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!"#$%&%'

!" #$%&' (%)%" *#+,*+%*- '$ $'$.*-/*+ 01 ,%12+µ&010$ 3$+ 
0$ #4*"'*305µ$0$ 06' %"µ#&0 $'$78%"'0$9 0$ :$2+3( ,$%$-
301%+20+3( 0";9 3$+ 0+9 3<%+*9 *7$%µ"=89 0";9 20" ,>%" 019 
:+"µ1,$'-$9 3$+ 019 #$%$=6=59. ?+ %"µ#"0+3"- µ1,$'+2µ"- *-'$+ 
#"4;4*+0";%=+389, *#$'$#%"=%$µµ$0+@&µ*'*9 µ1,$'89 #"44>' 
:$)µ>' *4*;)*%-$9, +3$'89 '$ *30*4"<' :+"µ1,$'+389 *%=$2-*9, 
'$ µ*0$3+'"<' ;4+3(, */$%05µ$0$, *%=$4*-$ 5 *+.+389 2;23*;89, 
µ826 #%"=%$µµ$0+@&µ*'6' 3+'52*6' 5 $3&µ1 3$+ '$ µ*0$-
3+'"<'0$+ "+ -.+*9 2* 8'$ ,>%". A' 3$+ «$;0&µ$0*9» µ1,$'89, 
.+$,6%-@"'0$+ $#& $;089 µ* :(21 01' *;*4+/-$ #$%$=6=59. B+$ 
$;0&µ$01 µ1,$'5 8,*+ 01 .;'$0&010$ '$ #$%(=*+ 8'$ *<%"9 

.+$7"%*0+3>' #%"C&'06', 0$ "#"-$, &µ69, $'53";' 201' -.+$ 
0*,'"4"=+35 "µ(.$. D'$9 %"µ#"0+3&9 µ1,$'+2µ&9, 4&=6 019 
*;*4+/-$9 #"; 0"; #$%8,*+ " 2,*.+$2µ&9 0"; 3$+ "+ :$)µ"- 
*4*;)*%-$9, 8,*+ 01 .;'$0&010$ '$ ;4"#"+*- 0*4*-69 .+$7"%*0+389 
µ*0$/< 0";9 *7$%µ"=89, &#69, =+$ #$%(.*+=µ$, 2;=3&44121 3$+ 
201 2;'8,*+$ 4*-$'21 3$+ :$75. E#+#48"', 1 µ*-621 0"; ,%&'"; 
#$%$=6=59 3$+ 0"; 3&20";9 *%=$2-$9, 1 µ*-621 019 *#+3+'.;'&-
010$9 019 *%=$2-$9 3$+ 1 :*40-621 019 #"+&010$9, µ*0$0%8#";' 
20$.+$3( 0" %"µ#&0 $#& ,%52+µ" 0*,'"4"=+3& *#-0*;=µ$ 2* 
#%60$=6'+205 019 :+"µ1,$'+359 #$%$=6=59. !" 2003 ;#5%,$' 
#*%-#"; 900.000 %"µ#&0 #$=3"2µ-69, $#& 0$ "#"-$ 0" 90% 201 
:+"µ1,$'-$. F#(%,";' 4"+#&' 4&="+ =+$ 0";9 "#"-";9 1 *441'+35 
:+"µ1,$'-$ )$ 8#%*#* '$ 20%$7*- 3$+ '$ *#*'.<2*+ 20$ %"µ#&0. 

B* ='>µ"'$ $;05 01' #%""#0+35 *#+48,)13$' 3$+ "+ *7$%µ"=89 
#"; #*%+=%(7"'0$+ 20+9 $3&4";)*9 #$%$=%(7";9. 

!($)µ*%+, #- ."*µ/0$1"2+, 2$3-)%$#4-, 

A'$='6%-@"'0$9 0+9 .;'$0&010*9 06' :+"µ1,$'+3>' %"µ#&0 3$+ 
#%":48#"'0$9 01' *#+3*-µ*'1 */84+/5 0";9, "+ :$%+89 :+"µ1,$'-*9 
0"; */60*%+3"< *#8'.;2$' 2* $;089, 3$+ 0+9 0*4*;0$-*9 .<" 
.*3$*0-*9 #%",>%12$' 2* 20$.+$35 $'0+3$0(20$21 µ8%";9 0"; 
*/"#4+2µ"< 0";9 µ* %"µ#"0+3"<9 µ1,$'+2µ"<9. ?+ :+"µ1,$'+3"- 
%"µ#"0+3"- :%$,-"'*9 *-'$+ 0$,<0*%"+ $#& 0"' (')%6#" 3$+ µ* 
8/;#'" 2,*.+$2µ& 3$+ #%"=%$µµ$0+2µ& µ*+>'";' 5 3$+ */$-
4*-7";' 0";9 '*3%"<9 ,%&'";9, *4$,+20"#"+>'0$9 01 ,%"'+35 

.+(%3*+$ 0"; 3<34"; *%=$2-$9 3$+ $;/('"'0$9 01' #"2&010$ 
#$%$=&µ*'6' 0*µ$,-6' 201 µ"'(.$ 0"; ,%&'";. G*0;,$-'";' 
µ*=$4<0*%1 $3%-:*+$ 3$+ 3$4<0*%1 *#$'$41H+µ&010$ 69 #%"9 
0+9 #$%$."2+$389 µ*)&.";9 3$+ =+’ $;0& :*40+>'*0$+ 1 #"+&010$ 
0"; 0*4+3"< #%"C&'0"9. B* 3$0(4414" #%"=%$µµ$0+2µ&, µ#"-
%"<' '$ $'$4(:";' #"4489 2*+%+$389 *%=$2-*9 3$4<#0"'0$9 
µ* $;0& 0"' 0%&#" #"44$#489 #$%$."2+$389 )82*+9 *%=$2-$9 
µ* $#"084*2µ$ 01 21µ$'0+35 µ*-621 0"; 3&20";9 #$%$=6=59. 
!$ %"µ#&0 µ#"%"<' '$ *%=$20"<' 2* .;2µ*'5 #*%+:(44"'0$ 
(;H1489 )*%µ"3%$2-*9, µ"4;2µ8'*9 #*%+",89 *%=$2-$9) µ*+>'"-
'0$9 µ* $;0&' 0"' 0%&#" 01' *#+3+'.;'&010$ 019 *%=$2-$9 3$+ 0$ 
*%=$0+3( $0;,5µ$0$. E#+#%"2)8069, $#$44(22";' 0"' (')%6#" 
$#& 01' *#$'$41#0+35 3$+ µ"'&0"'1 ,*+%6'$30+35 *%=$2-$, 

*#+0%8#"'0$9 01' #+" #$%$=6=+35 ,%521 06' $')%>#+'6' #&%6' 
201' #$%$=6=+35 .+$.+3$2-$.
!$ :$2+3&0*%$ µ*+"'*305µ$0$ 06' 2<=,%"'6' 2;µ:$0+3>' :+"-
µ1,$'+3>' %"µ#&0 *-'$+ ($) 0" 3&20"9 $="%(9, (:) 1 $'(=31 =+$ 
#%"26#+3& ;#"205%+/19 ;H14"< *#+#8."; 3$+ (=) " ,%"'":&%"9 
#%"=%$µµ$0+2µ&9 0"; %"µ#&0. G('069, 0" 3&20"9 #48"' #*%+"%--
@*0$+ 3$+ 1 ,%521 0";9 $#4"#"+*-0$+ 21µ$'0+3(.

56µ.$3"27 8"*µ/0$1"27 9*µ:;3 

#- 8"*µ/0$1"2+, <$3-)%$#4-,

I;µ:$0+3( :+"µ1,$'+3( %"µ#&0 $#"3$4"<'0$+ 0$ %"µ#&0 20$)*-
%59 :(219 3$+ 2*+%+$3"< 2;'5)69 0<#"; µ* 6 :$)µ"<9 *4*;)*%-$9 
5 4+=&0*%";9. A#"0*4"<'0$+ $#&: (i) !" µ1,$'+3& :%$,-"'$ #"; 
#*%+4$µ:('*+ 2;'.82µ";9 3$+ $%)%>2*+9 3$+ 8'$ 0*4+3& 21µ*-" 
.%(219 (*%=$4*-"). (ii) !";9 *#*'*%=1089 (actuators) #"; 3+'"<' 
0+9 $%)%>2*+9 3$+ #"; 2;'5)69 *-'$+ 14*30%+3"- 5 ;.%$;4+3"- 3$+ 
2#$'+&0*%$ #'*;µ$0+3"-. (iii) !";9 $+2)105%*9 (sensors) =+$ 01 
µ80%121 019 )8219 5 019 .<'$µ19 0"; %"µ#&0 3$+, *(' 0" $#$+0*- 1 
*7$%µ"=5, $+2)105%*9 =+$ 01 µ80%121 µ*=*)>' 0"; #*%+:(44"'0$ 
,>%";. (iv) !" 2<201µ$ *48=,"; #"; *-'$+ ;#*<);'" =+$ 0"' 84*=," 
019 3-'1219 5/ 3$+ 06' .;'(µ*6' #"; *7$%µ&@*+ 20" #*%+:(44"'. 
?+ 2;'1)820*%"+ :+"µ1,$'+3"- :%$,-"'*9 *-'$+ "+ 3$%0*2+$'"- :%$-
,-"'*9 µ* 0%*+9 "%)"=>'+*9 µ*0$0"#-2*+9, "+ :%$,-"'*9 SCARA 

(I, 1$) µ* µ-$ #%+2µ$0+35 3$+ .<" #*%+20%"7+389 $%)%>2*+9 3$+ "+ 
$')%6#&µ"%7"+ :%$,-"'*9 (I, 1$ 3$+ 1:). ?+ 0*4*;0$-"+ .+$)80";' 
8/+ (/"'*9 #$%8,"'0$9 µ*=$4<0*%1 *#+.*/+&010$ 3-'1219 $44( 
µ+3%&0*%1 $3%-:*+$.
D'$ ,$%$301%+20+3& #$%(.*+=µ$ *-'$+ 0$ %"µ#&0 :$759. A;0( 
*-'$+ 2;'5)69 8/+ :$)µ>' *4*;)*%-$9, µ* 14*30%+3"<9 *#*'*%=1-
089 3$+ #*%+4$µ:('";' 2;205µ$0$ &%$219 =+$ *#+)*>%121 019 
:$759. J µ*=(41 $3%-:*+$ 0"; %"µ#"0+3"< µ1,$'+2µ"< #*0;,$-'*+ 
µ*-621 019 3$0$'(46219 0"; ;4+3"< *#+3(4;H19 3$0( 20-30%. 
G$%&µ"+"; 0<#"; *7$%µ"=5 *-'$+ 1 %"µ#"0+35 2;=3&44121 (I,. 
2$) 5 1 3"#5 #4(2µ$0"9, 48+@*%, 34#.. A%3*0( .+$.*."µ8'1 *-'$+ 
3$+ 1 4*-$'21 (I,. 2:) #"; *#+#48"' $#$+0*- 84*=," .;'(µ*6' 3$+ 
,%12+µ"#"+*-0$+ =+$ 20-4:621, $7$-%*21 ;#"4*+µµ(06' ,<0*;219, 
34#. K44*9 0;#+389 %"µ#"0+389 *7$%µ"=89 201 :+"µ1,$'-$ *-'$+ 
1 2;'$%µ"4&=121 µ1,$'+3>' 3$+ 14*30%"4"=+3>' 0µ1µ(06' (I,. 
2=), 1 2;'$%µ"4&=121 14*30%"'+3>' 3$%0>', 1 20*=$'"#"-121, 
" .+$,6%+2µ&9 $'0+3*+µ8'6' 3$+ 1 *#+)*>%121 14*30%"'+3>' 
#4$3*0>', 3.$.
?+ %"µ#"0+3"- :%$,-"'*9 8,";' 21µ$'0+35 2;'*+27"%( 3$+ 20+9 
3$0*%=$2-*9 ;4+3>'. G+" 2;=3*3%+µ8'$ 1 ,%521 %"µ#"0+3"< µ1,$-
'+2µ"< *#*30*-'*+ 0+9 .;'$0&010*9 3$0*%=$2-$9, 201 .1µ+";%=-$ 
0*µ$,-6' *3 #*%+20%"759. !80"+$ 3"µµ(0+$ .1µ+";%="<'0$+ 2* 
µ1,$'89 &#69 " 0&%'"9, &#"; 0" #%"9 3$0*%=$2-$ 0*µ(,+" 

($µ)$#%*+ &"&#,µ!#! &#-. )!/!010,
=->)%"*, 9-2?-43/,1, @$1$%">3/, 8$)A*?*µ$4*,2, B&711/, C3$.?"72*,3, @$1$%">3/, D$3E72*,4, !67%%-?*, @$:$F;:*6?*,5 

                                    ($)                                                              (.)                                                     (%)

50. 1.. ($) G6:"2; ."*µ/0$1"2; )*µ:;3 SCARA, (.) ."*µ/0$1"2*4 $1A)&:;µ*)(*" .)$04*1-,, (%) -)-61/3"2;, $1A)&:;µ*)(*, 

.)$04*1$, µ- 0+)", 2$3$#2-6$#µ+1*, $:; 3* -)%$#3')"* 3*6 DLR #3/ =-)µ$14$.

                      ($)                                                      (.)                                               (%)

50. 2. 9*µ:*3"2*4 .)$04*1-, #- ."*µ/0$1"2+, -($)µ*%+, ($) #6%2;??/#/,, (.) ?-4$1#/, 2$" (%)#61$)µ*?;%/#/,. 

50. 3. 9*µ:*3"2;, µ/0$1"#µ;, Stewart #- ."*µ/0$1"2+, -($)µ*%+,.
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20*%*>'*0$+ 201 µ1,$'5 3$+ #*%+20%87*0$+ =<%6 $#& 20$)*%& 
(/"'$, *'> 0" 3"#0+3& *%=$4*-" $7$+%*- #*%+µ*0%+3( ;4+3&. D02+ 
.1µ+";%=*-0$+ 8'$ 3"µµ(0+ 2;µµ*0%+3& 69 #%"9 0" .+$µ531 0"; 
(/"'$. A' ,%*+$@&µ$20* 8'$ 3"µµ(0+ 0"; "#"-"; 1 *=3(%2+$ .+$-
0"µ5 '$ µ1' *-'$+ 3;34+35 (&#69 =+$ #$%(.*+=µ$ 0$ 833*'0%$ 0"; 
3*'0%"7&%"; (/"'$ *'&9 $;0"3+'50";), ,%*+(@*0$+ 0" 3"#0+3& 
*%=$4*-" '$ µ1 :%-23*0$+ 2* 20$)*%5 $#&20$21 $#& 0"' (/"'$ 
0"; 0*µ$,-"; 3$0( 01 .+(%3*+$ µ-$9 #45%";9 #*%+20%"759 0";. 
A;0& *#+0;=,('*0$+ µ* 01' 0"#")80121 0"; 3"#0+3"< *%=$4*-"; 
20" (3%" *%=$2-$9 *'&9 %"µ#"0+3"< :%$,-"'$, " "#"-"9 )$ 
%;)µ-@*+ $;0&µ$0$ 01' $#&20$21 0"; 3"#0+3"< $#& 0"' (/"'$ 
#*%+20%"759. !80"+"; 0<#"; %"µ#"0+389 *7$%µ"=89 #4*"'*30"<' 
8'$'0+ 06' *%=$4*+"µ1,$'>' CNC .+&0+ *-'$+ #+" *;84+30*9, 
µ#"%"<' '$ *#*/*%=$20"<' .<23"4$ 3$0*%=(2+µ$ 0*µ(,+$ 3$+ 
*#+#48"' #%"278%";' µ*=$4<0*%" ,>%" *%=$2-$9.
?+ #*%+22&0*%*9 $#& 0+9 #$%$#('6 *7$%µ"=89 *-'$+ .;'$0&' '$ 
;4"#"+1)"<' µ* 0"' -.+" %"µ#"0+3& :%$,-"'$ *(' 0" *%=$4*-" 
*7$%µ"=59 $'0+3$0$20$)*- 3$+ 0" %"µ#&0 *#$'$#%"=%$µµ$0+-

2)*-, =*="'&9 #"; $'$.*+3'<*+ 0$ #4*"'*305µ$0$ 06' :+"µ1,$'+-
3>' %"µ#&0 8'$'0+ $3&µ$ 3$+ 06' :+"µ1,$'+3>' $;0"µ$0+2µ>'.

@?$3(;)µ$ Stewart #- 8"*µ/0$1"2+, <$3-)%$#4-,

E30&9 $#& 0$ 2*+%+$3( :+"µ1,$'+3( %"µ#&0, µ-$ (441 3$01="%-$ 
#"; *+2(=*0$+ 20$.+$3( 20+9 :+"µ1,$'+389 µ"'(.*9, *-'$+ $;05 
06' #$%(44146' %"µ#"0+3>' µ1,$'+2µ>'. ? #+" .+$.*."µ8'"9 
*/ $;0>', *-'$+ " %"µ#"0+3&9 µ1,$'+2µ&9 Stewart, ='620&9 3$+ 
69 #4$07&%µ$ Stewart. G%&3*+0$+ =+$ 8'$' #$%(4414" µ1,$'+-
2µ& 8/+ :$)µ>' *4*;)*%-$9, #"; $#"0*4*-0$+ $#& µ-$ 3+'"<µ*'1 
#4$07&%µ$, µ-$ 20$)*%5 :(21 3$+ 8/+ #%+2µ$0+3"<9 2;'.82µ";9, 
"+ "#"-"+ 2;'.8";' 01' #4$07&%µ$ µ* 01 :(21 µ826 $%)%>2*-
6'. A' 3$+ $%,+3( " µ1,$'+2µ&9 #%""%+@&0$' $#"34*+20+3( 69 
*/"µ"+6059 #05219, 25µ*%$ $#$'0(0$+ 2* #"+3-4*9 *7$%µ"=89 
(+$0%+35, */"µ"+6089 ",1µ(06', (µ;'$, :+"µ1,$'+389 3$0*%=$2-*9, 
H;,$=6=-$), *-0* 201' #%60&0;#1 µ"%75 0";, *-0* 3$+ 2* #$%$4-
4$=89 (µ1,$'+2µ"- 0%+>', 0*22(%6', 5 3$+ #*%+22&0*%6' :$)µ>' 
*4*;)*%-$9).
?+ $#$+052*+9 019 2<=,%"'19 :+"µ1,$'-$9 =+$ µ*=$4<0*%1 
$/+"#+20-$ 3$+ $3%-:*+$, 06' ;4+3>' #$%$=6=59 3$)+20"<' #+" 
*#+0$30+35 01' $'(=31 019 .1µ+";%=-$9 #*%+22&0*%" *;84+306' 

38'0%6' 3$0*%=$2-$9 (CNC). L(0+ 080"+" ;#&2,*0$+ " µ1,$'+-
2µ&9 Stewart, " "#"-"9 8,*+ *+2:(4*+ .;'$µ+3( 20" ,>%" 06' 
:+"µ1,$'+3>' *7$%µ"=>' 3$+ $'0+3$)+20( :$)µ1.&' 0$ 2;µ:$0+-
3( :+"µ1,$'+3( %"µ#&0. A' 3$+ 201' E44(.$ $;0& .*' *-'$+ $3&µ$ 
(µ*2$ "%$0&, 620&2" µ*=(4$ :+"µ1,$'+3( 38'0%$ 019 E;%>#19 
3$+ 06' JGA ,%12+µ"#"+"<' $#"."0+3( 0"' *' 4&=6 µ1,$'+2µ&.
!$ #4*"'*305µ$0$ #"; #%"3<#0";' $#& µ+$ 080"+$ *7$%µ"=5 
*-'$+ $%3*0(. L$0' $%,(9, 1 2;µ7;59 20+:$%&010$ 3$+ .;23$µH-$ 
0"; µ1,$'+2µ"< Stewart #"; #%"278%*+ 1 3+'1µ$0+35 0"; ."µ5, 
,%52+µ1 =+$ *7$%µ"=5 µ*=(46' .;'(µ*6', 2* 2;'.;$2µ& µ* 
01 =%5="%1 $#&3%+21, 3$)+20"<' 0" µ1,$'+2µ& #*%+22&0*%" 
$#"0*4*2µ$0+3&. E#+#48"', "+ :$)µ"- *4*;)*%-$9 0"; µ1,$'+2µ"< 
#%"2.-.";' *#+.*/+&010$ 0"; 0*4+3"< 21µ*-"; .%(219 µ* $#"08-
4*2µ$ 01 µ*=$4<0*%1 $3%-:*+$ 3$+ 3$4<0*%1 #"+&010$ 0"; 0*4+3"< 
#%"C&'0"9. J *;3"4-$ #%"2$%µ"=59 #"44>', $44( 3$+ .+$7"%*-
0+359 ,%5219 *%=$4*-6' 3"#59 20" 0*4+3& 21µ*-" .%(219 0"; 
µ1,$'+2µ"< $#"0*4*- 2;µ78%";2$ "+3"'"µ+3( 4<21 3$+ 3$)+20( 
8'$ 080"+" 2<201µ$ #*%+22&0*%" *;84+30". E#-219, "+ $'$#0;2-

2&µ*'*9 $.%$'*+$389 .;'(µ*+9 019 #4$07&%µ$9 2* :+"µ1,$'+389 
*7$%µ"=89 *-'$+ $%3*0( µ+3%&0*%*9 $#& 0+9 $'0-20"+,*9 06' 
2;µ:$0+3>' %"µ#&0, =*="'&9 #"; ".1=*- 20"' #*%+"%+2µ& 
$'*#+)<µ106' .;'$µ+3>' 7$+'"µ8'6' (0$4$'0>2*+9, $20()*+$). 
? 84*=,"9 0"; %"µ#&0 $;0"<, +.-69 &0$' 8,*+ ;.%$;4+35 3-'121, 
*-'$+ .<23"4"9. !" )8µ$ µ*4*0(0$+ µ* *#+0;,-$ 20" E%=$205%+& 
µ$9 (E%=$205%+" A;0"µ(0"; E48=,";, I,"45 B1,$'"4&=6' 
B1,$'+3>' EBG - EAE), $'$4;0+3( 3$+ #*+%$µ$0+3(.

!($)µ*%+, #- #6#2-6$#4$ 2$" $:*A'2-6#/ 

G8%$ $#& 01' #$%$=6=5, 21µ$'0+389 .+$.+3$2-*9 *-'$+ 1 2;23*;-
$2-$ 3$+ $#")53*;21 #%"C&'06'. I5µ*%$ 3$+ "+ .<" $;089 
.+$.+3$2-*9 8,";' $;0"µ$0"#"+1)*- 2* µ*=(4" :$)µ&, µ* ,%521 
%"µ#"0+3>' 2;201µ(06'. J %"µ#"0+35 2;23*;$2-$ 2;'5)69 
*#+0;=,('*0$+ 69 */59: 8'$9 5 #*%+22&0*%"+ %"µ#"0+3"- :%$,--
"'*9 0"#")*0"<'0$+ .-#4$ $#& 8'$ 0$+'+&.%"µ" (5 3(#"+" (44" 
2<201µ$ µ*0$7"%(9), 2;448="'0$9 0$ #%"C&'0$ 3$)>9 $;0( 
#412+(@";' 3$+ 0"#")*0>'0$9 0$ 201' 3$0(44141 2;23*;$2-$. 
B* 0"' 0%&#" $;0& 2;23*;(@"'0$+ .+$7"%*0+3( #%"C&'0$, $#& 
#4$3(3+$ µ8,%+ $'$H;30+3(, $#$44(22"'0$9 0"' (')%6#" $#& 
µ+$ 3"#+$20+35 3$+ µ"'&0"'1 *%=$2-$. M&=6 019 #41)>%$9 

.+$7"%*0+3>' $'0+3*+µ8'6', ;4+3>' 3$+ 2,1µ(06' =+$ #$3*0(%+2µ$, 
,%12+µ"#"+"<'0$+ .+(7"%*9 $%#(=*9 #"; #"+3-44";' 69 #%"9 0" 
µ1,$'+2µ&, 01' *#*'8%=121 3$+ 0";9 $+2)105%*9.
J <#$%/1 µ*=(46' $#")13*;0+3>' ,>%6' 3$+ 1 $'(=31 =+$ =%5="-
%1 3$+ *<3"41 #%&2:$21 20$ $#")13*;µ8'$ $'0+3*-µ*'$, ".5=12* 
201' *;%*-$ */(#4621 06' $;0"µ$0"#"+1µ8'6' $#")13>'. N<" 
*7$%µ"=89 %"µ#"0+3>' µ1,$'+2µ>' #"; ,%12+µ"#"+"<'0$+ 2* 
080"+*9 $#")53*9, *-'$+ 1 #$4*0"#"-121 #%"C&'06' 3$+ 1 $;0&µ$01 
$#")53*;21 3$+ $'(30125 0";9. A;089 "+ .+*%=$2-*9 8,";' 20&,", 
0&2" 01' =%1="%&0*%1 #%&2:$21 20";9 $#")13*;0+3"<9 ,>%";9, 
&2" 3$+ 01' $#"."0+3&0*%1, $#& #4*;%(9 */"+3"'&µ1219 ,>%"; 
3$+ ,%&'";, $#")53*;21 06' #%"C&'06'. G$%(4414$, $#$44(22";' 
0"' (')%6#" $#& 01' 3";%$20+35 3$+ *#+:4$:5 µ* 01' #(%"." 0"; 
,%&'"; *%=$2-$ 019 7"%0"*37&%06219.
O"µ#"0+3"- µ1,$'+2µ"- #$4*0"#"-1219 ;#(%,";' *.> 3$+ µ-$ 
.*3$*0-$ 3$+ 1 */84+/5 0";9 */$3"4";)*- '$ *-'$+ %$=.$-$. D'$ 
2<201µ$ #$4*0"#"-1219 $#*+3"'-@*0$+ 20" I,. 4$. !$ #%"C&'0$ 
7)('";' 20" ,>%" $#")53*;219 µ826 .+$.%&µ"; µ*0$7"%(9 
3$+ #$%$4$µ:('"'0$+ $#& µ-$ %"µ#"0+35 =*%$'"=87;%$. I01 

2;'8,*+$, 0"#")*0"<'0$+ 3$0( #%"C&' 2* #%"26%+'& ,>%" $#")5-
3*;219, µ8,%+ '$ 2;µ#41%6)*-, =+$ 0" *3(20"0* #%"C&', " $%+)µ&9 
#45%6219 µ-$9 µ"'(.$9 =+$ #$4*0"#"-121. !&0* 1 %"µ#"0+35 
=*%$'"=87;%$ #$4*0"#"+*- $;0&µ$0$ 01 µ"'(.$ 3$+ 01 µ*0$78%*+ 
=+$ 0*4+35 $#")53*;21.
J .+$.+3$2-$ $;05 µ#"%*- '$ =-'*+ 3$+ 3$0( 01' #$%$==*4-$ .+$-
7&%6' #%"C&'06'. !$ #$4*0"#"+1µ8'$ #%"C&'0$ 0"#")*0"<'0$+ 
2* 8'$' $#")13*;0+3& ,>%", #('6 $#& 0"' "#"-" ;#(%,*+ µ-$ 
$3&µ$ %"µ#"0+35 =*%$'"=87;%$. A;05 #$-%'*+ $#& 3()* #$480$ 
0"' $%+)µ& 06' #%"C&'06' #"; $#$+0*- 1 #$%$==*4-$ 3$+ 0$ 0"#"-
)*0*- 8'$-8'$ 2* 8'$ .+(.%"µ" µ*0$7"%(9. D02+, µ*0$78%"'0$+ 2* 
8'$ 2<201µ$ %"µ#"0+3>' :%$,+&'6', "+ "#"-"+ 0$ #$4*0"#"+"<' 
.1µ+";%=>'0$9 01' 0*4+35 #$%$==*4-$. B-$ 4<21 #"; .&)13* 20" 
#%&:41µ$ 019 2;=3%(01219 3+:60-6' $#& 01 =*%$'"=87;%$, *-'$+ 
1 ,%521 #'*;µ$0+359 $%#(=19. B-$ 2*+%( $#& "#89 3$+ $'$%%&-
7121 $8%$, .1µ+";%=*- 3*'& $8%"9, 2;=3%$0>'0$9 0" 3+:>0+" 201 
)821 0"; (I,. 4:).
J $;0&µ$01 $#")53*;21 3$+ $'(30121 #%"C&'06' µ* 01 ,%521 
%"µ#"0+3>' 2;201µ(06' (AS/RS) *-'$+ +.+$-0*%$ .+$.*."µ8'1. 

                                        ($)                                                                (.)

50. 4. ($) H*17F$ :$?-3*:*4/#/, 3/, RMT Robotics. (.) I):7%/ 3/, µ*17F$, :$?-3*:*4/#/, 3/, RTM Robotics.

                           ($)                                                 (.)                                             (%)

50. 5. AS/RS ($) Bartello S.p.A., (.) AS/RS %"$ µ"2)7 +&, µ-#$4$ µ-%+A/ 3/, Schaefer, (%) !J-"F"2-6µ+1*, 

µ/0$1"#µ;, $:; 3/ Stocklin.

                              ($)                                                                        (.)

50. 6. ($) AGV 3/, Ballotti Sistemi. (.) 9*µ:*3"2' :?$3(;)µ$ %"$ #61-)%$#4$ #- A-$3)"27 F)>µ-1$ (!I!).



[!"#$µ!#%&µ$']
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!80"+$ 2;205µ$0$ 2;'5)69 *%=(@"'0$+ 69 */59: 8'$9 %"µ#"0+3&9 
$';H60+3&9 µ1,$'+2µ&9, " "#"-"9 3+'*-0$+ *#('6 2* %(=*9 $'(µ*-
2$ 20$ %(7+$ µ* 0$ $#")13*;µ8'$ #%"C&'0$, µ*0$78%*+ 201 )821 
3$+ 20" <H"9 #"; ,%*+(@*0$+ 8'$ µ1,$'+2µ& $'(301219/0"#"-
)801219 0"; $'0+3*+µ8'"; #"; ,%*+$@&µ$20* 5 #"; ,%*+(@*0$+ 
'$ $#")13*<2";µ* (I,. 5$). G"4489 *0$+%**-*9 3$0$23*;(@";' 
µ1,$'+2µ"<9 $'(301219 #%"C&'06' µ* *+.+3( ,$%$301%+20+3(, 
&#69 $'(30121 #%"C&'0"9 $#& µ*=$4<0*%" :()"9 20" %(7+. P+$ 
$'0+3*-µ*'$ µ*2$-"; 869 µ+3%"< µ*=8)";9, " %"µ#"0+3&9 µ1,$'+-
2µ&9 µ#"%*- '$ 2;'.;(@*+ .<" 3+'"<µ*'$ µ8%1: 0"' $';H60+3& 
µ1,$'+2µ& 2* 20$)*%& 21µ*-" 3$+ 8'$ 2<201µ$ $#& 3+'"<µ*'$ 
.",*-$ µ* 0" #%"C&' (I,. 5:). F#(%,";', 084"9, 3$+ %"µ#"0+3"- 
µ1,$'+2µ"- µ* *+.+35 3$0$23*;5, &#69 0" Curve Going Crane 019 
Stocklin (I,. 5=), 0" "#"-" µ#"%*- '$ 3+'*-0$+ 2* #*%+22&0*%";9 
$#& 8'$ .+(.%"µ", ,(%1 20" *+.+3( 3$0$23*;$2µ8'" 2<201µ$ 
$#& %(=*9 #"; 0"' 201%-@";'.
B-$ $3&µ$ %"µ#"0+35 *7$%µ"=5 2* $;0"µ$0"#"+1µ8'*9 $#"-
)53*9 *-'$+ 3$+ 0$ A;0&'"µ$ ?.1="<µ*'$ ?,5µ$0$ (AGVs). 
G%&3*+0$+ =+$ %"µ#"0+3( ",5µ$0$ 0$ "#"-$ 3+'"<'0$+ $;0&'"µ$ 
20";9 .+$.%&µ";9 µ+$9 $#")5319, 8,"'0$9 3(#"+$ $'0-41H1 
=+$ 0"' #*%+:(44"'0$ ,>%" 3$+ #4"1="<'0$+ ,6%-9 $')%>#+'1 
#$%8µ:$21, µ*0$78%"'0$9 µ*=(4$ 7"%0-$, $#& 3$+ #%"9 0";9 
,>%";9 $#")53*;219 (I,. 6$). I0" EAE 3$+ 2* 2;'*%=$2-$ µ* 0"' 
E#-3. L$)1=105 019 AIL! 3. I$'0"%+'$-", 8,";' =-'*+ #*+%(µ$0$ 
20$ "#"-$ 3+'"<µ*'1 %"µ#"0+35 #4$07&%µ$ 2;'*%=(@*0$+ µ* 
1)"#"+"<9 2* )*$0%+3( .%>µ*'$ (I,. 6:).

!($)µ*%+, -:"A->)/#/, 

D'$ .+$7"%*0+3& #*.-" %"µ#"0+3>' *7$%µ"=>' *-'$+ $;0& 019 
*#+)*>%1219 :+"µ1,$'+3>' *=3$0$20(2*6', ;#":%<,+6' 3$0$-
23*;>', 2641'>2*6', .*/$µ*'>' 3$+ ,>%6' *%=$2-$9, =+$ *'0"#+-
2µ& :4$:>', $#"3$0(20$21 :4$:>' 3$+ #+20"#"-121 3$0$4414&-
010$9. I* $;0"< 0"; 0<#"; 0+9 *7$%µ"=89 " ,>%"9 *%=$2-$9 0"; 
%"µ#&0 #$<*+ '$  8,*+ #%"3$)"%+2µ8'*9 .+$20(2*+9 *'> $%3*0( 
2;,'(, 0" %"µ#&0 #%8#*+ '$ µ#"%*- '$ µ*0$3+'*-0$+ 3$+ µ(4+20$ 
2* ,>%";9 &#"; µ#"%*- '$ #$%*µ:(44"'0$+ (='620$ *µ#&.+$. 
I;'*#>9 "+ *7$%µ"=89 *#+)*>%1219 $#$+0"<' 3+'"<µ*'$ %"µ#&0 
#"; #4"1="<'0$+ *-0* µ* 014*3$0*<);'21 *-0* $;0&'"µ$. A'(4"=$ 
µ* 01' *7$%µ"=5, 0" %"µ#&0 .+$)80*+ 0"' 3$0(4414" µ1,$'+2µ& 
3-'1219 3$+ 0" $#$%$-010" 2<'"4" $+2)105%6'.
B-$ $#& 0+9 #+" *'.+$78%";2*9 *7$%µ"=89 *#+)*>%1219 *-'$+ 0$ 
;#":%<,+$ %"µ#"0+3( 2;205µ$0$ #"; ,%12+µ"#"+"<'0$+ 3;%-69 
$#& 01 '$;#1=+35 :+"µ1,$'-$ =+$ *#+)*>%121 3$+ 3$)$%+2µ& 06' 

;7(46' #4"-6' ,6%-9 .*/$µ*'+2µ&, =+$ *#+)*>%121 3$+ 3$)$-
%+2µ& .*/$µ*'>' 3$+ =+$ *#+)*>%121 ;#":%<,+6' 3$46.+$3>' 
2;'.82*6' 3$+ ;#":%<,+6' 2641'>2*6' µ*0$7"%(9. E#-219, 
%"µ#&0 µ#"%"<' '$ ,%12+µ"#"+1)"<' 201' *#+)*>%121 3$+ 01 
2;'05%121 06' 7%$=µ(06', 06' $#":$)%>', 06' ;.%"14*30%+-
3>' *=3$0$20(2*6' 3$+ 06' *3:"4>' ;#"'&µ6'.
D'$ #$%(.*+=µ$ $µ7-:+"; %"µ#&0 *#+)*>%1219 *-'$+ 0" OTIS 
019 InTank Inc. (I,. 7$) #"; *-'$+ 2,*.+$2µ8'" =+$ *#+)*>%121 
=*µ(06' .*/$µ*'>', 802+ >20* '$ µ1' $#$+0*-0$+ 1 .+$3"#5 019 
4*+0";%=-$9 019 .*/$µ*'59. K44" #*.-" *7$%µ"=>' *#+)*>%1219 
$#"0*4"<' "+ µ53";9 ,+4+"µ80%6' ;#&=*+*9 2641'>2*+9, "+ "#"-*9 
µ*0$78%";' *<74*30$ $8%+$ 3$+ %*;20(, &#69 0" #*0%84$+" 5 
0$ #$%(=6=( 0"; 5 "+ 2641'>2*+9 #;%1'+3>' *%="20$2-6'. ?+ 
2641'>2*+9 $;089 ;7-20$'0$+ 2;'*,&µ*'1 7)"%( $#& 0" #*%+-
:(44"' 3$+ $#& 0" #*%+*,&µ*'& 0";9, 3$+ #%8#*+ '$ *48=,"'0$+ 
2;201µ$0+3( =+$ 7)"%(, 3&#621, %6=µ89 3$+ .+$%%"89. P+$ 0" 
4&=" $;0& 8,";' 2,*.+$20*- 3+'"<µ*'"+ %"µ#"0+3"- µ1,$'+2µ"- 
µ* .;'$0&010*9 *#+)*>%1219 3$+ *#+.+&%)6219. Q$%$301%+20+3& 
#$%(.*+=µ$ *-'$+ 0" Oil-Spore 019 Royal Dutch Shell, 0" "#"-" 
*-'$+ $2<%µ$0" $;0&'"µ" %"µ#"0+3& 2<201µ$ *#+)*>%1219 
#*0%*4$+$=6=>'. E-'$+ */"#4+2µ8'" µ* $%+)µ& $+2)105%6' =+$ 01 
µ80%121 3$+ 3$0$=%$75 ,1µ+3>' +.+"0506' 0"; %*;20"<. E#-219, 
1 *0$+%**-$ InTank 8,*+ 3$0$23*;(2*+ 0$ %"µ#&0 *#+)*>%1219 
2641'>2*6' Scavenger. A;0(, *30&9 $#& *#+)*>%121 $'$4$µ:(-
'";' 3$+ 0"' $;0"µ$0"#"+1µ8'" 3$)$%+2µ& 06' 2641'>2*6'.
B+$ .+$7"%*0+35 *7$%µ"=5 %"µ#"0+359 *#+)*>%1219 *-'$+ 0$ 
3+'"<µ*'$ %"µ#&0 0$ "#"-$ 2$%>'";' µ*=(4*9 *#+7('*+*9 */6-
0*%+3"< 3$+ *260*%+3"< ,>%"; *30*4>'0$9 3$)53"'0$ *#+)*>%1-
219 3$+ *#+05%1219, µ*0%>'0$9 3$+ 3$0$=%(7"'0$9 0"/+3&010$ 
3$+ (44$ µ*=8)1 #"; 2,*0-@"'0$+ µ* 01' $27(4*+$ 0"; ,>%";. D'$ 
#%60"#"%+$3& #$%(.*+=µ$ 080"+"; %"µ#&0 *-'$+ 0" *%#*0"*+.89 
Serpentine Inspection Robot $#& 0" #$'*#+205µ+" Ann Arbor 0"; 
Michigan #"; ,%12+µ"#"+*-0$+ =+$ 01' *#+)*>%121 2* .;2µ*'5 =+$ 
0"' (')%6#" #*%+:(44"'0$ (µ"4;2µ8'*9 0"#")*2-*9, 0"#")*2-*9 
7;2+3>' 3$0$20%"7>') (I,. 7:). I0" E%=$205%+& µ$9 3$0$23*;-
(2)13* " J%$3459, 8'$ *%#;20%+"7&%" &,1µ$ *7".+$2µ8'" µ* 
$+2)105%*9, *4*=,&µ*'" $#& µ+3%"R#"4"=+205 3$+ µ* .;'$0&010$ 
3-'1219, $3&µ1 3$+ $' $'$0%$#*-, (I,. 7=). E#-219, *'.+$78%"' 
#$%";2+(@*+ 0" 3+'"<µ*'" %"µ#&0 #;%&2:*219 $#"0*4"<µ*'" 
$#& µ-$ %"µ#"0+35 $'04-$ (I,. 8), */"#4+2µ8'1 µ* $+2)105%*9 
3$+ 2,*.+$2µ8'1 =+$ $'0+µ*0>#+21 #*%+#0>2*6' #;%&2:*219 2* 
+.+$-0*%$ (74*30$ #*%+:(44"'0$.

!($)µ*%+, #- *)60-4$ 

I1µ$'0+389 *7$%µ"=89 %"µ#"0+3>' µ1,$'+2µ>' */60*%+3"< 
,>%";, µ* *'.+$78%"' =+$ 01' E44(.$, ;#(%,";' 20$ "%;,*-$. 
S.1 $#& 0" 2000 #45)"9 (%)%6' 3$0$.*-3';$' 01' 8'0"'1 0(21 
$;0"µ$0"#"-1219 3$+ *+2$=6=59 %"µ#"0+3>' 2;201µ(06' 20$ 
µ*=(4$ "%;,*-$, µ* 23"#& 01 µ*=+20"#"-121 .<" #"4< :$2+3>' 
#$%$=&'06': 019 $27(4*+$9 3$+ 019 $#"."0+3&010$9. I5µ*%$, 
*0$+%**-*9 3$+ 3;:*%'10+3"- "%=$'+2µ"-, 3('";' 2+=(-2+=( #%$=µ$0+-
3&010$ $;0& 0" &%$µ$ *'> #$'*#+205µ+$ 3$+ *%*;'10+3( +.%<µ$0$ 
2;'*%=(@"'0$+ 20*'( µ* 01 :+"µ1,$'-$, =+$ 01' $'(#0;/1 '86' 
$;0"µ$0"#"+1µ8'6' 3$+ %"µ#"0+3>' *7$%µ"=>'.
D'$ #"4< 3$4& #$%(.*+=µ$ $#"0*4*- 0" G%&=%$µµ$ M.A.L.T.A. 
(Mining Automated Loading Technology Application), 0" "#"-" 
/*3-'12* 0" 1998 µ* 01 2;'*%=$2-$ 06' 3$'$.+3>' *0$+%**+>' C-
CORE 3$+ INCO Ltd. G%&3*+0$+ =+$ 01 .1µ+";%=-$ *'&9 $;0&'"µ"; 
0%","7&%"; %"µ#"0+3"< µ1,$'+2µ"< 7&%06219 3$+ µ*0$7"%(9 
"%;30"< ;4+3"< $#& 0" ;#&=*+" 21µ*-" */&%;/19. !" 2<201µ$ 
$;0& 8,*+ 5.1 ."3+µ$20*- µ* *#+0;,-$ $#& 01' INCO, #%(=µ$ 0" 
"#"-" ".5=12* 2* 238H*+9 =+$ 01' #*%$+08%6 :*40-625 0";. I01' 
#$%"<2$ 7(21, µ*4*0(0$+ 1 *'26µ(0621 20" 2<201µ$ $;0"µ$0"-
#"+1µ8'6' µ1,$'+2µ>' .+('"+/19 "#>' $44( 3$+ 0"#")801219 2* 
$;089 *3%130+3>'. B* 01' "4"345%621 0"; 2;205µ$0"9 $;0"<, )$ 
;#(%,*+ 1 .;'$0&010$ */&%;/19 3$+ $#"µ(3%;'219 ;4+3"< ,6%-9 
01' #$%";2-$ $')%>#6'.
B-$ $3&µ$ ,>%$ µ* *30*0$µ8'1 :+"µ1,$'-$ */&%;/19 3$+ *3µ*0(4-
4*;219 "%;30"< #4"<0";, 1 A;20%$4-$, 8,*+ *#*'.<2*+ #"4< 201' 
8%*;'$ =+$ 01 %"µ#"0+35 $;0"µ$0"#"-121 06' "%;,*-6' 019. ? 
3%$0+3&9 "%=$'+2µ&9 CSIRO, 8,*+ $'$#0</*+ 8'$ #%&0;#" $;0&'"-

µ" %"µ#"0+3& 2<201µ$ 7&%06219 3$+ µ*0$7"%(9 "%;30"< ;4+3"< 
$#& 0" 21µ*-" */&%;/19 2* ;#&=*+$ 20"(. !" 2<201µ$ $;0& 8,*+ 
01 .;'$0&010$ 3-'1219 2* ;#&=*+*9 20"89 µ* 0$,<010*9 019 0(/19 
06' 20 km/h, 8,"'0$9 $'(=31 =+$ 4+=&0*%" $#& 0.5 m *4*<)*%" 
,>%" 2* 3()* #4*;%( 0"; (I,. 9$).
? CSIRO 8,*+ 3$0$23*;(2*+ 3$+ 8'$ #%&0;#" $;0&'"µ" %"µ#"-
0+3& 2<201µ$ *323$759 =+$ *#+7$'*+$3( "%;,*-$. I* #*+%$µ$0+389 
*323$789 #"; #%$=µ$0"#"+5)13$' 0" 2003, " $;0"µ$0"#"+1µ8'"9 
*323$78$9 µ*087*%* 2* .+(201µ$ .<" *:."µ(.6' ;4+3& :(%";9 
250,000 0&'6' (I,. 9:). J #%&27$01 2;'*%=$2-$ 0"; CSIRO µ* 0" 
#$'*#+205µ+" MIT 06' JGA #('6 2* *7$%µ"=89 %"µ#"0+359 2* 
"%;,*-$, $44( 3$+ 1 <#$%/1 #"44$#4>' 2,*0+3>' *%*;'10+3>' #%"-
=%$µµ(06' 2* #$'*#+205µ+$, $44( 3$+ 2* *0$+%*-*9 019 Aµ*%+359, 
019 A;20%$4-$9 3$+ 0"; L$'$.(, .*-,'*+ &0+ 1 #$=3&2µ+$ 0(21 
*-'$+ #%"9 01' 3$0*<);'21 019 *+2$=6=59 &4" 3$+ #*%+22&0*%6' 
%"µ#"0+3>' 2;201µ(06' 20+9 .+(7"%*9 .+$.+3$2-*9 */&%;/19.

                     ($)                                             (.)                                                                (%)

50. 7. 9*µ:;3 -:"A->)/#/,. ($) !:"A->)/#/ %-µ73/, F-J$µ-1',. (.) !:"A->)/#/ %"$ F6#µ-1' :-)".7??*13$, (%) I1$3)-:;µ-1* 

-):6#3)"*(;)* :*6 2$3$#2-67#A/2- #3* EAE.

50'µ$ 8. 9*µ:*3"2' $13?4$ :6);#.-#/,.

                                          ($)                                                                                 (.)

50. 9. ($) 5K#3/µ$ (;)3&#/, 2$" µ-3$(*)7, *)623*K #- :)*#*µ*4&#/ 241/#/, #- #3*7 *)60-4*6. CSIRO. 

(.) L )*µ:*3"2;, -2#2$(+$, 3*6 CSIRO.

1  F#"H57+"9 N+.(30"%$9, E%=$205%+" A;0"µ(0"; E48=,";, (EAE), I,"45 B1,$'"4&=6' 
B1,$'+3>' EBG.

2  F#"H57+"9 N+.(30"%$9, E%=$205%+" A;0"µ(0"; E48=,";, (EAE), I,"45 B1,$'"4&=6' 
B1,$'+3>' EBG.

3  F#"H57+"9 N+.(30"%$9, E%=$205%+" A;0"µ(0"; E48=,";, (EAE), I,"45 B1,$'"4&=6' 
B1,$'+3>' EBG.

4  F#"H57+"9 N+.(30"%$9, E%=$205%+" A;0"µ(0"; E48=,";, (EAE), I,"45 B1,$'"4&=6' 
B1,$'+3>' EBG.

5  A'$#41%6059 L$)1=1059, E%=$205%+" A;0"µ(0"; E48=,";, (EAE), I,"45 B1,$'"4&=6' 
B1,$'+3>' EBG.


