
CMSC426 HW1 
Due: 25 Feb 2016 

1. Histograms (50 points) – [Programming] 

a. (Image filtering) Consider the ̀ Image Filtering Tutorial’ from the course webpage, pick 

up an appropriate image of your choice (with the dimension around 250*250 pixels so 

that the image will be not too large) and apply the Horizontal Frei-Chen filter on its gray 

scale image. The Horizontal Frei-Chen filter is defined as  

  -1, -√2, -1 

   0,   0,   0 

   1, √2,   1.  

Show the output image and describe what the filter does to your image including the 

direction of the effect. (5 points) 

b. Apply an emboss filter to the image. The emboss filter gives a 3D shadow effect to an 

image and is defined as follows, 

    -1, -1,  0, 

    -1,  0,  1, 

     0,  1,  1. 

Show the output image along with the original image in a 1*2 grid using the `subplot’ 

command. (5 points) 

c. (Histogram equalization) Apply histogram equalization to your image. Show the output 

image along with the original image as well as the corresponding histograms in a 2*2 

grid using the `subplot’ command. Also, describe the effect that histogram equalization 

does to your image. 

(Implement your own histogram equalization using the equations from the course 

materials. Don’t use the MATLAB built in function `histeq’ from the tutorial. Plot the 

histograms using the `imhist’ function.) (30 points) 

d. Describe two methods to compare image histograms. Write two functions and compare 

the output histograms from the previous question. The MATLAB operations should be 

vectorized (see ̀ MATLAB Speed Up Tricks’ in the resources section of the course 

webpage). (10 points) 

 

2. Projective Geometry (50 points) – [Pencil and Paper] 

a. (Perspective Projection) Suppose we have a camera with a focal point at the origin (0, 0, 

0) and an image plane of z=1. What is the coordinate of a point (20, 10, 4) in the image 

plane? Then, suppose we have an image plane of z=2 instead. What is the coordinate of 

a point (20, 10, 4) in the image plane?  (5 points) 

b. Suppose a camera has a focal point of (1,0,1) and an image plane of z = 2. Suppose a 

point appears in the image with world coordinates (3,4,2). What are its image 

coordinates? (5 points) 

c. What is not preserved under perspective projection? And what is preserved? (5 points)  

d. What is weak perspective projection? What happens to the parallel lines under this 

transformation? (5 points) 

e. (Vanishing Point) Suppose a floor is represented as an equation y = -2. We have a line on 

the floor which is the intersection of that equation with x = az + b or (a, -2, b) + t(c, 0, d). 

http://www.cs.umd.edu/class/spring2016/cmsc426/matlab/filters/html/filters_tutorial.html
https://ubcmatlabguide.github.io/html/speedup.html


CMSC426 HW1 
Due: 25 Feb 2016 

As a line goes far away to infinity, that is, z -> inf. If (x, -2, z) is a point on this line, it will 

have an image as f(x/z,-2/z). So, what coordinate will the point on the line appear at? (5 

points) 

f. (Image Projection) Consider the cube with points P1, P2, P3, P4, P5, P6, P7, P8 and 3D 

coordinates in the world coordinate system as given in Figure 1. A calibrated camera 

with focal length f =1 whose origin is at (0,0,−3) and which has a rotation of −45 degrees 

around the Y-axis with respect to the world coordinate system takes an image of the 

cube. The image coordinates of the corners of the cube are labeled 

p1,p2,p3,p4,p5,p6,p7,p8. Remember a rotation of angle alpha ̀ α’ around the Y-axis can 

be expressed by the 3X3 rotation matrix R  

(cosα 0 sinα)  

(0       1      0)  

(-sinα 0 cosα). 

i. Derive the projection matrix mapping homogeneous world coordinates to 

homogeneous image coordinates. (5 points) 

ii. Compute the homogeneous and the non-homogenous image coordinates of 

points p5, p6, p7, p8. (5 points) 

iii. Derive the non-homogenous coordinates of the 3 vanishing points 

corresponding to the 3 parallel lines. (5 points) 

iv. Compute the vanishing point of the line P5 P7. (5 points) 

v. How would the camera need to be positioned with respect to the Cube such 

that 2 of the vanishing points are ideal (that is are at infinity)? (5 points) 

 

 

Submit your homework (PDF) and your MATLAB codes in one .rar/.zip/.tar.gz file to 

``cmsc426.sp2016@gmail.com’’. All MATLAB codes should be well-documented and are included 

in your PDF file. 

Grading Policy: There will be six assignments/projects in the class accounting for 60% of 

the grade. There will be a midterm and a final exam each accounting for 20% of the grade. 

Assignments handed in by the deadline will receive a 5% bonus. 


