Where am | via Homography?




Recall: Camera Calibration from Multiple Imags

p
p, [[R, t]

# of unknowns: 3 (K) + 6n (R and t)

n: the number of images

_ N < X

# of equations: 2nm (X)
m: the number of known 3D points

We can solve for K, R, tif 3+ 6n <2 nm

~ X ] : Knowns
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Homography Mapping

Points in 2D plane are mapped to an image with homography:
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Homography Mapping

Points in 2D plane are mapped to an image with homography:
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Homography Mapping

Points in 2D plane are mapped to an image with homography:
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Homography Mapping
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Points in 2D plane are mapped to an image with homography:

KH=K'h, h, h]=[r 1, t]
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Homography Mapping
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o < X
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Points in 2D plane are mapped to an image with homography:

KH=K'h, h, h]=[r 1, t]
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Common denominator
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Geometric Ambiguity

Ground plane
Camera
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Ground plane
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Two configurations



Homography Mapping
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ComputeCameraFromHomography.m

function ComputeCameraFromHomography

f=1300;

K = [f Osize(im,2)/2;
0 f size(im,1)/2;
001];

m11=[2145;2120;1];m12 = [2566;1191;1];
m13 =[1804;935;1];m14 = [1050;1320;1];

u=[m11(1:2);m12(1:2)";m13(1:2)"; m14(1:2)'];
X=[00;10;11,01];
X =[Xones(4,1)]; % homogeneous coordinate

H = ComputeHomography(u, X)
denom = norm(inv(K)*H(:,1));
rl =inv(K)*H(:,1)/denom;

r2 = inv(K)*H(:,2)/denom;

t = inv(K)*H(:,3)/denom;

r3 = Vec2Skew(rl)*r2;



Homography Mapping



Plane Representation
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Plane Representation

Plane equation:
aX +bY +cZ +d =0

Surface normal:

i




Plane Representation

I 1
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Plane equation:
aX +bY +cZ +d =0

Surface normal:

i

How many points to define a plane?

aX +bY +cZ+d =0



Plane Representation

[
— N < X
L

Plane equation:
aX +bY +cZ +d =0

Surface normal:

i

How many points to define a plane?

aX, +bY, +cZ,+d =0
ax, +bY, +cZ,+d =0
aX, +bY, +cZ,+d =0



Plane Representation

Plane equation:
aX +bY +cZ +d =0

Surface normal:

i

"x.' How many points to define a plane?
Y _ fal - -
7 X, Y, Z, 1 ] 0
1 X, Y, Z, 1 =0
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Plane Representation

Plane equation:
aX +bY +cZ +d =0

Surface normal:

i

How many points to define a plane?

~ Tal -.-
X, Y, Z, 1 0
X, ,AZ, 1 E(:(o)
X Yo Zo 1S



Plane-Point Duality

Plane equation:
aX+bY +cZ+d, =0
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Plane-Point Duality

L

Plane equation:
aX+bY +cZ+d, =0
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Plane-Point Duality

Plane equation:
aX +by +cZ+d, =0
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Plane-Point Duality

Plane equation:
aX +by +cZ+d, =0
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Plane-Point Duality

Plane equation:
aX +by +cZ+d, =0
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a,X +bY +c,Z +d, =0
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Recall: 2D Point and Line Duality

N

The 2D line joining two points:

| =X, %X,

The intersection between two lines;

X =I,xl,

Given any formula, we can switch the meaning
of point and line to get another formula.

X, =Tx, <>|, =TTl T:Transformation




Plane-Point Duality
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Given any formula, we can switch the meaning
of point and plane to get another formula.
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Plane Representation

How to parametrize a point in the plane?
aX +bY +cZ +d =0




Plane Representation

How to parametrize a point in the plane?
aX +bY +cZ +d =0




Plane Representation

How to parametrize a point in the plane?
aX +bY +cZ +d =0

X
X=|Y |=c+uB + 1B,

Z Basis

3DOF




Plane Representation

How to parametrize a point in the plane?
aX +bY +cZ +d =0

X
Y
VA

3DOF

=C+ B, + 1B, :I:Bl B, ¢

Basis




Plane Representation

How to parametrize a point in the plane?

aX +bY +cZ +d =0

X Hy
X=|Y |=C+uB +uB, :I:Bl B, C: H
|z Basis | 1
3DOF 2DOF
Plane projection: 3 o
X i Hy
Ju=K[R t:Y =K[R t B B o]
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| ]
=K[RB, RB, Rc+t] u, |=H| 4,
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HW #3 Tour into your photo
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Edges of a ,r,ectangléiié?ﬁhés‘ same depth from the camera




Image Rectification w.r.t. Ground Plane

Camera

How can | make my image upright?

—> Y axis of camera // Surface normal of ground plane

&>

Ground plane




Image Rectification w.r.t. Ground Plane

Camera

How can | make my image upright?

—> Y axis of camera // Surface normal of ground plane

b u] [f p ] (X [X]

Avi=l f op, [r o t]Y [=HY
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Ground plane
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Camera pose from homography




Image Rectification w.r.t. Ground Plane

Camera

How can | make my image upright?

—> Y axis of camera // Surface normal of ground plane

b u] [f p ] (X [X]

Avi=| f p, [

y

1 1 1 1

>

Ground plane B
r, =1, I,

Camera pose from homography

r11 r12 r13

R= [y Ty Ty

Iy Ty T

32 33|

Image rotation




Image Rectification w.r.t. Ground Plane

Camera

How can | make my image upright?

—> Y axis of camera // Surface normal of ground plane

b ] |[f p ] (X [X]

AMvi=l f p | t]Y|=HY
1 1 1] |1
Ground plane
r, =1 XTI,

Camera pose from homography

STRREPRRSY T,
R=|ly I l3|—— R={0 0 -1
RERREIETY T

Image rotation Rectified rotation




Image Rectlflcatlon w.I.t. Ground Plane

Camera
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Ground plane
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Image Rectlflcatlon w.I.t. Ground Plane

Camera
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Ground plane
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Image Rectification w.r.t. Ground Plane

Camera

&>

Ground plane

[y T, T3 FX
[y Ty T |—— R=/0 0 -1
_r31 3, r3,3,_ i Fz

Image rotation Rectified rotation

xﬂ
A

=<
<
v

< 3

=

><ﬁ
A~

=<
<
v

ARKH=R'KU — AT=KRR'™Ku

<3



Image Rectification w.r.t. Ground Plane

Camera

Ground plane



Image Rectification w.r.t. Ground Plane

Camera

Ground plane

Same depth



Image Rectification w.r.t. Ground Plane

Camera

Ground plane
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Vanishing Point

Camera

Vanishing point projection:
AV, =KZ,_

—— KW, =27




Box Representation
\ Vin\i/soohiingznt projection:

\ — X,K_IVoo = Zoo

Define the direction of the box

Camera

g T




Box Representation

Camera

. Vanishing point projection:
inite depth, d
P AV, =KZ.

— K =7,

U, =dK™u,,




Box Representation

Camera

. Vanishing point projection:
inite depth, d
P AV, =KZ.

— K =7,

U,= d K-luu U, = d K-lulz : Same X coord.




Box Representation

Camera . inite depth, d

Vanishing point projection:
AV, =KZ,_

—— KW, =27

U,= d K-luu U, = d K-lulz : Same X coord.

U,, =dKTu,, U,, =dK™u,,

Same y coord.



Box Representation

Camera

nite denth. d Vanishing point projection:
PR v =Kz

‘ o

Depth of frontal surface?

iK_an =V




Box Representation

Camera

Vanishing point projection:

inite depth, d
inite dep W =KZ,

— KWV _=Z_
Depth of frontal surface?
iK_an =V

Line between U11 and Va1 is parallel to the vanishing
point direction.

AKv, + KV =U, =dK"u,,

HW: express A, using d.



Box Representation

Camera . inite depth, d

Vanishing point projection:
AV, =KZ,_

— K =7,

Depth of frontal surface?

iK_an =V

Line between U11 and Va1 is parallel to the vanishing
point direction.

AKv, + KV =U, =dK"u,,

HW: express A, using d.



Box Representation

Camera inite depth, d Point in a plane:

X=|Y




Box Representation

Camera 5 inite depth, d Point in a plane:

X
K=Y |=Uy+uB, + 1B,
Z
U, - - o
Hy
:[Bl B, ¢] 4
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2DOF

Homography mapping from 3D plane to image:

H H

-:KI:Bl B, C Hy :. H,

11 1




B OX Re p rese ntatl O n Homography mapping from 3D plane to image:

Hy ty
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Texture Mapping




Homography

R,t

Homography mapping from 3D plane to image:
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Homography mapping from 3D plane to target image:
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H O m Og r ap hy Homography mapping from 3D plane to image:

A
Rt AU-K(B, B, c]u, |=H u
1 1

Homography mapping from 3D plane to target image:
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