EONIKO METZOBIO NMOAYTEXNEIO
2XOAH ATPONOMQN KAI TOMNOTINPA®QON MHXANIKQN
OEQPIA TEQMNAHPO®OPIKHZ

3D GIS
KAl QVaTTOpAoTAaON aVayAu@ou



Nari 3D;

O k6ouo¢ dev gival dIdIACTATOC OUTE OTATIKOG. ETTONEVWG XpeIalOuaoTE
QuUVATOTNTA AvVATTAPACTACONG TWV 3 OIACTACEWY AAAQ KAl TOU XPOVOoU.

[1po¢ 10 TTapdV Ba acxoAnBoupe Pe TIC 3 DIGOTACEIC KAl TTIO
OUYKEKPIYEVA PE TNV AvVATTAPACTAON TOU YIIVOU TOTTOYPAPIKOU
avayAuou.




3D ota GIS

H 1TAéov ouvrOnc/yvwaoti/Trapadoaciakr) avarrapdoTacn Tou
avayAUu@ou gival HEOW TWV I00UWWV KAPTTUAWY, ] OIKTUOU YPANMWY
YVWOTO W¢ wireframe.

Ta TrepicooTtepa cuotnuata GIS, yexp! TTPOTIVOG OEV UTTOPOUCAV VA
QVTIMETWTTIOOUV YEWMETPIKA 100TIMA TNV 3N dlaoTaon, aAAG JOVO WG
TTEPIYyPa@IKr TTAnNpogopia (attribute information) ka8 2D
avTIKEINEVOU. ‘ETOl yia TTapAdEIyua pia Ic0OUWNG ATav pia 2D ypauun
TTOU TTEPIEIXE OTIC TTEPIYPAPIKES TNG IDIOTNTEC TO UYOMETPO TNG.

AOGYW TOU TTOAU HIKPOU AGYOU TWV UWOMETPWY (Z) WG TTPOC TNV
éktaon (X-Y), n 1pitn d1G0TACN TOU TOTTOYPOAPIKOU avayAu@pou dev
gival eUKOAa avTIANTITA KAl YIa auTO OTIC AVATTAPACTACEIC CUVHBWC
TNV atreikovi(oupe JE AAAN augnuevn KAipaka (X2, x3) (Add vertical
exaggeration for visual effect)



Al0TTIOTWOEIG

H emi@aveia Tou ToTToypa@Ikou avayAugou dev gival TToAUTTAokn 3D
ovTOTNTA, OTTWG:




2uvexég @aivopevo (continuous field - Functional surfaces)

Emi@adaveia 2.5D: pévo Eva uypouetpo (A Tiun Z) yia k&g
euyoc XY




YWOMETPIKA HOVTEAD oTa GIS

Digita
Digita

Digita

errain Models (DTM)
Elevation Models (DEM),
Surface Models (DSM),

- Triangulated Irregular Networks (TIN)
- Contour surfaces

ATTOTEAOUV PIa GUAAOYN OTOIXEIWYV TTOU TTEQIYPAPOUV TNV
ETMIPAVEIQ XPNOIYOTTIOIWVTAC dlaKpPITa onueia. MNapadeiyua
uiac dlakpITAG etTipavelac atroTeAei To Wnoiakd MovteAo
Eddagouc (Digital Terrain Model).



NMapeuBoAn (interpolation)

N O1adIKACIA EKTINNONG AYVWOTWY TINWV O€ ONMEIa AtTd YVWOTEG TIMES
O€ VEITOVIKA onuEia

I0OTIMEC KAPTTUAEC (OTTWC I00UYEIC)

TINBDIY
K \\:T/. } » » L & » & »
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Baoiki Yo0son yia Tn XwWpPIKA TTapeUBOAR
(Spatial Interpolation)

Waldo R. Tobler (UCSB)

First Law of Geography (vopog Tobler):

"everything is related to everything else, but near things are more
related than distant things "

ME GAAQ AOvVIQ,

TA €yyUTEPA HOIAlOUV TTEPICOOTEPO ATTO TA TTIO ATTOUAKPUCHEVA.



Xwpikn MapepPoAn (Spatial Interpolation)

N O1adIKACIA EKTINNONG AYVWOTWY TIHWV O€ ONMEIa ATTO YVWOTEG TIMES
O€ VEITOVIKA onuEia

2Ta0uiopévoc M.O. e Bdpn Tov avTioTpoo TG atrdéoTaong (inverse
distance weighted interpolation procedure).

n o,
: L6
+230 7 o1 N
P/B < Zp= T
_|_
5 O)
=~ \q
35 1=1 :
580
_|_
440
230+ 320 N 530
23 58 3
210, 630 + L,

23 58 35

https://www.e-education.psu.edu/natureofgeoinfo/c7_p9.html
licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License(link is external).



https://www.e-education.psu.edu/natureofgeoinfo/c7_p9.html
http://creativecommons.org/licenses/by-nc-sa/4.0/

Xwpikn MapepPoAn (Spatial Interpolation)

N O1adIKACIA EKTINNONG AYVWOTWY TIHWV O€ ONMEIa ATTO YVWOTEG TIMES
O€ VEITOVIKA onuEia

2Ta0uiopévoc M.O. e Bdpn TO TETPAYWVO TOU AVTIOTPOPOU TNG
atmréoTaong (inverse square distance weighted interpolation procedure).

11 =

: L6

+230 7 o N4
P/B < Zp= T

_|_
0
35 1=1 !
580

440 230 320 580

+ + ==

2 58 3

2|0+ 6530+ | N | N |

23> 58 3F°

https://www.e-education.psu.edu/natureofgeoinfo/c7_p9.html
licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License(link is external).



https://www.e-education.psu.edu/natureofgeoinfo/c7_p9.html
http://creativecommons.org/licenses/by-nc-sa/4.0/

TIN - AikTuo AkavovioTwy Tpiywvwy - |

e E10IkN nepinTwon 1avuouaTIKNG TONOAOYIKNG
OOoMNG
AnuioupyeiTal Bacel cuvoAou ONUEI®WV Nou
xapakTtnpifovTal ano
eva (eUyoC OUVTETAYMEVWYV (X, Y) O0TO €ninedo Kal
Jia TIMN Zz oTnv kaBeTtn diaocTtaon.
XpnoIYOoNoIEITAl YIa TNV avanapaoTraon
enipavelwv 2,5 diaoctacswy.



AikTuo AkavovioTwyv Tpiywvwy - I

MNapadeiypa avanapaoTaong enipavelac Je xpnon OIKTUOU akavovioTwy
TPIYWVWOV



AikTuo AkavovioTwyv Tpiywvwy - Il

e Mwc oxnuarileTal:
Ta onueia evwvovTal NETAEU TOUC UE

gubuypapua TuNUaTa oxnuaTidovTac un
ENIKAAUNTOUEVA Tpiywva.

H dnuioupyia Twv Tpiywvwyv BacileTal oTov
TpIywVvIiouo Delaunay.



AikTuo AKavovioTwy Tpiywvwy - IV

Tpiywvo Kopupég I;z:\%:fg
A 1,2,3 B,T
B 1,3,4 A A
r 2,3,5 A AH
A 3,4,5 B,T,E
E 4,5,6 AZ
Z 5,6,7 E,H
H 2,5,7 [z

Napadeiypa oxnuaTiogou OIKTUOU akavovIoTWV TPIYWVWV



Tpiywviounog Delaunay

1. AnpioupyouvTal KUKAoI nou diepxovTal ano Tpia
onueia

2. KaBe Tp1ada auTtwv Twv onUeinv oxXnUaTiCer eva
TPIywVvo.

To oUVOAO TWV TPIYWVWV: TPpIYWVIOUOC Delaunay.

1016TNTEC TPIYWVIOPOU Delaunay:
L (a) dlapoppwvovTal 600 To duvaToV

§ ) M0 1I00TTAEUPA TPIYWVQ,

(B) Bewpeital povadikds Kal

(y) divel To idl0 aTTOTEAEC A
QAVECAPTNTA ATTO TO ONMEIO EKKIVNONG
ONMIoUPYIAGC TWV TPIYWVWV.




MoAuywva Thiessen - |

e Ta noAuywva Thiessen

oxnuatidovTal:

ano TNV Evwon TWV KEVTPWV TWV 01wV KUKAWV TOU
Tplywviopou Delaunay n

BAaoel TOU TPIYWVIOUOU Delaunay, pe Tnv xapaén TWV
psoomesm)v TWV TPIYWOVWV OTANATWVTAC OTA CHUEIa

TOMUNG TOUC.
unooTnpifouVv CUVBETEC YEWUETPIKEC
AEITOUPYIEC.



NMoAuywva Thiessen -

> XNUATIONOG NOAUYWVWV
Thiessen




& Q © 2 www. pi6.fernuni-hagen.de/GeomlLab/VoroUpdate/

Output-sensitive update-operations on geometric data structures

Export graphics Redraw Recompute New Diagram Add Point

Delaunay Voronoi Points




DEMOs

http://www.pi6.fernuni-hagen.de/GeomLab/GWTVoroKOrder/

http://www.pi6.fernuni-hagen.de/GeomLab/GWTVoroAdd/

http://www.eecs.tufts.edu/~vporok01/c163/

http://www.pi6.fernuni-hagen.de/GeomLab/VoroUpdate/

http://alexbeutel.com/webgl/voronoi.html

https://observablehqg.com/@d3/hover-voronoi



http://www.pi6.fernuni-hagen.de/GeomLab/GWTVoroKOrder/
http://www.pi6.fernuni-hagen.de/GeomLab/GWTVoroAdd/
http://www.eecs.tufts.edu/~vporok01/c163/
http://www.pi6.fernuni-hagen.de/GeomLab/VoroUpdate/
http://alexbeutel.com/webgl/voronoi.html
https://observablehq.com/@d3/hover-voronoi

AvaAuon
avayAugou
(terrain
analysis)

Terrain Analysis:
Extraction of topographic

information: Derivative
information
© GITTA 2006 (Creative

Commons)

NAPAIrQro
ZTOIXEIO

Slope

Gradient

Aspect

Curvature

Intervisibility

Viewshed

Hillshade

Stream networks

Catchment

Profile

Volume

Perspective image

Line of greatest
slope

TYNOZ
AMNOTEAEZMATOZ

Number

Number

Number

Number

Yes/no

Polygon

Image

Line

Polygon

Line

Number

Image

Line

NEPIFPA®H
Slope at a point

Gradient between two points

Orientation of the slope

Curvature in a certain direction (for example plan

and profile curvature)

specifies whether the viewer can see a certain
point

Area which is visible from one or more points

Shaded relief under a given illumination angle

Lines of water runoff in the terrain

Area where other areas drain in

Change in elevation of a surface along a line

Calculation of volume change between two
surfaces

Perspective relief representation

Path along the steepest slope


http://www.gitta.info/TerrainAnaly/en/html/index.html
http://www.gitta.info/TerrainAnaly/en/html/unit_ExtracTopoOb.html
http://www.gitta.info/TerrainAnaly/en/html/ExtracTopoOb_learningObject1.html#top
http://creativecommons.org/licenses/by-nc-sa/2.5/deed.en

2. Mpoxwpnueveg 3D
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3D applications — Geology & Mining

A linear/wireframe representation of surface 2.5D
topography and underground mine excavations (tunnels,
shafts, ramps, bore-holes) using 3D space curves




drill-holes
(line-type objests)

=

Figure 1.1 : Mixing object types in a sample layout of an underground mine,

3D complexity In
mining
geoscientific
applications



R INEN

Figure 2.1 Wirsframe ambiouity: Severz! obiests can be reoresented by the same
L] - - - -

wireframe, [from Reguicha & V oelker, 1932).

K : voxel

Ly

Figure 2.2 Sparial Ocsupency Faumeration of 2 solid object.

F'igure2.3

s

Cell decomposition of a solid object.

3D
modelling



U |

/\/ i =

object

CSG tres

Figure 2.4 : Representation of a solic object by 2 CSG tres, [from Fillyaré, 1982].

mm l T T S T R 7

e e 5

Figure 2.5 : Volume swept by a 2-D shape along a straight line.

3D
modelling



3D

modelling

9 faces
16 edges
9 vertices

Figure 2.6: A boundary representation of a solid object.

36 I 744
_’1 3‘: 4 }
-+ 5 12 41
4 5 13 47
o
o [ ]s [0 [ 1% 2ra]
0 1 51 L7
5 23|10 |1 < i
. 39
5 3 16 |17 | 24 | 25 f
18 [19 | 26 | 27

Figure2.7 Tarse-dimensional ordering of octants of one subdi wvision level,




0
>
0
! voxels
2
3
. solid object
represented by voxeis
Y
root node (universe)

tree epresentation

Figure 2.9 : Linear octree encoding of a solid object, [from Gargandni, 1982b).

3D
modelling



Locational Octree Keys

P

Locational Xey

NN DW= 0000

NORPA DRI OWRER O

NODPhOHONPOOO

000

2
422
422
45
003
007
211
700
it
Tl




F—e-Fprar 11,
I = Ly =01,
K = 2, =10,
Voxel key
< 0
1] o addresses
0
J
1
Y
A 4
1j0]1 :  binary key
}
; ‘; :'_gr : locationzl key
l.
i ¢ Morton key
53

Figure 2.10 : Interlacing of bits for computing the lecational and Moron kay adcresses
of a given voxel.




{ Number of subcivisions NS
Number of rasoiuzcn voxals NV
[ Universe size (leagth) L
Resolution voxa! sizs R

UL W R PR PR R,

L — : Ist subdivision
——— : 2nd subdivision
3rc subdivision

4i516i

~1

v

Figure 4.10 : Subcivision of the universe to 2 given resolution.

universe size
6 } 512 | 1024 | 2028 | 496
|

e =

1 16777.216 | 134 million | 1074 million | 8550 milicn | €8.7 billion
- 2,097,152 16,777,216 | 134 million | 1074 million | §550 million
Sl ¢ 262,144 2,097,152 | 16777.216 | 134 million | 1074 million
_g 3 32,768 262,144 | 2,097,152 | 16,777,216 | 134 million
§ 16 4,096 32,768 262,144 2,097,152 16,777,216
=1 32 512 4,096 32,768 262,144 ! 2097152
sl 64 64 | s12 | 4096 32,768 | 262,144
128 8 | 64 i 512 4006 | 32768

256 1 ' 8 | £4 | 512 | 4,096

Figure 4,11 ; Number of resulting resoluton voxels for ciffereat subdivision schemes.

Subdivision
schemes
and number
of voxels



crill-hole data

Interacsive edinn -—
/ B e ] /
/ c‘:_.\_—*__,"“?/
a;,.:-;.ﬁ;:» Py -—4-,.:.2‘\:'!7/

digital correlation

sectional data

i

boundary representation

representation convession %—

Spatial enumeration

octes aggregaton/classification

octTes representation

Stepwise geometric modeling of kregular geo-solids — from sectional

Figure 4.37 :
to octres representations.

Octree
generation
from point

and sectional
data



3D applications — Geology & Mining

2
0
A
<

representation

of mine

excavations

(tunnels, shafts,
ramps, bore-

holes) using
octrees
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AvomopaoTaon oKOVOVIOTWY YEWOTEPEWV UE octrees




AvomopaoTaon oKOVOVIOTWY YEWOTEPEWV UE octrees

TopEC Kal POoPBoAEC




Boolean npaéelc oe avamapaoTACEL OTEPEWV



3D EdpapHOVEC

[EWETTIOTNUOVIKEG EQAPMOYEC (YewAoyia, peTaAgioloyia,
wWKeavoypagia), TrTapakoAouBnaon trepIBAAAOVTOC,
udpoAoyia,dikTua UTTOOOH WYV, 3D KTNMATOAGYIO, OCTIKOG
oXeOIQOMNOG, apxaloAoyia, BivreoTraixvidla, EKTTAIOEUCT, KATT.




SLARCOMEACHIN MY

FIEEE

Xpovoc kat aAAayEC otn YEwypadLki
nAnpodgopia
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3D view

/B8R BHRD LI E @
|77 View " oata | Appearance | Analysis | Animation |
Mol

30 raster map

NagsHead_99_08_vol@NagsHead series

range: 0.07-17.36
Draw

Mode: | isosurfaces 3| Shading: | gouraud

Drawwire box

List of isosurfaces
# Level11.0

Isosurface attributes
& toggle normal direction
Isosurface value:

2| Resolution: 1

ke unimasanciinad cari

Map layers. w Command console ~ Search modutes.

913812.69; 249920.39

Coorainates

8 Render
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1812

Decersber
Nevenrrbar
Ocizber
Segmbar
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https://videos.files.wordpress.com/YUiqM0eL/la-campagna-di-russia-di-napoleone-nel-1812-marco-meschini-hd_dvd.mp4
https://www.cs.ubc.ca/~tmm/courses/533-07/slides/carto.april-4x4.pdf

(a) Aerial axonometric view and (b) 3D representation of the
Sant Andreu District of Barcelona - license CC BY 4.0.



http://creativecommons.org/licenses/by/4.0/
https://upcommons.upc.edu/bitstream/handle/2117/28173/Planned vs Real City 3D GIS for Analyzing the Transformation of agile2014_102.pdf?sequence=1&isAllowed=y

3D applications - urban morphology

Volumetric analysis of built-up area of the
Sant Andreu District of Barcelona - license CC BY 4.0.



http://creativecommons.org/licenses/by/4.0/
https://upcommons.upc.edu/bitstream/handle/2117/28173/Planned vs Real City 3D GIS for Analyzing the Transformation of agile2014_102.pdf?sequence=1&isAllowed=y

3D applications - 3D cadastre

Construction of 3D Volumetric Objects for a 3D Cadastral System,
Shen Ying, Renzhong Guo,Lin Li,Peter Van Oosterom and Jantien
Stoter

Transactions in GIS, 2015, 19(5): 758-779
https://onlinelibrary.wilev.com/doi/ndf/10.1

Best Practices 3D Cadastres

Extended version

TIITRES


https://onlinelibrary.wiley.com/doi/pdf/10.1111/tgis.12129

3D applications - Environmental Site Assessment

The Use of 3D Modelling for Environmental Site Assessment
https://www.remmag.com/2017/3d-modelling-for-environmental-site-
assessment/



https://www.remmag.com/2017/3d-modelling-for-environmental-site-assessment/

3D applications - point clouds

(a) (b) (©
3D point clouds are going through Voxelisation and segmentation

into objects. By Aijazi at al. (2013). Available via license CC BY 3.0

PointNet: Deep Learning on Point Sets for 3D Classification and
Segmentation http://stanford.edu/~rgi/pointnet/



https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=2ahUKEwjQ1bDPlczgAhUMC-wKHUL7Cm4QFjACegQIAxAC&url=https%3A%2F%2Fwww.mdpi.com%2F2072-4292%2F5%2F4%2F1624%2Fpdf-vor&usg=AOvVaw1aYBtpvdmuFHmab-LTFMXf
http://creativecommons.org/licenses/by/3.0/
http://stanford.edu/~rqi/pointnet/

Tagivopnon tTwv OTA amwé Tnv EAXTAT pe fdaon
TO avayAugo, og O-H-MN

= ARO tnV avaAuon omokKoAUTITETAL OTL HEYAAO HEPOC TOU avayAudou, rapd
TIC OTIOLEC EVTUTIWOELG, £XEL XAUNAO upopetpo kol Ao kKAion &nAadn
nedvo xapaktipa.

= [ mopadeypa to 34% tng EKTAoNC TS XWPog €XEL UPOUETPO KATW Twv 200
m aro to omolo to 20% sivat Katw twv 100 m.

= Avw Twv 800 m uPOUETPO £XEL TO 21% TNC £KTAONG TNG XWPOAC.
=  Emniong daivetal otL 21% tnc Xwpag £xel KAlon €wg 3%, evw To 33% £)el

KAlon €wg 7%.

=  Avw tou 60% KkAlon mapouotalel povo to 2.8% tng Xwpag.
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<201
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<401
<501
<601
<701
<801
<901
<1001
<1101
<1201
<1301
<1401
<1501
<1601
<1701
<1801
<1901
<2001
<2101
<2201
<2301
<2401
<2501
<2601
<2701
<2801
<2901
<3001

2697639
4515820
5869150
6975613
7941097
8856433
9733487
10419898
10990664
11454701
11838372
12158987
12423460
12643884
12818394
12947505
13033822
13092491
13133196
13161182
13179061
13189508
13195866
13199519
13200894
13201744
13202096
13202210
13202238
13202238

2697639
1818181
1353330
1106463
965484
915336
877054
686411
570766
464037
383671
320615
264473
220424
174510
129111
86317
58669
40705
27986
17879
10447
6358
3653
1375
850
352
114
28
0

2697639
1818181
1353330
1106463

965484
915336

| 1563465

Frequency

[Thousands of cells]

2900

Heights classification

2800

2700

2600 -
2500 -
2400 -+
2300 -+
2200
2100 -
2000 -+
1900 -
1800 -+
1700 +
1600 -+
1500 -+
1400 +
1300 -+
1200 -+
1100 +
1000 -+
900 A
800 A
700 A
600
500 A
400 +
300 A
200
100 +

<101
<201
<301
<401
<501
<601
<701

<1200 [0 )
—

<801
<901
<1301
1401
<1501

<1001
<1101

Heights' categories

|2782340

Karavoun yneidwv (o€ XINadeg) yia 6An Tn Xwpa ava karnyopia vyouétpou (Height).
AlQOTAPATA LYOMETPWYV (KaTnyopieg): ava 100 pétpa.

MéyeBog wneidag: 100 petpa.

‘ExkTaon ynoidag: 10 oTpeuuaTa




<4
<8
<12
<16
<20
<24
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<72
<76
<80
<84
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<92
<96
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<132
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2732511

4371702

5816948
7108069
8236445
9217648
10045783
10725827
11279644
11719803
12065688
12336038
12545536
12706504
12829147
12922793
12994084
13047688
13088170
13118108
13140497
13156898
13168871
13177654
13184057
13188773
13192157
13194719
13196574
13197925
13198919
13199709
13200277
13200684
13201050

2732511
1639191
1445246
1291121
1128376
981203
828135
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553817
440159
345885
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160968
122643
93646
71291
53604
40482
29938
22389
16401
11973
8783
6403
4716
3384
2562
1855
1351
994
790
568
407
366

2732511

1639191

I 2736367

I 3617758

I 2103320

| 371903

Frequency

[Thousands of cells]

Slopes' classification

3.000 -

2.800

2.600

2.400

2.200

2.000

1.800 A
1.600 1 H]

1.400 A

1.200 A

1000 4 HHHF 1=

<4
<8

goo 1 HEH I
600 1 HHH BT
400 1R EH BT
2004 KKK B
° &
\%

<R
<56

<12
<16
<20
<24

Karavoun yneidwv (oe XINAdeg) yia 6An Tn Xopa ava karnyopia kAiong (Slope).

AlQOTAPATA KAioEWV: ava 4%.
MéyeBoc yneidag: 100 pétpa

‘ExTaon yneidag: 10 otpéuuata




XApTNG aVvAAUTIKOU XOPOAKTNPIOMOU avayAu@pou

XAPAKTHPIZMOZ AHMQN KAI
KOINOTHTQN KAMOAIZTPIA ZE
OPEINOYZ-HMIOPEINOYZ-NMEAINOYZ
MATHNE.Z.Y.E.

XAPAKTHPIZMOZ OTA

KAIMAKA 1:1.000.000
ZYITHMA ANAGOPAZ EMXI.A.87

YNOMNHMA

O nesvas OTA
E Huopevss OTA
B opevssoTa
XX Kbk vopos
o Kwémos OTA uéoa 670 voud
— OpoOTA
— Opio Nopol
— Opio Alapepioparog

EONIKO METZOBIO MOAYTEXNEIO
ZXOAH ATPONOMQN &
TOMNOrPA® QN MHXANIKQN
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Xpnoipo UAIko (3D GIS)

GIS Lecture 10: 3D Analyst. Outline. Load 3D Analyst Extension 3D Scene Triangulated
Irregular Network (TIN) Drape Features to TIN Extruding 3D Features Navigating a 3D Scene
3D Effects Animations 3D Symbols Light of Sight Analysis ArcGlobe. Load 3D Analyst
Extension. https://www.slideserve.com/latoya/qis-lecture-10-3d-analyst

How to create a 3D Terrain with Google Maps and height maps in Photoshop - 3D Map
Generator Terrain. hitps://www.youtube.com/watch?v=Bb0HnaYNUx4



https://www.slideserve.com/latoya/gis-lecture-10-3d-analyst
https://www.youtube.com/watch?v=Bb0HnaYNUx4

