Introduction to Computer Vision 

CSE 152, Spring  2004

David Kriegman

Assignment 5

Face Detection and Recognition using Eigenfaces

(Due date: Thursday, June 3, 2004)

The goal of this assignment is to implement the Eigenface method for recognizing faces.  You will be using face images from the Yale Face Database B where there are 10 faces under 64 lighting conditions.  (For more information on the database, see http://cvc.yale.edu/projects/yalefacesB/yalefacesB.html).  You will evaluate the ability of the algorithm to handle lighting conditions of the probe images that differ from those in the training images.  The training and test face images in the database will be preprocessed, to place them in a standard position with the eyes already aligned by an affine transformation.  In addition, you will implement the “distance from face space algorithm for face detection.”

Part A. Recognition with Eigenfaces

You will take 50x50 pixel training images as input, vectorize them into an (2500) dimensional vector, and then perform principal component analysis (PCA) on them and retain the top d principal components.  Note, rather than actually computing the huge covariance matrix, use SVD as described in class.  You will have an 2500 x d matrix (W). The d basis vectors (when converted back to images) are the  Eigenfaces, and you should  show these in your report.
Now take all of your training images, and project them to the Eigenspace.  

Each test image is then projected to the Eigenspace, and classification will be performed by nearest neighbor with the L2 metric in the Eigenspace.  

You will report error rates for d=9 (and also for d=30)

You will evaluate your algorithm on the frontal pose of the ten people in the Yale Face Database B.  We have already cropped and aligned these images for you  (download at http://www.cs.ucsd.edu/classes/sp04/cse152/hw5/faces.zip). For each individual, there are 5 subsets, indexed as below (for more information about these subsets, visit http://cvc.yale.edu/projects/yalefacesB/subsets.html ).

Set 1. personXX_01.png to personXX_07.png.

Set 2. personXX_08.png to personXX_19.png.

Set 3. personXX_20.png to personXX_31.png.

Set 4. personXX_32.png to personXX_45.png.

Set 5. the rest

You should train your Eigenface algorithm (with d=9 and d=30) on all images in subset 1 (7x10 =70 images), evaluate on subsets 1-5, and report the error rates in both a table and plot (error rate as a function of the subset).  For subset 1, you expect perfect recognition when evaluating on the training data.

Matlab hint: reshape, subplot, plot. Use subplot to display multiple images/figures on the same page. You can also save intermediate result (using ‘save’ command) into a file to avoid processing same routine repeatedly.
Part B: Face Detection using distance to face space.

A method for detecting the locations of faces of a fixed size in images can be built by scanning all 50x50 windows and classifying the window as face or non-face.  Here, the classification decision will be based on the distance to the face space (i.e., the distance to the Eigenspace computed in part A).  From part A, you have constructed a 9-D linear subspace represented by a matrix W which has size  2500x9.   For each 50x50 window F  of the input image (test_face.png), convert this to vector f of length 50x50, and make this unit length by computing f’=f/||f||. The projection of f’ onto the face space is y=WTf’, the reconstruction of the face is given y’=Wy, and the distance between the window and the face space is: ||f-y’||.  

For every window in the input image, compute the distance to face space, and show this as an image in your report.  Additionally, find the five smallest local   minima, and these are the five most likely locations of the face.  Draw a rectangle on the input image at these five locations.
What to Hand in

You should hand in:

1. A report with the items described above, any other figures, and comments/issues that you find relevant. Clearly label all figures.

2. Submit your code using turning.

3. The algorithm may run very long, so start early. There will be no exception for turn-in late.

4. Grading will base on the content and readability of your report. 

