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FIGURE 2. Deck Attitude Sensor Assembly 
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FIGURE 3. Mirror Geometry 

!

!

A%%.,1$7! +0(+! +0#! /(%#'! 5#(,! )#3('+%! +0#!

'($7#-1$)#'! 3('(//#/! +&! +0#! (1'2'(-+! L! 5&)*! (L1%! ($)!

3&1$+1$7!-&'6(')%;!+0#$!+0#!.$1+!4#2+&'! muh !$&',(/!+&!

+0#!-(2#!&-!+0#!,1''&'!1%!714#$!5*!#M.(+1&$%!BGC9!

!

! ' (Tm cbau $h ! ! ! BGC!

>0#'#!

!

) * ) * ) * ) * ) *"&&&& 2&%%1$%1$2&%2&% msmsa +$

) * ) *"& %1$%1$ mb ,$ !

) * ) * ) * ) * ) *msmsc &&&&" 2&%%1$%1$2&%2&% ,$ ! BIC!

!

:'&,! +0#! .$1+! 4#2+&'! muh ;! +0#! 2&&')1$(+#%! &-! #(20!

%2($!3&1$+!1$!+0#!(1'2'(-+!5&)*!(L#%!%*%+#,!iL5;*5;d5j
V!

2($! 5#! )#+#',1$#)! 5*! (! '#-/#2+1&$! +'($%-&',(+1&$!

(33/1#)! +&! +0#! 1$21)#$+! /(%#'! 5#(,! %+'181$7! +0#!

,1''&'9! ZM.(+1&$! BKC! 3'&41)#%! +0#! '#%./+1$7!

2&&')1$(+#%!-&'!#(20!%2($!3&1$+!714#$!+0#!'($7#!($)!

+0#!2&,3&$#$+%!&-!+0#!.$1+!4#2+&'!i(;5;2jV!$&',(/!+&!

+0#!,1''&'9!V0#!%2($!3&1$+!2&&')1$(+#%!('#!%0&6$!1$!

(1'2'(-+! 5&)*! (L#%!61+0! +0#! &'171$! 5#1$7! )#-1$#)! (%!

+0#!2#$+'#!&-!+0#!,1''&'9!!

!

) *GGQ aRxb ,$ !

abRyb G,$ !

acRzb G,$ ! ! ! ! BKC!

!

\-! )#%1'#);! #(20! IE! 3&1$+! 2($! 5#! ()F.%+#)! -&'! +0#!

(++1+.)#! B31+20;! '&//;! *(6C! &-! +0#! -/170+! 4#012/#! (%!

,#(%.'#)!5*!+0#!4#012/#k%!(++1+.)#!'#-#'#$2#!%*%+#,9!

V0#! %01-+! 1$! 3&%1+1&$!&-! #(20!3&1$+! ).'1$7! +0#! %2($;!

).#! +&! +0#! 4#/&21+*! &-! +0#! 4#012/#;! 2($! (/%&! 5#!

2&''#2+#)! 1-! +0#! 4#/&21+*! 1%! 8$&6$! -'&,! ($&+0#'!

%#$%&'!%.20!(%!@?"9!A-+#'!+0#%#!+'($%-&',(+1&$%;!+0#!

3&1$+%! ('#! 1$! 7/&5(/! 2&&')1$(+#%! )#-1$#)! '#/(+14#! +&!

+0#! #('+0! 5(%#)! (L#%! %*%+#,! iL7;*7;! d7j
V9! ! Z(20! IE!

3&1$+! 1%! %+&'#)! 1$! +&! (! 5.--#'! 1$! +0#! 3'&2#%%1$7! .$1+!

,#,&'*9!

!

A-+#'! (! 2&,3/#+#! %2($;! +0#! 5.--#'! &-! IE! 3&1$+%! 1%!

3(%%#)!+&!(!%&-+6('#!%.5'&.+1$#!60120!61//!2(/2./(+#!

+0#!3/($#!&-!5#%+!-1+!+&!+0#!%+&'#)!3&1$+%9!!A!3/($#!1$!

IE! %3(2#! 1%! )#%2'15#)! 5*! #M.(+1&$! BUC9! D*!

)#+#',1$1$7!+0#!2&#--121#$+%!^Q;!^G!($)!^I!+0#!3/($#!

&-!+0#!%.'-(2#!1%!+0#$!)#-1$#)9!!

!

,1''&'! LRF 

 

!s 
!m 

,&+&'!



! QIGQ $++ zKyKxK ! ! ! BUC!

!

V&!)#+#',1$1$7!+0#!2&#--121#$+%!)#%2'151$7!+0#!3/($#!

6#!.%#!(!/#(%+<%M.('#%!,#+0&)9!!V0#!&5F#2+14#!&-!+0#!

/#(%+<%M.('#%!,1$1,1%(+1&$!1%!+&!-1$)!+0#!4(/.#!&-!+0#!

3/($#!2&#--121#$+!4#2+&'!-gi^Q!^G!^Ij
V!%.20!+0(+!+0#!

%.,! &-! +0#! %M.('#%! &-! +0#! #''&'! '#%1).(/%! BSC! 1$!

#M.(+1&$!b!1%!,1$1,1%#)9!!

!

) *
G

Q

IGQQ.
$

,,,$
n

i

iii zkykxkR !!!!!!!!!!!!BbC!

V&!1,3/#,#$+!+01%;!+0#!2&&')1$(+#%!&-!+0#!%2($!3&1$+%!

('#!(''($7#)!1$!,(+'1L!-&',!(%!3#'!#M.(+1&$!BaC9!

!

!

/
/
/
/

0

1

2
2
2
2

3

4

$

nnn zyx

zyx

zyx

A
lll

GGG

QQQ

! ! ! BaC!

!

ZM.(+1&$! B[C! 1%! (! %&/.+1&$! +&! +0#! /#(%+! %M.('#!

3'&5/#,9!!!

!

! ) * bAAA TT Q,
$- ! ! ! B[C!

!

!>0#'#!

!

! ' (Tb Q999QQ$ !

!

=$2#! +0#! #M.(+1&$! &-! +0#! 3/($#! 1%! -&.$)! -'&,!

#M.(+1&$! B[C;! +0#! 1$%+($+($#&.%! 0#170+! e! &-! +0#!

4#012/#! (5&4#! +0#! %.'-(2#! 2($! 5#! -&.$)! .%1$7!

#M.(+1&$!BRC9!

!

!
I

Q

K
H ,$ ! ! ! ! BRC!

P18#61%#! +0#! '&//! ($)! 31+20! &-! +0#! %.'-(2#! 2($! 5#!

-&.$)! -'&,! +0#! #M.(+1&$! &-! +0#! 3/($#9! \-!6#! )#-1$#!

31+20!($7/#!&!(%!+0#!1$2/1$(+1&$!&-!+0#!3/($#!-'&,!+0#!
*<(L1%!($)!'&//!5!(%!+0#!1$2/1$(+1&$!&-!+0#!3/($#!-'&,!
+0#!L<(L1%;!+0#$!#M.(+1&$!BQHC!)#-1$#%!+0#!&'1#$+(+1&$!

&-!+0#!3/($#9!

!!! !

) *Q('2%1$ K$& ! 66
7

8
99
:

;
$

I

G('2+($
K

K
5 !!!!!!!BQHC!

>0#$! +0#! 0#/12&3+#'! 1%! -/*1$7! (+! (/+1+.)#;! +0#! &4(/!

%2($!3(++#'$!)'(6$!&$! +0#!)#28!5#/&6!61//!5#!M.1+#!

/('7#!($)!-&'!(!%,(//!)#28!+01%!2($!2(.%#!+0#!&4(/!+&!

3('+1(//*! -(//! &--! +0#! #)7#! &-! +0#! )#289! P('7#!

0#/12&3+#'! 31+20! ($)! '&//! 20($7#%! 2($! (/%&! +'($%/(+#!

+0#!&4(/!%&! +0(+!3('+!&-! +0#!&4(/! 1%!$&! /&$7#'!&$! +0#!

)#289! V&! )#(/! 61+0! +01%;! 6#! 0(4#! +6&! %+'(+#71#%9!

:1'%+/*;!1$!+0#!3'&).2+1&$!4#'%1&$;!6#!1$+#$)!+&!()F.%+!

+0#!,&.$+1$7!5'(28#+!)#%17$!%&!+0(+!+0#!/(%#'!1%!+1/+#)!

-&'6(')%! ).'1$7! 0&4#'! %.20! +0(+! +0#! '#('! ('2! &-! +0#!

%2($!3(++#'$! /1#%!,&'#!&'! /#%%!.$)#'$#(+0! +0#!2#$+'#!

&-!7'(41+*!&-! +0#!0#/12&3+#'9!V01%!6(*;!'#7(')/#%%!&-!

(/+1+.)#;!+0#'#!61//!(/6(*%!5#!3('+!&-!+0#!&4(/!+0(+!/1#%!

&$! +0#! )#28;! 3'&41)#)! +0#! 0#/12&3+#'! 1%! &4#'0#()9!

?('+%! &-! +0#! &4(/! +0(+! ('#! $&+! 61+01$! (! 3'#)#-1$#)!

'()1.%!&-!(!3&1$+!)1'#2+/*!5#/&6!+0#!0#/12&3+#'!61//!5#!

)1%'#7(')#)9! ! "#2&$)/*;! 6#! 0(4#! '#-1$#)! +0#! )#28!

#%+1,(+1&$!(/7&'1+0,!+&!)1%'#7(')!3&1$+%!+0(+!('#!$&+!

61+01$! %&,#! +&/#'($2#!&-! +0#! 2.''#$+! )#28! #%+1,(+#9!

V0#! (1,! &-! +01%! 1%! +&! #/1,1$(+#! 3('+%! &-! +0#! %2($!

3(++#'$! 60120! ('#! $&+! &$! +0#! )#28! 5*! $#7/#2+1$7!

+0&%#! 3&1$+%! 60120! ('#! $&+! 2/&%#! +&! +0#! 3/($#! &-!

60#'#! 6#! 5#/1#4#! +0#! )#28! +&! 5#9! V01%! 1%! (201#4#)!

.%1$7! (! %1,3/#! 1+#'(+14#! 3'&2#%%9! :1'%+! +0#! )1%+($2#!

5#+6##$!#4#'*!%2($$#)!3&1$+!($)!+0#!#%+1,(+#)!3/($#!

&-!+0#!)#28!1%!2(/2./(+#)9!A$*!3&1$+%!+0(+!('#!&.+%1)#!

&-!(!2#'+(1$! +&/#'($2#!('#! 17$&'#)9! \-! +0#!3#'2#$+(7#!

&-!3&1$+%!5#1$7!17$&'#)!5#2&,#%!+&&!0170!&'!+&&!/&6;!

+0#! +&/#'($2#! 1%! ()F.%+#)9! A! $#6! )#28! #%+1,(+#! 1%!

+0#$!2(/2./(+#)!($)!%+&'#)9!!A!-.'+0#'!%+'(+#7*!2($!5#!

.%#)! 1$! 2&$F.$2+1&$! 61+0! +0#! 41%.(/! %#$%&'9! A%! +0#!

41%1&$!%#$%&'!3'&41)#%!(!,#(%.'#!&-! +0#!0#/12&3+#'k%!

/(+#'(/! ($)! /&$71+.)1$(/! 3&%1+1&$!61+0! '#%3#2+! +&! +0#!

2#$+#'!&-! +0#!)#28;! 1+!2($!5#!.%#)! +&!#/1,1$(+#!3('+%!

&-! +0#! %2($! 3(++#'$! 60120! ('#! 8$&6$!apriori! +&! /1#!

&.+%1)#! &-! +0#! 8$&6$! 5&.$)('1#%! &-! +0#! /($)1$7!

3/(+-&',9!!!!!

!

Sensor Simulation Results 
!

>#!0(4#!)#4#/&3#)!(!"1,./1$8!'#3'#%#$+(+1&$!&-!+0#!

P(%#'! S($7#-1$)#'! %#$%&'! 1$2/.)1$7! +0#! )#28!

#%+1,(+1&$! (/7&'1+0,9!V0#! )#28! 3&%1+1&$! 2(/2./(+1&$!

(/7&'1+0,! 6(%! '.$! 61+0! 4('1&.%! (,&.$+%! &-! 601+#!

$&1%#!())#)!+&!+0#!'($7#!)(+(!+&!+#%+!+0#!+&/#'($2#!&-!

+0#! (/7&'1+0,! +&! $&1%#9! V0#! %#+! &-! #''&'! '#%./+%!

3'#%#$+#)! 1$! :17.'#! K! ('#! -'&,! %1,./(+1&$%! &-! +0#!

%2($$1$7! (/7&'1+0,! (+! (! QH,! 0#170+! (5&4#! (! -/(+!

,&41$7! 3/(+-&',9! ! V0#! 3/(+-&',! 6(%! %1,./(+#)! +&!

,&4#!(+! (! %1$.%&1)(/! '(+#! 1$!5&+0! '&//!($)!31+209!A%!

%##$! -'&,! +0#! '#%./+%;! +0#'#! 1%! ($! (/,&%+! /1$#('!



'#/(+1&$%013! 5#+6##$! +0#! '&//! ($)! 31+20! 2(/2./(+1&$!

#''&'! ($)! +0#! (,&.$+! &-! %1,./(+#)! '($7#! $&1%#9!!

\,3&'+($+/*;!+0#!(/7&'1+0,!1%!%##$!+&!5#!4#'*!'#%1/1#$+!

+&! $&1%#;! )#,&$%+'(+#)! 5*! /#%%! +0($! H9U!! #''&'!61+0!
.3! +&! QH2,! &-! $&1%#! 1$! +0#! /(%#'! '($7#! -1$)#'9!!

\$2'#(%1$7! +0#! '($7#!$&1%#! +&!($!.$'#(/1%+12! /#4#/!&-!

UH2,;! &$/*! 1$2'#(%#%! +0#! '&//! ($)! 31+20! 2(/2./(+1&$!

#''&'!+&!61+01$!Q9U!9!
!

!
FIGURE 4. Effect of noise on DASS accuracy 
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(a) DASS roll angle versus YAS roll angle
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(b) DASS pitch angle versus YAS pitch angle
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FIGURE 5. Laser Rangefinder (LRF) Flight Test Data 
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FIGURE 6. Hover of R-Max over beacon 
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FIGURE 7. Tracking Sensor Hardware.!
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FIGURE 8. Typical diagnostic image from the beacon 

tracking is achieved on a computer monitor with 

graphical overlay, all generated from the FPGA. The 

two images shown here are for an overexposed image 

with no filter (top) and a correctly exposed image 

(bottom).!
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FIGURE 9. UNSW@ADFA R-Max hovering over 

moving deck simulator. 
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