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1 Logic

The code used are mostly the same for both tasks. The only difference are the
variable names and values for points and input images.

The functions used for all methods include: The point_mapping_complementary
function is used for three questions to generate a transformed image. In this
function, it is calculating the x length and y length by max - min and 0 - min
as offset for both x and y. In this case, all points in the transformed polygon
would be included in the included in the new image. The bilinear_interpolation
function is defined for handling the points with float number as coordinates.

In the point to point method, the point_to_point_calculate_h is the function
for calculating Homography in point to point method. It takes in points in both
original image and transformed image. This function is based on the function
created in hw2.

In the two-step method, there are two steps. The first one is to remove the
projective distortion. send_VL_to_infinite_h_calculate uses 8 points holding 2
pairs of parallel lines in undistorted image and calculate the Homography by
sending the vanishing line to infinity. After removing the projective distortion,
the corresponding selected points in intermediate image can be calculated by
calculate_transformed_points. The second step for this method is to remove the
affine distortion with undistort_affine_h_calculate. This function would return
the homography that would remove affine distortion.

In the one-step method, the function one_step_calculate_.H will generate the
homography based on the 5 points that have two orthogonal lines intersecting
for each. This function is fully vectorized by handling the homography calcu-
lation in numpy functions. The vectorized operations replaced the for loops in
function.



1.1 Mathematics for Homography calculation
1.1.1 point to point method
First we know that the homography for corresponding points fulfills that:
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After simplication of the equation, each pair of corresponding points can result
in two equations:
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where X = i—;;y = % Same to X’ and y'.

Since only ratio matters in homography, hss can be set to 1 manually and there
are 8 unknowns left, 8 equations are needed to solve for the homography which
means 4 pairs of corresponding points are needed. Then we can calculate the
homography by the following system.
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With this function, we can find the rest 8 entries of H by calculating the inverse
of the 8 by 8 matrix multiplying the 8 by 1 column vector.

1.1.2 two-step method
Stepl: Remove the projective distortion.
For two parallel lines | and m in transformed image, the vanishing point can be

calculated by cross product. The connection of two vanishing points is vanishing
line. In the projective distorted image, tlgg vpnishing line is not in infinity. We
0

are going to send it back to I3 which is @0A.
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Assume the vanishing line is @I,A The homography H T for line will be

I3
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Step2: Remove affine distortion.

For the expression for cos in form of Dual Degenerate Conic, the lines forming
the Degenerate Conic is 1 and m:
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cos = p(

To make cos = 0, we need the nominator of it to be 0. By substituting 1
and m by 1 and m’. The equation would be IOTHC](5|T:[I'I0 = 0. Assume
|0
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The simplified equation would be:

sulimy +sp2(im; + bmi) = 1Zm; (6)

Since Sy» are already set to be 1, two more unknowns are left. In this case,
two equations are needed which means two more line are needed. Assume those
lines to be p and q. The equation would be:
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Apply SVD to A and we have:A = VDV T. Substitute A with it to S, we will
have:
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Then A can be calculated by applying SVD to S and A would be V 1 po—z
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Thus, H would be constructed by oT 1

1.1.3 one-step method

The transformed dual dggenerate conic gan be denoted as: C C = HC,HT.
a b=2 d=2

Construct the C * with 4b=2 ¢ e=25.
d=2 e=2 f
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HC, HT can be expanded as . Then the relationship becomes:

vIAT vTy
a b=2
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d=2
Av = =9 (9)

Assume two lines 1 and m orthogonal, then they will have the property men-
tioned in the previous section that the numerator is 0. Then we will have:
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Expand this equation, it can be simplified as:
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With these five unknown variables, five pairs of lines would be needed to solve

for C '. After it is solved, the relationship between A,v and C * would construct
the homography.

2 Taskl data and images: building and nighthawks

Input images:

(a) building (b) nighthawks

Figure 1: input for taskl



2.1 point to point method

The point selection:

building | nighthawks
(237, 196) (75,179)
(232, 370) (78,654)
(295, 375) | (805,621)
( ) | (804,219)

nNnIxO T

301, 213

Table 1: Points

Points in the images:

(a) building (b) nighthawks

Figure 2: point selection of point to point method for taskl

The output for point to point method:

(a) building (b) nighthawks

Figure 3: output of point to point for taskl



2.2 two-step method
The line PQ,QR,RS,PS:

(a) building (b) nighthawks

Figure 4: line selection of two step for taskl

The intermediate output after projective remove:

(a) building (b) nighthawks

Figure 5: intermediate output of two step for taskl

The output after affine remove:
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