
ECE 661: Homework 7

November 1, 2012

Due: November 15 (Thursday), 2012, before class

Problem:

This homework requires you to implement the well-known Zhengyou Zhang's

camera calibration procedure. Although the details of the algorithm will be

covered in class, for a complete description of the algorithm please download

Zhang's technical report from http://web.ics.purdue.edu/~kim497/ece661/

homework/Zhang_techincal_report.pdf.

Full camera calibration requires that you �nd all �ve of its intrinsic param-

eters when the camera is thought of as a pinhole imager and its six extrinsic

parameters that describe its pose with respect to a world reference. Towards

that end, download the calibration pattern from http://web.ics.purdue.edu/

~kim497/ece661/homework/ECE661_2012_hw7_calibrationPattern.pdf, print

a copy of the pattern, and a�x it to a wall for the purpose of calibrating your

camera. Subsequently, you must acquire images of this pattern in the following

manner:

1. Place the camera at a marked location on a table or a tripod and record

an image of the calibration pattern. The extrinsic pose parameters you

will calculate will be for this location of the camera. You have to clearly

show the location that you marked in this manner in your report.

2. Now move the camera and turn it so that is assumes di�erent positions and

orientations vis-a-vis the calibration pattern. Note that the calibration

pattern remains �xed at the same location on the wall. As you move the

camera, you'll obviously need to turn it so that it can view the calibration

pattern from the di�erent positions. Record an image of the calibration

pattern for each position/orientation of the camera. You will need at least

20 images for accurate calibration.
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From the standpoint of the vision processing required, you would need to

establish correspondences between the points in each image and the physical

points on the pattern in the world frame. Note that the supplied calibration

pattern consists of black squares against a white background. For calibration,

we will use the corners of these squares. The world coordinates of a corner on

the pattern itself can be obtained by selecting one corner of the pattern to be

the origin and then using a ruler to measure the spacing to the other corners as

done in Homework2.

The processing as described above requires that you �rst isolate the corners

in the images. Use the following steps to extract the corners in each image:

1. Apply the Canny edge detector to the image.

2. Use the Hough transform to �t straight lines to the Canny edges.

3. De�ne the corners as the intersections of the �tted straight lines.

4. Some spurious edges caused by image noise may result in false corners in

the vicinity of the true corners. If that becomes a problem, you may also

use the Harris corner detector to �nd the true corner locations.

For these steps, you can use the built-in function cvCanny and cvHoughLines2

from openCV library to �nd the edges and for straight line �tting.

While you must apply the calibration code you write to the images of the

calibration pattern that you will record yourself, you are also required to apply

your algorithm to the set of images at http://web.ics.purdue.edu/~kim497/

ece661/homework/ECE661_2012_hw7_images.zip. Your homework submission

must consist of both the results obtained on the images you recorded yourself

with your own camera and the images at the above URL.

Your homework submission must show the extracted corner points from each

image as in Homework2. Assign and display integer labels given to the corner

points; the corresponding corner points in all the images should get the same

integer label. Also provide the intrinsic parameters (the matrix K, which is the

same as the matrixA in Zhang's report) and the extrinsic parameters (Ri, ti) for

each captured image by applying the nonlinear least-squares solver (Levenberg-

Marquardt method) that you used in Homework6. This is discussed in Section

3.2 of Zhang's report.

For extra credit, estimate the radial distortion parameters in your calibration

as described in Section 3.3 of the report.
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Finally, demonstrate the accuracy of the estimated calibration parameters

by re-projecting the corner points extracted from the images of the calibration

pattern into the image plane for one or more views. By visually comparing the

locations of the projected corner points with respect to their actual placements,

one can ascertain the accuracy of a calibration procedure.

Submission of Your Work:

You should turn in your homework solution report as a PDF �le through the

blackboard. The report should include

1. A brief outline of the calibration procedure including any relevant equa-

tions.

2. One or more examples of each step to extract the labeled corner points.

3. The intrinsic parameters of the camera and the extrinsic parameters for at

least one position/orientation of the camera. Also, if you did the option

part, the radial distortion parameter for the camera lens.

4. The projected image of the corner points back into the images for the

assessment of your calibration accuracy.

5. Your source code along with comments.

You are permitted to look at sample solutions from previous semesters. How-

ever, the work you turn in must be your own!

Notes.

• Clearly describe the steps you have taken to solve the problem in your

own words.

• Your grade depends on the completeness and clarity of your work as well

as the results.
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