I VA ¢
GEXE/DESIA I

( # ) I S
! 0 1 &2 0 )--72 0
31-3)452 0+ 6-3) 7
1 8 # o+ 9 0: 7z ( 9* *0 * #
0,% < 0=> 1 0 BN 74 ! %@ ? # @ ?
o @ < ? @ < 87 * %
)+ 1" % AB*CB D 2&:- 5 DE C=> F1 0
= * 7 A<@ *
> # * 3 0
% * % * 0
# % ( #0 * )
0 * $+6)%0 *$ 6)%0 * $ 6)%0
$8 3% * # 83 * o+
* * , # *
+ ! ! G * H! 0 + 6)
# * #0 #0
> * (! !
! # # + ! 6)
83 * H#H* o! 83 * #
| I ) #0 (' | | * |
6) +6) 0 83 * #*
* | (| 83 *
57 ? R (A #? ?
2
=* $=% , | # *$)
=0 G?( * 0 % + 0 * * ?
0 0 # # 0 *0
*0 *0 * 0 *0 +
, 0 *> # $ 0 0 % $) ! 0 ?5

0 ? < 0 %



I"# $ % & $%
) H# * *
$) < 0 % : 0 # * ]
+ $1
s * "%
$ 0 K% + #
$6 0 % (' #0
: 0 +6)0 6)0 6)083 *
*=1 0 # # ,
0 %
+ * * *
* # *
)B A $ % * 6 *
# ! # #
* %01 L $ F% I ( 6
> * #* # ! " 4
I> * | * 6) 0 #
>* * > + ! %
A * / $ G% > |
6
- I < * *
$ % 1<l * 6)
$ % * I < # *
1
* 1
- (' * * +6) ) $ % _ (-
SLRED
+ , # #
$ K% ! | * * , 0 * > *0
0 *#0 0 0 *0
| > * 0 <
*0 ! 0 * *
$ F%* * 2 # )
. # + #
, # * M # =NA
< # # | * *
* > * * #0 *Q *Q)
* | * 0! *
0 * * ;]
# # #* , + I > * x4
* * | )91 H O
) ! $ % # # *
* * H H# | |
*')) # |
* "Y1 H 0! ! HO
$ % * * * # ,
83> * ) I '
# # 83> * * *# | <

0 %
*
# 83
# $6
# #
0
<!
( 0# *
$ G%
*H
<*
1
$ K%
$ %
0 > >
(
#
$ K%
#
!
0



I"# $ % & $%

83 * # * * *# <*
+ ( (1 ( * ! * # 6 $ %
( * * $ 0 O *%
P # # ! ! ! *
# 2 A Q $ 0%83 * # | *
. I * * #
+ * )9 ' H O FK
$ A Q 0 O% $ % # 83 *#>
* + | |
I ! * 9 M ! *
* #83 +6) +
*O# ! * 01 )
+ ! * RK I 83 +6)
2 0! * +)60 6)083 2 #
+ # ook #0 *0
# 9 # # 0
*H + | * , #
*
+ I B #0! +6) !
+ J !
#+ ! +2& !
#A 0 ! " !
+ I
+ ! > #0 ! #!
> *
DO #O( ! # * o
(' +6)
) #
) ! ? !
# o+ ! ! > * o #
| 0 * *
+ # ! 0! # #0 !
G * H | + * I #K
I + ! # I + *
* #



1'% $

$v

$ %

* + ?$%6 ) )
+ + 6 )) (@]
)# #
#
. # S *$ JF %
S *$OF JT < %
* # KU A ?KU
+* 0
)#
* 00 % %JGOK $ %
* * H
* <
x H )
o ) O
83 * #
CF o or ! * ! =&+ H
+5 * $OHFVGHK |1 %$:* % (@] 0 #
+ [ *
! 0 * ) * *! G ] *

O ) I'K

$ %

: * ( * *

#? 3% H +5




1"# $ % & $%
+ + 83 * #
2 * FK
) H GGF FH F
O HFH KG O FFK
) W X G K
836 *
) #L+ $62 %! # $:* % + M

+!
0J$62 G %

$vy $1
* > 62 ?2%% ) #L+ ?$1%
+ + ) H L+
5
* Y GK<
[
) K J
# (@)
- *5 J(J1l< <
62
6 ( $ * O %
(
6 O:KO
0> =A
&
* #
) N g8 >" $72>72>G2Z2> Z %
6 ) *
+ > ) | , $:* H% : ! 0
I H>O <J + H !
+ * > < $+5% * #
$'&))%



1% $ % & $%
+  HH+ + > )
> *62
)
$ * H #G %
5 ) #9 #

i* HHH ) $% +

#0  #0 0 ('

*#0

+ ! +6)

%

0!

0!
6)
)

)

GK
0!

+6)




[mBH]
196

$ %
G FH
G FFG
FF
F Of

< [ =} @ ©

[} o <) @ @©

- - -~ - -~
0+380

/ 0+370

/ 0+360 *®

0+3

0+3

$ %
GK
OH
Gl

)0!

S0 o, e ot L9 0 11
49 /

/ 0+340
0+330

M

$%
%

/ 0+320 -

G%

0+310

0+300

% &

$

$+

I
_—-«—-""‘"/

+6)

OOFO
HOOK
OHG
OHKH

/ 0+290
f 0+280

1"

/ 0+270
0+260

#A

+2&
G% .

M 0+250 *

.$:*

+6)
6)

0+240 _—

o o x

Table 5 +
8362
8362
83
83
#*

2 0+230 w N

o5 TR ™ **

[mBf]
196

194
192
190
188
18|



I "H $ % & ' $%
[mBf] A [mBf.] [mBf.] A [mBf.]
187.92 | 187.92 187.92 187.92 - TLS
187.90 ‘ I ‘ | ‘ \ 187.90  187.90 187.90 MLS
————
187.88 | ! ! T I 187.88 187.88 187.88 === UAV Photo 30m
187'860 <|: o o n|:> o ‘Cl nI:: (‘:n =) 0187'86 187.88 18788 T JAYEholoo0m
o S T T I ETITEEZIZERZ = UAV LIDAR 1
&8 &8 8 8 &8 & & 8 5 8 5 B % & & a5 &5 6 o6 b B8 e JAV LIDAR 2
o o N w B o 2 ~ = ©« = o = N w B (3.} =) ~ o« © o
o o o o o o o o o o o o o o o o o o o (=] o o
[mBf] A [mBf] [mBf] B [mBf]
187.94 187.94 19206 192.06
187.92 -1 — 187.92 192.04 192.04
/
187.90 187.90 192.02 " 192.02
187.88 187.88 192.00 ///\_// 192.00
187.86 187.86  191.98 " 191.08
— N F‘<f/~ ]
187.84 187.84  191.96 AT ) 191.96
\ \ I~ = ==
187.82 NV \ 7 ‘\\ 187.82 19194 ,/// == 191.94
187.80 / 187.80 191.92 et | 191.92
\/ v ~N L= |
187.78 187.78 191.90 | 191.90
o o o o o o o o = | (=] o = o o o o o (=] o o (=] o
¥ ¥ ¥ ¥ ¥ ¥ F ¥ ¥ F % ¥ ¥ ¥ ¥ ¥ F ¥ F ¥ x %
n N N n N N n nN N N N w W w w W w W W w W W
N N N N N N N N N N N s e — &~ ' ' &~ - ' -~ a
LIS TS T T - - S R © © & © © © © © © © O
o - N w ey [:] (2] ~ oo w0 (=] o e N w o o (=2} ~ [e2] [=] o
o [ =] o o o o o o o o (=] o o o o o o [ =] o (=] [ =] o
GG ?28% ? %1%
e 0+226.00 (me) et 0+349.00 m]
187.92 187.92 191.96 191.96 e TLS
187.88 Dt T 5 187.88 191.92 191.92 MLS
il B e S
187.84 187.84 191.88 10188 s JAVIRHSES S0
187.80 . 5 : L 187.80 19184 ¥ 5 : 219184 v Photo 50m
== AV LIDAR 1
mer] 0+226.00 (me) e 0+349.00 mr]
187.92 187.92 191.96 191.96 === UAV LIDAR 2
187.88 1 187.88 191.92 | 191.92
187.84 1 187.84 191.88 1 191.88
187.80 187.80 191.84 191.84
- 1 0 1 2 ) 1 0 1 2
mer 0+226.00 me) et 0+349.00 m)
187.96 187.96 192.04 192.04
187.92 187.92 192.00 192.00
187.88 187.88 191.96 191.96
_AANA
187.84 187.84 191.92 | LS == 1 19192
187.80 187.80 191.88 | Y ! '\ 191.88
187.76 187.76 191.84 I | 191.84
) -2 -1 0 1 2
* FF 0% $1%
Table 6 + +6)
0 +
& ( 0 ( 0 0 0
$, % $( % $( % $( %
83 HO O H GG H (0]
83 (0] HO K K GK K
8362 HO G H GF G K K
8362 HO F K FK KF KK FO
6) HO K HG K HF o} GF




I"# $ % & $ %

+ |
* ( * + 6) [ 0
| | R
* # ? 0836 *# !
6
+ * I+ 6) # or !
# - | * *
# $&)028% . ! ! ! # o !
# * > + |
* # ! # | +6)
* K I YO 0 I *
+ +6) 0o !
+6)
+ > + 6) : 62 0
=1 0 62 * +6) I 0 H +5
! | * * 0 *

Different point cloud distances from

ScanStation P50 reference surface RD-M1
| | [mm]
' y 50.0
r B -
30.0
Scan Fly XT32 (LIDAR 2) 200

* KK
+  * 1 O> 0 *
6 7z > F
# 1 6 >,
* T ! A *
0 ! *
+ # * o A $0V K %0 *

* % $* %



-4 $ % & $%
Z
» X
Z
/
» X
A
\.
> X
VA
» X
- % > *
*) $+ F% +
0 + ! 6) , ¥
# &10! 0 +6) * #
* & * # *
*
+ FF * )
$ % $ % $ % H$ %
$ % $ % $ % $ %
+6) KK GO HK KGK GG (@] KK GO
83 G K GK GOK H F G GGG
83 O K OH H H GK
8362 F KO O FGG H H FF G G F
8362 FG GF FHG OH F GO
6) OF GO O F O HH
+ | * < *
6 #
9 # 0! ! * , 0!
! # ! *
$+ K%
Table 8 + * # ,
H
$ % $ % $ % $ %
+6) (0]
83 (0] F
83 (@] HH F
8362 H G
8362 FK (@] 00 GF
6) FO H H




P $ % & ' $ %
' | ® * # 1
' ) | * |
[ O\ < , 0 # X ,
(I
o #O (' ! .
|
0! . , o
| # * , +6) : S % . 401
* $ %0 < O *
+ * I
*$x o 0p
* -
# *
0| # # *0 . |#
+ # " ,
0 | .
$ 0 O? *E >3* 0 %
+ * , .
- ’ $'DA 0 % 83
0 # )
° 3 # 2 83
o ! |
# 2 | 83 .
*

*



2

>

1" $
(
+ *# *
*
[ ! +6) $
*
*
# A
+
+6)
# * *
#1 *
* # +
P # 1 6)
#*
83 *
M (
( A 0 )0+6
# 01 ( 01
1J )0 +6
<! *
+ " > >2(2>5:2> > K!
+ *# &
>2(25:2(
( 2
+

*E >3* 10 *E > 0 ] AX(

1

2
9)0 +
2
301
12
JJ

* A *
) *H$ %KK
0 9% O% 62
) * G$K% KK
90 ( ‘01 ‘0
)9) + 9
J FHJ O GGO

% & ' $%

* *
#0 #0 > #
%
* % # + |
> *
* o * : *
> * * o H# 6) *
2 * 6)
2 0 >
0! ! > * 0 #
6) *  #6<1 0 (
+6) | * 0 83
*
3 * 0
0 )0+6. *J *J * 010 )0
1 #
2 0 #
0 O( " :$ %9 #0
# * #
>K JJ A KJIH G FF FKK
#
> JJ N KJIJH GO KGF
0: $ % *
GG >GH



" $ % & $%
1 0 306* 05 A&$ % ( * - 239 1 #
*H # ( 9* *GH$H% G>
FH JJ A J GFGK
1 0 30+ #3% Kw ( *- (' *
2 3 9 * * 39 KO <
=FH) * 2 * G> G JJ A FIFK>> >FOGFF>G*
( *5>.0. *(>50= *>=06 >60/ *(>)0+ 0>60_6 )$ % 3
*> +!1 8 2 JJ A FIHH > > H>
( 05 05 '05 )0 <)06 )$ F% * , *
2 9 * ok * K GF>F
JJ ] K] OH> F> HH>
0= 0 /& A0 * 0 =)0 'S K% *
# L ( 3 *
JJ %] HKOOJ L K KKG
1 01 0: $ % *
) * $G% H JJ A J GH
:*P06 0'* $ 0% 83 * * oo #
) *F$% FH> H JJ * JF FH
‘DA 60 ($ % * * 6 # 2))2
' >2 K$% HH JJ A J"™*K HH
=NA 0 < +0+#* &05"A 40( < O BA<BO <4% K% * 1o
* * * ) * $H%H
JJJ HH
5 06 )0) 06 >90( =)$ % + * < * 1 * *8 3>
12 ) $K% HO J N J KHO
6 /0L )0 /04 (OP LO6 /$ % ( *
* |< 2 G 2 ( 2 * ( * )* *
$20% K >KO JJ A J2() OKK H KKFH
6 +0-B +0) *# a0l # 0+ # 30+ +$ % - ('
2999 HG >HGK
JJAT 0 J(9) GK KF
O(C*)5 YY) 0) $ % ( A *
* o H o # *
( K > JJ AT G K F
AB AO: B A 0 ( *A (06 A3 0: BA +3% %
| 6 <! *
) *$% O KT J 0]
< 0+ +$ % ** = 2+ 4 A
b2 1 8 # o+ *# 9 1 8 #
+ 9 HH>HF JJ A << J JKJIGF
J06 A0 "# $ % ( 83 * #>
2)) *  #0 ) * ) 2 ) 23>J.0 H
OO0 JJ * OHJ > >23>>0>H>
30( A<# 01 a$%$ K% * *oo%
+ 2 *#0 ) % )
2 ) L622>0 F> JJ A O HIJ > >[622>> F> K
A* Q101 c<+0'# )0 < < Q90 < < d$ O% + * 83
* # , FG>GF
I G OHK
) =0=L% G% * ( #e= <# * #
9* *$% O>G JJ K GJ 9& G
) <40 #0)A O 0’ 0 " )5 :$ % * *
6 2999 H> G JJ ! J J J H F



I"# $ % & $%

) ! &0- +0 > 1$ % *
* ' > JJI A FJ OK> > H>H
y! 105 +=$% % # *2))
* #0 ) *b) 2 ) H>G JJ % OHI >
S23>H>K> >
) 0 #A< 0+ <+05 5% % =*> * *
* ) $H%OF JJ A J HOF
L).*04 *=% G% | 6 2999 +
: ) *O00$% G> JJ I J+) G GFK
/ 606 =0+ 06 40L =0( ($ G% ) < * | 6
) G$G% J 0 JGG
4 0' /06 06 =06 /0) /0 . *( $ G% | *
2 G29992 : ) ) $2' ))%2999 O0O0>0K
JJ *3 J2') GFFHF
4 30.! 60 501 0 A~ 0 <BO= 1% %9 8 3>
* # * * * # <* + 2
*#0 ) * ) 2 ) H > G
JJ N OHI > >[6222>1 > > >
+ 0 0 > | #! <8
! 0! 0 #0 0 0 0 < [ 0 #
! 0! <=
6 >> > 0
( $(1UH %6
f # ?6 RGlC (>& 0 + ! $%
#*J * ok
&
+ # < # #
+ # [
+ 0 # # M
M ! 4= |
L#




