['BrY{nv)

rnf1Bwls

néyirs

—
— 20
M -
R o)
B B
—h

—h
£ =
S “
g s _
Hr B
“
= =
@2 —
2 ™ _
r—JU

20
m.G o
» _

n
o)

rd
Sd
n
-]
—

o~005>r.

mm__ﬁv_v

\\“..?&oxlzc =

.

~

" lasérScannef
|||> Vo=t Vh

B

n

' 2019

II’AH



NATIONAL TECHNICAL UNIVERSITY OF ATHENS

2 3
Y I ;iﬁrii SCHOOL OF RURAL AND SURVEYING
< P s ENGINEERING
& 3%:
> e 3 [77
o

DEPARTEMENT OF TOPOGRAPH

Diploma Thesis

3D indoor modeling of buildingusinglaserscanner
Emmanouil Asvos

Supervisor. Efi Dimopoulou

Athens Juy 2019






e - h > h 1] " T <, >h t e “‘5"'th“_"h‘:h " SThA Y T T E < T,
R L N . 2 ! 1L " B I pl Aah AThE AT
h - p . A" h 1 B >h h [Jh/\>_j ‘hts/\“l hﬁ“h_'" B > TAB v B " (Bh. ‘D
B Jhrroomr foB > h _”?kf hV/\"”'_‘ﬁ{\l'Z"‘h " A T B ’
B’L'ﬁ‘h ‘ h " B <h A h B Lher <"‘I "‘ :
YV geY e, Y _I. B 1 h ’hl >"‘(D J{'h]_<w"’ hmh ~ f
o L5 T <. >h DU NT S TS T T <3 O h Tt T B ¢ h > B
B < h __h' ,‘_Bh,hjt‘hh‘$?hz‘(“_"- 'j B < T, ! _"‘ _||5<‘ [ i h
_" 4"<+>h_“.‘"l >"\ [ 1 h ’hlcp BC'>h ‘ h "' B <h
_ ‘>5<"’ B"_ Y- > C,"" B/\{ w h ms,’i - <
R B N AR A Bl L o S S 5
h >~ "J""h<""Z"" B j* h _"‘ B y'_">h_h - - Y w ¢
s ¢ - ' Ab _I_".'.. s ~ 1 h ’h‘q)
|3<.‘ > h ‘ h " B <h A h ' OAL hs” “h*t “"s*’ hi “ghQ' ¢chw LA/ 816 |>B'qul‘ 7 ]
T > BT wi s ' ve Ylaserscanner: Tt A h ot A>T E CT YA ! _- AN N
>8 B "< & hh ot _ ¥ <Y1 " T wva h_‘ ~i ‘h h A w ) “/\‘cp‘ts ‘rl‘K">‘|5<’w,"/\/\ _ YA
C, B‘/’\__/\' 1h 1 8B <t h AY 1 " h _',/("‘h >V\{"'B“_C"<“/‘\L’/\B'_.I'
B~ CY " A, AN ME&]’RK_:B qzk]rl<|5<_hh ‘¢ h ¥’ h_ ! I A€ _ B ! | S
lw < . £ h " _ hsA' Ah {h’/\/\hh,_u"’ “AhY A . < L . - Y
ST e T wA s >N T, <N ST AT h s AR LT <h >
[ ¢ h * B > Y i">h o

Tt ' fasefscannér > L. 7t !

ﬂl|3Dr“A_B<“



BasUaUd YU} sUcceeys¥s

N = T B e e e e e e raaaaeas 1
[ oAb Ch B B T 2 WD D 2
I L O o N | S | S USRS RO 4
] L PP UPPPPPPRPIN 8
B S PP RR PP PUUPPPPPTPPION 9
Y 013 1 = Tod FO PP PPPPP PP 10
N B BY B IM -BIMM OLGE. Bt 11
1m M) s 11
M D H 1 ¢ 7 7 B AN D 11
MdPo n”o>" BN D — 12
rnoBr BYsmrRya1r B 1 {81 UnLASERCANNERK.).).....0...B.L.mIAn
HOM ms A" ¢ h _ 7 " L-Basescannerh. W, w...14
H®H [ h " h1 " A 8 ST . Tt s hy Y Alasefscannért.14’ i s ' h
H®o rh_"+7 78 [ ¢laserscanhet.....n. ... ALy 0L 216
H®n 1M e 800 et 17
H®p 18" 1 T PP PPR 19
HPp dPm nAs L0 sl PO PPRPRRR 20
HOp dH 0 W 23
HdC B 2] Lo G SRR 23
HOT [ <87 A8 ¢ " >h hdseiStanmes.. .. AL 2L h24 L A
HPYy n.h " >" 1w Jaserscanner. .M. com D 25
rnur Bamgnjol r B8 v {1 unt B miB. .. .[.CE... ). f.006881 | G
0odm gAaho ¢t h AL L L ALE30T T
odPH uh ™ 8" 1 - 84 h 2T Col N LB ST '.....30
O DH O A B0 T e 32
3.213me . > 7t O A LS 33
0DPHDH [ 7 = 7 <Ll AL S 33
0PH DO ' >h " " A AL S 33
0 DO [ BDIA A W < O s 34
odbodmM T A _ BT T T B B SN A 34
obPodPH rr " A_B<T T ' > E ol et A 3B> > B
E 3Dr T A_ 8 <Y T T faserscannér > 8 R



oPo Do M AT AT T AL L 36

odbodn K. _ " >h _ " [ B 38
34f h T h > T T AL L 39
B oD T A B T 41
BB D T A B T 44
BT D T A B T ———— 46
383r T A B <7 T T S e M A8
39r TA_ <Y T L A 50
odbmn n" s foA" T T h WAL AR T L B4 s
L0, LCIYGML . ttiiieiiiiieeeeee et e e e e e ane 54
3.10.2INAOONGMLL ...ttt 55
3.10.3IndustryFoundationClasSe$IFG ...........cooouiiiiieeeiiiie e 58
3.10.4 Land Administration Domain Model (LADM).........cccvveiieeiiiiiiiiiieeeeeiieee 59
noBr BY srw [nrelsl1El E rn [.E}..[.n0).ELBEMSIE wir
M DM B BIM 2 s 61
M OH 1 JCABS B U e e e e e e e e e e e e e 63
NAOH 0 EMBIM.. e 65
M DO N BIM e 68
non n~-" " "~ 41h BAOD WBIM...}...EA.l0 020 ..0..69
nop [ <6 ABC " >h _h Ch* s Y AT "pshtochther Tt
................................................................................................................................. 70
ndc o' _ " >h h 8 BIMh. .. >8...... ... 8. sAT2h
ndT rs<<” A_ " Cw 77 CRIMLE. LA 2E737 47 <71 7 h
MDY N IBIME. e 74
49BIMS h [T <t " T SHBIMLLs AL L 76
ndédmn N8B A 77 ow_ Y  ABIMILEYLLLELLLLLATE . T A B LA
nobBr BYsrmwy[nrel/slael e [ BLf.BNEBLLELTY [1] 1 B)
podmM BA_ "B > AT T A LT T 79
PpOPH B h AL AL a D 80
PpOHPM B AL A B 80
B 2 H [ B B ettt ettt 81
pdHdo B vE T h L A 83
p ®o 1. <<7 & 7t Tt h T Jaserscannef. bl AL 2 WAL ABE >
p®o d®m rh_wi h® >hBLBED. ... .5 .. AL TR . 86

>|43Dr“/\_5<“'“"" fasefscannér > . = "



p®o0 ®H 1. AW AL ST R A U T | ST UUPTPT 88

pdoPdo e _h_ 77" " AutodeskRe€ap.l.............. > OB 299
pdodn B~ >h T AT ‘AutodeskReCap........."...... <L ALL99
pdn " A_B<T T T B, 87O Revit...........0... 107> ¢
podn dm [ T Revitt h_th” hyiss>th™ >w A h s 0 0 0 L 107
pdndH n° S ha .1 Cht s s Revit. N AW, 108

pdndo [<' T, ~ z - hA_ <" ' ¢Chalh122 7 >
PPN On BD. TS E LOAH L 126
podndp ms . hAah 7 b L 2D WS e, 127
B L . > T B R 130
P D C B 133
T IO OO 135
T L e 138
W't AL ettt ettt ettt ettt ettt ettt et n et er et et ereenn 159
B N << AT S 159
e RWA' WG AL D 159
) I B | BN L 162
YasUaUJd KAosoafs3v¥s
CetAah oo Y bt T htipd/civilgéoiteicm.Or ). a D o.4yr"+ " Y
T N L T 1w, 7 hpano.dom ). At YL KADBIY K KA G @OY
Pooh Y A L Y K090 LJA YKk K |lj O

"Ah mY B
Canpoy

r]. ¢
n" ¢ .
n'°< ' £MMoh Y. _ " > 8
r]. ¢
r]. ¢

< Timéofflightd p*' + " 'Y 666 dN®ASI NOKI |

1 " " Time'of flight 8 . A~ « 7 fFardioy " b Hitps:/i3d-

SCANNETSNWWILITEVIEWSCOMI) ...viiiieiiiiitieieeeeeesitrtee e e e e s ssiase et e e e e s anbbne e e e e e s s annbbnneeeeeeeannes 21

n' < Ah c Y B~ ." <s 7 717 hTriangulatiom _ & [. 'A5 < ay’ b
LT A 0 1= o | ) PR 22

n ¢ " Ah T Y B L. < B _ ¥ . 1 > h . _ ' . _ B AT
(WWW.OPENSOUrCEIMAGING.OF)....ceiiiuurrrrieeeeeaiitiereeeeeessaitereeeeesaaanbreeeeeeessanbbsreeeeeeaanes 22

rl' ¢ " AN y Y 1 h =, " 8 AT <‘C@D’<.‘hhl>5 1M >'é>IW'/\J'" Yh
WWW. AIGITMEAKETS.CHN) ..eiiiiiiiieee ettt ettt e e e e s st b e e e e e e s e e e e e e e e annnees 23

rl'("/\h Cb BLKsc h;fpad_"""’ /\,{WB_h' 1 h _'/\ BC_W<3
(o T BV AV VA 4= 4 =Y | R 24

n'*'<'"Abh mMpnp Y [T 707, 0" T T andmark...l......5.L026 0 T > 8

faserscannér > 8



rl'(."/\h M M Y l"‘{‘h‘ h ! h =~ "“' (.“(.‘<":

NP :// WWW.MIESTKOSTASGE ).vvvvvvvririiiiieeiiee e e et e s e eeeeees 27

n " Ah MH Y yw,” " >87 . A | "hitps//wwwigtgf)"..,..2856 + ¢ h A
rl' ¢ ' AhD M O Y U - _"J “h , > h Chh/\__t5<"_‘ 'hl>>'Wt5/\_' ’Il:s<'h<h"_‘) "4
https://elearNiNg. L ICIM. QL. .. e 29

rl'C'/\h MM Y ]W)VI s B, A Ch_s‘_’h>'>1w"A'Y ‘<h_
NtPS:// €1EAININGLEICITLGN . ...t e e e e e e e 29

n*< " Ah mMp Y uvh s 1 .81 "hitps/tdocplayergna...s.<.°..317 "~ " 0
n'< " Ah mMc Y p"hdotch 2 >Y Apwwwpduldebevecorh)...35i Tt 8 €
n'<" " ah MT Y n.h" >"a2" > A _ 8 <7 "Miller, P., Wonka>P¥ ! >
HaeglerS, Ulmer, A., &VanGool L (2006) ).......ccoooeeieiiiiiii i eee e 37

n'< " Ah My Y & ! QOGAG[h'_MUletrP., Wonka B, HagglerS, Ulmer,

A, &VaNGOAl L (2006).)...ccceiiiieeeiiieee e ettt e e e ettt e e st e s e aa e e e 37

n'< " Ah wmMdp Y " _ 7 17 8 sucCeSson [ ParishYYL. M., & ° .
MUIEE, P. (2001) )..vveeeeiiiiee ettt ettt e et e et e e e et e e e e s e e e e aab e e e s enaaaeeasseeessssaneeasaneeaas 38

n'"¢< " Ah wp Y [T B,w AL h sl h e T T e T
n' ¢ Ah HwMToOOtph "M h<BEAThT oAt 0 L L0040 7 h
n'"€'Ah HH Y BAR<_ ' ThThu A LA T LsLthYsY o 5w
! LohdE T h < T T www.te$earehat@) ... 43

S BAh <. AT ad €T h S g e
WWW.IESEAICNGALENET). ... ittt e e e e e e e e 44

rl'("/\h dHﬁ/\_YW’<|-‘|""C_'J'h _'/\ h - * ¢ ' A" > . A 1 " h
Ch _ h>¢ " >w* Y 7 _>h T . O Al Y45zﬂﬂd)é()7\é
rl'("/\h d.|p"/\Y_W<r|" C_""" “" {‘hﬁ‘”/\"/\_h' v
""‘154‘h‘>W/\"‘ ¢ h* h i - v WLB'_“:.._§4"V"'B’
n'<“ " Ah Hc Y r8'd>5T A<SE L7 h o jStd*te‘retab ﬁOlZ{).!‘.......Y...A?

n'" ¢ " Ah HT Jd>M_fwicg’ 4 s <t g [ 4" AN POAGRE2FI
rl'C'/\h HY Y N AN h/\_‘¢5’>5/\" “" ,|_">J""‘YJ""¢E
LedOUX 2009).... ..ot e e e e e e e e e e e e e e e e e aeaaaaaeaaaaaaaaaaaaa 52

n'< " Ah HpY _8 8Hh =7 A 'J“,A_.h...‘. ..... 52~ " -~ "7 h
n'¢<"Ah on Y [h7Thyie " >h L@dowaoog .................. 5,837 T o
n'<“ " Ah om Y 7 A_B<T T <6 ., A >8 B4 >w' T 7
n'"< " Ah oW Y [h p sCityGMOI[h 1<'s Y gy NFA,.SF NOKIAF (S
ne " Ah 0o Y gAah = h 2 h= h IndoborGML o6 ¢ ' »>¢8 _ = Yh |
http:// WWW.INAOOTGMINEL) ... 57

n'e< "' Ah on Y [ <. _ " .>h IndodrGML hg fs' 16" A" Y

http:// WWW.INAOOTGMINEL) ... 58

n' ¢ Ah JECgchemaon A Nhttp:// Www.buildingsmarttech.org).........cccoecvveeennnee. 59

n' < 3eap’ h1 " OUMLS ' <h ° "LADM[ ' 4: Peter van Oosterom,2014)..60

n*< " Ah o1 Y B>his L A =11\ o % A S A
AT o Yo [ (= T=T s Vo | TR 62

n'< " Ah oy Y 1 BMX¥d H W CADbf ' WNWWlntramattlngcom) ..... 63

n'" < Ah o Y BA_ " _ ' _ 8 R .UV BIMSS [T N h
WWW. CAATODIMLCOIM)....eeiiiiiiiiiie ittt e e s e e e e e s s e e e e e e e ans 64

w| 30f YA B < faserscarinér > &



n“S'Ah nnp Y | 4N B IDCADSABIM .84 h g

VAT oY= = ool o T ) I 65

n'¢“ " Ah nm Y ' L' BIMOT " Biblug2018)...........5. ... ALLLT.66 7

n" S " Ah nH Y BIMO " BIB[ IYHEBMY. Dol 68

n'S"Ah no Y n~ “s4h BMEO['_ V'Y G4¢&niNTIBOF RRPO2 Y
rl'C'/\h nn Y rl,h’;BrMJ‘"s _"<l" __B"LMVC<"’C|<’“nIy,"I B '
WWW.D2GIEEIGL) ..ottt e e e e s e e e e e e s e eeas 76

n"< " Ah np MWBIMFMP' sy s kel (LA Y.KKEAYLDALINKY ISNDPO2 Y
n'< ' Ah nc Y 1T COBIMYE "4 R, w | SHaikH2016)).0.77' ¢ " Y

n'¢< " Ah n1t Y nv._s° " o" hTT  thitp//Wwww.spregnfudg)h © T T 1
n"S ' Ah pyyYy (1¢h ", >h Yy v ovewrs o n L RRA S A LA
laserscanneE . 7 7 REGISTBBO .2 N 82

n'<" " ah nd Y 1 Sh "7 laserscanne Ah *° A7 8, AW, ™ o>
L T e SRR UPRP 83

n'*"¢<"Ah pn Y [. T 77ys h'Registeocnh=wh., . AA" . AL
0 [ ' ‘https:/NasersleicageoSyStEMEOM)........ccuveiiieeiiiiiiiieeee e e e e e e e e eeirrre e e e e 84

nN'" " Ah pM Y W7 T e 085 B
n*"¢*'"aAh pn Y v _ -~ _7_ - _ .7 -7 .86 >0
n'¢“"Ah po Y [h h7 e h AL LB LALLLIBT L > T
rl'C'/\h ‘p"n _Y' l_{h‘{h{“,‘h"hl >B_h,"’ReICap___.88/\ 1 1Y >Sw,
n‘*'«*'aAbh pp Y [ ~7" hTLo’ . A T h7_ " sReCap.....288 4> T 7
rl'C‘/\h pcC Yn5‘>‘l "" 4'>“’"Jt5’_h‘ >|5_th .
h=> st YA LY L LA L YL LY RR0C2Y O Y S
n'¢ " Ah p1T Y 1. AwWA., " A g, VisualRegistration' 4 X-a¥%Q _ 7 L
O [ " ‘AHdYFBNANE2018 )......vvviiiiee e 91

n'< " Ah py Y 1. AwA. " At VisualRegistratiod ®za@0Q91 7 s "
n'< " " Ah pdod Y B registrato® Q>N h h _ " ¥ AndyROQHNG2018).... Y92

n' < ' Ah chund®) pw> >'1'6>" > a1’ _h' > hv 4 Y ho_
.................................................................................................................................... 92

n'" <" Ah cmMY [B<" S T LABALZWA LAY L 988 T A

n'< " Ah cH Y RegisfratioxQv ' >h, _Ah WO ..Ab e DN, 94

n'" " Ah co Y 1 _ &link33... .00 AL LR 96

n' ¢ " Ah cnY 1 _hglihk34.. 5.0 ... DAY 2 e 97

n' ¢ " Ah cp Y 1 _ &lnk40.....5.h .. ... AW 3 97

n'¢ " Ah cc Y 1. klink46...... 5.0 .. . e AL W2 98

n' ¢ " Ah ¢cT Y 1 _ &link47. ... 00 AL R 08

n' ¢ " Ah cy Y 1 _ &lnk50......0. 0 AL 99

n'¢“"Ah cdh Y [T Aw, T T t>e7 oA TULLALLYED00OAN TS
rI'C A h TN Y J’h h ) B 1 >h 'Sl AN >y S h ™ h fr ¢ ¢
B, s 7 Ch e eerrreeeennns ettt — e e e a——— e e e — e e e e e e e raeannraes 101

n' < "' Ah Y [hohreta>h h A 0 C8 " >wALALL102 h=>_ -
n'e< ' ah 7 w- Y. o ¢ vy >6 _h L " hi1 " h
j CTA_haA s v, BT L SRR 102

n'¢“"Ah 10 Y [hTRhyoE 0 >h T Jol s T AMO3T >



n' ¢« )
n‘°¢ n
AN Y
_______ B A
rl [ Y B A . - t A B
n PV e S v
¢ ' Ah HVE ARRB S w
rlr ¢ Ah T y J' h " {' ................ = ' WI _" A
n. A N T y Y I B . B "o > o : ............. S A e .K.'W--)J_04
n' ¢ AN T Y [ & . n E 1 .v' """" e _<"<h_h:>*5
n* % Aanh yn Y‘I d‘\ﬁewzn - e 104 TohE <
n' <’ y M . § ~ Rea S B b e -~ 405, ~
Ah Y ealVliewl” - h> 1 o w ’
n' < A D yH Y n-"' <" > 6 'h M h —BV_V ...... ;A./-'J'OSI ¢ h >
rl'q,Ah>‘ycr))th_v w ¢h>5'/\h N 106" ¢h‘h,'
s oA yn Y 0 /\ Y SR LLtA v>h..¢ ------ A106 5 Coporo
rll ¢ A Leyq)_ VY S o w {\W I Bl‘ J ..... ‘l®7 . .
n'< "' A y C (pr > I qu\l/at' , Revit I ' > '.."""1109 T .
¢ h YL _ . vation o A . Revil -
n" <"’ yT eugls 8 OO i v it09 > v AW
. A D Y ) ¢ JéCtBFOW ereenes h- , [ < 1 _ h >
rl. ¢ " Ah y y Y .n h V‘ ] LA ST Ser....‘ v‘ } c lIO! . B CoA
n C e y B -y Ko -\--___,_"J.' \ "'-; ------ A gerdenadens ME0 " ¢
A h o Y ¢ e A > w _
rl v ¢ o q)n J’] t h . A PR h/.\ ....... 111 A
. A h Y J’ B Walm e
n' ¢’ M h = h e alQQ..... N 112
A h Y l . L B " N T . N
n°¢ ah tbH Y >7 A ! >Col AUV A 113,
RPN bo Y [° > W< U0, LT e ;;{'\-*--/.\..11_3. s
n' ¢ dn I ’\_w<v- e A AP, (< 7 A
Ah Y Bean . Coro ST . : -
rl ¢ Ah q)p Y w- ~ |_ ....... B |— . l ~ ‘ >,1I’4A ' .
nf AN be Y w- . T ‘>V ---------- V/\_v 5. 175 - - *h
\ C e AN q)T Y L - s v A <-._ ...... n >.415h ) Lo r
e by Y PR S . S
rl, ¢ .]hwiq:‘j w" . ) o _ A _ S _ 117
A h q:-) A ! . S Y N h A K *
n ¢ Ah wnn v >80, A - o~ A LWL <~ >6, 000 ¢_117A . h 1
n' s ' Ah M M Y w" A A <v --------- ok h ------ 1. - A .

r]. "¢ ' Ah M 11 H i w- 5 ' ) S ok h_l]:g/\ 5 '— ~ _ "
n'es' M 1 T ' o R 120 hoo
A 0o o - Revit f - 1. A .

I’]_' ¢ m M ~ Y w" o T h — N _ t eVi‘th ___________ 120 ¢ h 1
nr ' ' - R L
. A h . eVi‘t C T
n' ¢ AN M p v o - RO R 120>~
) o e v ..... . ) .o IKV ‘V12 5 _ wo< ™
o - MAC v { s L Revits -1 e 121>
n'°< AW <Y [ - e ho o~ L2129 o w<T
A h No< Y y < e —— .
r]_ Y A h MAOT e L oh h * v ................... 1%\, A
r]_ * ¢ A " M N y i r ~ A > > h -V -Revlt .......... 127 _ w o< o
w e e J ’,
M N m Y 1 . A 4 < S ¢ ) t 128> > h
f _/\h T ¥ v
[ o ) hscwe s " o S 128 ¢ h
_ ~ ' oL S>> h _ ~
........ >0 S oM
..... Ao oS igs‘ .
......... ..3.429M _ 5
....... B - A h'
.......... q29° - ¥ f
Sh¢h .
MY
i 3aDr ~
A B
< Yo=Y
faserscarine
r
~ > B



e R s T et T s T e T e T e s M

N T

faserscarinér , > &

GCRTT oM L h h AR Ty e B AL 69

Ch  H Y [ aAahch > ipk™m” ° _dht S0 LGRT .96 SAh A AL W
¢ h o Y [ ahch WO2 1 6f ¢ OKSRAZAS ¥ svs ~ 1 b !
D S 123

¢h n C¥lumhnSchedul®@Q wQ  «+' >~ ~att 0 Cho o
B S 124

¢ h p HoorSchedtl@® -~ WwQ «+' >~ s Ch ho A
D S P SRURPPPRTP 124

¢ h c Ce¥ifigSohedtil@ Q "WQ A gt e ¢ h R A
D S PP 125

¢ h 1 WihdoW Schedl€@Q ~WwQ 1+ ' >" 7 L o
D S PP 125

¢h y Deor JOKIRdzt SQEQ -~ A Pt e h o h
D S PP 126

¢ h ® Aea Jchedu®@Qh -~ " WQ + ' > 7 T an G ¢ h A A
D S PP 127



[hn s <8 hoh . At hy 8. Alaser s 7hT > T Y v op
<Y W AN ¢ ht ‘5"“'_5"’ . >' h /\‘W/\hB*>V\{‘V_.{VV I‘Bh{"W_
A 8, h T ST A aser. P BT ST hY UYWAY R h AYh Gt AW AL, AT
¢ "7 AT BT ,hABY AT O S>SA' > LA > e I
[ "yt h hoh >Y A _WhT BT AL S A h T B R

> T Lt >h Yy T .~ - >h ¢ ht I U S-S L LR O B
n~""<w”A _h >YA_wgh b h > A Ah >t Tt
BB >w Ch ¢ h Ah L7 T AW S A M T B
- “h " hi>A h' h - ‘ “ho_ st 5 > ' j Y "t s oh

E /\‘5_' h/\h'_‘v' _"‘ ‘_"" ¢ h ! h Ah 1 ¢ "'_‘(
LB L h s ¢ ht habh = v v'Y LF A TMa AT B BT AT A AN BT
rl"'<WVA ! 'V<"<v¢ o ¢ h: ~ i hy >7¢ }5‘<‘W B ' h
>B_h_’,h‘<<y\1"l R - S N h Ah¢h* A B, A ¢ h* B - B C
_h_orer o kRt O L A0BLS>SSTAT W<y h oA gt Ty T 7
< ' h‘_ {'>"’"J""Ch/\ ¢ h h/\h‘_’L"Ch/\{‘h)
''>h Y <Yt Chy h Ah <Y 1 h > B _" (S “" BV‘_' [
1 " h h"""(.‘ts‘ ! ¢ ht h/\_h<<h1"_W_<<,'/\'ZV,W.{""J_'/\‘ 5 "_
hAh = v T T ARSI AW b D
ag‘h"’,‘h 4“<,>h_‘¢" h“’_|5<5’_h‘ h = " {," >w 7
L T “‘jh"" B A - T 45’_5’V >W'VI ~ h "‘
B, 8" ¢ ¢ |gserscahnery > ¥ . MY ¢ T CjART Y tYh h A h W
I 8B AY Ch h _ Y' ., 8 h JaselEh __h" R /\hrlhﬁ,h, _(.‘\Nh:‘>5 h,h’,‘ A ¥ o
jh"C‘_B’BI C‘Chh_"JC"’h""’B‘IBI_"h“" _‘I Q)"rl"‘:k(WB“/\ B,
‘h’v“'hy"/\_h‘ Chu""s‘lsl_sh“/\"‘,‘_W‘H >¢“‘/\’_‘5'<_V‘V""I
L. T SRS A T oy > A B &Y T TN RhYET AS RS T () @
OB LASTTN BT T YT s Sy A AT E Y R T s G
AT S ht ARG Z T Bh ChhA | SERAC wpehKths s A L AT SN L ST
w A h _"‘{'h‘_h_" >"/\5_’W/»<h"‘ ‘B_/\",">‘h"_’,">\/\>/\""’w¢’_'/\Ih h
Tt 7Y, Y7 h Y S B ChB‘C">'h>h“h"‘”<‘“‘1"h‘,‘y"5_‘h<' Y
>S8 ‘Y 1 Y <Y1 ' h >B|M5h‘<"'¢vh""’“'hl_h‘{(klj‘“’lh G ne h - Y ¢« mg¢ g
.. TTe Y “CityGNILIndodr GML IFG LADN).
1 . ¥ 1 B o 55" h” ~ ">‘w""’h'y s h ¢ : 4 's‘){h"h>"_y\h'_'_5'<_"" "" Poro o . ()
>"/\_B<""’"" B’h,>l‘_ITh>] h"h‘h’tf"_’j_’sl”‘lﬁ‘L'V <‘"‘. ¥ )
BJ’VAIJ>V‘_AVJ,h"A r' ‘h/\‘C_J/\I;l"ﬁ‘Lh_""Bfli"l‘ﬁi‘_B'h"
. _ 4T h>ps" SHE R <770 O @A LKLY SWAL A WL AE > K .
laserBLKW c n X _ '  Leic@dbh &&" 8 mMwa, " _ - N AB ., Cyglon® ! " AE _
REGISTER 360h * h ='7 > A" " A T T "ReCap.' '+ ¥ hbShs ' h
Autodesk [ W < "> A K <Y T T T hash RVt T O, W s &Y
‘h’h>5_"¢"h‘“juff5t‘1" ">h“"<€“’h1“¢h'/l\_“><|s'_’,"‘,"’y’5"h
¢ E A h’ h o

N T

faserscannér >s 7



Abstract

In recent yearghe technology of laser scanning is being used more frequently as a new
surveying methodconstantly increasing the field of use. Laser scanners are beingtaised
capture objects, buildings, surfaces, monuments in order to be digitalizeml ar3d form.

The 3d models that are created contain infioation about the shape, the coloand the
internal structure ofthe objects that are being ctyred. Additionallythese models cané
created either with algorithmic procedures or with laser scanning and camsee for
various scopes. The point clouds that are created by the scans, with the help of the proper
software usually CAD type, are structured into 3d models.

The complex development of space and the need for visual representation for better
planning and dvelopment has led to the evolvement of several modeling techniques.
Additionally the complexity and the degree of difficulty certain technical projecisthe
projects of usage changes in buildings, renovation and expapsaeccts ofbuildings and
static building analysigjemand the development of 3d models for thé@inplementation

For this reason severdtd modelshave been created and developed (geomgttopological,
semantig according to the purpose of the application. At last the need toestand
exchange informatiomaboutthe 3d models, has led to the development of standards.

The current diploma thesis consists of two parts. In the first, e theoretical background
is being developed while in the second part the application of a 3door modeling of a
building is presented with the use of a laser scanner. In the theoretical backggmunedal
information are mentioned about the laser scanners, tlireadvantages and disadvantages,
their basic categorieand applicatios. Additionally sme of the most common categories of
3d modeling are presented ( photogrammetric modeling, procedural modellreghniques
about the interpolation of time and scale into the models are presenkgery technique
creates a 3d model in which besides geonuatriinformation, topologia and semantic
information can be incorporated. Also BIM methodolagfymodelingis presented on a
great scale and somstandards for exchange and representation of spatial information
(CityGML, IndoorGMILFC, LADM.

In the second partthe application of a 3d modeling is presented. The modeling was
conducted in the indoor space of Lampadario Building of the School of Rural and Surveying
Engineering, namelyn the Lab of PhotogrammetrZadastre. The data collectiowas
conducted with the BLK360 laser scanmaqducedby Leica The registration of the point
clouds was conducted @yclone REGISTER a6dthe noise reduction in Autodesk ReCap.
The modeling sdfvare used, was Autodesk Revltat offers parametric modetig, semantic

data storage and confronts the building as a unit.
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3.10.3 Industry Foundation Classes (IFC)
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Review and Optimize

Tips for Viewing

Viewing options

Tips For Inspecting Bundles and Links

Links are colored

error.

By defauit:

. Yellow, or to indicate the

. indicates an overall error of 15mm or less.

Yellow indicates an overall error of 16mm to 19mm.

indicates an overall error of 20mm or greater.

indicates a pre-registered or user created link.

A dashed link indicates that the hink s un-optimized

Defaults for error thresholds can be changed in the

Settings area.
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|| BLK360_3503444 Setupl.blk 11/13/201812:31 ...  Apyzio BLK 252,518 KB

|| BLK360_3503444 Setup2.blk 11/13/201812:33 ... Apyzio BLE 246,467 KB

|| BLK360_3503444_Setup3.hlk 11/13/201812:34 ..  Apyzio BLK 275,823 KB

|| BLK360_3503444_Setupd.blk 11/13/201812:35 ..  Apyzio BLK 254,359 KB

|| BLK360_3503444_SetupS.hlk 11/13/201812:36 ..  Apyzio BLK 251,487 KE

|| BLK360_3503444_Setupb.blk 11/13/201812:37 ...  Apyzio BLK 265,920 KE

|| BLK360_3503444_Setup7.hik 11/13/201812:38 ..  Apyzio BLK 256,354 KB

|| BLK360_3503444_SetupB.hlk 11/13/201812:39 ..  Apyzio BLK 245,440 KB

|| BLK360_3503444_Setupd.blk 11/13/201812:40 ..  Apyzio BLK 263,090 KB

|| BLK360_3503444 Setupl0.blk 11/13/201812:41 ..  Apyzio BLK 256,670 KE

|| BLK360_3503444 Setupll.blk 11/13/201812:42 ...  Apyzio BLE 257,133 KB

|| BLK360_3503444 Setupl2.blk 11/13/201812:43 ..  Apyzio BLK 250,879 KB

|| BLK360_3503444 Setupl3.blk 11/13/201812:45 ..  Apyzio BLK 241,034 KB

|| BLK360_3503444 Setupld.blk 11/13/201812:46 ...  Apyzio BLK 249,970 KB

|| BLK360_3503444 Setupl5.blk 11/13/201812:47 ...  Apyzio BLK 248,090 KE

|| BLK360_3503444 Setuplf.blk 11/13/201812:50 ..  Apyzio BLK 484 404 KB

|| BLK360_3503444 Setupl7.blk 11/13/201812:51 ...  Apyzio BLK 258,966 KB

|| BLK360_3503444 Setupld.blk 11/13/201812:52 ..  Apyzio BLK 276,647 KE

|| BLK360_3503444 Setup20.blk 11/13/201812:55 ...  Apyzio BLK 455,749 KE

|| BLK360_3503444 Setup21.blk 11/13/201812:58 ...  Apyzio BLE 496,820 KB

|| BLK360_3503444 _Setup23.blk 11/13/201812:59 ...  Apyzio BLK 249,092 KB

|| BLK360_3503444 Setup24.blk 11/13/2018 1:00 PM  Apyzio BLK 246,956 KB

|| BLK360_3503444 Setup25.blk 11/13/2018 1:02 PM  Apyzio BLK 247,217 KB

|| BLK360_3503444 Setup26.blk 11/13/2018 1:03 PM  Apyzio BLK 242,656 KE

|| BLK360_3503444 _Setup27.blk 11/13/20158 1:04 PM  Apyzio BLK 248,902 KB

|| BLK360_3503444 _Setup28.blk 11/13/2018 1:05 PM  Apyzio BLK 257,009 KB

|| BLK360_3503444 _Setup29.blk 11/13/2018 1:06 PM  Apyzio BLK 224 792 KB

|| BLK360_3503444 Setup30.blk 11/13/2018 1:07 PM  Apyzio BLK 249,001 KE

|| BLK360_3503444_Setup31.blk 11/13/2018 1:08 PM  Apyzio BLE 249,398 KB

|| BLK360_3503444 Setup32.blk 11/13/2018 1:03 PM  Apyzio BLK 232,620 KB

|| BLK360_3503444 _Setup33.blk 11/13/2018 1:10 PM  Apyzio BLK 244 856 KB

|| BLK360_3503444 Setup3d.blk 11/13/2018 1:11 PM  Apyzio BLK 242,045 KB

|| BLK360_3503444 Setup35.blk 11/13/2018 1:13 PM  Apyzio BLK 243,954 KE

|| BLK360_3503444 Setup36.blk 11/13/2018 1:14 PM  Apyzio BLE 253,783 KB

|| BLK360_3503444 _Setup37.blk 11/13/2018 1:15 PM  Apyzio BLK 250,716 KB

|| BLK360_3503444 _Setup3a.blk 11/13/2018 1:16 PM  Apyzio BLK 280,941 KB

|| BLK360_3503444 _Setup39.blk 11/13/2018 1:17 PM  Apyzio BLK 262,976 KB
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| . Ternporary Cache Files 172272019 813 PM Dakehog opy e |

| polytexneio manos 1.diff 1171372018 12:54 ... Apyzio DIFF 79,734 KB

__| polytexneio manos 1.1t 11/43/201812:54 ...  Apyeio LLT 512 KB

|| polytexneio manos Lorcc 11/13/201812:54 ... Apyeio RCC 45,644 KB

|| poelytexneio manos Lrch 11/13/201812:54 ... Apyeio RCH 12,641 KB

% polytexneic manos 1 11/13/20181:11 PM Autodesk ReCap 5. 197,752 KB

|| polytexneio manos 1.thumbnail 11/13/2001812:54 ... Apyzio THUMEBN... 37 KB

|| polytexneio manos 1_interl8_0.termpld 11/13/201812:54 ... Apyzio TEMP16 1KB

__| polytexneio manos 1_inter29_0.tempd? 11/13/2001812:54 ... Apyeio TEMP2ZT 1KB
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Overall Quality
Error Results for Bundle 1
Bundle Error
Setup Count: 34 0.004m
Link Count: 37 :

Strength: 71% Overlap Strength
Overlap: 50 % 50% 71%

Cloud-to-Cloud

0.004m 0.004m

. Max error of 0.015 m. Max error of 0.020 m. . Error greater than 0.020 m.
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Link Name

Setup 1

Setup 2

Overlap

Abs. Mean Error

Link 23
Link 24
Link 25
Link 26
Link 27
Link 28
Link 29
Link 30
Link 31
Link 32
Link 33
Link 34
Link 35
Link 36
Link 37
Link 38
Link 39
Link 40
Link 41
Link 42
Link 43
Link 44
Link 45
Link 46
Link 47
Link 48
Link 49
Link 50
Link 51
Link 52
Link 53
Link 54
Link 55

Link 56
Link 57
Link 58
Link 59

BLK360_3503444_Setup4

BLK360_3503444_Setups

BLK360_3503444_Setup4

BLK360_3503444_Setup7

BLK360_3503444_Setups

BLK360_3503444_Setup7

BLK360_3503444_Setup5

BLE360_ 3503444 Setupll
BLK360_3503444_Setup5

BLK360_3503444_Setup9

BLK360_3503444_Setupl3
BLK360_3503444_Setupl3
BLK360_3503444_Setupld
BLK360_3503444_Setupl3
BLK360_3503444_Setup16
BLK360_3503444_Setupl6
BLK360_3503444_Setupll
BLK360_3503444_Setup20
BLK360_3503444_Setup21
BLK360_3503444_Setupl6
BLK360_3503444_Setup25
BLK360_3503444_Setup21
BLK360_3503444_Setup23
BLK360_3503444_Setup29
BLK360_3503444_Setup29
BLK360_3503444_Setup27
BLK360_3503444_Setup26
BLK360_3503444_Setup30
BLK360_3503444_Setup30
BLK360_3503444_Setup29
BLK360_3503444_Setup29

BLK360_3503444_Setup35-2
BLK360_3503444_Setup33-2

BLK360_3503444_Setup32
BLK360_3503444_Setup38
BLK3I60 3503444 Setup?

BLK360_3503444_Setup35-2

BLK360_3503444_SetupS

BLK360_3503444_Setup6

BLK360_3503444_Setup6

BLK360_3503444_Setup8

BLK360_3503444_Setupd

BLK360_3503444_Setupd

BLK360_3503444_Setup?

BLK360_3503444_Setup12
BLK360_3503444_Setupll
BLK360_3503444_Setup10
BLK360_3503444_Setupl2
BLK360_3503444_Setupll
BLK360_3503444_Setupl5
BLK360_3503444_Setupl4
BLK360_3503444_Setupl7
BLK360_3503444_Setup18
BLK360_3503444_Setupl6
BLK360_3503444_Setup21
BLK360_3503444_Setup23
BLK360_3503444_Setup21l
BLK360_3503444_Setup26
BLK360_3503444_Setup25
BLK360_3503444_Setup24
BLK360_3503444_Setup25
BLK360_3503444_Setup20
BLK360_3503444_Setup28
BLK360_3503444_Setup27
BLK360_3503444_Setup31
BLK360_3503444_Setup32
BLK360_3503444_Setup32

BLK360_3503444_Setup33-2

BLK360_3503444_Setup3b

BLK360_3503444_Setup34-2

BLK360_3503444_Setup3s-2

BLK360_3503444_Setup39
BLK360_3503444_Setup3s
BLK360_3503444_Setup37

B3 %
15%
13%
5%
42 %
18 %
73 %
54 %
B9 %
70 %
70 %
26%
57 %
20 %
41 %
26 %
67 %
90 %
24 %
1%
26 %
70 %
66 %
75%
62 %
20 %
55%
73 %
12 %
49 %
37 %
26 %
70 %

38 %
46 %
48 %
55 %

0.005 m
0.005 m
0.005 m
0.005 m
0.005 m
0.005 m
0.003 m
0.004 m
0.003 m
0.003 m
0.004 m
0.005 m
0.003 m
0.004 m
0.003 m
0.003 m
0.003 m
0.004 m
0.004 m
0.003 m
0.004 m
0.005 m
0.003 m
0.003 m
0.004 m
0.005 m
0.003 m
0.006 m
0.003 m
0.003 m
0.004 m
0.005 m
0.003 m

0.004 m
0.004 m
0.005 m
0.005 m
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Link Name Setup 1 Setup 2 Overlap Abs. Mean Error
I Link 33 BLK360_3503444_Setupl3 BLK360_3503444 Setupl2 70 % 0.004 m
Cloud to Cloud 0.004 m
Mean Target
Target e 0.003 m
Error:
Target (Setup 1) Target (Setup 2) Error
Target 77 Target 72 0.005 m
Target 78 Target 73 0.001 m
Target 76 Target 74 0.003 m
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Link Name Setup 1 Setup 2 Overlap Abs. Mean Error
ILink 34 BLK360_3503444_Setupl3 BLK360_3503444 Setupll 26 % 0.005 m
Cloud to Cloud 0.005 m
Target Mean Target 0.005 m
Error:
Target (Setup 1) Target (Setup 2) Error
Target 78 Target 67 0.002 m
Target 76 Target 69 0.007 m
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Link Name Setup 1 Setup 2 Overlap Abs. Mean Error
ILink40 BLK360_3503444_Setup20 BLK360_3503444_Setup2l 90 % 0.004 m
Cloud to Cloud 0.003 m
Target balEl L 0.004 m
Error:
Target (Setup 1) Target (Setup 2) Error
Target 95 Target 101 0.005 m
Target 96 Target 102 0.002 m
Target 99 Target 103 0.006 m
Target 100 Target 104 0.003 m
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I Link 46 BLK360_3503444_Setup29 BLK360_3503444 Setup25 75 % 0.003 m
Cloud to Cloud 0.005 m
Target e 0.002 m
Error:
Target (Setup 1) Target (Setup 2) Error
Target 124 Target 112 0.002 m
Target 126 Target 113 0.002 m
Target 128 Target 114 0.002 m
Link Name Setup 1 Setup 2 Overlap Abs. Mean Error
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Link Name Setup 1 Setup 2 Overlap Abs. Mean Error

I Link 47 BLK360_3503444_Setup29 BLK360_3503444 Setup20 62 % 0.004 m

Cloud to Cloud 0.005 m

Target :fj: Target 0.003 m

Target (Setup 1) Target (Setup 2) Error

Target 126 Target 97 0.004 m

Target 128 Target 98 0.003 m
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ILink 50 BLK360_3503444_Setup30 BLK360_3503444 Setup3l 73 % 0.006 m

Cloud to Cloud 0.003 m

Target oL 0.008 m

Error:

Target (Setup 1) Target (Setup 2) Error

Target 129 Target 133 0.009 m

Target 130 Target 134 0.004 m

Target 131 Target 135 0.011m
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