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9.1 Homogenous Coordinates

a. Let m = (z,y, 2z, w) be an homogenous point. Then this point represents
z
the point m = (—, =, —) in euclidean coordinates, except for w = 0
w w w
(these points are located at infinity).
Now we multiply our point m with an arbitrary a # 0:
m' =am=a«a-(x,y,z,w)
= (ax, ay, az, aw)
To get the euclidean point, that is represented by this homogenous
point m’ we divide the first three components again by the forth:

, <ax ay az> <x Y z>
m=\———)=\—— ] =m
aw aw aw w w w
0
b. Figure:
P2
ms mo
Po
my b1
0

To get the center m = (m,, m,, m,) between three points py = (ao, bo, ¢o),
p1 = (a1,b1,¢1) and py = (ag, be, ¢2) in euclidean coordinates we make
the following computations:
_botm

2

By the properties of the barycenter in a triangle we get:

my

m=m+ 5 (p2 —m)

3
_potp1 | 2pa—po—p1
2 32
_ 3po+3p1+2p2 —po— 1
6
_ 2po+ 2p1 + 2py
B 6
Do+ p1+ D2
3
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Now we’ll make the component wise addition of the three points in
homogenous coordinates:

ag ay as ap + ay + ag
| w by by | [ bo+bi+bs
m= Co * C1 + Co - Co+c1+ o
1 1 1 3

In euclidean coordinates m is:

ag + a1 + ao
5| ottt
Cco+c1+ e

_ Do +p1+ Do _
3

O

c. Define the addition & between two homogenous points a, b as follows:

Qb + bpay,
ayby + byay,
by Gy

adb=

The corresponding euclidean point for @ @ b is then

2 ayby + byay,
wlw a,by, + byay
a, a, a,\
The corresponding euclidean point to a is a = (—x, -, —Z) (with
Ay Ay G
aw # 0). For b we obtain b analogously.
Then we get for the standard addition:
a; by by + Dyay,
Ay buw awb%
pon | BB || e,
Ay buw Awb
a, b, by, +%z@w

Now it is obvious that (@ @ b) is the corresponding homogenous point
to the euclidean one (a + b).
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9.4 Homogenous Lines in 2D*

Claim:
Pz 4z a
Dy X qy - b
Pw Guw

where ax + by 4+ ¢ = 0 is the line through p and q.
Proof:
& = PyGuw — Pwly

b = Pwlz — Dau
C = Pzqy — Pyqz

Test if p is on the line:

Dz b
(prw - pry)p_ + (prx - prw)_y + (pqu - prz)
PzPyGuw PzPyqw
= T DaQy + Pyls — —— + Dally — Pyl
Pw Pw
= 0
Test if ¢ is on the line:
Qx ql/
(prw - pry)q_ + (prx - prw)_ + (pqu - prx)
Pwdyq Pwlzq
= Pybr— —— + q$ L — Pay + Daly — Pyda

= 0
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