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Image Transform

Property of Penn Engineering, Jianbo Shi 2



Homogeneous Coordinate

2D point =: 3D rayA(x,y,1)

Projection plane

(XY, 2)
/,7«(1:;(@;)

>

f

A

Y

: A point in Euclidean space () can be represented by

(X, y) —> (X, y, 1) a homogeneous representation in Projectivé space () (3

numbers).
=f(x,y,1)
=A(X,¥,1)=(X,Y,Z)
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3D Point Projection (Metric Space)

2D point =: 3D ray

Projection plane - A(X,Y,1)

N J
A A XY,2)
_E ()

Af =

X Y
x,y,1)=( xfyf)=F = f —f
x,y,1)=(F xf y,f ) (mzmZ )
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3D Point Projection (Pixel Space)

rojection plane > X Y
TS XY.2)> U v )=F =f =)
xww;,:vm)/ / /7

\
\
\
\
\
\
\
\
N
v

X Y
uim_xz_l_px Vn*g:fyz_l_py
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3D Point Projection (Pixel Space)

Projection plane >~

X

f fi)
Z " Z

| / (X.Y.2) (X’Y’Z) — (uccd ’Vccd) — ( m
(U Verg)
-/ X Y
o/~ S
< > 7 . oo _ .
5 Z uimg_fxz+px Vinlg_fyz+py
Uog Vo) (0,0) Wi _ B 1 1. .-
[ s 2z f
i{ :chd l(0,0) > { hmg +(px’py) ‘;;J ﬂ# V|n'g — y py Y
=@CH sensar\iéhmv Image (pixel) _ 1 4L 1 -= -

Homogeneous representation
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Camera Intrinsic Parameter

Pixel space Metric space
Uimg X
ﬂd V. = K Y
(XY,2) o
A ey 1 _Z_
‘k (u’C(:d/’\’/CCdi/ . e |
<z ==
Camera intrinsic parameter
Projection plane . metric space to pixel space
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2D Inverse Projection

Pixel space Metric space
2D point == 3D ray Unrg X
u AV, |= K Y
(KY.2) ok vmJ o
A e i o 1 Z
- 1 | _ — -
Note: arrow direction Uprg X
> -1
K v =] Y
1 Z
Projection plane -
jection p 3D ray

The 3D point must lie in
the 3D ray passing through the origin and 2D image point.
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Camera Model (3rd Person Perspective)

Camera L :
Recall camera projection matrix:
i
AV |= K X

O __ 1
X = kSD world L~

Origin at world coordinate 2D image (pix) 3D world (metric)

Ground plane
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Image Warping (Coordinate Transform)

_______________________________________________________

L, (v)=1,(u)
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Image Warping (Coordinate Transform)

_______________________________________________________

|2(V) — |1(U) : Pixel transport
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Uniform Scaling

A WA

L(v)=1,(u)
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Uniform Scaling

A WA

L, (v)=1,u)
_ux_

V, |= ? u,
bt pe i1 14

_U
o
o

e
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Uniform Scaling

\ A

o

X

L(v)=1,(u)
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Aspect Ratio Change
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Translation

- “\ W\ | j t

A

LE

VX uX
= ?
Vy * Uy
Pr )peﬂ_y df Pe hi 1 17



Translation

» 7‘.‘\\\ ,f_/‘ , t

L(v)=1,(u)

V 1 t |lu

X X X

V. | = 1tyu

Pr )pe&_y df Penh Engineering, Jiaﬂpo $hi 1 18



Rotation

L(v)=1,(u)

1Propert 1 19



Rotation

L(v)=1,(u)

V,| [cos6@ -—sind u,
v, |=| sin6  cos6 u,
1Propert/of Penn Engineering, Jianbo Shi 1 1 20




Euclidean Transform SE(2)

. Y :
Rotation around the center of image

Property of Penn Engineering, Jianbo Shi
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Euclidean Transform SE(2)

Rotation around the center of image

Property of Penn Engineering, Jianbo Shi
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Euclidean Transform SE(2)

v,| [cos® -snd t |lu,
V,|=|sn6 cosb t | u,
1] | 1] 1]

Invariant properties

k

* Length
* Angle
* Area

Degree of freedom
3 (2 translation+1 rotation)

. Y :
Rotation around the center of image

Property of Penn Engineering, Jianbo Shi 23



Euclidean Transform SE(2)

=| 9n@ cos6

v,| [cos® -sind t |

Invariant properties

* Length
* Angle
* Area

Degree of freedom

3 (2 translation+1 rotation)

Rotation around the center of image

o (e

Property of Penn Engineering, Jianbo Shi 24
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Euclidean Transform SE(2)

Rotate about the image center

' HEB
_ - t 7
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Euclidean Transform SE(2)

Rotate about the image center

HEBRT R

Property of Penn Engineering, Jianbo Shi 27



Euclidean Transform SE(2)

Rotate about the image center

o e
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Euclidean Transform SE(2)

Rotate about the image center

HEbR R

Property of Penn Engineering, Jianbo Shi 29



Euclidean Transform SE(2)

im = imread('rect.png');
theta = 20/180*pi;
R = [cos(theta) -sin(theta);

sin(theta) cos(theta)]; R= |:
p = [size(im,2)/2; size(im,1)/2];

Rotation around the center of image

Property of Penn Engineering, Jianbo Shi 30



Euclidean Transform SE(2)

RectificationViaEuclidean.m

im = imread('rect.png');

theta = 20/180*pi;

R = [cos(theta) -sin(theta); R |:C059 —sin@}
sin(theta) cos(theta)]; = .
p = [size(im,2)/2; size(im,1)/2]; sind cos@
L _u _
“|_|R -Ro+p| ~
T=[R-R*t+t;0 0 1]; «— |V |= 0 1 u{

o Rotation around the center of image

im_warped = ImageWarpingEuclidean(im, T);

Property of Penn Engineering, Jianbo Shi 31



Euclidean Transform SE(2)

ImageWarpingEuclidean.m

function im_warped = ImageWarpingEuclidean(im, H)

im = double(im);

Property of Penn Engineering, Jianbo Shi
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Euclidean Transform SE(2)

ImageWarpingEuclidean.m

function im_warped = ImageWarpingEuclidean(im, H)

im = double(im);
H = inv(H);

[V_X, v_y] = meshgrid(1:(size(im,2)), 1:(size(im,1)));

,\ h =size(v_x, 1); w = size(v_x,2);

VX uX
1 _
1 1
V X

Property of Penn Engineering, Jianbo Shi — v 33




Euclidean Transform SE(2)

ImageWarpingEuclidean.m

function im_warped = ImageWarpingEuclidean(im, H)

im = double(im);
H = inv(H);

[V_X, v_y] = meshgrid(1:(size(im,2)), 1:(size(im,1)));
h =size(v_x, 1); w = size(v_x,2);

\ U x= H(11)vx+H(12)vy+H(13)

| : u_y=H(2,1)*v_x+H(2,2)*v_y + H(2
VX uX
1 —
HY v, |=|u,
1 1

“

Property of Penn Engineering, Jianbo Shi — U_Y 34




Euclidean Transform SE(2)

Property of Penn Engineering, Jianbo Shi

ImageWarpingEuclidean.m

function im_warped = ImageWarpingEuclidean(im, H)
im = double(im);
H = inv(H);

[V_X, v_y] = meshgrid(1:(size(im,2)), 1:(size(im,1)));
h =size(v_x, 1); w = size(v_x,2);

u x=H(1,1)*v_x+H(1,2)*v_y + H(1,3);
u_y=H(2,1)*v_x+H(2,2)*v_y + H(2,3);

im_warped(:,:,1) = reshape(interp2(im(:,:,1), u_x(:), u_y(:)),

im_warped(:,:,2) = reshape(interp2(im(:,:,2), u_x(:), u_y(:)),

im_warped(:,:,3) = reshape(interp2(im(:,:,3), u_x(:), u_y(:)), [

im_warped = uint8(im_warped);

35



Similarity Transform

v.,| [a osf -snf t |[u,
v, |=| « sné  cos6 t, | u,
- - — 1 1 1_

Property of Penn Engineering, Jianbo Shi~



Similarity Transform

Invariant properties

* Length ratio
 Angle

Degree of freedom

4 (2 translation+1 rotation+1 scale’

| Ta cos® -sinf t |lu, u,
. aR t

V, | = a sin@ coso ty u, ={ 5 J u,

1] | 1 1 1 1

Property of Penn Engineering, Jianbo Shi - 37



Affine Transform

aR t|
= u

Euclidean transform

Property of Penn Engineering, Jianbo Shi
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Affine Transform

|

Euclidean transform

aR t
0 1

Vi| |G G Gy

Vi|=|8n Gy &y
1 O 0 1

Pro_perty_of Penn Engineering, Jianbo Shi
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Affine Transform

Invariant properties

* Parallelism
* Ratio of area
+ Ratio of length

Degree of freedom

6
v u, | v | [ M, | u, |
X aR t X X A, &, ay X At X
Vy | = 0 1 U, Vy | T8 S Gy || Uy |= 0 1 u,
1] 1 1] 0 O 1__1_ 1
Euclidean transform Property of Penn Engineering, Jianbo Shi 40



Perspective Transform (Homography)

_Vx | | hll h12 hlS | _ux )
A Vy | = th hzz hzs u,
1] [hy hy, 111

Property of Penn_Engin_eering, Jianbo Shi




Perspective Transform (Homography)

Vx hll h12 hlS ux ux G f £l t | i _
. General 1orm or plane 1o plane linear mapping
ﬂ’ Vy — th h22 hZS uy :Hl uy
1] [hy hy 1]12

Property of Penn_Engin_eering, Jia;bo Sﬁ 42
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Perspective Transform (Homography)

Vx hll h12 hlS ux ux G f £l t | i _
. General 1orm or plane 1o plane linear mapping
ﬂ’ Vy — th h22 hZS uy :Hl uy
1] [hy hy 1]12

Property of Penn_Engin_eering, Jia;bo Sﬁ 44



Perspective Transform (Homography)

_Vx_ _hll
A y | = hm
R RAL

h, hy
h,
h, 1

Property of Penn_Engin_eering, Jia;bo Sﬁ

=H u,

Invariant properties

* Cross ratio

‘//O
« Concurrency #\
» Colinearity

o

Degree of freedom

8 (9 variables — 1 scale)

45



Hierarchy of Transformations

Euclidean (3 dof) Similarity (4 dof) Affine (6 dof) Projective (8 dof)

* Length * Length ratio « Parallelism « Cross ratio
 Angle  Angle « Ratio of area « Concurrency
* Area » Ratio of length » Colinearity
cos§ —sind t, a8 —asing t, &, &, a, h, h, hy
snd cosf 't asin® acosb t & &, 8y h, h, h,
1 1 0O 0 1 h, h, ]4

Property of Penn Engineering, Jianbo Shi



Perspective Transform (Homography)

(| Camera plane

Ground plane

Au= KR t|X

Camera plane Ground plane

Property of Penn Engineering, Jianbo Shi
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Fun with Homography

The image can be rectified as if it is seen from top

Property of Penn Engineering, Jianbo Shi 48



Fun with

Homography

Property of Penn Engineering, Jianbo Shi

RectificationViaHomography.m
u=[ul’u2"u3';ud'l;
v=[vl'v2' v3'; v4'];

% Need at least non-colinear four points
H = ComputeHomography(v, u);

im_warped = ImageWarping(im, inv(H));

49



Fun with Homography

Cf) ImageWarpingEuclidean.m

u_x=H(1,1)*v_x+H(1,2)*v_y + H(1,3);
U_y = H(2,1)*v_x + H(2,2)*v_y + H(2,3);

Property of Penn Engineering, Jianbo Shi

RectificationViaHomography.m
u=[ul’u2"u3';ud'l;
v=[vl';v2' v3' vd'];

% Need at least non-colinear four points
H = ComputeHomography(v, u);

im_warped = ImageWarping(im, inv(H));

ImageWarping.m

u x=H(1,1)*v _x+H(1,2)*v_y + H(1,3); x X
u_y=H(2,1)*v_x+H(2,2)*v_y + H(2,3);
u_z=H(3,1)*v_x+H(3,2)*v_y + H(3,3);

ux=ux/u z
uy=uy/u z

(:)), [h, wl);
(:)), [h, wl);
(:)), [h, wl);

im_warped(:,:,1) = reshape(interp2(im(:,:,1), u_x(:), u_y
im_warped(:,:,2) = reshape(interp2(im(:,:,2), u_x(:), u_y
im_warped(:,:,3) = reshape(interp2(im(:,:,3), u_x(:), u_y

7

7

im_warped = uint8(im_warped);
50



Fun with Homography

Property of Penn Engineering, Jianbo Shi
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Fun with Homography

Property of Penn Engineering, Jianbo Shi
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Fun with Homography

Property of Penn Engineering, Jianbo Shi
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Fun with Homography

Property of Penn Engineering, Jianbo Shi
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Image Inpainting

Property of Penn Engineering, Jianbo Shi 35
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360 Panorama

https://www.youtube.com/watch?v=H6SsB3JYqC

Property of Penn Engineering, Jianbo Shi S8


https://www.youtube.com/watch?v=H6SsB3JYqQg

Image Transform by Pure 3D Rotation

e X

Property of Penn Engineering, Jianbo Shi
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Left Right

Property of Penn Engineering, Jianbo Shi 60



Euclidean Transform (Translation)

Property of Penn Engineering, Jianbo Shi




Homography

Property of Penn Engineering, Jianbo Shi 62




Image Panorama (Cylindrical Projection)

Property of Penn Engineering, Jianbo Shi 63



Image Panorama (Cylindrical Projection)

Property of Penn Engineering, Jianbo Shi 64
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Homography Computation

Lt
b

L

k¥
b

k>

R R
ENTETRTRTE

U+
GENTETRTRTE

66



Homography Computation

_hu+hou +h,
RNTRTNTIETS
L hushuen,
©ohurhou +hy

. hllux + h12uy + h13 o h31uxvx B h32uyvx o h33 X O
h21ux + hzzuy + h23 o h?,luxvy - h32uyvy — h33 y 0
- hll -
h,
s

V] [h by hJfu o o qis
ﬂ“vy =/ h, h, hzs u, u v, |l
1

N,

hy, Ny, hgll 1 h,
h,

s
67

Property of Penn Engineering, Jianbo Shi



Homography Computation

_hu+hou +h,
RNTRTNTIETS
L_huhueh,
©ohurhou +hy

hllux + h12uy + h13 o h31uxvx B h32uyvx o h33 X O
h21ux + hzzuy + h23 o h?,luxvy o h32uyvy o h33 y 0

V, h, h, hlg_ U, . {ux u, 1 A Uy, -uy, —vx:l X :.
A Vy - th hZZ hZS uy U, u Uy Uy Y
hy ey hg 1 >3

Property of Penn Engineering, Jianbo Shi 68



Linear System for Homography Matrix

Property of Penn Engineering, Jianbo Shi 69



How Many Correspondences?

What is minimum m?

Property of Penn Engineering, Jianbo Shi
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v, > U,
V, <> U,
V, > U,

- — H

Vv, U,

Homography computation

Property of

u, ou, 1

u, Ul
v, oud, 1

uw’, Ul
w,oud, 1

w,
u’o uf, 1

Penn Engineeringﬁixanhgp“?hi 1 -uty?

_ ulxle _ ulyle _
1 -uy, -uy, -
_UZXVZX _u2yv2x
1 -y’ -u'y?,
ST _u3yv3X
1 -0y, -wy°
uty Ut
y _u4yv4y

-V

-V

-V

hy,
h,
Ny
h,
h,
s
h,
h,

Ny

O O O O O o o o
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v, > U,
V, <> U,
V, > U,

- — H

v, U,

Homography computation

Property

uw, 1 W UtV v
TR, SEEVAGSEEVS

w, 1 -y, uV v
utyt, -utvt v

_V4

of Penn Engineerliﬁgx, Jiqm‘t;/o SHi _u“x\/“y _u4y\/4

y
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¢sr‘

X

[u,d,v] = svd(A);

e X =
V2 .y C v(:,end)/v(end,end);

V3 PN u3 I utoout 1oautyt s utyd v |y H = reShape(X,3,3)’,

v, > U,

<ch'\’
<, <
.
<
<. <
R
=
1]
oooﬁooo

IS
~
~
T
L

v, U,

Homography Computation Property of Penn Engineering, Jianbo Shi =



Fun with Homography

The image can be rectified as if it is seen from top

Property of Penn Engineering, Jianbo Shi 4



Fun with

Homography

Property of Penn Engineering, Jianbo Shi

RectificationViaHomography.m
u=[ul’u2"u3';ud'l;
v=[vl'v2' v3'; v4'];

% Need at least non-colinear four points
H = ComputeHomography(v, u);

im_warped = ImageWarping(im, inv(H));

75



Fun with Homography

Cf) ImageWarpingEuclidean.m

u_x=H(1,1)*v_x+H(1,2)*v_y + H(1,3);
U_y = H(2,1)*v_x + H(2,2)*v_y + H(2,3);

Property of Penn Engineering, Jianbo Shi

RectificationViaHomography.m
u=[ul’u2"u3';ud'l;
v=[vl';v2' v3' vd'];

% Need at least non-colinear four points
H = ComputeHomography(v, u);

im_warped = ImageWarping(im, inv(H));

ImageWarping.m

u x=H(1,1)*v _x+H(1,2)*v_y + H(1,3); x X
u_y=H(2,1)*v_x+H(2,2)*v_y + H(2,3);
u_z=H(3,1)*v_x+H(3,2)*v_y + H(3,3);

ux=ux/u z
uy=uy/u z

(:)), [h, wl);
(:)), [h, wl);
(:)), [h, wl);

im_warped(:,:,1) = reshape(interp2(im(:,:,1), u_x(:), u_y
im_warped(:,:,2) = reshape(interp2(im(:,:,2), u_x(:), u_y
im_warped(:,:,3) = reshape(interp2(im(:,:,3), u_x(:), u_y

7

7

im_warped = uint8(im_warped);
76



Fun with Homography

Property of Penn Engineering, Jianbo Shi
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Fun with Homography

Property of Penn Engineering, Jianbo Shi
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Feature Matching

80



...._..-—-———"—;.—n——"‘—' —_ =
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Local Patch

Property of Penn Engineering, Jianbo Shi
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Local Patch (Orientation)




Property of Penn Engineering, Jianbo Shi 84



Local Visual Descriptor
= ™ -

U Vv

Desired properties:
« Repeatability: the same point is repeatedly detected.
« Discriminativity: the point is unique.

Property of Penn Engineering, Jianbo Shi 85



Local Visual Descriptor

I -
i

U

Desired properties:

« Repeatability: the same point is repeatedly detected.
« Discriminativity: the point is unique.

« Orientation aware

Property of Penn Engineering, Jianbo Shi
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Local Scale Invariant Feature Transform
(SIFT)

SIFT automatically finds the optimal scale of feature point and its orientation.

Desired properties:

« Repeatability: the same point is repeatedly detected.
« Discriminativity: the point is unique.

« Orientation aware

Property of Penn Engineering, Jianbo Shi



Local Scale Invari
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| ocal Scale Invariant Feature Transform

| -
e
|
e
|
-\
_.
L
|

,

descriptor2

descriptorl

90
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| ocal Scale Invariant Feature Transform

descriptorl descriptor2
Property of Penn Engineering, Jianbo Shi 91



Nearest Neighbor Search

descriptorl descriptor2

Property of Penn Engineering, Jianbo Shi

Feature match candidates

92



Nearest Neighbor Search

L _ _ _ Feature match candidates
Discriminativity: how is the feature point unique?

Property of Penn Engineering, Jianbo Shi



Nearest Neighbor Search w/ Ratio Test

d2 : seeond closest distance

4 ds
d1 : closest distance

Feature match candidates

Discriminativity: how is the feature point unique?

i<O.7
d

Prgperty of Penn Engineering, Jianbo Shi



Nearest Neighbor Search w/o Ratio Test

- E———— o v— > b2

Left image—->right image

Property of Penn Engineering, Jianbo Shi 95



Nearest Neighbor Search w/ Ratio Test

I e . TR 7 D g ; R AT 1 R e, o
—f =3 A -
:

. > I ’
~ ’ G bl
e ORRED S b
1 ! Y< ;X >
L

-

Left image—->right image

Property of Penn Engineering, Jianbo Shi
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Nearest Neighbor Search w/o Ratio Test

. N S 1 - B AP U . 4 - . A o 5 s % ,._-_;;,. 2 r~" = e
= - - = . = N, { o o P i > 5 a .
o Do O~ N e e . 3 - < - P 2= BERO FN
2 — A 3 o : %
M o R 4
i
R o
S
— Eath
\
-
A

Left image <right image

Property of Penn Engineering, Jianbo Shi
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Nearest Neighbor Search w/ Ratio Test

Left image <right image

Property of Penn Engineering, Jianbo Shi 98



Bi-directional Consistency Check

=

_ Feature match candidates
Consistency: would a feature match correspond to each other?

Property of Penn Engineering, Jianbo Shi



I-directional Consistency Check

— T e TR W) W W B e —— 4 b

-
.
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RANSAC: Random Sample Consensus:

Linear Least Squares AL

2X9

W N W S — —— 1

Property of Penn Engineering, Jianbo Shi 102



Recall: Line Fitting (Ax=Db)

12

* Data
—— Ground truth

. u u 1 -uy, -uyv, -v
1 G | | X y X" X y' X X :6
— Least squares /e u, ul X uy Uy, -, )

2X9

- 6

Property of Penn Engineering, Jianbo Shi 103



Outlier

12 I I T T
* Data
—— Ground truth G ou 1 UV, UV, -V
101 | east squares | { U, uA Uy, -y, -, X-
2X9
gl 1
6! 1
Outlier\>
4+ e
7L 1
O | |
-2 0 2 4 6 8 10

Property of Penn Engineering, Jianbo Shi 104



— F :|ex| +1y, +g|

TN ® Perpendicular distance

\ \
\ \
\ AY
\ \
\ \
\ AY
\ \
o
AY
\
AY
AY
\

ex+fy+g=0

Quadratic magnification of error of outliers

>

\\b .
. . Outlier
Line flttlng error:

E:(exl-fyl-g)z+---+(e><N-ny-g)2
=i(e>ﬁ-f>4-9)2

Property of Penn Engineering, Jianbo Shi 105



A =le i+

Perpendicular distance

Outlier rejection strategy:

To find the best line that explanes the
maximum number of points.

: >
* Outlier

Property of Penn Engineering, Jianbo Shi 106



A =lex +1y, +4

Perpendicular distance

Outlier rejection strategy:

To find the best line that explanes the
maximum number of points.

* Outlier Assumptions:

1. Majority of good samples agree with the
underlying model (good apples are same
and simple.).

2. Bad samples does not consistently agree
with a single model

(all bad apples are different and
complicated.).

Property of Penn Engineering, Jianbo Shi 107
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RANSAC: Random Sample Consensus
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RANSAC: Random Sample Consensus
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RANSAC: Random Sample Consensus
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° o 1. Random sampling
2. Model building
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RANSAC: Random Sample Consensus
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# of inliers: 7
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E

RANSAC: Random Sample Consensus
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1. Random sampling
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RANSAC: Random Sample Consensus
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RANSAC: Random Sample Consensus

Property of Penn Engineering, Jianbo Shi 115



1. Random sampling
. 2. Model building
.. 3. Thresholding

. . . ° o 4. Inlier counting

# of inliers: 10

RANSAC: Random Sample Consensus
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1. Random sampling
, 2. Model building
.. . 3. Thresholding

0‘.- o 4. Inlier counting

# of inliers: 23
Maximum number of inliers

RANSAC: Random Sample Consensus
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. Required number of iterations with p success rate:

Property of Penn Engineering, Jianbo Shi 121



0 . Required number of iterations with p success rate:
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0 . Required number of iterations with p success rate:

Probability of choosing an inlieny =

# of sanples

Probability of building a correct model: W" where n is the number of samples to build a model
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Probability of choosing an inlieny =

# of samples

Probability of building a correct model:w" where n is the number of samples to build a model.

Kk
Probability of not building a correct model during k iteratio(ﬂ&W”)
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’ . Required number of iterations with p success rate:
Y .

Probability of choosing an inlieny =

# of samples

Probability of building a correct modelw" where n is the number of samples to build a model.

Kk
Probability of not building a correct model during k iteratior(é.'-vvn) | (1 )
g\ 1-P

Iog(l—vvn )

k
(1—\/\/”) —1-p where p is desired RANSAC success raté.=
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-., Required number of iterations with p success rate:
e log(1- # of rliers
e T ° k= Og( p) wherew =
. Iog(l-vv”) # of sarples
- >
Probability of choosing an inliernw = # dlinlers
# of samples

Probability of building a correct model:w" where n is the number of samples to build a model.

Kk
Probability of not building a correct model during k iteratior(ﬁ-vv”) | (1 )
0o\ 1-p

Iog(l—vvn )

k
(1—\/\/”) —1-p where p is desired RANSAC success raté.=
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V, U,

Vv, > U,
> — H
V, > U,

Vv, U,
Homography computation
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If the correspondence is bad, it has no prediction power!
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# of Iinliers: 16 out of 1865
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# of Iinliers: 16 out of 1865
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# of Iinliers: 36 out of 1865
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# of Iinliers: 36 out of 1865
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# of Iinliers: 57 out of 1865

Property of Penn Engineering, Jianbo Shi 134



# of Iinliers: 57 out of 1865
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# of Iinliers: 216 out of 1865
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# of Iinliers: 216 out of 1865
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Euclidean Transform (Translation)
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Homography
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