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Task 1

Task 1a

Homography Computation

This task comprises of two steps- first, finding the homography between pair of images
(1){1(a) and 1(d)}, (2){1(b) and 1(d)} and (3){1(c) and 1(d)} and second, finding the mapping
from frame plane to the personality plane and determining the weighted pixel value at that
location to be placed in the frame picture.

Let the homography matrix be denoted by H that transforms point with homogeneous
coordinates (x,y, 1) in the frame plane to the point with homogeneous coordinates (x’,y’, 1)

in the personality frame. So,
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The element of H(3 3) is taken to be 1, since we are talking about homogeneous coordinates
while considering homographies and ratios are all that matter. Now, the transformation of

points from frame plane to personality frame by homography H is formulated as follows,
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These lead to the following set of equations,
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Thus, the coordinates in the personality frame can be rearranged as,

1~ ax by ¢

gx hy 1
_dx ey f
gx hy 1

The equations can be rearranged as follows,

x"“ax by ¢ jgxx’jhyx

y'~dx ey f igxy'ihyy

These equations contain 8 unknowns and 2 equations. So, if four such point transformations
are considered, then we can obtain a system of 8 unknowns with 8 equations that can be
solved. Consider points (X1, Y1), (X2, Y2), (X3,y3) and (X4, y4) mapped to (x},y?), (x},y5), (x3,y3)
and (xg,yi) respectively. This system of equation can be represented using matrices as

follows.

2 2 373§
x1 91 1 0 0 0 jxix! iylx1 a x!
0 0 0 x1 y1 1 ixyy iyly1 bZ gy
X2 y2 1 0 0 0 jxexy iy2xlZ@c X5
0 0 0 X2 y2 1 ixay) iyzy2 dz_@ays
X3 y3 1 0 0 0 jixsx} i yg,x3 e X}
0 0 0 x3 yz 1 ixay} iY3y3 fZ Qy
Xe Ya 1 0 0 0 jxax} jyax 4 g X}
0 0 0 x4 ya 1 ixay] ivay, h ¥}

Thus, the homography matrix can be calculated as H ~ Ailb from the known A and b

matrices and rearranged to its standard 3X3 matrix form as,

abc

vﬁdeé
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Weighted mapping of pixels

Now, traverse through the coordinates of the frame picture and for each coordinate, find the
transformation using H that corresponds to the coordinates in the personality frame. Let
this coordinate that is mapped to be p. If this pair of coordinates lies outside the dimensions
of the personality picture, use the pixel value of the frame picture as the required pixel of
the result framed picture. Otherwise, for the coordinates being mapped to the area of the
personality picture, choose the nearest 4 neighbours with integer coordinates surrounding
the coordinate to which H mapped the frame coordinates. Let these four neighbors be
ni, N2, N3 and ny4. So, for the pixel value of p, a weighted average of the pixel values at the
integer coordinate neighbors ny,n,, n3 and ny is taken. The weights are calculated using the

following formula,

1
distance between p and n;j

~

Wi

Thus, the weighted average for the pixel value at p is taken as

~ Wlpm _Wang_WBpn3 _W4pn4
W1 W—W3 Wy

(wherein pn,, Pn,, Pn; and pp, are the pixel values at ny, ny, N3 and ny respectively) is assigned
as the required pixel of the result framed picture.
A similar procedure is carried out for pictures (2){1(b) and 1(d)} and (3){1(c) and 1(d)}.
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Figure 1: The first frame plane with coordinates P, Q, R and S for Task 1a
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