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Proposal summary 
While commercially available Autonomous Underwater Vehicles (AUVs) are routinely used in 
survey missions, a new set of applications exist which clearly demand intervention capabilities. 
The maintenance of: permanent underwater observatories; submerged oil wells; cabled sensor 
networks; pipes; and the deployment and recovery of benthic stations are but a few of them. These 
tasks are addressed nowadays using manned submersibles or work-class ROVs, equipped with 
teleoperated arms under human supervision. Current Intervention-AUVs (I-AUVs) prototypes are 
big and complex systems exhibiting only a limited set of functionalities including docking and fixed 
based manipulation on a subsea panel, as well as search and recovery of simple objects. However, as in 
the case of human manipulation, more advanced applications like the transport and manipulation of 
possibly bulky objects, would require multiple I-AUVs working cooperatively. For other 
applications, like assembling a complex underwater object for instance, a single vehicle with multiple 
arms would be the optimal configuration. This project aims to achieve a step forward beyond the 
current underwater intervention state of the art. The development of a new kind of reconfigurable I-
AUVs, able to work alone or jointly, after docking, in an autonomous cooperative way, will open the 
door to face the multi-purpose underwater intervention problem, with potential applications in 
archeology, oceanography, search and rescue, and the offshore and nuclear industries, to mention but 
a few. 
CRAUNIM will push the knowledge frontiers by targeting cooperative load transportation and dual-
arm object assembly tasks never demonstrated up to date, in an autonomous way. 
 

The Envisioned Concept. The Figure shows the proposed system composed of two ligth weight I-
AUVs (< 200 Kg), each one equipped with a suitable hand-arm system. Both vehicles will be able to 
operate alone, work joined together and dock between themselves, operating as a unique multiple-
arm vehicle able to face advanced manipulation tasks. The overall proposed system will be ligther 
and smarter than current bulky I-AUVs, pushing forward the current knowledge frontier to 
demonstrate underwater manipulation skills never tried before. 

  
Forward doking for multi-arm cooperation Cooperative free-floating manipulation 

Advanced autonomous manipulation capabilities like cooperative manipulation, or dual-arm 
manipulation, from a mobile base, has not been demonstrated yet in underwater, being clearly beyond 
the state of the art. These functionalities pave the way to new intervention capabilities like 
cooperative transportation and autonomous assembly. So, the main objective of CRAUNIM proposal 
is to further advance Europe’s leadership in autonomous light intervention systems, borrowing 
concepts like cooperative and advanced dual-arm manipulation from other, more mature fields of 
research, like humanoids, space and land robotics, to push forward the frontiers of knowledge and the 
current I-AUVs capabilities. Moreover, it is worth noting that an invaluable support will come from the 
know-how generated under our recent project FP7-TRIDENT, including the vehicle to be duplicated. 

On the other hand, as a continuous test-bed for the experimental validation of CRAUNIM, will take 
profit of the feedback about offshore systems provided by Subsea7 (offshore operator) and Seebyte 
(UUV software provider) with expertise in this area. 

Finally, the main research objectives of CRAUNIM are summarized in the following: 

 
 
 

!"!#$%&
'(((

&!%)*"
+,,(

-!%)*
+,'+./

0-*#$10
+,'2

3-!%1*"
+,'2

45675789:.7;<=>

"!-*&
+,'?

@!1#A-!
+,'B./

#$C-A)
+,'D

-AE%&0
+,'(

"!-*&
+,'?

!"#$%&



!"#$%&<+(=27,&>6=27,-52*

!""#$%&'()*+,&-.+-./+&%/0+#1+.#,/2/$+"#'-&'3&'(+4$#($/55&'(+0)#'(+-./+)&'/5+1#$/5//'+1$#6+789:;<7+
&'+-./+=8!><9?+4$#4#50)@+0-+9-0)&0'+'0-&#'0)+)/2/)+-./+?!89A+4$#B/"-+"#3)%+C/+-./$/1#$/+/5-0C)&5./%@+
,&-.+-./+1#))#,&'(+(/'/$0)+#CB/"-&2/5+

! 964$#2&'(+-./+-/".'#)#(*+#'+F;:96GHI96.J6K5596.%/2&"/5+-#,0$%+5-0-/+#1+-./+0$-@+C*+&'")3%&'(+
C#-.+4#,/$+0'%+4$/"&5&#'+($054D60'&43)0-&#'++

" ;5-0C)&5.&'(@+0'%+4#55&C)*+&64$#2&'(@+C/*#'%+-./+5-0-/+#1+-./+0$-@+-./+E'#,F.#,+#' F;:96GHI96.
LK8K7;.8=8I9M8 0'%+6/-.#%5G++

0H+F ;I-/'%&'(+-./+044)&"0C&)&-*+#1+0H8NO@6K76KI=.37;I67<..044$#0".+-#,0$%+0'+05+63".+05+
4#55&C)/+,&%/+(/'/$0)&-*+#1+0"-&#'5G+-#+C/+4/$1#$6/%+C*+&'%&2&%30)+>J?AK5+G

CH+F P76MH<KQK;JD"#'5#)&%0-&'(+&-+,&-.&'+0 F;KRK9:.RF;SIK7;H<.H;:.H<J76KITMKS.R6HM9G76N
"H+F L$#4#5&'(+&-+05+0 U98I.S7;I67<.56HSIKS9.R76.%)"&V8

G++

9'-/($0-&'(+-./+0C#2/+,&-.&'+-,#+>J?AK5+M,.&)/+&64$#2&'(+-./&$+)#,/$+<9L9<.#=;HMKS.37;I67<.
WH=968 C/*#'%+-./+5-0-/+#1+-./+0$-H+,&-.+4$##1F#1F"#'"/4-+20)&%0-&'(+-$&0)5+4/$1#$6/%+#'+C#-.+
&'%&2&%30)+0'%+"##4/$0-&'(+0(/'-5++

:/2/)#4&'(+4#)&"&/5+0'%+0)(#$&-.6&"+6/-.#%5+1#$+-./+"##$%&'0-/+"#'-$#)+#1+S77596HIK;J.%)"&V8..

!"#$%&



0)12+34,2+&?+-@@2+*&A B

!"#$%&

#$%&'(&)*&+),-&&.&'(&)*&/+01,
2&3456&7489:13-&7+;:1<;+613&0,+*6=)66)4*&=4>13&;?&@&+708+04,6
A*01(,+013&49041:170,4*)7&BCD&61*64,&+0&0E1&9+:=
F+G&5)*(1,0)9&54,71&)*&/4,60&74*3)0)4*6&&.%HI
J;K170&6)L1M&.HNOOH==&7):)*31,
F+G&4;K170&/1)(E0M&OH&'(&/)0E&94/1,&(,+69
P40E&94/1,&+*3&9,17)6)4*&(,+696&7+*&;1&1G178013



0)12+34,2+&?+-@@2+*&A C

!"#$%&



D-*-()&%;*,2/&A B

!"#$%&

F431:<;+613&601,14<>)6)4*&+:(4,)0E0=6
!"#$%"&'()**+,-.)#("/).$"#*0(/."(1"#$%"&'(&023&)40*5.)#()#(510(.'"60(3+"#0-
Q+9+;):)0?&45&/4,')*(&/)0E)*&+&/)31&,+*(1&45&:)(E0)*(&74*3)0)4*6
Q8604=)L13&E+,3/+,1



D-*-()&%;*,2/&A C

!"#$%&

F431:<;+613&601,14<>)6)4*&+:(4,)0E=6
R+*3C+,=&477:86)4*&+>4)3+*71&>)+&E+*3C+,=&,1<9,4K170)4*&4*&0E1&)=+(1&9:+*16
7"3"8.+.59():(;)&<.#6(;.51.#("(;.$0(&"#60():(+.615.#6(*)#$.5.)#-
Q8604=)L13&E+,3/+,1



D-*-()&%;*,2/&A E

!"#$%&

F431:<;+613&601,14<>)6)4*&+:(4,)0E=6
R+*3C+,=&477:86)4*&+>4)3+*71&>)+&E+*3C+,=&,1<9,4K170)4*&4*&0E1&)=+(1&9:+*16
Q+9+;):)0?&45&/4,')*(&/)0E)*&+&/)31&,+*(1&45&:)(E0)*(&74*3)0)4*6
7,-5)'.=0$(1"&$;"&0



$),2F+4,21&%;*,2/

!"#$%&!"#$%&



%(9,34+2&"+7:-,27,.+2

!"#$%&



7./+-05EF4$&#$&-*+"#'-$#)+044$#0".+&'+#'/+&60(/

IH
8N
56
K7
6KI
=.
<9
L9
<8

IH
8N
56
K7
6KI
=.
<9
L9
<8

'(),+(G&(9&$)1-5-1.4G&0D!%&A B

AUX9SIKL98N+++;I-/'%&'(+-./+044)&"0C&)&-*+#1+0H8NO@6K76KI=.37;I67<..H5567HST
O#$60)&P&'(F"#'5#)&%0-&'(+&-+,&-.&'+0+%;KRK9:.P6HM9G76N
L$#4#5&'(+&-+05+0+E98I.S7;I67<.56HSIKS9.1#$+>J?A

!"#$%&

MO$//+O)#0-&'(+=#'-$#))/$H+



37;I67<.AUX9SIKL98.H;:.@6K76KIK98

7*4&"0))*+$/4$/5/'- 8HR9I=.H;:Y76.7596HIK7;H<O9;HU<K;J.S7;:KIK7;8Q++-#+C/+569<KMK;H6=.
HSTK9L9:@+0'%+-./'+60&'-0&'/%@+1#$+0553$&'(+501/+0'%+$/)&0C)/+/I/"3-&#'+#1+-./+3)-&60-/+0"-&#'+
(#0)+M/G(G+#CB/"-+($054&'(H
=#'5/R3/'-)*+-./*+(/'/$0))*+.02/ TKJT96.56K76KIK98.

'(),+(G&(9&$)1-5-1.4G&0D!%&A E

*;9ZFH<KI=."#'-$#)+#CB/"-&2/5

$ZFH<KI=."#'-$#)+#CB/"-&2/5
7*4&"0))*+$/4$/5/'-+-./+F<IKMHI9.HSIK7;.J7H<.M/G(G+#CB/"-+($054&'(H@+-#+C/+/I/"3-/%+3'%/$+
501/+0'%+$/)&0C)/+"#'%&-&#'5G+=#'5/R3/'-)*+-./*+(/'/$0))*+.02/+<7G96.56K76KIK98..

!"#$%&

08N.@6K76KI=.37;I67<[..H.S7M5<9I9.R76MH<KQHIK7;



'(),+(G&(9&$)1-5-1.4G&0D!%&A E

-9HSIKL9.69R969;S9.6HI98

S&-.++++++-./+(/'/$&"+5"0)0$+20$&0C)/+&'2#)2/%+&'+0+"#'-$#)+#CB/"-&2/@+)/-+++++++C/+0'*+$/0"-&2/+M#$+1//%C0"EH+
$0-/+-.0-@+&'+"05/+&-+"#3)%+C/+%&$/"-)*+044)&/%@+&-+,#3)%+%$&2/++++++-#,0$%+0+20)3/++++++)#"0-/%+&'5&%/+-./+
20)&%&-*+&'-/$20)+#1+-./+"#$$/54#'%&'(+"#'-$#)+#CB/"-&2/+

!x = !x(x) For instance !x = !! (x ! xo) ; ! > 0

!x !x

x xxo xoh

x = xo xo ! h
equality inequality 

xo > h

x !x
x xo

Largely arbitrary
within

!"#$%&



!SIKLHIK7;.RF;SIK7;

!55#"&0-/%+,&-.+/0".+$/0"-&2/+$/1/$/'"/+$0-/+0+"#$$/54#'%&'(+0"-&20-&#'+13'"-&#'++++++++++++++++++#1+"#'-&'3#35+
5&(6#&%0)+-*4/+&5+0),0*5+055#"&0-/%+05+&'+1&(3$/+

a = a(x) ! [0,1]

a a

x xxo xoh

x = xo x > h
equality inequality 

1 1

a = a(x)

Transition zone

'(),+(G&(9&$)1-5-1.4G&0D!%&A H

!"#$%&



9'+"#$$/54#'%/'"/+#1+0))+5"0)0$+20$&0C)/5+$/)0-/%+,&-.+"#'-$#)+#CB/"-&2/+0-++-./+506/+)/2/)+E+#1+
4$&#$&-*@+%/1&'/+-./+055#"&0-/%+$/1/$/'"/F$0-/+2/"-#$

!xk != col  [!x1k ,!x2k ,...,!xnkk ]

<251 3&.)&.592+0/0+(>0"*5./0(>0:0&0#*0(>"50(?0*5)&

!)5#+055#"&0-/+-#+-./+EF-. 1//%C0"E+$/1/$/'"/+2/"-#$+-./+"#$$/54#'%&'(+0"-&20-&#'+60-$&I++

Ak != diag [a1k ,a2k ,...,ankk ]

'(),+(G&(9&$)1-5-1.4G&0D!%&A I

3<F8I968.7R.@6K76KIKQ9:.37;I67<.AUX9SIKL98

<251 3&.)&.592+0/0+(@*5./"5.)#(A"5&.B(

!"#$%&



!- /0". 5064)&'( -&6/@ 4/$1#$6 -./ 1#))#,&'( 5/R3/'"/ #1 ;98I9: ZFH:6HIKS
MK;KMKQHIK7;8 M)&5-/% &' 0 %/5"/'%&'( #$%/$ #1 4$&#$&-* 1#$ &'"$/05&'( &'%/I)

Sk != argR!min
!y"Sk!1

Ak (!xk ! Jk!y)
2#

$
%

&
'
(

0H8NO56K76KI=.K;L9689ONK;9MHIKS.567U<9M

T For                        do:     (   : number of assigned priority levels;               )k =1,2,....,N So != RnN

!y != !qv
!
"#

$
%&
=
!q
v1
v2

!

"

#
#

$

%

&
&

Arm joint velocity vector                       

Vehicle linear velocity vector on its body frame      

Vehicle angular velocity vector on in its body frame                        

system velocity vector                       

!xk = Jk!y Jacobian relationship of the actual rates of the involved control objective vector                             xk

R!min Standing for “regularized minimization”: strictly necessary for managing with continuity 
the algorithmic singularities (or quasi-singularity) arising whenever at least a  task (i,e, a 
row in the argument of the above quadratic form) is in the transition zone)                             

where                             
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!0 != 0 G0 != 0 Q0 != I

for k = 1, 2, .... N

Gk != Gk Qk!1
!!k =(I !Qk!1Gk#Gk ) !!k!1 +Qk!1Gk# !" k

Qk = Qk!1 (I !Gk# Gk )

Gk != Ak Jk !! k != Ak !xk

Sk = !y = !!k +Qk !zk   ;   !!zk{ }

SN = !y = !!N +QN !zN   ;   !!zN{ }
In case some arbitrariness still exists (i.e .            ) 
then it can be used for the additional task motion 
minimality (for instance the vehicle motion)

QN ! 0
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-./&$+&'%&2&%30)+501/-*+V+#4/$0-&#'0)+$/R3&$/6/'-5H

bT=.H.3776:K;HI76/

!x

T X#"0-&'(+-./+-05E+-$0"E&'(+#1+++++0-+-./+.&(./5-+4$&#$&-*+)/2/)@+&'5&%/+/0".+0(/'-@+S7F<:.U9 0+5#)3-&#'Q+C3-+0-+
-./+"#5-+#1+6K8NK;J.I7.LK7<HI9.0-+)/05-+5#6/+#1+-./+&'%&2&%30)+8HR9I=.H;:Y76.7596HIK7;H<.69ZFK69M9;I8.#1+
-./+0(/'-5

!x

T 9'+-.&5+"05/@+.#,/2/$@+-./+TKJTO69:F;:H;S=.#1+9HST.HJ9;I.60*+#C2&#35)*+($/0-)*+T9<58.K;.MKIKJHIK;J.
8FST.6K8N8Q+-.0-+.#,/2/$+SH;;7I.9L96.U9.Q9679:.

T 9'+-.&5+"05/@+&1+-./+$/53)-&'(+:KRR969;I #CB/"-+$/1/$/'"/+2/)#"&-&/5+0$/+044)&/%@+-./+#CB/"-+6&(.-+6#2/+,&-.+
0'+F;S7;I67<<9: $/53)-&'(+2/)#"&-*+0'%+53CB/"-/%+-#+F;S7;I67<<9: 5-$/55/5+
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3776:K;HIK7;.57<KS=
! !-+/0".+5064)&'(+-&6/+-./+0(/'-5+1#$6/$)*+"#643-/+-./&$+$/54/"-&2/+#CB/"-+2/)#"&-&/5 ,.&".+

$/53)-+05+&1+/0".+#'/+#1+-./6+,/$/+-./+5#)/+.0'%)&'(+-./+#CB/-Q+,&-.+-./+#CB/"-+2/)#"&-*+-05E++++++)#"0-/%+
0-+-./+<7G98I.56K76KI=

" 7./+"##$%&'0-#$+HS7F8IKSH<<=.69S9KL98.......1$#6+!(/'-+Z@+,.&)/+)#"0))*+0)5#+0"R3&$/+++++++1$#6+!(/'-+\+
0'%+/20)30-/+-./+1#))#,&'(+"#'2/I+MC0$*"/'-$&"H+"#6C&'0-&#'

!̂x1, !̂x2

!̂x2 !̂x1

S 7./+"##$%&'0-#$+HS7F8IKSH<<=.I6H;8R96.....-#+!(/'-+Z+0'%+)#"0))*+-#+!(/'-+\x̂
T 7./+0(/'-5+)#"0-/+-./+M'#,+"#66#'H++++++0-+-./+TKJT98I.56K76KI=c.05+-./+;9G.7UX9SI.69R969;S9.L9<7SKI=.-#+

C/+-$0"E/%Q+0'%+"#'5/R3/'-)*+&'%&2&%30))*+/20)30-/+-./&$+$/54/"-&2/+5*5-/6+2/)#"&-*+2/"-#$5+ @+-#+C/+
-./'+044)&/%+M'#,+,&-.+(30$0'-//%+-$0"E&'(+#1+++++H+

x̂ !̂y1, !̂y2x̂

`')*+$/R3&$/+0+RF<<O:F5<9\.HS7F8IKS.-$0'56&55&#' 7R.8K\.;FMU968
7./+506/+-*4&"0)+1$/R3/'"*+#1+',O+,.dQ.1#$+2&5&#'+"06/$05+5.#3)%+0)5#+C/+0553$/%+C*+SF669;I.HS7F8IKS.
M7:9M.I9ST;7<7JK98G++91+'#-+M/G(G+'dQH+-./+/'-&$/+7L=+4$#"/55+5.#3)%+U9.567576IK7;H<<=.8<7G9:.:7G;G+

7./+"##$%&'0-&#'+4#)&"*+0),0*5+0"-+&'+102#$+#1+-./+!(/'-+"3$$/'-)*+/I.&C&-&'(+0+($/0-/$+%&11&"3)-*+&'+-$0"E&'(+
-./+#CB/-+$/1/$/'"/+2/)#"&-*++++G!x
9-+4$#2&%/5+-./+U98IOS7M567MK89.C/-,//'+-./+'//%5+#1+-./+!(/'-5+#1+4$&60$&)*+"0$&'(+1#$+-./&$+&'%&2&%30)+
501/-*+0'%+#4/$0-&#'0)+$/R3&$/6/'-5Q+0'%+-./+'//%+#1+.#,/2/$+6#2&'(+-./+#CB/"-@+,.&)/+02#&%&'(+3'"

!x

!̂x = 1
µ
(µ1!̂x1 +µ2!̂x2 ) ; µ = µ1 +µ2 ; µ1,µ2 > 0

µ1 = µ0 + !x ! !̂x1 ; µ2 = µ0 + !x ! !̂x2 ; µ0 > 0
,&-.
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3F669;I.6989H6ST.HSIKLKIK98

9'+#$%/$+-#+13$-./$+$/%3"&'(+-./+0"#35-&"+"#663'&"0-&#'+/11#$-@+-./+!(/'-5+5.#3)%+C/+43-+&'+-./+"#'%&-&#'+
#1+"#663'&"0-&'(+7;<=.GT9;.;9S988H6=Q+,.&".+6/0'5+,./'+C#-.+-./+#CB/"-+2/)#"&-*+/$$#$5+0$/+0C#2/+0+
4$/F%/1&'/%+-.$/5.#)%G
!'%+-.&5+"#3)%+-./$/1#$/+)/0%+-#+-./+1#))#,&'(+M7:KRK9:.S776:K;HIK7;.57<KS=.

! 7./+!(/'-5+.02/+5*'".$#'&P/%+")#"E5
" X#(&"+5&('0)5+M#'/+C&-+#1+&'1#$60-&#'Q+&G/G+0+43)5/+,&-.+'#+"#663'&"0-&#'+/11#$-aH+0$/+13))F%34)/I+

0"#35-&"0))*+/I".0'(/%+1#$+60E&'(+C#-.+0(/'-5+0,0$/+&1 U7IT -./+-$0"E&'(+/$$#$5+0$/+,&-.&'+0+
(&2/'+-.$/5.#)%Q+#$+&1+HI.<9H8I.7;9.#1+-./6+&5+#3-5&%/+&-+M#$+'/0$+-#+C/+#3-5&%/HG
!+5&64)&1*&'(+0)-/$'0-&2/+,#3)%+C/+-.0-+-./+0(/'-+,&-.+-./+/$$#$+,&-.&'+-./+-.$/5.#)%+B35-+%#/5+'#-+
-$0'56&-+0'*-.&'(+M'#F$/"/4-&#'+0-+%3/+-&6/+,&))+C/+0"E'#,)/%(/%+H

S 91+0+$/"/&2/%+C&-+&5+)#(&"0))*+\@+C#-.+0(/'-5+5)#,F%#,'@+,.&)/+5-0$-&'(+/I".0'(&'(+-./&$+"#643-/%+
#CB/"-+2/)#"&-*+%0-0G++7.&5+&5+$/4/0-/%+3'-&)+C#-.+C&-5+$/-3$'+-#+-./+)#(&"+P/$#G

!'+0)-/$'0-&2/+M#$+0+5*'/$(&"+4#55&C&)&-*H+,#3)%+C/+-.0-+#1+:K8S6KMK;HIK;J.IT9.K;:FS9:.7UX9SI.8I698898
M#C2&#35)*+-./*+0$/+-./+506/+1#$+C#-.+0(/'-5H+-.0-+"#3)%+C/+35/%+05+H.M9H8F69.7R.IT9.:KRR969;S9.
U9IG99;.IT9.S7MMH;:9:.7UX9SI.I6HSNK;J.L9<7SKIK98e..7./'+0"-&'(+05+0C#2/+,./'/2/$+-./+5-$/55/5+
0$/+0C#2/+M#$+'/0$+-#+C/+0C#2/H+0+(&2/'+-.$/5.#)%G
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Impedance control based
- Force reported to velocity 
- Object velocity tracking at the highest priority
- No explicit coordination
- Trusting on redundancy

Velocity control based
- Object velocity tracking at the highest priori
- Explicit coordination
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MISSION is an action sequence in a decision graph

ACTION is a list of prioritized control objectives
To be concurrently achieved (via TPC) 

PLANNING is the process of organizing the action 
decision graph (possibly even in real time) and its
management

- actions are the nodes
- arcs the decision alternatives 

Actions generally differ for their ultimate goal only 
(safety and operational requirements are generally 
invariant).
Thus can be classified by their ultimate goal only
(e.g. object  grasp, turn valve, push button, inspect 
pipe, plug, unplug, etc.)  

Planning should be facilitated by the simplified actions classification induced by the TPC use

Decisions between action alternatives should be taken on the basis of the range value eventually 
attained by a suitable “action state vector” classifying the achievement (or not) of the action goal  

Action transitions can be made smooth via the use of  additional activation functions overall 
modulating (in opposite sense) both the current and incoming new action

:%(*4#0$)$%4"''"*&
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:%'$-"*,'%/((">$&)%*((,--$>%>,-"&8%)1$%#-$0"4"&/-@%4/&,/0%4/&$,.$-"&8%*7%)1$%'@')$4'%
)*A/->%)1$%4">>0$%*7%)1$%#**0
:&%$--*&$*,'%(*44/&>%4/>$%*&$%*7%)1$%'@')$4'%(-/'1"&8%>*A&%)*%)1$%#**0%2*))*4B%
'$-"*,'0@%2-$/C"&8%)A*%D*"&)'%*7%*&$%/-4%/&>%#/-)"/00@%*&$%8-"##$-

;$#/"-'%-$E,"-$>%4*-$%)1/&%F%4*&)1'G%H/-4*&"(%3-".$%(*4#*&$&)'%7-*4%I/#/&J%/((,-/)$%
4/(1"&"&8%*7%'*4$%#/-)'%/&>%2,"0>"&8%&$A%*&$'

12),3%$4)/&,5(0,/$"0)6')"&*+,1)%7."(&)8,--------
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