LN1-LN5 Hand-Solved Problem Bank
43 problems with editable Word equations and worked instructor solutions
Designed for in-class quizzes, midterms, and final examinations in CSBP441 Applied Computer Vision. Matrices and mathematical expressions use native editable Word equation objects.
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Coverage and Use
	Section
	Lecture coverage
	Problems
	Suggested use

	A
	LN1-LN2: Vision Foundations and Digital Images
	4
	Quiz / short answer

	B
	LN3: Vectors, Matrices, and Linear Algebra
	8
	Quiz / midterm

	C
	LN3-LN4: Homogeneous Points, Lines, and Cross Products
	8
	Midterm / final

	D
	LN3-LN4: Transformations and Camera Models
	10
	Midterm / final

	E
	LN5: Point Operations, Filtering, and Edges
	13
	Quiz / midterm / final


Instructor Notes
Problems are independent unless a question explicitly has multiple parts.
All filter image arrays are between 4 × 4 and 6 × 6; kernels remain small enough for hand calculation.
For a 75-minute assessment, select approximately 9-12 problems with a total of 65-80 marks.
Accept equivalent homogeneous vectors that differ by any nonzero scale.
The worked solutions are placed after a page break and can be removed before distribution.


Student Problem Set
Section A. LN1-LN2: Vision Foundations and Digital Images
1. From pixels to a vision decision  [4 marks | about 4 min]
A parking camera must count cars entering a gate. For one frame, write one suitable item for each stage: input, preprocessing, main algorithm, postprocessing, and final decision. Then name the main computer-vision task.
Work / answer: ________________________________________________________________
2. Image statistics and thresholding  [5 marks | about 5 min]
For the 5 × 5 grayscale image below, find (a) the minimum, (b) the maximum, (c) the mean, (d) the mean of row 3, and (e) the binary image B using B=1 when I≥50 and B=0 otherwise.

I =

Work / answer: ________________________________________________________________
3. Bits, levels, and storage  [4 marks | about 4 min]
An image has size 640 × 480. Calculate the uncompressed storage in bytes for (a) an 8-bit grayscale image and (b) a 24-bit RGB image. How many intensity levels does one 8-bit channel have? Give RGB storage in MiB using 1 MiB = 1,048,576 bytes.

Work / answer: ________________________________________________________________
4. Choose the required output  [4 marks | about 4 min]
A road image contains three cars. State the expected output for each task: (a) classification, (b) localization of one selected car, (c) object detection, (d) semantic segmentation, and (e) tracking after five video frames. Be precise about labels, coordinates, masks, and identity.
Work / answer: ________________________________________________________________
Section B. LN3: Vectors, Matrices, and Linear Algebra
5. Vector magnitude, distance, and direction  [5 marks | about 5 min]
Let a=(3,4), b=(6,8), p=(2,3), and q=(8,11). Compute (a) ||a||_2, (b) the distance from p to q, (c) a dot b, and (d) cos(theta) and theta between a and b.

Work / answer: ________________________________________________________________
6. Dot product using cosine  [5 marks | about 5 min]
For p1=(2,2) and p2=(1,1), compute the dot product (a) component by component and (b) using ||p1|| ||p2|| cos(theta). Also find theta.

Work / answer: ________________________________________________________________
7. Orthogonality and projection  [6 marks | about 6 min]
Let a=(3,4) and c=(-4,3). (a) Show whether they are perpendicular. (b) Compute the vector projection of c onto a. (c) Compute the area of the parallelogram they form using the 2D determinant.

Work / answer: ________________________________________________________________
8. Three-dimensional cross product  [6 marks | about 6 min]
Given u=(1,2,0) and v=(2,0,1), calculate u × v. Verify the answer is perpendicular to both input vectors and find the parallelogram area.

Work / answer: ________________________________________________________________
9. Matrix dimensions and multiplication  [6 marks | about 6 min]
Let A and B be the matrices below. State the dimensions of AB and BA, then calculate both products.



Work / answer: ________________________________________________________________
10. Determinant, inverse, and a linear system  [7 marks | about 7 min]
For A=[[2,1],[1,1]] and b=(7,4)ᵀ: (a) compute det(A), (b) find A⁻¹, and (c) solve Ax=b. Verify your answer by multiplication.

Work / answer: ________________________________________________________________
11. Symmetric and skew-symmetric parts  [6 marks | about 6 min]
For M=[[2,4],[-2,6]], calculate Mᵀ, the symmetric part S=(M+Mᵀ)/2, and the skew-symmetric part K=(M-Mᵀ)/2. Verify M=S+K.

Work / answer: ________________________________________________________________
12. Images as arrays  [5 marks | about 5 min]
A color image array has shape (4,5,3) and dtype uint8. (a) How many pixels? (b) How many stored scalar values? (c) How many bytes? (d) What shape results after grayscale conversion? (e) If transposed with axes (1,0,2), what is the new shape?

Work / answer: ________________________________________________________________
Section C. LN3-LN4: Homogeneous Points, Lines, and Cross Products
13. Point cross point gives a line  [6 marks | about 6 min]
Represent the Cartesian points P1=(1,1) and P2=(1,3) in homogeneous form. Compute l=P1 × P2, normalize l to a convenient equivalent form, write its Cartesian line equation, and verify both points lie on it using dot products.

Work / answer: ________________________________________________________________
14. Line through two diagonal points  [6 marks | about 6 min]
Let P1=(1,1) and P2=(2,2). Compute the homogeneous line P1 × P2. Write the equation ax+by+c=0 and verify incidence with both points.

Work / answer: ________________________________________________________________
15. Line-point incidence test  [5 marks | about 5 min]
The homogeneous line l=(1,-1,0) represents x-y=0. Test P=(2,2,1) and Q=(2,3,1) using l dot P and l dot Q. State which point lies on the line and interpret the sign of the nonzero result.

Work / answer: ________________________________________________________________
16. Line cross line gives the intersection  [6 marks | about 6 min]
Let l1=(1,-1,0) and l2=(1,1,-4). Calculate p=l1 × l2, normalize it to w=1, and verify that the result lies on both lines.

Work / answer: ________________________________________________________________
17. Parallel lines and a point at infinity  [7 marks | about 7 min]
Let l1=(1,-1,0), representing y=x, and l2=(1,-1,2), representing y=x+2. Compute p=l1 × l2. Can it be normalized to w=1? Explain the geometric meaning.

Work / answer: ________________________________________________________________
18. Equivalent homogeneous points  [5 marks | about 5 min]
Normalize A=(6,9,3), B=(-4,-6,-2), and C=(2,3,0) when possible. Which vectors represent the same Cartesian point? What does C represent?

Work / answer: ________________________________________________________________
19. Why the cross product works  [6 marks | about 6 min]
For P1=(1,1,1), P2=(1,3,1), and l=P1 × P2, use the algebraic properties of the cross product to explain why l is the line through the two points. Distinguish the 3D vector interpretation from the 2D projective interpretation.

Work / answer: ________________________________________________________________
20. Planes behind homogeneous line vectors  [7 marks | about 7 min]
Treat l1=(1,-1,0) and l2=(1,1,-4) as normals of the 3D planes X-Y=0 and X+Y-4W=0. Find the direction of the planes' intersection. Give two points on that 3D intersection line and explain how the point (2,2) appears in the W=1 slice.

Work / answer: ________________________________________________________________
Section D. LN3-LN4: Transformations and Camera Models
21. Scaling and rotation  [5 marks | about 5 min]
Point P=(2,3) is first scaled by sx=2, sy=3. Separately, point Q=(1,0) is rotated 90 degrees counterclockwise. Write both matrices and compute the two output points.

Work / answer: ________________________________________________________________
22. Homogeneous translation  [5 marks | about 5 min]
Translate P=(2,3) by t=(5,-1) using a 3 × 3 homogeneous matrix. Show the matrix multiplication. Also show why no ordinary 2 × 2 matrix can translate the origin to (5,-1).

Work / answer: ________________________________________________________________
23. Transformation order  [7 marks | about 7 min]
Let P=(1,1,1)ᵀ, S=diag(2,2,1), and T=[[1,0,3],[0,1,0],[0,0,1]]. Compute (a) TSP and (b) STP. Explain why the answers differ.

Work / answer: ________________________________________________________________
24. Affine transformation of a triangle  [7 marks | about 7 min]
Use x'=2x+y+1 and y'=-x+y+2. (a) Write the 3 × 3 homogeneous affine matrix. (b) Transform triangle vertices A=(0,0), B=(2,0), C=(0,1). (c) Transform the direction vectors AB and AC and verify the results from the transformed points.

Work / answer: ________________________________________________________________
25. Recover a simple affine map  [8 marks | about 8 min]
An affine map has x'=ax+by+tx and y'=cx+dy+ty. It maps (0,0)→(1,2), (1,0)→(3,1), and (0,1)→(2,4). Solve for a,b,c,d,tx,ty and write the homogeneous matrix.

Work / answer: ________________________________________________________________
26. Perspective transform and homogeneous division  [6 marks | about 6 min]
Given H=[[2,0,0],[0,2,0],[0.5,0,1]], transform P=(2,1). Show the homogeneous result before division and the Cartesian result. Then transform Q=(0,1).

Work / answer: ________________________________________________________________
27. Pinhole projection  [6 marks | about 6 min]
Using x=fX/Z and y=fY/Z with f=2, project P1=(10,6,4) and P2=(25,15,10). Why do they map to the same image point?

Work / answer: ________________________________________________________________
28. Projection matrix with camera intrinsics  [7 marks | about 7 min]
Let f=800, cx=320, cy=240 and P=[[800,0,320,0],[0,800,240,0],[0,0,1,0]]. Project Xh=(1.5,0.5,5,1)ᵀ. Report the homogeneous image vector and the final pixel coordinate.

Work / answer: ________________________________________________________________
29. Depth and magnification  [6 marks | about 6 min]
A front-facing square has world width 2 units. With focal length f=800 pixels, calculate its projected width when Z=4 and when Z=8. Find the width ratio and state the depth rule.

Work / answer: ________________________________________________________________
30. Extrinsic translation before projection  [7 marks | about 7 min]
A world point is Xw=(1,2,3)ᵀ. The camera has R=I and t=(0,0,2)ᵀ, so Xc=RXw+t. With f=100, cx=50, cy=40, compute Xc and the pixel coordinate. Then repeat for t=(0,0,7)ᵀ.

Work / answer: ________________________________________________________________
Section E. LN5: Point Operations, Filtering, and Edges
31. Brightness, contrast, and clipping on a 4 x 4 image  [6 marks | about 6 min]
For the uint8 image I below, calculate J=clip(1.5I+20,0,255). Round only if needed. Identify every pixel that clips to 255.

I =

Work / answer: ________________________________________________________________
32. Histogram and threshold on a 5 x 5 image  [7 marks | about 7 min]
For image I below, (a) count the frequencies of intensities 0, 50, 100, 150, and 200; (b) form B using B=1 when I≥100; and (c) state the percentage of foreground pixels.

I =

Work / answer: ________________________________________________________________
33. RGB to grayscale point operation  [6 marks | about 6 min]
Use Y=0.30R+0.59G+0.11B and round to the nearest integer. Convert the four pixels R=(200,0,0), G=(0,200,0), B=(0,0,200), and W=(100,100,100). Which primary appears brightest and why?

Work / answer: ________________________________________________________________
34. 3 x 3 mean filter on a 4 x 4 image  [8 marks | about 8 min]
Apply the 3 × 3 averaging kernel K=(1/9)ones(3,3) to I using valid cross-correlation. Compute the complete 2 × 2 output.

I =

Work / answer: ________________________________________________________________
35. Boundary handling on a 4 x 4 image  [7 marks | about 7 min]
For the image below and a 3 × 3 mean filter, calculate only the top-left output using (a) zero padding and (b) edge-replication padding. Show each 3 × 3 padded neighborhood.

I =

Work / answer: ________________________________________________________________
36. Cross-correlation versus convolution  [8 marks | about 8 min]
The 5 × 5 image has a single impulse of value 1 at its center. The 3 × 3 kernel is K below. Using same-size zero padding, write the nonzero 3 × 3 block centered at the impulse for (a) cross-correlation and (b) convolution. Explain the relationship.

K =

Work / answer: ________________________________________________________________
37. Gaussian separability and computational cost  [8 marks | about 8 min]
Let g=(1/4)[1,2,1]ᵀ and K=g gᵀ. (a) Write K. (b) A 5 × 5 image contains one unit impulse at the center. What 3 × 3 values appear around the center after filtering? (c) Compare multiplications per interior pixel for direct 3 × 3 filtering and two separable 1D passes.

Work / answer: ________________________________________________________________
38. Median filtering and nonlinearity  [8 marks | about 8 min]
In the 5 × 5 image below, compute the 3 × 3 median-filter output at the center pixel. Compare it with the 3 × 3 mean. Then use A=[1,1,1;1,1,2;2,2,2] and B=[0,0,0;0,1,0;0,0,0] to test whether median(A+B)=median(A)+median(B).



Work / answer: ________________________________________________________________
39. Impulse response and 2D linearity  [8 marks | about 8 min]
A zero-padded correlation system uses K=(1/4)[[1,0,0],[0,2,0],[0,0,1]]. Let I1 and I2 be 4 × 4 zero images with I1[2,2]=1 and I2[3,3]=1, using one-based indices. Without calculating every output twice, describe the nonzero responses to I1 and I2 and prove H(2I1-I2)=2H(I1)-H(I2).

Work / answer: ________________________________________________________________
40. Horizontal and vertical derivatives  [9 marks | about 9 min]
For the 6 × 6 image below, use Dx=[-1,0,1] and Dy=Dxᵀ with valid cross-correlation. Calculate (a) Dx at output location whose 3-pixel row is [10,10,50], (b) Dy where the 3-pixel column is [10,10,30], and (c) gradient magnitude √(Dx²+Dy²) where both transitions occur. If an edge is declared when magnitude≥45, is it an edge? State the edge orientation indicated by each derivative.

I =

Work / answer: ________________________________________________________________
41. Mean filter with three padding modes  [9 marks | about 9 min]
Apply the 3 × 3 mean kernel K=(1/9)ones(3,3) using same-size cross-correlation. Compute the output at the top-left pixel for each padding mode: (a) zero padding, (b) symmetric padding that mirrors and repeats the edge pixel, and (c) circular padding that wraps to the opposite edge. Show each padded 3 × 3 neighborhood. Then calculate the output at the interior pixel (row 2, column 2) and explain why padding does not change it.

I =

Work / answer: ________________________________________________________________
42. Gaussian filter with three padding modes  [9 marks | about 9 min]
Use the same 4 × 4 image and padding definitions from Problem 41. Apply the Gaussian kernel K=(1/16)[[1,2,1],[2,4,2],[1,2,1]] using same-size cross-correlation. Compute the top-left output for zero, symmetric, and circular padding. Also compute the output at row 2, column 2. Compare the corner results with the mean-filter results from Problem 41.
I =


Work / answer: ________________________________________________________________
43. Derivative filter with three padding modes  [9 marks | about 9 min]
Use the same 4 × 4 image and padding definitions from Problem 41. Apply the horizontal derivative kernel Kx=[[0,0,0],[-1,0,1],[0,0,0]] using same-size cross-correlation. Compute the top-left output for zero, symmetric, and circular padding. Then compute the output at row 2, column 2. Explain the sign of each corner response and why the interior result is identical.
I =


Work / answer: ________________________________________________________________


Instructor Worked Solutions
The calculations below show the intended method and result. Award method marks when a student demonstrates the correct process but makes a minor arithmetic error.
Section A Solutions
1. From pixels to a vision decision (4 marks)
One valid pipeline is: input = RGB video frame; preprocessing = resize and brightness correction; main algorithm = car detection; postprocessing = remove duplicate boxes and associate detections with the gate line; decision = increment the count when a tracked car crosses the line. The main tasks are object detection plus tracking/counting. Equivalent sensible pipelines earn full credit.
2. Image statistics and thresholding (5 marks)

Minimum = 10; maximum = 120. The sum is 1620, so mean = 1620/25 = 64.8. Row 3 mean = (15+25+40+80+85)/5 = 49. The binary image is:

3. Bits, levels, and storage (4 marks)

Pixels = 640x480 = 307,200. Grayscale storage = 307,200x1 = 307,200 bytes. RGB storage = 307,200x3 = 921,600 bytes = 921,600/1,048,576 = 0.879 MiB (approximately 0.88 MiB). One 8-bit channel has 2^8 = 256 levels, numbered 0 to 255.
4. Choose the required output (4 marks)
Classification: one or more image-level labels such as 'road scene/cars.' Localization: a class label and one bounding box for the selected car. Detection: three car labels with three bounding boxes (and usually confidence scores). Semantic segmentation: a class label at every pixel, such as car/road/background. Tracking: a position or box in each frame together with a persistent ID for each car.
Section B Solutions
5. Vector magnitude, distance, and direction (5 marks)

||a||_2=√(3²+4²)=5. q-p=(6,8), so distance=√(6²+8²)=10. a dot b=3(6)+4(8)=50. ||b||=10, so cos(theta)=50/(5x10)=1 and theta=0 degrees. The vectors point in the same direction.
6. Dot product using cosine (5 marks)

Component method: p1 dot p2=2(1)+2(1)=4. The vectors have the same direction, so theta=0 degrees and cos(theta)=1. ||p1||=√(8)=2√(2), ||p2||=√(2). Thus ||p1||||p2||cos(theta)=(2√(2))(√(2))(1)=4.
7. Orthogonality and projection (6 marks)

a dot c=3(-4)+4(3)=0, so the nonzero vectors are perpendicular. proj_a(c)=[(c dot a)/(a dot a)]a=0a=(0,0). Parallelogram area=|3(3)-4(-4)|=|9+16|=25.
8. Three-dimensional cross product (6 marks)

u × v=(u2v3-u3v2, u3v1-u1v3, u1v2-u2v1)=(2,-1,-4). Check: u dot (u × v)=2-2+0=0 and v dot (u × v)=4+0-4=0. Area=||(2,-1,-4)||=√(4+1+16)=√(21).
9. Matrix dimensions and multiplication (6 marks)

A is 2x3 and B is 3x2, so AB is 2x2 and BA is 3x3.


10. Determinant, inverse, and a linear system (7 marks)

det(A)=2(1)-1(1)=1, so A is invertible. A⁻¹=[[1,-1],[-1,2]]. Then x=A⁻¹b=(7-4, -7+8)ᵀ=(3,1)ᵀ. Check: A(3,1)ᵀ=(7,4)ᵀ.
11. Symmetric and skew-symmetric parts (6 marks)

Mᵀ=[[2,-2],[4,6]]. Therefore S=[[2,1],[1,6]] and K=[[0,3],[-3,0]]. Adding gives [[2,4],[-2,6]]=M. Also Sᵀ=S and Kᵀ=-K.
12. Images as arrays (5 marks)

Pixels=4x5=20. Scalar channel values=4x5x3=60. uint8 uses one byte per value, so storage=60 bytes. Grayscale shape=(4,5). Transposing height and width gives shape=(5,4,3).
Section C Solutions
13. Point cross point gives a line (6 marks)

P1=(1,1,1)ᵀ and P2=(1,3,1)ᵀ. P1 × P2=(-2,0,2)ᵀ, which may be scaled to l=(1,0,-1)ᵀ. Thus x-1=0, or x=1. l dot P1=1+0-1=0 and l dot P2=1+0-1=0.
14. Line through two diagonal points (6 marks)

P1=(1,1,1), P2=(2,2,1). Their cross product is (-1,1,0), equivalent to (1,-1,0). The line is x-y=0, or y=x. Dot products are (-1)(1)+1(1)+0=0 and (-1)(2)+1(2)+0=0.
15. Line-point incidence test (5 marks)

l dot P=1(2)-1(2)+0=0, so P lies on the line. l dot Q=1(2)-1(3)+0=-1, so Q is not on the line. The negative sign places Q on one oriented side of the line; changing the scale/sign of l reverses the side labels, so only zero is scale-independent incidence.
16. Line cross line gives the intersection (6 marks)

l1 × l2=(4,4,2), which normalizes to p=(2,2,1). Checks: l1 dot p=2-2=0 and l2 dot p=2+2-4=0. Therefore the Cartesian intersection is (2,2).
17. Parallel lines and a point at infinity (7 marks)

l1 × l2=(-2,-2,0), equivalent to (1,1,0). Because w=0, it cannot be normalized to a finite Cartesian point. It is a point at infinity representing direction (1,1), the common direction of the parallel lines.
18. Equivalent homogeneous points (5 marks)

A normalizes to (2,3,1). B also normalizes to (2,3,1), so A and B represent the same Cartesian point (2,3). C has w=0 and cannot be normalized to a finite point; it represents a direction/point at infinity proportional to (2,3).
19. Why the cross product works (6 marks)
In R^3, l=P1 × P2 is perpendicular to both P1 and P2, so l dot P1=0 and l dot P2=0. In the homogeneous 2D model, a line l=(a,b,c) is defined by l dot (x,y,w)=0. Therefore both point-vectors satisfy the line equation. The three components are coordinates in projective representation; the line is not literally a drawn 3D line. Its vector is the normal of the plane ax+by+cw=0 through the 3D origin.
20. Planes behind homogeneous line vectors (7 marks)

The intersection direction is l1 × l2=(4,4,2), equivalent to d=(2,2,1). The planes pass through the 3D origin, so their intersection is lambda(2,2,1). Two points are (0,0,0) and (2,2,1), or any two scalar multiples. Intersecting this 3D line with W=1 forces lambda=1 and gives (X,Y,W)=(2,2,1), representing the Cartesian point (2,2).
Section D Solutions
21. Scaling and rotation (5 marks)

S=[[2,0],[0,3]], so SP=(4,9). R90=[[0,-1],[1,0]], so R90Q=(0,1).
22. Homogeneous translation (5 marks)

T=[[1,0,5],[0,1,-1],[0,0,1]]. T(2,3,1)ᵀ=(7,2,1)ᵀ. For every 2x2 matrix A, A(0,0)ᵀ=(0,0)ᵀ, so it cannot send the origin to a nonzero translation. The added homogeneous coordinate makes translation a matrix operation.
23. Transformation order (7 marks)

SP=(2,2,1), then TSP=(5,2,1). TP=(4,1,1), then STP=(8,2,1). The rightmost transform acts first. Scaling after translation also scales the translation displacement, whereas translating after scaling does not. Matrix multiplication is generally not commutative.
24. Affine transformation of a triangle (7 marks)

H=[[2,1,1],[-1,1,2],[0,0,1]]. A'=(1,2), B'=(5,0), C'=(2,3). AB=(2,0) maps by the linear part to (4,-2), and B'-A'=(4,-2). AC=(0,1) maps to (1,1), and C'-A'=(1,1).
25. Recover a simple affine map (8 marks)

From (0,0), tx=1 and ty=2. From (1,0), a+1=3 so a=2; c+2=1 so c=-1. From (0,1), b+1=2 so b=1; d+2=4 so d=2. Thus H=[[2,1,1],[-1,2,2],[0,0,1]].
26. Perspective transform and homogeneous division (6 marks)

For P_h=(2,1,1), HP_h=(4,2,2), so P'=(4/2,2/2)=(2,1). For Q_h=(0,1,1), HQ_h=(0,2,1), so Q'=(0,2). The nonconstant third coordinate causes the perspective division.
27. Pinhole projection (6 marks)

P1 projects to (2x10/4, 2x6/4)=(5,3). P2 projects to (2x25/10, 2x15/10)=(5,3). Their coordinate ratios X/Z and Y/Z are equal, so they lie on the same viewing ray from the camera center. Perspective projection loses depth along that ray.
28. Projection matrix with camera intrinsics (7 marks)

x_h=P X_h=(800(1.5)+320(5), 800(0.5)+240(5), 5)=(2800,1600,5). Divide by the third coordinate: (u,v)=(560,320) pixels.
29. Depth and magnification (6 marks)

Projected width=f(physical width)/Z. At Z=4: 800(2)/4=400 pixels. At Z=8: 800(2)/8=200 pixels. The ratio near:far is 2:1. For fixed focal length and object size, projected size is inversely proportional to depth.
30. Extrinsic translation before projection (7 marks)

First Xc=(1,2,5). Pixel u=100(1/5)+50=70; v=100(2/5)+40=80, so (70,80). With t=(0,0,7), Xc=(1,2,10), u=60 and v=60. Increasing camera-coordinate depth moves the projection toward the principal point and reduces magnification.
Section E Solutions
31. Brightness, contrast, and clipping on a 4 x 4 image (6 marks)

Apply 1.5I+20 independently to each pixel, then clip values above 255.
J =

Clipped input locations have values 160, 180, 200, 190, and 255.
32. Histogram and threshold on a 5 x 5 image (7 marks)

Row-by-row counting gives h(0)=3, h(50)=7, h(100)=9, h(150)=5, and h(200)=1; the counts sum to 25. Foreground count=9+5+1=15, so percentage=15/25=60%.
B =

33. RGB to grayscale point operation (6 marks)

Red pixel: Y=60. Green pixel: Y=118. Blue pixel: Y=22. Gray/white pixel: Y=100. Green appears brightest because its coefficient 0.59 is largest, reflecting human luminance sensitivity. This is point processing because each output uses only the corresponding input pixel.
34. 3 x 3 mean filter on a 4 x 4 image (8 marks)

Each valid output is the sum of one 3x3 patch divided by 9. Patch sums are 54, 63, 90, and 99.

35. Boundary handling on a 4 x 4 image (7 marks)

With zero padding, the neighborhood is [[0,0,0],[0,10,20],[0,15,25]]. Sum=70, so output=70/9=7.78. With edge replication, the neighborhood is [[10,10,20],[10,10,20],[15,15,25]]. Sum=135, so output=15. Different boundary rules change only outputs whose neighborhoods extend beyond the image.
36. Cross-correlation versus convolution (8 marks)

For the usual correlation definition Y[r,c]=sum K[i,j]I[r+i-p,c+j-p], an impulse produces the 180-degree rotated kernel around the impulse. Thus the correlation block is [[0,0,0],[0,0,0],[3,2,1]]. Convolution flips K before sliding, so its impulse response is K itself: [[1,2,3],[0,0,0],[0,0,0]]. The two differ because K is asymmetric. A consistent alternative indexing convention may swap these labels; full credit requires a correct stated convention and the 180-degree relationship.
37. Gaussian separability and computational cost (8 marks)

K=(1/16)[[1,2,1],[2,4,2],[1,2,1]]. The impulse response is this symmetric kernel centered at the impulse. Direct filtering uses 9 multiplications per pixel. Two length-3 passes use 3+3=6 multiplications per pixel, a reduction of 3 multiplications or 33.3% for this kernel.
38. Median filtering and nonlinearity (8 marks)

The center 3x3 values are 11,9,10,10,255,10,9,11,10. Sorted: 9,9,10,10,10,10,11,11,255, so median=10. Mean=335/9=37.22, showing the outlier's effect. median(A)=1, median(B)=0, so the right side is 1. A+B has values [1,1,1;1,2,2;2,2,2], whose median is 2. Since 2 ≠ 1, median filtering is nonlinear.
39. Impulse response and 2D linearity (8 marks)

The response to an impulse is a shifted copy of the system's impulse response; with the correlation convention in Problem 36 it is the rotated kernel, which equals K here because the main-diagonal pattern is unchanged by 180-degree rotation. H(I1) places weights 1/4, 1/2, 1/4 at positions (1,1),(2,2),(3,3). H(I2) would place them at (2,2),(3,3),(4,4). Therefore the combined nonzero values are (1,1):1/2; (2,2):1-1/4=3/4; (3,3):1/2-1/2=0; (4,4):-1/4. Direct distribution of correlation over addition and scalar multiplication gives H(2I1-I2)=2H(I1)-H(I2), so the system is linear. The shifted impulse response also demonstrates shift invariance away from a change in boundary conditions.
40. Horizontal and vertical derivatives (9 marks)

Dx=-1(10)+0(10)+1(50)=40. Dy=-1(10)+0(10)+1(30)=20. At the crossing, magnitude=√(40²+20²)=√(2000)=44.72, so it is not an edge under a ≥45 threshold (although it is very close). Dx responds to intensity change along × and therefore detects a vertical boundary. Dy responds to change along y and detects a horizontal boundary.
41. Mean filter with three padding modes (9 marks)

At the top-left pixel, the zero-padded neighborhood is [[0,0,0],[0,10,20],[0,50,60]]. Its sum is 140, so y_zero=140/9=15.56. The symmetric neighborhood is [[10,10,20],[10,10,20],[50,50,60]]. Its sum is 240, so y_symmetric=240/9=26.67. The circular neighborhood is [[160,130,140],[40,10,20],[80,50,60]]. Its sum is 690, so y_circular=690/9=76.67. At row 2, column 2, every mode uses [[10,20,30],[50,60,70],[90,100,110]], whose mean is 540/9=60. Padding changes only neighborhoods that extend outside the image.
42. Gaussian filter with three padding modes (9 marks)

Using the three corner neighborhoods from Problem 41: zero padding gives weighted sum 240, so y_zero=240/16=15. The symmetric weighted sum is 360, so y_symmetric=360/16=22.5. The circular weighted sum is 960, so y_circular=960/16=60. At row 2, column 2, the weighted sum is 960, giving 60 for every padding mode. Compared with the mean filter, the Gaussian gives more weight to the nearby center and less to distant corner samples, so its boundary outputs differ from the mean-filter outputs even under the same padding rule.
43. Derivative filter with three padding modes (9 marks)

At the top-left pixel, zero padding uses middle row [0,10,20], so y_zero=-0+20=20. Symmetric padding uses [10,10,20], so y_symmetric=-10+20=10. Circular padding uses [40,10,20], so y_circular=-40+20=-20. At row 2, column 2, the middle row of the neighborhood is [50,60,70], so every mode gives -50+70=20. Positive values indicate increasing intensity from left to right under this kernel convention; the negative circular result occurs because the wrapped left neighbor is 40 while the right neighbor is 20. Padding has no effect at the interior location because its complete neighborhood already lies inside the image.
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