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Quadratic Bezier curve is defined as a path of point moving along distance between two
points, with double nesting, like on a picture. For c=1 each of moving points reaches
destination. For ¢=0 points remain in starting point. When each starting and ending point
is defined by set of variables x;,y: and x,,y», we can, by using proportion, find point on the
way between start and the end. We just proportionally scale vector x»x; attached at x;:

Xc=X1+C(X2-X1)

y=yite(y>-yi)

c is turning X, from x; into x,. For ¢=1 x. equals x1+x>-x1. While x; reduces, X, turns into x..
For zero x. equals x;. Function of c is linear, we've got proportional and smooth change
from x; to x,, as long as c changes from 0 to 1.

Using this rule for points on the path from G to H, H to I, I to J, we define points O,, O, O;,
using proportion written above, for each coordinate, according to formulas below:

01Z(x1+c<x2—xl),'yl-i-c(yz—y]))
0,=(x,+e(x,=x,); yyt+c(y,=1,))
O5=(x;+e(x,=x5) ys e (y4=s))

Then, along distances between these points another set of nested points slides. Let's name it P, and
P,. Formulas for x and y of these points, use the same proportion as above, with coordinates of O
points taken as a variables, instead of coordinates of G, H, I, J:

P=(|
P.=

=

Finally, along path between P, and P», slides final point B. Coordinates of this point are one more
nesting in our equation of proportion. This time we use x and y of point P to create B:

x1+c(x2—x1)]+c([xz-i-c(x3—x2)]—[x1+c(xz—xl)]);[yl+c(y2—y1)}+c([yz-i-c(y3—y2)]—[y1+c(y2—yl)]))
x2+c(x3—x2)}+c([x3+c(x4—x3)}—{x2+c(x3—x2)]);[y2+c(y3—y2)}+c({y3+c(y4—y3)]—{y2+c(y3—y2)m

BY:[Xﬁ’ c(x,—x, )]ﬂ‘([xzJrc*(.vclf,‘(z)]f[x1 +c (xzfxl)])Jrc* H[X2+6 (ngxz)]Jrc[[x1+c(x4fx3)]f [xfrc(xjfxz)] )]7“){#6 (x,—x, )]+e([xz+ L‘(XJ*XZ)]*[Xl‘F "(xz’xx)])H

By = yitc(ya=y) e yotelys=ya) |~ yite(ya=y) ]+ LH[ yorelys=yaltel[yate (vimya) = [yate = pa)| |- [ +elnmy e [yt elya=ya) =i+ elya =3 )HH



Let's do the physical work and reduce this bulky equation a bit:

{xl+c (XZ—XI)J'F(‘“,\’Z'FL‘ (xl—xZ)J—{xl-ﬁ—c(xz—xl)J]+cH[xz+L‘(xs—xz)J+L‘([x3+c(x4— x})]—{xz+L‘(,\’3—x2)J)}—HXI+c(x2—xl)J+Cﬂxz-ﬁ—c(x}—xz)J—{xl+c(x2—xl)J )H
x,+C(xz—x‘)+c(’x:+c(x;—xz)—xl—c(x:—x;))+c[x:+c(x3—xz) +elxste (xs—x3) =X+ e(x3—x3) = x1— c(x2—x1) —¢ [ X2 4+¢ (x3—x2)—x, +¢ (x:—xl)”
XfFCXZ*Cxl+CX2+CZX3*CZ.’CZ*CX‘*CZXZ‘FCZXﬁ’C[J’C2+CX1*CI2+CXX+CZX4*CZX.;*CXZ*CZXX+CZXZ*X|*CXZ+CX]*CXZ*CZX3+(‘,1X2+Cx|+02x2*62x|1

2 2 2 2 2 2 2 3 3 2 3 3 2. 2 2 3 3. 2 3 3
X Fex,—ex ex, et xy—cTx, —ex et x, et x Fex, et X=Xt Xt e x— e xy— e X, — e Xyt Xy ex =X, Fex ¢ x,—eTxy e X, et x e x,—c X

X, —cx,—ex, +czx,7cx,+cle+czx,fcsleJrlcszrcxfczxrczxZJrcxfczxfczxz+clxzfczxzfczx3+c1x2+clsz+lczx3+czx3+czx}7(r]xfcxxfc}x}JJrlclaJ

x,(1=3c+3¢= ¢’ )+x,(3c—6¢ +3¢" )+ x,(3¢ =3¢ )+ x,¢”

X5:x1(173c+3c27c2)+ 3%,(c— 262+ )+ 3x1(c27cx)+ )gcx
Y=y, (1-3c+36 =) +3y,(c—2¢" +¢*)+ 3y, (=) +y, ¢’

Coordinates X and Y; in function of ¢, varying from 0 to 1 draws quadratic Bezier curve.
For lesser degrees, use points P as a entry point. To get further degrees of curves nest
coordinates furthermore.

To develop velocity and acceleration of a curve use equations below:

0X
—L=3x, (= 1+2c—c")+3x,(1—4c+3¢%) +3x,(2c—3c*)+ 3x, ¢
C

oY
acB =3y, (= 1+2c—c’)+3y,(1—4c+3c*)+3y,(2c—3¢%) +3y, ¢’
.
P =6x,(1—c)+6x,(—2+4+3c)+6x,(1-3c)+6x,c
'Y,
W=6yl(1—c)+6y2(—2+3c)+6y3(1—3c)+6y4c

From equation of differential calculated for c=0 and c=1, we can get starting and final coordinates
of vectors of “handles”, that are usually used for drawing Bezier curve. Having equations of such,
we can develop points H and I of a curve, for starting and ending points and lengths and directions
of “handles”.

Xs=-3X1+3X2
Ys:-3yl+3Y2

XE:-3X3+3X4
YE=-3Y3+3Y4

X2=(Xs+3X1)/3
Y2:(Ys+3yl)/3
X3=(3X4-XE)/3
Y3:(3Y4-YE)/3

X2, Y2, X3, Y3 are missing points when points G and J are given with vectors curve velocity vectors
Xs, Ys, Xg, Y. Xs and Y are coordinates of vector of velocity of Bezier curve at start point xi, y;.



X and Y are coordinates of vector of velocity of Bezier curve at end point Xu, ya.

When all points are found, use formula for point B to draw quadratic Bezier curve.



