRI:(56 B;V'? �BQ 0?p9 :? w^    *c:_(6 $_3 0_? 

:6Xk8  46k "V 78 V:U6 M6:9 0@ :?8 4IRI OV/BJ6 "V 3 :. -V'p;  g,/H46k "V 2Q 8   :_S/"# "V 2_Q / :?.    V'_3/ >e_. 0_Ui(6 

 "#BU6 0@ >9#VIRIV:U6 OV/BJ6 X# 7":` :1;k 8V'? 44; V"'6 4g  

ZJ.+ ,. M++  W#4IRI #4? [   >e. 0Ui(6 4Q \ %B(@#4S H "#'FQ:; [ "V       &:@; #" >e. *c:(6 H6  BQV g    4_4; 0? H_6   B_^"   0_@ 

,.++  #$I# :? W#48  V:U6 s^'56 78  4IRI #$I# 8  7H6  B?:8 g   ? 0@ :n;k X#+    :1Q#" "V >e. *c:(6 45@[   )8/4^ y:N "V  HQV   j_G#/ 

OB9 B;#,. \++ W#4IRI 8,. F++pc 4+YH 0@ >^# H6 ;#'. "V B[X:^/" :Q[ )8/4^ y:N "V HQVV'9 OBQ:@6 g  

  "VM?9 :Q[ 50  \56 / 5AV:U6 s^'56 8 4IRIY6 �#4J;# / +#4? 4U:(56 ":[ OV#V &:@; >e. 0Ui(6 4Q OB9 B;# g  s_^'56

 "#BU6IRIY6 �#4J;# / +V:U6 9:^# 4? ":8 4IRI 5/B;"#V "#4G >e. *c:(6 "V 456 g  

  "VM?9  :Q[ 50   :. 5A    >^# OB9 OV#V &:@; \ +Y? H     :15FeG M6:9 >e. *c:(6 X# H8    0@ B(5eQ IRI  ̀  :1;k +ZH ? +  X# 45@

"#BU6[S �BQ 0?p9 "V 0@ >^# +>^# OB9 V:1(@g  

                                                
1- Target Matrix 



Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N ;*&0? '0;V!`0a & !-H_ ^3%( & (((                                                            kk   

  
 ^5sjqU/ ;'4);,/ -%0E4% & Y; ()IRI U0/I (2 JrB 8_)"/ $)5  

  

  
 ^5sjlU/ ;'4);,/ -%0E4% & Y; ()IRI UY?%t (2 JrB 8_)"/   

  

  
 ^5sjoU/ ;'4);,/ -%0E4% & Y; ()IRI U)?&(% (2 JrB 8_)"/   

  

   ? 0? 03'. :?+5@48  45F@ / T8  TIRI  ,. / ++ V:U6 W#48  4IRI      04Nx6 \>e. *c:(6 "V H6   V'_9   +_Y? "VH    V:_U6 V"#'_6 8 4

IRI    OV/BJ6 "V [X:^/"  :QH8      4Y. *_pc 4? 0@ >^#  _8    F_;:? *3 ;:_1H      :_1Q#" &#'_() 0_? [    &/B_? X:_^/"[  >_646    \OB_9

[X:^/"  :Q[   :1Q#" / G#4` [   &/B?X:^/"[  0Upc "#'FQ:;  B(?[ OB9  B;# g I4c X#H #"  :_1Q[ ̀  + _ZH   ; "#'_FQ  _+  # "V $ _8   ":_@ T

:6Xk8@H     / B(59#V V'3/ M?9  :Q[    &:@; "'@86 H6  B(QV   0@4."#'FQ8  >e. *c:(6 T  OV/BJ6 "V  #[   "#4G H6  B;4+%   s^'. 0@ 

;:13 F;:?H&:?'.# / O:%V/4I B;:? &#'() 0? #0Upc  B(?[ OB9 B;#g  

                                                
1- Superhighway 



kp International Experiment to Harmonize Longitudinal and …                                                             

nUjU 3C%]4% '0;V*&0? ; )< ^3)'1N2 )['0N $7  

  "V 0@ "'i;:FQ   06BU6  B9 O":9#\   4^ O:b5^V ":1= 8  46k "V j8       / TS#E "V O:b5^V >]Q \:?.>     :S/"# "V O:b5^V 0?    ":_C

 B;B9 05I4% gOX#B;#    [4+% X:^/" ;i^[   O:b5^V 0+ZC s^'.  :Q   :?   X# OV:]5^#"#$?#:Q[ OX#B;#  [4+% E +^:F. 4H B(;:6 !/"  :_Q[ 

,+"$[ ;#  B9 m:n g:6Xk8      O:b5^V o'; 0? 05e? V#V &:@; 7\   MK#'I 0;'F;  [4+% ]Z5a6 H|   _? 0ZK:I+ I/4S !:_U; T _+I/4S "V M _+ M

`t+OB9 O4 ~0? ":@05I"  B;# g y/B35. MK#'I 0;'F; [4+% OV:]5^# V"'6 s^'. O:b5^V :Q[ *Z5a6 &:@; #" H6 BQVg  
  

 i&]6jKU ^f%H* 94H#4 '0;V%0< ' 3)'1N2 )['32)|1N% 2(H/  

0/I$)5  Y?%t  )?&(%  

3)'1N2   ^f%H*94H#4 '0;V= m@  3)'1N2   ^f%H*94H#4 '0;V= m@  3)'1N2  ^f%H*94H#4 '0;V= m@  

5  
.  
=  
3  

/-/P/  
5//P/  
5-/P/  
5-/P/  

5  
.  
=  
3  
-  
>  
0  

.-/P/  
5//P/  
.-/P/  
-//P/  
/-/P/  
5//P/  
5//P/  

A01 
A02 
B09 
G31 
C11 
C13 
B10 
A03 
E21 
E22 
E23 
F27 
F29 
F30 
B06 
B07 
C12 
E24 
F26 
G32 
G33 
D17 
D16 
D18 
D19 
C10  

/-/P/  
/-/P/  
5//P/  
//3P/  
/.-P/  
//=P/  
5//P/  
/-/P/  
/5/P/  
5//P/  
//-P/  
5//P/  
5//P/  
//-P/  
5//P/  
5//P/  
.-/P/  

  
.//P/  
  
/0/P/  
//=P/  
/-/P/  
/-/P/  
//=P/  
/-/P/  

I/4S+ M
YG#/H  

/.-P/  
I/4S+ M
YG#/H  

/.-P/  
I/4S+ M
YG#/H  

/.-P/  

 O:b5^V ["#8%B@  78:6Xk "V OV:]5^# V"'6 [:Q s^'. :S/"# "V OB9 m:n;#FILTER >^# 05I4% W"'Kg  



Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N ;*&0? '0;V!`0a & !-H_ ^3%( & (((                                                            kn   

mU ZEB; ^32%2 )[  
:;#'.H8 O:b5^V  :Q[   #"# "V *Z5a6 8  0C`:9  :QH8 #4? [ X"# 8?:H ,'c H  h4) / H X:^/" [    0ZF3 X# \M+ZJ.   :_Q[  Z_K# H 

OV#V  :Q H6  9:?(B  :5; 0@ 8 ZK# BH :6Xk 8 B(5eQ 7 g  OX/46#F@+> :Q:F;[    [#4? [V:8X[X:^/"    V"'6 O#"    "#4G OV:]5^# H_6   B_;4+% g

#8 F@ T+>    wZE# :Q:F;:?   0Y^'. D+(P. OX#B;#  [4+% "#'FQ [:Q"'@@ "V [ 0c'?46  sp.46H6 B(9:?g#4? [ M+ZJ.# 8 :_6Xk T8 7

(=+ Fu. T+      ZK# !/" 0^ 0@ B9 05I4% 2H #4? [ ZJ. +  MM+I/4S  :Q[ ,'c H   / 8  #4? !/" F[ ZJ.  _+  M M_+I/4S   :_Q[  _h4) H 

0? ":@" V/g  

#4?[ ZJ. +  M4SM+I/  :Q[ ,'c H |:? :U6 8 C`:9 0e~   C`:9 \T+?  HZZF,# "#'FQ:; [ 0?   ":_@  >_I"  g# _8      "V 0_@ C`:_9 T

 OV45e% ;i^ #[ 0?  ":@ 6 H   ?'` 0? V/"H 4Y. 8     / >^# OB9 *H6  ;#'.  B # X#8>;45(    $_+;   ["#8_%":?| V'_Z;#V ~ V'_9 g # X# _8  \/" T

#4?[0Gx)  ^45^V &:?6# &#B(6H"'b,# 0? 8V"#V V'3/ 0p^:J6 25g  

4?#[ ZJ. +  MM+I/4S  :Q[ OX#B;#  [4+%    5; "V / OB9 +   :U6 "'4(6 0? 0n8  0eM+I/4S  :Q[  OX#B_;#   [4_+%    "#4_?. OB_9 [    4_Q X# 

#4? / O:b5^V[:U6 8 0eM+I/4S :Q[ 0? >^V OB6k X# O:b5^V :QI/4S :? +c 2@#4. !/" X# j346 M+]HB9 OV:]5^# &#'. g  

8   :U6  :` !/" F8 #"# 0e8   :Gk s^'. OB9 0[ ;#V +  ML     X# 94@#V I":6LCPC   #4? 0e;#4I "V [ e]. +  4 M_+I/4S   :_Q[ 

   0? !'?4678:6Xk  :Q   #4? \:S/"# "V [ OV#V  :Q[    0? !'?46 78:6Xk  :Q  46k "V 8; TS#E / :?+B9 OV:]5^# $ gh'.+Z@ ;H # O":_?"V  _8 T

!/" "V 06#V# #8T !"#$% B9 BQ#'` OV#V g W:)xc#.u]+ZH# O":?"V 8 #" !/" TH6 &#'. j346 "V 3  w5@ >^41I X#8>I:g  

  [#4?:U68  0eC`:9  :Q #4? [ M+I/4S  :Q[ h4) H\   0? !'?46 W:p^:J6 X# H%B9":+9e6 + #4_? / B9 OV:]5^# :1`4= 4[ 

M+I/4S :Q:U6 8>I4% W"'K 0iU; 0? 0iU; 0eg  

 # "V8   :5; :1(. !"#$% T8  B78:6Xk  :Q   "V #  :U6 "V :S/"8  J. :? 0eZ+    /" 4? OB9 m:n;# M[ OV#V   :_Q  46k "V 8 :_?    #"# T_S#E /  _8 0

 >^# OB9 g GV W:)xc#+ ZJ. *+  MOV#V  :Q  :5; / 8   #" BH6  &#'.   "V  !"#$_%   :_QH8   X#  &'_6Xk 8   >_I:|   ?:_(6 >_^41Ij  0_4Nx6 #" 

:F;+8B~g  

  

mUjU )14$ZT ,!ZEB ;-H_ ;:)s ^!  

     C`:9 0p^:J6 "'4(6 0?IRI "V     9:^# 4? >e. *c:(6 M+I/4S :Q[ OX#B;# [4+% :? OB9 O:b5^V :Q[  v:_? >)4_^  / 

O:b5^V  :Q[ j346 \    06:;4? X# RoadRuf 1.+    6 O:b@;#V "V OB9 0+@+  B9 OV:]5^# &:b g  M?9./ 6 +b;:+  V:_U6 T8  4IRI   0p_^:J6 

 9:^# 4? OB9M+I/4S :Q[ OX#B;# [4+% :? OB9 O:b5^V :Q[ >@49 OB((@:6Xk ":@ "V 8@H46k "V 8 &:@; #" :?H6 BQVg  



km International Experiment to Harmonize Longitudinal and …                                                             

  
 ^5sKLU/ ;'4); YIRI (m/km) %0<' )/CIz$ )['0/I (2 JrB 8_)"/ (2 3]s (%05B $)5  

  

  M?9./   &:@; H6  BQV     ?'` *?:i. M@ "V 0@ H ? + :5; T8  BO:b5^V  :Q  V:U6 / 8    "V j346 4&'6Xk    46k "V OB_9 m:n;# 8  :_?

V"#V V'3/g  

  

  
 ^5sKjU+&)|B  IRI (m/km) A);/)14 $ ,3)'1N2 )[2)D/ & $0/I (2 760/ 0$)5  

  

   M?9 "V.5  ? W/:]. + 6 T+b;:+T V:U6 8  4IRI O:b5^V  :Q[    V:U6 / v:? >)4^ 8 >^# OB9 OV#V &:@; j346 4 g#8 M?9 T

  &:@;H6  BQV   0@ 0?  "'c Z@ H  ?'` *?:i. H ? + :5; T8  BO:b5^V  :Q[ V:U6 / v:? >)4^ 8V"#V V'3/ j346 4 g,/H M?9 .5  &:@_; 

H6  BQV     0Ui(6 "V 0@ D    bF@_= �x5_`# +4[  _? + T O:b5_^V  :_Q[   V:_U6 / v:_? >)4_^ 8 _346 4 V"#V V'_3/ j g  0_Ui(6 "VE \

OX#B;#  [4+%  :Q   :? O:b5^V  :Q[   j346  z-. >J.+ :i` 4H8  ̂  "V +   V'? 05I4% "#4G 25e g#8  T0,-e6      I/4S 0_@ B_9 M_):?  _+ _YG#/ MH 

OX#B;# [4+%#4? OB9 [ >e. 0Ui(6 E  #" &#'5;[#4?ZJ. + M0? ":@ ?V4g  

&'( )*+,-  

&'( )*+,-  



Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N ;*&0? '0;V!`0a & !-H_ ^3%( & (((                                                            kq   

  
 ^5sKKU/ ;'4); YIRI %0<' z$)/CI )[' )< 3]s (%05B )'1N23 )[Y?%t (2   

  

  X"#  'u` "V8?:H O:b5^V  :Q[ >@49     "V OB((@&'6Xk     M?9 \TS#E "V ..   &:@; H6  BQV    ? *?:i. mB) 0@ +45@[ ? +T 

:5;8B O:b5^V  :Q / V:U6 8   V"#V V'3/ j346 4 g  M?9.=   &:@; H6  BQV    ? *?:i. mB) 0@ +  TO:b5^V  :Q\ K:6'F)   M):?  H_6   V'_9   0_@ 

V:U68 4IRI 0? >pe; O:b5^V :Q[346 ? j+B9:? 45@g  

  

  
 ^5sKkU +&)|B IRI (m/km)  ,$)14 A);/3)'1N2 )[2)D/ & $Y?%t (2 760/ 0  

  

 Z@ 0i?#"H ? +  TIRI O:b5^V  :Q[    V:U6 / v:? >)4^ 8   j346 40?  >^V     _,/# 9:^# 4? OB6k +  4_^ T[  :_5; 8     0_? !'_?46 B

X"#8?:H O:b5^V :Q \ y/B3 "V5=>^# OB9 OV#V &:@; g  

&'( )*+,-  

&'( )*+,-  



kl International Experiment to Harmonize Longitudinal and …                                                             

 i&]6jkUR)WB(% = rW#['1!@< ; Y3)'1N2 )['JT0s   (2 3]""TAH/CI ')[3]s /)84% 0/I (2 $Y?%t & )5  

0/I$)5  Y?%t  

3)'1N2  '1rW#[!ZT ! =R2@  3)'1N2  '1rW#[!ZT ! =R2@  

5  6/P/  5  66P/  

.  6-P/  .  0.P/  

=  A3P/  =  30P/  

3  A.P/  3  6/P/  

    -  A>P/  

    >  0AP/  

    0  A0P/  

  

     y/B3 0? 03'. :?5=    44; 0? H6  B^"  #4? 0@ [ +Y? H   X# O:b5^V  :Q[ >@49  OB((@   "V &'6Xk  TS#E "V \   Y_h !:p."# +]H 

?+   C`:9 TIRI 0?  >^V   # X# OB6k 8  TO:b5^V  :Q    "#BU6 / 0? >^V    9:_^# 4_? OB_6k  M_+I/4S  :_Q[  V"#V V'_3/ \j_346  g #4_?[ 

O:b5^V :Q[ 0? ":@ "V 05I" &'6Xk46k "V 8 \:?K:6'F)b5epFQ H?'` HV:U6 :? 8BQ:@6 j346 4 OH6 V'9g  

  

mUKU ,B;; Y^T %NH1/ IRI  

 M@ s^'56 IRI| GA-IRI ~#4?[   4Q 8       V:U6 s^'56 &#'() 0? >e. *c:(6 X# F8  4IRI Y.  +_+      :_? OB_9 T O:b5_^V   :_Q 

  0p^:J6H6  VV4% gIRI I/4S + YG#/ MH| TP-IRI ~#4?[      0p^:J6 >e. 0Ui(6 4Q H6 V'9 gV:U68 4IRI   >e_. *c:_(6  0_?  >_^V 

^# :? O:b5^V 4Q X# OB6k OV:]5 06:;4? X#RoadRuf6 O:b@;#V "V 0@ +@+ 0p^:J6 \>^# OB9 059'; &:bH6 VV4%g  

  

mUkU 0/I (2 JrB 8_)"/$)5  

 +Y? "VH   V"#'6 O:b5^V  :Q[ >@49  OB((@   "V &'6Xk  46k "V 8:?\ OX#B;#  [4+%  :QH8  >)4^ :?   :_Q[     X# W/:_]56 8 B_?8 4b

 B;V#V m:n;# g#4?:(?8 (= T+ Fu. T+     # "V 0@ B9 05I4% 28T ZJ. +   m:F. MOX#B;#  [4+%  :Q      >)4^ 0? 03'. &/B? OX#B;#  [4+%    4_4; "V 

 B;'9 05I4% g#8  B? o'h'6 T8 (Y6 TH    0@ >^# GA-IRI  V:U6 m:F. 8  4IRI 0? >^V X# OB6k M+I/4S :Q[  OX#B_;#  [4_+%  "V OB_9 

:15)4^[ "V #" *Z5a6 4? H6 V4+%g  

   y/B3 "V53 H6  &#'. V 8  #4? 0@ B[ 6    >e. 0Ui(6 |3/~\  \TP-IRI 0?  "'c  04Nx6 M?:G  #[    :_? GA-IRI   V"#V H4_I  g

#4?[    >e. 0Ui(6 -  \OX#B;#  [4+% I/4S + YG#/ MH #"#V [    5; "V V'? :i` + # 0n8     B9 �8N W:p^:J6 X# 0Ui(6 T g    >e_. 0Ui(6 "V

0    O:b5^V /V :1(. \OX#B;# [4+% B;V#V m:n;## / 8; 0Ui(6 T+ZJ. "V $+B@; 05I4% 44; "V M g"#'FQ:;[e. *c:(6  >5= / 53  :_? \

V:U68  4IRI   :. -P- ? \+ # 4b;:8      m:F. 0@ V'? 46# TO:b5^V  :Q        B_((@ ":@ V'` >)4^ 4Q@#BN "V B(5e;#'5;  g# _8  T 0,-e_6   m:_b(Q "V 

ZJ.+ MZ?:G+,'. >+VBn6 B O:b5^V :Q >I4% "#4G 03'. V"'6g  

  



Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N ;*&0? '0;V!`0a & !-H_ ^3%( & (((                                                            ko   

 i&]6jpU2)D/ $ 0IRI%0< ' 3%0#[ 9< JrB 9D."/ 0[ & 3)'1N2 0[ GA-IRI & TP-IRI 

  
O:b5^V  
5  

O:b5^V  
5 

O:b5^V  
5 

O:b5^V  
.  

O:b5^V  
.  

O:b5^V  
=  

O:b5^V  
3  

 s^'56
M@  

 �#4J;#
Y6+":  

IRI  
I/4S+YG#/ MH  

 0Ui(6
>e.  

>)4^  
6/ 

km/h 

>)4^  
5// 

km/h 

>)4^  
A> 

km/h 

>)4^  
6/ 

km/h 

>)4^  
55. 
km/h 

>)4^  
6/ / 55. 

km/h 

>)4^  
>3 

km/h 

IRI 
 

m/km 
  

IRI 
 

m/km  

5  
.  
=  
3  
-  
>  

0  
6  
A  
5/  
55  
5.  
5=  

53  
5-  
5>  
50  
56  
5A  
./  

6=P/  
A6P/  

  
>>P/  
6.P/  
=3P5  

  
-3P5  
/.P5  
03P/  
00P/  
/3P.  
-0P-  

.=P>  
-/P.  
-AP/  
/0P.  
A>P.  
0AP.  
-6P5  

  
  
  
  
  
  

  
  
AAP/  
0-P/  
03P/  
/=P.  

  

  
-0P.  
>.P/  
.5P.  
A>P.  
//P=  
>/P5  

  
  
  
>0P/  
6>P/  
30P5  

  
->P5  

  
  

6=P/  
A-P/  
A=P.  
>3P/  
6=P/  
=/P5  

  
>/P5  
6>P/  
0-P/  
>AP/  
/3P.  
3=P-  

=AP-  
3AP.  
-AP/  
/6P.  
63P.  
0AP.  
-0P5  

6=P/  
A3P/  
6AP.  
>=P/  
0AP/  
.AP5  

  
  
6>P/  
00P/  
>AP/  
5/P.  

  

  
  
-AP/  
.3P.  
6-P.  
6=P.  
-0P5  

./P5  
6AP/  
05P.  
>AP/  
0>P/  
=0P5  

  
3AP5  
66P/  
03P/  
>AP/  
AAP5  
-AP-  

//P>  
-5P.  
-AP/  
A=P5  
65P.  
>0P.  
->P5  

6.P/  
A/P/  
A.P.  
0=P/  
65P/  
33P5  

  
==P5  
56P5  
0.P/  
06P/  
/5P.  
>0P-  

=>P>  
36P.  
>.P/  
5>P.  
A0P.  
66P.  
-.P5  

A/P/  
A=P/  
6>P.  
>0P/  
65P/  
=0P5  

  
-/P5  
A>P/  
03P/  
0=P/  
/=P.  
->P-  

AAP-  
-5P.  
>/P/  
5.P.  
A/P.  
6.P.  
-0P5  

50P/  
/3P/  
5/P/  
/3P/  
/=P/  
/0P/  

  
55P/  
5=P/  
/.P/  
/3P/  
/3P/  
5/P/  

3=P/  
/3P/  
/.P/  
55P/  
/0P/  
55P/  
/=P/  

/>P5  
/>P5  
6-P.  
5=P.  

  
=.P5  

  
-AP5  
AAP/  
0-P/  
63P/  
A5P5  
=6P-  

-/P-  
3=P.  
5-P5  
/3P.  
/3P.  
>3P.  
>AP5  

  

ZJ.+  ? 0i?#" M+  TGA-IRI   / TP-IRI   "V M?9  :Q[ .3   / .-    >^# OB9 OV#V &:@;  g  M?9.3  ? 0i?#" +  TTP-IRI  / 

GA-IRI :? #" G:e5N#05@1;/4?  :Q# &:@; H6 BQV5; / +# 0n8 0i?#" TX "V8>^# OB9 OV"/k 41  

A.P/R2 =  / \0i?#" &'+^4%" =>36P/]  x 6=>0P/ y =H6 B9:?g  

  M?9.-  ? 0i?#" +  TTP-IRI   / GA-IRI    05@1;/4? �8N :? #"     &:@; :QH6  BQV  5; / + # 0n8    # 0_? 0i?#" T _8   W"'_K T

0@ >^#1  

AA0P/R2 =  / \0i?#" &'+^4%" 5=0-P/]  x A565P/ y =H6 B9:?g 

                                                
1- Outliers 



pL International Experiment to Harmonize Longitudinal and …                                                             

  
 ^5sKpU0/I (2 JrB 8_)"/ $)5 X< 9.<%(; YIRI ^T %NH1/*&0? & ;,d%& ^!  

  

  
 ^5sKnU0/I (2 JrB 8_)"/ $)5 X< 9.<%(;Y IRI ^T %NH1/*&0? & ;,d%& ^!91Q54&0< -9c )<  )[  

  

 :U6 :?8  0eM?9  :Q[ .3   / .- H6  &#'. "V 8    >e. *c:(6 �8N 0@ >I:    :? TP-IRI :Q [  05@_1;/4?  z-_. + X 4 _8V:[   4_? 

/"[ "  ? 0i?#+  TGA-IRI   / TP-IRI   V"#V 8(YH    �8N :? TP-IRI :Q [ 05@1;/4?         :? O:b5^V 4Q &V4@ sp.46 m:b(Q "V \TP-

IRI\ZJ. + MZ?:G+,'. >+VBn6 B O:b5^V :Qz-. >J. +>I4% BQ#'` "#4G 4g  

  

mUpU Y?%t (2 JrB 8_)"/  

   TS#E "V78:6Xk  :Q          W/:]56 >)4^ /V "V >e. *c:(6 m:F. "V =/   / >/ @ +6'Z     B_9 m:n;# >):^ "V 45 g     0_@ :_n;k X#

 m:F.O:b5^V :Q OX#B;# [4+%  #" :QGV+K:U :15)4^ &:FQ "V ;#\B;V#V m:n:5; 8ZJ. >)4^ /V 4Q 0? !'?46 B+B;B9 Mg  

 y/B35- s^'56 IRI#4? #" [ / >e. 0Ui(6 4Q "V O:b5^V 4Q GA-IRI >)4^ "V  km/h=/ &:@; H6 BQVg  

  

IRI) m/km(MH aUCK-   

IR
I

) 
m

/k
m

( 
 /
FR"
3 
M5
B3
:!

)(
78
N 
45f
g

( 

IRI) m/km(MH aUCK-   

IR
I

) 
m

/k
m

 (
 /
FR"
3 
M5
B3
:!

 

0.00            1.00            2.00            3.00             4.00             5.00           6.00          7.00  

0.00           1.00             2.00            3.00             4.00             5.00           6.00          7.00  

6.00 
 

5.00 
 

4.00 

 
3.00 

 
2.00 

 
1.00 

 
0.00 

IRI) m/km(MH aUCK-   

6.00 

 
5.00 

 
4.00 

 
3.00 

 
2.00 

 
1.00 

 
0.00 



Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N ;*&0? '0;V!`0a & !-H_ ^3%( & (((                                                            pj   

 i&]6jnUY?%t (2 JrB 8_)"/ X2)D/ $ 0IRI%0< ' Ja0N (2 JrB 9D."/ 0[ (2 3)'1N2 0[ km/h kL  

=^T %NH1/,/ -%0E4% & ; %NH1/ ()IRI3)'1N2 0[ @  

 9D."/

JrB  

 3)'1N2

j  

 3)'1N2

K  

 3)'1N2

k  

 3)'1N2

p  

 3)'1N2

n  

 3)'1N2

m  

 3)'1N2

q  

%NH1/  

^$  

-%0E4%  

,/;()  

%NH1/^$  

 A&]<

91Q54&0<  

-%0E4%  

,/; A&]< ()

91Q54&0<  

IRI  
0?*&;,d%& ^!  

5  

.  

=  

3  

-  

>  

0  

6  

A  

5/  

55  

5.  

5=  

53  

5-  

5>  

50  

.5P>  

//P=  

.=P.  

>6P>  

  

3>P3  

.5P.  

->P.  

=3P.  

A-P5  

5=P.  

  

.0P.  

A6P5  

  

  

..P.  

>5P=  

=.P=  

/3P.  

/>P-  

  

>=P=  

>=P=  

-0P5  

65P5  

>>P5  

>/P5  

  

  

=/P5  

  

  

  

>-P=  

.0P=  

-5P.  

>3P3  

  

==P=  

3-P.  

->P.  

5AP.  

=3P.  

/0P.  

  

A>P.  

A6P5  

  

  

/=P.  

>/P3  

.0P=  

-0P5  

0-P-  

  

.=P=  

/AP.  

=>P.  

03P5  

33P5  

--P5  

  

3/P5  

/=P.  

  

  

-5P5  

35P=  

AAP5  

--P5  

.=P-  

  

=3P=  

53P5  

=/P5  

35P5  

.5P5  

..P5  

  

03P5  

A>P/  

  

  

.-P5  

30P=  

53P.  

--P5  

--P5  

  

63P=  

30P5  

6/P5  

-/P5  

30P=  

=0P5  

  

-/P5  

.5P5  

  

  

=5P5  

-/P3  

/0P.  

06P5  

36P-  

  

=.P=  

/AP.  

5>P.  

0/P5  

3AP5  

A.P5  

  

A>P5  

=0P5  

  

  

>>P5  

.5P3  

0.P.  

6AP5  

A5P3  

  

-6P=  

AAP5  

/>P.  

66P5  

A>P5  

03P5  

>AP5  

/6P.  

30P5  

  

  

A.P5  

/5P5  

>=P/  

=6P/  

>.P5  

  

3-P/  

05P/  

3-P/  

30P/  

6.P/  

35P/  

=3P/  

-/P/  

=AP/  

  

  

>0P/  

60P=  

0.P/  

6AP5  

30P-  

  

3=P=  

0>P5  

5AP.  

66P5  

>>P5  

>3P5  

>AP5  

A/P5  

30P5  

  

  

A.P5  

-=P/  

>=P/  

=6P/  

0/P/  

  

.-P/  

3=P/  

==P/  

30P/  

3/P/  

=3P/  

=3P/  

.AP/  

=AP/  

  

  

>0P/  

5/P=  

>/P5  

33P5  

30P3  

A=P/  

>3P.  

=0P5  

=.P5  

-0P5  

/0P5  

.6P5  

0AP/  

.=P5  

/>P5  

  

  

=0P5  

  

5G/H ZJ. +M  B9 m:n;#   V4% m'ZY68   Y6 �#4J;# 0@ B+  ":GA-IRI  "BG 0? [  v:_?  >_^#  _Q 0_@ + N _8X# F TP-IRI   :_Q

  04Nx6 M?:G W/:]. #[  :? GA-IRI#B; B;" g+Y?HV:U6 X# 8 4IRI#4? OB9 0p^:J6 [ OX#B;# [4+% :Q[ O:b5^V :Q[  v:_? >)4^ 

0?  "'c bF@= +4[   :? GA-IRI  B(59#V W/:].g # 8 05@1;/4? T     y/B3 "V :Q5-   45e@:` <;" :?[   Ca@6 OB9   B_;# gGA-IRI 

K#VBn6# T5I4% 44; "V &/B? 8 T05@1;/4? :QV4% 0p^:J6 80@ BV:U6 8&k 4B3 "V  y/5->^# OB9 7"B(6 g  

":@ 1?:@6 H  /" 4?[ OX#B;#  [4+%  :Q[      >)4^ "V OB9 m:n;# km/h >/  B9 m:n;#  g:5;8  B0?  >^V     ZJ. 0?:@_6 OB_6k  _+ M

  #4? OB9 m:n;#[   >)4^ km/h =/    V4% m'ZY6 / V'? 8  Q 0@ B+  N8  V:U6 X# F8 4TP-IRIX W/:]. 8V:[  :_? GA-IRI B(5_9#B;  g

,/H +Y? H  V:U6 X# 8  4IRI Y. ++ B9 T   :? OO:b5^V  :Q[04Nx6 M?:G W/:]. v:? >)4^  #[ :? GA-IRIB(59#V  g#8 V:_U6 T8 4IRI 

   y/B3 "V5>   45e@:` <;" :? [   Ca@6 OB9  B;# gGA-IRI K#VBn6   �8N :? 05@1;/4? :Q #4_? [  :_6Xk >)4_^ 8 7km/h >/ 

V4% 0p^:J68 y/B3 "V 0@ B5>>^# OB9 OV#V &:@; g  



pK International Experiment to Harmonize Longitudinal and …                                                             

 i&]6jmUY?%t (2 JrB 8_)"/  X2)D/$ 0IRI%0< ' Ja0N (2 JrB 9D."/ 0[ (2 3)'1N2 0[ km/h mL  

=^T %NH1/,/ -%0E4% & ; %NH1/ ()IRI3)'1N2 0[ @  

 9D."/

JrB  

 3)'1N2

j  

 3)'1N2

K  

 3)'1N2

k  

 3)'1N2

p  

 3)'1N2

n  

 3)'1N2

m  

 3)'1N2

q  

%NH1/  

D(b<  

-%0E4%  

,/;()  

%NH1/^$  

 A&]<

91Q54&0<  

-%0E4%  

,/; A&]< ()

91Q54&0<  

IRI  
*&0?;,d%& ^!  

5  

.  

=  

3  

-  

>  

0  

6  

A  

5/  

55  

5.  

5=  

53  

  

50  

33P>  

-3P=  

36P.  

=0P>  

0>P5  

/AP-  

A.P.  

5AP=  

-5P.  

03P5  

0.P.  

36P5  

.-P.  

0>P5  

  

AAP5  

>0P=  

5AP=  

06P5  

/5P-  

5/P=  

>AP=  

-0P5  

0>P5  

0-P5  

>0P5  

-5P5  

06P5  

  

.-P5  

.5P3  

A>P=  

/>P=  

  

65P.  

30P=  

=6P.  

A6P.  

-3P.  

>>P.  

3-P.  

-AP.  

==P=  

.3P.  

  

.5P.  

A6P=  

=3P.  

//P.  

6-P3  

./P5  

3/P=  

A=P.  

5>P=  

.-P.  

>/P5  

-5P.  

53P5  

-0P5  

66P5  

  

-0P5  

>=P=  

A3P5  

-AP5  

=-P-  

=3P5  

=5P=  

56P5  

=5P5  

=>P5  

5AP5  

..P5  

0-P/  

>>P5  

/.P5  

  

.-P5  

A5P.  

65P5  

=5P5  

=.P5  

A5P/  

A3P3  

=0P5  

-6P5  

.0P5  

  

./P5  

03P/  

/-P5  

/.P5  

  

/3P5  

63P3  

5AP.  

0AP5  

>AP-  

.0P5  

53P=  

6=P5  

03P5  

03P5  

35P5  

>.P5  

5=P5  

->P5  

--P5  

  

->P5  

-=P3  

AAP.  

5>P.  

.AP-  

A0P5  

.=P3  

50P.  

35P.  

/>P.  

A5P5  

A>P5  

>/P5  

56P.  

>-P5  

  

00P5  

=5P5  

/5P5  

0=P/  

..P.  

6>P/  

5/P5  

A6P/  

55P5  

0.P/  

>>P/  

0-P/  

6.P/  

A=P/  

>=P/  

  

-6P/  

.5P3  

AAP.  

5>P.  

/AP>  

A0P5  

A3P=  

66P5  

/AP.  

/>P.  

A5P5  

0AP5  

35P5  

56P.  

30P5  

  

00P5  

/AP5  

/5P5  

0=P/  

5AP5  

6>P/  

6-P/  

>>P/  

0AP/  

0.P/  

>>P/  

>3P/  

05P/  

A=P/  

36P/  

  

-6P/  

5/P=  

>/P5  

33P5  

30P3  

A=P/  

>3P.  

=0P5  

=.P5  

-0P5  

/0P5  

.6P5  

0AP/  

.=P5  

/>P5  

  

=0P5  
  

  

ZJ.+ b5epFQ MH ? +  TGA-IRI   / TP-IRI #4? [   >)4^ km/h =/    "V 0@ M?9  :Q[ .>   / .0   _9 )?Y(6    >_^# OB

   V:U6 �8N :? 0@ V#V &:@;84 05@1;/4? IRI \ R2 _? 0i?#" 0? !'?46 + TGA-IRI / TP-IRI _F@ H #$_I# 8 78  >_^# 0_5I: g "V

5;+ �8N \0nIRI 05@1;/4?/" 4? >pQ6 4z# [b5epFQ HX >^# 059#V 8 #4R2 X# A5P/  0?A>P/#$I# 8 7H6 8:B?g  

  

  

  

  

  

  



Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N ;*&0? '0;V!`0a & !-H_ ^3%( & (((                                                            pk   

 Ja0Nkm/h kLX  

  
 ^5sKmU%t (2 JrB 8_)"/ )/CI Ja0N FY?$ zkm/h kL   

='1rW#[!< ; Y^T %NH1/ IRI & IRI*&0? ;,d%& ^!@  
  

 M?9.>? 0i?#" + TTP-IRI / GA-IRI G:e5N# :? #" 05@1;/4? :Q &:@; H6 BQV g5;+# 0n8ZJ. T+X# >^# W":p) M1  

A=P/R2 =  :? \0i?#"^4%" +&' ->/6P/ ] x /3>3P5y =   

  
 ^5sKqU0N FY?%t (2 JrB 8_)"/ )/CI Ja$ zkm/h kL   

='1rW#[!< ; Y^T %NH1/ IRI -9c )< 91Q54&0< )[ & IRI*&0? ;,d%& ^!@  

  

 M?9.0? 0i?#" + TTP-IRI / GA-IRI �8N :? #" 05@1;/4? :Q &:@; H6 BQV g5;+# 0n8ZJ. T+X# >^# W":p) M1  

A>P/R2 = ^4%" 0i?#" :? \+&' =56-P/ ] x 5>/-P5 y =  

  

  

  

/FR"3 M5B3:! IRI) m/km(  

 M
H 
a
UC
K-

IR
I

) 
m

/k
m

(  

 /FR"3 M5B3:!IRI) m/km(  

 M
H 
a
UC
K-

IR
I

) 
m

/k
m

(  



pp International Experiment to Harmonize Longitudinal and …                                                             

 Ja0Nkm/h mLX  

ZJ.+  Mb5epFQH ? +  TGA-IRI  / TP-IRI#4? [ >)4^ km/h >/ Ca@6 H6 B(@V:U6 �8N 0@ 8 405@1;/4? IRI 

z-.+ 5pQ6 4H  /" 4? [ b5epFQ H  X V"#V 8   "#BU6 #4R2   X# A5P/   0? A>P/ #$I# 8  7H6 8:B? g # �8N8  V:_U6 T8  4IRI   X# GA-IRI   4_? 

/"[ZJ. + MZ?:G+ >X:?,'.+B #8 TO:b5^V :Q:U6 "V 8 :? 0eGA-IRI. z-+ BQ#'` 4V>9#g  

 M?9.6? 0i?#" + TTP-IRI / GA-IRI G:e5N# :? #" 05@1;/4? :Q &:@; H6 BQV g5;+# 0n8ZJ. T+X# >^# W":p) M1  

A.P/R2 =  :? \0i?#"^4%" + &'>3>0P/]  x /.3.P5 y =  

 M?9.A? 0i?#" + TTP-IRI / GA-IRI �8N :? #" 05@1;/4? :Q &:@; H6 BQV g5;+# 0n8ZJ. T+":p) MX# >^# W1  

A>P/R2 = ^4%" 0i?#" :? \+ &'3=..P/ ] x .>/6P5y =  

  
 ^5sKlU)/CI Ja0N FY?%t (2 JrB 8_)"/ $ zkm/h mL   

='1rW#[!< ; Y^T %NH1/ IRI & IRI*&0? ;,d%& ^!@  

  

  
 ^5sKoU)/CI Ja0N FY?%t (2 JrB 8_)"/ $ zkm/h mL   

='1rW#[!< ; Y^T %NH1/ IRI -9c )< 91Q54&0< )[&  IRI*&0? ;,d%& ^!@  
  

 /FR"3 M5B3:!IRI) m/km(  

MH
 a
UC
K-

 
IR

I
) 

m
/k

m
(  

 /FR"3 M5B3:!IRI) m/km(  
 

 M
H 
a
UC
K-

IR
I

) 
m

/k
m

(  



Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N ;*&0? '0;V!`0a & !-H_ ^3%( & (((                                                            pn   

mUnU )?&(% (2 JrB 8_)"/  

ZJ.+  M78:6Xk  :Q[          ̂ 4e_(@ s_^'. :_S/"# "V OB_9 m:n;# +  m' &:6X:_^   :_Q[ UJ. + .:_UH   :_S/"# O#" H8   :FN >_J.  _8 >

FEHRL^"4? >GV 0? \HB9  g:5;8# B8^"4? TH  j3#46 "V :Q= \3 / >h'. +>^# OB9 OV#V ;g   

:5;8 ZJ. B+  MO:b5^V :Q[ 0? ":@ "V 05I"  y/B3 "V :S/"#50 OV#V &:@; OB9 B;# g? 0i?#"+ TIRIY.  +_+  #4_? OB_9 T[  4_Q 
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 C`:9IRI1  
  

 i&]6jqU 9.<%( A);/ 3)'1N2 )[' |1N% 2(H/32) (2 /CIAH  )[')54I ^T %NH1/ (%]D/ & )?&(% (2 3]s /)84%   

 %NH1/ 9Zf)* EjLL  

 Ja0N ES1= mL@   Ja0N ES3= oL@   Ja0N ES2= 5<;9"@  3)'1N2  

R2  A  B  STD  R2  A  B  STD  R2  A  B  STD  
A02  A6.-P/  A36=P/  /A=.P/  .-36P/  A6=.P/  A/0-P/  5/5.P/  5-06P/  A65>P/  A->-P/  5//=P/  .>5P/  

B06  A0=0P/  /=.0P5  /6/6P/L  =5.=P/  AA/.P/  A6.P/  /.5P/L  5603P/  A6A=P/  A6>=P/  //>-P/L  5A60P/  

B07  A600P/  A/AAP/  55/6P/  .5=P/  AA..P/  A05-P/  /336P/  5>0=P/  A6A6P/  A36AP/  /->.P/  5A3=P/  

B09  A>3AP/  5>-P5  /50>P/  =>/=P/  A60P/  /6-5P5  5550P/  5=6>P/  A0.0P/  5056P5  //--P/L  =500P/  

B10  A-AP/  0>05P/  3036P/  =6A>P/  AA/AP/  A->P/  5>6.P/  53-3P/  A0/AP/  6356P/  =>.P/  =.65P/  

C11  AA-AP/  AA55P/  /550P/  5.=-P/  AA-=P/  A>>P/  /6-=P/  5.A-P/  AA-0P/  A0=6P/  /->0P/  5.-0P/  

C12  A66=P/  /66=P5  55=3P/L  ./6.P/  A6..P/  /56>P5  /A06P/L  .-..P/  A600P/  /=3=P5  //0.P/L  .5=3P/  

C13  A0>5P/  656.P/  =.A0P/  .A0=P/  AA/0P/  A05-P/  />6-P/  53>3P/  A6-5P/  60A6P/  5A3-P/  .5>0P/  

C15  AA-0P/  A33P/  53=P/  5.>3P/  AA-6P/  A6A5P/  5/.6P/  5..>P/  AA>0P/  AA>.P/  /0-5P/  55/-P/  

D16  A-00P/  55=5P5  /=-5P/L  .6A.P/  =-5.P/  >0A0P/  A6.0P/  5-5P5  A---P/  />->P5  /53AP/  =.>6P/  

D17  A6=6P/  /56AP5  /-50P/L  .-/=P/  A6-3P/  66>-P/  55=6P/  ..6=P/  A66P/  A>3-P/  /.5P/L  .5/>P/  

D18  AA55P/  /.>6P5  5/05P/  5655P/  A6A-P/  />.-P5  /A/5P/  5A3P/  AA.P/  />55P5  />3P/  505AP/  

D19  A6A=P/  AA6-P/  /35AP/  5A6>P/  AA5-P/  A>6.P/  5/0=P/  503.P/  AA=-P/  A>=-P/  /AA6P/  5-3>P/  

F27  A635P/  A630P/  /=A0P/  .3.0P/  A6=5P/  A0-AP/  /660P/  .3-AP/  A6>0P/  //5>P5  /5P/  ...5P/  

F29  AA/.P/  A656P/  5=.AP/L  5A/=P/  A6=-P/  AA/.P/  5=03P/L  5->5P/  AA55P/  A0-6P/  5.00P/L  56.P/  

F30  A30.P/  /.-5P5  --5.P/L  33.=P/  A6-5P/  /=A>P5  3-05P/L  .=/6P/  A665P/  A00P/  ..30P/L  .5P/  

G33  AA56P/  5-3.P5  /=55P/  50=6P/  AA.6P/  //->P5  //3AP/  5>/=P/  A6--P/  55.=P5  .=-=P/L  .=5-P/  
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R2  A  B  STD  R2  A  B  STD  R2  A  B  STD  
A02  A6.3P/  A3-6P/  /05AP/  .--6P/  A6=.P/  A5-.P/  />A>P/  5-66P/  A6=AP/  A->.P/  /AA0P/  .33.P/  

B06  A0>>P/  /=-AP5  55--P/L  .A.3P/  AA/.P/  A66=P/  /300P/L  5666P/  A60AP/  A6>/P/  /553P/L  .5.5P/  

B07  A66AP/  A/.3P/  5/53P/  5A06P/  AA=.P/  A06=P/  /50.P/  5->0P/  A663P/  A36-P/  /-55P/  ./0.P/  

B09  A>6=P/  5>0=P5  /../P/L  =3>5P/  A66-P/  /A56P5  /0>AP/  5=.3P/  A6=-P/  5.A3P5  /.==P/  .=.3P/  

B10  A->>P/  0A/3P/  3556P/  =6-0P/  AA.5P/  A055P/  5.05P/  5=03P/  A66.P/  A./0P/  5AA-P/  5A>5P/  

C11  AA-5P/  A6A5P/  /5=>P/L  5=3-P/  AA>=P/  A0.6P/  /-6/P/  55->P/  AA>3P/  A03-P/  /3A/P/  55>/P/  

C12  A6>/P/  /6==P5  5.35P/L  .=/=P/  A650P/  /55/P5  />5=P/L  .65-P/  A605P/  /=.=P5  //-/P/L  ..66P/  

C13  A6A=P/  603=P/  5A5/P/  5A/AP/  AA03P/  /.50P5  /.6/P/L  />.>P/  AA>6P/  A-36P/  /3>5P/  /A/3P/  

C15  AA-6P/  A3.-P/  55>3P/  5.3.P/  AA>0P/  AA-AP/  /0-6P/  5/A.P/  AA0-P/  AA0/P/  />0.P/  /A>6P/  

D16  A-A-P/  5.>3P5  /0=/P/L  .6A0P/  AA/0P/  //>3P5  /AA.P/  55=0P/  A66.P/  /5>5P5  /0>/P/  5.66P/  

D17  A6>0P/  /50/P5  /6.3P/L  ..>=P/  A66.P/  A.A>P/  /5>6P/  5A>.P/  A6>6P/  A>=/P/  /5A3P/L  ..=0P/  

D18  AA/.P/  /.3-P5  /65AP/  5A/-P/  A663P/  />3-P5  /05=P/  5A0>P/  AA.5P/  /-00P5  />..P/  5>>>P/  

D19  A666P/  AA>-P/  /5>=P/  ./=.P/  AA3=P/  AA/-P/  /-30P/  53/3P/  AA=.P/  A>=0P/  /A=3P/  5-A.P/  

F27  A63-P/  A6==P/  /5.AP/  .=6AP/  A6.-P/  A65AP/  />=-P/  .-.5P/  AA.6P/  A60.P/  /.//P/  5-63P/  

F29  AA56P/  A0=-P/  5.5AP/L  506/P/  A6-5P/  AA0=P/  5>-.P/L  5-/3P/  AA.-P/  A0>5P/  5.-.P/L  5>0>P/  

F30  A0-AP/  AA=6P/  .56=P/L  =.6.P/  AA/6P/  /.//P5  =/.AP/L  5A.AP/  AA.AP/  A0=>P/  5>/=P/L  505/P/  

G33  A6A3P/  53-3P5  /5.3P/  .//0P/  AA==P/  /55-P5  /506P/L  5-0/P/  A6=0P/  55/>P5  .=3>P/L  .3>-P/  

  

ZJ.+,. M++ "#BU6 :? !:p."# "V O:b5^V 4Q "V W#4R2 / STD "V 9M? :Q[ .A / =/>^# OB9 OV#V &:@; g  

  M?9=/ ,. ++ #4? W#4[   O:b5^V D16  "V #"   >)4^ km/h A/\; &:@; HF BQVX 85G/ #4H  05@_1;/4?  :_Q  W:p_^:J6 X# 

 7":`OB9 B;# \ R2 OX#B;# 0? 56. \#$I#8 78>^# 05I:g  

 O:b5^V 4? O/x)D16Q \+ N8 X# FO:b5^V :Q[V 8,. 4b++.#4H? + X# 73 \; &:@;HF B(QVg  

  M?9=5   &:@; H6  BQV  #4? 0@ [ +Y? H   X# O:b5^V  :Q    �8N :? 05@1;/4?  :Q  ZJ. X# +  \MSTD  X 7Q:@ 8V:[ S+  #BH6  B(@ g

#4?:(?8 +Y? \TH   X# O:b5^V  :Q   &:@; H6  B(QV   0@ Z?:G+ ,'. >+ VBn6 B     �8N 0? >pe; :1;k 05@1;/4? :Q:? 0@ >^# 9:eN  _8 "V B

ZJ. m:b(Q+# V4?ZF) M8 TO:b5^V :Q 0? V'9 OV"/k G:eNg  

  



Y;< AH/CI \"[)#[ !ZZ#-% 3C%]4% 'C)N ;*&0? '0;V!`0a & !-H_ ^3%( & (((                                                            pq   

  
 ^5skLU ]f(2>B ;; +%0R2< ; ^T %NH1/ (%]D/ & 3)'1N2 Y -9c C% {?91Q54&0< )[  

  

  
 ^5skjU]f(2 >B ;; +%0STD< ; -9c C% {? ^T %NH1/ & 3)'1N2 Y91Q54&0< )[  

  

mUmU ZEB;C(% ;:)s ^$<)! 9<  +(HfO|B;Z!  

 ? 0i?#"+  TGA-IRI   / TP-IRI #4? [ 6Xk&'    :Q[ ;#    46k "V OB9 m:n8      &:@_; TS#E / :? H_6   B_QV    #4_? 0_@ [  +_Y? H  X# 

V:U68  4IRI\    VB) /VIRI  ?'` 0? H    >U?:i6 2Q :? ;B;"#B g,/H#4? [? +V:U6 45@8 4IRI?'` *?:i. HV 8 OBH6 V'9g  "#B_U6 IRI 

 z-. >J.+  4y'c  7'6  :Q[    OV/BJ6 "V ==P5   / =/     V"#V "#4G 456 |  j346- g~#4?:(?8  \T451?    0@ >^# /4SM+I   :_Q[  OX#B_;#   [4_+% 

 #4? OB9[  5e. *c:(6 H  #"#V 0@ [ ? +45@8  45F@ / T8    _? �x5_`# T+  TGA-IRI   / TP-IRI B(5e_Q \# "V  _8 ZJ. OV/B_J6 T _+ M

B;'9g  

7+VKU% 

 %
a
UC
K- 
3 
7+V
KU
% 
 5
; /
VK
'b
1?

 $
% h

":5
5i(

4K\
J23
:; 
j
kl

 .
" m

! X
MH

 
 

+? 
 

7+VKU%  

 %
4K\
J23
:; 
j
kl

 .
" m

! X
MH

 a
UC
K- 
3 
7+V
KU
% 
 5
; $
+5F
- j

":D
2" $
% 
h
":5
5i(

 
+? 

4 
 
 

 
3 

 
 

2 

 
1 
 

 
0 
 
 

-1 

30 
 

20 
 

10 
 

0 
 

-10 
 

-20 
 

-30 
 

-40 
 

-50 
 

-60 
 

-70 
 

-80 
 

-90 
 

-100 



pl International Experiment to Harmonize Longitudinal and …                                                             
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1- Peaked Shape 
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