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iAnroprM bpe3eHxema (1)

OTpe30K, COeANHSAIOLLUM
P(x1, y1) n Q(x2, y2)

Y2_y1SX2_X1

L/
'
\y
o
-
IA

A

Y. Y,

2 1

—C
—C

y=Y,+ (X=X, X € [X,X, ]




Anroputm bpe3eHxema (2)

(npsimasn)
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Previous  Choices for Choices for
pixel current pixel next pixel

F(X,y)=(X=x)dx—(y—y,)dy

dx =X, — X,

dy =Y, 7Y,

F(x,y) = 0 -- Touka Ha
oTpeske

F(x,y) < 0 -- Touka Bbile

F(x,y) > 0 -- Touka Hmxe

Touka P onpegeneHa, Toraa
KOOpAWHATbI CPEANHHON
TOYKM

(X, +Ly, +1/2)

1 3HauyeHne PyHKLMM B 3TON
TOYKe

d=FX,+Ly, +1/2) 3



Anroputm bpe3eHxema (3)
(npsimasn)

Ecnn d < 0, To BbIBUpaeTcsa E un

N Qe = F (X, +2,Y, +1)
1 1
Aoy — Aoy = F(x,+2,Y, +2)— F(x, +1y, +2)
NE AE:dnew_dold :dy:yz_yl
Y
Q Ecnun d > 0, To BbiGMpaetca NE
+M -+
3
— d., =F(X +2,y +=
‘ f\E N new ( P ayp 2)
-y A
P=to 3o) Ape =dy —dX=(y, = y)—(X, = X)
Previ Choi i -
Tl cument pixel next ool B HavanbHoM Touke
Qoo = F(X, +1LYy +1/2) =

(X +1=x)dy = (y, +1/2-y,)dx =
=dy—dx/2



Anroputm bpe3eHxema (4)
(npamasn)

OpaHa HenpuATHOCTb -- AerneHne Ha 2

UToObLI N3bexaTb BeweCTBEHHON apuPMeTUKN,
caenaem npeodbpasoBaHue

F (X, y)=2F(x,Y)
d =2d

d,.. =2dy—dx
Ad =2Ad



Anroputm bpe3seHxema (5)

* (npumep: ax = 7, dy = 5)
start — 2dy — dX — 3;dNE — _4;dE — 10
d,=10-7=3>0 (NE)

Z} d,=3-4=-1<0 (B)
- d,=-1+10=9 (NE)

// d,=9-4=5 (NE)
. [/' d,=5-4=1 (NE)
IV d;=1-4="-3 (E)

d=-3+10=7 (NE)



Anroputm bpe3eHxema (6)
(OKpPY>XHOCTb)

HeaBHoe 1 siBHOe npegcraBljieHne

{Ds'l?lgﬂ.._h X2 + y2 — R2

BEER

;

y=+ R>—X’

[TapameTpuyeckoe npeacrasneHue

X=Rcos@

ENAENNENEEENTEPAN yZRSiIlH
(17, 0)



Anroputm bpe3eHxema (7)
(OKpY>XHOCTb)
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Previous Choices for  Choices for
pixel current pixel next pixel



Anroputm bpe3eHxema (8)
(OKpY>XHOCTb)

F(X,y)=x"+y”> —R”

Ninsi Touku P ¢ koopa. (X, Y,)

dog =F(X, +1Ly, —5)

[na nukcena E:
dnew - f(Xp +2a yp _2) = dold +(2Xp +3)

Ad. =(2x.+3
Previous Choices for  Choices for E ( p )
pixel current pixel next pixel

[na nukcena SE:
dnew = doId + (2Xp _2yp +5)
Adg =(2x, -2y, +5)



Anroputm bpe3eHxema (9)
(OKpPY>XHOCTb)

B HavanbHoM To4ke (0, R)

1 1 S
FOLR- )=1+(R°=R+ )-R*="-R
( 2) ( 4) :
S

N onaTb HY>XHO UCKNIOYUTL BELLLECTBEHHbIE OnepaLun.
CpoenaB 3ameHy /1 = @-1/4, nonyunm h = 1-R.

Torpa Heobxoanmo cpaBHUBaThL /1¢ -1/4, HO Tak Kak
npupalleHns d— uenble yicna, To cpaBHMBATb
MO>XHO C HYJIEM.
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OOHapyxeHue NpAMbIX K
i.qyr OKPYXHOCTEW
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[MpeobpasoBaHue Xada (1)
(The Hough Transform)

bl’l'l'll'l

EI I’:'I'I'I-&."'.

i

y; =ax; +b

b=-xa+y,

[peobpa3oBaHune Xada — 3To MeTo
0BbHapy>XeHMS NPSMbIX U KPUBbIX JIMHUM
Ha MOJTYTOHOBbLIX U LIBETHbIX
n3o06pakeHnsx. Metoa no3BonsieT
yKa3aTb NapaMeTpbl CEMENUCTBA KPUBbIX U
obecrneymBaeT NOUCK Ha U306parkeHnsIX
KPUBbIX 3aJaHHOr0 Kacca.
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[peobpasoBaHue Xada (2)
(The Hough Transform)

XCcos O +ysine =p

il

(a)
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(The Hough Transform)

i [lpeobpa3zoBaHue Xada (3)

g 0° B,

Pmin — - -] I_IpﬂMaﬂ
X cos 0; + y sin 6, = p,

OKpY>XHOCTb

Pmax : (X' C])Z + (y- CZ)Z =
' o
(b)
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[MpeobpasoBaHue Xada (4)
(The Hough Transform)
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http://cgm.graphicon.ru/metodyi/hough_transform.html
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LlenHOe KoaupoBaHue
(Freeman’s chain code)

:
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Resampling
(U3meHeHMe ancKpeTnsaumm)
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$4-x n 8-Mu cBA3HOE KoaupoBaHue
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CnnanHoBblE KPUBbLIE
i (neKkanbHble KpuBbIE)

B KOMMblOTEPHOM rpadumKe CrnIanHOBON KpUBOW

Ha3bIBalOT /II0OYI0 COCTABHYIO KPUBYIO,
ChOpMMPOBAHHYIO MOSIMHOMUANBHBIMU YYaCTKaMM

(3BEHbSAMM), KOTOpPbIE YAOBNETBOPAIOT 3a4aHHbIM
YCNOBUSIM HenpepbIBHOCTU (rNaaKocTu) Ha
rpaHMLIaX Y4aCTKOB.
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NHTepnonaumsa u
annpokcmMmaums
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A set of six control points
interpolated with piecewise
continuous polynomial sections.

A set of six control points
approximated with piecewise
continuous polynomial sections.
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i Cpe3aem yrnbi
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{Po, Py, ..., P}

{Qos Ros Q1y Ry, ++vy Qnigs Ry}

2N HOBbIX TOYeEK
PACCMaTPUBAIOTCS KaK HOBaS
yrpasnsoLlas JloMaHas
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P3
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il/lTepame 2 U ntepaumsa N
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i 3aMKHYTbl€ JIOMaHble

Po

Py

Qo

QB .

R,

Qi R,
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:L AnropntM YankuHa

Chaiken’s Algorithm

Step |
Bl =(1-5)EB, + P,

‘D11 =(1=5)f +1F,

Step 2
B =(1-5HF +:F
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iTpM KOHTPOJIbHbIE TOYKM

PEI} = (1 —t)Pg + tP1 (= Py + t(P1 — Py))
P = 1-p)P
8y = 1+ tP2

Py

_ P(t) = P{(1)
on the curve = {1 — f}]P{l} {fi] + tP{l} {ﬂ

P{(t) = (1L - t)Po + tPy, and
P(t) = (1— t)Py + tP,
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Tpwn KOHTPONbHbLIE TOYKK

P(t) = (L - t)P{" (2) + P§"(2)
=(1—¢t)[(1 — )Py +tPy] + t[(1 — t)Py + tPy)
= (1 —#)’Pg + (1L — t)iPy + (1 — )Py + P
= (1 —t)?P, + 2t(1 — )P, + t?P,

%P{t} =—2(1 —¢t)Po + [-2t + 2(1 — ¢)] P1 + 2P

=2[(1 — t) (Py — Pg) +¢t(Py — Py)]

LP(0) = 2(P1 — Py)
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i KpuBble be3be (Mo 4 Toykam)
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:h YeTbipe KOHTPOMNbHbIE TOYKW

Bezier Curves
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YeTbipe KOHTPOMNbHbIE TOYKW

P(t) = P (1)
= (t) + (1 - )PP t)
=t [tP{(t) + (1 - )P (1)
+ (-1 [P + (1 - PP (0]
= P (1) + 261 — )P (8) + (1 — ¢)*P{" t)
= 2 [tP3 + (1L — t)Pg] + 2t(L — t) [tP3 + (1 — t)P,]
+ (1 —t)? Py + (1 — t)Pg]
= *P3 + 3t°(1 — t)Pa + 3t(1 — )Py + (1 — t)° Py
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i KpuBble be3be

This spline approximation method was developed by the French engineer
Pierre Bezier for use in the design of Renault automobile bodies. Bezier
splines have a number of properties that make them highly useful and
convenient for curve and surface design. They are also easy to implement.
For these reasons, Bezier splines are widely available in various CAD
systems, in general graphics packages (such as OpenGL), and in assorted
drawing and painting packages (such as Aldus Superpaint and Cricket
Draw).

In general, a Bezier curve section can be fitted to any number of control points. The
number of control points to be approximated and their relative position determine
the degree of the Bezier polynomial. As with the interpolation splines, a Bezier
curve can be specified with boundary conditions, with a characterizing matrix, or
with blending functions. For general Bezier curves, the blending-function
specification is the most convenient. 33
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Examples of two-
dimensional Bezier
curves generated
from three, four, and
five control points.
Dashed lines
connect the control-
point positions.
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i LLleCcTb KOHTPONbHbLIX TOYEK
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i 3aaaya (1)

JlomaHaa be3be 3agaHa TpemMsa ToYKaMu

(0, 0), (0, 9), (18, 0). Onpenenute KoopAnHaTHLI
TOYKN Ha KpmnBowu besbe npnt =1/3.

/
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G, G' - reomeTpUuyeckasn

i HernpepbIBHOCTb

> x(f)
Two curve segments are said Gk geometric continuous at the joining
point if and only if all i-th derivatives, i less than or equal to Kk,

computed with arc length parameters agree at the joining point.
37



i coCt C G

Two CO curve segments are said G geometric continuous at the
joining point if and only if vectors f'(u) and g'(v) are in the same
direction at the joining point. Note that f'(u) and g'(v) are evaluated

at the joining point. y(t)
A TV,

Join point
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i 3aaava (2)

3apaHbl ABa 3BeHa cnnavHa o(t) = (t, 2+ 1)un
BH)=Qt+1,3+4t+2),0<=t<=1.

O6ecneunsaetcsa nn CY, C!, G! HenpepbiBHOCTL B
Touke coeamHeHus o(1), B(0)?
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i KpuBble 3p|v||/|Ta

=[P,, P, Ry, R]"
X(t)ZTAHZTMHGH

=[B2t1]

X(0) =P, =[0001]M, G,,
x(1) =P, =[1111]M,G,,
X'(0)=R,=[0010]M,G,,
X(1)=R, =[3210]M,G,,
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CmewunBarwwme PyHKUUN IPMUTA
(Hermite blending functions)

[2 -2 1 1]
M= [-3 3 -2 -1 ]
[0 O 1 O]
[1 0O O O]

f() = 283- 382 + 1
f5(t) = -2t3 + 3t2
() = B3-22+t
f(t) = t3- 2

o8
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i Kybuyeckmne KpmBblie IpMUTA

Cubic Hermite Interpolation

Given: F(0), P(1),P(0),P'(1)

Compute: F{(H=af +bt*+ct+d (Cubic Polynomial)

Derivative: P& =3at’+2kt+c

Fy =k =4
Fly=h =a+b+c+4d
PiOy=h =c

Ply=h, =3a+2b+c

a=2h — 2k + by, + By
b=—3h +3k —2k —k,

¢ =Hh,

d =hy

42



CBA3b KpUBbIX dpmMmuta u besbe

0) = 3(p

7

2

dgfo)
d :”(FI‘_PH)
u
d ]
Q( 1;”(111'1“;""— i)
du

For example, for a cubic we have:

Q(ﬂ) :3{Pt “Fu}
Q(]} -_"3{!?3“.5“2)

0(u) =UMuP, = [uuu1]

-1 3 -3 |
3 -6 30
=3 3 00
1 0 0 0
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[MonnHombl bepHLWTEeNHa

P(t) = Z?’i:o PiBi,B (t)

Bezier Curves = Bernstein Polynomials

3
B3t =[D}Dﬂ e L g

ny | Ee-
B (r)=(1_]r (1-%)

Bith=

Bty =

A |
r1|:1—r:.3=?l(r|:1—2:+r3:.)=3r3—ﬁr3+3r

b2 — gyt = %(# (1-t)) = -3¢ +3¢°

2r1-n =27
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Hermite Basis Funchons

Hyt =2 +3%+1
H ()= =2t + 3¢
Hy(ty=1> =2 +1¢

H (=t
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P()=TeMy*Gy=8,°G,=

= (26 - 3¢ +1)P; +(-28+3E)P, + (¥ - 2¢ +OR, + (£
- )R,
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i HenpepbIBHOCTb
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i JInTepaTypa

[OoHanbg XepH, M. INaynuH beuvkep
«KomnbromepHas epaghuka u cmaHoapm
OpenGL» M.: Bunbsimc. 2005

= D.Hearn, M.P.Baker « Computer Graphics.
C Version»

= [Il. Pooxepc, «Mamemamu4yecKkue ocHO8bI
mMawuHHou epagbuku», Mocksa, Mup, 2001

= J1. Wanupo, [x. CTokmaH,
«KomrnbromepHoe 3peHue», M.. BUUHOM.
NabopaTtopus 3HaHmn, 2006
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