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A Fpaika: TeEXVIKEG YEDHETPIKNG AVATTAPACTAONG

»Polygonal (MoALYWVIKO HOVTEAO)
»Parametric patches (MapaueTPIKES ETIPAVEIEC)

»>Spdatial subdivision (AlQuépion XwEOL)

»>Particle systems (XuoTnuaTa cwuaTISIV)
NEPOC ONUEIWV

»Constructive solid geometry — CSG
(KaTaokevaoTIKN MEWUETOIO LTEQEWV)

»Fractals



AOYIONIKO

|

» CloudCompare
hitps:.//www.danielgm.net/cc/

NQ TO €XETE «(KATERPAOTEM YIA TO ETTOUEVO
uabnua



https://www.danielgm.net/cc/

WHPIONOIHIH 2A KAI 3A

To oNua (TTANEOPOPIa) XAvEel TNV AVAAOYIKN-OLVEXN
LOopP®pN TOV.

Wnpiako onua -> AIOKPITEC TIWES

YTOLC H/Y N avamapaocTaon TNG TTANPOPOPIAC

YiveETayoe SLASIKN popPPpN (eTIKOATNOE TO SLABIKO
oLoTNUA)

TLUTTEPACHA

[0 va PImTopECOLUE VA ATTOBNKELOOLYE KAl VO
AVATTOPAYOLUE TNV TTANPOPOPIa e TN xpnon H/Y
TOTE ALTN WE KATTOIO TOOTIO TTPETTEI VA UETATOATTEI O€
AKOAOLOIO APIBUWYV.

\\



MAEONEKTHMATA WHOIOMOIHMENOY
1HMATOL

* Avtoxn oto B0puo Kal oTNV TTapPEUBOAN

e ATTOTEAEOMATIKA AvayEvvnon Tou
KWOIKOTTOINMEVOU ONUATOC

* AuvatoTnTa OUOIOUOPYPOU OXNMATOC
METAOOONC YIA OIAPOPETIKA €i0ON ONUATWY
VATOTNTA TTOAUTTAECIOC QVECAPTNTWYV
NYWV TTANPOPOPIac

OIKOVOUIKOTEPN ATTOBNKEUON

EukoAOTEPN dlaxEipIoN-£TTECEPYQTIN
TTANPoPopIac




MEIONEKTHMATA WH®OIOMOIHMENOY
LHMATOL

* ATTWAEIO TTANPOPOPIaC
* AIlyOTEPN AKpPIBEIa
* [loioTnTa avaAoyn TNG dcIypaToANWiag

NAECH KAEIOI: AsiypaToAnwia (TTapakaTtw)

2. UOKEUEC ATTOKTNONG TTANPOYPOPIAC
(TTOPAKATW)



Mpiv Tn SeiyyaroAnwia......

[p&tTel va EEpovuE OE TTOI0 APIBUNTIKO CLOTNUA B4
(KGWSIKOTTOINCOLUEN TNV TTANPOPOPIA HAC.

Eicaywyn — TepIypagpn ToL apiBunTIKOL CLOTAUIATOC
TTOL BACICOVTAlI OAEC Ol YNPIOKEC OLOKEVEC

eival Ta PACIKA apIBuNTIKA CLOTNPATA

[Napadeiyuara YeTaTooTTNG ApIBUY



2uotnuata ApiBunoncg

* Ta ouvnBeoTepa apIBUNTIKA cuoTAMATA Eival
TO OEKAOIKO KAl AUTA TTOU ATTOTEAOUV QUVAUEIC
TOU OUO:

— Aekadiko cuoTtnua (Baon: 1o 10, 20uBoAa:
0,%Y,2,3,4,5,6,7,8,9)

UadIkO cuoTnua (Baon: 1o 2, 2uuoAa: 0,1)

OkTadIko cuoTtnua (Baon: 1o 8, ZuuPoAa:

0,1,2,3,4,5,6,7)

— Aekae€adiko ocuoTtnua (Baon: 1o 16, 2U0uBoAa:
0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F)




2uotnuara ApiBunong

YAV TOTTOG:

d *R+d ,*R"™2+ ... +d,*R+d,

\

d gival To yneio oTnv
i°°™ Q¢on

5,%102+8,* 10! +4*10




AuadIKO cuoTnua

* ‘Ekppacon apiBuwyv ye Baon TIC OUVAUEIC
TOU 2:

— 10001; 1x244+0x23+0x22+0x21+1x20 =17
(1x101+7x10°)

110001:; 1x25+1x24+0x23+0x22+0x21+1x2°
=49 (4x101+9x10°)

[MapaTtnpnocic: H avammapaocTaon apiOuwy oTo
OUAOIKO oUCTNUA ATTAITEI JEYAAO ApPIOUO WnPiwv



MeTaTpoTr) apIBuwyv
TTO TO OEKADIKO OTO OUADIKO

* AINIPOUME CUVEXWGS TO OEKADIKO VOUNEPO (TT.X. 34) UE
TO OUO pEXPI TO TTNAIKO va vivel 0.
— 34:2-> nAiko 17, YtroAoitro O
— 17:2-> lnAiko 8, YT1roAoitro 1
:2<> [1nAiko 4, Y1roAoitro O
:2-> [1nAiko 2, Y1roAoitro 0
2:2-> [1nAiko 1, Y1roAoitro 0
1:2-> TlnAiko O, YTtroAoitro 1

2. XNUaTi(oupe ToV apiBud ypagpovtag Ta UTTOAOITTA ATTO
TO TEAOG TTPOC TNV ApXN:
— O apiBuog 34, givai 0 100010,



BaBog d1piwv (bits)

2Nuaivel rooa digia (bits) xpnoipgoTtrolouvTal yia TNV
ATT00NKEUON TNG TTANPOPOPIAC

(@uunbeite TO Bripa KBAvVTIONG TTOU EITTAPE OTA BAuaATa

TNG OeIyJaTtoAnwiag)

« /24-bit (YwnAig avaiuong)



Eikoveg 1- bit
YTITapXouVv JOVO 2 OUVATES TIMEG
(Maupo 0, AcTtrpo 1)

Opuaoomoinon
YPOUATOV, OVOLYTH
YPOUOTO GTO AEVKO
EVM TO. GKOVPO, GTO
Lo PO.

Eivou elxoveg e
XounAn TAnpogopia,
Hikpo peyeboc.




Eikéveg 4- bit
Y1mrapyxouv 16 duvaTég TIMEG

/ (2*2*2*2=16 XpWuaTa)

Ta eIKovooToIXEiD
gival yaupa (0),
Aeuka (15) n 14
EVOIAUETEC TIMEC
TOU YKpI.

0-> 0000

1-> 0001

15-> 1111

0 2 3 45 6 7 8 910 11 12 13 14 15

I e e e




Eikoveg 8- bit (kpioipo pEyebog)
Ymrapyxouv 256 duvaTEG TIMEG

|

Ta elIkovoaoTolxeia givail
uaupa (0), Aeuka (255) n
254 evOIQUETEC TIMEG TOU
YKPI.

0-> 00000000

1-> 00000001

254-> 11111110

255-> 11111111




Eikoveg 24- bit
Ymrapyouv 16,777,216 duvaTtEg TINES (XpWHATA)

|

KaBe pixel trepiypagetal
atrd 3 o€t 8-bit apIBuwv.

Kabe o€t
AVTITTPOCWTTEUEI 3
KavaAla
(Red-Green-Blue)




Eikoveg 24- bit
ouv 16,777,216 duvaTEG TIMES (XPWHATA)

/
‘Exel BpeOei 011 OAa TO VELLOW

XPWMOATA UTTOPOUV VA
TTPOCOUOIWOO0UV PE KATTOIO
OUVOUQCO O TWV TPIWV
XPWHATWYV

Red, Green, Blue

OT1rwc sitrape TpIv KABE
XPWHMa UTTOPEI va MAGENTA
QTTOTUTTWOEI ETTAPKWG ME

256 TIJEC.

RED GREEN

Cral

BLUE



Eikoveg 24- bit (3 byte)

Kfea XPWHa VoG pixel Trepiypa@eTal atro 3 o€T 8-bit apiOuwv.
[1.x. 110001011111001110101001 (xpwua 12,972,969)

11000101 11110011 10101001 197 243 169

256 TIPEC 256 TIPEC 256 TIPEC \ I /




MeyeBog apxeiou (file size) EZEAIPETIKA ZHMANTIKO

Metpictal o€ bytes (Kilobytes — Megabytes)
E¢aptaral atro
To pEyebocg TS apyeiou
Tov apiOuo Twv bits/pixel yia Tov EAeyxo TNG TIMAC ToU

E¢ opiopou 8 bits -> 1 byte
E¢ opiouou 1 Kilobyte=1024 bytes (duvaun Tou 2)

2" =1024

E¢ opiopou 1 Megabyte=1024 Kilobytes.



MeyeBoc apyeiou (file size) _

YIToAOYITUO: peyedoue o ekovd KAIJOKO S TOU YEPI:

Toc ¥ TTAGTOC = apidpoc Twy pixels
A } Z0voho bitsfemdv

Apidpac tov bits/pixel (1bit, bt 24bit)

g

PR | T Y T (=R A




MeyeBOC apxeioL (Yevika)

MNpétrel va yvwpiovpue SLO TTEPAYUATA:

1) ApIBUOC SEIYUATWYV TTOL CLUTTEQLINAUPBAVEI
(rr [ pixels yia €IKOva, apIBuwyV CNUEIYV O¢
N ONUEIWV)

) NMooca 6LAdIKA YNPia XPNOILOTTOIOLVTAI YIA
TNV KWSEIKOTTOINON TV Selyuatwy (11.X. 1-bif, 2-
bit, 8-bit, K.0.k.)



[TOALYWVIKO PHOVTEAO

\ /
[ dnuiovpyeiTal;
1) Mg Aoviopikd  Ba
2) 3A CAPWTEC

3)POTOYOLAUMETPIO

\




3A YapwTtnc A&ilep

H cdpwon pe 3A TapwTtn Aéilep (3D Laser
Scanning) 1Tou ¢ival €mmong YvwoTn ¢ HDS
(High Definition Surveying) r) LIDAR (Light
Detection and Ranging), ivar pia
TEXVOAOYIA TTOL XONOIUOTTOIEI AKTIVEC AEICED

VIO TN JETPNON KAI KATAYPApN TOL

TTEQIRAANOVTOC XWEOL O€ TPEIC SIACTACEIC.

TIUN €vTaong

(QUOIKN B€0n TOu ONpEiou TIUN XPWHATOG TOU OnEiou
(0€ KAPTEOIAVEG OUVTETAYHEVEC) (Me To npoTUNO RGB)

| T |
RGB

TaI,R,G,B

Oxl navrta

! |
\\ XY/[Z



MeBodoAoyia TV peTpnoewV (i)

A) apwaoelc amo SIapopETIKA
OnNUEIa - ATmOKTNON VEPWV
ONUEIWV

B) Anuiovpyia Koivov onueiov
avapopag kal Evbuypapuion
N Tavtotroinon (cloud
alignment n cloud registration)



TpioblaoTaTn Xaptoypadpnon bwnAnc avaivonc TNG
iI0QC TTEPIOXNC TNG Bpicac (mTapadociakoC OIKICHOC),
ATTO TOV OEIoUO TNC AeoPov oTic 12/06/2017




AVYIOC OepdTT®V, MLTIANVN







Népog onueiwv




[Napaboo1akeC BAOKES

a1 o1 [ Lo Lpp=5.99m
-01 ¥ -0.1 { Loa=6.54m




Anuiovpyia 3A MoOVTEAOUL

S 2 >
TI ytToPEi va
Tapadobei/
/ aflotroin®ei;;

oxediaon anokTnon Ene€epyaaia Mapadoon

NPOoETOIUAcia
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Making a Revit Family from a'‘Pojnt Cle




N

Pl o) 840/849

Making a Revit Family from a Point Cloud

A —

Point cloud to BIM




Acquire Scans
(ASCli and Native)

Register Point
Clouds

(ASCIi)

Create
Polygonal

Model
(0BJ)

Georeference

Acquire
Targets/Control
Points

Acquire Raw
Scans

Register Scans to common
coordinate system

Scans

Pre-Meshing Edits
{Subset of original PC)

Create Polygonal
Mesh

Edit and Hole Fill
Polygonal Mesh

Additional Mesh
Optimizations/Deci
mation

Create 2D CAD
Drawings
(TXT, DXF)

Create
3D CAD Models

(DXE, DWG)

Create Create
Other Video/Animation
Products

Create
Digital Elevation
Model {DEM)
(DXF, DWG)

T Mesh Creation/Editing Metadata

Metadata

| - Project Level Metadata
-Scan Level Metadata (per scan)

Registration Metadata
- Global registrationerror
I - Total number of scans used in registration
-Total number of points
- Dataset Georeferenced (Y/N)
If Yes, include TXT file of control points

*************** PreMeshing Metadata

- 3D CAD Model Parameters

- Cross Section, Plan or
Elevation CAD Drawing
Parameters

{ - DEM Parameters ‘

‘ - Video Parameters ‘

Archival

Data Sets

Required for
Archival

Transformation |
Matrices (TXT)

Registered
Data Set

S S ESs
[ Transformation |

I Matrices (TXT)
|

| -Metadata for Raw Scans

-Metadata for Registration

-Metadata forinterim
level dataset

-Complete Metadata for
Final Product




[Napaberyua Point Cloud

Raw:
h’r’rps:///s‘ﬁe’rchfob.com/models/0544écc1 82104c63095e3e9228ebb4c4

EvteCepyaocuevo:
ttps://sketchfab.com/models/85cba491e0a84ce58dc4a/5715073ad?2



https://sketchfab.com/models/05446cc182104c63a95e3e9228eb64c4
https://sketchfab.com/models/85cba491e0a84ce58dc4a75715073ad2?ref=related

TI apxela Exovue yia point
clouds

» XYZ n TXT (KOPpLEPEC POVO, VEPOC)
» XYZ (VEPOG, XpwWHAa, evTaon)
» XY7Z (VEPOC UE KAOBETEC ETTIPAVEIQWV)




XYZ (onueia uovo, VEPOC)

Tpiaéec X, Y, Z
4*8=32bits

0.031222 0.126304 0.005149

0.044677 0.131204 0.005705 2A32 = 4.3 b10. TIpEG
0.068301 0.144828 0.041369

0.006001 0.130398 0.017899

0.017357 0.127613 0.005269

0.033051 0.107034 0.031954

0.040087 0.105210 0.017342

0.030180 0.106322 0.039974

0.030419 0.118572 0.018807

o 0NN~

Ma kABe TipN X,Y,Z -> 4 bytes. Apa yia 10000 peTpnoelg/KopLpEg,
TTOOCO €ival TO UEYEOOC apxeiov;:;




XYZ (oNnueia uovo, VEPOC)

KaBe petonon (oNUEIo vEPOULG):
3 X 4 bytes = 12 bytes
10000 petpnoelic =120.000 bytes

Apda: 120 KB n 0,12MB (tTepitTou)




XYZ (onueia + xpwua)

2 Tpiaéeg (X, Y, Z, R,G, B)

0.031222 0.126304 0.005149 250 250 124
0.044677 0.131204 0.005705 250 250 124
0.068301 0.144828 0.041369 250 250 124
0.006001 0.130398 0.017899 250 250 120
0.017357 0.127613 0.005269 250 250 124
0.033051 0.107034 0.031954 250 236 124
0.040087 0.105210 0.017342 251 252 120
0.030180 0.106322 0.039974 251 252 120
0.030419 0.118572 0.018807 253 252 121

o O NN~

Na kaBe TipnN X,Y,Z -> 4 bytes kai R,G,B->1 byte. Apa via
10000 peTPNOEIG/KOPLPES, TTOCO EiVal TO PEYEDOC apxEiov;;;




XYZ (onueia + xpwua)

KaBe petonon (oNUEIo vEPOULG):
3 X 4 bytes + 3 byte = 15 bytes
10000 petpnoelic =150.000 bytes

Apda: 150 KB n 0,15MB (tTepittou)




XYZ (onueia + xpwpa + eviaon)

2 Tpiaéeg (X, Y, Z, R,G, B) + 1 1iun evraong

0.031222 0.126304 0.005149 250 250 124 234
0.044677 0.131204 0.005705 250 250 124 442
0.068301 0.144828 0.041369 250 250 124 441
0.006001 0.130398 0.017899 250 250 120 445
0.017357 0.127613 0.005269 250 250 124 233
0.033051 0.107034 0.031954 250 236 124 233
0.040087 0.105210 0.017342 251 252 120 235
0.030180 0.106322 0.039974 251 252 120 234
0.030419 0.118572 0.018807 253 252 121 233

o O NN~

Na kaBe iun X,Y,Z -> 4 bytes, R,G,B->1 byte, I->2 byte. Apa vyia
10000 peTPNOEIG/KOPLPES, TTOCO EiVal TO PEYEDOC apxEiov;;;




XYZ (onueia + xpwpa + eviaon)

KaBe petonon (oNUEIo vEPOULG):
3 X 4 bytes + 3 byte + 2 bytes = 17 bytes
10000 petpnoelic =170.000 bytes

Apa: 170 KB n 0,17MB (tTepitTou)




XYZ (ONuEIa + XPWUQ)  [2n32=438ic

TIMEC

BAZIKA AOMIKA ZTOIXEIA ENOZ 3A MONTEAOQY

Nedog Znpeiwv — Point Cloud = Vertices

Zapwon pe Arius 3D Foundation System 100

Anooctach avapsoa o dUo ysitovika Ssiypata ~“100pum (0.1mm)
AkpiBsia petpnong ~25um (0. 025mm) (Z)

12.216.174 kopudseg =

X,Y,Z > 4 bytes x 3
R,G,B =2 1bytex3

12.216.174 x 15 = 183.242.610 bytes = 174.75 MB = 0.17GB




TI eival Ta normals eTTIPAVEIV

normal = kaBeTo didvuoua




3
D

Normal Estimat

KaQBe kopvpn p va
TTOAOYIOTEI N TTAPAYWYOC
(X.y"z')

#  Normal
Estimation
for Noisy
PCD




Napadeyua:
Nooo eival To normal vector otnv kopupn A;;;

B(3.8,3)

30 C(5.6.7)

N <

A(3.3.1)



Napadeyua:
Nooo eival To normal vector otnv kopupn A;;;

B(3.8.1) YmoAoyilw 1o pETpo ToL V1

V1=sqrt((3-3)A2 + (8-3)A2+(1-1)A2)=
=sqrt(0 + 25+ 0) =sqrt(25) =5

30 C(5,6.7)

N <

A(3,3,1)



Napadeyua:
Nooo eival To normal vector otnv kopupn A;;;

B(3.8.1) YmroAoyilw 1o pETpo ToL V1

V1= sgrt((3-3)A2 + (8-3)A\2+(1-1)A2)=
=sqrt(0 + 25+ 0) =sqrt(25) =5

30 C(5,6,7) YTTOAOYI{w TO PETOO TOL V2

V2= sqgrt((5-3)A2 + (6-3)N\2+(7-1)\2)=
=sqrt(4 + 9 + 36) =sqrt(49) =7

N <

A(3,3,1)



Napadeyua:
Nooo eival To normal vector otnv kopupn A;;;

ApPa TO KABETO SIAVLOUA EXEl UETOO
TO:

An=5*7*nu(30) = 35 0.5 = 17.5

30 C(5,6.7)

N <



Ti cupPaivel OTAV EXOLHE KOPLPN HE TTAVE ATTO SVO AKMEG

YmroAoyiCovpe T cvpPaiver ava SVO Kal PETA PPICKOLPE TN
OLVIOTAPEVN OAYV TRV SIAVLOUATWV




Nfinal







Normal Estimation

Xpnon ueBodou EAQXIOTWY TETOAYWVOV OE MIA YEITOVIA UE AKTIVA F YOPW
aTto TNV KopLPN P

Y€ KOBE TTepITToN «MOCcA YETOVIKA onueia xpeialouan

Napadelypa: 7 YEITOVEG Nomal

Estimation
for Noisy
PCD




Normal Estimation

Xpnon ueBodou EAQXIOTWY TETOAYWVOV OE MIA YEITOVIA UE AKTIVA F YOPW
aTto TNV KopLPN P

Y€ KOBE TTepITToN «MOCcA YETOVIKA onueia xpeialouan

D

Napadelypa: 3 YEITOVEG Nomal

Estimation
for Noisy
PCD










o O NN~

XYZ (onueia + xpwua + eviaon

+ normails)

0.031222 0.126304 0.005149 250 250 124
0.044677 0.131204 0.005705 250 250 124
0.068301 0.144828 0.041369 250 250 124
0.006001 0.130398 0.017899 250 250 120
0.017357 0.127613 0.005269 250 250 124
0.033051 0.107034 0.031954 250 236 124
0.040087 0.105210 0.017342 251 252 120
0.030180 0.106322 0.039974 251 252 120
0.030419 0.118572 0.018807 253 252 121

2 Tpiaéeg (X, Y, Z, R,G, B) + 1 1ipn évraong + 3 Tiyeg normals

234 0.017357 0.127613 0.005269
442 o e e
44T L e i e
445 Lo i i
233 e e e s e
233 e e e s e
235 i e i e
234 i s i s
233 e e e e

Na kaBe iun X,Y,Z -> 4 bytes, R,G,B->1 byte, I->2 byte, normals->4
bytes. Apa yia 10000 peTpNoeIC/KOPLEPES, TTOCO Eival TO UEYEBOC

APXEIOL;;;



XYZ (onueia + xpwpa + eviaon)

KaBe petonon (oNUEIo vEPOULG):
3 X 4 bytes + 3 byte + 2 bytes +

+ 3 X 4 bytes = 29 bytes

10000 petpnoeic =290.000 bytes

Apa: 290 KB n 0,29MB (tTepitTou)




ME TI POTOYOAUUETOIA Tl
YIVETQI;;;




*.0D]

*.ply
*Ixt

*JPg
*.png

*. mil

Z1P

Sphere with texture




obj (oNnuela + Xpwua + Evraon
+ normails)

Tpiabdec v(X, Y, Z) + vpn To1adwyv vt (2 Tipeg) + normal vn + faces f
(empaveieg)

# 311410 vertices, 566887 faces millib tex.mtl (oxoAia)

v 49.552986 -19.952265 2.509829
vt 0.065067 0.099878

—— 1N kopupn

f 5609/5946 5328/5657 4378/4692

Na kaBe miun X,Y,Z -> 4 bytes, R,G,B->1 byte, I->2 byte, normals->4
bytes. Apa yia 1000 pueTpNoEIC/KOPLEPES, TTOCO Eival TO PEYEDOC
APXEIoL;;;



obj (oNnuela + Xpwua + Evraon
+ normals)

vn 0.017357 0.127613 0.005269 (cuvNBwC OUwWC TTAPAAEITTETAI)
naTi;;;;

Eqpooov vmapxel N TANpogopia Twv faces (emepaveiwyv) dev uag
£ival atTapaitnTn N TTANEOPOPIA ALTn.

f 5609/5946 5328/5657 4378/4692 (11 onuaivel;;;)

fFv1[/vi1][/vn1] v2[/vi2][/vn2] v3[/vi3][/vn3] (yevikN pop®pn)
TOIYWVIKO JOVTEAO VIO TNV ETTIPAVEIQ:

'Exovpe 3 kopupeg pe ids (5609, 5328, 4378) ue avTioToixa textures
ue ids (5946, 5657, 4692)

\\



Aoknoeic orto Meshlab

oknoéeig oto CloudCompare




EuxapioTtw yia TNV Toocoxn cac!!!

YTOIXeia Emmkolvaoviag:
Email: canag@aegean.gr
TNA: 22510-36624



mailto:canag@aegean.gr

