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METAUGYNUATIGUOC ZVVTETAYUEVDV

» MeTaoxnuaTiopgog ouvteTaypévwy - Kavovag
avTIoTOoiIXI10NC

r(x,y,2z) 2> (X,y, )

» AnMwvovTag éva onyeio pe ouvteTaypéves (X, y, z)
opiCoupe aTN OKNVA €vd VEO ONUEIO HE OUVTETAYHEVEC
(XY, 2).

» 2.€ HOPYH UNTPWWV:.

_ N X

N < X
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2VVTETAYUEVEC LOVTEAOV — METAGYNUATIGUOG LOVTEAOL

» 2UVTETAYUEVEC LUOVTEAOU:

Ol OUVTETAYUEVEC UE TIC oTToieC ONAWVETAI £va TIPOTUTIO OXAKA

» MeTaoxnuaTioyoc pyovrEAou:

avTIOTOoiIX10N OUVTETAYHEVWY HOVTEAOU O€ OUVTETAYHEVEC OKNVAG

A

-

/ > o B

ZUVTETQY HEVEG ZUVTETQY !Jévsg
MOVTEAOU oKknvng
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Mntpowo MeTacynUaTIGLLOD

» MnTpwo petaoxnuaTtiopoU povréAou (modelview matrix):
MeTaoxnuarilel TIC OUVTETAYHEVEC HOVTEAOU O€ OUVTETAYHEVEC OKNVAC.

» Mnrpwo TpoPoAA¢ (projection matrix):

MeTaoxnuatilel TI¢ ouvTeTaydéveg oknVAG avdAoya pe Tov TUTTO TTPoPoARG
TTOU ETTIAEYOUUE.

» Ta untpwa petaoxnpartiopoU povTéAou Kail TTpoPoARC Exouv
diaoTdoeic 4x4.

» O1 yeTaoxnuatiopgoi povréAou Kail tpoPoARC ekTeAoUvTal dAuoIdwTd.

o METaoYNUATICUES MetaoynNuaTiopndc
LOVTEAOD TP ofoANg

Y

=N R

—_ N
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EneCepyacio Mntpowv Metacynuaticon

» 2.& KABe XpOVIKNA OTIYUA HTTopoUpe va e epyaocToUpe HOVO €va Amo
TA UNTpWwa HeTaoxnHaTiopgou povtéAou K TpoPoARC
OuunBeite 611 n OpenGL AeiToupyei wg state machine

v

H emiAoyn Tou pntpwou trou emreepyalOpaocTe yiveTal e ThV EVTOAR
glMatrixMode

» void gliMatrixMode(GLenum matrix),

» 6L_MODELVIEW : ustdpaon otnv katdortaon e epyaaoiac
HNTPWOU HETAOXNUATIOHOU HOVTEAOU

» G6L_PROJECTION : ustapaon otnhv Katdotaon eme epyaoiac
HUNTpWou TTpoPoARC
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Mntpoa Metacynuaticumv ¢ MetaAntéc
Kataotoonc

>

Ta pnTpwa PETATXNUATIOUWY 31aTNEOUV TIC TIHEC TTOU TOUG £XOUV

avateBei Tnv TeAeuTaia popd.

Av antaithOcei n apXikomoinoh Toug, auth Ba mpEmer va dnAwBei pnta
amd Tov TPOYPAUHATIOTA Ue TNV evToAn glloadIdentity.

void glLoadIdentity().

APXIKOTIOIEI TO TPEXOV UNTPWO HETACXNHATIOUOU OThV TIHA I,

o O O Bk

o O — O

0

0
1
0

0

0
0
1

Ta untpwa petaogxnparioyou HovréAou Kai TpopoANg £xouv wg
dpX KN TIUA Tov Tivaka I4. Emopévwe, pe Tig apXIKEG TOUG
puBpioeic, 0ev TpokaAoUv HeTAPOAN OTIC OUVTETAYHEVEC HOVTEAOU.
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Apykomoinon Mntponv

» O TpoypaAupaTIoTAG, TIPIV OWael EVTOAN apXIKOTI0iNONG
UnTpwou, Ba mpemel va Pepaiwbei 6T n evroAn Oa
apXIKOTIOINOEl TO EMIOUUNTO PUNTPWO HETAOXNUATIOHOU.

» TTapddeiypa 1: ApxikoTroinon HNTPWOU HETAOXNHATIOHOU
HoVTEAOU
glMatrixMode(GL_MODELVIEW);

glLoadIdentity(): // Apxikomoinon Tou pnTpwou
HETAOXNUATIOHNOU HOVTEAOU

» TTapadeiypa 2: ApxikoTroinon pnTpwou TPpoPoARC
glMatrixMode(GL_PROJECTION):
glLoadIdentity( );
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2TOWYEIWOESC METOGYNUATICUOT

» MeTaromion
» KAipdkwaon
» KAion

» TTepioTpoyn
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Metatomion

» MeTaTdmion onpeiou aTo Xwpo Katd (Xy., Vi, Zip) WG
Tpog Tig O1eUBUvVOEIC X, Y, Z.

X'= X+ X,
Y=Y+ Yy
'=7+1,
» MnTpwo PeTATOTIONC
(x| [1 0 0 x,]|[x]
y' _ 01 0 vy ||y
z' 0 01 z,||z
1] [0 00 1)1
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Metatomion otnv OpenGL

» O opIoUOG UNTPWOU HETATOTIIONG KATA (Xyr, Vi Z4)
yivetai ye Ti¢ evioAéc g/Translate™

» glTranslatef ( GLfloat xtr,GLfloat ytr, GLfloat ztr ),
» glTranslated ( GLdouble xtr, GlLdouble ytr, Gldouble ztr ),

> Xyp, Vir, 2401 HETATOTIIOEIG KATA TOUG ACOVEG X, Y KdI Z.
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KApdkmon

» O1 ouvteTaypévec moAAamAaaialovral pe €va otaBepod
ouvTeAeaTh avd d1evBuvon

1 SX-
1 S .

X
y Y
Z

< X
Il

N
Il

S

z

» SX, Sy, SZ . OUVTEAEOTEC KAIHAKWONG WE TIPOC TIC
d1eubuveIg X y KAl z avTioToixXd

11

x| [s, 0 0 Of[x]
y' | 10 s, 0 Oy
2| |0 0 s, 0|z
1] [0 0o o0 1]|1
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KAudkwon otnv OpenGL

» 27nv OpenGL, n KAIHAKWOoN €KTEAEITAI HE TIG EVTOAEG
glScale™:

» void glScalef(6Lfloat sx, Glfloat sy, Glfloat sz);
» void glScaled(GLdouble sx, Gldouble sy Gldouble sz);

) S§X, Sy, SZ 01 OUVTEAEOTEG KAIHAKWONG KATA TIG
d1euBuvoeIg X, Yy, Z avTioToixd.
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AvdxAioon

» BE1dikA TrepimTwon KAIH@kwong
sx=-1H sy=-1 A sz=-1

» H avdkAaon e€dyel To GUUHETPIKO EVOC ONHEIOU WC TTPOC

1o emimedo x=0, y=0 A z=0 avTioToixa

S REFX
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IlepioTpopn

» H mepioTpopn evog onpeiou katd ywvia © (emimédou XY)
» ACovag TePIOTPOYNC oTNV dpXh TwWV alovVwy ToU CUGTALATOC

OUVTETAYUEVWY OKNVAC

e (O,d) X

X'=c0s@-x—sing-y Y i
y'=sin@-Xx+cos@-y

» TTepiypagh TepIoTPOWNC OTIC TPEIC OIACTACEIC
Ocewpolpe 0TI Z = Z

' x'| [cos® —sin@ 0 0] [x
y' sin@ cosd O Of]|y
2| | o 0 1 0|z

1, 1 0 0 O 1]|1]
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Ieprotpoen ¢ mwpog X’ X

» O1 TEPIOTPOPEC WCE TIPOC Touc dAAoucg d€ovec Tou KapTealavou
OUOTAHATOC OUVTETAYHEVWY OKNVAC TTPOKUTITOUV HE KUKAIKA evaAAayn

HeTaPpAnTwv:

X—>Y—>Z-—>X

» TTpwTn evaAAayn peTaPAnTWV: TEPIOTPOYH ONHEIOU OTO XWpPo KATd

vwvia ¢ pe d§ova mepiaTpophc Tov X' X

X'= X
y'=C0S¢-y—Sing-z
Z'=siNg-y+CoS¢-Z
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Iepiotpoen o¢ mpoc Y'Y

» AeUTepn evaAAayn HETAPANTWV: TTEPIOTPOYA ONHEIOU OTO
XWpPo Katd ywvia ¢ ge dfova mepioTpopnc Tov Y'Y

X—>Y—>Z-—>X

X'=C0S¢@-X+SiNg-z x| [ cosg 0 sing 0] [x
y'=y y'| | O 1 0 0|y
2'=—SiNg-X+C0S¢-Z Z' —sing 0 cos¢g 0|z

1] | O c 0 1|1
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IIepiotpooen otnv OpenGL

» MTropoUpe va eKTEAEOOUHE HETAOXNHATIOHOUC TTEPIOTPOPAC WCE TTPOC
0TtoIoVONTIOTE dfova TTEPIOTPOPAC.

» OpiCoupe éva didvuopa ou h d1eUBuvon Tou TauTileTal HE TN
d1eUBuvon Tou afova TePITTPOPAC.

TTpogoxh: o A€ovac mepIoTPOoPNC dIEPXETAI ATTO ThV dpXN TWV alovwv.

» O1 yeTAOXNHATIOUOI TTEPIOTPOPAC EKTEAOUVTAI HE TIC EVTOAEC
glRotate*™

» glRotatef (Glfloat angle, GLfloat vx, GLfloat vy, GLfloat vz )

> g/R)o tated (GLdouble angle, GLdouble vx, GLdouble vy, GLdouble
vz )/
angle. n ywvia TepIoTpoPnG o€ Hoipeg
VX,Vy,vZ: 0l OUVIOTWOEG d1avuapaTog TTou ekppdlel Th di1elBuvan Tou dfova
TTEPIOTPOPAC
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20uvOetolr Metaoynuaticuot

» 20vOeToC peTaoxhuaTiopoc: Mia aAuaidwTn epappoyh oToIX EIWOWY
HETAOXNHATIOUWY

» ‘BEvag oUvOeTOC HETAOXNUATIONOC dNUIOUPYEITAI ATIO TOUC ETTIHEPOUC
oToIXeIWdeEIC HeETATXNKATIOPOUC TToU avaAuOnkav.

» ZUppaon: To punTpwo evog oUVOETOU pETAOXNUATIOUOU avamapioTal
HE TN HOPPRA YIVOHEVOU UNTPWWY OTOIXEIWOWY HETAOX NUATIOHWY

» 2& 34 auvBeToug peTaoxnuariopous, yia va eivai EQIKTH n
avanapdoraoct] Toug O€ LIop@H VIVOLEVOU, Ta UNTpwa Ba Mpémel va
EXOUV 01aoTdoelC 4x4.
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OUOYEVEIC ZVVTETAYUEVEC

» XpNOILOTIO10UVTAl TIPOKEIHEVOU OAOI 01 HETAOXNUATIOUOI
va HtopoUv va avamadpaotaBouUv pe HopPi HNTPWWV.

» KdOe onucio avamapioraral ye T€00€PIC OUVTETAYHEVEC
(X, vy, z,w)

» H mtapdpeTpog w mtaipvel Thv TipAR 1.

» EmekTeivovrag Th didoTaon Twy pntpwwy Kard 1
ETTPETOUHE TO CUVOUAOHO OAWY TWV OTOIX EIWOWY
HETAOXNUATIOUWY O £va oUVOETO UNTPWO HE OXETEIC
YIVOHEVOU.
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[Tapaderypo 20v0etov MeTaGYNUOTIGUOV
» 4x4 unTpwo TEPIOTPOPAC

(cosé —sind 0 O
A sin@ cos¢ 0O O
0 0 1 0

0 0 0 1

» 4x4 unpr_o HETATOTIIONC

0 0 X,
Yir
Ztr
1

o o o -

o O -
o +— O

» O oUVOETOC HETAOXNHATIOHOC TTPOKUTITEI ATTO TO YIVOHEVO TWV
UNTPWWYV OTOIXEIWOWY HETAOXNHATIOHWY
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[TOAAOTTAOGIOUGLOC GTOLYELMOMY UNTPO®V
LETOCYNUOTIGLOV

» EvToAéc éupeoncg dNAwoONG aToIXEIWOWY HETATXNHATIOHWY
(g9l Translate, glRotate kAT ) dev avTikaBioToUv To TPEXOV UNTPWO
HeETAoXNHATIoONoU aAAd toAAaTtAaaidlovTal He auTo

» KdBe otoixeiwdeg pntpwo M tmmou dnAwvoupe éupeoa
moAAamAaoidleTal pye To TPEXOV UNTPWo HeTadoxnuartiopou C amo
delid.

C'=C-M

» Ev vével, oTov ToAAamAaoiaopé pntpwwy dev 10XUEl N

avTIHETABOETIKA 1010ThTA
CM = MC

» 'Exel yeydAn onpaoia n diadoxh pe Thv omoia emiPdAAovTai ol
OTOIXEIWOEIC HETATXNHATIOUOI.
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2elpd AMAoonc Metasynuaticumy

» 2Thv OpenGL, o1 ouvTeTaypEveg TWY ohueiwy ekppdlovTtal He Th
Hoppn O1avuoUdTWY OTHAWV.

» Ta unTpwa peraoxnuatiopol ToAAamAaoidfovrar ye Ta diaviouara

OTAAEC TWV OUVTETAYHEVWY HOVO aTtd apioTepd. o o
X

y
Z
1

» EoTw 0 oUvOETOC HETATXNHATIOUOC
=M,-M,-

_, N < X

R N < X

» Ta untpwa oToIX€IWdWY HeETAoXNHATIOUWY dnAWwvovTal amd apioTepd
Tpo¢ Ta 0l 1d. TTOHEVWG TO UNTPWO TTOU €MIGPd TTPWTO (M2) mpémel
va OnAwOsei TeAguTaio.
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[Tapaderypo 20v0etov MeTaGYNUOTIGUOV

» TTpoypappaTtioTIKA UAOTIOINON HETAOXNHATIOHOU:

(x| [1 0 0 x,|[cos® -sind 0 O [x]
y' 01 0 vy,|]|sind <coséd 0 O
z| 001 z. || O 0 1 0|
1] |0 0 0 1 0 0 0 1

-T-R-

kP N < X

y
Z
1

v

glMatrixMode(GL_MODELVIEW); //Metdpacn otnv katdoTaon
Ene€epyaoiag Tou pntpwou
HeTaoxnuaTiopov pHovtEAou

glLoadIdentity( ); // apxikomoinon unTpwou HeTaoxnuariapou
HovTéAou (edv auTh cival amapaiTnTh)

v

v

gl Translate{fd}(xtr ytr,ztr); // Opioudéc unTpwou peTATOMIONG

v

glRotate{fd}(6,0,0,1); //Opioudc untpwou TepIoTPOYAC
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Apecoc Opiopuoc MetaoynUaTicov

» H OpenGL diver Th duvatoéTnTta yid dnpioupyia pnTpwwy
HETAOXNUATIOHWY TTOU O0EV AVAKOUV OTOUC
TtpokaBopIopEVoUC

AUECOC 0pIOUOC HETAOXNUATIOHOU
TT.x. MeTaoxnuartiopoi KAiong
» AUo kaTnyopisc:

» @) AVTIKATdoTaon Tou TpEXOVTOC HNTpWou
HeETAOXNUATIOHOU

» p) TToAAaTtAac1aopoc TpEXOVTOC HNTPWOU
HETAOXNHATIOWOU e auBaipeTo HNTPWoO
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Avtikatactaon Tpeyovroc Mntpwov
Metaoynuaticuov

» void glLoadMatrixf(GLfloat *elemi6)
» void glLoadMatrixd(GLdouble *elem16 )

» eleml16. unTpwo TOU TTEPIEXEI TIC TIHEC TOU VEOU
HNTpWou
[elem[0] elem[4] elem[8] elem[12]]
elem[1l] elem[5] elem[9] elem[13]
elem[2] elem[6] elem[10] elem[14]
| elem[3] elem[7] elem[11] elem[15]

elem16 =
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[ToAlamhactaouog pe to Tpexov Mntpwo

v void giMultMatrixf (GLfloat *elemi16)
» void giMultMatrixd (GLdouble *elemi6);

» eleml1é6: ynTpwo peTaoxnpaTiopoU doopéVo UTTO Th HOp YR
OHOYEVWYV OUVTETAYHEVWY

» H evroAq giMultMatrix™* moAhamtAacialel To unTpwo
eleml6 pe 1o TpEXoV UnTpWo peTaoxhpaTiopou C amo
deC1d.

C'=C-eleml6
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[Tapaoerypa: Metacynuaticuog Kiionc

» H TIpA piag amd TiIG oUVTETAYHEVEG X,Y,Z HETAPAAAETAI YpAHHIKA WG
TPOC Hid N TtePIoaoTEPEC €K TWV AAAWYV QU0 CUVTETAYHEVWY

T.X. YPAUHIKA HETAPOAR TNG OUVTETAYHEVNG X WG TTPOG Y

X'=X+a-y
» d: OUVTEAEOTAC KAiong
(x| [1 a 0 0]][x]
y' 0 1 0 0]y
2| [o 0o 1 0|z
1] |0 0 0 1]|1)

» 270 Tapamdavw Tapddeiyua n ouvteTaypévn X' peTaPpdAAcTal
YPAUHIKA WG TIPOG TV ATTOCTACN TOU ONHEIOU X,Y,Z aTtd To eMiTedO
y=0 (mou eivai ion pe y)
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KAion o¢ mpog Avo Enineoa

» H TIpA piag amd TiIg oUVTETAYHEVEG XY,z HETAPAAETAI Ypappikd
TPOC Hid N TtePIoaoTEPEC €K TWV AAAWYV QU0 CUVTETAYHEVWY

» TTX ypappikh HeTAPOAR TG OUVTETAYHEVNG Z WG TIPOG X KAl Y

Z'=a-X+b-y+z

» a,p: ouvteAeoTEC KAIONC

_, N < X

o 99 O B

o o +—» O

o rr O O

R O O O

N < X

» 2T0 Ttdpdmdvw Trapddeiypa n ouvTeTaypévn z' HeTaPdAAETal ypappIKd
w¢ TPog Thv amooTach Tou onueiou X,y,z amd Ta emimeda y=0 kai

x=0
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KAion o¢ mpog Tuyoaio Enineoa Avagpopdc

» MeTaoxnuariopoi kAiong pe avagpopd Tuxaia emitteda x=x0 y=y0
z=z0
TT.X ypappikA HETAPOAR TNG OUVTETAYHEVNG Z WG TIPOG X KAl Y

2'=a(X—%)+b-(y -y, )+2

X 1 00 0 X
yl1 10 10 0 y
2| la b 1 —(ax+b-y,)||z
1] |0 0 1 111]

» Tia Tov opiodd HeTaoxnHaTiopdwy KAiong Oev UTTAPXElI CUYKEKPILEVN
evToAn atnv OpenGL .

» O opiopéC pnTPpWwWyV KAiong vivetal pye Thv dyeon avdBeon Tipwy oTd
OTOIXEid TOU UNTPWOU HETAOXNHUATIOHOU HOVTEAOU.
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2101fec Mntpowv MeTacynuaticiov

» Ta KdB¢e kaTnyopia UnTpwou peTaoxnpartiopoU (HovTEAoU Kal
TpoPoARg) n unxavh Tng OpenGL mpoPAémer Thv Utapgn wiag
oToipac

» To evepyd unTpwo HeTATXNHATIOHOU PpioKeTAl 0TV KOPUPRA TNE
KaBe oToipac.

(x,y,z2) == Mmodelview # Mprojection > (X'y'.Z'")
Mmodelview,2 Mprojection,2
Mmodelview,3 Mprojection,3
Mmodelview,4 Mprojection,N
E:gg?(n”“n;ﬂ)?&\l’j S10iBa UNTPWWY
TTPOROAN
HOVTEAOU popeis
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[IpocOnkn Mntpwov

» H OpenGL mpooywéper Tn duvaToTnTa vid amoBAKeuon Tou TPEXOVTOG
HNTPWOU HETAOXNUATIOUOU YId HETETTEITA XpAon

v vord gliPushMatrix();

» MeTapépel To evepyd unTpwo Kai 6od Pppiokovral XaunAoTepa amo
duTO KATd €va emimedo TPOoC Ta KATW oTN oToipad.

31

M1 o » MNew
M2 glPushMatrix() M1
M3 M2
M4 M3
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Avéxinon Mntpwov and t Ztoifa

v void glPopMatrix(),

» H ekTéAeon Tng glPopMatrix uetabéTel kGOe pnTpwo Katd pia Oéon

TPOC TA TTAvVW oTN oToipa.

» To evepyod UnTpwo avrtikadiotaral amd To duéowe eTTOHEVO TOU OTN

oToipa.

M1

M2

oslPopMatrix( )

M2

M3

M3

M4

32
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AN oY) ZUGTIUOTOC ZUVTETOYLEVOV

>

O1 dnAWoeIC HETAOXNUATIOHWY TToU avaAuodpe TTponyYoUHEVWG,
HTTOpOoUV va XphoipomoinBouv Kai yia Thv dAAayn cUuGTAPATOC
OUVTETAYHEVWYV

TTAéov, avapepopacTe og peTaoxnpaTiodoug Béaong (viewing)

AvAyouv Thv TTEPIYPAPA TG OKNVAC 0 oUOTNHA CUVTETAYHEVWY TTOU
TIPOKUTITEI ATtO To AdpXIKA KaBopiopévo ovoTnua pe 01adikacieg
OTOIXEIWOWY peTaoxhHaTiopwy (XpAOIKN Yia Thv TTapaThpnon Hidg
OKNVAC atro d1aPopETIKEC OTITIKEC YWVIEC)

MeTaTomion CUGTAUATOC CUVTETAYHEVWY
TTepioTpopn OUGTAPATOC CUVTETAYHEVWY

2ZnHavTiko: O1 yeTtaoxnuaTiopoi povreAomoinong ivail 100dUvapol pe
TOUC HETAoXNHATIOHOUC Béaong
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METATOTION GLGTNUATOC GLUVTETAYUEVOV

» H tepiypapn Tng okNVAC W¢ TTPOC TO HETATOTIOHEVO
oUOTNHA CUVTETAYHEVWY HE dpXN OTO ONUEIO X, Vin, Z4,
IgodUVAEl HE HETATOTIION OAWYV TWV OoNUEIWY ThE OKNVAC

KGTd {-Xff., "yf-,., "Zf-f,) _ yu A

1 0 0 —x, |
T = 0 1 0 - ytr / -

- V ( xtr,ytr, ztr) Xu
0 01 -z,
000 1 / Xz
Zw ( Xcw, ycw, zew )
O

Xcu=xcw-xtr
ycu=ycw-ytr
ZCcu=zcw-ztr
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IIep1oTpOPN GLGTNUATOC GUVTETAYUEVOV

» H tepiypapn Tng okNVAC W¢ TTPOC TO TTEPIOTPEUHEVO
oUoTNHA oUVTETAYHEVWY KATd ywvia © 1coduvapei pye Thv
TEPIOTPOPN OAWV TWV onpeiwv ThE OKNVAC KATd ywvia -6

(cos(-60) —sin(-6)
sin(—@) cos(—0)
0

0
1, | O 0 111 > v
v,
XJ
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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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