@f URL: http://www.school30.spb.ru/cgsg/cgc/ 1
Y E mail: CGSG@yandex.ru CG Math

MaTtemaTuka B
KOMNbIOTEPHOU rpaduke

URL:  http://www.school30.spb.ru/cgsg/cgc/
E-mail: CGSG@yandex.ru

FanuHckun B.A. - ¢

du3mko-maTemaTuyeckmii nuueit Ne 30 % s
Computer Graphics Support Group %
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%9¢ Ba3OBble NMOHATHA ol

* cBOOOOHbLIE BEKTOPbLI, pagnyc BEKTOPHI,
onepauun ¢ BEKToOpaMun, cKansipHoe U BEKTOPHOE
npounsseneHne BekTopos (vector dot & cross
production)

« Da3unc, KoopanHaTbl, JeKkapToBa cUMCTEMA
KoopauHaT

« MaTpuLbl, onepauun ¢ maTpmuamm, obpatleHune
mMaTpuy

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group
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9932 IIpeo6pasoBanus (transformations) CG Math

= AddpUHHBbIE

= [lepcneKkTuBHLIE

= BunmHenHbole

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group
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299 AddHuHHBIE TpeoOpa3zoBaHUA o

 [lapannenbHbiU nepeHoc (translation)

A -
Y "= x+dx
<
dx, r
Ay Y =y+ady
ldy X
Xy

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group
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2292 AdduHHBIEe NTpeoOpa3zoBaHHS CG Math

« MacwmabuposaHue (scaling)
= X SX

pe Y =y

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group
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2292 AdduHHBIEe NTpeoOpa3zoBaHHS CG Math

« Cosue (shearing)

A r
Y X'=x+y-sh

V=Y
AY / X»

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group
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2292 AdduHHBIEe NTpeoOpa3zoBaHHS CG Math

« MacwmabuposaHue (scaling)

A -
& x' =x-sx

A, 14>y V' =y-sy

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group



¢Y Addunnble npeobpazoBanus 8

CG Math

« [logopom omHocumernibHO Ha4asia KoopoOuHam (rotation)

AY ;x =r-cos(f) |x'=r-cos(a+ )
y= r-sin(f) |y =r-sin(a + f)
(x" =r-cos(a)-cos(S)—r-sin(a)-sin(f)
AY V' =r-cos(a)-sin(f)+r-sin(a) - cos(S)
X» ;x: =x-cos(a)—y-sin(a)
Y

x-sin(a)+ y-cos(a)

FanuHckuin B.A.  §

dusuko-matemaTuyeckum nuuen Ne 30 '
Computer Graphics Support Group
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CG Math

¢’ MarpuuHas 3anuch a¢GHHHBIX npeoGpa3oBaHHi

* [lepenniiem B MaTtpn4yHOM BUaE OOLLYIO
3anmcb adMUHHbIX Npeobpa3oBaHUN:

X' =x-a+y-b+l1

Y =x-ct+ty-d+m

(" y)=(x ) Z 2 +( m)

FanuHckuin B.A. 7 ‘f;

®dPusmko-matemartuyeckum nuuen Ne 30 ’ ae
Computer Graphics Support Group



(998 O AHOpPOAHEBIE KOoOpAHHATEI (homogeneous)

10

CG Math

* NpegcTaBMM KoopauHaTthl Ha nnockoctu (2D)
TPEXKOMMNOHEHTHON BEKTOP - CTPOKOMU:

(x,y)z(X/w Y/w 1):(X Y w)

« Oygem nonaratb w=1

(x,y)=(x y 1)

* riepenuwiem npeobpasoBaHne B obLLEM BUAE:

(a ¢ 0

(x 3y D= y 1)|b d 0

Computer Graphics Support Grou



11
CG Math

ﬁwg MaTpuuHslii BHA adPHHHEIX NpeoOpa3oBaHHH

~ translation

(1 0 0)
~ |
T(de,dy)=| 0 1 0 =
\dx dy 1, (sx 0 0)
~ shear by x S(sx,sy)=1 0 sy O
(1 0 0) 0 0 1)
Shx(sh. )=|sh. 1 0
~ rotation
00 (cosax sina 0)
~ shear by y
R(a)=| —sina cosa 0
(1 sh. 0) (@)
< . 0 0 1)

Shy(sh,)=10 1 0

FanuHckun B.A. - 7

®dPusmko-matemartuyeckum nuuen Ne 30 ‘
Computer Graphics Support Group
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' KOMIO3HIIHS Mpeobpa3oBaHHH oz

* MOABEPrHEM TOYKY NocnenoBaTenbHbIM
npeobpaszoBaHUAM CUCTEMbI KOOPAUHAT:

&y D=l » )M,
(" y" D=y )M,
(v ="y )M,
* MepenuLeM:
(x' y 1):(((x V 1)'M1)'M2)'M3
* B CUIy aCCOLIMATUBHOCTM:

(x’ )y 1):(x Y 1)'(M1'M2'M3)
(X’ B ’ 1) = (‘x b 4 1) -M transform
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CG Math

(X’ y, 1) - (X b 1) -M transform
(x Y 1) - (x' ¥ ’ 1) -M t;imsfm’m
(a ¢ 0
transform = b d O
([ d —c 0 )
¥ _ | | _s . )

transform - d . bc

Kbm—ld lc —am ad—bC)

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group
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' IIpeoOpa3oBaHHE TOYEK, BEKTOPOB H HOpMaA€eH

‘,'f@’: V o

CG Math
* TOYKa (paanyc-BekTtop) (p):
(x » 1)
« BEKTOp (V) n HopMarsb (n) (TONbKO HanpasrieHne):
(x » 0)
* npeobpasoBaHUS:
15 = 1_5 M transform = (‘x’ Y ’ 1) — (x Y 1) M transform
AY ‘_; = ‘_; -M transform = (x’ Y ’ O) - (x B4 O) -M transform
ﬁ = ﬁ | Qtransform ~ (X’ y ’ O) = (X Y O) eransform
N’
N
Xy

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group
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-7 IIpeobpasoBaHHe HOpMaAeH o

=0 n-v'=0

( eransfmm ) ( Imnsform ) — O

n=n- Qf,nansfo,ﬂm v =v-M s
n=(A4,B) v=(x,y)

(4 B 0)(x y 0)=0
(4 B 0)0,pm)(x y 0)M,,,.) =0
(A4 B 0)-(Qyangorn M opaor)-(x ¥ 0) =0

/4 : -1 I
Qtransfarm . Mtransforn-1 R E Qtransform R thnsform

FanuHckuin B.A.  §

®dPusmko-matemartuyeckum nuuen Ne 30 '
Computer Graphics Support Group &




/| HoTallMH 3aIIHCH: CTOAGEeI HAH CTpOKa 16

CG Math
OpnHo npeobpasoBaHue: (a ¢ 0)
(x ¥y D=(x y 1):|p d 0
/ m 1)

(x'\ (a b 1) (x"

yi=le d m| |y
(10 0 1))

Komnoaunumsa npeobpasoBaHUi:
(x' y' 1):(x g 1)'(M1'M2'M3)
(xr\ (xr\
Y :(M3'M2'M1)' )y

Computer Graphics Support Grou



Jw»w IIpuMep: NpHBSA3Ka CHCTEM KOOpPAHHAT

17

CG Math

* 3ajaHbl TOYKN COOTBETCTBUA

(X o) (xp ¥)
(x y)ex »)

(xz yz)<_) (xz y;)

* HaWTKU «MaTpuuly nepexogar

P=P-M, M=?

P

FanuHckuin B.A.  §

dusuko-matemaTuyeckum nuuen Ne 30 '
Computer Graphics Support Group
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T Hpnmep. IIPHBA3KA CHCTEM KOOpAHHAT CG Math

% oy 1 x, v, Y\l m 1)

G=6M

a ¢ 0 ¥ — e Vs~ Vo Vo= T X, Yo 1
1 ! ! ! 4

ol T B T e S e T |

[ m 1 X Vo =X K)o =XV, XN X)), X, ¥ 1

30ecv: detG' =x, - (¥ = V)) =y, - (x] = x))+ (X ¥y, — %, 1))

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group




%fﬁ% IIpumep: npeoOpasoBaHHe H300paKeHUH ce J,Igh

=> [1psimoe oTobpaxeHue (direct mapping) =>

(@)

[MoBoOpoOT 1
mMacliTabnposaHue

<= ObpaTHoe oTobpaxeHue (inverse mapping) <=

FanuHckun B.A. 7

®dusmko-matematnyeckum nuuenn Ne 30 =
Computer Graphics Support Group
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CG Math

IIpumep: warping (1)

A n‘ﬁ“ R

FanuHckun B.A.
dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group




21
CG Math

@9 IIpumep: warping (2)

JAMAH@

AdPUHHBbIE [MepcnekTnBHbIE
npeobpasoBaHUS npeobpasoBaHUS

BunuHenHble L
npeobpasoBaHus LQ’/
[/ “,"‘

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group
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Cese) . : 22
229 TIpumep: warping (3) CG Math

AdPUHHBbIE [MepcnekTnBHbIE
npeobpasoBaHUS npeobpasoBaHUS

BunuHenHbie
npeobpa3oBaHUs

FanuHckun B.A.
dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group




PN
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2299 TIpumep: morphing CG Math

morphing = warping + nHTepnonauma uBerta

FanuHckun B.A.
dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group
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i

IlepcieKTHBHBIE NIPeoOpa30oBaHHUSA

24

CG Math

(a
b

L

C p\
d q

m1/

Ay

™~

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group
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CG Math

==
= \

Vi ST SoN
t@ SAS A

IIpuBA3Ka C IEPCIEKTHBHLIM NIpeoOpa3zoBaHueM (1)

« obwas dpopmyna:
dy Ay A

(x Y W):(x' Y W')' dy, Uy Ay
dy; Uy Uy

* NPSAIMOE OTODPAXKEHUE:
_ ' ' '
X=a,X +a,y +a,w

Y= alzx’ + azzy, + a32W’

w=a,x +a,y +a,w

nonaraem w=1, utoroeagd doopmyrna ans KoopgmHar

4 4
X _auX +a5) T4

o !/ !/
w a13x +a23y +a33
! !
Y _ gk +d,)Y +d;,
! !
A X +dy Y +ds;

FanuHckun B.A.
dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group
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CG Math

(922¢ IIpuBsI3Ka C MEPCHEKTHBHBIM NpeobpazoBanuem (2)

* roflyd4aemMm matpuuy obpaTtHoro otobpaxeHusa

* onpegenntesib NpUCcyTcTtByeT n B YNCITNTESIE N B 3HAMEHATESE —
BbIMNCJIATb HE HYXHO.

3 /An AZI A31\
(x' Y W'):(x y W)'M:(x y W)' 4, 4, A4,
\A13 A23 A33)

* Haxoaum npmncoeanHeHHyr Mmatpuuy.

(a22a33 — Uy, Uyl — AUy dypdyy —djsdy,

M = 35 — Q530 Ay Ga3 — Ay G — 414y,

Kazlam — Uy Uy, Ayl —dydy,  dydy, — a12a21)

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group




(93¢ [IpuBA3Ka ¢ MEePCIEKTHBHBEIM mpeobpasoBaHHeM (3) ce “Z"Z"'

« 3apadva NpuBA3KK: Mo 4 ToOYKaM COOTBETCTBUSA OnpeaenuTb maTpuLy
nepexopa:

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group
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CG Math

|
i

(922¢ IIpuBsI3Ka C MEPCHEKTHBHBIM NpeobpazoBanuem (4)

¢ 3anuiem 3aBMCMMOCTb (Bblpa3nmM KoopauHaThl x U p):

" ’ ’ ’ ’

. ' ' ' '
Yy =apX +a,Y +a;, —apXy —ay)y

* BbiNULEM B MatpuyHom doopme 8 ypaBHEHUN:

Xo Yo 1 0 0 0 —xoxg =X | (a Xo
oy L0 0 0 —xx, —yx ||ay Xy
X, ¥y, 10 0 0 —xx, —yx,||a, %o
x; y5 10 0 0 —-xix; —yx, 1 || %
0 0 0 xp y 1 —x» =Voo||an| |
0 0 0 xy » I —xy» -yn||la| | N
0 0 0 x3 ¥, 1 —=x0, —yvnm||as| | W
0 0 0 x;3 y; I —xp -y )\an) s

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group
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(259 TIpuBfA3Ka C MEPCIEKTHBHBIM IIpeobpa3zoBanuem (5) CG Math

* [ONS YNPOLUEHMs 3a4a4um nepexon ullemM n3 eaMHNYHoro Keaapara:

(¥, 3)e(0 0)

* Mony4yaem:

a3 = Xo

ayy T A3 —di3X; = X,

T dy T4y = dpsX, =Xy =X,
Ay T A3 = dy3X3 = X3

a3 =)o

Ay T3 —dp) =)

Qi Ty T3y =AY, =AY, =),

Ay + A3 — Ay Y3 = Vs

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group
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ﬁw IIpuBA3Ka C IEPCIEKTHBHLIM NIpeoOpa3zoBaHHeM (6) G Math
« obo3Ha4vaewm:
NG =% —%; A =X—% =X —%T%—X
M =n=Y, W =Y;=), A3=Ye=N+Y,~);s
* U HaxoguMm peLlleHue:
AX3 A'x2
a, = Ay, Ay, ay =X = Xo T dp3Xy
Ax,  Ax, dyp = X3 = X T Uy3X;
Ay, Ay, a; =X,
Ax,  Ax, A, =1 = Vo T30
= Ay, Ay, yy = V3= Vo T ax3)5
Ax, Ax, a3 =)o
Ay, Ay,

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group




31

CG Math

8¢ Ad¢unnsie npeobpasoBanus B NPOCTPAHCTBE

* AHanornyHo cnydato 2D BBOOANM OQHOPOOHLIE KOOPAMHATbI:

(x,y,z)z(X/w YIiw Z/w 1)

* 1 npeobpasoBaHuAa B 0OLLEM Cny4vae:

4 \
a, a, a5 0
ay a,, dy 0

(x y 2 l)=(x y z 1)
ay a3y a0

\Aq1 Uy g3 1/

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group




MaTpuus: 3D npeobpa3zoBaHul (IepeHOC, MacIuTab)

32

CG Math

~ translation

I'(dx,dy,dz) =

~ scaling

S(sx,sy,5z) =

(1 0 0 0)
0O 1 0 0
0O 0 1 0
\dx dy dz 1,
(sx 0 0 0)
0 sy 0 O
O O sz O
L0 0 0 1}

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group



(Foge) MaTpuus: 3D npeobpasoBaHHH (HIOBOPOT BOKPYT OCeH)

33
CG Math

~ rotation

Rz(x) =

Rx(ar) =

Ry(a) =

( cosa

0
0

1 0

0 0

cosa O
0 1

sinax 0
0 0

smna O

—sina cosa O O

0 1
0 0

0

0 cosa singa

0 —sina cosa

0
—sina
0

cosa
0

0

0
1

0)
0
0
1

0
0
0

1

FanuHckun B.A.  #

dusuko-matemaTuyeckum nuuen Ne 30
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MaTpuus: 3D npeobpazoBaHHH (IOBOPOT BOKPYT OCH)

CG Math

* [loBOpPOT BOKPYr NpOn3BOSIbHOM OCU, MPOXOASLLEN Yeped Havano
koopanHaTt. Ocb 3agaeTcsi HOPMUPOBAHHLIM PanNyCc BEKTOPOM.
BbiBOA Yepes KBaTepPHUOHbI (CaMOCTOATENBHO).

x*+y+z° =1
X=sma-x Y=sina-y Z=sina-z
L—=HV*5 2% 2-X-Y-2.cosa-Z 2-cosa-Y+2-X-Z O
2:-X-Y+2-cosa-Z 0=+ 2% 2:Y-Z-2-cosa-X O
2-X-Z-2-cosa-Y 2-cosa-X+2-Y-Z 1-2(X* +Y%) 0
0 0 0 1

Rl 5. y.2)=

~ rotation

FanuHckun B.A.  #

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group




IIpumep: NoCcTpoOEeHHE MAaTPHIBLI KaMephI (1) CG snfth

* Kamepa 3agaetca: nosmuma C n BeKTopbl HanpasreHune
«BBepx» V, «BpaBso» U n Bnepen N.

* Mwem npeobpasoBaHune B BUOE «NEPEHOCHNOBOPOTY:
M=T-B
roe
1 0 0 0
0 1 0 O
0 0 1 0
—Cx =Gy —Cz ]

Fanuuckun B.A. - 7

dusuko-matemaTuyeckum nuuen Ne 30 ’
Computer Graphics Support Group




Pocse) IIpaMep: MOCTPOEHHE MATPHIBI KaMephbI (2) CcG ffth

* rocne npeobpasoBaHusa BeKTopa 0TobpasAaTcs:

U — (1,0,0)
V — (0,1,0)
N —(0,0,1)
T.©.
(Ux Uy Uz 1)-B=(1 0 0 1)
mx v Vz 1).B=(0 1 0 1)
(>x Ny Nz 1)-B=(0 0 1 1)

FanuHckun B.A. 7

®dPusmko-matemartuyeckum nuuen Ne 30 ‘
Computer Graphics Support Group
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HpKMep: IIOCTPOECHHE MAaTPHIIbBI KaMEPbI (3) CG Math

* 3Had
Ux’> +Uy* +Uz” =1 u man.
Ux-Vx+Uy - Vy+Uz-Vz=0 u mn.

Haxoaum

(Ux Vx Nx 0)
Uy Vy Ny O
Uz Vz Nz O
.0 0 0 1

FanuHckun B.A.

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group



&) 38

pT CG Math

* [lpakTnyeckme 3agaHuA

— PeanunsoBaTb warping nsobpaxeHus (CpoK —
6.11.2011):

* BCE M300pakeHne TpaHcdopmMmnpyeTcst BUNMMHENHbIM
npeobpasoBaHMeEM (OQMNH 3NIEMEHT COOTBETCTBUSA)

 /I300parkeHne pasgensercs Ha TPeyroribHUKN — 30HbI
COOTBETCTBUA. VckaykeHne nony4aeTcs B COOTBETCTBUN C
N3MEHEHNEM CETKU TPEYrorlbHUKOB.

FanuHckun B.A. ¢

dusuko-matemaTuyeckum nuuen Ne 30
Computer Graphics Support Group




