KomnbloTepHan
[‘paduka

Ba3oBble 3HaHUSA



NMHdopmauuna

Uropb TapaHLeB
l.tarantsev@aq.nsu.ru

+7 913 918 2186

Kypc 3aHumaeT 1 cemecTp
OueHKa cTaBUTCS B 3a4ETKY B KOJTIOHKY OK3aMeHb!

OueHKa CoCTOUT N3 ABYX YacTen:

e 2D-rpadumka - bunetbl ¢ BONpocamu
e 3D-rpaduka - 3agaym U PUHaNbHLIN NPOEKT
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YrnoBoe pa3pelueHune

1.5 m

Pacctoruue no axkpana

benble TOUKN — NUrMeHT
TemHble NAaTHa — KoNH6oYKK

Yrnosoe paspelieHune no APKOCTH
B pa3bl Bblle pa3pelleHna no useTty
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LiBeTOoBbIEe Mogenwu

AoonTneBHas
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LiBeTOoBbIEe Mogenwu

RGB CMY




LiBeTOoBbIEe Mogenwu

C.M)Y - C' MY'K

K(blacK) = min(C,M,Y) Y
C'=C-K
M'=M —K
Y'=Y-K

CMYK

YepHas Kpacka — Aellesasn U «To4YHaaA»
Cmecb Tpex KpacoK B paBHOM NponopLUuMn AaeT rpa3HO-CEePbINA, @ HE YePHbIN UBeT



Oucnneun un 6ydep Kagpa

N300paxenue —3To pacTtp = 2D MaccuB NHKCeEIeH

int FB[n][m] - frame buffer FB[5][2.
~ O

Mukcensb (pixel,

picture element)
MEeNbYaNLINUN SNEMEHT
n3obpaxeHunsn

Tunbl Nnukcenewu:

 LlBeTHble — 2,4,8,15,16,24,32,48,96 6/n
« Cynep-96 6/n

< 'HIIHI' « YepHo-6enbih — 1 But/nuKkcens
,,,/ﬁ) * MoHOXpOMHBbIE — 2, 4, 8, 12 6uT



[pexmMepHas cueHa
Reproduced with pemission.

E 1995 Intergraph Computer Systems

CueHa 0BbI4YHO COOEPXKUT:

e OOLEKTLI
e kamepa (Habnwogartenb, UrPoK)
® VCTO4YHUMKM CBETA

viewing
frustum near
clip plane viewpoint

Kamepa - 370 BUPTyanbHbIN OObLEKT
(NONHbIV aHanor BUaeoKamepbl

N3 pearnbHOro Munpa)

OHa 3a0a€T TO OKHO,
yepes KOTopoe Bbl CMOTPUTE

Ha BI/IpTyaJ'IbeII7I MWUP CLUEHDbI




O0bekTbl. Polygon Mesh

Polygon mesh'is a collection of geometric primitives? that
defines the shape of a object in_ 3D computer graphics

face
polygon mesh’ or just mesh —
geometric primitives?is a collection of vertices, edges and faces
edg

C



https://en.wikipedia.org/wiki/Polygon_mesh
https://en.wikipedia.org/wiki/Polygon_mesh
https://en.wikipedia.org/wiki/Polygon_mesh
https://en.wikipedia.org/wiki/Polygon_mesh
https://en.wikipedia.org/wiki/Polygon_mesh
https://en.wikipedia.org/wiki/3D_computer_graphics
https://en.wikipedia.org/wiki/3D_computer_graphics
https://en.wikipedia.org/wiki/3D_computer_graphics
https://en.wikipedia.org/wiki/3D_computer_graphics
https://en.wikipedia.org/wiki/3D_computer_graphics

O01BLeKkTbl. BazoBblie NPUMUTUBDLI

geometric primitive! = simplest? geometric object that can
be processed3 by video card*(vertices, edges, faces)

- A T & So

BepLnHa pe6po TPEYIroJIbHUK 4X-yFOJ'IbHVIK MHOIOYyroJibHMK

vertex edge triangle, polygon quad polygon

CospemeHHble GPU pucytot 1-10 MAH. NPUMUTUBOB 3a Kaxabl Kagap NPUIoXKeHUs

geometric primitive! umeetr cuHOHMMBI:  graphic  primitive,  primitive
simplest? - MMHMManbHLIN NO KONMYECTBY TOMEK 0OBLEKT (BbIMYKIbINA)

process?- 006bIYHO UMEETCS B BUAY OTPUCOBATb Ha 3KpaH
video card*nmeet cuHoHuMsI: display card, graphics card, display adapter or

graphics adapter


https://en.wikipedia.org/wiki/Geometric_primitive
https://en.wikipedia.org/wiki/Geometric_primitive

BepLwunHbI

geometric primitives is a collection of vertices

vertex is a single point
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each vertex can have several properties:
e position (X, Y, z)
e color(r,g,b)
e normal vector (nx, ny, nz)
e texture coordinates (u, v)
o



Primitive Topology

primitive topology = how to interpret a list of vertices
nmeeT CMHOHUMBI: topology, mesh topology, mesh connectivity

Topology i V. v
DirectX OpenGL a1 \
Point list D3DPT_POINTLIST GL_POINTS Vse oV / V2 / »V2 v5<:> )
. . @ L
Line list D3DPT_LINELIST GL_LINES Vo Vi Vo V
GL_POINTS GL_LINES GL_LINE_STRIP GL_LINE_LOOP
Line strip D3DPT_LINESTRIP GL_LINE_STRIP
Vg Vs Va V3 i Y
3 1
Line loop GL _LINE LOOP Va Vs
V5 V2
Polygon GL_POLYGON Vs ¥ V. Vi
Va Vi Ve Vi g
Triangle list D3DPT_TRIANGLELIST GL _TRIANGLES GL_POLYGON GL_TRIANGLES GL_TRIANGLE_STRIP
Triangle strip | D3DPT_TRIANGLESTRIP GL TRIANGLE STRIP Vs Va v
3 Q
Triangle fan D3DPT_TRIANGLEFAN GL_TRIANGLE FAN _V2 %
. Va
Quad list GL_QUADS GL_TRIANGLE_FAN GL_QUADS GL_QUAD STRIP

Quad strip GL _QUAD_STRIP OpenGL Primitives


https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
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https://www.opengl.org/sdk/docs/man2/xhtml/glBegin.xml
https://msdn.microsoft.com/en-us/library/windows/desktop/bb147280(v=vs.85).aspx
https://www.opengl.org/sdk/docs/man2/xhtml/glBegin.xml
https://msdn.microsoft.com/en-us/library/windows/desktop/bb174700(v=vs.85).aspx
https://www.opengl.org/sdk/docs/man2/xhtml/glBegin.xml
https://msdn.microsoft.com/en-us/library/windows/desktop/bb174701(v=vs.85).aspx
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https://msdn.microsoft.com/en-us/library/windows/desktop/bb206273(v=vs.85).aspx
https://www.opengl.org/sdk/docs/man2/xhtml/glBegin.xml
https://msdn.microsoft.com/en-us/library/windows/desktop/bb206274(v=vs.85).aspx
https://www.opengl.org/sdk/docs/man2/xhtml/glBegin.xml
https://msdn.microsoft.com/en-us/library/windows/desktop/bb206271(v=vs.85).aspx
https://www.opengl.org/sdk/docs/man2/xhtml/glBegin.xml
https://www.opengl.org/sdk/docs/man2/xhtml/glBegin.xml
https://www.opengl.org/sdk/docs/man2/xhtml/glBegin.xml

Primitive Topology

primitive topology = how to interpret a list of vertices
nmeeT CMHOHUMBI: topology, mesh topology, mesh connectivity

Vy Vs

Y . Va V3 V) \"; Vs Vs
Habop Tononornm n3dbITOYEH: °« o / \ £ &
1. triangle list vs triangle strip Vse ov, Vs Va o Vsd P2 Vs V2
{0, 5, 0) (10, 5, 0) (20, 5, 0) (0, 5, 0) (10,5, 0) (20, 5, 0) \:ﬁ ;l V.—'a Vi Wy Vq Va A\
/W GL_POINTS GL_LINES GL_LINE_STRIP GL_LINE_LOOP
(-5, -5, 0) (5, -5, 0) (15, -5, 0) (-5, -5, 0) (5, -5, 0) (15, -5, 0) Ya Vs Ve e Vs Vq
VZ Vs
Vs Va2
. . . VS VG V4 VZ
2. triangle strip vs quad strip Ve W Vo v Va
GL_POLYGON GL_TRIANGLES GL_TRIANGLE_STRIP
Vs V.
: Vs Vv e 3 b
5] x S5y
V2 V? V4 Bvl VG V4 ‘ Vl
i ¢
Va Vs Va V2 Ve
GL_TRIANGLE_FAN GL_QUADS Gl D SRR

OpenGL Primitives


https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx

Primitive Topology

Point Lists - Habop He cBsI3aHHbIX BEPLLNH
(npumep Ha OpenGL 2.0)

glBegin(GL_LINES);
{
glVertex3f( -5.0, -5.0,0.0);
glVertex3f( 0.0, 5.0,0.0); {0, 5 0) (10, 5, 0) (20, 5, 0)
glVertex3f( 5.0, -5.0, 0.0); v . *
glVertex3f( 10.0, 5.0,0.0);
glVertex3f( 15.0, -5.0, 0.0);
glVertex3f( 20.0, 5.0,0.0);
}
glEnd(); ° . .
(-5, -5, 0) (5, -5, 0} (15, -5, 0)


https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb147280(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb147280(v=vs.85).aspx
https://www.opengl.org/sdk/docs/man2/xhtml/glBegin.xml

Primitive Topology

Line Lists - Habop He cBA3aHHbIX OTPE3KOB
(npumep Ha DirectX 9)

struct CUSTOMVERTEX
{

|

CUSTOMVERTEX Vertices[] =
{

float x,y,z; (0,5, 0} (10, 5, 0) (20, 5, 0)

{-5.0, -5.0,0.0},
{0.0, 5.0,0.0}, (-5, -5, 0) (5, -5, 0) (15, -5, 0)
(5.0, -5.0,0.0},
{10.0, 5.0, 0.0},
{15.0, -5.0, 0.0},
{20.0, 5.0, 0.0}

5
d3dDevice->DrawPrimitive( D3DPT_LINELIST, 0, 3 );


http://msdn.microsoft.com/en-us/library/windows/desktop/bb174700(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174700(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174700(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
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Primitive Topology

Line Strips - HAbop cBA3aHHbIX OTPE3KOB
(npumep Ha DirectX 9)

struct CUSTOMVERTEX
{ (0, 5, 0) (10, 5, 0) (20, 5, 0)
float x,y,z;
|
CUSTOMVERTEX Vertices|[] =
{
{-5.0, -5.0,0.0}, (-5, -5, 0) (5, -5, 0) (15, -5, 0)
{0.0, 5.0,0.0},
{5.0, -5.0,0.0},
{10.0, 5.0, 0.0},
{15.0, -5.0, 0.0},
{20.0, 5.0, 0.0}
|8

d3dDevice->DrawPrimitive( D3DPT_LINESTRIP, 0, 5);


http://msdn.microsoft.com/en-us/library/windows/desktop/bb174701(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174701(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx

Primitive Topology

Line Lists vs Line Strips (npumep Ha DirectX 9)

(0, 5, 0} (10, 5, 0) (20, 5, 0}

d3dDevice->DrawPrimitive( D3DPT_LINELIST, 0, 3 ); / / /

(-5, -5, 0) (5, -5, 0) (15, -5, 0)

(0, 5, 0) (10, 5, 0) (20, 5, 0)

d3dDevice->DrawPrimitive( D3DPT_LINESTRIP, 0, §)

(-5, -5, 0) (5, -5, 0) (15, -5, 0)

Line Strips no3sonsieT HapucoBaTb OOnbLUEe OTPE3KOB (NPY TOM Xe KOJi-Be BEPLUUNH) - TpebyeT
MEHbLLIE ONepaTMBHOM NAaMATU U MEHbLLE BPEMEHM NpoLeccopa 1 BUAEOKapThl


http://msdn.microsoft.com/en-us/library/windows/desktop/bb174700(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174700(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb174701(v=vs.85).aspx
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Primitive Topology

Triangle Lists vs Triangle Strips (npumep Ha OpenGL 2.0)

glBegin(GL_TRIANGLES);
{
glVertex3f(-5.0, -5.0,0.0);
glVertex3f( 0.0, 5.0,0.0);
glVertex3f( 5.0, -5.0, 0.0);
glVertex3f( 10.0, 5.0, 0.0);
glVertex3f( 15.0, -5.0, 0.0);
glVertex3f( 20.0, 5.0, 0.0);

}
glEnd();

glBegin(GL_TRIANGLE_STRIP);
{
glVertex3f(-5.0, -5.0, 0.0);
glVertex3f( 0.0, 5.0,0.0);
glVertex3f( 5.0, -5.0, 0.0 );

glVertex3f( 10.0, 5.0,0.0);
glVertex3f( 15.0, -5.0, 0.0);
glVertex3f( 20.0, 5.0,0.0);

}
glEnd();

/E\ (10, 5 (20, 5, 0)

(-5, -5, 0) (5, -5, 0) (15, -5, 0)
(0, 5, 0) (10, 5, 0) (20, 5, 0)

(-5, s, D) (5, -5, 0) (15, -5, 0)


https://www.opengl.org/sdk/docs/man2/xhtml/glBegin.xml
https://www.opengl.org/sdk/docs/man2/xhtml/glBegin.xml
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx

Primitive Topology

Triangle Strips HYy>XHO akkypaTHO UCMOSb30BaTh

v3

BepwuHbl v1, v2, v3 06xoaaTca no 4acoBOW CTPerike,
BEPLWMHbI V2, v3, v4 06X0aaTCA NPOTUB HYaCOBOW CTPESIKU,
3aTemM cHoBa no yacoson (v3, v4, v5),

NOTOM NPOTMB YacoBon (v4, v5, v6),

n T.0.

Monb3ynTecb 3TUM NPaBUIIOM MPU CO30aHUN MaCcCMBa BEPLUH,
KOTOpbI 3aTeM NepeganuTe Ha BUOeoKapTy


http://msdn.microsoft.com/en-us/library/windows/desktop/bb206274(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb206274(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205124(v=vs.85).aspx

[pexmMepHas cueHa
Reproduced with pemission.

E 1995 Intergraph Computer Systems

CueHa 0BbI4YHO COOEPXKUT:

e OOLEKTLI
e kamepa (Habnwogartenb, UrPoK)
® VCTO4YHUMKM CBETA

viewing
frustum near
clip plane viewpoint

Kamepa - 370 BUPTyanbHbIN OObLEKT
(NONHbIV aHanor BUaeoKamepbl

N3 pearnbHOro Munpa)

OHa 3a0a€T TO OKHO,
yepes KOTopoe Bbl CMOTPUTE

Ha BI/IpTyaJ'IbeII7I MWUP CLUEHDbI




O0beKkTbl. CuctemMbl KOOpaAMHAT

[Mpeobpa3oBaHusA

MopenbHble
Co3aaHne CNoXHbIX MOAENEN U3 NPOCTbIX KOMMNOHEHT
NyTEM MO3NLMOHNPOBAHNS OBJECT CAMERA
MNpeobpasoBaHme N3 0O6LEKTHLIX KOOPAMHAT B A ﬁs
MUPOBbIE N
BuooBble
Pa3smelueHne BupTyanbLHOU Kamepbl B MUpe, T.e. !

Cneumndmkauns npeodbpaszoBaHNS MUPOBBIX / —

KOOpAMHAT B KOOPAUHATbLI KaMepbl ~ I:szue CK

AHnmauum WORLD
BapbupoBaHue KoopaAnHaT BO BpEMEHU AN CO34aHus
NBMXEHUN


https://en.wikipedia.org/wiki/Polygon_mesh
https://en.wikipedia.org/wiki/Polygon_mesh

BekTopHaa anrebpa

ITnHenHasi kOMBMHaLUMA BEKTOPOB

JlnHenHas He3aBUCMMOCTL BEKTOPOB
OpTOHOPMMPOBAHHbLIN Basnc

KOMMOHEHTLI = KoopAuHAaTbLlI BEKTOpa

Bektop B 6ba3unce npeacraBnaeTcss OAHO3HAYHO
[Mpn cmeHe 6a3nca BEKTOP HE MEHSAETCSH, MEHAKOTCHA €ro KOMMOHEHTbI

V=v,A+v,B; v,,v, eR

V=vE +v,E,+...+Vv E

v

/Vl\

\Vn



JIluHenHble n adbPpUHHLIE
npeobpa3zoBaHus

F nnHenHoe, ecnn F(A+B)=F(A)+F(B) n F(kA)=kF(A)
JTtoboe nnHenHoe npeobpasoBaHME MOSTHOCTLIO
cneunduumpyeTca ero 4eNCTBUEM Ha Da3NCHbIE BEKTOPDI

V=v,E, +Vv,E, +v,E,

F(V)=F(v,E, +v,E, +v,E,)
:F(V1E1)+F(V2E2)+F(V3E3)
:V1F(E1)+V2F(E2)+V3F(E3)

F adpdnHHOE, ecnun OHO NIMHENHOEe + cABUT = y=mXx+Db



JIlnHenHoe npeobpasoBaHue

MNpeobpa3oBaHne 6asnCHbIX BEKTOPOB F(E1)= B+ [ By + f31Ey
F(Ez): J1oEy + foo By + faoEy

F<E3 ) = fisEy + fas B + f33Es
[Mpeobpa3oBaHmne BekTopa

F(V):V1F(E1)+V2F(E2)+V3F(E3)
= (f11E1 + for By + f34Es )V1 "'(f12E1 + f2oEr + f3oEs )Vz "'(f13E1 + fosEs + fa3 ks )Vs
= (foav1 + frova + frava )Ey + (forvy + fagvo + fagvs JEy +(favi + fagvo + fagvs )Es
nn B gopyromn sanmcu

/
Dy = frvi+ frava + fraVs (Vl \ /fll f12 f13 ) /Vl )
P = LV
Dy = forv1 T JaaVa T fasVs l Z]: 7 V; _ le f22 f23 v,

D3 = favi + faaVo + fasVs ,
Vi) U S )\




BeKkTOop-CTpOKa Unn BeKTop-cTosnbdeL
vy firfizfis\ /1 ,

vy | = | fa1fazf23 (vz) v =M-v
’U’é f31f32f33 Vs

f11f21f31
W}, v, v%) = (01,5, v3) | fizfozfsz | V' =v-MT
f13f23f33



OcHoBHbIe 2D npeobpa3zoBaHus

Npeo6pasosaHue ®opmyna Ynpaensiowmit
napameTp
’ t
Cosur (x j [X] N '
= T Vi=v+t t
Translate y, y ty
’ s 0
MacwTabuposanue | * | _|[ °x X g ¢
Scale P | T 0 s vV =9V
y y N\

x' cosd —sinf\( x ,
el 1= V=ROV 6
y sin cos@ )\ y



OcHoBHbIe 2D npeobpa3zoBaHus

Ynpasnsaowun
napameTp

’ t
Cagwr X j B [Xj x ,
= + VvV =v+i !
Translate ( y' y t,

HennHeitHoe npeobpas3oBaHue

/ O X
MacwTtabupoBaHune X S r_
Scale (yrj = (0 g jiy] vi=25v S
y

x") (cos@ —sinf\(x ,
Rotate. U( j{] V=ROY 0
¥y sinf cos@ )\ y

NpeoGpa3oBaHue Popmyna



OpgHopoAaHble KOOpAUHATDI

« Kak Obl NnpeacTaBUTb COBUM B MaTPMYHOM Buae
* «TPHOK» — 06aBMM MO NULLHEN KoopAuHaTe K BEKTOpaMm

(x’\ (1 O l‘x\/x\
Yy (=10 1 ¢ ||y

Y
(1) \0 0 1L
« OTO 00OHOPOOHas KoopamnHaTa w
* [locne npeobpa3oBaHuin oTOpacbiBaem e€ (w=1) n Bcé
« Takne maTtpuubl onpeaensitoT 00HOPOOHkIE Npeocbpa3oBaHUS




W? WHAT?!

* [lpakTnyeckmn oTBeT:
— W — 5710 anrebpanyecknin Tprok

— Ecnn w He paBHO 1.0, TO genu Ha Hero

 AKageMn4yeckmnim oTBET:

e
/

/4

v

— (X, Yy, w) koopauHaTbl 13 3D NpOEeKTMBHOIO NMPOCTpPaHCTBaA

— BCe HeHyneBble KpaTHble W(X, Y, 1) onpegensatoT ogHy U Ty Xe
TOYKY B IEKApPTOBbIX KoopAuHaTtax (X, Y)

— w=0 o3Ha4aeT TO4YKY B DECKOHEYHOCTU, YTO SKBUBAIEHTHO

HanpaBneHuto

— B 3D rpaduke ncnonb3yTcs YeTblpexMepHble O4HOPOAHbIE

KoopauHaTthl (X, Y, Z, W)

[pybo: z=w




OpgHopoaHble 2D npeodbpasoBaHus

Translate Scale Rotate
1 0 ¢ (s, 0 0 cosf —sind 0
0 1 ¢ , 0 s, O sind cosfd 0

Tenepb Ntobasi nocrnegoBaTenbHOCTbL CABUroB/BpalleHuin/maclutTabnpoBaHum Ha
NSIOCKOCTN MOXET ObITb BblpaxeHa 0gHOWU MaTpULIEN



OpgHopoaHble 3D npeodbpazoBaHus

Translate /1
0

T(tx,l‘y,tz) =
0
Scale /Sx
0
S(s,,s,,8,) = 0
0

JTrobas nocnegoBaTenbHOCTb
caBuros/BpalleHuimn/macLiTabnpoBaHmnn
B NPOCTPAHCTBE MOXET ObITb BblipaxeHa
ogHon maTpuuen



OpgHopoaHble 3D npeodbpazoBaHus

Rotate Lo 0 0
0 cosfd -smnd 0
R.(0)= .
0 sind cos@ 0
0 0 0 |
cosd 0 sinéd O
R (6)= 0 1 0 0
WO Zsin@ 0 cos@ 0
0 0 0 1
cosd —sind 0 O
sind cos@ 0O O
R.(0) =
0 0 1 0
0 0 0 1




Yrnbl Aunepa

Yrnbl Qunepa onpeaensatoT TpU NoBOpOTa CUCTEMBI,
KOTOpble MO3BOSISAOT NMPUBECTU N0DOE NonoxeHmne
cuctemMsbl K Tekywemy. O603Ha4YMM HavarnbHyo
CUCTEMY KOOpAMHaT Kak (X, Y, Z), KOHEYHYIO Kak

(X, Y, Z). [epeceyeHne KoopanHaTHbLIX MNOCKOCTEN
xy n XY HasblBaeTcs fimHuen ysnos N.

Yron a Mmexay ocbiko X U NMTIMHNEN Y30B.

Yron 3 mexgy ocamn z n Z.

Yron y mexagy ocbto X U NfIMHNEN y3noB..
[TOBOPOTbLI CUCTEMbI HA 3TU YrMbl Ha3blBalOTCH
npeueccus, HyTauus u noBopoT Ha CODCTBEHHbIN
yron (BpaileHune). Takme noBopoThI
HEKOMMYTaTUBHbI U KOHEYHOE MONOXEHNE CUCTEMDI
3aBUCUT OT Nopsigka, B KOTOPOM COBEpLUAOTCS
NoBOPOTHI. B criyyae yrnos Gunepa ato
nocnenosartensHocTb 3, 1, 3 (z, N, 2).



MopenbHble npeobpa3oBaHuA

\ X

Bce 13 ogHoro 6a3oBoro Kyouka:
NOBOPOTHI, MacwwTabbl, coBUMK

Pn3nyecKn KOppPeKTHbIE
aegopmaunu
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CornaweHums:

BEKTOpP — cTonbeu BEKTOP — CTPOKa

§

XY (my, m, m, My My My
/ / / —

Vo= My My My (" ' D=(x y |m, my my,
I my My My \My3 My My

p'=ABCDp

p!T :pTDTCTBTAT




JleBOCTOpPOHHME U NPABOCTOPOHHUE
CUCTEeMbIl KOOpAOUHAT

L
ZX /x2y3 —x3y2\

L=XXxY=|xy —xy,
\ A1V2 X))

Ocb Z onpepensietcst 4epe3 ocn X 1 Y Ha OCHOBE
BEKTOPHOro npoun3BeeHnd, KOTopoe onpeaenseTcy
npaBuIIOM NEBOWN NI NPaBOW PYKK (CorfiacHo
BbIOpaHHOW cucTeme)




JleBOCTOPOHHME U NPAaBOCTOPOHHMUE
cucTeMbl KoopauHaT

JleBasd pyka [MpaBas pyka

5 @ mwy WP

N Ny v % 6%

\\)\K?/ \*,\,\% ()//
Y XX =7 X XY =127



Cucrembl KoopaAnHaT

[To-ymon4yaHuo

B DirectX - neBas c.k. B OpenGL - npaBas c.K.

Left-handed Right-handed
Cartesian Coordinates Cartesian Coordinates

MHorme npegnovnTatoT NeBYIO C.K., T.K. OHa UHTYUTUBHO
boree ynobHa - ocb Z HarnpaBneHa oT Hac

Ecnun xoTumMm cMecTuUTCS Brepes - ysennynsaem Z-koopgmHary


http://msdn.microsoft.com/en-us/library/windows/desktop/bb204853(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb204853(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb204853(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb204853(v=vs.85).aspx

BeKkTOop-CTpOKa Unn BeKTop-cTosnbdeL

My =Ms* Mg * M= M * (M, * My * M, ) * M (DirectX)
M, = Ms* Mg™ Mg= M;* (M, * M, * M, ) * Mg (OpenGL)
[MpaBuna:

1. (p*M)T=MT*pT, rone M - maTpuua, p - BEKTOP-CTPOKa, pT -BeKTOp-cTONbGELI.
g. &Aﬁi mB)Tz M,"* M, T,rae M, nM_ - matpuupbl.
H * * * * TT
(DirectX) p *M,, = [p * (Mg " Mg * M;)] =
= (M *M *M)pTT =
= [(M*MTSMT)*p"I" (OpenGL)
[TOMHUM:

1. Jhobasa maTtpuua us DirectX == TpacnoHuposaHHast maTpuua n3 OpenGL.
2. BekTop - 910 cTpoka B DirectX, Bektop - aTto cTonbeu B OpenGL.

[Mony4yaeTtcq, 4to B DirectX n OpenGL pe3ynbrat 4OCTUraeTca OANHaAKOBbIN.



Scene. Objects and Camera

OObeKT nmeeT CBOWCTBA;:

no3nLms position (pX, py, pz) TPU KOOpAMHATHI World Transform
opveHTaums rotation (rx, 1y, r2) Tpu yrna annepa convert vertices:

- from model space
MacLutab scale (sx, sy, sz) Tpy KO3(h-Ta - to world space

Kamepa nmeet cBoncTea:

noanums position (pX, py, pz) TPU KOOPAMHATHI View Transform
opueHTauus rotation (rx, ry, 12) Tpu yrna aiinepa convert vertices:
P - from world space
ron o63opa fov field of view 4Yncno B rpagycax - .
y P pany Projection Transform
acnekTr aspect aspect of screen lwmpuHa / BbicoTa convert vertices:
ONWXHSA NN-Tb | near near plane 4yncno B MeTpax - from camera space

- to screen space
AanbHAA NN-Tb far far plane 4YMCIIO B MeTpax


https://docs.unity3d.com/Manual/class-Transform.html
https://docs.unity3d.com/Manual/class-Transform.html
https://docs.unity3d.com/Manual/class-Transform.html
https://docs.unity3d.com/Manual/class-Transform.html
https://docs.unity3d.com/Manual/class-Transform.html
https://msdn.microsoft.com/en-us/library/windows/desktop/bb206365(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb206365(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb206365(v=vs.85).aspx
https://msdn.microsoft.com/ru-ru/library/windows/desktop/bb206342(v=vs.85).aspx
https://msdn.microsoft.com/ru-ru/library/windows/desktop/bb206342(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb147302(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb147302(v=vs.85).aspx

Transforms. Translation Matrix

Translation matrix translates vertices M DirectX OpenGL
- set object position T 1000 1 0 0 Tx
0100 0 10Ty
0010 0 0 1Tz
TxTy Tz 1 O 0 0 1
DirectX
P, = POsition * M_= [x y z 1] 2 (1000 ) = [x+Tx y+Ty z+Tz
0100
0010
TxTy Tz 1
OpenGL
P..,= M *positon= (10 0Tx ) & [ x = (x+Tx y+Ty z+Tz
01 0Ty y
0 0 1Tz z
0O 00 1 1


https://msdn.microsoft.com/en-us/library/windows/desktop/bb206269(v=vs.85).aspx

Transforms. Translation Matrix

Translation matrix translates vertices M DirectX OpenGL
- set object position T 1000 1 0 0 Tx
0100 0 10Ty
0010 0 0 1Tz
TxTy Tz 1 0O 0 0 1

DirectX
D3DXMATRIX * D3DXMatrixTranslation(

D3DXMATRIX * pOut,
FLOAT x, FLOAT y, FLOAT z

OpenGL
void glMatrixMode(GLenum mode);

void glTranslatef(GLfloat x, GLfloat y, GLfloat z);
glm::mat4x4 glm::translate(glm::mat4x4 const & m, glm::vec3 const & v);

void glLoadMatrixf(const GLfloat * m);



https://msdn.microsoft.com/en-us/library/windows/desktop/bb206269(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb205367(v=vs.85).aspx
https://www.opengl.org/sdk/docs/man2/xhtml/glMatrixMode.xml
https://www.opengl.org/sdk/docs/man2/xhtml/glTranslate.xml
https://glm.g-truc.net/0.9.2/api/a00245.html
https://www.opengl.org/sdk/docs/man2/xhtml/glLoadMatrix.xml

Transforms. Rotation Matrix

Rotation matrix rotate vertices M Mg =M, * M, * M, (DirectX)
- set object rotation R M, =M,* M, * M, (OpenGL)
DirectX

1 0 0 0 cos6 0 -sin6 O cosf@ sin6 0 O

0O cos@ sin6 0 0 1 0 0 -sin@ cos6 0 O

0 -sin@ cosf O sin@6 0 cosb 0 0 0 1 0

0O O 0 1 0 O 0 1 0O O 0 1

BOKpyr ocu X BOKpyrocuY BOKpYr ocu Z
OpenGL

1 0 0O O cos@ 0 sin6 O cosB -sin6 0 O

0O cosf -sin6 0 0 1 0 0 sin@ cos6 0 O

0O sin@ cosB 0 -sin@ 0 cos6 O 0 0 1 0

0O O 0 1 0 O 0 1 0O O 0 1

BOKpyr ocu X BOKpyr ocun'Y BOKpyr ocu Z


https://msdn.microsoft.com/en-us/library/windows/desktop/bb206269(v=vs.85).aspx

Transforms. Rotation Matrix

*

, (DirectX)

Rotation matrix rotate vertices M M M
R M «* M, (OpenGL)

- set object rotation

DirectX

D3DXMATRIX * D3DXMatrixRotationX(D3DXMATRIX * pOut, FLOAT Angle);
D3DXMATRIX * D3DXMatrixRotationY (D3DXMATRIX * pOut, FLOAT Angle);

D3DXMATRIX * D3DXMatrixRotationZ(D3DXMATRIX * pOut, FLOAT Angle);

OpenGL

void glMatrixMode(GLenum mode);
void glRotatef(GLfloat angle, GLfloat x, GLfloat y, GLfloat z);

https://open.gl/transformations

glm::mat4x4 glm::rotate(glm::mat4x4 const & m, T angle, gim::vec3 const & axis);
void glLoadMatrixf(const GLfloat * m);



https://msdn.microsoft.com/en-us/library/windows/desktop/bb206269(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb205359(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205360(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205362(v=vs.85).aspx
https://www.opengl.org/sdk/docs/man2/xhtml/glMatrixMode.xml
https://www.opengl.org/sdk/docs/man2/xhtml/glRotate.xml
https://open.gl/transformations
http://glm.g-truc.net/0.9.6/api/a00171.html
https://www.opengl.org/sdk/docs/man2/xhtml/glLoadMatrix.xml

Transforms. Scale Matrix

Scale matrix scale vertices M DirectX OpenGL
- set object scale g %XSO 00 Sx0 00
y0 O 0SyO0 O

0 0Sz O 0 0SzO

O 00 1 0O 001

DirectX
P, = POsition * Mg = [x y z 1] %2 (Sx0 00 | = [X*Sx y*Sy z*Sz 1 ]
0Sy0 0
0 0SzO
0O 0 01
OpenGL
Poow= Mg * position = (Sx 0 0 0 | & | x = [X*SX y*Sy z*Sz 1 ]
0Syo0 0 y
0 0Sz0 2
000 1 1


https://msdn.microsoft.com/en-us/library/windows/desktop/bb206269(v=vs.85).aspx

Transforms. Scale Matrix

Scale matrix scale vertices M SDI(;e%th
' X

- set object scale g sy 0 0

0 0Sz O

0 001

DirectX
D3DXMATRIX * D3DXMatrixScaling(

D3DXMATRIX * pOut,
FLOAT sx, FLOAT sy, FLOAT sz

OpenGL

void glMatrixMode(GLenum mode);

void glScalef(GLfloat x, GLfloat y, GLfloat z);

glm::mat4x4 glm::scale(gim::mat4x4 const & m, glm::vec3 const & v);
void glLoadMatrixf(const GLfloat * m);



https://msdn.microsoft.com/en-us/library/windows/desktop/bb206269(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205363(v=vs.85).aspx
https://www.opengl.org/sdk/docs/man2/xhtml/glMatrixMode.xml
https://www.opengl.org/sdk/docs/man2/xhtml/glScale.xml
http://glm.g-truc.net/0.9.6/api/a00171.html
https://www.opengl.org/sdk/docs/man2/xhtml/glLoadMatrix.xml

Transforms. World Matrix

World Transform

World matrix:
translation,
rotation,
scale

Translation matrix
- set object position

Rotation matrix
- set object rotation

Scale matrix
- set object scale

convert vertices:
- from model space
- to world space

translates vertices

rotate vertices

scale vertices

M, = Mg * My * M, (DirectX)
M, = M;* Mg * Mg (OpenGL)

My

DirectX OpenGL

MT 1000 1 0 0 Tx
0100 01 0Ty
0010 0 01Tz

TxTyTz 1 0O 001

M Mg =M, * M, * M, (DirectX)
R M;=M,*M,*M, (OpenGL)
DirectX OpenGL

MS Sx 0 0 O Sx 0 00
0Syo 0 0Syo0 0

0 0SzO 0 0SzO

O 00 1 O 0 0 1


https://msdn.microsoft.com/en-us/library/windows/desktop/bb206269(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb206365(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb206365(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb206365(v=vs.85).aspx

Transforms (lpeobpa3soBaHus)

JTtobon Transform peanun3oBaH B Buae matpuubl 4x4
(BHYTpU DirectX n OpenGL)

World Transform convert vertices: M

World Matrix - from model space W
- to world space

View Transform convert vertices:

View Matrix - from world space MV
- to camera space

Projection Transform convert vertices: M

Projection Matrix - from camera space P

- to screen space

position__ ., = position * Mw * Mv * Mp,
roe position - NoO3nUNS BEPLUMHLI B CUCTEME KoopauHat mogenu (px, py, pz, 1)
position

screen - MO3VLINA BEPLUMHBI HA 3KpaHe


https://msdn.microsoft.com/en-us/library/windows/desktop/bb206269(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb206269(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb206365(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb206365(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb206365(v=vs.85).aspx
https://msdn.microsoft.com/ru-ru/library/windows/desktop/bb206342(v=vs.85).aspx
https://msdn.microsoft.com/ru-ru/library/windows/desktop/bb206342(v=vs.85).aspx
https://msdn.microsoft.com/ru-ru/library/windows/desktop/bb206342(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb147302(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb147302(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb147302(v=vs.85).aspx

Transforms. View Transform

View Transform convert vertices:
View Matrix - from world space MV
- to camera space
Copnexwur:

® 0O3ULNIO Kamepsbl B rnobarnbHou C.0.
e HanpaslieHue B3rnsga
e HanpasneHue sBekTopa Up

DirectX
D3DXMatrixLookAtLH() // ansa nesou c.K. (NO-yMon4aHuio)

D3DXMatrixLookAtRH() // onsa npasow c.K.
OpenGL

gluLookAt() // ans npaBon c.K. (NO-yMoOn4aHuto)
glm::lookAt()



http://msdn.microsoft.com/en-us/library/windows/desktop/bb205342(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb205342(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205343(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205343(v=vs.85).aspx
https://www.opengl.org/sdk/docs/man2/xhtml/gluLookAt.xml
http://glm.g-truc.net/0.9.6/api/a00171.html
http://glm.g-truc.net/0.9.6/api/a00171.html
https://msdn.microsoft.com/ru-ru/library/windows/desktop/bb206342(v=vs.85).aspx
https://msdn.microsoft.com/ru-ru/library/windows/desktop/bb206342(v=vs.85).aspx
https://msdn.microsoft.com/ru-ru/library/windows/desktop/bb206342(v=vs.85).aspx

Transforms. Projection Transform

Projection Transform convert vertices: M
P

Projection Matrix - from camera space
- to screen space

Copnexur:
e ONWMKHIOW 1 OanbHIOK OTCEKaloLme NoCKOCTH

® T[OpPU3OHTAarbHbIV N BEPT allbH N yrnbl 063opa —
P P wwmg?m%um L//

DirectX & -l
D3DXMatrixPerspectiveLH() // ans nesom c.k. {No-yMonyaHuio)

D3DXMatrixPerspectiveRH() // ana npasow c.K.

OpenGL
glFrustum() // ons npaBou C.K. (NO-yMOST4aHUIO)

aglm::perspective()



http://msdn.microsoft.com/en-us/library/windows/desktop/bb205352(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/bb205352(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205355(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb205355(v=vs.85).aspx
https://www.opengl.org/sdk/docs/man2/xhtml/glFrustum.xml
https://www.opengl.org/sdk/docs/man2/xhtml/glFrustum.xml
http://glm.g-truc.net/0.9.6/api/a00171.html
http://glm.g-truc.net/0.9.6/api/a00171.html
http://glm.g-truc.net/0.9.6/api/a00171.html
https://msdn.microsoft.com/en-us/library/windows/desktop/bb147302(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb147302(v=vs.85).aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/bb147302(v=vs.85).aspx

Transforms. Graphics Pipeline

Graphics Pipeline (DirectX 9, DirectX 11, OpenGL)

vertex ; fragment output
" processing rasterization ; processing .. merging
® > > .-':ggd-. > 'EO > -
. s g 3 #9806,
2D o ip e 3D 20 ..
i N rocessed .
vertices primitives fragments ragments pixels
position__ . = position * Mw * Mv * Mp (cTagus vertex processing Ha puc.),
roe position - No3numMa BepLUMHBI B CUCTEME KoopauHaTt mogenu (px, py, pz, 1)
[L)OSItIOF\scren,_)n - NO3NLUUNA BEPLLUNHBI HA 3KpaHe
Model World Camera Clipping-Volume Screen Display
Spaces Space Space Space Space -
Model View Projection Viewport .
| Transform | Transform | Transform Transform

R S S S S -y = o wm w

-

[ .
Vertex Processing Rasterizer

Coordinates Transform Pipeline


https://msdn.microsoft.com/en-us/library/windows/desktop/bb206269(v=vs.85).aspx
https://en.wikipedia.org/wiki/Graphics_pipeline
https://en.wikipedia.org/wiki/Graphics_pipeline
https://en.wikipedia.org/wiki/Graphics_pipeline
https://en.wikipedia.org/wiki/Graphics_pipeline
https://en.wikipedia.org/wiki/Graphics_pipeline
https://en.wikipedia.org/wiki/Graphics_pipeline
https://msdn.microsoft.com/ru-ru/library/windows/desktop/bb219679(v=vs.85).aspx
https://msdn.microsoft.com/ru-ru/library/windows/desktop/bb219679(v=vs.85).aspx
https://msdn.microsoft.com/ru-ru/library/windows/desktop/ff476882(v=vs.85).aspx
https://www.opengl.org/wiki/Rendering_Pipeline_Overview
https://en.wikipedia.org/wiki/Graphics_pipeline

KoHBenepHasa oopaboTka

1. ®opmupoBaHue 3D-cLeHbI
(aHMmMauus, Bolbop, oetannsaums...)

,D,GKOM nosnund Ha nNpMMNUTUBDI

Moaundunkauna sepLumnH
(BepLUMHHbIE LWenaepbl)

O6xon NpMMUTUBOB

PeHaepuHr nukcenos
(NMnKcernbHbIE Wenaepobl)

6. PopmMmpoBaHME UTOrOBOro N3obpakeHus



KoHBenepHasa oopaboTka

« OO6xog v peHaAepPUHr NPUMUTUBOB:

*  YMHOXEHMe BEPLUMH Ha MaTpuLbl NpeobpasoBaHnm
(BKIto4asa BMOOBOE NpeobpasoBaHue)

« [lepebop Bcex «TpeyrosisHUKOB» Mo Habopy BEpPLUUH

 KnunuposaHue n pactpupoBaHue

 TeKcTtypupoBaHue

vertex : fragment output
processing a, rasterization - processing merging ——
2 o o 'l'_,-"‘r p - S, T % o : o 'I.'. - - ’ ‘
o G"“‘—k !..‘L!..E L.r} : .z:- ’ 1 i . ‘ 3
3D - 3D o 3D 2D “ "
. " rocessed .
vertices rimitives p
p fragments fragments pixels

54



LLlenaepbl

(XJ’ y;; Z,, W;)

(X, ¥,z w) v, z,w
(nx, ny, nz) (nx’, ny’, nz’)
\ (s, t,rq)
\\\\\ Te-— S (r’ g} b, a)
, Vertex
shader
e Geometry shader
(r!; g!; b}, a;)
( depth’)
Fragment - v |
N
shader (% V)
(r,9,b,a)
( depth ) )




BeplwuHHbIN Wengep

Vertex shader> @ Pixel shader > '

Hebonblias nporpamma, kotopast ucnonusietca 8 GPU gns

KakOoW BEPLUUHDI:

* IameHsieT cBOUCTBaA BEPLUMH — NO3ULMS, LIBET, HOpMarlb,
TEKCTYPHble KOOpAMHaThI, ...

 He cospaet HOBble 1 He yoandeT CyLWeCcTBYOLME BEPLUMNHDI




[TukcenbHbLIN Wenpgep

Vertex shader> @ Pixel shader >

Hebonblias nporpamma, kotopast ucnonusietca 8 GPU gns

Ka)KOoro nukcens:
« obpabaTtbiBaeT JaHHble, CBSA3aHHbIE C NMUKCENSAMMU

(Hanpumep, UBET, rMyOnHa, TEKCTYPHbIE KOOPAMHATbI)
* MYNbTUTEKCTYPUPOBaHME




[[eomeTpUuyecKkumn wenpgep

M3MeHseT reoMeTputo CcueHbl (NopoXXaaeT HOBble
npumMnuTUBLI), Hanpmumep N-patch

Copyright by www.Malbred.com 2005



AnnapaTtHada peanun3auus

* MHoro AJlY

« COTHM nokanbHbIX PErMCTpOB

« bno4yHasa «gBymMmepHasa» NnamaATb
(MeaneHHas), Ho ObICTPbIN KILL

oeanbHO Ans napannenbHou
00paboTKM OgMHAKOBLIM KOAOM
Pa3HbIX JaHHbIX

LD/ST = Load/Store Units
SFU = Special Functions Unit (sin, cosine, square root ...)

Fermi Streaming Multiprocessor (SM)



