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Abstract— A planar surface extraction method is proposed 

for the indoor navigation of a micro-air vehicle (MAV). The 

algorithm finds planar clusters from the unorganized 

pointclouds. This is achieved by implementing a novel 

approach that first segments the data points into clusters and 

then each cluster is estimated for its planarity. The method is 

tested on indoor point cloud data obtained by 3D PrimeSense 

based sensor. In order to validate the algorithm, a simulated 

model containing a set of planes has been constructed, with 

noise injected into the model. The results of the empirical 

evaluation suggest that the method performs well even in the 

presence of the noise and non-planar objects, suggesting that 

the method will be a viable one for use in MAV navigation in 

the presence of noisy sensor data. 
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_#6=%*! CV! b&%4(,#M*3! +#-7&6%(4-! &5! -&4*! -(4:,*! 6%(:+! 2&3*-! >#7+!

%*-:*$7#)*!$*27*%!&5!6%()#7#*-;!!

<+*! 2&%4(,#M*3! +#-7&6%(4! &5! 3#-7(2$*-! 8*7>**2! &2*!

2&3*!7&!7+*!&7+*%!2&3*-!$(2!8*!-**2!(-!#23#$(7&%!&5!2&3*h-!

(--&$#(7#&2!7&!7+*!&7+*%!2&3*-;!<+*!$*27*%!&5!6%()#79!&5!7+*!

2&%4(,#M*3! +#-7&6%(4! (,-&! #23#$(7*-! 7+*! $*27*%! &5! :&#27!

$,&=3-!4(--!-**2!5%&4!(!2&3*!:&-#7#&2;!<+*!3*-#%*3!>*#6+7!

5=2$7#&2! >&=,3! *4:+(-#M*! 7+*! #4:&%7(2$*! &5! 7+*! 2&3*-!

8*,&26#26!7&!(!$,=-7*%!(23!(,-&!>&=,3!-*:(%(7*!7+*!&=7,#*%-!

2&3*-;!I2!7+*!&7+*%!+(23!7+*!%(26*!&5!3#-7(2$*-!5&%!(!6#)*2!

2&3*! 7&! &7+*%! 2&3*-! )(%#*-! 3=*! 7&! 7+*! $+(26*! #2! 7+*!

%*-:*$7#)*! 2*#6+8&%+&&3;! _&%! -=$+! (! )(%#(7#&2! #2! 7+*! 3(7(!

2&3*-A!(!5#Y*3!5=2$7#&2!(-!>(-!8*#26!=-*3!*(%,#*%A!$(2!5(#,!7&!
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!

!

3#-7#26=#-+! 8*7>**2! -4&&7+! *36*-! 7+=-! %*-=,7#26! #2!

#2$&%%*$7! -*64*27(7#&2! &5! 7+*! #27*%$&22*$7*3! &%! &$$,=3*3!

&8X*$7-!#2!7+*!-$*2*;!!

<+*! 4(#2! #4:%&)*4*27! &5! 7+*! >*#6+7! 5=2$7#&2! ,#*-! #2!

7+*! -$(,*! #2)(%#(27! :%&:*%79;! N7! $(2! 8*! &8-*%)*3! 5%&4! 7+*!

5#6=%*! CA! 7+(7! 7+*! %(26*! &5! (! 3#-7(2$*-! 5&%! (! 6#)*2! 2&3*!

)(%#*-! 3=*! 7&! 7+*! $+(26*! #2! 7+*! %*-:*$7#)*! 2*#6+8&%+&&3;!

L&>*)*%A!7+*!>*#6+7#26!5=2$7#&2!#7-*,5!#-!-$(,(8,*!5=2$7#&2!

>+#$+! #-! (3(:7#)*,9! -$(,*3! 3*:*23#26! &2! 7+*! $*27*%! &5!

6%()#79;!_&%!*Y(4:,*A!o>:h!>&=,3!6*2*%(7*!4&%*!(4:,#5#*3!

%*-:&2-*! 5&%! 2&3*! C! 7+(2! #7!>&=,3! 6*2*%(7*! 5&%! 2&3*! F! &5!

7+*! 3(7(;! <+#-! %*-=,7-! #2! (2! &)*%(,,! -*64*27(7#&2! 7+(7! #-!

4&%*! -*2-#7#)*! 7&! 7+*! )(%#(7#&2! #2! 7+*! -4(,,! $+(26*-! 89!

*2+(2$#26!7+*!*55*$7!&5!4#2#4#M(7#&2!#2!7+*!bc=7!>+#$+!#-!

3*:*23*27!&2!7+*!#23#)#3=(,!>*#6+7-;!

c;Surface Estimation 

N2!7+#-!-*$7#&2!>*!3*-$%#8*!7+*!:%&$*--!&5!*-7#4(7#26!7+*!

:,(2(%#79! &5! *($+! $,=-7*%;! _&%! oK’ $,=-7*%-! &87(#2*3! 89!

bc=7! >*! #3*27#59! 7+&-*! $,=-7*%-! 7+(7! +()*! (! :,(2(%!

7*23*2$9;! N2! &%3*%! 7&! ($+#*)*! 7+#-A! ]*(-7'@K=(%*! \,(2*!

.]@\1! 5#7! #-! (::,#*3! 7&! 7+*! :&#27! 2&%4(,-! >+#$+! (%*!

$(,$=,(7*3!5&%!*($+!:&#27!89!7(?#26!o`h!2*(%*-7!2*#6+8&%-!

(23! 5#23#26! (! -=%5($*!2&%4(,!4(3*!89! 7+*!:&#27!>#7+! #7-!

2*#6+8&%-;! @=::&-*! 7+*! 2&%4(,! &5! 7+*! ]@\! #-! #	$$$% 

�&�, &�, &�	! (23! 7+*! *%%&%! (--&$#(7*3!>#7+! :,(2*! 5#77#26! #-!
' 
 (∑ ��/���� !>+*%*!oN’ #-!7+*!2=48*%!&5!:&#27-!#2!7+*!

$,=-7*%!(23!di! #-! 7+*!3#-7(2$*!&5! 7+*!:&#27!p(xi, yi, zi) (23!

7+*!:,(2*;!<+*!4#2#4#M(7#&2!&5!7+*!*%%&%!$(2!7+*2!8*!3&2*!

89! =-#26! @#26=,(%! 0(,=*! Q*$&4:&-#7#&2! .@0Q1! &5! 7+*!

5&,,&>#26!4(7%#Y!oS’V!

!

.P1!!!!!!!!!!* 
 ��!!
!

>+*%*! N	 
 �, � -�, . � -�, / � -�		! >#7+! , 

���	!, . 
 ���	!, / 
 �0�	!	8*#26! 7+*! YA! 9! (23! M!
$&&%3#2(7*-! &5! 7+*! :&#27! 2&%4(,! &5! 7+*! 3(7(! (23!µ=( µx, 

µy,, µz,)
T
! #-! 7+*! $*27%&#3! &5! 7+*! 3(7(! 2&%4(,-;! <+*!

*#6*2)*$7&%-! >#7+! U#6*2! )(,=*-! λCA! λEA�! λbA! (%*! 7+*2!

$(,$=,(7*3;!<+*!2&%4(,!)*$7&%!#	$$$%$(2!8*!*K=(7*3!>#7+! 7+*!
U#6*2)*$7&%!>#7+! 7+*!4#2#4=4!*#6*2)(,=*!(23! 7+*!:,(2*!

5#7! *%%&%!$(2!8*!*K=(7*3!>#7+!( "�#/�! ;!<+*!)(,=*!&5!U!
6#)*-!(! 5(-7!*-7#4(7*!&5!>+*7+*%!(!6#)*2!$,=-7*%! #-!:,(2(%!

&%!2&7;!N5!U!≤!τ 7+*2!7+*!$,=-7*%!#-!$&2-#3*%*3!7&!8*!:,(2(%A!
>+*%*!τ #-!7(?*2!-=55#$#*27,9!$,&-*!7&!M*%&;!

Q;Post Processing 

<+*!:,(2(%!$,=-7*%-!$(2!+()*!-&4*!:(%7!&5!7+*!2&#-*!7+(7!

:(--*-!7+%&=6+!7+*!:,(2*!*Y7%($7#&2!7+%*-+&,3;!/-!#7!$(2!8*!

-**2!#2!7+*!5#6=%*!O.$1;<+*-*!-$(77*%*3!2&#-9!:&#27-!#2!7+*!

:,(2(%!$,=-7*%-!-+&=,3!8*!%*4&)*3!-&!7+(7! 7+*9!4#6+7!2&7!

(55*$7!,(7*%!:%&$*--#26;!N2!&%3*%!7&!%*4&)*!7+*-*!:&#27-A!(!

,&$(,! )(%#(2$*! 8(-*3! :%=2#26! 4*7+&3! #-! #4:,#*3;! U($+!

:&#27! #-! $,(--#5#*3! (-! 3(7(! &%! 2&#-*! 8(-*3! &2! #7-! -:%*(3!

5%&4!7+*!o?h!2*(%*-7!2*#6+8&%-;!<+*!%*-=,7!&5!7+#-!:%=2#26!

4*7+&3!#-!-+&>2!#2!7+*!5#6=%*!O!.*1;!

!

U;Planar Surface Extraction Procedure 

N2! 7+#-! -*$7#&2! >*! 3*-$%#8*! &=%! 2&)*,! \]/@U.\]/2(%!

@=%5($*! UY7%($7&%1! 4*7+&3;! ! N2! &%3*%! 7&! *Y7%($7! :,(2(%!

$,=-7*%-! 5%&4!7+*!:&#27!$,&=3A! 7+*!$,&=3!#-!-*64*27*3!=-#26!

b&%4(,#M*3! c=7-! BZD! >#7+! (! 2*>! >*#6+7#26! 5=2$7#&2! (-!

3*-$%#8*3!#2!7+*!:%*)#&=-!-*$7#&2;!U($+!$,=-7*%! #-!:%&$*--*3!

5&%! #3*27#5#$(7#&2! &5! #7-! :,(2(%#79! 2(7=%*! (23! $(23#3(7*!

$,=-7*%-!(%*!&87(#2*3;!<+#-!:,(2(%!3(7(!#-!5#,7*%*3!5&%!:&--#8,*!

2&#-*A! >+#$+! 7+*2! >&=,3! :%&)#3*! 7+*! #2:=7! 7&! [/b@/c!

.[/b3&4!@(4:,*!c&2-*2-=-1!7+(7!>&=,3!5#7!(!:,(2(%!4&3*,!

>#7+#2! 7+*! -*,*$7*3! $,=-7*%-! (,7+&=6+! (::,#$(7#&2! &5!

[/b@/c!#-!2&7!8*#26!3&2*!#2!7+#-!-7=39;!!

!

!

• @*7!?eE!

• ^+#,*.7%=*1!

• UY7%($7!o?h!$,=-7*%-!c#!5&%!#eCAEA�?!

• _&%!*($+!c#!5&%4!(!-*7!&5!:,(2(%!-*64*27-!

\!e!�cCA!cEA�A!c4�!-=$+!7+(7!U#!�!τ >+*%*!
4!≤!?;!

• /::,9!:&-7!:%&$*--#26! 5#,7*%(7#&2! 5&%!*($+!

Pj j=1,2,…,m!#2!&%3*%!7&!%*4&)*!7+*!2&#-9!

3(7(!:&#27-;!

• ∆-!e!-?{C!m-?!>+*%*!-?!e!∑)(%.c#1!
• N5.∆-!≤!71!7*%4#2(7*!*,-*!?!e!?{C!

III. SYSTEM SPECIFICATION

<+*!:%&:&-*3!(,6&%#7+4!#-!3*-#62*3!7&!8*!=-*3!&2!(!"/0!

:,(75&%4! 7+(7! +(-! 8**2! $=-7&4#M*3! (-! :(%7! &5! 7+*! -7=39;!

<+*!"/0!-9-7*4!$&2-#-7-!&5!P'%&7&%!$&:7*%!>#7+!&8-7($,*!

()&#3(2$*! (23! )#-#&2! :%&$*--#26! $(:(8#,#7#*-;! <+*!

(%$+#7*$7=%*! &5! 7+*! -9-7*4! #-! 3*:#$7*3! #2! 5#6=%*! E;! /!

\%#4*@*2-*!FQ!$(4*%(!+(-!8**2!4&=27*3!&2!7+*!"/0!7&!

:%&)#3*!:&#27!$,&=3!3(7(;!/2!&2'8&(%3!c\j!>#7+!C;FgLM!

:%&$*--#26!-:**3! #-! %*-:&2-#8,*! 5&%! 7+*!)#-#&2!:%&$*--#26!

7(-?-;!]&>*%! ,*)*,! &8-7($,*! ()&#3(2$*! #-! :*%5&%4*3!89! (!

4#$%&$&27%&,,*%! 7+(7! #-! %*-:&2-#8,*! 5&%! 6*2*%(7#&2! &5! +*!

$&27%&,! -#62(,-! 7&! 7+*! "/0h-! 5,#6+7! $&27%&,,*%;! <+*!

4#$%&$&27%&,,*%! =-*-! #2:=7! 5%&4! P! =,7%(-&2#$! -*2-&%-!

$+(#2*3! 7&6*7+*%! 7&! 6*2*%(7*! 7+*! (::%&:%#(7*! $&27%&,!

.f(>A! \#7$+A! [&,,1! $&44(23-! 7&! $+(26*! 7+*! -7(7*! &5! 7+*!

"/0;!!

!

!!
_#6=%*! EV! /%$+#7*$7=%*! &5! 7+*! "/0! :,(75&%4! >#7+! -*2-&%!

#27*6%(7#&2!(23!3*$#-#&2!4(?#26!,(9*%-;!

!

! <+*!%*($7#)*!$&27%&,! ,(9*%!#-!(!\NQ!$&27%&,,*%!>+#$+!#-!

%*-:&2-#8,*! 5&%! 7+*! ,&>! ,*)*,! 3*$#-#&2! 4(?#26! 5&%! 7+*!

(8-&,=7*!&8-7($,*!()&#3(2$*;! N7! (,-&!+(-!(!+#6+*%!:%#&%#79!

&)*%! :*%$*:7=(,! $&27%&,! ,(9*%;! <+*! (=7&! :#,&7! $&44(23-!

(%*!6*2*%(7*3!(-!7+*!%*-=,7!&5!)#-=(,!(,6&%#7+4!(23!(%*!-*27!

7&!7+*!%*($7#)*!,(9*%!>+#$+!4(?*-!3*$#-#&2!&5!5&%>(%3#26!

Reactive Control Layer 
./<"*6(!"#$%&$&27%&,,*%1!

!

Perceptual 

Control 

Layer 
.&28&(%3!c\j1!

3D Camera 

Flight 

Control 
."#$%&$&27%&,,*%

dN"j1!

Navigation 

Control 
."#$%&$&27%&,,*%1!

Position 

Sensors 
.g\@d"(62*7&

4*7*%1!
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!

7+*-*!$&44(23-! 7&! 7+*!5,#6+7!$&27%&,,*%!89!&8-*%)#26! 7+*!

-#62(,-!%*$*#)*3!5%&4!7+*!3#-7(2$*!-*2-&%-;!N2!$(-*!&5!2*(%!

&8-7($,*A! %*($7#)*! $&27%&,! 6*2*%(7*-! #7-! &>2! :#,&7!

$&44(23-!7&!?**:!7+*!)*+#$,*!(7!(!-(5*!4(%6#2;!

IV. EXPERIMENTAL RESULTS AND ANALYSIS

!

<+*!:%&:&-*3!(,6&%#7+4!#-!(::,#*3!&2!(!-*7!&5!:&#27!$,&=3!

3(7(!&87(#2*3!5%&4!(!FQ!\%#4*@*2-*!$(4*%(!(23!7+*!%*-=,7-!

(%*! )#-=(,#M*3;! <+*! %*-=,7-! &5! $,=-7*%#26! >#7+! &%#6#2(,! (23!

#4:%&)*3! >*#6+#26! 5=2$7#&2-! (%*! 3*:#$7*3! #2! 7+*! 5#6=%*! F!

>#7+! *($+! $,=-7*%! #2! 3#-7#2$7! $&,&%;! <+*-*! $,=-7*%-! (%*! 7+*2!

7*-7*3!5&%!7+*#%!:,(2(%#79!2(7=%*!=-#26!7+*!4*7+&3!*Y:,(#2*3!

#2!7+*!-*$7#&2!NN!(23!7+*!%*-=,7-!$(2!8*!)#-=(,#M*3!#2!7+*!,(-7!

%&>!&5!7+*!5#6=%*!F;!<+*!$,=-7*%#26!%*-=,7!+(-!8**2!#4:%&)*3!

89!7+*!=-*!&5!Wp >+#$+!*2+(2$*-!7+*!$=7-!#2!7+*!6%(:+!&5!7+*!

2&3*-;! /3(:7#)#79! #2! 7+*! σ $(,$=,(7#&2! +*,:-! 7&! 8*77*%!
%*:%*-*27! 7+*! ,&$(,#79! &5! *($+! 2&3*! (23! +*2$*! *2-=%*-! 7+*!

%*,(7#)*!$,=-7*%!-:%*(3;!<+#-!(,-&!4(?*-!7+*!4*7+&3!#2)(%#(27!

7&!$+(26*-!#2!3(7(!3=*!7&!)#*>!:&#27!$+(26*!&%!-*2-&%!2&#-*A!

(,7+&=6+!#7!+(-!8**2!&8-*%)*3!7+(7!7+*!(--&$#(7#&2!5=2$7#&2!#-!

2&7!#2)(%#(27!($%&--!3#55*%*27!-$(,*-!&5!7+*!3(7(;!N2!7+#-!-7=39A!

*($+! :&#27! $,&=3! #-! 3&>2! -(4:,*3! 7&! 7+*! -(4*! 3*6%**! (23!

+*2$*!*)*%9!:&#27!$,&=3!+(-!7+*!-(4*!3(7(!-#M*;!!

!

!!N2! &%3*%! 7&! )(,#3(7*! 7+*! (,6&%#7+4A! (! -#4=,(7#&2! 4&3*,!

$&27(#2#26! (! -*7! &5! :,(2*-! (23! 2&#-*! +(-! 8**2! $&2-7%=$7*3;!

<+*!:,(2(%!:&#27!$,&=3!4&3*,!3(7(!#-!#2X*$7*3!>#7+!g(=--#(2!

2&#-*! (23! -&4*! %(23&4! -7%=$7=%*-! 7&! 4#4#$! 7+*! 2(7=%(,!

-$*2*!(-!-+&>2!#2!5#6=%*!G;!<+#-!:&#27!$,&=3!4&3*,!#-!=-*3!

7&! 6*2*%(7*! )(%#&=-! #23&&%! -$*2*-! $&27(#2#26! 3#55*%*27!

2=48*%-!&5!:,(2*-!(23!2&#-9!&8X*$7-A!(23!7+*!:*%5&%4(2$*!&5!

7+*! (,6&%#7+4! #-! 4*(-=%*3;! <+*! -$*2*-! $%*(7*3! 5%&4! 7+*!

4&3*,! (,&26!>#7+! 7+*#%! %*-:*$7#)*! %*-=,7-! $(2!8*! )#-=(,#M*3!

#2!7+*!5#6=%*!O;!

!

_&%! *($+! Pj  j=1,2,…,m! $,=-7*%! 7+(7! %*-=,7-! 5%&4! 7+*!

(::,#$(7#&2!&5!7+*!(,6&%#7+4A!(2!*%%&%!%(7*!εX!#-!4*(-=%*3!7+(7!
%*5,*$7-! 7+*!$,=-7*%#26!:*%5&%4(2$*!&5! 7+*!:%&:&-*3!4*7+&3!

&)*%! 4=,7#:,*! -$*2*-;! U($+! $,=-7*%! &5! 7+*! 6%&=23! 7%=7+! #-!

(--#62*3! 7&! (! $,(--! 7+(7! #-! 4&-7! 5%*K=*27! #2! 7+*! %*-=,7(27!

$,=-7*%;! <+*2! 7+*! *%%&%! %(7*! &5! 7+#-! (--#624*27! #-!4*(-=%*3!

89!$&=27#26!7+*!2=48*%!&5!$&%%*$7,9!(--#62*3!:&#27-V!

!

.R1!!!!!!1�Ω, 3	 
 1 � 5 $∑ max%8ω& ∩	c%8& <	!
!

>+*%*	Ω 
 => , >', >(, …>�@ #-! 7+*! -*7! &5! $,=-7*%-! (23!
3 
 =� , �', �(, … ��@ #-!7+*!-*7!&5!$,(--*-;!!
!

<+*! *%%&%! 5&%! *)*%9! -$*2*! #-! $(,$=,(7*3! CJ! 7#4*-! >#7+!

3#55*%*27!-:%*(3!&5!7+*!2&#-*!*($+!7#4*!(23!7+*!()*%(6*!*%%&%!

5&%!*($+!-$*2*!#-!7(?*2;!<+*!*)(,=(7#&2!%*-=,7-!&5!*($+!-$*2*!

>#7+!3#55*%*27!>*#6+7#26! 5=2$7#&2-!(%*!3*:#$7*3! #2! 7+*! 7(8,*!

C;!<+#-! %*5,*$7-! 7+*!()*%(6*!*%%&%! %(7*!&)*%!4=,7#:,*! %=2-!&5!

7+*!-(4*!-$*2*!>#7+!)(%9#26!2&#-*!.σ1!3*2-#79!&5!7+*!-$*2*;!
<+*!*55*$7!&5!-#64(!&2!*%%&%!%(7*!5&%!*($+!-$*2*!#-!3*:#$7*3!

#2!7+*!/::*23#Y!/C;!!!

!

!

!

!

! !

! !

! !
!
_#6=%*!FV!_#%-7![&>V!L#6+!%*-&,=7#&2!:&#27!$,&=3!&5!&%#6#2(,!-$*2*-;!

@*$&23![&>V!$,=-7*%#26!!=-#26!oW’ <+#%3![&>: c,=-7*%#26!=-#26!oWp’ 

(23!_&=%7+![&>V!<+*!$,=-7*%-!5%&4!7+*!7+#%3!%&>!(%*!7+*2!7*-7*3!5&%!7+*#%!

:,(2(%#79!2(7=%*!7&!&87(#2!:,(2(%!$,=-7*%-!(-!4*27#&2*3!#2!-*$7#&2!NNc;!

!

!
_#6=%*!GV!/!-#4=,(7#&2!4&3*,!&5!7+*!*2)#%&24*27;!
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!

!

! !
.(1! ! !! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!.81!
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APPENDIX 

 

 

 
A1: A comparison of error rates of clustering performance using weight functions (W,Wp) for five scenes while each scene has been 

repeated ten times with varying noise in the simulation model. 
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