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Polygonal Rasterization Rendering Techniques
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Meplexopeva

2Nuepa Bo apxloouvpe va e€eTacoUE TIC LeBOdouc amodooncg mou
XPNOLUOTIOLOUVTOL OE YPAPLKA UTTOAOYLOTWVY
MeBodol anmodoonc nmoAuywvou
Flat surface rendering

Gouraud surface rendering
Phong surface rendering
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AAyoplOpol pwTtiopnol MOAUYWVWY

Wireframe Flat
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MeEBobol arntodoonc moAuywvou

= QewpoUlue TNV edappoyn eVoc ser Ortho
LOVTEAOU dwTLOMOU oav ThV
armodoon o€ MoAUYwVA UE
TOTUKEC ETLPAVELEC.

= Yrtapyouv duo Tpormno anodoong
0€ ETULPAVELEC:
= KaBe moAUywvo umopei va
anodoBel pe otabepn Evraon

= H evtaon oe kaBe onpelo Tou
TTOAUYWVOU UTtoAOYL{ETOL LE
nopeUBOAN.

-

{1} Plane.001

® Object Mode
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No Surface Rendering

www.siggraph.org/education/materials/HyperGraph/scanline/shade models/shadi

ng.htm
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http://www.siggraph.org/education/materials/HyperGraph/scanline/shade_models/shading.htm

Flat Surface Rendering
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http://www.siggraph.org/education/materials/HyperGraph/scanline/shade_models/shading.htm

No Surface Rendering Vs Flat Surface Rendering

rg/education/materials/HyperGraph/scanline/shade _models/shadi

ng.htm

No Surface Rendering Flat Surface Rendering

ACMSIGGRAPH |wwiisigeraphio
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http://www.siggraph.org/education/materials/HyperGraph/scanline/shade_models/shading.htm

Gouraud Surface Rendering
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http://www.siggraph.org/education/materials/HyperGraph/scanline/shade_models/shading.htm

No Surface Rendering Vs Gouraud Surface Rendering

Flat Surface Rendering Gouraud Surface Rendering
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http://www.siggraph.org/education/materials/HyperGraph/scanline/shade_models/shading.htm

Phong Surface Rendering
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http://www.siggraph.org/education/materials/HyperGraph/scanline/shade_models/shading.htm

No Surface Rendering Vs Flat Surface Rendering

Gouraud Surface Rendering Phong Surface Rendering
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http://www.siggraph.org/education/materials/HyperGraph/scanline/shade_models/shading.htm

2Kkiaon ouvexouc evtaonc (Flat Shading)

= Elvall n armAouoTeEpPn MTPOCEYYLON, Yla eMinedn okiaon, Ko
UTtOAOYL(EL TOV PWTLOUO OE EVO LOVO ONUELO yLa KaBe
MOAUYWVO:

flat shading of

’ ’ ’ ’ ’ polygonal mesh
NMNooco aKpanq ELVOL AUTN N MPOOCEYvYLOoN,

Mowa Ta LELOVEKTAMOTA
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2Kkiaon ocuveyxouc evtaonc (Flat Shading)

= TuoupPaivel otav eva avtikeipevo (faceted object) dpwrtiletal
Lovo amo katevBuvopevec (directional) pwtelveg mnyeg kot

elval eite dtayuto (diffused) | to BAEMoOVE o ameplopLoTa
LLOLKPLVH amtootoon;

= Tote 10 KAOe onuelo MAvVW o€ €va TOAUYWVO £XEL TOV (OLO
dWTLONO

p
=k, + z 5 (ka(n.) + kg ()™
=1
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2Kkiaon ouvexouc evtaonc (Flat Shading)

= ‘Evac urtoAoylopoc dwtiopouU yia Kabe moAUywvo
= AvaBeon tou iblou ypwpatoc og oAa ta pixels peoca oto 1dlo moAVywvo

\ o/

-«=
-
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2Kkiaon ocuveyxouc evtaonc (Flat Shading)

= Tol avTIKELLEVA daivovTal oav vo amoTteAouvTalL oo TToAlywva
= Evtatel ylo moAuedpLKka aVTIKELPEVA
= OxLTO00 KOAO yLo. aVTLKELpEVO e OpaAEC (smooth) emidavelec
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2Kkiaon ocuveyxouc evtaonc (Flat Shading)

= [pryopn kot amAn pnebodog
= ALVEL AOYLKQ OTTOTEAECHOTO LOVO OV LOXUOUV OAEC OL TILO KATW UTTOBEODELC:

To avTLKE(pEVO Elval TIPAYUOTLKA TTOAUESPO

H dwtewvn mnyn ivo ToAL pakplad amo tnv enupavela €tol wote To NeL eival otabepo ya
KaBe noAUywvo

Viewing position glvat oAU pakpla oo TNV enpaveLla €Tol wote To VeR va eival otabepo
yLa kaBe moAUywvo
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2KLOLOT) CUVEXOUC EVTIOONG

= MmopoUpe va AUGOUE TO TTPOPANUA LLE TO VA AUENCOUE Ta TTOAUYwVa
= Meyalo apyxeio
= MoAVU apyn Stadikacia
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http://www-static.cc.gatech.edu/classes/AY2004/cs4451a_spring/%0bshading_models/linint.html

Gouraud Surface Rendering

= H okiaon ermudpavelac Gouraud avamtuxbnke otn
dekaetia tou '70 amo tov Henri Gouraud

= Epyaotnke oto Mavemniotnuio tng Nouvta pe toug lvan
Sutherland kat David Evans

= JUXVA €lvol yvwoTo Kal w¢ intensity-interpolation
surface rendering

= Ta enineda evtaong umtoloyilovtal oe KaBe kopudn
KaL topepBaArlovtal SLapecou TNC eMLPAVELOG
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Watt Plate 7



Gouraud Surface Rendering

= Autn n neBodoc umtoAoyileL TNV EVTOON OE UL
emipaveLa TOAUYWVOU UE YPOUULKE TtapeUBOAN
TWV TIHLWV EVTAONC 0€ OAN TNV enudpavela.
= [0l val €XOULE OLLAAOTEPEC ETLPAVELEC,
uTtoAoyiloou e Ta vertex normals og KaBe kopuPpn
2uvnBwc eival dtadopetika amo ta facet
normals

XpnotpormotlouvTtal yla okiloon

OewpeloTe MWC elval por KAAUTEPN
NPOCEYYLON TNC TIPAYLATIKAC ETLPAVELOC TTOU
Ta ToAUywva tpooeyyilouvv
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Grauraud Shading

Vertex Normals:

= Ta Vertex normals pmopet
= Na ivovtal Tautoxpova PE TO LOVTEAD
= YrtoAoyi{ovtol amo To HOVTEAO

= Na mpooeyyilovtal PLE TOV HECO OPO TWV
KOVOVIKWYV TwV 0P ewv tou potpalovtal tTnv ibla

kopudHh
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Gouraud Surface Rendering

O aAyoplOpoc yia tnv anodoon tng enupavelac Gouraud mpoxwpa we €ENG:
Mpoodlopiote Tov unit normal vector oe kaBe Kopudn Tou TOAUYWVOU
Edapuoote Eva povteAo dwTIoOHOU o€ KAOe kopudr) TTOAUYWVOU YLa VO OTIOKTAOETE
TNV €vtaon tTou pwTtoC o€ autrn tn B€on
Epapuoote ypakn mapeUPOoAN TwWV EVIACEWV TwV KOPUPwWV 0TNV MPoBailopevn
TLEPLOXT TOU TTOAUYWVOU
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Gouraud Shading

= ‘Evac umtoAoylopoc dwtlopou ava kopudn
= AvaBeon twv pixels peoa oto moAUywvo pe mapeuBoAn (interpolation) Twv xpwpdtwy
TIou UTtoAoyilovtal oTIC KOPUDEC

Viewer
o 8
Light

N, :Polygon

y y \ 4

p
I =k, + z 5 (ka(n. ) + kg (hy.m)™)
=1

25 ENA426 | Tpadika YmoAoyLotwy



Gouraud Surface Rendering

= H xa0etog N, TG kopueng ival £vag HEGOS OPOg OAMV TMV YEITOVIKAOV
KaOETOV:
N,+N,+N,+N,

N, =
IN; + N, + N, + N,

" 1] YEVLKOTEPQ.:
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Z
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S |
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Gouraud Surface Rendering

= OLTIHEC dwTLOMOU uTtoAoyilovtal HE YPAUULKNA TtapeUPOAN o€ KABOe ypapuun

oapwong
yA
| _Y4_Y2| +y1_Y4|
4 — 1 2
y1_y2 yl_yz
|5:y5_y2 |3_|_y3_y5|2
Ys— Y, Y:— Y,
Xc — X X.—X
| =—2"L1,+2—2I
Xc — X, Xc — X,
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MAgovektnporta tov Gouraud Surface Rendering

Surface

Intensity P

Constant - — — — — -
Gouraud
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Gouraud Shading

= Mapayet opoda xpwpotika dStafabuopeva (shaded) moAvywvikd mesh
= Piecewise ypouLKA TIPOCEYYLON
= Need fine mesh to capture subtle lighting effects

Flat Shading Gouraud Shading
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Gouraud Surface Rendering: [apadciyo
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http://www-static.cc.gatech.edu/classes/AY2004/cs4451a_spring/%0bshading_models/linint.html

Gouraud Surface Rendering Implementation

= H armodoon tnc Gouraud pnopel va ebopUOCTEL OXETLKA EVKOAQ KoL
QTTOTEAECUOTLKAL XPNOLUOTIOLWVTOC LA ETTOVAANTITLK TIPOCEYYLON

= 2uvnNOwc n okioion Grouaud VAOTIOLELTOL WC MEPOC LLLOC TEXVIKNC QVIXVEUONC
OPOTWYV EMLPAVELWV
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NpoBAnpata pe to Gouraud Shading

= Gouraud n oklaon TELVEL VOl XOLOEL OPLOMEVEQ

AETITOUEPELEC.
Viewpoint
= Mo ouykekplpeva, To Gouraud shading €xel N
NMPOBANUa va anodwaoel ToV KATEUOUVOUEVO Na\ f_b
255 W C T~ real surface
PWTLOUO - N
-2 Ia \\
= Emlonc, to Gouraud shading pmopet va T \ polygonal
7 ’ 7 approximation
gloayayel avwpaAiec yvwotec w¢ Mach bands Couraud
I, <« |  Highlight missed
by Gouraud shading
I I
Phong

Mach bands
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NpoBAnpata pe to Gouraud Shading

= To kKUpLo MPOPANua pe tn okioon tTou Gouraud €lvol 0 XELPLOUOC TWV
KOLTOTITPLKWV/KATEUBUVOUEVWV OVTOVAKAACEWV

Gouraud Phong
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34

Gouraud Shading: Summary

Mpocdloplopoc Tou pecou povadilaiov dltavuopatoc kabetou og kaBe kopudn
TMTOAUYWVOU

Edappoyrn tou povteAou dwTlopoU o€ KABe Kopudn yLa TOV UTTOAOYLOUO TNC
evtaoncg (intensity) tng kopudnc.

PO MK TOPEUBOAN TWV EVIACEWV TWV KOPUPWV 0TNV ETLPAVELD TOU
TTOAUYWVOU.
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Phong Surface Rendering

Mua TtLo akpLPRC MPOOCEYYLON YLOL TV ATIELKOVLON
TNC EMLPAVELOC TWV TIOAUYWVWVY, LE Bdon tnv
nopeuBoAn, avamntuxOnke amno to Phong Bui Tuong.
Ouolaotika to Phong surface rendering model (or
normal-vector interpolation rendering)
MopeUPANEL TIC KABDETEC AVTL yLA TLC TLLES TNG
EVTOONC

= H amelkovion tng eMIPAVELOC TWV TIOAUYWVWV YiVeTOL
e mapepBoAn twv kaBEtwv (normals), kat
epappoyn tou poviedou pwrtiopou(illumination
model) og kaBe onueio TG emupaveLoc.

Qot000, TIOAU 1o aKpPLBO poviEAO
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Flat

Gouraud

Phong




Phong Shading

= YrmoAoyiloupe tnv KaBeto o€ KAOe onpeio pe Si-ypappikn mapepuBoAn (bilinear interpolation) twv
KAOETWV OTLC KOPUDEC TNC EMLAVELAC, TIPOC TA TIAVW KoL KATA UAKOC TWV YPAUUWY COPWOEWV
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Phong Shading

= ‘Evac umoAoylopoc pwtiopou yia Kabe pixel
Edappoyn tng mAnpng e€lowong o kAOe pixel, xpnopomowwvtag TNV UTtoAOYL{OEVN KABETO

Viewer N,

N, Polygon

p
I =k, + Z 5 (ka(n. ) + kg (hy.m)™)
=1
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Phong Shading

Mpocdloplopoc Tou peocou povadilaiov dtavuopatoc kabetou og kABe kopudn
TOU TTOAUYWVOU.

poppkn tapepBoAn (Linearly interpolate)twv kaBetwv Twv Kopudwv o€ OAN
TNV €MLPAVELA TOU TTOAUYWVOU.

Edappoyrn Tou HovtEAOU GWTLOMOU KATA MAKOC TNE KAOE YpaAUUNC 0ApWONC
yLOL VO UTIOAOYLOOUE TLC EVTAOELC TWV pixels og kABe onpelo TNC eMLPAVELOC.
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Phong Surface Rendering
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ARV 75 ZH VIS (b 74
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Flat Shading Gouraud Shading

Phong Shading
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Phong Surface Rendering Implementation

H okiaon Phong sivatl moAu 1o apyn amo tn okioeon Gouraud kKaBwc Tto
LOVTEAO dwTLoHOU avarnpooapuoletol/unoloyiletal TOAANEC POPEC

QoTO00, UTTIAPXOUV YPNYOPEC TIPOOEYYLOELC TOU povtEAou Phong mou pmopouv
va uAorotnBouv pe eMavaAnTTlko TPOTIO

2uvnOwc n okiaon Phong edbappoletal we LEPOC ULAC TEXVLKNC aVIXVELONC TNC
0paTNC EMLPAVELAC
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Phong Shading Examples
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http://www.garry.tv/

Phong Shading Examples
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http://www.garry.tv/

Wire-frame
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Ambient lllumination Only
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Flat-Shading
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Gouraud Shading
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Phong Shading
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Shadows, Texture & Enviromental Mappings
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MepiAnyn

= o peaAloTikn armodoon Twv MOAVYWVWV
xpelalopoote pebodouc mapeBoAnC ylo Tov
nPocdLoPLoUO TWV BEcEWV PWTLOHOU

= Flat shading eivail ypriyopn, oAAd pn pEAALOTIKN

= Gouraud shading eivat kaAUtepn, aAa dev

XELPLIETOLL TIC KOTOTITPLKEC AVTAVOAKAQCELC TIOAU
KOAQL

= Phong shading sival akopa kaAutepn, aAAd
LUrtopet va eivall apyn pnebodog
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Gouraud Phong

http://www.cgchannel.com/2010/11/cg-science-for-artists-part-2-the-real-time-

rendering-pipeline/


http://www.cgchannel.com/2010/11/cg-science-for-artists-part-2-the-real-time-rendering-pipeline/

Mo €€EALYUEVEC TEXVLKEC

AUTO 1OU £XOoUHE eV KAAUTITEL TLC TIEPLOCOTEPEC OKNVEC —
avaykn yla xprnion hacks ywa mpooéyylon mio enbupuntwyv
XOPALKTNPLOTLKWV

Hacks yla tn YEWETPLKN AEMITOUEPELQL

» Complicated color, geometry — texture mapping,
normal and bump mapping, etc.

Hacks yla ta odatplkd amoteAéopata pwtiopou

» Reflections, shadows — environment mapping,
shadow stencil volumes and shadow mapping

MoAAa armo avta ta hacks mou oxedlaotnkav apyLka yLa
TNV MOAUYWVLKN armodoon XpnolLoTToLoUVTOL O
ouvduaouo pe Ray/Path-pebodwv anodoonc yia
HLEYAAUTEPO PWTO-PEAALOUO
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