











18

Erlk B. sudderth

University of California, Berkeley

Erik B. Sudderth is a postdoctoral scholar in the Department of Electrical
Engineering and Computer Science (EECS) at the University of California,
Berkeley. In 2009, he will join the faculty of the Brown University Depart-
ment of Computer Science. His research interests include probabilistic graphi-
cal models; nonparametric Bayesian methods; and applications of statistical
machine learning in image processing, tracking, object recognition, and visual
scene analysis. Sudderth received his bachelor’s degree (summa cum laude) in
electrical engineering from the University of California, San Diego, and his
master’s and PhD in EECS from the Massachusetts Institute of Technology.
His dissertation, which was jointly supervised by William Freeman and Alan
Willsky, received honorable mention for MIT’s George M. Sprowls Award.
Erik has received a US National Defense Science and Engineering Gradu-
ate Fellowship and an Intel Foundation Doctoral Fellowship. Contact him at
sudderth@eecs.berkeley.edu.

Learning Representations
for Visual Scenes

Visual dataprovides an incredibly rich source of information about the world

around us. From a casual glance at a scene, we can recognize and catego-

rize objects, estimate their 3D shape, and even determine the materials compos-

ing them. My computer vision research explores new approaches to automated

scene interpretation, which draw on sta-
tistics and machine learning advances. |
believe that careful analysis of the statis-
tical relationships underlying realistic im-
ages leads to more robust, effective vision
algorithms.

Although we have no trouble recogniz-
ing a new model of automobile or a strang-
er’s face, similarly reliable computer-based
object categorization isn’t currently pos-
sible. This task is particularly challenging
owing to the wide variability within many
categories (consider, for example, the dif-
ferences among dog breeds or chair styles).
Traditional machine learning methods can
be effective given very large, hand-labeled
training sets, but they don’t easily scale to
the thousands of categories found in natu-
ral scenes. My doctoral research adapted
probabilistic graphical models to learn hi-
erarchical representations of object appear-
ance. By designing an integrated model
that transfers knowledge among multiple
object categories, we can build systems

that better generalize from a small set of
labeled training examples.

Although probabilistic models have a
rich history in computer vision, their per-
formance has been limited by the use of
overly simplified, hand-designed carica-
tures of real scenes. To improve robustness,
my colleagues and I have explored meth-
ods for discovering visual relationships
directly from training images. Nonpara-
metric Bayesian statistical methods reduce
sensitivity to prior assumptions by adapting
infinite-dimensional models. When few ob-
servations are available, they favor simple
predictions based on a small, easily esti-
mated set of latent variables. However, their
flexible form leads to data-driven learning
algorithms that capture additional detail in
large, complex data sets. My research has
explored simulation-based Markov chain
Monte Carlo methods, variational meth-
ods with rich connections to optimization
theory, and hybrid learning algorithms that
combine these methods’ best features. One
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continuing goal is to understand when, and
why, such approaches are effective.

Applying these nonparametric Bayesian
methods, I've developed hierarchical gen-
erative models for objects, the parts com-
posing them, and the scenes surrounding
them. These models allow an unknown
set of objects, and their corresponding in-
ternal structure, to be efficiently inferred
from training images. Going forward, such
methods seem ideally suited to leverage
the rapidly increasing availability of large,
partially annotated image and video data-
bases. One ongoing project uses a data set
of manually segmented images to validate
the statistical biases underlying nonpara-
metric prior distributions.

By incorporating knowledge about con-
textual relationships and global scene struc-
ture, hierarchical models blur the boundar-
ies between traditional vision tasks such as
segmentation, tracking, and recognition.
I anticipate future flexible vision systems
that adapt as they observe new images and
that transfer knowledge among tasks as di-
verse as multimedia retrieval, document
analysis, and robotic navigation. By ex-
ploring the complexities of visual scenes,
we might also attain more general insights
into human and artificial intelligence.
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Human Computation

I ’'m working on human computation, a new area of computer science that har-

nesses the combined computational power of humans and computers to solve

problems together that neither can solve alone. Tasks such as image recognition

are easy for humans but still confound even the most sophisticated computational

techniques. Traditional approaches focus
on improving algorithms. In contrast, I'm
pursuing an approach that uses compelling
methods, such as games, to entice people
to participate in collective computations
that solve large-scale open problems.

This approach is exemplified by my col-
laborative ESP Game (Www.espgame.org),
in which people label images on the Web
as a side effect of playing. The ESP Game
presents Web images to randomly matched
pairs of players, who type possible one-
word descriptions. When two partners type
the same word, that word becomes a label
for the image. Through various techniques,
the game ensures that the labels are mean-
ingful and extremely accurate, even if the
players don’t want them to be. The ESP
Game has collected more than 50 million
labels. These labels can improve Web im-
age search, increase Web site accessibility
for visually impaired individuals, and help
‘Web browsers block pornography.

My students and I are developing addi-
tional games to address other important open
problems in Al: language translation, text
summarization, Web search improvement,
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and annotation of sound and video clips.
These “games with a purpose” (GWAPs)
have many applications, such as generating
training data that can help improve auto-
mated methods for solving these problems.

Although such games represent the first
seamless integrations of gameplay and
computation, we're left with the question
of how generally useful this approach is.
My ongoing research in this area will fo-
cus on defining the concept of GWAPs, de-
veloping a general process for constructing
them, and enabling and encouraging the
rest of the research community to partici-
pate in this paradigm.

Another example that leverages human
processing power is my research on CApT-
cHAs—automated tests that humans can
pass but computer programs can’t. You've
probably encountered them on Web regis-
tration forms: images of distorted text that
you must type correctly to register for an
account, purchase tickets, and so on. Many
Web sites use CAPTCHAS to ensure that only
humans obtain free email accounts and
other services. People type an estimated
200 million CapTcHAS every day, each tak-
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ing roughly 10 seconds. My reCAPTCHA
project (www.recaptcha.net) attempts to
channel these millions of hours of human
effort into “reading” books online.

Multiple projects are underway to digi-
tize physical books: pages are photograph-
ically scanned, then converted into Asci
text using optical character recognition
(OCR) to make the books searchable. Al-
though OCR achieves extremely high ac-
curacy on newer texts, many books scan
poorly due to age, quality, or damage (for
example, pencil markings). In such cases,
OCR achieves a low recognition rate.

ReCaprcHA improves digitization by
sending the words that OCR can’t read to
the Web in the form of CaprcHas for hu-
mans to decipher. To determine whether
humans are entering the correct answers,
reCAPTCHA uses a control word. So, the
program gives each new word that OCR
can’t read correctly to a user, along with a
second image of a word for which we al-
ready know the answer. ReCapTcHA then
asks the user to type both words. If the
user correctly types the one for which the
answer is already known, we assume their
answer for the new one is also correct. The
program then gives the new image to other
people to determine with higher confidence
whether the original answer was correct.
Using this technique, we’re digitizing more
than five million words per day.™
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