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Najnowsza wersja tego dokumentu dostępna jest pod adresem

http://wmii.uwm.edu.pl/~denisjuk/uwm
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• Równoległe

• Perspektywiczne

Figure II.18: The 
ube on the left is rendered with an orthographi
 proje
tion.

The one on the right with a perspe
tive transformation. With the orthographi


proje
tion, the rendered size of a fa
e of the 
ube is independent of its distan
e

from the viewer; 
ompare, for example, the front and ba
k fa
es. Under a

perspe
tive transformation, the 
loser a fa
e is, the larger it is rendered.
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• Algorytm malarza

• Algorytm buforu głębokości

Figure I.12: Three triangles. The triangles are turned obliquely to the viewer so

that the top portions of ea
h triangle is in front of the base portion of another.
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l 6 x 6 r, left, right

b 6 y 6 t, bottom, top

n 6 −z 6 f, near, far
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Views
reen plane z = �d

0

Vertex

hx; y; zi

h�d � x=z;�d � y=z;�di

z

x

Figure II.19: Perspe
tive proje
tion onto a views
reen at distan
e d . The

viewer is at the origin, looking in the dire
tion of the negative z axis. The

point hx; y; zi is perspe
tively proje
ted onto the plane z = �d , whi
h is at

distan
e d in front of the viewer at the origin.
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Plane z = �d

0

A = A

0

C = C

0

B

B

0

z

x

Figure II.20: The undesirable transformation of a line to a 
urve. The mapping

used is hx; y; zi 7! h�d � x=z;�d � y=z; zi . The points A and C are �xed by the

transformation and B is mapped to B

0

. The dotted 
urve is the image of the

line segment AC . (The small unlabeled 
ir
les show the images of A and B

under the mapping of �gure II.19.)

• głębokość(z) = A+ B
z
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• (x, y, z) 7→ (−dx
z
,−dy
z
, A+ B

z
)

• we współrzędnych jednorodnych

(x : y : z : 1) 7→ (dx : dy : −Az −B : −z)
• macierz:











d 0 0 0
0 d 0 0
0 0 −A −B
0 0 −1 0


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


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0

z = �n

z = �f

h`; b;�ni

hr; t;�ni

View Frustum

Figure II.23: The frustum viewed with glFrustum(`, r, b, t, n, f ). The

near 
lipping plane is z = �n . The far 
lipping plane is z = �f . The frustum

is the set of points satisfying (II.16) and (II.17).

• głębokość(z) = A+ B
z
, gdzie A = f+n

f−n
, B = 2fn

f−n
.

• macierz:
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• θ — kąt widzenia

• a = w
h

— aspect ratio, format obrazu

• macierz:











1
a
ctg(θ/2) 0 0 0
0 ctg(θ/2) 0 0

0 0 −
f+n
f−n

−
2fn
f−n

0 0 −1 0










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(x, y, z) 7→

(

x

1− y/y0
, 0,

z

1− y/y0

)

y

0

y

x x

0

light

obje
t

shadow

0

Figure II.22: A light is positioned at h0; y

0

; 0i . An obje
t is positioned at

hx; y; zi . The shadow of the point is proje
ted to the point hx

0

; 0; z

0

i , where

x

0

= x=(1� y=y

0

) and z

0

= z=(1� y=y

0

).
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Przykład w blenderze
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• Macierz ModelMatrix

• Macierz ViewMatrix

• Macierz Proje
tionMatrix
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A

B

C

D

Figure II.24: The line segment AB has slope �j=�i � 1. The line segment CD

has slope � 1. The former segment is drawn with one pixel per 
olumn; the

latter segment is drawn with one pixel per row.



Założenia
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• (x, y)— współrzędne „abstrakcyjne”, liczby rzeczywiste

• (i, j)— współrzędne ekranowe, liczby całkowite

• x2 > x1, y2 > y1
• y2 − y1 6 x2 − x1
• Zaokrąglenie: i1 = round(x1), i2 = round(x2),
j1 = round(y1), j2 = round(y2)
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• y(i) = i1 +
i−i1
i2−i1
(j2 − j1)

• j = round(y)
• Kod:

Wejście: (i1, j1)— początek odcinka, (i2, j2)— koniec

odcinka, i2 > i1, j2 > j1, j2 − j1 6 i2 − i1
Wynik: Odcinek został wyświetlony

m← j2−j1
i2−i1

writePixel(i1, j1)
y ← j1
for i = i1 + 1 to i2 do

y ← y +m
j ← round(y)
writePixel(i, j)

end for
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• na każdym kroku do przyrostu y dodaje sięm
• przechodzimy o jeden piksel w górę, jejeżi przyrost

przekroczy 1/2
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Wejście: (i1, j1)— początek odcinka, (i2, j2)— koniec odcinka,

i2 > i1, j2 > j1, j2 − j1 6 i2 − i1
Wynik: Odcinek został wyświetlony

m← j2−j1
i2−i1

b← 0
writePixel(i1, j1)
j ← j1
for i = i1 + 1 to i2 do

b← b+m
if b > 1

2
then

j ← j + 1
b← b− 1

end if

writePixel(i, j)
end for
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• przyrost jest wielokrotnościąm = j2−j1
i2−i1

:

◦ b = k j2−j1
i2−i1

• b < 1
2
⇐⇒ 2k(j2 − j1) < i2 − i1

◦ zamieniamy przyrost na przyrost całkowity

◦ przyrost całkowity na każdym kroku zwiększa się

o 2∆j = 2(j2 − j1)
◦ przechodzimy na wyższy poziom w j, jeżeli przyrost całkowity

przekroczy (i2 − i1)
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Wejście: (i1, j1)— początek odcinka, (i2, j2)— koniec odcinka,

i2 > i1, j2 > j1, j2 − j1 6 i2 − i1
Wynik: Odcinek został wyświetlony

m← 2(j2 − j1)
b← 0
writePixel(i1, j1)
j ← j1
P ← i2 − i1
for i = i1 + 1 to i2 do

b← b+m
if b > P then

j ← j + 1
b← b− 2P

end if

writePixel(i, j)
end for
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• z1 jest początkową głębokością, z2 — końcową

• z2 − z1 > 0, nie koniecznie musi być mniejsze, niż x2 − x1
• z na każdym kroku będzie się powiększało o ∆z

∆x

• wprowadźmy:

◦ przyrost q = int
(

∆z
∆x

)

— część całkowita

◦ przyrost błędum = ∆z − q∆x
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Wejście: (i1, z1)— początek odcinka, (i2, z2)— koniec odcinka,

i2 > i1, z2 > z1,
Wynik: Odcinek został wyświetlony

q ← int
(

z2−z1
x2−x1

)

; b← 0

m← 2
(

(z2 − z1)− q(x2 − x1)
)

writePixel(i1, z1)
z ← z1; P ← i2 − i1
for i = i1 + 1 to i2 do

z ← z + q
b← b+m
if b > P then

z ← z + 1
b← b− 2P

end if

writePixel(i, z)
end for
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29 / 33

v

1
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2
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hi; ji
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4

; ji hi

5

; ji

Figure II.25: The s
an line interpolation method �rst interpolates along the

edges of the triangle, then interpolates along the horizontal rows of pixels in the

interior of the triangle. The interpolation dire
tions are shown with arrows. If

you look 
losely, you will note that the rightmost pixel, hi

5

; ji , on the horizontal

s
an line is not exa
tly on the line segment forming the right edge of the triangle

| this is ne
essary sin
e its position must be rounded to the nearest pixel.
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BB

W
W

B
B

WW

Figure II.26: Opposite verti
es have the same bla
k or white 
olor. S
an line

interpolation 
auses the appearan
e of the polygon to 
hange radi
ally when it

is rotated. The two polygons are identi
al ex
ept for their orientation.
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B

B

W

WW

Figure II.27: Verti
es are 
olored bla
k or white as labeled. S
an line

interpolation 
auses the non-
onvex polygon to be shaded dis
ontinuously.
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A

A

0

B

B

0

F

C

E

D

Figure II.28: The polygons ABCD and B

0

A

0

EF are supposed to share an

edge, but arbitrarily small roundo� errors 
an 
ause a small displa
ement of the

edge. This 
an lead to pixel-sized holes appearing between the two polygons.

In the �gure, the pixelized polygons are shown with di�erent 
rosshat
hing:

the three white pixels between the polygons are errors introdu
ed by roundo�

errors and will 
ause unwanted visual artifa
ts. This same e�e
t 
an o

ur even

in 
ases where only one of the verti
es is a�e
ted by roundo� errors.
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x

y

z

u

v

Figure II.29: Three triangles as pla
ed by glVertex*. Even if no roundo�

errors o

ur, the pixel-level dis
retization inherent in the Bresenham algorithm


an leave pixel-sized gaps along the line xz .
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