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Autonomous Robots
EHREAA—F0230F HAIV AT LA
“Robotics is where Al meets the real world”
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How fast and big

Analytics and Machine Learning (“J£L\"Al) a program can

How fast, big,

Computing: Processing and Data Kernel and organized a
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computer can
process and
store
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Takeo Kanade =
Computer recogn

of human faces

EHELHRX (197 3)

Processed 1000 images
collected at World Expo 70
The “world-first complete”

Birkrj;é:user face recognition program
(1991 NSF report ).

Face Recognition Today
- Labeled Faces in the Wild ! T

heeeeees
1 THuman C
i tHuman Cropped (97.53%) i . i ian (96

C
Face++ g0708%)"
30 20
.
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| THuman, inverse m: DeepFace (9

Deep Learning

: Better Fea
i Unsupervised LARK

2010 2011 2012 2013 2014 2015

: . _
#igen Face(1991) http://vis-www.cs.umass.edu/Ifw/rest
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Autonomous Driving — 30 Years Ago

Navlab 1: 1985-
Park pathway
~20 km/hr, 10km

Cameras, Laser range /"

Sun 3s and 4s

Today: Autonomous Car
Becoming Real

Google Car on Public Roads
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D. Munoz, J. A. Bagnell, M. Hebert

cmu.edu/~dmunoz/j

Inverse Optimal Control

N Control
fl Algorithm

— Y

(Sensor Data) (Path to goal)

Inverse optimal control
method — learning the
strategy, not the result

[Bagnell, Hebert]

Courtesy of Bagnell &5
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Building

Vegetation

Courtesv of Munoz. Hebert

Learning by
showing :
ZFSTFS—D%E
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What is Vision?
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Guessing reality from projection
--- Obviously, a difficult problem

Computer Vision was one of the earliest problems in Artificial
Intelligence: e.g. Blocks World, Hand-eye Project
It turns out to be difficult - Minsky’s episode

Why vision is difficult:

2D-3D Degeneracy

Is “theoretically”
impossible!
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Why vision is difficult:

Signal Compoundedness

pixel value:
a result of many
factors combined

MIBHFZOXBZEHEITNIE
TEBTELN

o MIIEEBXIFEAED. “Forward® ETIL(ZS
ThIFAAEISB), F=1=LLY., IR ActionD
FHEZ(EX "Backward” ETIL(AIZERIIZIEE
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Why vision is difficult:

Sheer number: pataand Computation

A Simple Fact

A large image consists of a large number of small images.

= A HDTV 2000x1000-pixel
image contains

~2 x 10° 10x10-pixel images

11



Another simple fact

The number of possible
10x10-pixel images is:
(assuming 8-bits/pixel)

25610x10 = 10240
possibilities

>> 10°x 10™% 365 x 24 x 60 x 60 x 30 x 10° = 10*

Human kind has not yet seen all of
10x10-pixel images

(Kanade's theorem?)

-> We need fairly bold assumptions!
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Why vision is difficult:

Context, Knowledge

What is this?

“Car11
Why is it a car?

“Because it is on a road”
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“Because there is

a car on it.”
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o KNFIXHT LERIEBAITILA L \Heuristic
TEOTHY., ADLESKHRENRDHS,

o MEADEIIT ANF|IZ&KBBELDI—T 424

e > Cyc Project AFICLDHEFE(84H L)
> EHEEORHGRE)
s [UA—FYNITHE IDEE
- Internet Mo DHNFHD B EF
{51 : NELL and NEIL (Never Ending Language and
Image Learner

NEIL

NEVER ENDING IMAGE LEARNER
BY DR. ABHINAV GUPTA

Use images on the web
To Automatically build world’s largest
Visual Knowledge Base
Running 24 hours a day 7days a week
To learn Concepts and Relationships
Necessary for Visual Understanding
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