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We will start OH this week on Zoom

OH Zoom Link

https://upenn.zoom.us/j/93800746935
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https://upenn.zoom.us/j/98879627094?pwd=z3boRlizZ9dWw6UrflaExWe
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My office: Levine 462
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Recap: Basic Perspective Projection Equations
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Recap: Points and Planes in Euclidean 3D (shortcut R?)

e Point in 3D space: x = (x,y,z)! € R3
* Plane in 3D space:

"ax+by+cz+d=0
X

Y
Z
1
* Line in 3D space:
= (x,v,2)" = (x,y1,z)" + A(xy — x4,V — V1,25 — z1)T for some value
of A

T
u 1
45!

" 7T = 0,wherew = [a, b, ¢, d]"

=N R



Recap: Hierarchy of Transformations

Affine
SlIEIGIAA Plus Scaling

Euclidean

Soon an even more general transformation (“projective”)!




Recap: Basic Perspective Projection Equations

Z&H Ché6
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Recap: Where vanishing points come from

ane

___ Vanishing point

Ground plane

. _— Parallel lines
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Recap: Projective Geometry

* Extension of Euclidean geometry that deals with points at infinity

" Other than that, Projective Geometry keeps many of the same features as
Euclidean geometry.

* A key property is that two lines always meet in a point
" (sometimes a point at infinity)

Z&H Ch1l



Recap: "Homogeneous coordinates™: tuclidean IR™ —
Projective P

Homogeneous coordinates
— represent coordinates in IP? with a 3-vector

_ X
X
homogeneous coords
> Y
B 1 [+——— We will normally use w to

denote this homogeneous
vector element



Recap: Projective P™ — Euclidean R"

e (x,y,w) = (ﬁ,l,l),ifx + 0

w w

e Geometric intuition \

image plale

* (x,v,0): an infinity point
Note: P? does not contain (0,0,0).

(x,y,1)

image plane



Recap: Perspective Projections are Linear in P

X Y
Recall: _ 2
X fZ'y fZ

X

:HN"'<><:




Recap: Projective lines image plane

\ +by+c=0

(0,0,0)

e Alineis a plane of rays through origin
—all rays (x, y, w) satisfying: ax + by + cw = 0 y

X
la b c][y]=0
w

IT x=0



Recap:Relationship btw Line and Point Representations

in P?
Given two points: P4 and p, Given two lines: 14 and [,
Definealine I=pq; X py Define apoint p =1, X1,




Intersection point of two lines in [P?

L,

When does P have the form (x,y,0)?






Projective geometry «<» Euclidean interpretation

In the Euclidean interpretation, we treat w as the third spatial coordinate.

* The w axis is a scaled version of the principal axis Z (in camera-centric
coordinates).

* Theimage planeisw = 1,sameasZ = f

*w = 0 is the same as Z = 0. Parallel to image plane, passing through
camera center. )Y

Projective Space N EucI;(dean Space
- C » 7

- (Ax, Ay, A) \ p »
N principal axis
camera
centre image planc

image plane

v




Exercise

* Where do the lines y = 1 and_y = 2 on the image plane intersect?

y=1isl; =[0,1,—-1]7
y=2isl, =[0,1,-2]7

Intersection = Cross product =

[—1,0,0] which is a point at

infinity in the direction of the
y =2  parallel lines!

y=1

image plane




Extending to Any Parallel Lines

[ = (a,b,c) "= (a,b,c)

Intersection:
[xl! = [ x
i gk
= la b ¢
a b

- (b.{:" — be, ca — (:’fa.ﬁ ab — a-b)j

= (d —e)(b,—a,0)!

Any point (x,,X,,0) 1s intersection of parallel lines



Extending to Any Parallel Lines

* Under projective geometry,
= All parallel lines intersect at a point at infinity

" One point at infinity <~ one parallel line direction

line I = (a,b,c)? intersects at (b, —a, 0)L



I”

Point at infinity / “idea

* |deal point (“point at infinity”)
" p=(x,y,0)—rays through camera center parallel to image plane
" |t has infinite image coordinates

points

X\yiw( :
= %X’Ay’o)i\

AT image plane

1
I

~
N



I”

Point at infinity / “ideal” points

(X1,X,0)

/N

Looking-at direction  “|deal” points




“Line at infinity”
* A line passing through all ideal points i.e. point

lo = (0,0,1)

e Because:

L1
0 0 1] fz2] =0
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