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The development of maritime unmanned tools for search and rescue operations is not a 
trivial task. A great part of maritime unmanned systems developed did not target such 
application, being more focused on environmental monitoring, surveillance or defence. 
In opposition to these applications, search and rescue operations need to take into account 
relevant issues such as the presence of people or other vessels on the water. Building upon 
user requirements and overall integrated components for assisted rescue and unmanned 
search operations (ICARUS) system architecture, this chapter addresses the development 
of unmanned maritime systems. It starts with an overview of the approach where a two-
tier solution was adopted to address safety issues and then proceeds to detail each of the 
developed technologies.
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During maritime search and rescue operations, the safety of the rescuers is a major issue and 
must be ensured in any circumstance. Therefore, these teams are often forced to adapt, or 
even to suspend their operations due to external factors and conditions, such as lack of vis-
ibility or atmospheric and/or maritime adverse conditions. On the other hand, it should be 
pointed out that rescue response time is a major factor for success in these operations, due to 
the reduced survival time of victims that fall overboard.

Robotic assets can therefore complement the role of search and rescue teams, as they can operate 
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�£�ü�1�Š�—�•�1�Œ�Š�—�1�‹�Ž�1�Œ�˜�—���•8
�ž�›�Ž�•�1� �’�•�‘�1�•�’���Ž�›�Ž�—�•�1�›�Š�—�•�Ž�1�œ�Ž�4�’�—�•�œ�1�•�›�˜�–�1�[�V�1�–�1�•�˜�1�X�Z�1�—�Š�ž�•�’�Œ�Š�•�1�–�’�•�Ž�œ�ï�1���•�1�‘�Š�œ�1�Š�1�›�˜�•�Š�•�’�˜�—�1�›�Š�•�Ž�1�˜�•�1�X�Z�1
NO<)$-#).%).').-%&39$/&#)%+)%2&)/+,"!%$%.+-$7)'6'%&,)!'.-B)"!07./)#+,$.-)*PP4Q$5$)"7!B.-'4
7.03$3.&') :+"&-*OR) SNJT) "7!B.-) $-#) +"&-03JT) Q$5$?() U2.') 3$#$3) .') $07&) %+) 3&7.$076) #&%&/%)
�˜�‹�œ�•�Š�Œ�•�Ž�œ�1�Š�•�1�›�Š�—�•�Ž�œ�1�•�›�Ž�Š�•�Ž�›�1�•�‘�Š�—�1�[�V�.�W�V�V�1�–�ï�1���‘�Ž�1�–�Š�“�˜�›�1�•�›�Š� �‹�Š�Œ�”�1�’�œ�1�•�‘�Ž�1�•�’���Œ�ž�•�•�¢�1�’�—�1�•�Ž�•�Ž�Œ�•�’�—�•�1
9$'%)+0V&/%')+3),$@.-B)#&%&/%.+-')#!3.-B)'2$3")%!3-')+9)%2&)G8N$-B&3(

)*+,',-.& /01)',-.&2'3$44'+4$5"6"$5'7"684$9&9',$:&;<

W&-B%2 X),

S&$, J(Y),

;&.B2% ZTKK[Z\KK)@B):#&"&-#.-B)+-)"$67+$#'?

<+%+3)"+1&3 J]K)*D

H"&&# ^TK)@%'

=!%+-+,6 ^\)2

H$9&)+"&3$%.-B)/+-#.%.+-' ���Ž�Š�ñ�1�����Y�1���˜�ž�•�•�Š�œ

���’�—�•�ñ�1�\�1���Ž�Š�ž�•�˜�›�•

*+-%3+7)3$-B&):DEF? G")%+)ZY)-,

;.#&)0$-#)3$-B& ^Y)-,

=+:4&'>?'���Š�•�£�˜�—�’�1���,���Š�—�•�Ž�›�1�•�Ž�Œ�‘�—�’�Œ�Š�•�1�œ�™�Ž�Œ�’���Œ�Š�•�’�˜�—�ï
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!"#$%&'#($')&**#($"&'$+,-($.#(/0)&%%1$'/&)2#3$4#&5'$60/"$&$'7&)0*8$,+$9:;<=$6"0)"$&(#$'/##(#3$
60/"0*$&$>>9<$&*8%#$&*3$60/"$9:>?@<$",(0A,*/&%$(#',%-/0,*:$!"#$5&B05-5$')&**0*8$+(#C-#*)1$
0'$@9$DA$&*3$/"#$,4'/&)%#$3#/#)/0,*$(&*8#$0'$8(#&/#($/"&*$>99$5:$!"0'$')&**#($0'$5,-*/#3$*#&($
/"#$EFG&*8#($4,6$,*$&$81(,F'/&40%0A#3$7%&/+,(5$H!"#$%&'( I:

The behaviour set implemented in the U‐Ranger MOOS system contains the following elements:

J$K,*'/&*/$'7##3

J$K%&''0)$7&(/$,+$/"#$LMMNFO.P$&*3$&%6&1'$&)/0.#:

J$N/&/0,*$2##70*8

J$EFG&*8#($.#"0)%#$0'$*,/$&4%#$/,$'/,7$0*$&*$&-/,*,5,-'$5,3#:

J$Q#"0)%#$60/"$&$'0*8%#$/"(-'/#($&*3$(-33#(:

J$R&'/$6&17,0*/$0'$&%6&1'$),*'03#(#3$&'$&$'/&/0,*$2##70*8$7,0*/:

J$S&17,0*/$4#"&.0,-(

J$N#%#)/0,*$,+$6&17,0*/'$0'$/"#$K?O$,7#(&/,($(#'7,*'040%0/1:

J$T*1$6&17,0*/$)&*$4#$'#%#)/#3$&'$/"#$EFKTP$3#7%,15#*/$7,0*/$#B)#7/$/"#$%&'/$,*#::

J$M7#(&/0,*&%$(#80,*

J$Pre‐defined operational area polygon.

J$M4'/&)%#$&.,03&*)#

!"#$&.&0%&4%#$4#"&.0,-('$&(#$),540*#3$0*$(#&%$/05#$41$&$+-*)/0,*$,7/050A#($0*$,(3#($/,$3#/#(F
50*#$/"#$30(#)/0,*$/"#$ENQ$'",-%3$/&2#:

!"#$%&')*'Example image from the thermal camera on the U‐Ranger (source: ICARUS).
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!"#$%&'#((#)*+

!"#$ %&&%'(%#)%*+, %-.#-%/#)%"012#-1%')%3455%#4-")"6"4(%6"71%"2%216"-158%"012#-17%32"6%#%
base station. It can be configured to carry different sets of sensors and to perform several 
9')7(%"3%6'(('")(:%')/547');%1)<'2")61)-#5%6")'-"2');:%.#2="42%02"-1/-'")%"2%=#-.861-2'/%
7#-#%;#-.12');>%&-(%6#')%/.#2#/-12'(-'/(%#21%71(/2'=17%')%,&-./ #0>

!"#$ %&&%'(%"012#-17%32"6%#%6'(('")%/")-2"5%(-#-'")%/"60"(17%=8%#%24;;17'$17%/"604-12%#)7%
#%(1-%"3%#4?'5'#28%71<'/1(%')/547');%#)-1))#(>%&-%'(%/#0#=51%"3%1?1/4-');%#4-")"6"4(%6'(('")(%
defined by a list of waypoints differential GPS% (8(-16% #)7% #)% ')12-'#5% 61#(42161)-% 4)'->%
Telemetry as well as payload data are transmitted in real time to the mission control station.

1%&2#234/ 562%7%8%69#8&:;7/#96:<&=/#>/?;=./@$%&'#((

@1);-. A>B%6

C1#6 B>D%6

E1';.- 200–400 kg (depending on payload and batteries)

F2"045('") GH"%')7101)71)-%151/-2'/%-.24(-12(

+0117 ID%9-(

J4-")"68 KID%.%L7101)7');%")%"012#-');%(0117M

F#85"#7%/#0#/'-8 Weight: 200 kg (depending of installed batteries)

Power: 1200 W

N")-2"5%2#);1%LH'71%=#)7M *0%-"%I%)6

,&-./ #0"#!"#$  II technical specification.

A;B6:/ #C"#Laser scanner mounting platform and electronics (source: ICARUS).
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!"#$ %&'()&*("%$ +,#+"-.-/$ *0.$ '.0(12.$ ,-.-$ &$ +#.1(-("%$ 34536$ 789$ #.1.('.#$ :9.+*.%*#("$
PolaRx2) and an inertial motion unit (Microstrain 3DM‐GX1) providing attitude informa;
*("%<$8#"+,2-("%$(-$&10(.'.=$*0#",)0$*0.$,-.$">$*?"$6$@A$.2.1*#(1$*0#,-*.#-$?(*0$*0.$'.0(;
cle reaching a maximum speed of 10 kts. A set of LiFePo batteries provides up to 8 h of 
&,*"%"BC<$D"BB,%(1&*("%-$?(*0$*0.$1"%*#"2$-*&*("%$&#.$+#"'(=.=$EC$&$A(!($2(%@/$&22"?(%)$
#.B"*.$1"%*#"2/$&,*"%"B",-$B(--("%$-,+.#'(-("%$&%=$&2-"$*#&%-B(--("%$">$*.2.B.*#C$&%=$
+&C2"&=$=&*&$*"$-0"#.<

Although this USV does not fulfil all the requirements for -.&#10$&%=$#.-1,.$:9FGH$"+.#&*("%-$
as defined in the ICARUS project (mainly the ones related to maximum speed and range) and 
its adaptation would require a great effort, its characteristics make it a valuable asset in many 
experiments as well as in the final demonstration scenario [I J<

!"#$*0&*$+,#+"-./$&$*0.#B&2$1&B.#&/$&$'(-(E2.$1&B.#&$&-$?.22$&-$&$#&=&#$-(B(2&#$*"$*0.$"%.$(%*.;
)#&*.=$(%$*0.$K;G&%).#$?.#.$&2-"$(%*.)#&*.=$(%$G"&L$MM$:!"#$%&'( H<

)*'+,-.,,&/'0.12$3&

N0.$KDF8$:!"#$%&') H$(-$&$-(%)2.$0,22$'.--.2/$?(*0$&$2"?.#$#.&#$=.1@$*"$&11"BB"=&*.$*0.$,%(%;
flated life raft as well as the corresponding compressed gas bottle. The hull was fabricated in 
fibreglass, using as custom‐made mould [OJ<

!"#$%&'(*'G"&L II USV (source: ICARUS).

Unmanned Maritime Systems for Search and Rescue
http://dx.doi.org/10.5772/intechopen.69492

83



!"#$%&'() 'Unmanned capsule (source: ICARUS).

!"#$ %&'($ )*+#,-*.,$ *-$ /012$ +$ 34#,56"7$ 8$ 902:$ +$ 3;*)6"7$ 8$ 901:$ +$ 3+<=*+>+$ "#*5"670$ ?6$
;#*5"-$::$@5$<,)$"<-$<$A<B4.<)$C<A<C*6B$#=C##)*,5$/2$@50

A jet drive unit assures the propulsion of the UCAP. This jet drive unit is attached to a brushD
4#--$+.6.E$<,)$*-$C<A<F4#$.G$)#4*H#E*,5$<$+<=*+>+$G.EC#$.G$I9$J$;*6"$<$A.;#E$C.,->+A6*.,$
.G$I99$K0$!"*-$+<=*+>+$6"E>-6$<-->E#-$<$6.A$-A##)$5E#<6#E$6"<,$2$@6-0

On‐board energy is provided by two packs of ZIPPY Flightmax 5000 mAh 6S1P LiPo batteries. 
This solution assures about 220 Wh of total on‐board energy. Taking into account the efficiency 
.G$6"#$AE.A>4-*.,$-B-6#+L$6"#$C.,6*,>.>-$.A#E<6*.,$<6$/02$+M-$3N$@6-7$G.E$:9$+*,$3E#->46*,5$*,$
E<,5#$.G$:$@+7$-".>4)$E#O>*E#$<F.>6$/99$K"$.G$#,#E5BL$4#<H*,5$/:9$K"$G.E$#4#C6E.,*C-$<,)$C.+D
munications, which consume about 10 Wh. The battery pack is enclosed in a watertight box 
6"<6$*-$4.C<6#)$*,$6"#$F.;$C.+A<E6+#,60$!"*-$C.+A<E6+#,6$<4-.$".>-#-$<,.6"#E$;<6#E6*5"6$F.=$
;*6"$6"#$.,DF.<E)$C.+A>6#EL$,<H*5<6*.,$-#,-.E-$<,)$C.++>,*C<6*.,-$#O>*A+#,60$!"#$F.;$
compartment is also watertight assuring a double protection for electronics and batteries.

J<H*5<6*.,$-#,-.E-$*,C4>)#$<$(J?$!E<=$'PQR$<,)$<,$%F4.=$J#.$S($T(R0$!E<=$'PQR$*-$<$4.;D
power and low‐cost attitude and heading reference system with a static heading accuracy of 
0.2° and an overall accuracy better than 2° in the presence of magnetic distortions. NEO 6P is 
<$4.;$C.-6$T(R$E#C#*H#E$6"<6$.A#E<6#-$<6$/9$PUL$.>6A>6-$E<;$)<6<L$F#*,5$->AA.E6#)$FB$Q!VW?XL$
an open source library that implements differential and real time kinematic corrections using 
-+<44$-*U#$<,)$*,#=A#,-*H#$E#C#*H#E-0

&.++>,*C<6*.,-$;*6"$<$C.,6E.4$-6<6*.,$<E#$<-->E#)$FB$<$4.,5DE<,5#$K*DY*$4*,@$6"<6$#-6<F4*-"#-$
<$;*)#$F<,)$4*,@$.H#E$)*-6<,C#-$<F.H#$/$@+$3)#A#,)*,5$.,$"#*5"6$.G$6"#$-".E#$-6<6*.,$<,6#,,<$
.H#E$6"#$;<6#E$->EG<C#$<,)$.,$6"#$;<H#$C.,)*6*.,-70
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!"#$%&'"()*&+)"$,")-,'"$.,/)--&%"'."/0&"12!34"!"#$%&'",/+&)*"$,"5&%"/'"/0&"('./+'-",/)/$'."5'+"
6',,$7-&"),,&,,*&./"'5"#$(/$*"('.%$/$'.,"80&."/0&"12!3"$,"(-',&"/'"/0&*9"),",0'8"$." !"#$%&'( 4

:&,$%&,"/0&"%&,(+$7&%"$/&*,9"'.;7')+%"&-&(/+'.$(,")-,'"$.(-<%&,")"-')%"7)-).($.=").%"6+'/&(;
tion system for the batteries, the motor controllers or the water jet motor and direction servo 
as well as triggering systems for the inflation of the raft. The interconnections between all 
'.;7')+%",>,/&*,")+&"%&6$(/&%"$."!"#$%&') 4

?0&" '.;7')+%",'5/8)+&"$,"('*6',&%"'5" ,&#&+)-"*'%<-&," /0)/" ('**<.$()/&"8$/0"&)(0" '/0&+"
<,$.=")"*&,,)=&"6),,$.="*&(0).$,*"),",0'8."$." !"#$%&'*4

?0&,&"*'%<-&,"5'--'8")"0$&+)+(0$()-")+(0$/&(/<+&",$*$-)+"/'"/0&"'.&"<,&%"$."/0&"'/0&+"@ABC2"
?B2"+'7'/$(",>,/&*,4"!/"/0&"-'8&,/"-&#&-9"/0&"*'%<-&,"/0)/"$./&+)(/"%$+&(/->"8$/0"/0&",&.,'+,"
).%")(/<)/$'."%&#$(&,"('.,/$/</&")"0)+%8)+&")7,/+)(/$'."-)>&+4"D."/'6"'5"/0&,&9"/8'"*)E'+"*'% ;
<-&,")+&"+&,6'.,$7-&"5'+"/0&".)#$=)/$'."F+&)-"/$*&"&,/$*)/$'."'5"/0&"12!3"6',$/$'.9"#&-'($/>"
and attitude) and for the control (execution of manoeuvres and other high level behaviours).

?0&".)#$=)/$'."*'%<-&"6+'(&,,&,"%)/)"5+'*"/0&"G3C").%" $.&+/$)-"*&),<+&*&./"<.$/"F@H1I",>, ;
/&*,4"?0&"G3C",>,/&*"6+'#$%&,"/0&"$.5'+*)/$'.")7'</"-'()/$'.").%"#&-'($/>4"?0&"@H1"0),"$.('+ ;
6'+)/&%"*)=.&/'*&/&+,9")((&-&+'*&/&+,").%"=>+',('6&,9"6+'#$%$.="$.5'+*)/$'.")7'</">)89"6$/(0"
).%"+'--",/)/&,9")((&-&+)/$'.").%"+'/)/$'.)-"*'#&*&./,"%&('*6',&%4"!"%)/)"5<,$'.")-='+$/0*"$,"
<,&%"/'"&,/$*)/&"/0&"6',$/$'."'5"/0&"()6,<-&"80&.&#&+"/0&"G3C"+&(&$#&+"-',&,"/+)(J9"6',,$7->"%<&"
/'"&K(&,,$#&"+'--"'+"6$/(0"()<,&%"7>",/+'.=&+"8)#&,4"!/"/0&",)*&"/$*&9"/0&"$.&+/$)-"%)/)")+&"<,&%"
to obtain updated information on the external disturbances, allowing a better characterization of 
/0&".)#$=)/$'."&.#$+'.*&./4

?0&"12!3"()++$&,")"-$=0/8&$=0/"-$5&"+)5/"),"/0&"'.&"6+&,&./&%"$."!"#$%&'+4"?0$,"-$5&"+)5/"8&$=0/,"
8 kg (raft + full inflation bottle) and the overall volume before inflation is 13 dmL4

!"#$%&'(, 'Image taken from the unmanned capsule on‐board camera (source: ICARUS).
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!"#$%&'() 'System architecture—software (source: ICARUS).

!"#$%&'*)'Inflated life raft (source: ICARUS).

!"#$%&'+)'System architecture—electronics (source: ICARUS).
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!"#$%&'(")$#*+,(-"-+..&./"0$1,23-("1$-"-(3'4,&#("#$.&,$-&./"3.5")$.,-$'"$1"+.#3..(5")3*0+'(0"
)$#*$0(0",6("$*(-3,&$.")$.0$'(7"!"/-3*6&)3'"&.,(-13)("8 !"#$%&'() 9"*-$:&5(0",6("$*(-3,$-"2&,6",6("
#$0,"-('(:3.,"53,3")$.)(-.&./",6("0,3,("$1"3";<!="3.5"3''$20"6&#",$")$.,-$'"&,0"$*(-3,&$.7"!"
>$?0,&)@")3."%("$*,&$.3''?")$..(),(5",$",6(")$#*+,(-",$"0&#*'&1?",6("&.,(-3),&$."2&,6",6(";<!=7

This console allows the operator to switch between different UCAP operating modes:

(*' Idle mode: where the UCAP actuation is shut down, causing it to drift according to exter4
.3'"5&0,+-%3.)(0"82&.50"3.5")+--(.,097

+*' Anchor mode: that allows performing station keeping, where the UCAP will loiter com4
pensating drifts caused by winds, currents or other influences.

,* ' Waypoint navigation mode: which consists of autonomous operation of the UCAP fol4
lowing a sequence of waypoints defined by the operator or imported from a previously 
defined file.

-*' Remote control mode: where the operator remotely controls the UCAP.

.* ' External mode: which consists of granting the control of the UCAP to an external entity. 
A6&0"#$5("&0"0&#&'3-",$",6("&5'("#$5("(B)(*,",63,"3.$,6(-"(.,&,?"81$-"(B3#*'(",6("C<!D;E"
<FC9")3.",3@(")$.,-$'"$1",6(":(6&)'(7

!"#$%&'()* 'UCAP operation console (source: ICARUS).
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Specific information about the UCAP that is displayed in the graphical interface includes

! " #$%&'()*

! " +&,()(&-

! " Attitude (heading, pitch and yaw)

! " .')/0)(&-"1)23/,)"0-4"4(3$')(&-"'&550-4,6

! " Battery level

! " 7$0%8)(5$"9&:$3"'&-,/59)(&-"0-4"$,)(50)$4"$-4/30-'$

;2$-")2$"<=.+"(," (-"0/)&-&5&/,"&9$30)(&->"?/3)2$3"(-?&350)(&-" '&-'$3-(-@")2$",)0)/,"&?"
,/'2"&9$30)(&-"14(,)0-'$")&"-$A)":0*9&(-)>"$,)(50)$4")(5$"-&"-$A)":0*9&(-)"'&59%$)(&-"&3"
4(,)0-'$")&"0-'2&3"9&(-)"(-"0-'2&3"5&4$6"(,"0%,&"93&B(4$4")&")2$"&9$30)&3C

."2$03)D$0)"5$'20-(,5"(,"(59%$5$-)$4"D$):$$-")2$"<=.+,"0-4"&9$30)&3"'&-,&%$")&",/99&3)"
$5$3@$-'*"D$20B(&/3"&?")2$"<=.+"(-"'0,$"&?"'&55/-('0)(&-"%(-E"?0(%/3$C

!"#$%&'%%()#*'+,-.(#)(+./0&(%1#,0,1(&

F2$"4$9%&*5$-)",*,)$5"'&-,(,),"&?"0"5$'20-('0%",)3/')/3$"0-4"0"3$%$0,$",*,)$5")20)"'&/%4"D$"
easily modified or redesigned to suit several carrier USVs (234-5(#666C"F2$",)3/')/3$"'&-,(,),"
&?"0"3059")20)"0%%&:,")2$"@30B()*")&"D$")2$"50(-"?&3'$"(59&,(-@"?&3:034"5&)(&-")&")2$"<=.+"
4/3(-@"%0/-'2C"G)"(,"504$"&?"0-&4(H$4"0%/5(-(/5"D03,")&"E$$9")2$"&B$30%%":$(@2)"%&:"0-4"
3$,(,)")&"'&33&,(&-"4/$")&",0%)":0)$3C";2$-"9%0'$4"&-")2$"%0/-'2(-@"3059>")2$"<=.+",(),"&-"
3/DD$3"3&%%$3,")20)"0%%&:")2$"5&B$5$-)"(-")2$"?&3:034"4(3$')(&-":2(%$"'&-,)30(-(-@"()"(-")2$"
)30-,B$3,0%"4(3$')(&-"IJKC

F2$"3$%$0,$",*,)$5"(,"'&59&,$4"D*"0-"$%$')3('"%0)'2(-@"4$B('$"0-4"0-"$%$')3&-('",*,)$5"3$L/(3$4"
?&3"(),"'&550-4C"F2(,",*,)$5"(,"2&/,$4"(-"0":0)$3)(@2)"D&A"0-4"(,"'&59&,$4"D*"0"5('3&'&- 8
troller, a power amplifier and a battery. The system is connected to the carrier USV communica8
)(&-,"(-?30,)3/')/3$",&")20)"()"'0-"3$'$(B$"0"3$5&)$"'&550-4")&"3$%$0,$")2$"<=.+C"F2(,"'&550-4"
'0-"D$"(,,/$4"D*"0"'&550-4"%(-$"&3"0"@3092('0%"(-)$3?0'$"3/--(-@"&-"0-*"M(-/A8D0,$4"4$B('$C

F2$"4$9%&*5$-)",*,)$5"'0-"D$"$0,(%*"(-)$@30)$4"&-"0"'033($3"<N#"1234-5(#676>"3$L/(3(-@"&-%*"
the following operations:

! " O$'20-('0%"(-)$@30)(&-"&?")2$"3059

! " =&--$')(&-"&?")2$"$%$')3&-(',"D&A")&")2$"<N#"'&55/-('0)(&-,"-$):&3E

! " Configuration of the microcontroller to use the carrier USV communications network

O&/-)(-@")2$"<=.+"&-")2$"4$9%&*5$-)",*,)$5"(,"0",(59%$"&9$30)(&-")20)"'0-"D$"9$3?&35$4>"
:2$3$0,")2$"'033($3"<N#"(,"5&&3$4"-$A)")&"9($3"1234-5(#686C"F2$"<=.+"'0-"D$"4(3$')%*"5&/-)$4"
&-")2$"3&%%$3,"&-"3059":()2")2$"2$%9"&?"0"3/DD$3"D&0)C
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!"#$%&'(() '!"#$%&'()*+,'-.%/+/.',%0-/.1))'&%*-% 2*13 �1�����1�������1�û�œ�˜�ž�›�Œ�Ž�ñ�1�������������ü�ï

!"#$%&'(*) '���Ž�™�•�˜�¢�–�Ž�—�•�1�œ�¢�œ�•�Ž�–�1�’�—�œ�•�Š�•�•�Ž�•�1�˜�—�1�•�‘�Ž�1���,�������	�����1�������1�û�œ�˜�ž�›�Œ�Ž�ñ�1�������������ü�ï
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!"#$%&'()* 'Two UCAPs mounted on the deployment system installed on the U‐RANGER (source: ICARUS).

!"#$%&#'$()$*%(+,%!-./%#$%(+,%01&"2%)(%&'3(%4,%3,5'0,6%(#%(+,%0,7,13,%&,5+1$)3&8%9#0%(+1(%
purpose, a rope with a metal attached to it is fastened to the stern of the UCAP; and when the 
UCAP is in place, that pin is attached to the latching device.

.:(,0;10632%:#0%0,7,13)$*%(+,%!-./2%1%3)&"7,%5#&&1$6%$,,63%(#%4,%3,$(%(#%&)50#5#$(0#77,0%)$%
(+,%,7,5(0#$)5%4#<%#:%(+,%6,"7#=&,$(%3=3(,&%>!"#$%&'(+?8

,*'-./01$2"./2

@+)3%5+1"(,0%1660,33,3%(+,%;#0A%",0:#0&,6%;)(+)$%(+,%35#",%#:%(+,%B-.C!D%"0#E,5(%#$%(+,%
6,F,7#"&,$(% #:% 5#&"7,&,$(10=% '$&1$$,6% &10)()&,% 3=3(,&3% (,5+$#7#*),3% :#0% 3,105+% 1$6%

!"#$%&'(+*'UCAP being launched from the U‐RANGER (source: ICARUS).
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