AT70.20: Applied Machine Vision, Midterm Exam

Thu Jun 24, 2018

Name: 

Student ID:

Guidelines:

· READ EACH QUESTION CAREFULLY.
· This is exam is 2.5 hours.
· Fill in your name and student ID above.
· Fill in each question with your answer below. Images should be inserted inline into the document.
· When you are finished, export this document as a PDF file with filename ID-midterm.pdf, e.g., 104259-midterm.pdf if your student ID is 104259. Please take care to name your file properly.
· Be sure to check that your PDF displays correctly in Adobe Reader or evince.
· At the end of the exam, copy your PDF file to the proctor's memory stick.
· After you have copied your PDF to the proctor's memory stick, email the PDF file to mdailey@ait.asia  and note that the emailed copy is just a backup.  It is your responsibility to ensure that your file is properly copied to the proctor's memory stick.
· While working on the exam, you may use any resources available in your books, personal notes, and on the Internet, but you MAY NOT INTERACT WITH LIVE HUMAN BEINGS.  You cannot send email to anyone (except for the instructor, AFTER you have finished the exam), receive email from anyone, chat with anyone, or do instant messaging with anyone.  Be sure to TURN OFF your mobile phone and any instant messaging, chat, and email clients BEFORE THE EXAM STARTS. Anyone caught violating these procedures by the proctors will be dealt with severely, including an F for the course, a letter in your file, and a letter to the Dean.
· Use your time wisely.  Note that I give partial credit, so you should be sure to attempt every question, even if your solution is not quite perfect.
· Relax, enjoy the exam, use your brain, and good luck!
Question 1 (10 points)

Suppose you have a perfect pinhole camera with projection matrix

P = [
993.52

120.83

-218.89
-2800


13.543 
23.457

-861.20
6400.0


0.46985
0.81380
-0.34202
-5.0
].

What is the camera center in the world coordinate system? If the plane z=0 in the world coordinate system is the ground, how high is the camera off the ground?
Question 2 (10 points)

For the camera described in Question 1, what is the camera matrix K, rotation matrix R, and translation vector t?

Hint: you might find the code at https://www.cs.ait.ac.th/~mdailey/class/vision/rq.m useful, but you may have to manipulate your answer to ensure that R is a right-handed rotation and that the elements of K are correct.
Question 3 (10 points)

For the camera described in Question 1, what is the world-coordinate orientation of the camera’s principal ray (the Z axis in the camera coordinate system)? Give a 3-element vector.

Question 4 (10 points)

For the camera described in Question 1, what is the world-coordinate intersection of the camera’s principal ray with the ground plane z=0?

Question 5 (10 points)

If the camera described in Question 1 has a 1280x640 image sensor, what are its horizontal and vertical fields of view, in degrees?

Question 6 (10 points)

Suppose you are given two pictures of your Mercedes :-) taken with the same camera (meaning K is the same for both pictures and the same as you found in Question 2, but you don’t know the relative rotation and translation).

You manually find that the center of the front left wheel, the center of the rear left wheel, the left side mirror, the right front turn signal, and the center of the Mercedes symbol on the front grill to project to the points

x0 = [
720.00

1021.30
838.69

576.49

646.24


240.00

258.46

101.82

209.88

177.66 ]

in the first image, and the points

x1 = [ 704.00

1008.99
824.15

565.47

633.30


240.00

258.46

101.82

209.88

177.66 ]

in the second image.

From these correspondences, find the essential matrix relating the two images.

Question 7 (10 points)

Factor the essential matrix obtained in Question 6 to to obtain P0 and P1, assuming a baseline of 1.

Question 8 (10 points)

Using the P0 and P1 obtained in Question 7, the camera matrix from Question 2, and the 2D points from Question 6, triangulate to obtain the 3D positions of the 5 points.

Question 9 (10 points)

Inspect the 3D reconstruction you obtained in Question 8. Does the distance between the front and rear wheen centers make sense? Briefly explain why the scale is not correct.

Question 10 (10 points)

Scale the 3D points and the camera baseline so that the distance between the front left and rear left wheels (the first two columns of x0 and x1) is 3 meters. Give the scaled 3D points, the actual length of the baseline, and the distance of the front left wheel to the first camera.

