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Çàäàíèå ïðÿìîé â îäíîðîäíûõ
êîîðäèíàòàõ

xp =

(
x
1

)
yp =

(
y
1

)
l : nT x + b = 0 = nT y + b

lTp xp = 0 = lTp yp



Ïðîâåäåíèå ïðÿìîé ÷åðåç äâå òî÷êè

c = a× b => cTa = cTb = 0

lp = xp × yp

Ðàññòîÿíèå äî ïðÿìîé îò zp:

lTp zp√
l2p1 + l2p2



Îáùàÿ ñõåìà ïðîåêòèðîâàíèÿ



Viewport-òðàíñôîðìàöèÿ

Êàíîíè÷åñêèé êóá:

Viewport - òðàíñôîðìàöèÿ èç êàíîíè÷åñêîãî êóáà

(êóáà ñ ðåáðîì 2, öåíòðèðîâàííîãî â íà÷àëå

êîîðäèíàò è âûðàâíåííîãî ïî îñÿì) â ýêðàííûå

êîîðäèíàòû



Viewport-òðàíñôîðìàöèÿ

Mvp =


nx
2

0 0 nx−1

2

0
ny
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0
ny−1
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0 0 1 0

0 0 0 1


[−1; 1]2 → [−0, 5; nx − 0, 5]× [−0, 5; ny − 0, 5]



Îðòîãðàôè÷åñêàÿ ïðîåêöèÿ

R3 → [−1, 1]3

b - bottom, t - top

n - near, f - far

...



Îðòîãðàôè÷åñêàÿ ïðîåêöèÿ

Morth =


2

r−l 0 0 − r+l
r−l

0 2

t−b 0 − t+b
t−b

0 0 2

n−f −n+f
n−f

0 0 0 1





Ïðîåêòèðîâàíèå îðòîãðàôè÷åñêîé
êàìåðîé


xpixel
ypixel

zcanonical
1

 = (MvpMorth)


xcamera

ycamera

zcamera

1





Ïåðñïåêòèâíàÿ êàìåðà

Èíòóèöèÿ: îäíîìåðíàÿ êàìåðà

(
yp
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)
=h

(
d 0 0

0 1 0

) y
z
1

 (∗)

(*) Çäåñü è äàëåå =h - ðàâåíñòâî â îäíîðîäíûõ

êîîðäèíàòàõ

d - ðàññòîÿíèå îò êàìåðû äî ïëîñêîñòè, òî÷êè â

êîòîðîé îñòàþòñÿ íåèçìåííûìè



Ïåðñïåêòèâíàÿ êàìåðà

P =


n 0 0 0

0 n 0 0

0 0 n + f −fn
0 0 1 0



P


x
y
z
1
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ny
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 =h
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n + f − fn
z
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Îáðàòèòå âíèìàíèå íà ñëó÷àè z = n, z = f



Ïåðñïåêòèâíàÿ êàìåðà



Òðàíñôîðìàöèè äëÿ ïåðñïåêòèâíîãî
ïðîåêòèðîâàíèÿ

M = MvpMorthP = MvpMpersp



Óãîë îáçîðà

Ãäå ìåñòî óãëó îáçîðà?

b = −t => θ = 2atan(t/|n|)



Ïðîåêòèðîâàíèå èç êîîðäèíàò ìîäåëè

Â ãðàôèêå êîîðäèíàòû çàäàþòñÿ �â ïðîñòðàíñòâå

ìîäåëè� (ìèðà, ëîáàëüíîì ïðîñòðàíñòâå)

Ïðîåêòèðîâàíèå âûøå ïðèìåíÿëîñü ê êîîðäèíàòàì,

ïðèâÿçàííûõ ê êàìåðå

Ñëåäîâàòåëüíî, ïîëíàÿ öåïî÷êà òðàíñôîðìàöèé:

M = MviewportMprojectionMworld−to−cam



Ïðîåêòèâíàÿ êàìåðà â 3D

u = f
X

Z
+ cx ; v = f

Y

Z
+ cy



Ìàòðè÷íîå ïðåäñòàâëåíèå
ïðîåêòèðîâàíèÿ

 u
v
1

 =h

 f 0 cx
0 f cy
0 0 1

 1 0 0 0

0 1 0 0

0 0 1 0
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