
Homework 1 Supplemental Materials 
 

We would like to further clarify the process for homework 1.  

We suggest that you carry out the practical exercises in the “Pervasive Lab” in CNB, D101. Lab PCs have 

all prerequisite software, including OpenCV and camera drivers, installed and the necessary hardware 

for future assignments will be in the lab as well. You are free to use your own machines but in this case 

you will have to install and configure drivers and OpenCV yourself.   

In order to get 24h lab access, you must request electronic building access (the form is available here: 

https://www1.ethz.ch/immobilien/gmis/do_enter). Search for “elektronischer Gebäudezutritt”, fill in 

the form, print the PDF and have Barbara von Allmen, Otmar Hilliges, or Matthias Kovatsch sign it for 

you (all offices on the CNB H floor). You can also drop the form off with any of the TAs. We will then 

deposit the form at the ISG Service desk for you.  

In the meantime, if you need immediate lab access, please ask any of the TA's. We will open the lab for 

you. We are available in CNB H 102.1, or by email. In addition, the TA's have office hours during which 

we will be in the lab. During this time, we will be directly available to help you carry out the homework 

and build the hardware. The office hours are the following. Karthik: Wednesday and Thursday 2-4 pm. 

Liu: Tuesday 1-5pm. Tobi: per email.  

The current exercise sheet can be downloaded from:  

https://ait.ethz.ch/downloads/hw1.pdf.  

Q2 Camera Calibration: 

For this homework you will have to share one camera amongst a group of two (but each student will 

submit his or her deliverables individually). If you are having difficulties in arranging hardware handover, 

we have a few leftover cameras which can be picked up in CNB H102.1. 

A tutorial on how to perform camera calibration in OpenCV is available at: 

http://docs.opencv.org/doc/tutorials/calib3d/camera_calibration/camera_calibration.html. 

The entire source code needed for this question can be downloaded from here: 

https://ait.ethz.ch/downloads/Exercise1_calibration.7z 

The sample application will (if used correctly): 

 Determinate the distortion matrix 

 Determinate the camera matrix 

 Read input images from a Camera 

 Read configuration (including calibration target dimensions) from XML file 

 Save the results into a XML file 
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Q2.1 Camera intrinsics: 

The main aim of Q2.1 is to perform a camera calibration in order to undistort the camera image. In 

particular you will need to use OpenCV to estimate the camera’s intrinsic parameters. The deliverables 

are the Camera Matrix K in a text document. Please include a comment on format and email these to: 

karthik.sheshadri@inf.ethz.ch 

The archive contains a VisualStudio solution, source code and configuration files necessary for 

calibration, alongside printable versions of the calibration target. The code takes a single input 

parameter (the configuration file). The file in_VID5.xml contains a sample configuration and detailed 

comments on its usage.  

Q2.2 Camera distortion:  

Alongside the camera calibration Matrix, the OpenCV calibration procedure estimates image distortion 

parameters. Send your results in alongside the camera Matrix estimated in Q2.1. 

Q2.3 calibration verification: 

In order to complete this assignment you will need to download an additional code package from the 

website: 

https://ait.ethz.ch/downloads/Exercise1_Skeleton.7z 

This skeleton code will be used for the remainder of the exercise sheet.  

Once you have opened the VisualStudio solution you will have to find the method: 

void imageUndistortion(Mat rawImage, Mat& undistortedImage) 
{ 
 … 
} 
 

You will need to write the code to apply the camera calibration coefficients that you estimated in Q2.1 & 
Q2.2  
 
Read the documentation of the “undistort()” function in OpenCV: 
 
http://docs.opencv.org/modules/imgproc/doc/geometric_transformations.html#undistort 
 
The code provided to you will automatically write the resulting image to a video file on disk. While 
debugging you may want to comment Line 106 in main.cpp (outputVideo.write(cleanImage)). 
Once you have successfully undistorted the camera image un-comment line 106 and record a short 
video with the calibration applied. Again send in your results to karthik.sheshadri@inf.ethz.ch. 
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Q3 Image preprocessing: 

The second part of the homework involves simple image processing steps. To switch from live camera 

input to reading a video stream comment line 66 in main.cpp and un-comment line 64. The code should 

look like this: 

 //1 --- open video 
 openCamera(inputVideo, "FTIR1.mp4"); 
 //2 --- or open lifecamera using openCV 
 //openCamera(inputVideo, CV_CAP_ANY); 
 

Q2.3 Image cropping: 

The archive contains a recording of raw FTIR input (FTIR1.mp4). In order to crop away the unwanted 

parts of the image you will need to find the method “sizeCropping()” and fill in the method body. It 

is sufficient to define the dimensions of the crop in this method. The actual cropping happens later. The 

reason for this two-step solution, is that the video writer needs to be initialized with the final (cropped) 

image size.  

The actual image manipulation happens in the method “imagePreprocessing()”. First, crop the 
undistortedImage to the new size. To do this refer to the online documentation of cv::Rect and 
cv::Mat(const Mat& m, const Rect& ROI) and in particular the method copyTo().  
 

Record a short video of your results and email it in. 
 

Q 2.4 Image binarization:  

In preparation of further image analysis the cropped image needs to be converted into a binary image. 

Use the OpenCV function threshold() familiarize yourself with the different parameters and in particular 

the thresholdType parameter. Again record a short video and send in your results. 

Q 2.5 Morphological operations: 

In this last element of the assignment you should use appropriate morphological operations to remove 

salt and pepper noise from your binary video. First, familiarize yourself with the OpenCV functions for 

morphological operations:  

http://docs.opencv.org/doc/tutorials/imgproc/erosion_dilatation/erosion_dilatation.html#morphology-

1 

Second, implement methods for dilation and erosion of the image. Experiment with the parameters and 

order of calls to the implemented methods. Once you have arrived at a satisfactory combination (ideally 

the image will only contain white pixels corresponding to fingertips touching the screen and no 

remaining salt and pepper noise). Record a short video clip. Please also include a zipped archive of your 

final source code (do not include binaries other than the recorded video) and email everything in. 
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