It can be many way to transfer 3d world to 2d plane . I think the basic one is planar
projection what I showed in the picture. I made steps for beginners and to avoided high
mathematics for clear understanding. I believe rotating is next step after you understand all
the points to transfer one point from 3D into 2D .

I would like to offer which mathematics in this conversion. As you can see in the figure you
want to find m and n values for screen as integer.

1- Define left top point of screen in the plane. Si(xy,y1,21)
2- Define right top point of screen in the plane. Sy(z2,y2,22) . , The width of screen must

satisfy W = /(22 — 21)2 + (y2 — y1)2 + (22 — 21)%.you can select z; = z; for straight view
thus W can be /(22 — 21)2 + (y2 — y1)?.

3- Define left botton point of screen in the plane. Ss(xs,ys, z3). The height of screen must
satisfy H = \/(wg —21)%+ (y3 — v1)? + (23 — 21)? and also we know that screen rectangle. it
must satisfy 5551.9551 =0 —> (zo—x1)(z3—21) + (Y2 —y1)(Ys—v1) + (22— 21) (23— 21) =0
Note: If we want straight view, we can select that x1 = x3 and y; = y3 thus H will be z; — 23
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4- Find the middle point of screen M (xo, o, 20) = (
5- Define how far camera will be from screen. (h)

6-Find camera point: C(z.,y., z.) you need to find plane equation : azx + by + cz = 1 three
point is enough to define a plane. Thus

-Put Point Si: ax; +by; +cz =1
-Put Point Sy: axg + bys + cz3 =1
-Put Point M: axq+ by + czp =1

Solve a,b, ¢ and find normalization vector that right angle to the plane N = (a,,b,,c,) =
a b c
(\/a2+b2+02 ? \/(l2+b2+02 ? \/a2+b2+62)

C(e, Yoy 2e) = (X0 + han, yo + hby, 2o + hey)
7-Find A’ that projection of point A on the screen plane.

-Define line between point C(x., Y., z.) and point A(x4, Ya, za) :

T—Tq _ Y=Ya _ 2—Za _ [

Le—Zq Ye—Ya Zc—2Za

and put z,y,z into the plane equation (ax 4 by + cz = 1) and get an equation depends on k



and then solve k.You can get A'(x),y., 2!) from £=2£o = Y¥e — 2=20 — [ after solving k.
a’Ja’ ~a Te—Tq Ye—Ya Zc—Za
: . _ 8814’81 (ma—m)(zh—x1)+(ye—y1) (Wa—v1)+(z2—21) (2, —21)
8-Find m,n: cosu = ENANEAI e Y B DT . If cosu < 0
\/(ma a:l) +(ya yl) +(Za 21)

then A’ is out of screen. we cannot draw in out 2D screen. If cosu > 0 then m =
V@ =1+ (4, — 1) + (2 — 1) cosu = SSpAS:

n=/(xh, —x1)?+ (Y, — 1) + (2, — z1)?sinu

We need integers if so the must ignore after point for m and n to get integer values.
if m > W and n > H then we cannot draw the point in screen.

Example:

1: 51(400, 400, 400)

2: if our screen width:800 pixel S5(880,1040,400) z; = 2z for straight view thus W =
/(880 — 400)2 + (1040 — 400)2 = 800

3: 55(400, 400, —200) thus H = 600

4: M(.To, Yo, ZO) = (640, 720, 100)

5: Define how far camera will be from screen. I selected h = 50 . if h is smaller more area
can be seen in screen. It can be changed in software as parameter to get the best view for
the screen.

6:Find camera point: C(z, Y., z.) you need to find plane equation : ax + by + cz =1

400a + 4006 + 400c = 1

880a + 1040b 4 400c = 1

640a + 7200 + 100c = 1

here solution that wolfram helped:

Thus the plane equation of the screen is 1_(1)0x — %y =1



4x — 3y = 400

N = (an,bn, cp) = (2,-2,0)

57 B’

C(2e, Ye, ze) = (640 + 50.3, 720 — 502, 100) = (680, 690, 100)

7-Find A’ that projection of point A on the screen plane. A given (0,400, 400)

z __ y—400 z—400 =k

680 — 690—400  100—400

4x — 3y = 400
4(680k) — 3(290k + 400) = 400

_»
k_37

x = 680k = 68032 = 21750 =~ 588, 10

y = 590k + 400 = 59032 + 400 = 3680 ~ 910, 27

z = —300k + 400 = —30022 + 400 = 22 ~ 140, 54

S051.A’S;  __ 480.188,104+640.510,27 0.8647
~ Yy

8- cosu = EXCNEEE 800.602,558

sinu & 0, 5022

0,8647.602, 558 = 521.0319026 —> m = 521

0,5022.602, 558 = 302.6046276 —> n = 303

m and n are selected integer because we needed to find pixel values of the screen.

The example is to demostrate only one point transfer from 3D to 2D. I hope It will give you
a start point to use 3d analytic geometry tools for your purpose.



