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Avaokonnon: Rendering Pipeline

2xe60vV oAokAnpwaoape to rendering pipeline:

Metaoxnuatiopol avikelpevwy (Modeling
transformations)

Metaoxnuoatiwopol kapepog (Viewing

transformations)

MpoBoAn (Projection transformations)

Artokorny (Clipping)

Yapwon (Scan conversion)
Twpa YyvwpL{oUE Ta TTAVTIA VLo TO TTWGE VAL
oxebLaoou e eva MoAUYwvo otnv 080ovn, EKTOG
arto tnv anokpuyn, N aAALWC
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Polygon A is clipped by B which is
in front of it. A new sub-polygon, C,
is created.



Awaypoadn Miocow Emidpavewwv kot Amokpuyn

= KaBopilel To HEPOC KAOE QVTIKELMEVOU TTIOU ELVOLL OPATO OTNV TEALKNA ELKOVA

= [wati xpelalovtal oL alyoplBuol anokpudng;

= Armtodeuyouv tn dnulovpyia AavOooHEVWY ELKOVWV
= Emtaxvvouv tn dnploupyla KOVwyY

= Yta AyyAwa n anokpuPn ovopaletal “visible surface determination”
= Ko n duaypadn nicw emidpavewwv “back-face elimination” n “back face culling”

To render or not to render, that is the question. ..
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Meplexopeva

= nuepa Ba aoxoAnBou e E TIC OPATEC TEXVLIKEC avViXveuoncg eMLPAVELOC:
Mot avixvevon emipavelagc;
AvixVeELON TOU MLOW UEPOUC TO OVTLKELUEVOU
MeBobdoc Depth-buffer
MeBobdoc A-buffer
MeBobdoc Scan-line
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AOPOATEC OVTOTNTEC

[ote eva moAuywvo da ntav aoparto;
Ta moAUywva tou gival ekToc tou rtediov MpoBoAnc
Edv armo to moAUywvo BAEMOUE TO oW HEPOC Tou (backfacing)
Eav to moAUywvo amokpUBeTal amo KAToLo AAAO TToU €lval TILO KOVTA O0To viewpoint

Onwc avtihapBaveote, yia Aoyouc amtodoonc 6ev Bedovupe va aoXOAOU LLALOTE
e moAUywva ta omolia eival aopata (outside field of view or backfacing)

[Lot Adyouc amodoonc Kol CWOTHC ATIELKOVLONG, TIPETEL va YVWPL(OUUE €AV Eva
TTOAUYWVO aItoKpUBETAL ATTO KATIOLO AAAO QVTLKELMEVO.
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Visible Surface Detection

Yriapxouv moAAotl aAyoplOpotl Kol TEXVIKEC TToU £XOUV avarmtuxOel kata
Slaotnuoata yia va AUoouv Tto visible surface detection

Oplopevec peEBodol amattolv MEPLOCOTEPO XPOVO EMEEEPYATLOC.
OplopEveg peBodol amattouv PeyaAUTeEPN LVAN.

Karmoleg aAAeC pumopouv val epapUOOTOUV LOVO OE CUYKEKPLUEVOUC TUTIOUG
dedopevwy
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AUO KUPLEC TPOCEYYLOELC

Ou Visible surface detection aAyoplBuol taélvopouvtal KUplwe wc:

Object Space Methods: uykpivel avTIKELLEVA KOl LEPN OAVTLKELLEVWV LETAEL TOUG
LECQ OTOV OPLOMO TNG OKNVAC YL voL TPOoOLOPLoEL TIOLEC ETILDAVELEC ELVOLL OPATEC

Image Space Methods: H opatotnta anodaciletal ava onpeilo oe kKB Beon pixel
oTo eninmedo npoBoAng

Ot Image space methods sivat toAv o dtadedopevec!

7 ENA426 | Tpadika YmoAoyLotwy



Awaypadn nicw srmipavewwv (Back-Face Detection)

YrtoB£Tou e OTL T AVTLKELMEVA LOC ELVAL OTEPEQ

KaBOe MOAUYWVO £XEL K UTTPOC» KOLL «TILOW», AVAAOYQ LLE TNV OELPA TWV KOPUPWV
ToU

To 1o ATAO TIPAYULOL TTOU UITOPOUE VAL KAVOULLE Elval va BpoUpE To TPOocwWToL
OTO TILOW HEPOC TOU TTOAUESpaL Kall va Ta amoppipoupe

MoAUywva Twv omoiwv n kaBetoc dev Kottalel Tpoc TNV KApepa Oev
arodibovtol

| ——

i
@ e
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Awaypadn nicw srmipavewwv (Back-Face Detection)
= Tvwpiloupe and npv ot eva onpeio (X, Y, Z) eival miow and pa empavelo

TTOAUYWVOU OWV:
Ax+By+Cz+D <0

= OToU A, B, CaD glval oL TOPAETPOL TNC EMLPAVELQLC.
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Awaypadn nicw srmipavewwv (Back-Face Detection)

= EvaAloktika, BeBatwbBeite 0Tl £xoupe Eva OeELOXELPO CUOTNUO LE TNV
kateLOuUvVoN KATA KAKOC Tou apvnTkoUL Z-afova

= MrmnopoUpE va TIOUE OTL AV TO Z CUOTATLKO TNC KAOETOU 0TO TTOAUYWVO £lvoil
LLLKPOTEPO aro undeyv, Tote n emidpavelo Sev elval opatn

\'4
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N = (4, B, C)
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Awaypadn nicw srmipavewwv (Back-Face Detection)

= MmopoUpue va armAomoLloou e auth TN HEBodo av uTtoBEoou e MWC TO KABETO
Stavuopa N otnv emudpAaveLa TOU TTOAUYWVOU, EXEL TLC KOPTEOLAVEC TLUEC

(A,B,C).

= Eav V eival eva dtavuopa otn katevBuvon mpoPoAnc, TOTE To TTOAUYWVO €lvol
niow eriupavela ko 6ev paivetotl av VeN > 0.
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Awaypadn nicw snipaveliwv (Back-Face Detection)

= Y€ YEVLKEC YPAUUEC, N SLaypadn niow eTmidpavelwV UTTOPEL va e€aAeiPel
TEPLTTIOU TO NHLOU TWV EMLPAVELWV EVOC TTOAUYWVOU OE (Lt oKNVA.

= Mo meplmAokec enupavelec wotooo pac duokoAevouv!

= Xpelalopaote KAAUTEPEC TEXVLKEC VLA VO XELPLOTOULE TETOLOU £id0UC
KOTOLOTALOELC.
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Awaypadn nicw srmipavewwv (Back-Face Detection)

= 2TNV €MLPAVELA TWV TTOAUYWVWV TWV ornolwv ta kabeta dtavuopata deixvouv
LLOLKPLAL OTTO TNV KAUEPQL ELVAL TTAVTA N OpOTAL:

o )

—
WA

Note: backface detection
alone doesn’t solve the

— \ hidden-surface problem!
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Back-face culling

No Backface culling With Backface culling

https://en.wikipedia.org/wiki/Back-face culling

AVTIKELLEVA PE TPUTIEC UTTOPEL VOl EKBETOUV TO ECWTEPLKO HEPOC oToV tapatnpntn. O
aAyoplBuoc backface culling Ba €xel mpoBAnua (¢ ta kpavia 1o mavw)
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https://en.wikipedia.org/wiki/Back-face_culling

Awaypadn nicw enipavewwv (Back-Face Detection)

= ToL MEPLOCOTEPO QVTIKELMEVOL OTN OKNVN €lval cuvnNBwWC «oTEPEA» KAl 1N
dtadpavec!
= TLoupBalvel eav dev eival;

>y .

O
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MEOoboi Depth-Buffer

2UVKPLVEL TIC TLHEC TOU BaBouc emupavelac o po oknvn ylor kaBe pla B€on
pixel oto eninedo npoBoAnc

2uvNOwc epapuoleTaL OE OKNVEC TTIOU TIEPLEXOUV LOVO TIOAUYWVA

Aedopevou OtL oL TIHEC BaBouc prmopouv va urtoAoylotoUVv eUKOAQ, QLUTO TELVEL
va eival TToAU ypryopo

Elval emiong yvwoteg we pebodol z-buffer
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MEOoboi Depth-Buffer

* KaBe esrupavela enefepyaletal Eexwplota,
é€va. onueio kdBe dopd Katd HAKOC TNG
emipAvelag

* H emupavela S1 eival mo Kovid OTO
eninedo mpoPBoAnig, omote oto (xy)
T(POPAAAETOL N TLUH TOU AVTIKELUEVOU S1.
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View Plane

Yo



O aAyopiOuoc tou Depth-Buffer

1. Apxwormoinoe to depth buffer kat to frame buffer yia to onpeio (X, Y)

depthBuff(x, y) = 1.0
frameBuff(x, y) = bgColour
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O aAyopiOuoc tou Depth-Buffer

Ene€epyalopaote kaBe popa eva moAUywvo. MNa kaBe Beon oe pLa emdpaveLa
MoOAUYwVoU, cUYKPLVE Tn B€on BaBouc og oxEon e TNV MPONYOULEVN
arobnkevpevn B€on oto depth buffer yia va mpoodlopicouvpe tnv opatotnta
TOU.

o kaBe mpoPariopevo Beon (X, Y) pixel oto moAuywvo, urtoAoyLoe to Badog

tou Z (if not already known)

Eav to z < depthBuff(x, y), umtoAoyloe to xpwpa TNG EMLPAVELAC AUTNC TNG

Beong kaL BEoe
depthBuff(x, y) = z
frameBuff(x, y) = surfColour(x, y)
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O aAyopiBuoc tou Depth-Buffer

void zBuffer() {
int x, y;
for (y = 0; y < YMAX; y++)
for (x = 0; x < XMAX; x++) {
WritePixel (x, y, BACKGROUND_VALUE);
WritezZ (x, y, 1);

}
for each polygon {

for each pixel in polygon’s projection {
//plane equation

double pz = Z-value at pixel (x, y);
if (pz <= ReadZ (x, y)) {

// New point is closer to front of view
WritePixel (x, y, color at pixel (x, y))
WriteZ (x, y, pz);

}

}
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O aAyopiBuoc tou Depth-Buffer

255 | 255 | 255 | 255 | 255 | 255 | 255 | 255

255 | 255 | 255 | 255 | 255 | 255 | 255 | 255

255 | 255 | 255 | 255 | 255 | 255 | 255 | 255

255 | 255 | 255 | 255 | 255 | 255 | 255 | 255

255 | 255 | 255 | 255 | 255 | 255 | 255 | 255

255 | 255 | 255 | 255 | 255 | 255 | 255 | 255

255 | 255 | 255 | 255 | 255 | 255 | 255 | 255

255 | 255 | 255 | 255 | 255 | 255 | 255 | 255

A simple three-dimensional scene

integer Z-buffer with
near =0, far = 255

127

127|127 -

127127127

1271127127127

127127127127 |127

Z-buffer representation
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EnavaAnmtikoi urtoAoylopol

O aAyoplOpoc depth-buffer Eekiva amo tnv mavw Kopudr Tou TTOALYWVOU

AKoAOUBWC, ETAVOANTITIKA UTTOAOYL{EL TIC X-OUVTETAYUEVEC LEXPL TNV KATW
aploteEPnn Kopudr Tou TOAUYwWVOoU

H tiun X yua tn B€on evapénc o kaBe ypappn capwonc UMopEeL va UTTOAOYLOTEL
Qo TNV MPONYoOUEVN

1

X'=X—— OTIou M €ilvat n kAlon
m

H tipég Babog katd pnkog tTwv Kopudpwv vrtoloyillovtal we €€NC

%JrB

C

1'=17—
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EnovaAnmntikol urtoAoylopol

top scan line

y scan line

y - 1 scan line

bottom scan line
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Z-Fighting

= To Z-fighting cupPaivel otav duo avtikeipeva €xouv ibla Tiun oto the z-buffer

Two intersecting cubes
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MeBodoc A-Buffer

= H pneBodoc A-buffer eival pla emektaon tng pebodou depth-buffer

= H pneBodoc A-buffer avamtuxBnke amno ta Lucasfilm Studios yia to cuotnua
arobdoonc REYES (Renders Everything You Ever Saw)
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MEBobdoc A-Buffer

= H neBodoc A-buffer emektelvetoal tn peBodo depth-buffer yia va emttpenovrol
ot Stadaveic emupavelag

= H Baown édoun oto A-buffer eivatl to accumulation buffer
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MeEBodoc A-Buffer

= Eav to BaBoc >= 0, 1ot otnVv emipavela anoBnkevovtal ta pixels 0w Kall
T(PONYOU LLEVOC

= Eav opwc to Baboc < 0 tote amobnkevetal evac delktng mou delyvel o€
SladbopEC eETMLPAVELEC

RGB and
other info

(a)

depth =0

depth < 0 > Surfl > _Surf2 . .
info info

(b)
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MeEBodoc A-Buffer

Ye KAOe emipaveLla EXOUE TLC €€NC TTANPODOPLEC:
Ta RGB otowyeia €vtaonc
Nopapetpoc a-dtadavelac (opacity)
BaBoc¢ (Depth)
NooooTtiaia teploxn kaAvync (Percent of area coverage)
H tavtotnta tng enwdavetag (Surface identifier)
AN\EC TTopApETPOL
O aAyoplOpocg mpoxwpad akplBwc onwc tov adyoplOuo depth buffer

To BaBoc¢ kot n twun dlamepaoTtikoTnTaC (Opacity) xpnotpomotoUvtal yLo Tov
NPOcOLOPLOUO TOU TEALKOU XpWHATOC Tou pixel
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Painter’s Algorithm
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MeBOodoc¢ Scan-Line

= Mua Stadopetikr) HEB0OOC yLa TOV EVIOTILOUO TWV OPATWYV ETILPAVELWY

= YrtoAoyilel Kol CUYKPLVEL TLC TIHEC BABouc KaTd UNKOC TwV SLadopwV YPALLUWY
oAapPwWOoNG yLa pa oknvn

Yy A
B
E
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4 Scan Line 1
/
2 7 Scan Line 2
v Scan Line 3
H
N
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D GG

<
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Depth-Sorting Method (Painter’s Algorithm)

max

min

min

No Depth Overlap
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max

max

Zz

Z’max S, min
z’ z’

min

Depth Overlap



Visibility (Priority) Ordering

Oa oxebdialeg to P, ueta P, yia va 6&tg to owoto antotéAsoua (Painters Algorithm)

Aedouévou evoc ouvolou atrd TToAUywva S kal €va viewpoint C, BpEITe pia ogipd

{P,...P,} 010 S T1€TOIO0 WOTE OTTOIOONATIOTE TTOAUYWVO P; deV OUYKAAUTITEI OTTOIODNTTOTE
aTTO Ta TTOAUYWVA {P;,;...P.}-

‘Eva¢ AAANOC TPOTTOC VO TO OKEPTEOTE: VI KABE 2 TTOAUYywWvVA TTOU TEUVOVTAI ATTO JIA
akTiva yeow Tou C, P;. €xel peyaAlTepn TTpoTepaIOTNTA o110 P; (With 1 < )
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Depth-Sorting Algorithm (Painter’s Algorithm)

= AmAn npooeyylon: Aodwoe Ta MOAUYywva Ao TIow TPOG TA EUMPOC,
“lwypadifovtac mavw” amo ta mponyoupeva oAUywvaL:
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Depth-Sorting Algorithm (Painter’s Algorithm)
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Depth-Sorting Algorithm (Painter’s Algorithm)
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Apxr'| TOU ai\v()ptﬂuou Tov Z(A)VP(I(I)OU (Painter’s algorithms)
= Taflvopnon Twv AVIKEIMEVWYV (A TOAVYWVWV) armo Miocw —TPOC-Unpoota

= [0l voL TTAPOULLE TNV TEALKA ELKOVA: TAL OXESLAOUE UE QUTA TN OELPA N OTIOLOL ETILTPETIEL OTA TEAEUTAL
(kovtvotepa) va {wypadlotolv mAvw (overwrite) ta mponyoupeva (LakpLvoTepQ)

: AN

= Eival pta uBpdikn mpooeyylon kaBwc to mpwto BApa, n taélvopnon, Elvatl oTo Xwpo
QVTLKELPEVOU Kol TO OEVUTEPO OTO XWPO ELKOVOALG

= To SBUOKOAOTEPO MEPOC Eival n Talvopnon
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Z-sort oto Projection Space

= AmAn taélvounon oo miow mPoc Ta UITPog OAWV TwV TTOAUYWVWV BacLopEVN
OTO KEVTPO TOUC
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Z-sort oto Projection Space

= Aev S0UAgVEL mAvTQ, TU.X.
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Scan-Line Method Limitations

= [evika, oL scan-line peBodol exouv mpoPAnpaTa OTAV OL ETILHAVELEC KOBovTOL
HeTaéL Touc N KE AAAO TPOTIO EMLKAAUTITOVTAL KUKALKAL

= OL eMIPAVELEC QLUTEC TIPETIEL VAL XWPLOTOUV

~

Subdividing Subdividing

Line Subdividing Line
\ R Line
'
-7 <
g
I

\

7’

N
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Scan-Line Method Limitations

= Ta Intersecting polygons mapovolalouv eniong npoBAnua

= AKOMN KOl TOL LN TEUVOUEVA TTOAUYWVA UITOPOUV VO OXNUOTLO0UV Evav KUKAO
XWPLC EyKUpn OELPA 0PATOTNTOC:
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Analytic Visibility Algorithms

= OLaAyoplBuot eykatpnc opatotntac utoAoyil{ouv To CUVOAO TWV OPATWV
TUNMUATWY TOU TIOAUYWVOU ALLECA, KOIL OTN CUVEXELA TtapouaLalouV Ta 7L
LEPOUC TUAMOTO O pLa 00ovn:

Ty,

w

42 ENA426 | Tpadika YmoAoyLotwy



Analytic Visibility Algorithms

= What is the minimum worst-case cost of computing the fragments for a scene
composed of n polygons?

= Answer:;
O(n?)
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MepiAnyn

Mpemnetl va dtaodpaiioouvpe 0TL Ba tpoBANOUE LOVO OPATEC ETILPAVELEC KATA
TNV arodoon HLaG oknNVNG
Yriapxouv S1adopEC TEXVIKEC YLa VAL YIVEL LUTO, OTTWG

Back face detection

Depth-buffer method

A-buffer method

Scan-line method
Twpa Ba eEETACOUE TIEPLOCOTEPEC TEXVLKEC KAl Ba BPOUE TIOLEC TEXVLKEC
glval KATAAANAEC KOl YLOL TIOLEC TIEPUTTWOELG
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