Question 1 (Convolutions and Filters):

a)
[image: ]
· Let k = [image: ]
· An easy way to find the values of individual elements of k is to find instances where the convolution has only one non-zero input.  For example:
· [image: ]
· In this case, i*1 = 1.  So, i=1.
· In this way, we find a*1=1, b*1=2, c*1=1, d*1=2, f*1=2, g*1=1, h*1=2, i*1=1
· Lastly, e*1+g*1+i*1=6
· SO:  k =[image: ]

b)
[image: ]
· With boundary reflection padding, I = 0.4 0.3 | 0.3 0.4 0.9 0 0.2 0.1 0.4 0.9 0 | 0 0.9
· Answer:  [0.46 0.38 0.36 0.32 0.32 0.32 0.32 0.28 0.44]
· Gaussian vs box blur:  The box blur can create artifacts in the blurred image, especially when there are high-frequency components in the image.  The gaussian blur avoids this.  For applications like edge detection, it’s important that we avoid the box filter’s edge-like artifacts.
c.)  The Laplacian operator applied to a function f is  defined as 

  If we define the Gaussian as  then the Lapalacian of the Gaussian (LoG) is
[image: Eqn:eqnlog2]

The Laplacian of the Gaussian results in strong positive responses for dark blobs of radius σ{\displaystyle r={\sqrt {2t}}} and strong negative responses for bright blobs of similar size. 
[image: ]


3. Geometric Transforms
[image: ]
     3A:

· 4 point correspondences




· 3 point correspondences





· 2 point correspondences





· 2 point correspondences

  

b.)
[image: ]


4.) Geometric Transforms 3D
a.)

b.)
AOb =   BOc ==   .


c.)



AOb =   BOc ==   .

[image: ]

5. Image features
A:
[image: ]

B:
“Invariance” means that the value of the descriptor doesn’t change when the region under consideration undergoes changes in appearance (such as rotation, brightness, etc.).  This is useful because we often want to match features between different images of the same scene, where there can be small changes in orientation, lighting, etc.


6. Image Transforms

	Number I 
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Histogram:  1/16 *
	4
	4
	4
	1
	0
	1
	0
	1
	1

	Cum Hist. C(i) : 1/16*
	4
	8
	12
	13
	13
	14
	14
	15
	16



f(i) = k*C(i) and we round it.
So for 9 elements, we have:
	Number I 
	1
	2
	3
	4
	5
	6
	7
	8
	9

	f1 (i) = 9/16*
	4
	8
	12
	13
	13
	14
	14
	15
	16

	round(f1(i))
	2
	5
	7
	7
	7
	8
	8
	8
	9



For 16 elements, we have:
	Number I 
	1
	2
	3
	4
	5
	6
	7
	8
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	f2 (i) = 16/16*
	4
	8
	12
	13
	13
	14
	14
	15
	16
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1. [10] Camera Projection
(@) [2] True or False: The orthographic projection of two parallel lines in the world must be parallel i the
image.

True

(b) [3] Under what conditions will a line viewed with a pinhole camera have its vanishing point at infinity?

The line is in a plane parallel to the image plane.

(¢) [5] A scene point at coordinates (400,600,1200) is perspectively projected into an image at coordinates
(24,36), where both coordinates are given in millimeters in the camera coordinate frame and the camera’s
principal point s at coordinates (0,0,5) (i, ti, = 0 and v, = 0). Assuming the aspect ratio of the pixels in
the camera is 1, what is the focal length of the camera? (Note: the aspect ratio is defined as the ratio
between the width and the height of a pixel; ie., ku/k,.)

u = fx/z, so f = uz/x = 24 * 1200 / 400 = 72 mm.




image8.png
Projective
8dof

Affine
6dof

Similarity
4dof

Euclidean
3dof

by hs
hy  hy
hy iy
a, t
ay, ty
0 1
shy t,
STy, ty
0 1
n ot
Ty ty
0 1




image9.png
A=C1L1) Be (0), f" ) (-l 19
l

P\'=(l/3) (3/ ), 1) 0 ({’

ﬁpp U FOFIV\ [(X‘;}: 'M‘ Ma + |
Pm one ‘:;r\{' _r 9; MB M\‘, +’Q
Comespdrdence’

b we ped D W Fid a0 affine L.
fr 23 qm‘f Cofresfq\)tnd,f/ |{s this rm?

*We can colve s  lineag ij-/u»\ e 55
Ax b
(A-A)x =AT-h

Te Solve for x:

X= &\T./ﬂ A b

\_—,’———————M
\
n»ﬂs@Mm,4|GO|o 2
Bl 0 =l | B ) %
A= [) | 60 | O L~-'.\
0 o vl ol -
)

'o-& C'—




image10.png




image11.png
(2) Compute the image derivatives I, and I, by convolving the image I with the derivatives of a Gaussian
filter g(x,y)-

2
(b) Form the Harris matrix H(z,y) = ¥, , o(u,v) | 22 zbo].

v L1, I2
(¢) Select points such that the Harris operator K () = det(H)/ trace(H) is above a threshold K (,y) > k.

(d) Perform non-maximum suppression.
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