
!"#$%&'$("!')*+&,)&-',".$'""
/-01%23$4$&"#$((14$'15$%"

!"#$%&'()%*+,-./+%
0+123+4%51,%&64%&'()%

$3+771-89.%:+%;<=1%%%
:>?19@A+-/.%8>%!-B+B-+9>1%!-C.9A1@=14%$</.A1@=1%+%D+7@.-13+%E:!$DF%



/-01%2.'+,%6(7"'$4$5)8"
9*,"6$01+%"$.":*78+)1("1%6")$;%+5<,"/3="

&%

9+?31=>-B%
G<A1-7%

/918>@.-13%
9.H.@=7%

=.331H.91@-B%
I>/G%G<A1-7%

G<A1-J%
C9>+-83,%
9.H.@=7%

=.JI.9K+97%.-%C1=/.9,%L..9% ?+97.-13%9.H./7%>-%7+9M>=+%

0+123+4%51,%&64%&'()%



#$((+8+$%"1%6")$%&1)&"*1%6(+%;"
>18+)"81.,&72',(1&,6")$%&'$(":'$4(,08"+%":/3="

N%

=.33>7>.-%8+/+=@.-O>7.31@.-%1-8%9+1=@.-%
E?+&*$-&"/G+%<7+%.C%+P/+9-13%7+-7>-BF%

)$%5%-$-8""
=.33>7>.-%1M.>81-=+%

EIG>3+%/G+%/17K%>7%9<-->-BF%

+7@A1@.-%1-8%=.-/9.3%%
.C%>-/+-@.-13%C.9=+7%%

+P=G1-B+8%1/%/G+%=.-/1=/%
E?+&*$-&"C.9=+%.9%/.<=G%7+-7.97F%

0+123+4%51,%&64%&'()%



@*78+)1("/3="
/+,'1')*7"$.")$%8+8&,%&"4,*1<+$'8"

01C+/,%
A1.,&7">7%/G+%A.7/%>A?.9/1-/%C+1/<9+%.C%1%9.H./%
/G1/%G17%/.%I.9K%=3.7+%/.%G<A1-%H+>-B7%

"3177>=13%7.3<@.-7%?9+7+9M>-B%71C+/,%>-%>-8<7/9>13%
+-M>9.-A+-/7%E=1B+74%7/.?O73.I%8.I-%9.H./%
A.@.-%>-%?9+7+-=+%.C%G<A1-7%Q=AB"CDECFRF%19+%
-./%1??9.?9>1/+%C.9%=.331H.91@M+%?S#!%

T%0+123+4%51,%&64%&'()%



@*78+)1("/3="
/+,'1')*7"$.")$%8+8&,%&"4,*1<+$'8"

".+P>7/+-=+%

01C+/,%
#$,G+8&,%),">7%/G+%9.H./%=1?1H>3>/,%.C%7G19>-B%/G+%
I.9K7?1=+%I>/G%./G+9%+-@@+74%A.7/%9+3+M1-/%G<A1-7%%

S<A1-%E1-8%9.H./UF%71C+/,%9+V<>9+A+-/7%A<7/%H+%
=.-7>7/+-/3,%B<191-/++8%E>W+W4%81.,")$,G+8&,%),F%

.9>B>-13%9.H./%/17K%

71C+%S#%=.+P>7/+-=+%

)%0+123+4%51,%&64%&'()%



@*78+)1("/3="
/+,'1')*7"$.")$%8+8&,%&"4,*1<+$'8"H>+$3$4"EDCEI"

".331H.91@.-%

".+P>7/+-=+%

01C+/,%
#$((14$'15$%".==<97%IG+-%/G+%9.H./%?+9C.9A7%
=.A?3+P%/17K7%I>/G%8>9+=/%G<A1-%>-/+91=@.-%1-8%
=..98>-1@.-%%

XI.%A.813>@+7%IG>=G%19+%-./%A</<133,%+P=3<7>M+Y%
=.-/1=/3+77%1-8%?G,7>=13%

Z%0+123+4%51,%&64%&'()%



=.-/9.3%
/.%1M.>8%

?31-%/.%%
?9+M+-/%

8+/+=/4%>7.31/+%
1-8%8>7@-B<>7G%

9+1=/%%
1-8O.9%9+J?31-%

+WBW4%C.9%
=.33>7>.-%
G1-83>-B%

#$((+8+$%",<,%&":+:,(+%,"
/16616+%J"K,"L-)1J"!(4-2A)*MN,'"H923B"EDCOI"

[%0+123+4%51,%&64%&'()%

P$%+&$'+%;"8+;%1(8%=1-%H+%B+-+91/+8%C9.A%7+-7.97%.9%A.8+37%E7>B-13J%.9%A.8+3JH17+8%A+/G.87F%

".-/+P/%>-C.9A1@.-%>7%-++8+8%E.9%<7+C<3F%/.%/1K+%/G+%9>BG/%.9%A.7/%7<>/1H3+%8+=>7>.-7%%

Detection Isolation Identification Classification Reaction Pre-
collision 

Post-
collision 

Collision event pipeline 

Context 

{accidental, intentional}, 
{light, severe}, 
{permanent, ... 
  ..., transient, repetitive}, 
{..., ....} 

{stop, slow down, 
  retract, reflex control, 
  impedance relaxation, 
  task relaxation, ...} 

{FALSE, TRUE} 
contact point xc  
contact link 
ic {1, ..., n}  

Monitoring signals 



P$%+&$'+%;"'$4$&")$((+8+$%8"
!::(+,8",Q-1((7"&$"'+;+6"1%6",(185)"R$+%&8J"?+&*"1%6"?+&*$-&"R$+%&"&$'Q-,"8,%8+%;"

\%

-.9A13%A.8+%
.C%.?+91@.-%

=.33>7>.-%
A.->/.9%

8+/+=@.-% >7.31@.-%

=.33>7>.-%9+=.B->]+8%

9+1=@.-%7/91/+B,%

!% !"

^_%

^_%
`a0%

`a0%

#$"#"
S%

!"

?+&*$-&"+P/+9-13%
%.9%=.-/1=/%7+-7.97%

<7+%
8+1=@M1/+O1=@M1/+%

=.-@-<+%

! 

r " rcoll

! 

" #"coll

0+123+4%51,%&64%&'()%



#$((+8+$%"6,&,)5$%"1%6"+8$(15$%"
>18,6"$%"',8+6-1(8".$'"'$4$&8"?+&*"'+;+6"$'",(185)"R$+%&8"H=#3!"EDDOI"

6%

!  :;#%;b#J!!!%9.H./%I>/G%A<3@?3+%c.>-/%7+-7.97%
!  ,%)$6,'8"C.9%A./.9%E%%%F%1-8%3>-K%E%%%F%?.7>@.-7%
!  c.>-/%&$'Q-,"8,%8$'"C.9%%

!  8,-1A>=%A.8+3%.C%9.H./7%I>/G%+317@=%c.>-/7%1-8%+-M>9.-A+-/%>-/+91=@.-%

A.->/.9>-B%7>B-13Y%%
H(+%TI"0$0,%&-02418,6"',8+6-1("<,)&$'"

6,&,)5$%"
E.M+9%1%/G9+7G.38F%

+8$(15$%"
E=.33>7>.-%1/%3>-K%>F%

>d(%%%%%%%%WWW%%%%%%^%

r = KI

�
M(q)q̇ −

� t

0

�
τ + CT (q, q̇)q̇ − g(q) + r

�
ds

�
E8>1B.-13%
1-8%319B+F%

A./.9%/.9V<+7%
=.AA1-87%+317@=%/.9V<+7%

1/%/G+%c.>-/7%

c.>-/%/.9V<+%8<+%
/.%3>-K%=.33>7>.-%

0+123+4%51,%&64%&'()%



P$0,%&-02418,6"0,&*$6"
UG:,'+0,%&"$%"&*',,"0$<+%;"(+%T8"$."KL3"LV32==="-%6,'":$8+5$%")$%&'$("

('%0+123+4%51,%&64%&'()%
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#$((+8+$%"',1)5$%"
Z8+%;"&*,"',8+6-1(8"

((%

-.9A13%A.8+%
.C%.?+91@.-%

=.33>7>.-%
A.->/.9%

=.33>7>.-%9+=.B->]+8%

9+1=@.-%7/91/+B,%

^_%
`a0%

<7+%
8+1=@M1/+%
9+J1=@M1/+%

=.-@-<+%%
E13I1,7%.-F%

>-/+9-13%9.H./%7/1/+%
E1-8%c.>-/%/.9V<+%A+17<9+%
%%%%%%4%>C%1M1>31H3+F%

!" !%"

!J!

9+1=@.-%/.%=.33>7>.-7%
1/%1%7"3.=1@.-%

/.9V<+%=.AA1-8%

0+123+4%51,%&64%&'()%

9+1=@.-%/.9V<+%



#$((+8+$%"6,&,)5$%"1%6"',1)5$%"
3,8+6-1(2418,6",G:,'+0,%&8"$%"KL3"LV32==="H=3BA"EDD[I"

(&%

18A>21-=+%A.8+%%%%%%%%%%%%%%%%%%%%9+L+P%/.9V<+%

f97/%>A?1=/%1/%Z'gO7%

9+L+P%/.9V<+%

f97/%>A?1=/%1/%6'gO7%

q̇r = KQr τ = M(q) (KRr −DRq̇) + C(q, q̇)q̇ + g(q)− r

!  =.33>7>.-%8+/+=@.-%C.33.I+8%H,%8>h+9+-/%9+1=@.-%7/91/+B>+7%
!  ]+9.JB91M>/,%H+G1M>.9Y%B91M>/,%>7%13I1,7%=.A?+-71/+8%f97/%EH,%=.-/9.3F%

!  8+/+=@.-%@A+Y%&%A74%9+1=@.-%@A+Y%d%(%A7%%
M>8+.7%

0+123+4%51,%&64%&'()%



#$((+8+$%"',1)5$%"
@$'\$(+$"$.":$88+4(,"'$4$&"',1)5$%8"

(N%

9+7>8<13%1A?3>/<8+%∝%7+M+9>/,%3+M+3%.C%=.33>7>.-%

0/.?% #+L+P% i9+7+9M+%

"19/+7>1-%/91c+=/.9,%
E<7+%.C%9+8<-81-=,F%

#+?9>7+%#+1=@.-%

X17K%
9+31P1@.-%

"19/+7>1-%?1/G%
E@A+%7=13>-BF%

133%/91-7>@.-7%19+%
=.-/9.33+8%H,%

7<>/1H3+%&*',8*$(68%
.-%/G+%9+7>8<137%

0+123+4%51,%&64%&'()%



!  I>/G.</%+P/+9-13%7+-7>-B%

!  1-,%?31=+4%1-,%@A+%WWW%

#$((+8+$%"',1)5$%"
]-'&*,'",G10:(,8"H=3BA"EDDFI"

(T%

"  9.H./%>7%?.7>@.-J=.-/9.33+8%.-%1%B+.A+/9>=%?1/G%
"  @A>-B%73.I7%8.I-4%7/.?74%?.77>H3,%9+M+97+7%

"  jM.3<-/++9k%E-.I4%i9.CWF%01A>%S18818>-U%

M>8+.%M>8+.%

0+123+4%51,%&64%&'()%



#$((+8+$%"1<$+61%),"
Z8+%;",G&,'$),:5<,"8,%8$'8"&$"0$%+&$'"'$4$&"?$'T8:1),"H=#3!"EDCDI"

()%

!  ,G&,'%1("8,%8+%;^%7/+9+.J=1A+914%X_l4%7/9<=/<9+8%3>BG/4%3_>2K,:&*4%317+94%?9+7+-=+4%WWW%%
?31=+8%.?@A133,%/.%A>->A>]+%.==3<7>.-7%E9.H./%>7%/.%H+%9+A.M+8%C9.A%>A1B+7F%

0+123+4%51,%&64%&'()%



K,:&*"+01;,"
/$?"&$"-8,"+&`"""

(Z%

".-fB<91@.-%0?1=+% "19/+7>1-%0?1=+%

:+?/G%0?1=+%

0+123+4%51,%&64%&'()%



K,:&*"8:1),""
E"a"8:1),".$'",b)+,%&"'$4$&2$48&1)(,"6+8&1%),")$0:-&15$%8"H=#3!"EDCEI"

([%

<7>-B%/G+-4%+WBW4%%
19@f=>13%?./+-@137%

C.9%)$((+8+$%"1<$+61%),"

0+123+4%51,%&64%&'()%



A1.,":*78+)1("*-01%2'$4$&")$((14$'15$%"

(\%

UG&'1)&8".'$0"($%;"<+6,$"1&"=3BA"EDCc"

M>8+.%

0+123+4%51,%&64%&'()%

M>8+.%

)$,G+8&,%),"/G9.<BG%
=.33>7>.-%1M.>81-=+%

)$((14$'15$%"/G9.<BG%
=.-/1=/%>8+-@f=1@.-%

EG+9+4%+-8J+h+=/.9%.-3,F%



#$((+8+$%"$'")$((14$'15$%`""
K+85%;-+8*+%;"*1'6d1))+6,%&1(")$((+8+$%8"1%6"8$ed+%&,%5$%1(")$%&1)&8"

(6%

M>8+.%

0+123+4%51,%&64%&'()%

!  <7>-B%7<>/1H3+%3.I%1-8%G>BG%H1-8I>8/G7%C.9%
/G+%9+7>8<137%%%%Ef97/J.98+9%7/1H3+%f3/+97F%

!  1%/G9+7G.38%>7%188+8%/.%?9+M+-/%C137+%
=.33>7>.-%8+/+=@.-%8<9>-B%9.H./%A.@.-%

C.9%B+-+9>=%"#$%!c.>-/%



]$'),",85015$%".$'")$((14$'15$%"
#$04+%+%;"+%&,'%1("1%6",G&,'%1("8,%8+%;"

&'%

!  X17K%
!  3.=13>]+%E>-%/G+%3+17/%>-M17>M+%I1,F%?.>-/7%.-%9.H./%7<9C1=+%IG+9+%=.-/1=/7%.==<9%
!  +7@A1/+%+P=G1-B+8%#1'&,8+1%"C.9=+7%
!  =.-/9.3%/G+%9.H./%/.%9+1=/%/.%/G+7+%C.9=+7%1==.98>-B%/.%1%8+7>9+8%H+G1M>.9%

!  0.3<@.-%>8+1%
!  <7+%9+7>8<13%A+/G.8%/.%6,&,)&%?G,7>=13%=.-/1=/4%+8$(1&,"/G+%=.33>8>-B%3>-K4%1-8%
+6,%5.7"/G+%c.>-/%/.9V<+7%177.=>1/+8%/.%/G+%+P/+9-13%=.-/1=/%C.9=+%

!  <7+%1%8+?/G%7+-7.9%/.%)(188+.7"/G+%G<A1-%?19/7%>-%=.-/1=/%I>/G%/G+%9.H./%1-8%
($)1(+f,%/G+%=.-/1=/%?.>-/7%.-%/G+%9.H./%7/9<=/<9+%E1-8%/G+%)$%&1)&"g1)$4+1%F"

!  8$(<,"1%3>-+19%7+/%.C%+V<1@.-7%I>/G%/G+%9+7>8<1374%>W+W4%f3/+9+8%+7@A1/+7%.C%c.>-/%
/.9V<+7%9+7<3@-B%C9.A%=.-/1=/%.$'),8O0$0,%&8%1??3>+8%E1-,IG+9+F%/.%/G+%9.H./%

0+123+4%51,%&64%&'()%



K+8&1%),"1%6")$%&1)&",85015$%"

&(%

Z8+%;"h+%,)&J"#!K"0$6,(J"6+8&1%),")$0:-&15$%J"1%6"',8+6-1("&$"($)1(+f,")$%&1)&"

! IG+-%/G+%9+7>8<13%>-8>=1/+7%1%=.-/1=/O=.33>7>.-%E1-8%=.33>8>-B%3>-KF4%/G+%<,'&,G">-%/G+%
9.H./%"$:%7<9C1=+%A.8+3%?+&*"0+%+0-0"6+8&1%),">7%/1K+-%17%/G+%=.-/1=/%?.>-/%

! 13B.9>/GA%>7%1??3>+8%>-%?19133+3%/.%H./G%3+m%1-8%9>BG/%G1-8%E.9%./G+9%H.8,%?19/7F%

0+123+4%51,%&64%&'()%



i1(+615$%"$."&*,"j<+'&-1(k".$'),"8,%8$'"

&&%

UG:,'+0,%&8"?+&*"hZh!"LV3"W"

!  aM13<1@.-%.C%+7@A1/+8%=.-/1=/%C.9=+%

!  +7@A1@.-%1==<91=,%I17%/+7/+8%<7>-B%K-.I-%
A177+7%>-%K-.I-%?.7>@.-7%

!  1%7>-B3+%A177%G<-B%+>/G+9%.-%3>-K%T%.9%.-%3>-K%[4%
/.%+A<31/+%1%8+%;(,"E?.>-/JI>7+F%=.-/1=/%

!  1%A177%G<-B%.-%3>-K%[4%1-8%/G+-%1%7+=.-8%.-%%
3>-K%T%7.%17%/.%+A<31/+%1%6$-4(,"=.-/1=/%

=17+%.C%.-+%A177%

=17+%.C%/I.%A177+7%

0+123+4%51,%&64%&'()%



#$%&1)&".$'),",85015$%"

&N%

Z8,6"?+&*+%"1%"160+l1%),")$%&'$("8)*,0,"H=3BA"EDCWI"

M>8+.%%
0+123+4%51,%&64%&'()%



#$((14$'15$%")$%&'$("

&T%

/$?"&$"-8,"&*,",8501&,"$."1%",G&,'%1(")$%&1)&".$'),"H,S;SJ"$%"hZh!"LV3I"

!  7G1?>-B%/G+%9.H./%8,-1A>=%H+G1M>.9%>-%7?+=>f=%=.331H.91@M+%/17K7%
!  c.>-/%=199,>-B%.C%1%3.184%G.38>-B%1%?19/%>-%?31=+4%IG.3+%19A%.$'),"A1->?<31@.-4%WWW%
!  9.H./%A.@.-%=.-/9.33+8%H,%%

!  1-%160+l1%),"=.-/9.3%31I%E>-%<,($)+&7"]3="A.8+F%%
!  1-%+0:,61%),".9%.$'),"=.-/9.3%31I7%E-++87%&$'Q-,"]3="A.8+F%%

%133%>A?3+A+-/+8%1&")$%&1)&"(,<,(%

!  +WBW4%18A>21-=+%=.-/9.3%31I%<7>-B%+7@A1/+8%=.-/1=/%C.9=+%
!  7=G+A+%>7%9+13>]+8%1/%/G+%7>-B3+%E.9%f97/F%=.-/1=/%?.>-/%
!  8+7>9+8%<,($)+&7".C%=.-/1=/%?.>-/%/1K+-%?9.?.9@.-13%/.%E,8501&,6F%=.-/1=/%C.9=+%

>->@13%=.-/1=/%?.>-/%?.7>@.-%IG+-%>-/+91=@.-%H+B>-7%

0+123+4%51,%&64%&'()%



!F!
!k!

!d!

Fc 

 !" !k!

!d!

 !
"

!k
!

!d
!

 ! "

!k !

!d !

Fc 

#1'&,8+1%"=.A?3>1-=+%g$+%&"=.A?3>1-=+%

=0:,61%),2418,6")$%&'$("$."+%&,'1)5$%"

&)%

3,1)5$%"&$")$%&1)&".$'),8"47";,%,'1(+f,6"+0:,61%),"m1&"6+N,',%&"(,<,(8"

m!
!k!

!d!

 !"

m
! !k

!

!d
!

 !
"

m !

!k !

!d ! ! "

Fc 

m
!

!F
!

!k
!

!d
!

Fc⇒ 

! 

ˆ F c

g$+%&">A?+81-=+%
-++87%c.>-/%/.9V<+%7+-7.97%

#1'&,8+1%">A?+81-=+%
-++87%lOX%7+-7.9%

#$%&1)&"?.>-/%>A?+81-=+%
I>/G.</%C.9=+O/.9V<+%7+-7>-B4%I>/G%+7@A1@.-%.C%/G+%=.-/1=/%C.9=+%

m!
!F!

!k!

!d!

Fc 

=.-7>8+9%1%C<33,%9>B>8%9.H./%

0+123+4%51,%&64%&'()%



#$%&'$("$.";,%,'1(+f,6"+0:,61%),"

&Z%

:/3")$((14$'15$%"1&"&*,")$%&1)&"(,<,("H=#3!"EDCOI"

%1&-'1("E<-=G1-B+8F%9.H./%>-+9@1%1/%/G+%=.-/1=/% 188+;%,6"9.H./%>-+9@1%1/%/G+%=.-/1=/%
I>/G%8>h+9+-/%8+7>9+8%A177+7%13.-B%n4% 4̀%o%

=.-/1=/%C.9=+%,8501&,8%19+%<7+8%G+9+%
$%(7"/.%8+/+=/%1-8%3.=13>]+%=.-/1=/%

>-%.98+9%/.%7/19/%1%=.331H.91@.-%?G17+%

=.-/1=/%C.9=+%,8501&,8%<7+8%,G:(+)+&(7%>-%
=.-/9.3%31I%/.%A.8>C,%9.H./%>-+9@1%1/%/G+%=.-/1=/%

E58n%e%&'4%58`%e%N4%58o%e%('%QKBRF%

M>8+.7%

`%

n%

o%

0+123+4%51,%&64%&'()%



#$%&'$("$.";,%,'1(+f,6")$%&1)&".$'),"

&[%

K+',)&".$'),"8)*,0,"

!  +P?3>=>/%',;-(15$%%.C%/G+%)$%&1)&".$'),"/.%1%8+7>9+8%M13<+4%H,%>A?.7>-B%

!  1%C.9=+%=.-/9.3%31I%-++87%13I1,7%1%A+17<9+%EG+9+4%1-%,8501&,F%.C%=.-/1=/%C.9=+%

!  &18T2)$0:154+(+&7Y%G<A1-J9.H./%=.-/1=/%8>9+=@.-%M7W%8+7>9+8%=.-/1=/%C.9=+%M+=/.9%

&'()!*+*,$-!>-%?..9%=.-/9.3%.C%=.-/1=/%C.9=+%

`%

n%

o%
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M>8+.%



#$%&'$("$.";,%,'1(+f,6")$%&1)&".$'),"

&\%

918T2)$0:154(,".$'),")$%&'$("8)*,0,"H=#3!"EDCOI"

$.-/#,012.345*!=.-/9.3%.C%=.-/1=/%C.9=+%

!  .-3,%/G+%%$'0".C%/G+%8+7>9+8%=.-/1=/%C.9=+%>7%=.-/9.33+8%13.-B%%/G+%>-7/1-/1-+.<7%
6+',)5$%".C%/G+%+7@A1/+8%=.-/1=/%C.9=+%

!  C.9=+%=.-/9.3%31I%>7%1H3+%/.%9+B<31/+%+P1=/3,%=.-/1=/%C.9=+7%<-8+9%7/1@=%=.-8>@.-7%%

|| Fd  || = 15 [N]!⇔%
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#$%)(-8+$%"

!  C91A+I.9K%C.9%71C+%G<A1-J9.H./%=.+P>7/+-=+%1-8%=.331H.91@.-4%
H17+8%.-%G>+919=G,%.C%=.-7>7/+-/%=.-/9.33+8%H+G1M>.97%.C%/G+%9.H./%
!  9+7>8<13JH17+8%=.33>7>.-%8+/+=@.-%E1-8%>7.31@.-F%
!  ?.9p.3>.%.C%=.33>7>.-%9+1=@.-%13B.9>/GA7%E<7>-B%137.%9+8<-81-=,F%

!  =.33>7>.-%1M.>81-=+%H17+8%.-%8+?/G%7?1=+%81/1%
!  8>7@-B<>7G>-B%>-/+-@.-13O7.m%=.-/1=/7%C9.A%1==>8+-/13OG198%=.33>7>.-7%

!  +7@A1@.-%.C%=.-/1=/%C.9=+%1-8%3.=1@.-4%H,%=.AH>->-B%>--+9O.</+9%7+-7>-B%

!  18A>21-=+O>A?+81-=+OC.9=+%=.-/9.3%31I74%B+-+913>]+8%1/%/G+%=.-/1=/%3+M+3%

9$?1'6"81.,'"1%6",b)+,%&"*-01%2'$4$&":*78+)1(")$((14$'15$%"

&6%

$=K-.I3+8B+A+-/7%
q01?>+-]1%r%:!$D%J%%l1H9>]>.%l31==.4%aA1-<+3+%51B9>->4%5>318%D+91M1-8%

q:;#%r%%!-7@/</+%.C%#.H.@=7%1-8%5+=G1/9.->=7%J%01A>%S18818>-4%$3>-%$3H<J0=Gsh+9%

q0/1-C.98%r%$9@f=>13%!-/+33>B+-=+%;1H%J%X.97/+-%*9tB+94%_<771A1%*G1@H%
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