Page 1

IAP, 2000

CBCL+AI MIT

Center for Biological and Computational Learning + AI Lab

Learning:

Theory, Engineering Applications and Brains

IAP, 2000

CBCL+AI MIT

Multidisciplinary Approach to Learning

Classification and search in images, video, bioinformatics, time series, text, sound,..

IAP, 2000

CBCL+AI MIT

Plan

�Theory: Statistical Learning Theory,

Regularization Networks and SVMs

�Applications:Datamining applications

Graphics: Face synthesis, TTVS

Vision: object detection, face estimation

Bioinformatics: DNA arrays

Neuroscience: IT model,

action recognition, circuits^{IAP, 2000}

CBCL+AI MIT

Learning from Examples f EXAMPLES

INPUT1 OUTPUT1

INPUT2 OUTPUT2

...........

INPUTn OUTPUTn

INPUT OUTPUT

IAP, 2000

CBCL+AI MIT

Supervised Learning as

Multivariate Function Approximation y x = data from f

= approximation of f = function f

Generalization: estimating value of function where there are no data

Regression: function is real valued

Classification: function is binary

General Statistical interpretation...

IAP, 2000

CBCL+AI MIT

Learning from examples needs prior constraints= regularization=capacity control

Generalization problem is ill-posed:

Generalization requires a priori assumption/capacity control such as smoothness

Page 2

IAP, 2000

CBCL+AI MIT

�Classical� example: Regularization Networks

� The function f that minimizes

has the form

where K is the basis function associated with the RKHS norm (the regularizer term)

f x( ) = c^ii=1

N∑ G x − x_i( )+ p x( )

IAP, 2000

CBCL+AI MIT

IAP, 2000

CBCL+AI MIT

The three techniques admit the same solution

(� modulo an additive p(x) term)

IAP, 2000

CBCL+AI MIT

Equivalence to Networks

can be �written� as a network� .

K K + C1 Cn CN X1 X X Y

f K Example 1: Gaussian Radial Basis Functions with K a Gaussian

Example 2: Linear case with K(x,y) = x yxo IAP, 2000

CBCL+AI MIT

Support Vectors are Sparse!

Some of the support vectors found by SVM training with thousands of face and non-face examples

Page 3

IAP, 2000

CBCL+AI MIT

Learning to do computer

graphics

�Learning to draw cartoons from an artist �Learning to synthesize a specific face �Making a talking face (TTVS)_{IAP, 2000}^{CBCL+AI MIT}

Image Analysis

IMAGE ANALYSIS: OBJECT RECOGNITION AND POSE ESTIMATION ⇒ Bear (0� view)

⇒ Bear (45� view)

IAP, 2000

CBCL+AI MIT

2D Input Image

3D Reconstruction

New Views

Vetter & Blanz ECCV�98

� Input: Text

� Output:

photorealistic talking face uttering text

IAP, 2000

CBCL+AI MIT

Image Analysis

IMAGE ANALYSIS: OBJECT RECOGNITION AND POSE

ESTIMATION

⇒ Bear (0� view)

⇒ Bear (45� view)

IAP, 2000

CBCL+AI MIT

An example of vision: Face analysis system (V. Kumar)

Face Detection Localization of

Facial Features Analysis of

Facial parts

Page 5

IAP, 2000

CBCL+AI MIT

Learning Object Detection:

Finding Frontal Faces ...

Training Database 1000+ Real, 3000+ VIRTUAL 50,0000+ Non-Face Pattern

Sung, Poggio 1995

IAP, 2000

CBCL+AI MIT

A trainable system for object detection

Video 2: K.K. Sung

IAP, 2000

CBCL+AI MIT

System Architecture (K.K. Sung, C.

Papageorgiou + A. Mohan)

Data Base

QP Solver

TRAINING Preprocessing with overcomplete dictionary of Haar wavelets

SVM Classifier

Scanning in x,y and scale

IAP, 2000

CBCL+AI MIT

Combining component classifier, i.e. �boosting� for pedestrian detection

Page 6

IAP, 2000

CBCL+AI MIT

BIOINFORMATICS

VIEW ANGLE

Σ Poggio, Edelman

Nature, 1990.

A graphical rewriting of mathematics of regularization (GRBF), a learning technique

IAP, 2000

CBCL+AI MIT

Recording Sites in Anterior IT

VIEW ANGLE VIEW-

TUNED

UNITS

IAP, 2000 CBCL+AI MIT

The Cortex: Neurons Tuned to Object Views