When we have got set of three dimensional points with coordinates X, Y and Z we can
rotate it using usual equations for rotation around x, y and z axis separately. We can also
transform three rotations by multiplication of it's matrices and rotate it at one take:

1 0 0 cos(B) 0 sin(B)| |cos(y) —sin(y) O
0 cos(x) —sin(ax)|X 0 1 0 |X|sin(y) cos(y) O
0 sin(x) cos(x) —sin(B) 0 cos(B) 0 0 1
cos(B)cos(y) —cos()sin(y) sin(B)

sin (o)sin (B)cos (y)+cos(o)sin(y) —sin(«)sin(B)cos(y)+cos(e)cos(y) —sin(o)cos(pB)
—cos(ot)sin(B)cos(y)+sin(a)sin(y) cos(e)sin(B)sin(y)+sin(x)cos(y)  cos(c)cos(B)

X=X cos(B)cos(y)—Y cos(B)sin(y)+Zsin(B)
Y =X (sin(«)sin(B)cos(y)+cos(a)sin(y))+ Y (—sin(x)sin(B)cos(y)+cos(x)cos(y))—Zsin()cos(B)
Zr=X (—cos(cx)sin(B)cos(y)+sin(c)sin(y))+Y (cos(x)sin(B)sin(y)+sin(x)cos(y))+Z cos(a)cos(B)

Last three lines are equations of point coordinates after complex rotation around three
axis: x, y and z given by three angles: o, f and vy.

Since we've got points coordinates after rotation, we move the set of points along z axis by
c.a. 400 units, and transform by equations of perspective. We will have set of two
dimensional coordinates of points. For each surface we define four corners and we align a
texture along it. There are four points named Pi1(x1;y1), P2(x2;y2), Ps(x3y3) and Pa(xsys), with
coordinates X1, Y1, X2, Y2, X3, V3, X4, V4.

Another point Pix(x12,y12) moves on the way from point P; to point P,. It moves by linear
interpolation of it's coordinates between point P; and P»:

X12=X1 Yy (X2-X1)

y12=y1+yd(ya-y1)

P1(X1 ’y1)

P.(X.y,)

1234(X1234;y1234)

P34(X34;y34)

P(Xy,)

P,(x,y,)



Exactly the same way moves point Pay(Xs4;y34):

X34=X31y(X4-X3)

Yas=ystyu(ya-ys)

x; and y; are indexes of proportion of width and height of a texture. Indexes range from 0
to 1. 0 is left edge of a texture for index x,, 1 is right edge, and 0 is top edge for y; index and
1 for bottom edge. To scale it to a full size of texture multiplicate it by dimension of a
texture. 1920x, and 1080y, are example for a texture of high definition format. Such
multiplicated x; and y. are pixel coordinate on a texture, which has to be drawn in a
position of a point Pios(X1234y1234) on a screen, which we drop our texture on. Point P1y; is
linear interpolation of a position between previously interpolated points P, and Pa. So, it's
coordinates goes:

X1234=X12FXe(X34-X12)

V12347 Y 12+ Xe(Y34-Y 12)

which in basics is:

X1234=X1 Ty e(Xo-X1) +Xe[ (X3 Y e(Xa-X3) ) - (X1 FYe(X2-X1)) ]
Y13a=y1+y (YY) tx (Yatyyays)-(yitydy2-yi)]

X1234=X1H Y Xo-Yxa X (Xs HY Xy iXs) - (XY xa-yexa) |

V1234=Y1H Yy -y ey X[ (V3 Yeya-yiys)-(Yityye-yiyi)]

X1234=X1 Ty Xo-Y X1 +Xe(XaHYiXa-YXs-X1-Y XoHYexa)
V1234=Y 1YY 2 Vi1 XYY Va-Yiys-Yi-Vey 2 tyiya)

X1234=X1HY X2~V X1 XXX Y iXa-XiY Xa-XeX1-XeY Xo XY eXa
V1234=Y1HY Y2 ViV1 XY+ X ViVa-Xe Viya-Xe Y1-Xe ViVt X Viya

It would be easy, when we would get position on a texture (coordinates x; and y;) having
point on screen P34 given. In such a case we wouldn't redraw some points of a texture,
that overlap on the same pixel on a screen after mapping. We would have either no gaps
in texture mapping, that could happen if distance of neighbouring pixels on texture would
lay in distance bigger than one pixel on target screen after the mapping. To do that we
transform equation to get x, and y. on a texture, of calculations for given Xizs and yis,
belonging to target screen pixel coordinate. Then we could scan target screen with lines
and columns to get texture position for each scanned point, with no overlapping or gaps.

We sort our equation for x;, x;y: and y«

Xe(X3-X1) FX Y t(Xa-X3-X2+X1) Y e(Xo-X1) =X1234-X1
Xe(Y3-y1) PXeye(Yays-y2ty) ty (YY) =yiseys

let it happen, that:



a1=X3-X1
b1= X4-X3-Xo+Xq
C1= Xo-X1
d1=x1234-X1

A2=Y3-Y1
b= ya-ys-yatya
C2= Y2-y1
d2=}71234-}71

Now, the set of our two equations simplifies:

Xtal+Xthb1+YtC1= d
Xtaz+Xthb2+YtC2= d,

to reduce number of variables we transform the first equation:

x,(a,+y,b,)+y,c,=d,
_d—yc
t_a|+be|

and by substituting x, in second formula we're getting;:

d,—y.c +d1_ytcl

a v,b,+y,c,=d
a,+y.b, 2 a,+y,b R

dlaz_ytclaz+d1ytb2_ytzclb2+alyt02+yt2b102:

d
a,+y,b, a,+y,b, a,+yb, 2

dlaZ_ytcla2+d1ytbz_ytzclb2+a1ytcz+y12blc2:

d
a,+y,b, ’

dia,—y,cia,+d, y.b,—y cibyta, y,cot ' bic,=d,(a,+y,b))
d,a,—y,ca,t+d, y,bz—ytzc1 b2+a1y,cz+yt2b1 c,=d,a,+y,b,d,
later, by sorting powers of y,, we get simple quadratic equation:
yi(bica-¢iby)tyi(aica-ciar+diby-bidy)+H(diax-dra;)=0
of which we calculate delta and y,e<0;1>.
A=(aico-crar+diby-bids)* 4(bico-ciby)(drar-dray)
usually it's the root with substracted delta, that falls in desired range:

—a102+01a2—d1b2+b1d2—\/z
Y=
2(b,c,—c,by)




if bicy-c1b,=0, or y. is given with equation:

_ d,a,—d, a,
B al C2_Cla2+d1b2_bld2

Vi

If delta is less than zero we don't draw the point, and when y. is outside th <0;1> range we
don't draw it either.

Calculating x; of y. may bring technical problems of division by zero in unexpected
moments, so it is safer to proceed with above elaborate, transforming the second equation:

XXy tyc:=d,

into yx:

_dy—xa,
Y= c,tx,b,

when inserting into:
x@1+xy b1 +yci=d
we get:

d,—x,a, d,—x,a, _
X,a,+x, T c,=da,
c,+x,b, c,+x,b,

and after transformation and reduction:

2 2
xta102+xta1b2 xtdzbl_xtazbl dzcl_.xlazcl

c,+x,b, c,+x,b, c,+x,b, !

2 2
xta102+xt alb2+xtd2bl_xt a2b1+d201—xta201
c,+x,b,

d]

x,a ¢+ x.a, byt x,d,b—x, a,b,+d e, —x,a,¢,=d,(c,+ x,b,)
xta1c2+xt2alb2+x,d2b1—xtzazlerdzcl—xtazcl=dlcz+xtd1b2
x,a,c,+x a,b,+x,d,b,—x a,b,+d,c,—x,a,c,—d,c,—x,d,b,=0
xtz(alb2_a2b1)+xt(alCZ_aZCl+d2bl_dlb2)+(d201_d1 c,)=0
of which we calculate delta and x,€<0;1>:

A= (a1C2-C1a2+d1b2-b1d2)2- 4(a1b2-b1a2) (d2C1-d1C2)



B —alcz+c1a2—d1b2+bld2—\/z
a 2(a,b,—a,b,)

X

If a;b,-bia,=0, we use formula:

dyc,—d,c
x =
! a102_01a2+d1b2_b1d2

Since we've got x, and y. corresponding to X234 and yi34 on target screen, we can draw a
point in same colour that is the colour of a pixel x,, y. on texture, obviously after scaling x;
and y.to dimensions of a texture by multiplication by texture's width and height.

Sharky's picture named Kieliszek from GFX compo on Polish Autumn 1993.



