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Development of LASER-Beam Remote Control for People with Severe Neuromuscular Disorders 

 !  !" #$%, &'(')*  '(+&,*, +,-./  (-01(-*!&234 
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5!6)$(.78 95$&$-:0;<= >7? @"16?+$6$-A#@B#,6C-D5+!;%&$-17"!%&*>$6.9DE5B$% 
+?@9F9AG%.&D5B:!E%C6/  :H$IC><= >7? @"16?+$6$-A#@B#,6&$-.#*D;591C@J5%
-?$%&$"1/> I9B:#@$690E9H$.+95&$-)!K9$-4BB+!;%%$9-4"41&* +H$C-!B
<= >7? @"5!6)$((!E%L(?1C*?*%6$IC>+$6$-A#@B#,6&$-.7' /-7' /5,7&-3M1NN> $
I9-4"41&*O/"I >L+%.*.P5-M .*.P5-M1/O5/F4A=&('/(!E%:0;L@?9($PG; %<= >7? @"
+@6I+? 60.P89.P5-M#@B#,6&$-.7' /*H$L+%O/"I >*6C$"IF *H$L+%.*.P5-MF4
A=&#@B#,6O/"<= >I >IC>(&&-4:BB9Q$&L*4I >&*>5%.@7L#6I9&$-(-@F 

F!B(H$LC9?%J5%F,/L+%.*.P5-M (H$LC9?%J5%F,/L+%.*.P5-MF4&H$C9/&$-
.7' /-.7' / L*4 ?5%:$%&$-#@B#,65,7&-3M1NN> $I9FH$9@9 4  ?5%I9-4"4
6$&&@?$ 3.5 .6(- 
 

Abstract 

People with severe neuromuscular disorder may be completely paralyzed 

below the shoulder called quadriplegias. The immediate goal of this 

development, for these users, is the simple remote control to which is able 

to control some electrical appliances. By using LASER diode installed on 

the glasses as the pointer on a screen, the position of lighting point is 

determined based on image analysis acquired by a web cam. Due to the 

determined position, a microcontroller based system commands an 

operation (on-off) of one specified device of 4 in distance of 3.5 meters. 

 

Keywords: Paralysis, Severe Neuromuscular Disorder, LASER, Remote 

control,  

 

1. A8+,8+ 
5!6)$( (paralysis) .78 95$&$-:0;<= >7? @"16?+$6$-A#@B#,6C-D5

+!;%&$-17"!%&*>$6.9DE5B$%+?@9F9AG%.&D5B:!E%C6/  :H$IC><= >7? @"16?+$6$-A
#@B#,6&$-.#*D;591C@J5%-?$%&$"1/> +$.C(,C*!& R J5%5!6)$(1/>L&?
+65%+?@9:H$C9>$:0;+!;%&$-A=&:H$*$"F$&O-#C*5/.*D5/+65%[1] . DE5O-# 

C-D5F$&5,B!('.C(, 50&+$.C(,C9G; %#D5.+>97-4+$:+!;%%$9C*!&A=&:H$*$"F$&

5,B!('.C(,C-D5O-#S!" (*5/F95$&$-&*>$6.9DE55?59L-%.Q0"B)*!9 [2] .78 9
(>9 I9-5B 10 70 :0;<?$96$ ( ).T. 2540 ! 2550 ) )B#91:"959-!&2$(!@:0;
O-%)"$B$*+!%&!/&-4:-@%+$U$-3+,J />@"O-#C*5/.*D5/+65%.)';6JGE9 

2.75 .:?$(!@L*4 10.6 I9-5B70 :0;<?$96$ [3] L*4.78 9+$.C(,J5%5!6)$(
5!9/!B(>9 R [3]  <= >7? @"5!6)$(5$FF4."0"@"$IC>-?$%&$"NDE 9#D9+=?+S$)7&('
1/> L(?B$%+$.C(,F416?+$6$-ANDE 9N=&*!B6$.C6D59./'61/>50&(?517 <= >7? @"
5$FF4(>5%5"=?I9+S$)16?+$6-A ?@".C*D5(!@.5%1/>(*5/ '@'(   #@$6+H$.-8F
I9&$-NDE 9N=+S$)-?$%&$"J5%<= >7? @"5!6)$( +H$#!V5"=?:0;&$-+->$%L-%F=%IF
C-D5&H$*!%IFIC><= >7? @"60 '@'(:0;+$6$-A ?@".C*D5(!@.5%1/>B>$% 60&'F&--6:0;
+$6$-A:H$1/>/>@"(9.5% :H$IC>.&'/#@$6C@!%I9&$-60 '@'(5"=? [4] %$9@'F!"90E
60.7> $C6$"I9&$-+->$%9@!(&--6.)D;5 ?@".C*D5<= >7? @"5!6)$((!E%L(?1C*?*%
6$ (quadriplegia) IC>+$6$-A ?@".C*D5(9.5% &-4:!;%+D;5+$-&!B#9-5B
J>$%1/>-4/!BC9G; % 
 <= >7? @"5!6)$((!;%L(?1C*?*%6$" !%+$6$-A#@B#,6*6C$"IF C6,9#5 

.50"%C9>$1/> L(?+?@9ICV?F416?+$6$-A+D;5+$-/>@"@$F$1/> [5] &$-+D;5+$-
L*4+!;%%$917"!%<= > ?@".C*D5/=L* :H$1/>O/"&$-I >+$"($C-D5S$2$&$"PG; %60
J0/FH$&!/6$&6$" :H$IC>.&'/#@$6.#-0"/+?%<*&!B+S$)F'(IFL*4-?$%&$"
($66$ 1/>60&$-)!K9$5,7&-3M ?@".C*D5<= >7? @"5!6)$(IC>+$6$-A ?@".C*D5
(!@.5% C-D5+D;5+$-1/>B>$% . ?9I >#*D;9+65%I9&$-+!;%&$- [5] I >5,7&-3M
(-@FF!B&$-&-4)-'B($C-D5.#*D;591C@/@%($ [6] PG;%(>5&$-.#-D;5%6D5:0;
P!BP>59(>9:,9+=%I9&$-)!K9$.7895,7&-3M ?@".C*D5<= >7? @".Q)$4-$"  1/>60
&$-9H$.*.P5-M1/O5/I9-=7J5%.*.P5-M)5"9M.(5-M 6$I >I9&$-7-4/'2WM
.#-D;5% ?@"+D;5+$-+H$C-!B<= >7? @"&*>$6.9DE55?59L-% [7] .9D;5%F$&60-$#$A=& 

*H$L+%.78 9.+>9(-%.C6$4&!B&$- 0E .7> $C6$" 5!9(-$"9>5"L*49HE$C9!&.B$  
.7> $C6$".789&-4/$9(!@5!&2-C-D57-4O"#%?$" R .)D;5&$-+D;5+$-&!B<= >/=L* 

C-D5 0E .7> $.78 95,7&-3M-!BL+%5'.*8&:-59'&+M#@B#,6&$-.7' /7' /1NN> $LBB
%?$" R %$9@'F!"90E I >C*!&&$-J5%.*.P5-M )!K9$.7895,7&-3M+!;%%$9 :0;60
N!%&M !96$&JGE9 .9>9&$-55&LBBIC>I >%$9+4/@&  
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2. 5,3A./B *$C::56C#+$  #5::'$2+* 

2.1 5,3A./B *$C:: 

F$&C*!&#@$6F-'%:0;@?$<= >7? @"5!6)$((!E%L(?1C*?*%6$ " !%+$6$-AC$"IFL*4
C!9C9>$176$1/>I9-4/!BC9G; % PG; %+$6$-A9H$.5$#@$6+$6-A:0;" !%.C*D55"=?90E  
6$I >I9&$-#@B#,6&$-+!;%%$95,7&-3M:0;55&LBBJGE96$.78 9)'.T21/> PG;%
(>9LBB:0;55&LBB+->$%JGE96$ 1/>.*D5&.*.P5-M1/O5/.7895,7&-3M 0E( H;$
LC9?%I9-4"41&*($6L9@#'/J5% Cotts [7] #@$6.C6$4+6J5%&$-9H$
.*.P5-M1/O5/6$I > #D59HE$C9!&.B$ -$#$A=& I >%$9%?$" L*4605!9(-$"(?5
<= >I >9>5"6$& 95&F$&90E " !%60* H$L+%.J>6 L9@(-% :H$IC>&H$C9/(H;$LC9?%1/>
%?$" I9&$-55&LBB.BDE5%(>9I >&*>5%@'/0:!T9MLBB.@7L#6-$#$"?56."$@M
.78 95,7&-3M(-@FF!B(H;$LC9?%J5%L+%.*.P5-MB9Q$&+0J$@LBB&G;%O7-?%
L+% #56)'@.(5-MLBB.98(B,#.789+?@9-!BS$)F$&&*>5%L*>@7-46@*<* 

-4B,( H;$LC9?%J5%F,/+@?$%.*.P5-MB9F5.)D;5+?%6$" !%+?@9#@B#,6.#-D;5%
1NN> $ 
 

 

 

 

 

 

 

 

 

 

-=7:0; 1 L+/%L9@#'/J5%-4BB 

 

2.2 $C:: .-6D#E$ ,.#'&  
LB?%.789+5%+?@95'+-4(?5&!9#D5&*?5%#@B#,6J!BL+%.*.P5-M F41/>-!B&$-
&-4(, >9F$&&$-C$"IFL-%&@?$7&('.*8&9>5"J5%<= >I >.)D;5IC>.P89.P5-M(16O#- 

ON9) +?%+!VV$317.7' /L+%.*.P5-MI9 ?@%.@*$C9G;% F9&-4:!;%+?@9
7-46@*<* #H$9@3(H;$LC9?%J5%F,/L+%1/> 

 

 

 

 

 

 

 

-=7:0; 2 -4BB5'.*8&:-59'&+MJ5%&*?5%#@B#,6.*.P5-M 

 

 

 

 

 

 

 

 

-=7:0; 3 -4BB5'.*8&:-59'&+MJ5%&*?5%#@B#,6OC*/ 

 

F5-!BL+%.*.P5-MF4A=&LB?%.78 9+?@9 R 8 +?@9L(?*4+?@9F4A=&-4B,IC>
+!6)!9UM&!BN> %&M !9J5%OC*/ . ?9+A$94&$-.7' /-7' /.789(>9 

 

2.3 7 1@&53$&  
P5N(ML@-MC*!&J5%-4BB.J0"9JGE96$I9S$2$  Borland C++ Builder L*4 

Open CV .78 9&$-7-46@*<*S$).)D;5-4B,(H;$LC9?%J5%F,/+@?$%B9F5S$) 

.9D;5%F$&*H$L+%.*.P5-M60#@$6.J>6L+%+=%L*4.789F,/ :H$IC>&$-7-46@*<*
S$)F$&.@7L#6:H$1/>%?$"L*4-@/.-8@ (!@5"?$%. ?9&$-(-@FF!B@?$60L+%
.*.P5-M(&&-4:BF5C-D516?.)0"%L#?.&8B.N-6S$):0;16?60L+%1@>5>$%5'% :,&
#-!E %:0;.&8BS$).J>$6$IC6?&8.)0"%L#?@ !/F$&<*(?$%J5%&$-*BS$).789(>9 &$-
-4B,( H;$LC9?% #H$9@3F$&(H;$LC9?%F,/T=9"MA?@%J5%S$) (center of gravity) 

J5%S$)<**!)UMF$&F,/5>$%5'%  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-=7:0; 4 *H$/!BJ!E9(59&$-#H$9@3(H$LC9?%F,/J5%.*.P5-M 

Control Box

Control Box
Laser diode

Microphone

Semi-Transparency 

Screen

Timer/DriverAmpMic

LASER Diode
Battery

RS232

Reciever

Web Cam

Decoder/DriverScreen

Load1 Load2

Load3 Load4
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 !"#$% &'()*+&#',-(./0$/123,4/+556789:3;,<;) :!=%6%$!>?) +$6@174./
6-A4B671&'+&',-(./8C#=B6,56!:);<.)/-(;',<;)$$58'/>$6@+$(256!:B
DA/5<.$/%)9%2!,<7E$36-A4 >"#$%)9%2!$2B56*@:FF; '8C#+;$/5'6 G(
+;(,998C#(&' 4($(CH   BI (5'6%)9%2!,99 B? 3-B? 3  8.'(AH( 

 

3.  !"#$$%&''&()(!&*#+,'&(-.)/$ 

,43/G(6JB8C# 4-6 3A/(CH  
 

 

 

 

 

 

 

 

6JB8C# 4 5<.$/%)9%2!,<7,).(+' !"#$GK;/'( 

 

 

 

 

 

 

 

 

 

 

6JB8C# 5 5<.$/%)9%2!$2B56*@:FF; ' 

 

 

 

 

 

 

 

 

 

 

 

6JB8C# 6 5'6834$95'6+6)11A9123,4/ < L$6@ 

 !"#$%&'($)*+,-./0- 1234205(6-78209':;3(3&:4.$)(3&:;3<3-1$<&')) 

(3&%&6)7=/<(/$-(3&>*2<3-9&+<9;3 %? -$5/3<5+#<=3!.@3AB03! 9?)%/ 0578'
.&C&'1$<DE 2%/ 05  $5/3<7&(B"$B03!.3!3&F>-(3&G35>97&< H $$( A"#$
(&'=I 2->G2 8 J$&K:;3<3- (3&%&6)7=/<$6=&315351$<0<9&153593( J?- 

L45%&(=+7820 G3( 8 J$&K=+4.0/3<7=/M!/FE(*C,M%:C#9$(?9'M!/ (+4$'M&1N,- 

 AC5<7=/.+,- %8"$<(;386<<3-93(7) =$&K&C $5/3<:C#.$<B"$ 083:C#G-/0<B0&>G2
.$4B82$<(6).@3A(3& B8"#$-MG01$<./0-OC&P'1$<DE 2%/ 05 G3(DE 2%/ 05
 B8"#$-MG0M424C $399'G-/0< 083-2$5(0/3 10 0+-3:C:C#= 6,< %? -B/3 &+#!=2-M02M42 
&'5'G/3<93(7G8/<(;3 -+47.< 8 J$&KM%56<Q3(&6) 1N,-$5E/( ;386<<3-:C#>*216)
M4L$4 7G8/<9/357&<46-1-34 3 L08=K .3!3&F%&3(R9I4)-Q3(>-&'5' 

3.5  !=&M42*64 9- &'5'G/3<!3( H 1$<Q3($399':;3>G2(3&B0)BI!>G27.<
(&':)Q3(M4253(1N,- 

 

4.  !"# 

98%)'!(CH:3;(&' 4($,()%?3,<75'6$$5,9946;'/ $2B56*@%)9%2!5'6
 B? 3B? 3$2B56*@:FF; '67D7:5< =3DGK;,4/ < L$6@1'5 < L$6@>$D +$6@ 
)A+E2B674/%@5I >"#$G-;MJ ;B. )D$A!>'++AH/,+.%$</!' 4'!'6E4"#$4'6-6"$4A#/
5'6:3;G(673A9-(N#/ G(5'6$$5,99+AH/4!!+?O'().'MJ ;B. )DD A/4'!'6E0DA9
-(;',<7-!2(%$:3;673A9-(N#/ 8&'G-;4'!'6E5&'-(3+&#',-(./0$/123,4/ 

9(1$:3;  < L$6@>$D +$6@EJ5+?3+AH/9(56$9,).(+' !C6799$? <I586$(?54@
5&'-(35'6 B? 3B? 3,4/=3DGK;<!-'DG1,6/ P  BI (+A)567+2 ;( 1$6A9,4/
 BI (,995N#/=B6./,4/4C#0'),9./ BI (>"H(8C# 8 4.)( GK;5<;$/ )B,%!+6)11A9
123,4/9(1$6A9Q'> 5'6B67!)<M<GK;%$!>?) +$6@=(I+92%0('3 <I5
%&'()*-'+&#',-(./ 8CD95A9123$;'/$?/ ,<74./6-A4%)9%2!$$58'/>$6@+
$(256!:BDA/5<.$/%)9%2!$2B56*@:FF; ' G( 9CH$/+;($$5,99G-;5'6
%)9%2! BI (,99 B? 3-B? 3 8.'(AH( 67D78'/G(5'6%)9%2!:3;!'55).' 3.5 

 !+6 $(N#/6799DA/:!.:3;EJ5(&':B834$95A9MJ ;B. )D$A!>'+16?/G(0*7(CH  
 ("#$/1'5$DJ.G(0AH(+$(5'6B6A9B62/6JB,99G-;GK;/'(:3;/.'D LN# /5'6(&' $'
:BGK;/'(16?/17:3;3&' (?(+.$:B+'!0AH(+$(0;$9A/%A9+.'/ P  >"#$B6A9B62/
0;$95>6.$/+.'/ P 8C#$'117 5?30NH( ($51'5(CH D A/17:3;B6A9B62/4.)(+6)11A9
123,4/=3D:!.+;$/GK;%$!>?) +$6@=(I+92% 8&'G-;<3+;(82(5'646;'/,<7
8&'/'(:3; 6I)0NH( 

 

5. $%&&%$!!'#!($)* 

0$0$9>67%2*%*7)?R)566!R'4+6@4E'9A( 8%=(=<DC>671$! 5<;' 1;'
%2*8-'6<'35679A/  8C#G-;5'64(A94(2(5'6(&' 4($98%)'!G(8C#B67K2! 

+6AH /(CH  
 

Control box 

LASER diode 

Microphone 

BMECON-2011 ____ 112

 !"#"$%&'()%! !"()*( ""' !"+,-./0-. 1"234-56 7  !"#$  %-& '()*$+, -&&%



0/')&(/!&*/1* 

[1] (?1R6C K'S*6/%@  !"#$%&'  !"#() *+,+- (./01230%4301.567-  $54'6
 MD,>6. 4!'%!-<$3 <"$3:8D. 5A(D'D( 2543 

[2] (?+D'  >A(T2 )8D@  ,<7 (2K6C   $'942)66*  8+947:;+<+5,'=!; !"#()

*3% B67 3I(4'6)A($A!>'+=<5 4&'(A5=6%:!.+?3+.$   56!%)9%2!=6% 

56786)/4'T'6*420 2553 

 [3] 6'D/'(B671&'BC  2553  4&'(A5=6%:!.+?3+.$ 56!%)9%2!=6% 56786)/

4'T'6*420 

[4] Blackmer J; Ross, Awareness and use of advance directives in the spinal cord 

injured population, Spinal Cord, November 2002, Volume 40, Number 11: 581-

94. 

[5] Wolpaw JR, Birbaumer N, McFarland DJ, Pfurtscheller G, Vaughan TM, 

Brain-computer interfaces for communication and control, Clin Neurophysiol. 

2002 Jun;113(6):767-91. 

[6] Quadriplegic Assistive Technology, Residential & Workplace 

Accommodations, N.I.R.E, 2002, pp. 1-15. 

[7] H. Cotts, Instruction for a simple Adapted Laser Pointer for Low Tech 

Augmentative Communication, www.everyonecommunicate.org. 

BMECON-2011 ____ 113

 !"#"$%&'()%! !"()*( ""' !"+,-./0-. 1"234-56 7  !"#$  %-& '()*$+, -&&%



�

��������	
��
��	���

�����
��	
��
��
���
�
�������	
����
������
������	
�
������������	����������
���� ��� 
!�
��	
��
���������

����
��� �""�� ��#�� �$����%&���� �'%&����


���� 

�
������� �� ����� !"!#�


���� 

�
������� �� ����� !"!$�

%�&�'� ()*+,-)./0,� 12)3,45)6,�7,.82*0*9),�-,�

:*+;),92,<�=4/2.,��

!"#!�

%*.6,>4/6� ()*+,-)./0,� 12)3,45)6,�?/4)5�@AA<�=4/2.,� !"#B�

�
��#�����
%&�(&)��(�����"��*�+�,�����������	-��� �.�+�/� C,-)./0�A2564>+,26/6)*2�/2-�D)92/0�

;4*.,55)29�

��E��

���FE������E����G�

��E��

���FE������E����GHIJ�IK
�KGL��MK���N�	O��P��
M�	����P��
Q�
01 �����
������	
��
2�(�������� ��
�3�*) ������)��� ��� *���#�����4�5��
)
�����
� ��6��5!

*���� �� � 2�	(%�������� %�������  (7889�) �:�%&��;����
�� 	�*%��<;<=�
<1 �����
������	
��
2�(�������� ��
�3��*) ����� 2�	��7889�� 2��� �* ��4��� 25�������5* >�
*���� �� � 2�	(%�������� %�������  (7889�) �:�%&��?�(����%
�
�
*�&
�4�(���*�&
�4�(��<;<?�
@1 ABCDEFDECGHHED�IJHGK�LDDMNOPBJH�AEQBMED��RGSBEQJT�UEQVGDGQCG�EQ�IBEPGKBCJT�WTGCMDEQBCHX�
IJQKYQSX�ZQKBQGHBJX�0[[=1� � �
=1  2��� ����5�
2��5��(��""�\7889����4��
2�� ��
4���� �(���
!����)
���
���8 �* 5(��� �� � 2��(*�
��
�5� 2����� 	�*%��<;=]1�
;1 L1�RGD^DJMGQX�_1�UNBMHJ^YT�JQK�A1�`JQSaX�b@<��WTGCMDEKGH�WTGCMDBCJT�ZPFGKJQCG�
cEPESDJFNOdX�<]]]�cWeUfeX�_YJTJ�TYPFGYDX�AJTJOHBJX�<]]]1�
g1 U1�AJ^NYQX�_1�UNBMHJ^YT�JQK�A1�`JQSaEDJHBTFX�hWKBMBQS�UNJDJMGD�EV�UYDiG�jO�kJiGTGMHhX�
lDECGGKBQS�EV�RGSBQJT�`OPFEHBYP�EQ�cGTGCEPYQBCJMBEQH�WTGCMDEQB�JQK�`OHMGPX�_AZcmX�
IJQS^E^X�nYTO�0[[g�
?1 *%�5���5�o�
�����%������p�% ����%����� ��
������
������	
��
2�(�������� ��
�3�b��q&4�(�4�
�� ��5�p���&*%&
(����p�� 2��rsL�d�� � 2�	(%�������� �����  (7889�� 2����'
<;@gd��$����*%)t�t

&� 2��(*�
��*���)	\%�� 
�5� 2����<;@g������<=u�<;=�
u1 U1�AJ^NYQX�l1�_EEHBDBiJQBCNJ^EDQ�_1�UNBMHJ^YT�JQK�A1�`JQSaEDJHBTFX�hWKBMBQS�vGMJBTH�EV�
ZPJSG�jO�kJiGTGMHhX�lDECGGKBQS�EV�ZQMGDQJMBEQJT�UEQVGDGQCG�EQ�REjEMBCX�rBHBEQ�JQK�lJDJTTGT�
lDECGHHBQS�VED�ZQKYHMDBJT�LYMEPJMBEQ��X�ZFENX�AJTJOHBJ�nYTO�0[[g1�



�

[1 r1�nBMiYMBCNEMX�_1UNBMHJ^YTX�JQK�A1�`JQSaEDJHBTFX�bwGJDM�RJMG�rJDBJjBTBMO�LQJTOHBH�`OHMGPdX�
lDECGGKBQS�EV�MNG�xBDHM�ZQMGDQJMBEQJT�UEQVGDGQCG�EQ�PGCNJMDEQBCH��ZUfA�]0X�_YJTJ�mYPFYDX�
AJTJOHBJ�0<�0@X�xGjYJDOX�<]]01�
0]1 `1�UTJOKE^yJQ�X�_1�UNBMHJ^YTX�A1�`JQSaEDJHBTX�JQK�`1�_EQKEX�bRGJT�cBPG��WTGCMDECJDKBESDJP�
UEPFDGHHBEQ�cGCNQBzYG�{HBQS�kJiGTGM�cGDJQHVEDP�EQ�A`U�;0X��0gMN�jBGQQBJT�BQMGDQJMBEQJT�
W{RL`Zl�CEQVGDDGQCG|�IZf`ZseLm�<]]<X�IDQEX�U}GCN�RGFYjTBCX�nYQG�<g�ME�<uX�<]]<1�

�
� ������������������������������������



�

�
�

��������������������������	
��
��

������
����� �
�
���
���������
�������
�������

������� ����������	
���� � � � � ����������������
��������	��
����
������������������������������ �

������������!"��#����
������$� �
�

� !%���%�&'�%�����������	�
�����	�����
�!���#����
������$� ��(����')�*�*+�"&�#���'
+%�'�%��,�)-��
+�!
�#�����.!%���),������
��������
����������������
���������������'�/0������������	
���
���������������
������������������������	����� ���	!"�#���#�#'�+�
��!1�'���
��������2�34�

� ��!�"5�%�&'�%�.!%!1�'���
�������'��6���5�'37�)"0'�"���%��8+%���9��������������������������� ��1�������'+���
&�%��8:�����)9
�%���+��1������2��8:����$��)"08����)%���"5�
� �
� �9�'�"����'&/0�*3�!&�������
�
�
�
�
�

;;;;;;;;;;;;;;;;;;;;;;;;;�
<���������	�
�����	=�
-��-�%�*���
���

�

�

�

�

�

�

�

�

�

�

�

�

�

�


