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Curves

O

KpuBblie h NoBepXHOCTU B
KOMMNbIOTEPHOU rpaduke

COMPUTER
SCIENCE
CLUB

. https://compsciclub.ru/courses/graphics2018/2018-autumn/classes/
http://www.school30.spb.ru/cgsg/cgc2018/

Computer Graphics Support Group ‘ FanuHcknn B.A.

CGSG CaHkT-lNeTepOyprckui rybepHaTopckum ~
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(5 [peacTaBneHnst KpUBbIX Ha NOCKOCTH

2130
Curves

O

SIBHbIN cnocob (explicit curves)

y=1) y =sin(x)

HesiIBHbIM cnocob (implicit)

x,7)=0
f(x.) 4R =0
[TapameTpuyecknn cnocob (parametric curves)

b] x = cos(?)

. e [0, 27r)
y =sin(?)

COMPUTER Computer Graphics Support Group g ManuHckun B.A.

SCIENCE
CLUB

/' B
CGSG CaHkT-lNeTepOyprckui rybepHaTopckum @ :

Cnrie5s)  OUIMKO AT ATAMECKIA NILIEN Ne 30 KpuBbie 1 noBepXHOCTU B KOMNbIOTEPHOM rpadmke
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(5 | fIBHble KpuBble Curves

5| Function drawing EI@

= MinX;
MoveTo (x, F(x)); T
(x <= MaxX)

LineTo(x, F(x)): ' ' = = = = -\\;hhi
= X + Step; T

y =sin(x) |

~ COMPUTER Computer Graphics Support Group ‘g ManuHckun B.A.
SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit %7; valele M NOBEPXHOCTYU B KOMnblOTepHOVI rpad)MKe

CLUB oMANe30  OU3UKO-MATEMATUYECKWM NULIEV Ne 30
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(5 '/ HesiBHble KpUBbIE Curves

7 | Function drawing E@@ 1
F(x, y)- 1
(f > -EPS && < EPS)
SetPixel (X, V)’ I I v,

= X + Step;

y + StepY;

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB omaNe3e  OU3NKO-MATEMATUYECKUM NIULIEM Ne 30

~ COMPUTER Computer Graphics Support Group ‘g FanuHckuii B.A.
- KpuBble n noBepxXHOCTU B KOMNbIOTEPHOU rpacuke



(5 ' NapameTtpuueckme KpvBble -
r 7' Function drawing EI@ “
= A;
Fx(t)’
Fy(t);
MoveTo (X, V)
(t <= +
= Fx(t); | . | | N

= Fy(t)’
LineTo(x, V)
= t + Step;

£.(f)=2-sin(8-1)
f.()=2-sin(3-1)

~ COMPUTER Computer Graphics Support Group . ManuHckun B.A.
@ ' KpuBble 1 NOBEpXHOCTU B KOMNbLIOTEPHOU rpaduke

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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(5 ~  Kpusble besbe (Pierre Beézier): nuHelnHble Curves

* JlnHenHble KpuBLle be3be
* JlnHenHas nHTepnonAuna Mexay KOHUeBbIMU TOYKamMm

B=P -(1-1)+P 1 -

t|0,1]

'IIF'D
t=0

COMPUTER Computer Graphics Support Group - ManuHckun B.A.

=
SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit @ - v
5 CLUB OMA N2 30 ®U3UKO-MATEMATUYECKUM NALIEN Ne 30 © P valele M NoBepxHOoCTn B KOMNbHOTEPHOU rpad)vu(e
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(5 - Kpusble besbe: kBagpaTtnyHble

Curves

- KBagpaTtu4Hble KpuBble besbe
° KOMFIO3I/ILI,VIF| HECKOIbKUX NMUHENHbIX KPUBbIX:

O=F-(1-0+5-t
O,=F-(1-1)+ P,
B=0, - 1-0)+Q,-t=P,-1-1)>+2-P-(1-1)-t+ P, -1’

op, op,
E1

telo,1]

Py t=.25 P, t=0

5 COMPUTER Computer Graphics Support Group -

G g FanuHcknn B.A.
SCIENCE CGS CaHkT-TeTep6yprckuit rydbepHaTopckui @ : <
CLUB oMnNe30  OU3NKO-MATEMATUYECKMN NUALIEN Ne 30 KpI/IBbIe M NoBepxHOoCTn B KOMNbHOTEPHOU rpad)vu(e
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(5 - KpuBble besbe: Kybnueckue Curves.

. Ky6uyeckue kpvBble Besbe °

Oy =4,-I-0+H-t
O=HK-(1-0)+F1
QzZPz'(l_t)+P3't
RO:QO'(l_Z)—l_Ql.t
R=0-(1-0)+0, ! oP,
B=R,-(1-1)+R, -1 = Po =0

=P -(1-t)+3-P-(1-0)°-t+3-P-(A0—0)-t> + P,- 1

ManuHckun B.A.
KpuBble 1 NOBEpXHOCTU B KOMNbLIOTEPHOU rpaduke

5 COMPUTER Computer Graphics Support Group @

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit 4 -
oM 0 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30 i 2

CLUB


//upload.wikimedia.org/wikipedia/commons/a/a3/Bezier_cubic_anim.gif

) 10130
(5 - Kpusble besbe: cTaplune cteneHu Curves
F'|1 ap 2
opP,
Po t=.25 oP, Po t=0 °F3

B obwem cnyvae:
B(t)=>_P-b, (1)
i=0
b, (t1)=C.-t'-(1-1)"" nonuHom bepHwTenHa
. R n!
C, = = YMCNO CoOYEeTaHUN
i"(n—i)!

COMPUTER Computer Graphics Support Group ManuHckun B.A.

S
SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit : @ - v
5 CLUB OMA N2 30 ®U3UKO-MATEMATUYECKUM NALIEN Ne 30 © P valele M NoBepxHOoCTn B KOMNbHOTEPHOU rpad)vu(e


//upload.wikimedia.org/wikipedia/commons/4/42/Bezier_forth.png
//upload.wikimedia.org/wikipedia/commons/c/c6/Bezier_forth_anim.gif

G 11130
(5 ' Kybuyeckue kpusble besbe: maTpuyHasa 3anmchb Curves

B(t)y=P,-A—1)’ +3-P-(1-0)° -t +3-P,-(A—0)-1* + P’ =
= (-B,+3-PL-3-PL+P)+1"-3-P,—6-P +3-P)+
(-(-3-B,+3-B)+ P, =

-1 3 -3 1]|PA
3 -6 3 0||P
:[t3 ot l] I
-3 3 0 O0||P
1 0 0||PA]

ManuHckun B.A.

5 COMPUTER Computer Graphics Support Group

SCIENCE CGSG CaHkT-lNeTep6yprckuit rybepHaTopckumn -
CLUB ©MI Ne 30 ®U3NKO-MATEMATUYECKMIA NTULIEA Ne 30 ) valele M NoBepxHOoCTn B KOMNbHOTEPHOU rpad)vu(e
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(5 - COI‘IpFI)KeHI/Ie KPUBbIX be3be Curves

5 COMPUTER Computer Graphics Support Group o ManuHckun B.A.

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit : -~
CLUB e ®U3NKO-MATEMATUYECKWIA NULIEM Ne 30 KpI/IBbIe M NoBepxHOoCTn B KOMNbHOTEPHOU rpad)vu(e



G 13130
(3 - WNHTepnonAaumsa ¢ noMoLLbo KpuBbIX besbe
5] Function drawing =N e
Qo

i, R © VAR =) Q. I
| e — < ./
[
I
I

N\
o —

2 -5 4 -1

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit 3 - -
CLUB ST P OU3NKO-MATEMATUYECKUN NLIEN Ne 30 KpI/IBbIe M NoBepxHOoCTn B KOMNbHOTEPHOU rpad)vu(e

5 COMPUTER Computer Graphics Support Group ManuHckun B.A.
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(5 ~  PauuoHanbHble kpuBble besbe (rational) Curves

Zwipi 'bi,n(t)
B(t) =+ , 0<1r<1

Zwi 'bi,n (t)
i=0

. =E=n . == Eon[ T rinaen oS === . =E=n
- - -
//\\ ﬁ ///\\ > /ﬁ \\ ﬂ //\\

w=(1, 1, 1, 1) w=(1, 1, 10, 1) w=(1, 30, 30,1)  w=(1, 1000, 1, 1)

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

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit

LUB Cnrie5s)  OUIMKO AT ATAMECKIA NILIEN Ne 30 KpuBbie 1 noBepXHOCTU B KOMNbIOTEPHOM rpadmke
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(5 - B-cnnauHbl (B-splines) Curves

* Kokc n ge byp:

n+l

P(t)=) PN (1), ty <t<t., 2<k<n+l
i=1

I, echu x, <t<x,

Ni,l — 0
, UHaue

N = (t _xi) ) Ni,kfl(t) n (xi+k _t) ' Ni+1,k71(t)

T ’

I X1 =% Xivk —Xin

0
nonaraem — =1

X = [x1 Xy Xy xn+k+1] - Y3/10BOU BEKTOP

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30

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

KpuBble u NoBepXHOCTU B KOMNbLIOTEPHOM rpaduke
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(5 ' Tpumepbl B-cnnanHoBs (kpuBasa besbe) Curves

« Kybuyeckas kpusas besbe:

x=[0 0 0 0 1 1 1 1]

B Function drawing EI@

COMPUTER Computer Graphics Support Group - ManuHckun B.A.

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit - v
5 CLUB OMA N2 30 ®U3UKO-MATEMATUYECKUM NALIEN Ne 30 © P valele M NoBepxHOoCTn B KOMNbHOTEPHOU rpad)vu(e
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(5 ' Tpumepbl B-cnnanHos (uniform) Curves.

* YHNGopMHLIN Kybunyecknm B-spline

-1 3 -3
1|3 -6 3
6(-3 0 3

P(z‘):[t3 1 1]-

' Function drawing EI@

S O O =

"N

ManuHckun B.A.
KpuBble 1 NOBEpXHOCTU B KOMNbLIOTEPHOU rpaduke

COMPUTER Computer Graphics Support Group @

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30
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[pumepbl B-cnnanHos (nonuniform rational) Curves

* NURBS

n+1

3 COMPUTER Computer Graphics Support Group Zim ManuHckun B.A.

SCIENCE CGSG CaHkT-leTepbyprckuin rybepHaTopckuit L e ~
CLUB bR ®U3NKO-MATEMATUUECKUIA NNLIEA Ne 30 @ KpI/IBbIe M NoBepxHOoCTn B KOMNbHOTEPHOU rpachKe
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(5 ' TloBepxHocTw (surfaces) Curves

e 4dBHbIX CNOCOO

z=f(x,))

e HedBHbIV CMOCco0

J(x,»,2)=0

* MapameTpuvecknin criocob

P = ﬁ(u,v)

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

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit

LUB Cnn 55 OUIIKO AT ATASCK N i N30 | KpuBbie 1 noBepXHOCTU B KOMNbIOTEPHOM rpadmke
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(5 ' TloBexHocTn be3be: OUNnMHenHbIe Curves

Ry=Fy-(I-u)+ £, -u
R =F,-(I-u)+H,-u
Pu,v)=R,-(1-v)+R, -V

COMPUTER Computer Graphics Support Group ManuHckun B.A.

S
SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit : @ - v
5 CLUB OMA N2 30 ®U3UKO-MATEMATUYECKUM NALIEN Ne 30 © P valele M NoBepxHOoCTn B KOMNbHOTEPHOU rpad)vu(e
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(5 ~ [loBepxHocTb KyHca Curves

e [ paHWnYHbIE KpUBbIE:
P(u,0),P(u,1), P(0,v) u P(1,v)
* BunuHenHo cmewmnBaem (y4mTbiBasi NOBTOPEHME YIMOBbIX TOYEK):
Ow,v)=Pw,0)-1-v)+P(u,l)- v+
POV)-(I—u)+P(,v)-u
—P0,0)-1-u)-A-=v)—PO,1)-(1—u)-v
-P10)-u-(1-v)—P(L1)-u-v

~ COMPUTER Computer Graphics Support Group . ManuHckun B.A.
SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit : @ : valele M NOBEPXHOCTYU B KOMnblOTepHOVI rpad)MKe
DOMI N

o ®U3UKO-MATEMATUYECKUN NIULEM Ne 30  ° &%

CLUB
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' TloBepxHocTn besbe (obLunn cryvamn) —

B(u,v) = iil{j ‘b, (u)-b,,(v), u,ve [0, 1]

i=0 j=0

b, (N=C,-1'-1-0)""

. (nm n!
Co=| . |m7——
i) il(n—i)!

~ COMPUTER Computer Graphics Support Group s ManuHckun B.A.
SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit valele M NOBEPXHOCTYU B KOMﬂblOTepHOVI rpadlee

CLUB oMANe30  OU3UKO-MATEMATUYECKWM NULIEV Ne 30
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(5 - bukybu4yeckasa nosepxHocTb besbe Curves

ST
ST

S0 Sv 2 o
Jn T
R
e BB R

0

(8]

)
o
8]

B(u,v):[u3 u ou 1]-MB-

<
[a]
W

Poa

|

L2

o
oo O =

COMPUTER Computer Graphics Support Group ManuHckun B.A.
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(3 - bukybun4eckas nosepxHocTb be3be: conpskeHue Curves

5 COMPUTER Computer Graphics Support Group g ManuHckun B.A.

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit : = -
CLUB ST P ®U3NKO-MATEMATUYECKWN NIULIEN Ne 30 © = KpI/IBbIe M NoBepxHOoCTn B KOMNbHOTEPHOU rpadwu(e



25130
Curves

() COMPUTER Computer Graphics Support Group Zim ManuHckun B.A.

SCIENCE CGSG CaHkT-lNeTepOyprckuit rydepHaTopcKkum ~
CLUB e ®U3NKO-MATEMATUYECKMNI NNLIEM Ne 30 KpI/IBbIe M NoBepxHOoCTn B KOMNbHOTEPHOU rpaq)m(e



(5 O6LWwunii cny4van 6MKybruYecKnx NoBepxXHOCTEN o
N _ -
by hy By B %

2

B(u v):[zf P2y II-M- Hy hH, hH, £h; M7 4

Py, P, P, P, v

By B By By 1

-1 3 -3 1] [-1 3 -3 1] [-1 3 -3 1]
1|3 -6 0 3 -6 3 0] 112 -5 4 -1
6 |—-3 O 3 0 -3 3 0O O 2 (-1 O 1 0
1 4 1 0/|1 0o 0 o |0o 2 0 0
uniform B-spline cubic Bezier Catmull-Rom

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

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
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' Tpukybu4eckune npoctpaHctaa: Free Form Deformation Curves.

n m [
Bau,v,w)=>>">"P, b, ,(w)-b, (1) b, (V) w,u,v e |0, 1]
i=0 j=0 k=0 g Sstem 5. 20138 =Ee
b,,)=C,-t'-(1-)""
n n!

Cj;: =
i) il(n—i)!

() COMPUTER Computer Graphics Support Group L ManuHckun B.A.

SCIENCE CGSG CaHkT-lNeTepOyprckuit rydepHaTopcKkum d -
CLUB e ®U3NKO-MATEMATUYECKMNI NNLIEM Ne 30 KpI/IBbIe M NoBepxHOoCTn B KOMNbHOTEPHOU rpacbvu(e



O~ 3apanve Curve

O

nOCTpOeHI/Ie NMNOCKUX KPpUBbIX.

PeannsoBaTtb MHTEPAKTUBHYIO cpeny AEMOHCTpaunn napaMmeTpuvecKmnx
KyON4eCKNX KpMBbIX (BbINOMHATbL MHTEPNONALMIO MO HECKONBbKUM TOYKaM,
ncnone3osatb uniform B-spline n/unu cnnanH Katmyna-Poma).
[ononHuTtenebHoe 3ajaHue: peann3oBaTb MU3MEHEHNE BECOB TOYEK U
BU3yanusauuo paumoHanbHbIMU KPUBbLIMN.

Nnockasa aedopmauyus:

Peanu3oBaTb MHTEPAKTUBHYIO cpeay AeMoHcTpauun FFD Ha nnockocTu
O pacTpoBoro nsobpaxeHusa. icnonb3oBaTb OBMKBagpaTHYO «CeTky» (9
To4ek) besbe.

COMPUTER Computer Graphics Support Group e ManuHckun B.A.
SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit

CLUB

ity ONNKO MATMATULECRA ALIEN N 30 KpvBble 1 NOBEpPXHOCTU B KOMNbLIOTEPHOM rpaduke
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! 3aﬂ,aHV|e Curves

* [locTpoeHne 6UKyOMYeCcKnx noBepxHocten besbe:

PeanunsoBaTb NOCTPOEHNE OO BEMHBIX PUrYp, COCTOALLNX N3 DUKYOUYECKnX
noBepxHocTen besbe. KoopanHaThl OMOPHbLIX TOYMEK 3a4aHbl TEKCTOBbLIM
doannowm.

|® 1 Primitives - O s

COMPUTER Computer Graphics Support Group ManuHckun B.A.
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