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1 Logic

The goal of this homework is to calculate a homography between two images by manually recording the
pixel coordinates of a set of corresponding points in two images and using these coordinates to calculate the
unknown elements of the homography that relates the images.

We are interested in finding the Homography matrix, which is a 3 by 3 non-singular matrix represented
by H. Consider X which represents the homogeneous coordinates of a point in the domain space and X ′

which represents the homogeneous coordinates of the point in the range space. These two points can be
related by the equation X

′
= HX.

To estimate H from point correspondences:

X
′
= HX

Writing it in matrix representation we have:x′
1

x′
2

x′
3

 =

h11 h12 h13

h21 h22 h23

h31 h32 h33

x1

x2

x3


Expanding this we get:

x′
1 = h11x1 + h12x2 + h13x3

x′
2 = h21x1 + h22x2 + h23x3

x′
3 = h31x1 + h32x2 + h33x3

To get x′ and y′ we divide x′
1 by x′

3 and x′
2 by x′

3 respectively,

x′ =
x′

1

x′
3
=

h11x1 + h12x2 + h13x3

h31x1 + h32x2 + h33x3

y′ =
x′

2

x′
3
=

h21x1 + h22x2 + h23x3

h31x1 + h32x2 + h33x3

Dividing throughout by x3 and setting h33 = 1, we get the physical coordinates:

x′ =
h11x+ h12y + h13

h31x+ h32y + 1

y′ =
h21x+ h22y + h23

h31x+ h32y + 1

We can rearrange these equations and write them as follows:

xh11 + yh12 + h13 − xx′h31 − yx′h32 − x′ = 0
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xh21 + yh22 + h23 − xy′h31 − yy′h32 − y′ = 0

Here we have lesser equations(2) than unknowns(8). We would require at least 8 equations to solve this
system of equations. Each point correspondence gives us 2 equations each, and hence for 8 equations we
would require 4 point correspondences. Stacking 8 such equations and rewriting them in matrix form,



x1 y1 1 0 0 0 −x1x
′
1 −y1x

′
1

0 0 0 x1 y1 1 −x1y
′
1 −y1y

′
1

x2 y2 1 0 0 0 −x2x
′
2 −y2x

′
2

0 0 0 x2 y2 1 −x2y
′
2 −y2y

′
2

x3 y3 1 0 05 0 −x3x
′
3 −y3x

′
3

0 0 0 x3 y3 1 −x3y
′
3 −y3y

′
3

x4 y4 1 0 0 0 −x4x
′
4 −y4x

′
4

0 0 0 x4 y4 1 −x4y
′
4 −y4y

′
4





h11

h12

h13

h21

h22

h23

h31

h32


=



x′
1

y′1
x′

2

y′2
x′

3

y′3
x′

4

y′4


which can be represented as Ah = b. We are interested in the h vector. h = A−1b gives us the solution.
(Solved in code using np.dot(np.linalg.inv(A), b)). We can append 1 at the end and reshape this vector into
a matrix to obtain the homography matrix.

For task 1.3, where we have to find the affine homography, I used a similar approach. In an affine ho-
mography, the last row of the homography matrix is [0, 0, 1]. Hence we have,x′

1

x′
2

x′
3

 =

h11 h12 h13

h21 h22 h23

0 0 1

x1

x2

x3


After rewriting and rearranging the equations as above we can obtain a matrix as below. (Note: I chose 4
point correspondences in my code and hence the matrix is as such.)



x1 y1 1 0 0 0
0 0 0 x1 y1 1
x2 y2 1 0 0 0
0 0 0 x2 y2 1
x3 y3 1 0 05 0
0 0 0 x3 y3 1
x4 y4 1 0 0 0
0 0 0 x4 y4 1




h11

h12

h13

h21

h22

h23

 =



x′
1

y′1
x′

2

y′2
x′

3

y′3
x′

4

y′4


which can be represented as Ap = b. We are interested in the p vector. p = A−1b gives us the solution and
we can reshape and append [0, 0, 1] to form the affine homography matrix P .
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2 Tasks

2.1 Task 1: Using provided images

(a) View 1 of card image (b) View 2 of card image (c) View 3 of card image

Figure 1: Card Images

Figure 2: Image to be projected

2.1.1 Task 1.1: Calculating Homography and projecting image to ROI

Initially, I obtained bad results after projecting the car image onto the card image. The card image had
pixels in the Region of Interest(ROI) which which did not have pixels from the car image.This was because
while applying the homography, many points in the car image would get mapped to decimal pixel values in
the ROI which aren’t valid. To alleviate this, I performed inverse homography. First I created a ROI map
which is basically an image where pixels that are in the ROI are marked as 255. This was achieved using
draw.polygon from the skimage library. Then while applying the homography, I traversed only through the
points in the ROI and multiplied the points by H−1 instead of H. With this I got the each point in the
car image that corresponded to each pixel location in the ROI. Examples of the mapping without inverse
homography are shown below.
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(a) Projected View 1 (b) Projected View 2 (c) Projected View 3

Figure 3: Car Projected onto ROI without inverse homography

Figure 4: Card Images

Figure 5: Region of Interest Maps

Figure 6: Car Projected onto ROI with inverse homography
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