HY416
PASIKA YTTOAOTIZT()N

TT. TZ_OMTTANOTTOYAQY

TTANETIIZTHMIO OEZZAAIAZ
TMHMA HAEKTPOAOT QN MHXANIKON & MHXANIKON YTTOAOTTIZTON




TTepi Tivoc mpokelTai...

» Emiokémnon - ouadia - 10Topia - yiaTi
» YAn

» Xpovoodidypdpuda

» Tumikd

» guvOEaoOI
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Eicaywyn

» «Mia eikova aliCer 1000 Aé€eic»
TTooec Aé€eic xwpder;

AvBpwivo oTtTIKO KavdAl: 30-40 Mbits/s (64-85M Aé€eic/min
ue 4 ypdupata/Aé€n, 7bits/ypappa).

Fpamté keipevo: 600-1200 Aé€eic/min.
100.000 amodoTikéTEPN ETIKOIVWYia avBpwou-HY péow
YPAQIKWY

» TTeplox€c mou €xouv oxéon He Ikova:
Fpagikd (computer graphs)
Eneepyacia eikovwy (image processing) Emeepyacia
Texvnth 6pacn (computer vision) Eikovag

[Tpa@ik&
MovTéAo pav

(TTAnpoyopicc yia
TEPIEXOUEVO EIKOVAC)

Texvnt 6paon
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2. nyavTtikoi oTadyoi

» Sketchpad (1963): AAnAeTtidpaon Héow ypa@IKWy
AiavuouaTiki 006vn, light pen.
» TTAeypaTtikf 006vn (TéAn dekacTiac ~ 60): sppdvion
ETTIPAVEIWYV
» ‘BEvauopa yia aAyépiBuouc amokpuync & ewTiopoU
ETTIPAVEIWV.
AAy6p1Bp01 peaAioTIKAC TapdoTaong (ouvexwe).

TTapdAAnAn emte€epyaoia / €181ka kukAwpaTta (TT.X. z-
buffer ) (dekacetiec '80 & '90).
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What is Computer Graphics?
T eival Tpagpika HY

Computers...

accept, process, transform and present information.

YToAovIoTEC ...

ATtoOnkevouy, e epyalovTal, tapaocTolv, Kai petaoxnuartifouv TAnpo@opieg

Computer Graphics...

involves technology to accept, process, transform and present information
in a visual form.

Fpapikd HY

TTepiAappdavouv TexvoAoyieg kar aAyopiOpoucg yia amoOnkeuon, eme epyaaia,
TTdpdoTaach, Kai HeTaoxnHaTiopo TtAnpogopiag
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CG is Movies
Fpagika HY civai KlvnuaTovpacpmeg Taivieg

To Reality and beyond!!
FpagikA TpaypaTikoTNTd

» Define directions of CG
KaBopilouv TIC KaTeUBUVOEIC
TWV YPAdQIKWY

» Set quality standards
O&ToUV TTOIOTIKA TTPOTUTIA
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Electronic Games
HAekTpovika TTaixvidia

» Focus on interactivity

» (Eomidlouv otnv aAAnAocmtidpaon HY kai Xphotn)
» Push current hardware to its limits

» (£2000v TO UAIKO OTa OpId TOU)

» Games drive the baseline

“
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Video Games
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Industrial Design
Biopnxavikoc 2 xed01aopoc

» Precision modeling

» yovteAoTroinon akpipeiac

» Engineering Visualization

» pagikA TTapdoTtaon TEXVOAOYIKWY TTPOIOVTWY

10 HY416 - THMMY, MavetmoTiuio ©eooaAiog yota@inf.uth.gr



11

Designing Effective Step-By-Step Assembly Instructions
Maneesh Agrawala et al.
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Computer Aided Design

k‘_-::‘\\\‘_\\:‘
- — “\“_L‘ \_-

Los Angeles Airport il epson, ucLa)
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Computer Aided Design

b S OLTl
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Gear Shaft Design (Intergraph Corporation)
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Computer Aided Design

BOEing 177 Airplane (Boeing Corporation)

} 14 HY416 - THMMY, MNavemoThpio @cooaliag yota@inf.uth.gr



Scientific Visualization
Fpapik TTapdotaon EmioTnpovikwy Acdopévwv/@aivopévwy

» Graphical representation of simulation results (ypagikn
TapdoTacn d£dOHEVWY TIPOCOHOIWONG PUOIKWY @aAIVOHEVWV)

» Device interaction (aAAnAoemidpacn oUOKEUWV)

» Large data sets (Fpagikh mapdotaon peydAng KAigakag
dedopévwy)
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Scientific Visualization

Airflow around a Harrier Jet (nasa Ames)
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Scientific Visualization

COmpreSSible Turbulence (Lawrence Livermore National Labs) Visible Human (national Library of Medicine)
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Medical Imaging
Emeepyaoia Iatpikwy Eikovwy

» Geometric modeling (MewpeTpikA HovTeAOTOINON)
» Interaction (HAekTpovikhh AAAnAocmidpaon)

» Real <=> Digital data (TTpaypaTikd < ¥Yneiakd
Aedopéva)

£000Ai0g yota@inf.uth.gr




Graphical User Interfaces (GUI)
FpapikA AAAnAeTtidpaon pe Tov XpAoTtn

:@ Bean Wizard E3

» Interaction with
software and
hardware Thte et wil bl Ju Crvte fow e

Java classes you already have,

» AAnAeTtidpaon pe To

AOYIOUIKO Kal UAIKO

VWelcome I pzlette | Aznlet | Aotion e | Fronenics | fvenis | #ializ | inrate l fEnish |

¥hat would you like to do?

(® Add 3 Javaclass

(" Add beans from a jar file
I =i
(" Cusiomize 2 part already on the palette

Animation ﬂ
Audio
Buiton ;’

~HACH I 14 EXT I HnlEh I Cancel
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raphical User Interfaces
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Graphical User Interfaces

Window system and large-screen interaction metaphors ranois Guimbreticre)
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GUIs from The Matrix Reloaded

Matrix Reloaded

23 HY416 - THMMY, MNavetmoTruio @socoaliag yota@inf.uth.gr



Ok but... what is the course really about?
T1 reptAapPpdavel To padnua;

Graphics algorithms (AAyépiBuot)
Graphics data structures (Aopéc Agdopévwy)

Color and human vision (Xpwpa kai AvEpwTivn
Opaon)

Graphical interface design and programming
(Tpapikd TTepipdAAovra AAANAeTTidpaonc pe To
Xphotn via Zxediaopo kai TTpoypappartiopo)

Modeling, Animation, Rendering (MovteAomoinon,
> uvOeTIkéC Taivieg, Mpagikh TTapdoTaon)
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Fpagikd: H amoyn améd ynAda

» MovTeAoTroinon

TTwg va mapaoToupe ox€dia (shapes) pe UTTOAOYIOTIKEG
pneBodouc, OnNAAdN He TV XPNON TOU UTTOAOYIOTA

» KivoUpeva ypagikd (animation)

TTw¢ va ameikovi{oupe, TPOGOUOIWVOUKE, KAl EAEYXOUHE
Kivoupeva oxédia

» dwTiopoc (illumination)
TTwc pgovreAomoieiTe n aAAnAeTtidpaon Tou YWTOC HE TNV
UAn

» ATtodoon (rendering)

TTwc pmopouv va mapaxBOouv 2D eikovec amd 3D
TdpdoTAOEIC OKNVWY
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MovTeAoTroinon

» TTwg mapaoToUpe oxhuata (shapes) pe Thv xphon
TOU UTTOAOYIOTA
TToAAoi diapopeTikoi TpoTION
Splines, Tunuartikég emepaveieg, voxels, metaballs, ...
» TToAuywvikég diapepioeig (polygonal meshes)
TTapdoTaon emaveiwy e TUNPATIKA TTOAUWYVUHA

Niapépion (mesh) = Aiota amé 3D onpeia (kopugéc =
vertices) + AioTta amé moAUywva Tou ouvdEéouv Ta onpeia

Aiapépion umopei va TepIéXel YEWHETPIKEC /YPAPIKEC
TTAPAUETPOUC OTTWC XPpWHA, TTpooavaToAIoHOC, KupTOTNTA

26 HY416 - THMMY, MavetmoTiuio ©eooaAiog yota@inf.uth.gr



Elements of C6 (modeling)
2 1oixeia Mpagikwyv HY (povTeAoToinon)

How do we
represent an
object
geometrically
ona
computer?

TTwg
TTApAoTOUNE
£va
YEWUETPIKO
AVTIKEIHEVO
oToVv
UTTOAOVYIOTR;
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Modeling
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Rasterizing Polygons
2. dpwon TToAuywvwy

» Triangle is the minimal unit
of a polygon

» To Tpiywvo €ivail h eAdxioTn
pHovada evog moAuywvou

All polygons can be broken up into
triangles

OAa 1a moAUywva amoTteAouvTal

atmo £vd oUVoAo TPIYWVWV

Triangles are guaranteed to be:
Planar
Convex

e ey -
‘. ol S
(] i -
! i i Yl L% ARl
, . L, L
I l._\:_-_u ; :_" -3 e AR
T L n'
oy y ‘l. e I_-FE;L AT

@ Ut -
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Elements of C6 (modeling) IT
2 1o1xeia Mpagikwyv HY (povreAomoinon) I1

How do we represent an object geometrically on a

computer?
TTw¢ mapaoToUpe £va YEWHETPIKO AVTIKEIHEVO OTOV
uTtoAovIOTN; Blobs

Voxels

1MI0 OccoaAiag yota@inf.uth.gr




Elements of C6 (modeling) ITI
2 1o1xeia Mpagikwyv HY (povreAomoinon) III

How can one change a digital model?
TTwc pmopoupe va aAAdloupe éva Yyneiakd HovTEAO;

Affine transform Free-form deformation (FFD)
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KivoUpeva Mpagpikd (Animation)

- TTwce ameikovi{oupe, TTPOGOHOIWVOUE, KAl
eAEyxoupe KivoUpeva ypd@ikd;

TTepimTwon 1: xpAon vopwy TG YUOIKAG
Navier - Stokes e€iowaoei¢ pmopoUv va xpnoigotmoinBouv yia Thv
TIPOCOHOIWOoN PWTO-PEAAIOTIKA YPAWIKA TtapdoTadon vepoU, KaTvou,
Kdl oUVVEPWYV
YToAoyioTIkAd OUGKOAO

TTepimTwon 2: xeipoKivnToC
TTapddeiypa: nAekTpovikd KoukAoBéaTpo
Aev pmropei eUKoAd va YeVIKEUOEI.

TTepimTwon 3: xpAon HETPACEWY
Motion capture techniques: video recording TIg KIVAGEIG €VOG
nBoToiou.
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Elements of CG (animation)
> 1oixeia Fpagikwyv HY (ZuvBeTikA Taivia/Kivoupeva

How does one make digital models move?

TTwc¢ pymopoUpe va kavoupe €va
KIveiTal,

DIAKO UOVTEAQ .V

e
4

(4

Keyframing




Elements of CG (animation) IT
2 toixeia Mpagikwyv HY (ZuvBeTikn Taivia)

How does one make digital models move?

TTwc¢ pmopolpe va KAvoupe £va ynplako HovTEAo va
KIVEITAI,
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Elements of CG (rendering)
2 1oixeia Mpagikwy HY (Fpagikn Amtédoon)

How does one present a digital scene?
TTwc¢ apaoToUpe pia Yn@iakh oKNVA;
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ATt6doan (rendering)

» TTwg mapayoupe pia 2D sikova amd 3D ypa@ikeg
OKNVEC;

O1 Texvikéc gival diapopeTiKEC yia of fline kai online

Ypa@ikd
Ma Offline ypapikd xpnoipomoloUe €10IKEUHEVO AOYIOHIKO Kal
TEXVIKEG 6TwG path tracing yia Tnv govTeAomoinan ThG OTTTIKAG
H1ag OKNVAG
Ma online (81adpaocTikn = interactive, online) amaiteite

£€€10IKEUPEVO UAIKO UTTOAOYIOTWY Yid ThV HETATPOTIA
(rasterization) moAuywvwyv oTa gikovikd kKUTTapa (pixels)
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Elements of CG (rendering) II
2 toixeia Fpapikwy HY (Tpagikh AToédoon) IT

How does one present a digital scene?
TTw¢ mapaoToUpe pia yn@iakn oKnVA;

» Fpagiki Zkrnvi (Scene Graphics) : Tepapxikh Tepiypaeh
gvnxsluevwv Kdl HEPN AVTIKEIHEVWY WC TIPOC ThV XwpoTdl IKA ToUug
gan

» Bwriopog (Lighting): H 6éon Tng TNYAG GWTIOHOU 0TV OKNVA Kai h
aAAnAoemidpaon TwWv PE TA AVTIKEIHEVA TG OKNVAG

» Bwroypayikoc pealiopoc (Cameras): Kévrpo apatnpnong n
PWTOYPAPIONG

» TlpopoAn (Projection): TTwg n oknvh npo[baAAeTau oc {ia ZA emova
(TTtapdAAnAn, TTPOOTITIKA) 2% >

Aiapaveia/ Anokpuyn (Visibility)
Arnokonn (Clipping)

2Zapwon - Scan Conversion
PwreivoTnta-Illumination
Arneikovion Ypng - Textures
Eidika Epé - Special Effects

v Vv Vv Vv Vv Vv
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Elements of CG (rendering) IT
2 t1oixeia Mpagikwy HY (Fpagikn ATteikovion/ Amédoon
TTpayparikéTnTag) IT

How does one present a digital scene?
TTw¢ mapaoToUpe pia yn@iakn OKNVA;

» Scene 6raph: Hierarchical description of objects
and parts of objects relative to each other.

» Lighting: Where are the lights in the scene?

» Cameras: Where is the scene viewed from (pin-
hole model)?

» Projection: How is the scene projected onto an
image (parallel vs. perspective)? TR

Visibility
Clipping

Scan Conversion
Illumination . . _
Textures . R
Special Effects |
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Motivation
Photography Computer Graphics

W (L
e Easy acquisition * Time-consuming scene modeling
* Fast display e Computation-intensive rendering

e Natural impression e Artifical appearance
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What is Computer Graphics ?
Engineering
Photography Psychology
__—— CAD/ICAM/CAE —___

Rendering Perception

Graphics

Simulation Inverse Rendering

\ Geometric __—

Physics Modeling Vision

Mathematics
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I'mage Perception - Image Formation

" Scene Geometry )

Motion
Models |« .| Surface Refle_cta_nce Physics
Scene lllumination
\ \ Camera ) /
Analysis Synthesis

.
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PeaAiopoc;

» Tia opiopévoucg n amooToAR TG €TICTAUNG TWV YpdPIKWyY gival o @wTo
peahiopoc (photorealism)

dnpioupyia eIkOVWY TToU dev HTTopoUV va d1akp1Oouv amoéd pia pwToypdgia

auTo dmaiTei HovreAoToinon Kai Tpoocopoiwaon TNE OTTIKAC, PUOIKAC, Kal
avBpwmivng avtiAnyng
»  AAAAQ éva peydAo HEPOC TWV YPAWIKWY ad@opd Td PN peaAIOTIKA AVTIKEipEvVa
(unreality)

Ovta ou dev pmopouv va uttdp€ouv: deivooaupol, pavrdopara,
oliAoUvVTa TTOVTiKId

EAcyxopevn pooopoiwaon, T.X. KATvoc Tou diaypdeel pia AEEn,
KATEUBUVOUEVEC OKIEC TTOU UTTAKOUOUV Thv aioBnan Tou oknvoBETn, 6!
TNV OTITIKA

To kevo!l Agaipeon aToixeiwv amd €IKOVEC N OKNVEC

» Kai pepikég wopéc o aToxoc O¢ev cival o peaAiopdc aAAd areikovion i
agaipeon
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[ pa@IKA TTPAyYHATIKOTNTA

» Ta ypagikda HY (Computer graphics) mepiAaupdvouv Tnv
mmoooopoiwon (simulation), apaipeon (abstraction), kai
nagodoraon (representation) pwrdg¢ kar UANg

AAnAeTtidpaon pwToC Kai UANG
TTpogopoiwan TNE OTIATTVAC yuaAdddcg Tou XpWHATOC AUTOKIVATWY
N KEPIvN dpn Twv UAAWY Kadl Tou avOpwTTivou 0€pHATOC

A TOV AuTO-OKIAOHO TG dAAnAeTidpaong Twy TPIXWV Twv HaAAIwv
Hag
AAAnAeTtidpaon UANG pe VAN

N QUOIKA TWV AVTIKEIMEVWY TTOU CUYKpoUovTal Kal
TTadpdpopPwvovTal

N PEVOTO-UNXAVIKA Tou Udarto¢, K pwTIAC, K Katvou
N PUOIKA CUUTTEPIPOPA TOU UPACHATOC
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The Graphics Problem

Screen window

viewplane

44 HY416 - THMMY, MNavemoThpio @cooaliag
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Elements of CG (rendering) ITI
2 1o1xeia Mpagikwy (Amodoon) ITT

How does one present a digital scene?
TTwc maoaoToUUE UId WholdKh OKNVA;

=3

Camera (view direction)

How does one tell which faces are visible?
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Elements of CG (rendering) ITI
2 1oixeia Mpagikwyv (Amodoon) III

How does one present a digital scene?

0 width - 1
0

=3

lew direction)

Xmin Xmax

ymin

height - 1

Clipping

Camera (eye)
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Elements of CG (rendering) ITI
2 1oixeia Mpagikwyv (Amodoon) III

How does one present a digital scene?

0 width - 1

lew direction)

Xmin Xmax

ymin

height - 1

Fmax

Clipping

Camera (eye)
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PwTIONOC

» TTWC HovTeAoTIOIEiTE N AAANAETTIOpAON TOU PWTOC HE
ThV UAR;

TTapa oAU oUvOeTO TTPOPANUA: TO TTPAYHATIKO PWC
avamndd oe KABe emipaveld
EKTEIVETAI O€ ATIOTEUTEC QUVAUIKEG TTEPIOXEG

Koivéc mpooeyyioeig:
Tpixpwpo ®dopa (RGB)
Kapia okid, kavévag EUHECOC PWTIOHOC
Kaypia avravdkAaon /31a6Aaon /méAwan

2 uxvd BéAoupe eAeyxopevo pn peaAiopo (unrealism)

TTapadeiypa, apvnTikd ¢wTaA TTOU TTAPAYOUV OKIEC XWPIC
PWTIOUO

Meyaho pépoC Tou PWTIOHOU 0€ €va KIvNHATOYpdYIKO £pyo gival
HN pedAIoTIKO Yid KaBapd ocuvOeTIKOUC Adyoug
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Skin shader from "Shrek”




Accounting for translucent
transmission of light
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Fragment-Based Ima age Completion

Iddo Drori, Daniel Cohen-Or, Hezy Yeshur'un
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HOLLYWOOD WOLLYWOOD

Fragment-Based Ima age Completion
Iddo Drori, Daniel Cohen-Or, Hezy Yeshur'un
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Fragment-Based Ima age Completion

Iddo Drori, Daniel Cohen-Or, Hezy Yeshur'un
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Coherent Stylized Silhouettes

Robert D. Kalnins, Philip L. Davidson, Lee Markosian and Adam Finkelstein
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Kexjfmme Control of Smoke

Antoine McNamara, Adrien Treuille, Zoran Popovi¢, Jos Stam
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Aidkpion

» Peahiopog vs. Taxurtnra
» AUo KaTnyopiec ypagwikwv
PeaAioTika ypayika
TTapaywyn eikovwy offline yia apyétepn (playback) xpron
Epappoyéc: Kivnpatoypdepog, ThAsdpaon
TaxuTtnta (time frames): deuTepOAETITA EWC WPEC

YTOAOYIOTIKEG TTAATPOPUEG: UYNANG amtddoong oUoTAdEG
uttoAoyioTwy, gigabytes dedopévwy

AiadpaoTika (interactive, online) ypagika

Auvapiki Tapaywyn €ikévwy dnAadn Katd Thv S1dpKEId TTOU O
XPNoTNC aAAnAemidpd pe To ovoThua

Ma mapddeiypa: TnAsommika maixvidia, CAD, €ikoVIKA
TTPAYUATIKOTNTA

TaxurtnTa ypapikng amoédoong: 10-30 xi1AiooTd Tou deuTePOAETITOU

YmoAoyioTikéG TTAATPOpUEG: ThAEpwvo péxpr PC, Megabytes
o0edopéEVWY

59 HY416 - THMMY, MavetmoTiuio ©eooaAiog yota@inf.uth.gr



Elements of CG (rendering) IV
2 1oixeia Mpagikwy (Amodoon) ITT

How does one present a digital scene?
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EpwThoeic

» IoTtooecAida paBAPAToC (evepyomoinpévn)

http://support.inf.uth.gr/courses/CE416/
http://eclass.uth.gr/eclass/MHX101/

» E-mail AioTa Tou paBnuaroc:
ce416@inf-server.inf.uth.gr

..kai1 péow eclass...

» TT. TooumavomouAou, E3-12, yota@uth.gr
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