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(5 Ba3oBble noHATUA CG Math

e CcBODOAHbIE BEKTOPLI, pagnyc BEKTOPLI, onepaumm ¢
BEKTOpaMU, CKansipHOE N BEKTOPHOE Npou3BeaeHME
BEKTOpPOB (vector dot & cross production)

« 0asunc, KoopanHaTbl, AekapToBa cuctema KoopamHaT

* MaTpuLbl, onepauum ¢ maTpuuamu, obpalleHne maTpul

5 COMPUTER Computer Graphics Support Group @ FanuHckun B.A.

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit

CLUB ownm3o  QUINKOMATEMATMUECKAN NALEW Ne30 MatemaTnka B KOMNbIOTEPHOW rpaduke



a7 : 3
(() [lpeobpasoBaHuna (transformations) G Math

A PUHHBbIE

= [lepcneKkTuBHbIE

bununHenHble

SCIENCE CGSG cauxr-Nerepbyprekuin ry6epHatopckmin - o
CLUB omnne30  OU3UKO-MATEMATUHYECKMUIA NIULIEM Ne 30 MaTtemaTuka B KOMNblOTepHOW rpacuke

5 COMPUTER Computer Graphics Support Group £ FanuHckun B.A.



(5 ' AddUHHbIE Npeobpa3oBaHnS ce Math

» [lapannensHeiu nepeHoc (translation)

Ay (x' = x+dx

dxe V' =y+dy
Ay o

5 COMPUTER Computer Graphics Support Group @ FanuHckun B.A.

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit

CLUB ownNe30  OUVKO-MATEMATUYECKWA NMLEA Ne30 MaTemaTuka B KOMNbIOTEPHOW rpacuke



(5 ' AddUHHbIE Npeobpa3oBaHnS ce Math

« MacwmabuposaHue (scaling)

)
Ay x'=x-sx

: Y =y-sy

Ay sy

5 COMPUTER Computer Graphics Support Group @ FanuHckun B.A.

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit
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(5 ' AddUHHbIE Npeobpa3oBaHnS ce Math

« (Cosue (shearing)
AY (

Ay )

5 COMPUTER Computer Graphics Support Group @ FanuHckun B.A.

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit
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O

7
AddbrHHbIE NpeobpasoBaHns CG Math.

« [losopom omHocumersrnbHO Ha4varia KoopouHam (rotation)
Ay (x=r-cos(B) (¥ =r-cos(a+f)

y= r-sin(ﬁ)’{y’ =r-sin(a + )
(x' =r-cos(a)-cos(B)—r-sin(a)-sin( )
o 1y = r-cos(a)-sin(f)+r-sin(ex)-cos(f)
=x-cos(a)—y-sin(x)

X 1y = x-sin(a)+ y-cos(ar)

O

COMPUTER Computer Graphics Support Group @ FanuHckun B.A.

SCIENCE CaHkT-NeTep6yprckuii ryGepHaTopckuii E o
CLUB omnNeso  QUINUKO-MATEMATUUECKUM NULIEA Ne30  © o MaTtemaTuka B KOMNLIOTEPHOW rpachmke
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(5 - MaTtpuyHasg 3anucb apurHHbIX NnpeobpasoBaHnii G Math

 [lepenuwiem B MaTpn4HOM BUaE OOLLYIO
3anmcb adPUHHbIX Npeobpa3oBaHNMN:

(X' =x-a+y-b+]

Y =x-cty-d+m

5 COMPUTER Computer Graphics Support Group FanuHckun B.A.

SCIENCE CGSG cauxr-Nerepbyprekuin ry6epHatopckmin E MaTeMaTuka B KOMI'IbI-OTepHOﬁ rpa(pm(e
®MA N2 30 .

CLUB ®U3UKO-MATEMATUYECKWUW NULIEA Ne 30



) . Ors5
(5 - OpgHopopaHble koopanHaTtel (homogeneous coordinates) CG Math

* npeacTaBuUM KOOpAMHAaTbLI HA MNOCKOCTU (2D) TPEXKOMMOHEHTHOW
BEKTOP - CTPOKOW:

) =(X/w Yiw )=(X Y w)

« 0Oyaem nonaratb W=1
(x.0)=(x » 1)

* nepenuilem npeobpasoBaHme B obLieM BUAe:

(a ¢ 0)
(x ¥ D= y 1)}|b d 0

5 COMPUTER Computer Graphics Support Group @ FanuHckun B.A.
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(5 - MaTpu4HbI BUA adpPUHHBLIX Npeobpas3oBaHui oG Math

~ translation

1 0 O
T(dx,dy)=| 0 1 0 ~ scaling
dx dy 1 sx 0 0
~ shear by x S(sx,s9)=| 0 sy 0
1 0 O 0 0 1
Shx(sh,)=|sh. 1 0
0 0 1 ~ rotation
~ shear by y cosa sina 0
1 sh, 0 R(a)=| —sina cosa 0
Shy(sh,)=10 1 0 0 0 1
0O 0 1

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit )
CLUB ©MIN Ne 30 ®U3UKO-MATEMATUYECKUA NTULLENA Ne 30

5 COMPUTER Computer Graphics Support Group : @ ManunHcknn B.A.

MaTtemaTuka B KOMNbIOTEPHOMN rpacuke
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(5 '/ Komnosuums npeo6pasoBaHui o6 Mat

* nogBeprHemMm TOYKY nocrieaoBatesibHbIM I'IpeO6pa3OBaHI/IFIM
CUCTEMbI KOOPAOUHAT.

"y D=y 1)-M
(xu yn 1) — (xr yr 1) . Mz
(xu! yru 1) — (xH yrr 1) . M3

* nepennem:
(xru yIH 1) — (((x y 1) . Ml) . MZ) . ]\43
* B CuUny accounaTtmBHOCTWU.
(xur ylH 1) — (X y 1) . (M1 . MZ . Mg)
(x" y”' 1) = (x Y 1)- Mtransform

5 COMPUTER Computer Graphics Support Group @ FanuHckun B.A.

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit
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(5 - ObpaTtHble addUHHbIE Npeobpa3oBaHnsA -

D=y DM
oy D=6 Y )Mo,
(a ¢ 0)
=|b d 0
/ m 1)

[ d —C 0 )
4 1

ansform = 1 =D a 0
transform ad—bc

transform

\bm—ld lc —am ad—bc/

COMPUTER Computer Graphics Support Group - FanuHckun B.A.
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SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit - @ E o
(5 ety y il - MaTemaTtuka B KOMNbIOTEPHOW rpacpuke

CLUB ®U3UKO-MATEMATUYECKWUW NULIEA Ne 30



a7 . 13
()" MpeoBpasosatme Touek, BEKTOPOB 1 HOpMArei cG Math

* TOu4Ka (pagunyc-Bektop) (p):

(x ¥ 1)
« BekTop (V) n HopManb (N) (TONbKO HanpasreHue):

(x ¥ 0)

* npeobpasoBaHUs:
A ﬁ’:ﬁ'Mﬁansform @(x' y’ 1):(x y I)M
¥ ‘_; ) Mtransform < (x’ y’ O) = (x y O) ) M

n- Qtransform < (x’ y’ O) — (x V O) Qtransform

transform

<)
I

transform

N’ n

>

5 COMPUTER Computer Graphics Support Group @ FanuHckun B.A.

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit
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(5 = rlpeo6pa3OBaHl/Ie HOPpMalewu CG Math

=) !

i =1 Qo V=V My [17=0 V=0
i=(A4,B) v =(x,) ( Q,ransform) (5 M) = 0
(4 B 0)-(x y 0)=0

(4 B 0)-Qpir) (x ¥ 0)-M,p) =0

(4 B 0)- Qs M) (x » 0) =0

T _ gl 4
thnsform . M transform E — thnsform o M transform

5 COMPUTER Computer Graphics Support Group @ FanuHckun B.A.

SCIENCE CGSG canxr Netep6yprckuit ryGepHatopckuii
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4 :«-,.': 1555
(5 ' Hotauwmwu 3anucu: ctonbew unu cTpoka e Natt

OpaHo npeobpasoBaHue:

a ¢ 0
x" y D= y D-|b d 0
[ m 1
x' a b | X
y'|=lc d m (y)
1 0 0 1 1

Komnosunuus npeobpasoBaHum:

x" y D= y 1)-(My-M; M)

x' X
y' | =Mz M, - M) - (y)
1 1

COMPUTER Computer Graphics Support Group FanuHckun B.A.

SCIENCE CGSG  canxr-NerepGyprexmit ryGepratopckmit @ -
(5 CLUB oMnNe30  OU3UKO-MATEMATUYECKUM NIULIEA Ne30  ° 5 MaTtemaTtuka B KOMNbIOTEpHOMU rpacduke
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(5 - rlpVIMep: NPUBA3Ka CUCTEM KOoOpaANHAT CG MatﬁS

?
« 3adaHbl TOYKN COOTBETCTBUS Y

(xo yo)(_)(xé J’(’)) 1 A3

(xl y1)<_>(x1 yl’)
(xz y2)<—>(x; y;) # \;

*  HaWTW «MaTpuLy nepexonar

P=P-M, M=2

5 COMPUTER Computer Graphics Support Group = FanuHckun B.A.

[' B
SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit : @ E

CLUB omnNe30  OU3UKO-MATEMATUYECKMMA NIMLIEN Ne 30 MaTemaTtuka B KOMNbIOTepHOW rpacpmke



(5 Mpvmep: NpuBa3Ka cUcTem KoopavHaT

1755
CG Math

X, Vo 1) (x5 vy 1) [(a ¢ O
x, » ll=|x » 1|:|b d 0
x, ¥, 1) \xy ¥y 1) m 1

G=G"-M

a ¢ 0 Y=V Vs = Vo Yo =W

b d 0 =;-
det G’

r_.r r_.r r_.r r_.r r_.r r_.r
[ m 1 X Vo =XV NV =X, NN T X)),

30ech: detG' =x, - (V= y,)— vy - (x] —x,) + (X v, —x, )

r ’ ’ r r ’

Xy, — X Xo — X X, — X

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit

ManunHckun B.A.

5 COMPUTER Computer Graphics Support Group

sier cun . OO AT B T Ne 30 R MaTemaTuka B KOMNbIOTEpPHOW rpacpuke



) 1855
(5 I_IepCI'IeKTI/IBHble I'Ipeo6pa3OBaHI/I$| CG Math

Ay
‘@ ¢ p)

b d ¢ ~_
\ZMI/ \X)

COMPUTER Computer Graphics Support Group FanuHckun B.A.

MaTtemaTuka B KOMNbIOTEPHOMN rpacuke

SCIENCE CGSG CaHkT-MeTepbyprckuii ry6epHaTopckuia @ -
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.~ Tpumep: npeobpasoBaHne N3oobpaxkeHn cG Math

=> [1pssmoe oTtobpaxeHue (direct mapping) =>

[ToBOpOT 1
MaclwtTabupoBaHne

<= ObpaTtHoe oTobpaxeHue (inverse mapping) <=

COMPUTER Computer Graphics Support Group FanuHckun B.A.

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit y <
5 CLUB omnNeso  OU3UKO-MATEMATUUECKMUI NMLIEA Ne 30 MaTemaTuka B KOMNbIOTEPHOM rpachuke



[Mpnmep: warping (1) cG Mza(iﬁs

« PerynapHaga ceTka ans
obracten cooTBETCTBUA

3 COMPUTER Computer Graphics Support Group FanuHckun B.A.

SCIENCE CGSG CaHkT-MNeTepGyprckuin ryéepHaTopckuit i -
CLUB omANe30  OU3UKO-MATEMATUYECKWIA NULIEN Ne 30 " MatemaTunka B KOMNbIOTEPHOU rpaduke



(() Mpumep: warping (2)

2155
CG Math

AdPUHHbIE
npeobpas3oBaHus

[lepcnekTnBHbIE
npeobpa3oBaHUs

BunuHenHbie
npeobpa3oBaHUs

COMPUTER Computer Graphics Support Group

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit
CLUB ©MI Ne 30 ®U3UKO-MATEMATUYECKUA NTULLENA Ne 30

ManunHckun B.A.

MaTtemaTuka B KOMNbIOTEPHOMN rpacuke



[pnmep: warping (3) co ath

AdPurHHbIE [lepcnekTnBHbIE
npeobpasoBaHUS npeobpazoBaHus

BunnHenHbie
npeobpa3oBaHUs

COMPUTER Computer Graphics Support Group o FanuHckun B.A.

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit <
5 CLUB omnNeso  OU3UKO-MATEMATUUECKMUI NMLIEA Ne 30 MaTemaTuka B KOMNbIOTEPHOM rpachuke



" ) ] i 2355
' punmep: morphing CG Math

morphing = warping + nHTepnonauma useTa

5 COMPUTER Computer Graphics Support Group P FanuHckun B.A.

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit : <
CLUB oM Ne30  DUIUKO-MATEMATUUECKUM NIULEN Ne 30  © B MaTtemaTuka B KOMNblOTepHOW rpacuke
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(5 ' AddUHHbIE Npeobpa3oBaHNA B NPOCTPaHCTBE CG Math.

« AHanormn4yHo cnyyato 2D BBOAMM OOHOPOAHbIE KOOPAMHATbI:

(x,y,z):(X/w Yiw Z/w 1)

* U1 npeobpasoBaHusa B 0bLLEM Cry4vae:

(all d, dpj 0)
a a a 0

(xr yr Z' l)z(x y oz 1) 21 22 23

ay) Az dyy O

Ka41 Ay Ay 1/

COMPUTER Computer Graphics Support Group - FanuHckun B.A.

=
SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit - @ E o
(5 ety y il - MaTemaTtuka B KOMNbIOTEPHOW rpacpuke

CLUB ®U3UKO-MATEMATUYECKWUW NULIEA Ne 30
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(5 - Martpuubl 3D npeobpa3oBaHuii (NepeHoc, MacluTab) —e

~ translation (1 0 0 0)
O 1 0 O
O O 1 O

\dx dy dz 1)

~ scaling (sx 0 0 0
0 sp 0 O
0O 0 sz O

0o 0 0 1)

1I'(dx,dy,dz) =

S(sx,8,82) =

5 COMPUTER Computer Graphics Support Group @ FanuHckun B.A.

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit
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(5 MaTtpuubl 3D npeobpasoBaHuin (MOBOPOT BOKPYr OCEN) CG Math

26155

O

COSx

~ rotation

Rz(a) =

COMPUTER

SCIENCE
CLUB

CGSG

©OMII Ne 30

0
0

Rx(ar) =

Ry(a) =

Computer Graphics Support Group
CaHkT-MNeTep6yprckun ry6epHaTtopckum
®U3UKO-MATEMATUYECKUA NTULLENA Ne 30

0

0

1
0
0 —sina cosa
0

o o = O

sinag O

—sing cosa O

0 |
0 0

0

cosa Ssing

0

—singa

0

- o O O = O O O = O O

FanuHckun B.A.
MaTtemaTuka B KOMNbIOTEPHOMN rpacuke
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(() [oBOPOT BEKTOPA BOKPYT NMPOU3BOIbLHOM OCU G Math.

—

COMPUTER Computer Graphics Support Group o FanuHckun B.A.

SCIENCE CGSG cauxr-Nerepbyprekuin ry6epHatopckmin - 4 -
5 CLUB omnNeso  OU3NUKO-MATEMATUYECKMM NINLIEN Ne 30 MaTtemaTuka B KOMNLIOTEPHOW rpachmke



7 ) 2855
(5 I'IpoeumposaHme CG Math

(P-Q) @ 1
el el gf

qx
' (pqu + Py4y + szz) ' (Qy) —
q,

Pxqx9x + PyqQyqx + Pz9:9x
' prny + pryQy + szzQy —

— T2
[

Px9x9z + Pyqy4; + P29:4:

2
1 qx Qny q.49x Px
=— 499, 495 4.4y -(py)
lel” \q.q, a,q, a2 ) ‘P

5 COMPUTER Computer Graphics Support Group -  FanuHckun B.A.

SCIENCE CGSG cauxr-Nerepbyprekuin ry6epHatopckmin s o
omnNe30  OUINKO-MATEMATUYECKUM NALEW Ne 30  © o MaTtemaTuka B KOMNblOTepHOW rpacuke
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4 :«-,.': 2955
(5 ' BekrtopHoe npounsseaeHue CG Math

. 1 ]_) T() pyqz - pzqy 0 q: _qy Px
P x Q = Py py P, = P:qx — Px4; | = —q, 0 dx | Py
qx qy q, pqu o prx q, —q 0 P

COMPUTER Computer Graphics Support Group FanuHckun B.A.

SCIENCE CGSG  canxr-NerepGyprexmit ryGepratopckmit @ -
5 CLUB oMANe 30  OU3UKO-MATEMATUYECKUMA NIULIEM Ne 30  ° =% MatemaTunka B KOMNbIOTEPHOU rpaduke



G - 30
(5 L I_IOBOpOT BEKTOPAa BOKPYr rnpon3soJyibHOU OCH CG Matﬁ5

] A — eguMHNYHDBIN BEKTOP, BOKPYT KOTOPOro Bpawaem Bektop P Ha yron 6

A

P = projﬁl_’) + perpzl_’)

P = pTOjﬁl_’) + (Z X 1_5) - Sin 6 + perpzl_J) - cos 0 perp ;P /
= PTOJ'EI_’) + (Z X I_’)) -sin 6 + (I_’) — projﬁl_’)) -cos 0

=P cos0+proj;P - (1—cos@)+(AxP) sin@

5 COMPUTER Computer Graphics Support Group @ FanuHckun B.A.

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit

CLUB oMn N2 30 OU3NKO-MATEMATUYECKUIA NULIEN Ne 30 MatemaTnka B KOMNbIOTEPHOW rpaduke
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(5 ' ToBopOT BEKTOpPa BOKPYr NMPOW3BOSILHOM OCK oG Math

P-cos@+proj;P-(1—cos0)+ (AxP)-sinf =

1 0 O Px
(O 1 O) -cos 0 |- (Py) +
0 0 1 Pz

a; aya, a,a,

’ Dx
—-|aa, a; a,a, | - (1—cos@) |-|Py]|+
4] a,a, ay,a, a; Pz

0 -a, a, Px
+ a, 0 —a,|-sin@ -(Py)

5 COMPUTER Computer Graphics Support Group @ FanuHckun B.A.

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit
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(5 ' ToBopOT BEKTOpPa BOKPYr NMPOW3BOSILHOM OCK e Mt

BBIYICIHM MATPHILY mepes P (||74) | = 1):

cos 6 0 0
0 cos 6 0 +
0 0 cos 6
a%-(1-cos @) aya,-(1—cos8) aa, (1-cosh)
a,-(1—-cos@) a;-(1-cos@) a,a, - (1—cosh) |+
a,a, (1—cos8) aya, (1-cos®h) a-(1—cos9)

0 —a,-sin@ a,-sinb
+| a,-siné 0 —a, -sinf | =
—a,-sin@ a,-siné 0

cos 0+ a%-(1—cos0) aya,-(1—-cosB)—a, -sin6 a,a,-(1—cosB)+a, sind
=|axa,-(1—-cosf)+a, siné COSB—FQJZ,'(l—COSQ) a,a, - (1—cos@)—a,- -sind

a,-(1—cos@)—a, -sinf aya,-(1-cosf)+a, sinb cos 0 +a?-(1-cos@)
~ COMPUTER CGSG Computer Graphics Support Group ; @ FanuHckun B.A.
LU | owmm3  OMSUKOMATEMATAUECKAM NMLEA Neso TR MaTemaTika B KOMMNLIOTEPHO rpacimke
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(5 ' MNoBOPOT BEKTOPa BOKPY MPOM3BOSLHON OCK G Mt

HMrorosas maTpuia IoBopoTa:

c+ai(1-o) aya,(1-—c)—a,s a,a,(1-c)+ay,s
Rotateﬁ(ax’ay’az)(ﬂ) =| aya,(1—c) +a,s c+ af,(l —C) a,a,(1—c)—ays
aa,(1—c)—ays aya,(1—c)+a,s c+ai(1-o)
3lech € = coS 8 ns =sin0.
. Px . Px
ITO IS HOTAIMH BEKTOP-CTONONMOB — P = [ Py | ==> P’ = Rotateﬁ-(ax’ayjaz) (0)-| Py |
_ P: P:
Jlig Hotanum BekTop-cTpok — P = (Px Py Pz) — maTpuiia TpaHCIIOHUPYETCS:
c+a:(1-oc) a,a,(1—c¢)+a,s a,a,(1—c)—ays
Rotate'z(ax,ay,az)(e) =| aya,(1—c) —a,s c+as(1-c) aya,(1—c) +ay,s
a,a,(1—c)+a,s a,a,(1—c)—a.s c+a?(1-oc)

P’ = (Px Py DPz)- Rotateﬁ(axray,az)(ﬂ)

~ rotation

COMPUTER Computer Graphics Support Group FanuHckun B.A.

SCIENCE CGSG cauxr-Nerepbyprekuin ry6epHatopckmin @ -
5 CLUB omnNeso  OUINKO-MATEMATUUECKUM NMLIEA Ne30  © oo MaTtemaTtuka B KOMNbIOTEPHOW rpachuke



(3 ' TlocTpoeHune maTpuLbl Kamepbl (BUAOBOro npeobpasoBaHus) G Nath

T

Loc —n1o3uLus,

Right,Up, Dir — OpTOHOPMUPOBAHHBIN 0a3HC
__. At —Loc

. Dir =

Up A7 — o]

5 COMPUTER Computer Graphics Support Group ( FanuHckun B.A.

SCIENCE CGSG CaHkT-MeTepbyprckuii ry6epHaTopckuia =y ~
CLUB oMnNe30  OU3NKO-MATEMATUYECKWUM NULEN Ne30 oo MaTemaTtuka B KOMNbIOTepHOW rpacpmke



(5 [locTpoeHne maTpuLbl Kamepbl

3555
CG Math

O

COMPUTER
SCIENCE

CLUB

byaem nckaTb NnpeobpasoBaHMA Kak KOMOUHAUMIO NapannenbHOro nepeHoca n NoBopoTa:

M= M, translation® Mmtatfon

napannenbHbii nepeHoc — maTpuua Miansiation:

1 0 0 0
0 1 0 0
Meransiation = 0 0 1 0
—L, —L, —L, 1
noBopoT - matpuua Mrotation:
(RX R)’ Rz O)'Mmtaﬁon:(l 0 0 0)
(UX Uy Uz O)'Mrotatfon:(o 1 0 0)
(DX Dy Dz 0)'Mr0tatfonz(0 0 -1 0)
nepenvuwem s MmaTpmMyHOM B ge.
77 70
Rx Ry Rz 0 S 1 0 0 0
(Ux Uy Uz 0)- 5 o . 0 2(0 1 0 0)
Dx Dy Dz 0 O 0 0 ) 0O 0 -1 0

ManunHckun B.A.

CGSG MaTtemaTuka B KOMNbIOTEPHOMN rpacuke

©OMII Ne 30

Computer Graphics Support Group Py
CaHkT-MNeTep6yprckun ry6epHaTtopckum 2 @ =
®U3UKO-MATEMATUYECKUN JIULIEN Ne 30
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(5 - TlocTpoeHue maTpuLbl Kamepbl CG Math

RnyRzogxgx_gxg Lo 0 o0
(Ux Uy Uz 0) Ry Uy _Dy X =(o 1 0 0)
Dx Dy Dz 0 z Uz —bz _
x Dy Dz 0 0 0 1 0 0 —1 0
NTor:
1 0 0 0 R, U, -D, 0
0 1 0 0 R, U, —-D, 0
Mtranslation'Mrotation — 0 0 1 0 Ry Uy —Dy 0 —
Z VA VA
—L, —-L, -L, 1 o 0 0 1
R, U, —-D, 0
_ RJJ Uy _Dy 0
—| R, u, -D, 0
L-R -L-U L-D 1
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(5 ) [TocTpoeHne maTpuLbl NPOEKLUN CG MatﬁS

Nomalized Device Coordinates (NDC)

(-1, 1, 1
(1,1, 1
- 4
LA Z
"'._-_--‘-‘--“'---...Ihl

(- 1,-1,-1 (1 -1, 1
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() ' MocTpoeHne MaTpULbI NapannenbHoi NPoeKLMM cG Math

. (left, top, far) Normalized Device Coordinates (NDC)

Hanpae/seHwme B3rnAaaa

(-1, -1, -1)
\41;0, 0) > (71’ O, O)

' _ (right, 0, 0) -> (1, 0, 0)
Habnogatenb \rignt, bottom, near) (0, bottom, 0) -> (0, -1, 0)
(0, top, 0) -> (0O, 1, 0)

(0, O, far) -> (0, O, 1)

(

0, 0, near) -> (0, 0, -1)

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit
CLUB ©MI Ne 30 ®U3UKO-MATEMATUYECKUA NTULLENA Ne 30
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() ' MocTpoeHne MaTpULbI NapannenbHoi NPoeKLMM CG Math

-> ndc . .
' x?:ch_(_l) x —left I x — left —l—x-( 2 )—I— (—2-left)_1 B
1 (1) right —left nde right — left right — left right — left
) B ( 2 ) N ( right + left)
_ 5 x —left - right — left right — left
Fnac = right — left
2 top + bottom
Y=2 Ynde yndc:y°( )‘l'(_ P )
B y — bottom top — bottom top — bottom
Ynac = top — bottom
2 ‘ar + near
Z-> Zndc 7 anc:Z°(_ : )_l_(_f )
—z — near far —near far —near
Zndc = 2 -

far —near

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit
CLUB ©MI Ne 30 ®U3UKO-MATEMATUYECKUA NTULLENA Ne 30
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(5 ~ TlocTpoeHue maTpuLbl NapannensHon npoekummn (ortho) CG Math

2

0 0 0
right — left
2
0 0 0
top — bottom
Pyac =P 2
0 0 - 0
far —near
right + left top + bottom far + near
right — left top — bottom far —near
2 0 0 0
Wy
0 2 0 0
, W, H, H,
left| = |right| = ——, |top| = |bottom| = —= = P,y = P - p
2 2 2
o 0 -
far —near
0 far + near

_far — near

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit
CLUB ©MI Ne 30 ®U3UKO-MATEMATUYECKUA NTULLENA Ne 30
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(5 [MocTpoeHne MaTpuLbl LieHTpanbHOW NpoeKLmn CG Math

4155

/

.-V

Habnogatenb

O

COMPUTER
SCIENCE
CLUB

CGSG

©OMII Ne 30

Computer Graphics Support Group
CaHkT-MNeTep6yprckun ry6epHaTtopckum
®U3UKO-MATEMATUYECKUA NTULLENA Ne 30

HanpaeneHwme B3rnAagd

Mormalized Device Coordinates (NDC)

y

FanuHckun B.A.
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(5 - I_IOCTpoeHI/Ie MaTpuubl LEHTPAJIbHOU NMPOEKLUN CG MatﬁS

Jfllf .-.____.-' |II - {Kﬂ'r }’e; EE}

A | ®
- f
Wotnig - | +Z n i
'il""==-.___ ’__,.f’# II.l zXe: Vo n) S
i, o ri]ll-., . -Tl:r' &) I|I (0,0,0) -n f
+% _ 'HH"'-. _____II
i I
iro&,on) +¥
% H““HHH
+ -
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(5 ' TMocTpoeHne maTpuubl LLeHTpanbHON NpoeKLmMu G Math
-far--—-———————i ——————————— - Pocscommscenmasmasssn s s s mnags °
E (x,y,2)
| | A
I : /
e
: - n Xp — 1
! - X,=——-x, x,€ll.r]-x"€e[-1.1], x'=2- -1
x s P Z P r—1
(x8,¥o) ;
-near=-------1 ol__)o ______ |°_ ________________ n Y, — b
< ! = ——: — v/ — r_ . 7P _
S : Yo=—5Y WElb.t]=oy el-1.1] y'=2-""—--1
Z : : X NOACTaBNAECM X, U V.

ManunHckun B.A.
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(5 [TocTpoeHne maTpuLbl LeHTPanbHOM NpoeKkuum €G Math

’ 1
Z 6yaem nckaTb OT ot
, A
zZ =—+B
z

W3BECTHO, 4TO:
z=—-n—-2z=-1

z=—f-2z'=1
nony4aem:

A
~-1=—+B8B
—n

COMPUTER Computer Graphics Support Group

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit
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4455
ony4aem:
2:n-f
— =
noocmaBngaem A 0n4 B:
2-n-f
—-n
1= / + B
—f
2'n-f
—n
1+ / =B
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(5 [MocTpoeHne MaTpuLbl LEHTPAarbHOM NPoeKLum G Math
Mbl pabomaem C OOHOPOOHbIMU KOOpOUHAmMAMu :

x”'
xr - 1

wff

,_ Y
y w”'

, Z”’
Z - Ir

w

w”’

1 — 1

w

O

COMPUTER Computer Graphics Support Group

SCIENCE
CLUB

dopmyna npeobpazoBaHusd:
Ir Ir Ir Ir _ ? '- ‘.
", y"z"w')=xy121)- 5 9 9 9
6ydem uckame npu w'' = —z
(wff . xfj w”’ . yfj w”’ . ij w”’)
((-2)-x',(-2) -y (-2)-2',(-2))

ManunHckun B.A.

CGSG Cankr-lMNeTepbyprckui rybepHaTopckum 2 -
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(5 ~  TlocTpoeHue maTpuLbl LieHTpanbHOU npoekunn (frustum) G Math
(—2) - x' 2'n N T+
_Z . x - — x _— Z
r—1 r—1

2°n t+b

5 COMPUTER Computer Graphics Support Group FanuHckun B.A.
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( = CG Math
Normalized

Device Coordinates

Camera Space

Beyond 0
Far Plane
_f'
Behind +z
Camera
View
Frustum
2fn A\ f+n
f+n : Beyond f—-n
' ] Far Plane
-n N 1
\.
' View
0 Frustum 0
-1
+z
Behind Closer Than
Camera Near Plane
—a0

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit ? E o
CLUB omnNeso  QOUINUKO-MATEMATMUECKMM NULIEA Ne30  ° MaTtemaTuka B KOMNLIOTEPHOW rpachmke
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()" MocrenoBaTenbHOCTL NPeoBpasoBaHmii KOopAMHAT cG Math

[lp OTPUCOBKM OOBLEKTOB:
Pl = P- (Mwor‘ld *Mview* MProjection)
pucyem Ha 3kpaH (npumeHaem Viewport transformation):

POINT((P1.X + 1) * Wscreen / 2, (-P1.Y + 1) * Hscreen / 2);

COMPUTER Computer Graphics Support Group - FanuHckun B.A.
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(() ' 3apgaHune CG Math
« PeanunaoBaTb warping nsobdpaxeHum:

* BCe u3obpaxeHne TpaHchopMupyeTca BUNMHENHBbIM
npeobpasoBaHMeM (OQNH ANIEMEHT COOTBETCTBUSA)

*  WN300pakeHne pasgensieTcs Ha TPeYrofibHUKN — 30Hbl COOTBETCTBUS.
NckaxkeHne nonyyaeTcs B COOTBETCTBUN C UIBMEHEHUEM CETKU
TPEeYronbHNKOB.

« [logroToBnTb GMGNNOTEKY PabOThl C MPOCTPAHCTBEHHOW rpadOnKon.
BkrtoyaeT B cebs:

« XpaHeHune BEKTOPOB, MaTpuL, npeobpasoBaHnsa (4x4)

* OcCHOBHbIE onepaunn Hag BeKTopamm (NHC YMHOXKEHME BEKTOPOB Ha
MaTpULbl: KaK pagnyc BEKTOP, Kak CBOOOHbLIN BEKTOP, C Y4ETOM
O4HOPOAHOM KoopAuHaThI)

* Onepauun Hag maTpuLamm, NOCTPOEHUE MaTpuL, npeobpasoBaHNI

SCIENCE CGSG CaHkT-MeTepbyprckuii ry6epHaTopckuia e <
CLUB omnNe30  OUINKO-MATEMATUUECKMM JIULIEN Ne 30 e MaTemaTtuka B KOMNbloTEPHOW rpaduke
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