Eicayoyn

* O1 3A ewovec ota I'pagikd amoteAovvton amd oldpopa cynuate &
OOLEC:
* 'eopetpikd oynuata (7T.y. cQaipeg)
* MoOnuatikég empdveteg (m.y. tuquata enpdveiac NURBS)
e Tuoyaiec empavelec, Oyt upoOnuatikd opwouéveg (my.  EMPAVELD,
YNOLOTONUEVOD OVTIKELUEVOD)

e Avtikeipeva OYKov, OTOL 1] ECOTEPIKT] OOUN TOV OVTIIKEWEVOL glvan £Eicov
ONUAVTIKN LE TNV EMPAVELN TOV (T.). ovOpOTIVO OpYOVO)

* Axavovioto avtikeipeva (.. Kamvoq)

* Movtéla. IIpoceyyloTiKeg OVOTTOPUGTAGELS OVTIKEWEVQV,
KOTOGKEVAGUEVA (OGTE VO OTNPOVV TOAAEC AmO TIC 1O1OTNTES TOL
OVTIKELLEVOL

* To. povtéda emod€yoviar v  emeCepyocio. TOL  OmOUTOOV Ol
aAYOP1OLOL YPOPIKDV
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Ewcaywyn (2)

» [loAvywvika Movtéda.: ZovnOEcTEPT AVOTOUPACTOCT) ETUPOVELDY
* H thinpopopia mov mepi€yeton oto LOVIELN QVEAVETOL GUVEYMDG

* Baowkéc epapuoyéc ota I'pagikd cvyvd amatrtovv poviédla pe Arydtepm
TANpo@opio

* Amlomoinan Movtélov: Meu®VeL TNV TOGOTNTA TANPOPOPIOS TOV TEPLEYEL
éva  povtého, yopic vo OBuocldoel onuavTiKA TNV TOWOTNTO  TNG
AVOTOPAGTAUCTG
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Avaokonmnon MoviEAmv

* 2 KUPIEG KATYOPIEC LOVTELMV:
* Avamapaotaon Emipaveios (| avaropdotoon covopov (b-rep))
* Avomopiotd HOVO TNV ETLPAVELL AVTIKELULEVOL
* Avamapaotaocn Oykov (] vmwodloipeon ymwpov)
* Avamapiotd OA0 Tov OYKO OV KATOAAUBAVEL EVOL AVTIKEILEVO

* H avanapdotoon emedveleg ypnoILOTOIEITOL GLYVOTEPQ OLOTL:
 [ToALG avtikeipeva Oev ival KAEIGTA =2 ovOmopAcTOCT] OYKOV U EQOPUOGIUN
* Ta meprocdTEpa avTiKeipeva eivor adlapavi =2 €£01KovOUNoN enesepyaciog Ue TNV
AVOTOPACTACT LOVO TNG EMPAVELNS TOVS, TOV KaBopilel TNV EUPAVIOT] TOVC
* H avarapactaon 0yKov ypnGIUOTOlEiTL:
* ['lo udtapavn aviikeipeva
* [0 avTikeipeva e EvO10QEPOLCO EGMOTEPTKT) OOUN
e 2av Ponbntikn doun ce yevikonvg adyoplOuove ypoptkmy
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Avaokornon MoviEdmv (2)

* Kdmowo povtéda 0ev KOTnyoplomolovvtol EDKOAN GE L0 OO TIC TOPOTAVE
KOTTYOpPiEG:
» Movtéla katookrevootikng otepeds yemuetpioc (CSG): avamaplioToOV £VA, OVTIKEILEVO
GLVOLALOVTOC GTOLYELMON YEMUETPIKE CYNLLOTO,
* Auoppa. avtikeiuevo, & @aivouevo. ULOVIEAOTOOVVTOL GOV VEQPTN ONUEiov 1 cav
oLVOOVAEL LA GTOLYELMODY ETUPOVELDV 1 OYK®V
* Ta Movtéla Empdvelog Kot yoplomolovvol:
e 2& auTA OV £Y0LV KATO0 LOOMUOTIKY TEPTYpOPT OTMC:
* 2torelon N'emuetpikd Zynuota
* Empaveleg NURBS
* Emedveiec Yrnoodwaipeong
* ['evikég [apauetpikéc Emedvetec
* Kai 6g autd mov dev €Yovv KAmo1o, LodnUATIKY TEPTYPOPN:

* Amotelobvial and Eva cOVOAD onueiov & €vo GUVOAO TOALYDOV®V TOV
Kataokevalovioalr omd To onueic Tov cUVOAOL COV  KOPLYEC 2
TOADYWVIKA LLOVTEAO,
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Avaokornon Movtédwmv (3)

* 20YKPIVOVTOG TIC VO LOPPES TV LOVTEADV ETUPAVELNG:
* To paOnuatcd povtéra:
* Eivau cuvnBmg akpieic avamopactdcels avIKEIUEVOV
* Enutpénovv axpieic vmoroyiGHoUS Yot TO OVTIKEIUEVO (TT.). KOVOVIKO
OLAVLGLLOL)
* [Iepropilovtor e opiouéEvVa €101 OVTIKEIUEVOV
* Agv umopolv va TEPTYPAYOVV TLYOIO GYTILLOTO
* Ta moAvywvikd poviéAa:
* Elval mpoceyyicels Tov apykov avTIKEILEVOV
* Av ypNOCOTOI0VVTOL OPKETEC KOPLEEC, €ival  apketd akpiPeig
TPOGEYYIGELC
* Etval o yevika

e AkOuo kot 1 HaBnUaTIKEG avamapacTaceEl; ocuvnlme KataoKeLALovTal
o€ Wa ‘OlKplT)’ LOPPN TOAVYOVIKOV LOVTEAMY
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Avaokornon Moviédwv (4)

* Ta. moAOY®Ve Umopel vol amoTeEAOVVTOL OO 0TO10dNTOTE TANH0C KOPLOOV.
2NV TPAEN:
* Terpdmievpa
* Tpiyova
* [ToAvywvikd Movtéha TetpoanAevpmv:
* ITopdyovtal Katd TOV GYEOLUCUO TTOPAUETPIKAOV EMLPAVELDV
* AVGTUYMC, £va. TETPATAELPO oTIC 3A dgv givan amapaitnta eninedo:
* [Tepropileton To oynua Kol 1) EVEAIEIN TOV LOVTELOV
* AVGKOAOTEPOL VTTOAOYIGLLOL

* [ToAvyovikd Movtéra Tpryovov:
* 'Eva tplymvo sivon wavta eninedo

* Kdbe molvymvo tprymvomoleitor 0KOAO =2 TPLYOVIKO LOVIEAO TOPAYETOL OO
OTOLOONTOTE TOAVYWOVIKO HOVTEAO =2 TPIYOVIKA UOVTEAD (M TPIYwVIKG TAEYUOTA)
YPNOLOTOLOVVTOL GYEOOV TAVTO CE EPOPUOYEC OV TEPIAAUPBAVOLY TOAVYWOVIKE,
LoOVTELQL
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Mesh — [ToAUYWVLKO LLOVTEAO
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Triangle Meshes

* The most common type of
polygonal mesh
representation

* Very convenient to use in
real-time rendering!
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>UOTATLKO TwV Meshes

What are their data?

— Flat elements approximating both curved and flat surfaces

* Where are they?
— Vertices of triangles (points on the plane or in space)

What is their shape?

— Connectivity among vertices defines the structure of the
mesh

How do they look?

— Material and shading attributes per vertex — interpolated /
predicted inside each triangle



To tplywvo

* A set of three (ordered) vertices (points in space)
* Connectivity:

— Implied by order of points or
— Given explicitly

The triangle’s “normal” vector

n = (a,b,c)

/ The triangle’s plane
/ax+by+cz+d=0
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XPNOLUEC LOLOTNTEC

* Minimal: The most elementary surface shape (3
points define an oriented plane)

* Always convex!
— This is not true for generalized n-gons

— A very useful property in calculations: its boundary
coincides with its convex hull

* Any other polygon can be decomposed into a set of
triangles!

Ap. NpwtoPdAtng Avtwviog - Navermotiuio Aut. Makedoviag — Tu. HAektpoAoywv Mnxavikwyv & Mnxavikwy YToAoyLotwv

14



[DOLUULKOC OUVOUOOMOC OTO ETMTEDOD

* Any point on the plane of the triangle can be

uniquely written as a linear combination of the three
triangle vertices. In fact:

* For any number k of vectors and scalar coefficients:

k
q= zain is their linear combination
i=1



AvormopaoTaon TOU E0WTEPLKOU TOU TPLYWVOU

e Given the three triangle vertices (corners), any point
inside the triangle (both in 2D and 3D) can be
expressed as an affine combination of them

* This is an important property that translates to:

— We only need the three corners of a triangle to fully
describe its interior

* Relates to the topic of “affine transformations”



BOpUKEVTPLKEC CUVTETAYUEVEC

* To interpolate parameters across a triangle we need
to find the set of (unique) parameters u, v, w that
define q as the linear combination of all 3 vertices

q = wpo + up; +vp;
* All vertex attributes can be linearly interpolated at

arbitrary locations on the plane using these P
barycentric coordinates ’

Po £

o Py



BOpUKEVTPLKEC CUVTETAYUEVEC

e Barycentric coordinates are extremely useful in
triangle rendering, as they are used for:

— Interpolating triangle properties for arbitrary points inside
the triangle

— Performing point containment tests for various primitive
intersection tests

18
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BOpUKEVTPLKEC CUVTETAYUEVEC

 They form a parametric
space of: 2

— two independent
parameters (u, v)

— One dependent
parameter

w=1—-u-—v)

* All points with:
u>0AND v >0ANDw >0

Lie inside the triangle
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BOpUKEVTPLKEC CUVTETAYUEVEC

* Geometric properties:

— Barycentric coordinates equal the ratio of triangle areas formed by the
opposite side and the query point against the total triangle area

— Can be exploited to computed them:

w=l-u-v, u= , V=—21—




[010tNTEeC TToAvYy®VIKOV MOVTEA®MV

* Movtého empdvelac roilamAdtntos 2A (N anhd mtorllamAotnta): Kdbe
ONUELD TNC EMUPAVELNG EXEL YEITVIOGT] OUOIOUOPPIKN UE EVAV OVOIKTO
0ioKo (ecmMTEPIKO KUKAOD)

* Av ka1 n em@dveln vrapyel otov 3A yopo, OTav €EETOGTEL GE Ol LUKPT
TEPLOYN YOPW artd £va onUeio elvon TOTOAOYIKA mimedn
* 1€ M0 EMPAVELO-TOAAATAOTNTU:
* KdBe axun popdaleton petald axpipmc 2 edpmv
* ['0pw amd KédBe KopLET VLdPYEL £vaC KAEIGTOG BpOYyY0C 0pdV

 Emavewn mollaniotnta ue ovvopo: Kdabe onueio e emoedvelog

EYEL YELTVIOGT] OLLOLOUOPPIKT] UE VOV UIGO O1oKO

e X€ L0, ETUPAVELD TTOALATAOTNTA LLE GVLVOPO:
» Kdmotec axpéc (cuvoplakés) avikovy akpifag o o £dpa
e [0pw amd Kdmoleg KopueEC (GLVOPLOKES) 0 Bpdyy0g £0pdV Elvat AVOIKTOC
* 2uvnbmg, wo 3A emedvelon mov dev gival TOAAATAOTNTO UE GVVOPO
elvan L xlerory emedvela
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[616tn1teg [ToAvyovikdv Moviéhwv (2)

(a) Tunuo empavelog TOALATAOTNTOC
(b) Xvvoproxn Kopve1 EMPAVELNC TOAAATAOTITOS LE GUVOPO
(c) Axun mov 0eV AVNKEL GE ETUPAVELD TOAAATAOTITOGC

(d) Mn cuvoplokn KopuET TOL OEV OVNKEL GE EMPAVELN TOAAATAOTITOG




[Iowotntec IHoAvywvikmv Moviédmy (3)

* 'Eva povtého empdvelog ival €vo amlogldoéc GOUTAOKO OV T, TOAVY®VO
TOV TO OTOTEAOVV EQANTOVTIOL LOVO KOTA UNKOG TOV OKUMOV TOVC, KOl Ol
AKUES TOV LOVTEAOVL TEUVOVTOL LOVO GTA GKPO, TOVG

* (a) ATAOELOEC GOUTAOKO
GUUITAOKO

(Tpry®VIKO TASY Q)
na R [ ‘ o N
| A /) L
(a) ———l

(b) Mn amhogldoéc

(TpLy®VIKO TAEY QL)

by d
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[616tteg IToAvywvikov Movtédwv (4)

* [Ipoooavoroliouévny empdveto: Emedveilo mov £yt 2 “oyelg”
* Ontm¢ pio kOAM YopTion

* O1 TEPIGCOTEPEC EMPAVELEC EIVOL TPOCOAVATOAMCUEVEC

* 2T1C KAEIGTEG TPOGAVATOAGUEVES EMIPAVELEC TO ‘€0MTEPIKO’ & ‘eEMTEPIKO’
TUNLOL TNG ETLPAVELNS EIVOL GAP®DCS OLOKPLTA

* Katd oOuPaocn, to kavovikd ddvocuo pog KAEIGTNG TPOCOVATOAGUEVTC
eEMPAVELNC OElyveEL TPOC TNV ‘EE®’ nepid

* H tawvia Moebius eivou o un mpocsavatoAcpévn emedvela
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[616tnTeg [ToAvywvikdv Moviéhwv (5)

* Ta kAeloTd HOVTELD TOAAATAOTINTOC OV EIVOL OUOLOUOPPIKE MG
TPOC T GPaipa, 1Kavomolovy Tov TuTo Tov Euler:

V-E+F=2
OTov:
V. # xopvowv

E: # axumv tov poviélov

F: # edpav
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[Iowotntec IHoAvywvikmv Moviélmy (6)

* o éva KAe16TO TPIYOVIKO HOVTELD O TTOPOTAVE TOTOS VITOOTAMVEL:

* Ot 10 mA00c TV TPIYOVOV TOL HOVIEAOL E£ival GYedOV 2-TAAGCLO TOL
TANOovg TV KOpue®V

* O11 0 nué€cog aplBuog Tprydvmy yOpw oo o Kopuen ival 6

* O tomoc tov Euler yevikebetar vy poviéda mov Oev  eivan
TOAMOTTAOTNTEG:

V-E+F=2-2G
omov G gtval To YEvog (genus) TOL LOVTEAOV

* To vyévoc evog poviélov umopel va Bewpnbel 10 mAnboc TV
OLOUTTEPDV OOV TOL LOVTELODL:
* O 16pog (torus) €xet yévog 1
* O dumhdg TOpog £xet yévog 2
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Avarmopaotaon kat armoBnkevon Mesh

* (Triangle) meshes are collections of triangles

 Can be:
— A set of disjoint, independent triangles (a triangle “soup”)
— A set of vertices “shared” among triangles, given a set of

“connections”:
T7
N

T1

16




Triangle data

class Triangle

{

float vertex[3][3]; // 3 vertices X 3 coords
float vertex normal[3][3]; // 3 vertices X 3 coords
float vertex color[3][3]; // 3 vertices X 3 components

float plane normal [3]; // xyz
class Material * p mat; // pointer to material data

Shared material: many triangles use the same material,
so the triangle only points to this single material instance

Can | do better?
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Triangle data

e Can | do better?

— Observe that many vertices are repeated in the triangle
data:

[
e We can save significant storage and bandwidth (this
will become important later — see real-time graphics)
if we:

— Keep per vertex attribute data separately
— Index the vertex attributes

33
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Aouec Asoouevav yia IToAvywvikd Movtéra

* [ToAAéCg oOouég oOedouévav  €yovv mpotabel Yy TV  ovamopioTaon
TOAVYOVIK®OV LOVTEA®V. ALUPEPOVV:
e 21OV TUTO TMOV TOAVYDOVIKOV LOVTELWDV TOV UTOPOVV VO, OVOTAPUGTIIGOVY
e 21NV mocoTNTA & TOTO TANPOPOPLaC TOV PUAACGOLYV GUEGH YOl TO LOVTEAO
* XTI AOUTEG TANPOPOPIEC TTOV UTOPOVV VA TAPAYOVV EULECA Y10 TO LOVTELO

* Xpnoiuec mAnpogopiec yia to I'pogikd:
» Tomoloyikec mAnpopopies: av 10 HOVIELO eival mollamAdtnta, €ival KAEIGTO, £)El
Op1o N €xel TPOTEG
o [l npopopics yeitvioons: YELTOVIKEG €0PEC O00EVTMV OKUDV KOl E0PMV, YEITOVIKEG
aKUES Kal £OpeC YOp® amd dobeica Kopvr), GHVOPO £VOC avOlKTOD LOVTELOD
* XapaKtnpiotika ooVHUUEVO, OTO HOVTEAD: KAVOVIKE OL0VOGLATA, YPOUOTO, 1OIOTNTES
VMKOD, GUVTETAYUEVES VPTG
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Apeon Moto aKuU®V /E0pmV

* O1 BacikdTePES O0UES OEOOUEV®V TOV YPTCIULOTOIOVVTOL:

* Aueon Aloto axuwmyv TEPLEYOLV Y10, KAOE axur)/E0pa TOL LOVTELOV

* Aueon Aloto e0pav } TIC CUVTETAYUEVEC TV OVTIGTOLY®V KOPLOOV
Hopdosiypo:
* [l t0 tsrpdsfipo NG EIKOVOC 1GYVEL:

* Alota ouq,t

=( (meO: Z,), (X1,¥1,2))), €5 = ((X1,¥52)), (X,,¥,52,)),
c :( (X05¥05Z0)> (X5,55525)), €, = ((X1,¥152)), (X5,Y5525)), ¥

€, =( (X(5¥05Z0)» (X3,¥35Z3)), €5 = ((X,,¥,5Z,), (X3,¥3,Z 3))
» Alota 88pcov

Jo=((X3,¥3525),(X5,¥5,Z,):(X1,¥152,)),
F1=((X2,¥2525)5 (X5,¥3,23)5(X ¥ 0520 )
S =((%1,¥1521), (X5¥ 520 )-(X3,3525)), |
S =((X0,¥0520):(X1,¥1521),(X5,Y5,Z,) \L~
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A€1KTO00TNUEVT AMloTO E0pOV

* ApKETE OO TO LEIOVEKTNUOTO TMOV TPOTYOVUEVOV OOUMV ETIADOVTOL
Ao TNV OEIKTOOOTNUEVT AMOTO E0PMDV:

 Ilepi€yel AMota Kopveov & AloTa €0p®V TOL LOVTELOV
* O1 KOPLPES TOV EGPDOV OTVOVTUL GV AVAPOPES GTI AGTO KOPLPHOV
* [Tapdoeryua: To TPONYOOUEVO TETPAEOPO AVOTAPIGTUTOL (OC:
Vo=(X0,Y0:20)s To=(V3, V,, V),
v =(x,,5,,2)), = (v,, V5, Vo),
Vv, =(X5,Y552,), £,= (V45 Vg, V3),

V3 :(X3 9y3 923)9 f3: (V09 Vl) V2)

* [0 ™V avomapdotocn TPOGAUVATOMGUEVOV HOVTEA®V WE YPNON TN
OEIKTOOOTNUEVNC Motog €opav, ovvndiletar va taStvopovvtor ot
KOPLPEC TOV EOPOV EITE UE TNV POPA TOV OEIKTOV TOV POAOYIOV €ite
aVTIoTPOPU =2 EVKOAATEPOL VTOAOYICLOL
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Triangle data — Attribute buffers

* Now we can have separate attribute buffers of

different size:

12 triangles, indexing:

5

Ap. NpwtoPdAtng Avtwviog -

)
v/ 8 vertices

6 normals

1 color

Mavermotuio Aut. Makedoviag — T.

HAektpoAoywv Mnxavikwv & Mnx 1
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Unindexed vs Indexed data

 Memory savings from this indexing (cube example):
— Cost for per vertex data in unindexed cube triangles:
27 floats (4 bytes each) X 12 triangles = 1296 bytes
— Cost for per vertex data in indexed cube triangles:
9X12 integer indices (4 bytes each) = 432 bytes

8 vertices X 3 floats = 96 bytes
6 normals X 3 floats = 72 bytes
1 color X 3 floats = 12 bytes



Attributes structures

* In this example, we waste a lot of memory in
indexing

* Alternatively, we could use a per vertex structure and
index a single array of vertex objects:

class Triangle

{
unsigned int index[3]; // 3 vertices X 1 structure index
float plane normal [3]; // xyz
class Material * p mat; // pointer to material data



Attributes structures

* Now we have a single attribute buffer:

12 triangles, indexing:

HEEEEEEEEEEN
/ 24 structures

I
\ B

Total bytes: 144 (indices) + 864 (data) = 1008 bytes

This is larger than the separate data buffer size!!! Then why use it...?7?7?

41
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Aopég Agoopévav yio IToAvymvikd Movtéda (6)

* EWdwd yio tpryovikd povtého, T YEITOVIKA TPliy®Vva UTOPOVUE VO
T0, YEPLOTOVUE TO OMOOOTIKA GOV TaIvia TPLywvev 1M Pevidiio
TPLYOVOV, npOKSI{;,éVOD Vo, LELwBOVV 01 EMAVUANYELS OEOOUEVDV

1 Vv,

14 4 /4
Tawia Tpryovov
Bevtaia tpryoveov

(Vo, V1, V2, V3, Vy) (Vo> V1, V2, V3, Vy)
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Aopég Agoopévav yio IToAvymvikd Movtéda (8)

* H doun winged-edge, etval pio tétota doun:
* Kevtpikoc kouPog minpogopiag ival n akun
* Kd0Oe axpn amobnkedetl avoapopéc:

* 211G 2 KOPLOYESG TNG \
* 2T1C 2 YEITOVIKEG TNG EOPEC A e
* 271G 4 YEITOVIKEG TNG OKUES g 5
f/
/i e
3
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Aouéc Aegoopévav yio IToAvymvikd Movtéda (9)

*H odoun - OKUNG €lvol mapoUolL HE TNV Ooun Wlnged edge AL
YPTGLLOTOLEL TPOGUVATOAIGUEVES OKLEG:

» Kd0Oe axun daympileton og 2 Mu-aKpéC
* Kd&Oe nui-oxun arodnkedel puo ovapopa:
* 2NV KOpue™n Tov apyilel & v Kopven
TOV TEAELDVEL
* 3TN YEITOVIKY £dpal TNG €
* 271G 2 YEITOVIKEG TNG NU-OKILEC KATA U1KOC
NG YELTOVIKNG TNG £0p0C
e 2NV avtifeTn) TnNC NUL-oKun Cptp—
* H doun nui-axung etvot o amodotikn and v =

ooun winged-edge yio 0pKETEG EPOTNOELS
yerrvioong
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Aopég Agoouévav yia IoAvymvika Movtéra (10)

* H doun Quad-edge €ival mopopolo Le TIG Topandvo:
* Eivou o moAvmioxm
e XPNGUOTOIEITOL Y10, TOV OTTOOOTIKO VITOAOYIGUO EPOTNGEWMV YEITVINOTC
* Mnopel va avamapacTioel TAVTOYPOVO £VO LOVTELO TOAAATAOTNTOS & TO OVIKO TOV
* To 00ik0O HOVTELO KOTAGKELALETOL TEPIGTPEPOVTAS TIC aKUEC KaTd 90°,
KOl avTIKaO16TOVTOG TIC KOPLPEC LUE £0peC & avVTIGTPOPO,
I1.x. To 0vikd evOC TETPAEOPOVL Elvarl £va, TETPAEOPO
To 0vik6 gvdg KOPoL glvan Eva 0KTAEOPO & OVTICTPOPOL

 XpNOWN OTNV 0OTOAOYIOTIKY  YewueTpio, TNV  dAyoplOuikn omAadn UeAETN
YEOUETPIKMV TPOPANUAT®V
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A more typical indexed Mesh
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Using unindexed triangles
positions+normals):

3,596,688 bytes

Using separate attribute
buffers:

1,867,560 bytes

sing a single vertex object
buffer:

1,268,112 bytes
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AmAionoinon IoAvywvucov Movterlov

* Ta ToOAYOVIKA LOVTELD GUYVA ONUOVPYOVVTOL AVTOUATA, LIE:
e 2yedloom TV EMPAVELDV, TOV Eival 0pIGUEVES LE LOOMUATIKO TPOTTO
* 3A chpwon aANOVOV AVTIKEUEVDVY

* H avénon g ovvaung tov vmoloylotov Kol to TAsovekTnuato e 3A
GAPMOGCTNC 0ONYOVV GE LOVTEAD UE LEYAAD aplOUO KOPLP®V Ko EOPOV
* To épyo Digital Michelangelo, m.y., YpNOWOTOINGE COAPMTEC TPONYUEVC
TEYVOAOYLOC Y10 VO GUPMDOCEL KOl VOKATAOKEVACEL KATO0 amd To YALTTTA
10V Miyoni Ayyehov
* Amotélecua: ekatoppvpilo tpiyova (1/4 mm niéyuo cépmonq)
* Mepikd gigabytes dedouéva
* To uéyebog g mAnpoopiag eival dOoKoAo oty eneepyacia,
e At M AemtouépEla elvar YPNGIUN LOVO GE GUYKEKPLUEVEC EQUPLOYEC
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Amhomoinon IHolvymvikod Movtélov (2)

* O1 €QOPUOYEC TOV YPUPIKOV UTOPOVV VO OPEANO0VDV 0O TOAANTAEC
avolvoelg (emimeoo Lerrouépeiac (LODS)) tov poviélov mov umopovv vo
YPNOLOTOINO0VV GE OLPOPETIKES GLVONKEC BEaoNC

* Otav n wpoPoin Tov HOVTIEAOL €lval UIKPT, LOVO €vol LIKPO TUNLO, AETTTOUEPELOG
gtvat opatod

* Eivan emiong oeéhmuo vo petadAletal 1 AETTOUEPELD CE OLOPOPETIKEC
TEPLOYES TOV 1010V LOVTEAOV

e 2uvVeNineda TPlymva cUYYOVEDOVTUL GE MYOTEPH KAl LEYOADTEPD TPIY®VOL

e [Ieproyéc wovid otov mapatnpntn YPELOVTOL TEPICGOTEPT] AEMTOUEPELD. OO
exelveg mov Ppiokovron pokpid

* Ta emimedo AETTOUEPELAC KAl 1] EMAEKTIKT) EKAETTLVOT] EIVAL KOTAAANAO Y10
AAANAETOPOGTIKEC EQAPUOYES
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Amlomnoinon I[ToAvywvikod Movtédov (3)
* Alagpopetikd emimeda Aemtouépelac kot peyétn: (5000 —apiotepd- vs.
1000 —0&&1d- Tpiymva)

= =

* 'Exovv avantuyBel apKeTéc TeYVIKEC amAomoinans HoviEAwy

* Meiwvouv 10V 0aplBud TtV €0pdV €VOC TOAVYMOVIKOD LOVIEAOL, EVO
TOPAAANAC TTPOGTaOOVY Vo OlTPOVV TNV EUPAVICT] Kol OOUN TOL
aPYIKOV LOVTELOV

* O1 oyetkéc epopuoyéc, ovvnbmc €yovv 10 0OpYKO HOVIEAO GE
OLPOPETIKG  EMIMEOD, AEMTOUEPEINS KOL  OUVOUIKA ETAEYOLV TNV
KOTAAANAN
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Level of Detail (LoD)

* For distant/small versions of objects, detail is lost, i.e.
cannot be sufficiently sampled and displayed

* There is no point in attempting to display rich detail if
we are not going to see it! = waste of bandwidth
and processing power

53
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Level of Detail (LoD)

7! We generate lower resolution
versions (levels of detail) and
use the most appropriate

ones according to distance or
scale

20,00 riangles 3,000 Triangles
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Amhomoinon IHolvywvikod Movtélov (4)

* O1 aAyop1Buot amlomoinong:
e Avtipetonilovv eVKOAOTEPO KAEIGTA TAEYLOATO TTOV IVl TOAAATAOTNTEC
* Xepiovtal cuyva Kot To GHVOPO TV UN-KAEIGTOV LOVTEA®Y
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Amlomoinon pe Awwooyikec Katappedoeic Axumv

» Katappevon Akunc (edge collapse):
* Tomkn MPAEn o€ TPLYWVLKO TIAEYHA
o Adalpel pa AKpA TOU POVTEAOU Kal 2 YELTOVLKA TNG TPLlywva PE TNV KATAPPEUON HLOC
OKUNG O€ pia kopuPn

KaTtappeuon
p a QAKHNG a
> 2
v, 4» v Vv, a v
r 4 i
v dlaoTTaon
KOpU@rg

e XpNOLUOTIOLWVTOC KATAPPELON AKUWVY, Elval EUKOAOC O UTTOAOYLOUOC TNG
amooTAoNC METASU TOU QITAOTIOLNHEVOU KOl TOU apyLlkoU HOVTEAOU —2>
SladEpouv oTLC EO6pEC YUPW aATIO TNV QKN TTOU KATEPPEUOE

* YToBEtoupe HOVTEAQ TOU €£ivall TOAAATIAOTNTEG, QAAA UTIAPYOUV KOl
O POAAAAYEC yLa pn TLOAAXTTAOTNTEC
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Why Different Representations?

Efficiency for different tasks
* Acquisition
* Rendering
* Analysis
* Manipulation
* Animation



Why Different Representations?

Efficiency for different tasks
« Acquisition |

* Range Scanning

* Rendering

« Analysis
« Manipulation
e Animation

69
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Why Different Representations?

Efficiency for different tasks
« Acquisition
« Computer Vision
Rendering
Analysis
Manipulation
Animation

70
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Why Different Representations?

Efficiency for different tasks
« Acquisition
« Tomography
* Rendering
« Analysis
* Manipulation
* Animation

DGP course notes, Technion
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Why Different Representations?

Efficiency for d|fferent tasks
» Acquisition '

* Rendering
* Intersection

« Analysis
« Manipulation
« Animation

© triggerfish

72
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Why Different Representations?

Efficiency for different tasks

 Acquisition
* Rendering
« Analysis

e Curvature,
smoothness

* Manipulation
 Animation

7~

Analysis of surface quality

DGP course notes, Technion
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Why Different Representations?

Efficiency for different tasks
 Acquisition

N

* Rendering e Surface smoothing for noise removal
e Analysis

* Fairing
« Manipulation
* Animation

.

DGP course notes, Technion
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Why Different Representations?

Efficiency for different tasks
 Acquisition
* Rendering
« Analysis
» Texture mapping
« Manipulation
* Animation
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Why Different Representations?

Efficiency for different tasks

» Acquisition
Rendering
Analysis

* Reduction
Manipulation
Animation

Ap. NpwtoPdAtng Avtwviog -

MNaverotuio Aut. Makedoviag — Tu. HAektpoAoywv Mnxavikwyv & Mnxavikwy YIoAoyLotwv
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Why Different Representations?

Efficiency for different tasks
» Acquisition
* Rendering

* Analysis 4 Extracting shape structure )

» Structure

* Manipulation
« Animation
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Why Different Representations?

Efficiency for different tasks

 Acquisition
* Rendering
» Analysis

« Symmetry
detection

« Manipulation
e Animation

Ap. NpwtoPdAtng Avtwviog -

MNaverotuio Aut. Makedoviag — Tu. HAektpoAoywv Mnxavikwyv & Mnxavikwy YIoAoyLotwv
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Why Different Representations?

Efficiency for different tasks
« Acquisition
» Rendering
» Analysis
» Correspondence
« Manipulation
* Animation
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Why Different Representations?

Efficiency for different tasks
« Acquisition

* Rendering ﬁ v >(
» Analysis

» Segmentation & s
* Manipulation
« Animation
AL
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Why Different Representations?

Efficiency for different tasks
« Acquisition
« Rendering

W\
« Analysis 'd
« Manipulation
» Deformation :
* Animation A.b

(SRS
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Why Different Representations?

Efficiency for different tasks
» Acquisition

* Rendering il Freeform and multiresolution modeling
* Analysis
* Manipulation

* Deformation
* Animation

=

N w
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Why Different Representations?

Efficiency for different tasks
 Acquisition
« Rendering
* Analysis
« Manipulation
* Healing
* Animation

~N

(Removal of topological and geometrical errors

i |
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Why Different Representations?

Efficiency for different tasks
 Acquisition
* Rendering
 Analysis
* Manipulation
« Animation
* Rigging
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Why Different Representations?

Efficiency for different tasks
 Acquisition
* Rendering
« Analysis
« Manipulation

 Animation
» Simulation

85

Ap. NpwtoPdAtng Avtwviog - Navermotiuio Aut. Makedoviag — Tu. HAektpoAoywv Mnxavikwyv & Mnxavikwy YToAoyLotwv



Why Different Representations?

Efficiency for different tasks
« Acquisition N
* Rendering *
« Analysis v& l
* Manipulation

 Animation
* Fabrication
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Scene creation

The creation of a 3D scene needs at least three key components:
* Models,

* materials and

* lights.

Modeling is simply the art and science of creating a surface that
either mimics the shape of a real-world object or expresses your
imagination of abstract objects.



Mesh modeling

* Mesh Modeling typically
begins with a Mesh
Primitive shape (e.g. circle,
cube, cylinder...).

* From there you might begin
editing to create a larger,
more complex shape.

* Plane, Cube, Circle, UV
Sphere, Isosphere, Cylinder,
Cone, torus, Grid




Structure

Meshes are built using three basic structures:
vertices, edges and faces.




Normals

* |In geometry, a normal is a direction or line that is perpendicular
to something a triangle or surface

» each blue line represents the normal for a face on the torus. The
lines are each perpendicular to the face on which they lie




Topology

* Edge loops
* Face loops




