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Q. Cubic Interpolation in 1D

Consider a discrete signal
y[0..5] = [3, 2, 0, 4, 3, 5]

Setup the cubic interpolant to compute y[2.2] and y[1.5].

Hint: you don’t need to actually solve for the value; however, you are required to set up the equations that we an

subsequently use to compute the value.
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Q. Homogeneous Coordinates

Show that that line between two 2D points (x1, y1) and (x2, y2) is given by (x1, y1, 1) → (x2, y2, 1). Now use this fact
to compute the line ax + by + c = 0 between (1, 1) and (2, 4).
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Q. Consider the following image, use Sobel filters to compute gradient direction and magnitude at pixel (3, 3)

Top left corresponds to pixel location (0, 0)

Sobel filters in x and y direction are




1 0 →1
2 0 →2
1 0 →1



 and




1 2 1
0 0 0

→1 →2 →1



, respectively. Now imagine that you are asked

to compute gradient magnitude for each pixel (ignoring the boundaries), how many multiplications would you need to
compute it?
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Q. Consider an image I whose Laplacian pyramid is {L0, L1, L2, · · · , gn}. Provide a scheme for computing gi→1 from
Li→1 and gi where i → [n, 1].
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Q. Image Interpolation (1D & 2D)

(a) 1D linear interpolation. Let y[n] be discrete samples. For x = i + t with i → Z and t → [0, 1), the linear
interpolant is

ŷ(x) = (1 ↑ t) y[i] + t y[i + 1].
Given y = [3, ↑1, 4, 2, 0] and i = 2 (0-based indexing), compute ŷ(2.3) and ŷ(2.75).

(b) 2D bilinear interpolation. Consider the 2 ↓ 2 pixel block at integer coordinates

I(0, 0) = 100, I(1, 0) = 120, I(0, 1) = 80, I(1, 1) = 140.

For a query point (u, v) with u, v → [0, 1] (relative to the top-left pixel), the bilinear value is

Î(u, v) = (1 ↑ u)(1 ↑ v) I(0, 0) + u(1 ↑ v) I(1, 0) + (1 ↑ u)v I(0, 1) + uv I(1, 1).

Compute Î(0.25, 0.60).
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Q. Write down the two assumptions made by the Thin Lens Model.

Q. Write down the Focusing Property in the context of the Thin Lens Model.
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Q. Consider a rectangular object that is 10 m tall and 5 m wide. This object sits at a distance of 50 meters from a
pinhole camera. The focal length of this camera is 5 cm. What is the area of the image of this object. To simplify the
calculations, we assume that the object sits facing the camera.

Q. Consider an ideal pinhole camera. Now assume that the size of the pinhole is small, as small as can be without
exhibiting into di!raction e!ects. This pinhole is used to image a distant object. Under what conditions do you think
the image of this object will be blurry?
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Q. Consider the following 8 → 8 grayscale image that stores each pixel using 4 bits.





0 0 0 1 1 2 2 2
0 0 1 1 2 2 3 3
4 4 5 5 5 6 6 7
4 4 5 6 6 6 7 7
8 8 8 9 9 10 10 11
8 9 9 9 10 10 11 11
12 12 12 13 13 14 14 14
12 13 13 13 14 15 15 15





Complete the following tasks:

1. Compute the histogram: count how many times each intensity value (0–15) appears in the image.
2. Plot the histogram as a bar chart (x-axis: intensity values, y-axis: frequency).
3. Answer the following:

• Which intensity values occur most frequently?
• Which intensity values occur least frequently?
• What is the total number of pixels? Does the sum of the histogram counts match this total?
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Q. Consider the following image, use Taylor’s Series to compute ( ωI
ωx , ωI

ωy ) and ( ω2I
ωx2 , ω2I

ωy2 ) at pixel (3, 3). We use two
neighbours on each side to compute the required derivatives.

Top left corresponds to pixel location (0, 0)
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Q. A causal Finite Impulse Response (FIR) filter is defined by

y[n] = 1
5

2∑

k=→2
x[n → k].

Compute y[n] for input x[n] = [2, →1, 0, 3, 1, 0]. Assume x[n] is 0 outside given samples.
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