
User Interface Engineering: Homework 1
Camera Calibration and Preprocessing

Instructor: Otmar Hilliges
TA’s: Tobias Nageli, Liu Zhiyong, and Karthik Sheshadri

Due Date:30/10/2013

September 23, 2013

1 Instructions
• For this homework, you should submit your completed work by placing all your

files in a zipped directory and emailing it to karthik.sheshadri@inf.ethz.ch. Do
not include the handout materials in your submission.

• All questions marked with a Q require a submission. For the implementation
part of the homework please stick to the function headers described.

2 Camera Calibration (60 pts)
In class we learnt that the distance behind a lens at which a focused image is formed
depends on the focal length of the camera. Further, most lenses have noticable radial
distortion, which manifests as a curvature in the projection of straight lines. In this
question, we will implement camera calibration in order to estimate these parameters
(and the pose of the camera), and correct the distortion.

2.1 Camera Intrinsics
Q 2.1 Calibrate your camera, and estimate the intrinsic parameter matrix K. In your
submission, describe your approach to this problem. Also include your completed
code. (40 pts)

2.2 Undistortion
Q 2.2 Estimate your camera’s undistortion coefficients. (10 pts)

Q2.3 Record a video of your undistorted images and include it in your submission.
(10 pts)
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Figure 1: A checkerboard displaying barrel distortion (left) and the undistorted image
(right)

3 Image Preprocessing (40 pts)
Q 2.3 Examine the file test1.mov. This file illustrates the raw images obtained from an
FTIR based multi-touch table. As you can see, the illumination from the LED’s on the
border of the image feature prominently in the raw video. We need to crop out these
borders before using the FTIR images. Use OpenCV functions to remove the borders
of the image. Record a video of your cropped images. (10 pts)

Q 2.4 In order to make progress building our multi-touch table, we must decide
whether each pixel corresponds to a finger tip or not. Threshold your cropped video
into a sequence of binary images to make the pixel wise classification easier. Show off
your converted binary images in a video. (10 pts)

Q 2.5 You will notice that although the binarisation removed many stary pixels, some
salt and pepper noise remains. Use a morphological transformation of your choice to
remove the salt and pepper noise, and record a video that only shows the tips of the
fingers. Your video should look something like test1 result.mov (20 pts)
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