
!! "#$%&'(")(*+,-#,. "#/(01/.23/( 4 (52$6&/,62(72.8"$9/((
:"'#32( ;<=(7">(;(?@A@BC(DD>(AEF;G(

 
!

!"!"##$%&"'()'*+,-./"#0+1$203+
4,53+6+789,)23+:;,#,;"%.,%<,=9 0"#*++
>+?@AA+B'.$#',.)"',2+C%%"=),.)"'+D"#+E/,#)'*+F'"G2$(*$+,'(+E-%.,)',:)2).H0+
DOI: 10.5383/JUSPN.18.01.002!

" !

 
 
 
 
 

Control of autonomous UAV using an onboard LSTM neural network  
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1.5.1 Long Short Term Memory neural networks 
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2. Architecture of the autonomous UAV controller 

2.1 Control Model 
 

 
Fig. 1. Control Architecture.  
 
 
The system architecture of the autonomous UAV is shown in 
Figure 1.  The autonomous controller receives the state of the 
system from the acceleration sensor and then evaluates a set of 
constraints in order to decide whether to proceed with the next 
step of the control sequence or to abort. If the constraints are 
satisfied, the controller receives the next predicted control 
command from the LSTM neural network, using the current 
control sequence as input, and applies the control command to 
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environments that no analytical optimal control model exists. 
The control architecture is therefore formally defined in terms  
of: 
 
88C+="'.#"2+%$O-$'=$ {un} , #g@LALh+,'( ++2+i +3 L+./$+("9,)'+"D+
="'.#"2+="99,'(% 0+
--A control prediction function L : {un} j ûn+1 that predicts the 
next step ûn+1 in  a control sequence {un}. 
--A logical (Boolean) expression Λ that implements system 
constraints (safety, physical performance limitations, etc.). 
 
The control algorithm shown below as pseudo-code, begins a 
take-off sequence by selecting at random an initial thrust 
(power level) and proceeds with building a control sequence 
(thrust adjustments) based on the thrust levels predicted by the 
LSTM network for the current take-off sequence. The take-off 
sequence continues until the vehicle has taken off, or a 
constraint condition is no longer satisfied (i.e. the vehicle has 
crashed, a time-out has occurred, etc.). 
+
Set! " #"$"%&! '(#$)(&! *%)%+,$,)! u0! $(! %! -%&.,!
/)(+!$0,!*,)+"$$,1!*(2,)! &,-,& ! )%#3, !
Let! {u04! 5,!$0,!"#"$"%&!'(# $)(&!6 ,7.,#',! !
n 8! 9 
While eval: Λ;<< true=!
>!
! ûn+1  8!! L({un})!
 {un+1} 8! >un4!?! ûn+1    
 n ← n + 1 
4 

3 Implementation and experiments 
 
3.1 Physical Architecture 

3.1.1 Hardware Architecture!

A physical prototype has been constructed in order to validate 
the feasibility of the LSTM supported autonomous control 
model described in the previous section. More specifically, a 
Raspberry Pi 3B single board computer with a HAT (Hardware 
on Top) Motorshield  DC Motor controller, has been used as 
the platform for implementing the autonomous controller. 
Table 1 shows the specification of the Raspberry Pi 3B single 
board computer. A micro quadcopter was connected to the 
motor controller. An acceleration sensor has been attached to 
the quadcopter and connected to the single board computer via 
I2C interface. Both the LSTM neural network and the 
autonomous controller software  run on the single board 
computer.  Therefore, the system is totally autonomous 
regarding its sensing and computing (predicting, controlling) 
functions. 
 
Table 1.  Technical specifications of the single board computer 
!"# $ %&"'()"*$%#+,-./ $
#01 $$$ 23$45+$#"&67894:. ;$<=,>?@$
>01 $$ %&"'()"*$AB(7"#"&7$CA$
54+ $$ <>%$D0EE5,$FGHH$+?@I$

5"!"-#C'7&=./, #$/430&,4&%/,#

1/$+ Y,%&:$##H+ XB+ E)'*2$+ Q",#(+ ="9&-.$#+ #-'%+./$+Y,%&:),'+
WbSkV)'-5+ A@+ Rl: -%.$#mU+V)'-5 +I$#%)"'+ ,%+ G$22+ ,%+ XH./"'+
[0c0[0+ +1"+ )9&2$9$'.+ ./$+ VE1Z+ '$-#,2+ '$.G"#;+G$+-.)2)%$(+
W""*2$+ 1$'%"#42"G+?0?+9,=/)'$+ 2$,#')'*+ 2):#,#H+,'(+ ./$+
F7YCE+/)*/+2$I$2+ZV+XH./"'+2):#,#H+D#"9+G/)=/+G$+)9&"#.$(+
./$+F7YCE+E$O-$'.),2L+VE1Z +,'(+ P$'%$+9"(-2$%0+

+
#
5"- #D/':/.))0(:#&3 ,#.%&'(')' %*#4'(&/'11,/#
 
B'+./ )%+ &/H%)=,2+ &#".".H&$L+ ./$+ ,-."'"9"-%+ ="'.#"22$#+ 2$,#'%+
/"G+."+9,;$+./$+SCT+.,;$+"DD+Rl2)D.8"DDmU+G)./+,%%)%.,'=$+D#"9+
./$+EV1Z+'$-#,2+'$.G"#;0+Z"#$+%&$=)D)=,22HL+./$+="'.#"2+*",2+
)%+ ."+ 2)D.+ ./$+ SCT+ "DD+ ./$+ *#"-'(+G)./)'+ ,+ =$#.,)'+ ,9"-'.+ "D+
.)9$0+1/$+2)D.+"DD+="'().)"'+)%+I$#)D)$(+./#"-*/+./$+#$,()'*%+"D+
./$+,==$2$#,.)"'+%$'%"#L+)0$0++G/$'+./$+%$'%"#+#$="#(%+,+n8+@0?*+
I$#.)=,2+,==$2$#,.)"'L+1/$+n8@0?*+."2$#,'=$+)%+(-$+."+./$+'$$(+."+
,=="99"(,.$+ D"#+ %$'%"#+ $##"#%+ "'+ ./$+ N+ ,5)%+ RI$#.)=,2+
,==$2$#,.)"'U0++
B'+ *$'$#,2L+ ,-."' "9"-%+I$/)=2$%+ '$$(+."+ :$+="'.#"22$(+G)./)' +
, '+$'I$2"&$+"D+&/H%)=,2+="'%.#,)'.%+./,.+,#$+($.$#9)'$( +:"./+:H+
./$+ ($%)*'+ &,#,9$.$#%+ "D+ ./$+ SCT+ ,'(+ :H+ ./$)#+"&$#,.)'*+
%.,.-%0+4"#+)'%.,'=$L+./$+,-."'"9"-%+SCT+G)22+'$$(+."+.,;$+"DD+
-%)'*+ "'2H+ ./$+'$=$%%,#H+&"G$#+."+ 9)')9)%$+ -%$+"D+).%+D-$2+
k:,..$#H+#$%$#I$%0+
C2./"-*/+,+.,;$+"DD+="'.#"2+%$O-$'=$+=,'+:$+&#"*#,99$(+)'."+
./$+ ="'.#"22$#L+ )'+&#,=.)=$+ $,=/+ .,;$+ "DD+%$%%)"'+ 9,H+ #$O-)#$+
,(M-%.9$'.+."+./$+="'.#"2+&,#,9$.$#%+(-$+."+$'I)#"'9$'.,2+,'(+
=,&,=).H+=/,#,=.$#)%.)=%++R$0*0+:,..$#H+2$I$2L+G)' (%+,DD$=.)'*+./$+
I$%%$2L+./$+"&$#,.)'*+%.,.-%+"D+./$+9"."#%L+&#"&$22$#%+$.=0U0+1/-%+
,+&#$=)%$+="'.#"2+%$O-$'=$+=,''".+ :$+9"( $22$(+,'(+ /,%+ ."+ :$+
2$,#'$(+./#"-*/+.#),2+,'(+$##"#0+
^$+:$* )'+: H+&#"*#,99)'*+./$+="'.#"22$#+G)./++,+%)9&2$+="'.#"2+
%.#,.$*H+R%-=/+,%+D#"9+,'+)').),2+&"G$#+%$..)'*+)'=#$,%$+./#"..2$+
*#,(-,22H+:H+`o+-'.)2+2)D.+"DD+)%+,=/)$I$(UL+,'(+$5$=-.$+).+"I$#+,+
'-9:$#+ " D+ %-==$%%D-2+ ,'(+ D,)2$(+ ="'.#"2+ %$O-$'=$%0+ 1/$'+ G$+
.#,)'+ ./$+ VE1Z+ '$.G"#;+ -%)'*+ ./$+ %-==$%%D-2+ ="'.#"2+
%$O-$'=$%L+ ,)9)'*+ ."+ )9 &#"I$+"I $#+ ./$+ &$#D"#9,'=$+"D+ ./$+
%)9&2$+="'.#"2+%.#,.$*H0+++
^$+%$.+./$#$D"#$+,'+$'I$2"&$+"D+"&$#,.)'*+="'%.#,)'.%+#$*,#()'*+
./$+2)D.+"DD+&,#,9$.$#%+,%+D"22"G%3+

• V)D.+"DD+ 9-%.+ :$+ ="9&2$.$(+ )'+ ./$+ %/"#.$%.+ &"%%):2$+
.)9$+

• C.+$,=/+%.$&+"D+2)D.8"DD+&"G$#++:$.G$$'+a@+,'(+A@@o+
"D+./$+9"."#%+9,5)9-9+&"G$#+9-%.+:$+,&&2)$(0+

• V)D.8"DD+ 9-%.+ :$+ ,=="9&2)%/$(+ G)./)'+ [+ %$="'(%+ "#+
" ./$#G)%$+,:"#.$(0+

We executed 353 lift-off sequences out of which 229 were 
successful and 74 unsuccessful (i.e. because they failed  one of  
the above constraints). 
We split the successful lift-off sequences into 10 datasets of 
lengths 2,4,6,8,10,12,14,16,18, and 20.  The reason for doing 
so, is that we want to predict the correct motor power to apply 
at any given control step given the entire previous control 
sequence.  The assumption is that the entire control sequence 
conveys more information about the state of vehicle and 
environment compared to that of the previous control action 
only.  This is also the reason why an LSTM rather than a feed 
forward neural network was used. 
Each of the 10 datasets was used to train a separate model in 
the LSTM neural network. Thus, a dataset of length n is used to 
train the neural network to predict the nth command in a 
control sequence. 7,=/+ 9 "($2+G,%+.#,)'$(+ D"#+?@@+$&"=/%0+
1".,2+.)9$+."+.#,)'+,22+9"($2%+G,%+pd[`+%$="'(%+
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The architecture of the LSTM neural network developed is 
shown in Figure 3. 
 

 
!"#$%&$%'()*"+,)+-(,%./%+*,%0123% 4,- (56%4,+7.(8 $%

 
Table 2 shows examples of training data. The sequences of 
numbers indicate the power applied to the motors at each 
control step until lift off was obtained. 

3.3.2 Neural network validation 
After training of the neural network was completed, the system 
was tested with the execution of a number of lift off  
sequences, Each lift-off sequence begins with a random control 
command (i.e. throttle level), from the permitted range that was 
set to 60%-100% of total motor power.  We compared the 
performance of the neural network assisted control sequences 
to that of the training datasets (which was created without 
assistance from the LSTM neural network),  to decide whether 
the neural network assisted autonomous control improves the 

performance of the system in a number of metrics, as discussed 
in section 3.4. 

5"5#6CH@#4'(70:%/.&0'(#.(A#&/.0(0(: #

3.3.1 Setting the Hyperparameters 
C=="#()'*+."+./$+:):2)"*#,&/H+JA@KL+./$+2$,#')'*+#,.$+D"22"G$(+
:H+ ./$+ '$.G"#;+ %)N$+"D+ ./$+ VE1Z+,#$+ ).%+ 9"%.+=#-=),2+
/H&$#&,#,9$.$#%0+1,:2$+[ +%/"G%+./$+;$H+/H&$#&,#,9$.$#%+-%$(+
)'+./$+.#,)')'*+"D+./$+'$-#,2+'$.G"#;0+
+
$Table 3 LSTM training parameters 
LSTM units:$ :H$
Input sequence length:$$ ,;2;J;-;<H;<,;<2;<J;<-;, H$
Epochs:$$$$$$$$$$$$$$$$$$$$$$,HH$
Activation type:$$$$$$$$57)6BKB7($DBL7'&$1LB6$F57D1I$
Batch size:$ :H$
Loss function:$ +7'L$!MN'&7($O&&"&$F+!OI$
Optimizer:$$ 4( '* $
+
 
 
Table 2 examples of training data. 
Control 
sequence 
length 

Control sequence (% of motor full power) 

J$ GJ=H;$G/=/G.--;$G/=/G.--;$GJ=-,<-,;$GJ=-,<-,;$G-=2$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
: $ J,=H;$J<=2,J:/:;$J<=2,J:/:;$J,=JG,<:2;$J,=JG,<:2$
<$ <HH=HH$

!

1,:2$+ ?+%/"G%+%,9&2$+ %-==$%%D-2+ R2)D.+ ,=/)$I$(U+ ="'.#"2+
%$O-$'=$%+-%$(+,%+.#,)') '* +(,., 0+4"#+)'%.,'=$L+)'+./$+D)#%.+#"G+"D+
./$+.,:2$L+2)D.+"DD+G,%+,=/)$I$(+ ,D.$#+a+%.$&%L+G/)2$+)'+ ./$+2,%.+
#"G+).+G,%+,=/)$I$(+,D.$#+"'$+%.$&0+C2./"-*/+).+)%+)'.-).)I$+."+
$5&$=.+./,.+2)D.+"DD+)%+$,%)$#+."+,=/)$I$+"'+D-22+./#"..2$+RA@@+o+"D+
9"."#+ &"G$#UL+,%+ $5&2,)'$(+ &#$I)"-%2H+ (-$+ ."+ %H%.$9+,'(+
$'I)#"'9$' .+="'().)"'%+./)%+9,H+'".+,2G,H%+&"%%):2$L+)0$0+,+D-22+
./#".. 2$+="'.#"2+%$O-$'=$+G)22+'".+,2G,H%+,=/)$I$+2)D.+"DD0+
 

5"8##$(.1 +*0*#'7#&3,#,I<,/0),(& #/ ,*%1&*#

3.4.1 Performance of the LSTM assisted UAV controller 
Y$*,#()'*+./$+&$#D"#9,'=$+"D+./$+VE1Z+'$-#,2+'$.G"#;L+G)./+
./$+ %$.+ "D+ /H&$#&,#,9$.$#%+($%=#):$(+)'+ %$=.)"'+[0[0AL+ .".,2+
.#,)')'*+ . )9$+ R=,##)$(+ "-.+ $'.)#$2H+ "'+ ./$+ %)'*2$+ :" ,#(+
="9&-.$#U+D"#+ ./$+ A@+VE1Z+9"($2%+ G,%+ ,&&#"5)9,. $2H+ d[`+
%$="'(%0+1/)%+)'()=,.$%+./,.+G/)2$+'".+&#"/):).)I$2H+$5&$'%)I$L+
.#,)')' *+ 9-%.+ :$+ =,#$D-22H+ %=/$(-2$(+ )'+ ,'+ "&$#,.)'* +
,-."'"9"-%+ SCT+ %"+ ./,.+ ).+ ("$%+ '".+ ="9&$.$+ D"#+#$%"-#=$%+
G)./+"./$#+=#).)=,2+9)%%)"'+.,%;%0+
 
Table 4. Performance comparison. 
UAV with LST M #Successful lift-offs: 156 (67.8% of total) 

#Unsuccessful lift -offs: 74 (32.2% of total) 
Average length of control sequence: 9.8 
 

UAV without LSTM  #Successful lift-offs: 229 (64.8% of total) 
#Unsuccessful lift-offs: 124 (35.2% of total) 
Average length of control sequence: 9.05 
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C'+ ,-. "'"9"-%+ SCT+ G)22+ .H&)=,22H+ /,I$+ 2)9).$(+ $'$#*H+
#$%"-#=$%+ R:,..$#H+D-$2LhU+ G/)=/+ ).+ G)22+ '$$(+ ."+ 9,',*$+
$DD)=)$'.2H0+4)*-#$+_+%/"G%+ ./$+ ="9&,#,.)I$+ ./#"..2$k&"G$#+
-%,*$+ RG/)=/+ $O-,.$%+ ."+$'$#*H+ ="'%-9&.)"'U+ D"#+ ./$+
,-."'"9"-%+ ,'(+ l%.,'(,#(mRG )./"-.+ -%$+ "D+ '$-#,2+ '$.G"#;U+
="'.#"2+9$./"(%0++1/$+I,2-$%+"'+./$+H+,5)%+%/"G+.".,2+$'$#*H+
="'%-9&.)"' +D"#+./$+()DD$#$'.+="'.#"2+%$O-$'=$%0+4"#+)'%.,'=$ L+
,.+ c@o+%.,#.+ ./#"..2$L+ ./$+ VE1Z+ :,%$(+ ="'.#"22$#+ -%$%+
,&&#"5)9,.$ 2H+[+.)9$%+2$%%+$'$#*H+D"#+2)D.8"DD+="9 &,#$(+."+./$+
'"' 8VE1Z+="'.#"20+
4#"9+ ./$+ (),*#,9+"D+ 4)*-#$+_L+ ./$#$D"#$L+).+ =,'+ :$+%$$'+ ./,.+
G)./+ ./$+ $5=$&.)"'+ "D+ D-22+ ./#"..2$+ %.,#.L+ ./$+ '$-#,2+ '$.G"#;+
,%%)%.$(+ %$O-$'=$%+ ,#$+ 9"#$+"&.)9 ,2+ #$*,#()'*+ $'$#*H+
$DD)=)$'=H0++
+

4. Conclusion 
#
8"!#J,1.&,A#K' />#
#

C-."'"9"- %+I$/)=2$%L+G/$./$#+2,'(L+,)#+"#+%$,+:,%$(+#$&#$%$'.%+
=-##$'.2H+,'+)'.$'%)I$+#$%$,#=/+,#$,0+^)./"-.+#$2),'=$+"' +,=.)I$+
*-)(,'=$+ :H+ / -9,'% L+ ,-."'"9"-%+ I$/)=2$%+($&$'( + "'+
)'.$22)*$'.+ ="'.#"2+ ,2*"#)./9%0+ P-$+ ."+ ./$+ ()DD)=-2.H+ )'+
',I)*,.)'*+ )'+ -' ;'"G' + (H',9)=+ $'I)#"'9$' .%L+ 9,'H+
,-."'"9"-%+I $/ )=2$+="'.#"2+,2*"#)./9%+$9&2"H+'$-#,2+'$.G"#;+
.$=/')O-$%+D"#+%,D$+',I)*,.)"'L+)0$0+#"-.)'*L+="22)%)"'+,I")(,'=$+
,'(+ %"+ "'0++4"#+)'%.,'=$L+ ./$+ ,&&#",=/+ ($%=#):$(+ )'+ JAAK+
&#$()=.%+D-.-#$+ .#,M$=."#)$%+ "D+ %-##"-'()'*+ I$/)=2$%+."+$'%-#$+
%,D$+,'(+#$,%"',:2$+)'.$#,=.)"'+:$.G$$'+)'.$22)*$'.+I$/)=2$%+,'(+
"./ $#+.H&$%+"D+I$/)=2$%0+1/ $+,&&#",=/+-.)2)%$%+,+2"'*+%/"#.8.$#9+
9$9"#H+RVE1ZU+'$-#,2+'$.G"#;+(#)I$'+:H+( #)I)'*+;'"G2$(*$0++
E)9)2,#2HL+ )'+ JA?K+./$+ ,-./"#%+&#$%$'.+ ,+ D)#%.+ %.$&+ ."G,#(%+
="'%)%.$'.+.#,M$=."#H+&#$()=.)"'+G)./+./$+-%$+"D+,++VE1Z +'$-#,2+
'$.G"#;L+./,.+ +)%+ =,&,:2$+ "D+ ,==-#,.$2H+ &#$()=.)'*+ D-.-#$+
2"'*).-()',2+,'(+2,.$#,2+.#,M$=."#)$%+D"#+I$/)=2$%+"'+/)*/G,H0+

+
8"- #@.0(#/,*,./43#4'(&/0L%&0'(*#'7#&30*#<.<,/ #
#

1/$+9,)'+#$%$,#=/+="'.#): -.)"'%+"D+./)%+&,&$#+,#$+,%+D"22"G%3+
• B.+="'.#):-.$%+."+./$+"'*")'*+#$%$,#=/+)' +,-."'"9"-%+

R,$#),2U+I$/)=2$%0+
• B.+ &#"&"%$%+ ,+ '"I$2+ G,H+ "D+ ,-."'"9"-%k"':",#(+

2$,#')'*+ "D+ ,-."'"9"-%+ SCT%+ G)./"-.+ #$2),'=$+ "'+
$5.$#',2+ )'D#,%.#-=.-#$+ %-=/+ ,%+ !2"-(+ %H%.$9%0+
.#,)') '*+ )%+=,##)$(+"-.+ "'+ ./$+%)'*2$+:",#(+="9&-.$#+
#,./$#+./,'+"DD2",($(+."+,+D,%.$#+9,=/)'$0+

• B.+ I,2)(,.$%+ ./$+ &#"&"%$(+ )($,+ G)./+ ,+ &/H%)=,2+
&#".".H&$+R'".+ ,+ %)9-2,.$(+ "'$U+"D+ ,'+,-."'"9"-%+
SCT+G)./+"':",#(+%$2D82$,#')'*+=,&,:)2).)$%0+

• B.+ &#"I)($%+)' ).),2+ $I)($'=$+ ./,.+ VE1Z+ '$-#,2+
' $.G"#;%+ =,'+ :$+ -%$(+ D"#+ )'.$22)*$'.k%$2D82$,#')'* +
D2)*/.+="'.#"22$#%+"D+,-."'"9"-%+SCT%0+

+
8"5#E%&%/,#/,*,./43 #
+
C-." '"9"-%+ ="'. #"22$#%+=,' + #$2)$I$+ /-9,'%+ D#"9+ .)9$+
="'%-9)'*+ 9-'(,'$+ .,%;% L+./-%+ )'=#$,%)'*+ $DD)=)$'=HL+G)./+
$'/,'=$(+ #$2),:)2).H+R%)'=$+ ./$H+ 9"')."#+./$+ /$,2./+ "D+ ./$+
%H%.$9+,'(+&"%%):2H+%$2D8/$,2UL+,'(+ %$2D8,(,&.)I$+ &$#D"#9,'=$+
JA[KL+G/)2$+&#".$=.)'* +./$+%H%.$9+D#"9++)'.$#',2+D,-2.%L+,'(+G)./+
="'%)%.$'.+ &$#D"#9,'=$+ )'+ ,=="9&2)%/)'*+ ="9&2$5+ .,%;%0+
C-."'"9"-%+ SCT %+ D"#+ )'%.,'=$+ =,'+ %-#I$H+ 2,#*$+ ,'(+
)'/"%&).,: 2$+,#$,%+ ,'(+ :H+-%)'*+ "':",#(+ %$'%"#%L+=,'+ ($.$=.+
(,'*$#"-%+)'=)($'.%+%-=/+,%+&"22-.)"'L+D)#$%+,'(+%"+"'0+C22+./$%$+
G)./"-. +,'H+*-)(,'=$+D#"9+/-9 ,'+"&$#,."#%+JA_K0+
C2./"-*/+ ,-."'"9"-%+ % H%.$9%+ ,#$+ ,2#$,(H+ -%$(+ D"#+%&$=)D)=+
9)%%)"'%+ %-=/+ ,%+ %&,=$+ $5&2"#,.)"'L+ G$+ ,#*-$+ ./,.+ D"#+ ./$)#+
-%,*$+ ."+ :$+$5&,'($( L+ ./$)#+ =,&,:)2).)$%+'$$(+ ."+ :$+
)9&2$9$'.$(+ )'+2"G$#+="%.+="' D)*-#,.)"'%L+-%)'*+ "DD+./$+%/$2D+
="9&" '$'.%L+ )'+ "#($#+ ."+ #$(-=$+="%.%0+ C(().)"',22HL+
,-."' "9"-% L+%"D.G,#$8:,%$(+=,&,:)2).)$%+9-%.+:$+,#=/).$=.$(+,%+
D#,9$G"#;%+ "D+ 9)=#"8%$#I)=$%+ $'%-#)'*+ )'.$#"&$#,:)2).H+
:$.G$$'+./$+,-."'"9"-%+SCT+%-:%H%.$9%+JA`K+
B'+ D-.-#$+ #$%$,#=/L+G$+ &2,'+."+ .#,)'+ ./$+ ,-."'"9"-%+ SCT +
&#".".H&$+."+2$,#' +9"#$+,(I,'=$(+ 9,'$-I$# %+%-=/+,%L+/"I$# )'*+
"I$#+,+%&$=)D)=+*#"-'(+&")'.+,'(+%"+"'0++1/)%+G)22+#$O-)#$+9"#$+
="9&2$5+="'.#"2+#"-.)'$%+,%+./$+#"."#%+"D+./$+SCT+G)22+'$$(+."+
:$+="'.#"22$(+)'()I)(-,22H0+
Z"#$+="9&2$5+="'.#"2+%$O-$'=$%L+/"G$I$#+,#$+2);$2H+."+#$O-)#$+
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