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Âñïîìèíàåì: îäíîðîäíûå êîîðäèíàòû

Îäíîðîäíûå
êîîðäèíàòû

âåêòîðà
åâêëèäîâà

ïðîñòðàíñòâà
(ðàçìåðíîñòè

2,3)

x ∈ R2,R3. Íàçîâåì îäíîðîäíûìè êîîðäèíàòàìè

âåêòîðà x âåêòîð xh, ïîñòðîåííûé ïî ïðàâèëó:

x 7→
(
x

1

)

Åâêëèäîâî ïðåîáðàçîâàíèå ÿâëÿåòñÿ ëèíåéíûì â

îäíîðîäíûõ êîîðäèíàòàõ:

x
′ = Rx + t 7→ x

′
h =

(
R t

0 1

)
xh



Îäíîðîäíûå êîîðäèíàòû êàê
ôàêòîð-ìíîæåñòâî

Ïóñòü a,b ∈ Rq+1. Ðàññìîòðèì ýêâèâàëåíòíîñòü:

a ∼ b ↔ ∃λ ∈ R, λ 6= 0 : a = λb.

Äîêàçàòü, ÷òî ýòî ýêâèâàëåíòíîñòü.

Ðàññìîòðèì ôàêòîð-ìíîæåñòâî Rq+1/ ∼ äëÿ q = 2, 3.



×òî åñòü ôàêòîð-ìíîæåñòâî

Ôàêòîðìíîæåñòâî � ìíîæåñòâî âñåõ êëàññîâ

ýêâèâàëåíòíîñòè çàäàííîãî ìíîæåñòâà X ïî

çàäàííîìó îòíîøåíèþ ∼, îáîçíà÷àåòñÿ X/∼.
Ïðèìåðû?



Rq+1/ ∼ è îäíîðîäíûå êîîðäèíàòû

Çàäàíî îòîáðàæåíèå, ñòðîÿùåå îäíîðîäíûå

êîîðäèíàòû:

O(·) : Rq → Rq+1, O(x) =

(
x

1

)
.

Ïîñòðîèì

Oh(·) : Rq → Rq+1/∼, Ō(x) =

(
x

1

)
.

Îáðàòèìî ëè O? Oh ?



Rq+1/ ∼ è îäíîðîäíûå êîîðäèíàòû (2)

Î÷åâèäíî íàëè÷èå ðàçáèåíèÿ:

Rq+1/∼ = H0 ∪H1,

H0 = {
(
x

0

)
}, H1 = {

(
x

1

)
}.

Äîêàæèòå: Oh|H1 (ñóæåíèå Oh íà H1)- áèåêöèÿ .



Ïðîåêòèðîâàíèå â îäíîðîäíûõ
êîîðäèíàòàõ

Ïóñòü Cx = Cy = 0, f = 1. Òîãäà:

x̂ =

(
X̂

Ŷ

)
=

(
X/Z
Y /Z

)
.

x̂h =h

 X/Z
Y /Z
1

 =h

 X
Y
Z

 .



Ïðîåêòèðîâàíèå â îäíîðîäíûõ
êîîðäèíàòàõ (2)

x̂h =h

 X/Z
Y /Z
1

 =h

 X
Y
Z

 .

xh =


X
Y
Z
1

 .

Îòñþäà:

x̂h =

 1 0 0 0

0 1 0 0

0 0 1 0

 xh.



Ïðîåêòèðîâàíèå â îäíîðîäíûõ
êîîðäèíàòàõ (3)

Âñïîìíèì î Cx ,Cy , f .

x̂ =

(
fX/Z + Cx

fY /Z + Cy

)
.

x̂h =

 f 0 Cx 0

0 f Cy 0

0 0 1 0

 xh.



Ïðîåêòèðîâàíèå â îäíîðîäíûõ
êîîðäèíàòàõ (4)

 f 0 Cx 0

0 f Cy 0

0 0 1 0




X
Y
Z
1

 =h

=h

 fX + CxZ
fY + CyZ

Z

 =h

 fX/Z + Cx

fY /Z + Cy

1

 .



Ïåðñïåêòèâíîå ïðîåêòèðîâàíèå â
îäíîðîäíûõ êîîðäèíàòàõ

Ìàòðèöà
âíóòðåííåé
êàëèáðîâêè

êàìåðû

K =

 f α Cx

0 f Cy

0 0 1

 .

Ïàðàìåòðû:

f - ôîêóñíîå ðàññòîÿíèå

(Cx ,Cy ) - êîîðäèíàòû öåíòðà

α - íàêëîí ïèêñåëåé (skew)

íàçûâàþòñÿ âíóòðåííèìè êàëèáðîâî÷íûìè

ïàðàìåòðàìè ïåðñïåêòèâíîé êàìåðû.

x̂h =h [K 03×1]xh.



Ïåðñïåêòèâíîå ïðîåêòèðîâàíèå èç
ãëîáàëüíîé ñèñòåìû êîîðäèíàò

Îáû÷íî, ñèñòåìà êîîðäèíàò ìèðà îòëè÷àåòñÿ îò

ñèñòåìû êîîðäèíàò êàìåðû.

Ìàòðèöà
êàìåðû P = K[R, t].

x̂h = Pxh.

Ïàðàìåòðû:

R - ìàòðèöà ïîâîðîòà

t - âåêòîð ïåðåíîñà

íàçûâàþòñÿ âíåøíèìè êàëèáðîâî÷íûìè ïàðàìåòðàìè

ïåðñïåêòèâíîé êàìåðû.



Îðòîãðàôè÷åñêàÿ êàìåðà

Îðòîãðàôè÷åñêàÿ êàìåðà çàäàåòñÿ ïëîñêîñòüþ è

ìàñøòàáîì s. Îíà îñóùåñòâëÿåò ïàðàëëåëüíîå

ïðîåêòèðîâàíèå ñöåíû ïåðïåíäèêóëÿðíî ïëîñêîñòè è

ìàñøòàáèðóåò ðåçóëüòàò.

Â ñëó÷àå îðòîãðàôè÷åñêîé êàìåðû,{
X̂ = X

Ŷ = Y
.

Ìîæíî çàïèñàòü â îäíîðîäíûõ êîîðäèíàòàõ:

x̂h =

 s 0 0 Cx

0 s 0 Cy

0 0 0 0

 xh.



Îáùàÿ ñõåìà ïðîåêòèðîâàíèÿ

Ïîñêîëüêó íåîáõîäèìà èíôîðìàöèÿ î ãëóáèíå òî÷êè,

áóäåì ïðîåêòèðîâàòü íå ïðÿìî íà ýêðàí, à ñïåðâà â

êàíîíè÷åñêèé êóá, à ïîòîì íà ýêðàí.



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

Viewport - òðàíñôîðìàöèÿ - ïðåîáðàçîâàíèå

êîîðäèíàò èç êàíîíè÷åñêîãî êóáà (êóáà ñ ðåáðîì 2,

öåíòðèðîâàííîãî â íà÷àëå êîîðäèíàò è âûðàâíåííîãî

ïî îñÿì) â ýêðàííûå êîîðäèíàòû.

Mvp =


nx
2

0 0 nx−1
2

0
ny
2

0
ny−1
2

0 0 1 0

0 0 0 1


[−1; 1]3 → [−0, 5; nx−0, 5; ]× [−0, 5; ny−0, 5]× [−1; 1].



Îðòîãðàôè÷åñêàÿ ïðîåêöèÿ

[l ; r ]× [b; t]× [f ; n]→ [−1, 1]3

b - bottom, t - top

n - near, f - far

r - right, l - left



Îðòîãðàôè÷åñêàÿ ïðîåêöèÿ (2)

Ïðîåêöèÿ èç âûðàâíåííîãî ïî îñÿì ïàðàëëåëåïèïåäà

â êàíîíè÷åñêèé êóá.

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


Íà âõîäå òî÷êà â ñèñòåìå êîîðäèíàò êàìåðû.

Ïîëó÷àåì ýêðàííûå êîîðäèíàòû (xpixel , ypixel) è
ãëóáèíó â êàíîíè÷åñêîì êóáå zcanonical (äëÿ
äàëüíåéøåãî îïðåäåëåíèÿ ïåðåêðûòèé).



Ïåðñïåêòèâíàÿ êàìåðà

Óæå èìååì ïðåîáðàçîâàíèå èç âûðàâíåííîãî ïî îñÿì

ïàðàëëåëåïèïåäà â ýêðàí. Ïîñòðîèì ïðåîáðàçîâàíèå

â ïàðàëëåëåïèïåä!

Èñõîäíûé îáúåì - óñå÷åííàÿ ïèðàìèäà.



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

 =


nx
ny

(n + f )z − fn
z

 =h


nx
z
ny
z

n + f − fn
z

1


Îáðàòèòå âíèìàíèå íà ñëó÷àè z = n, z = f .
Â èòîãå, îòîáðàæåíèå 'îáúåì → êàíîíè÷åñêèé êóá '

îáîçíà÷èì Mpersp:

M = MvpMorthP = MvpMpersp.



Ïðîåêòèðîâàíèå èç êîîðäèíàò ìèðà

Îòðèñîâûâàåìûå îáúåêòû îáû÷íî çàäàíû â ìèðîâîé

ñèñòåìå êîîðäèíàò, ñëåäîâàòåëüíî ïåðåä

ïðîåêòèðîâàíèåì íåîáõîäèìî ñäåëàòü åâêëèäîâî

ïðåîáðàçîâàíèå â ñèñòåìó êîîðäèíàò êàìåðû:

M = MvpMprojectionMworld−to−cam,

ãäå Mworld−to−cam åâêëèäîâî ïðåîáðàçîâàíèå, à

Mprojection ëèáî Morth, ëèáî Mpersp.


	   
	   
	

