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Exam #1:  Tuesday, March 10 (next week)

Format:  multiple-choice, fill-in-the-blank, & short answer

What to study: 
- all material from lectures & slides
- precept readings (basic gist & findings of each article)

(If something appeared only in the book, and not at all in 
class or precept, you can probably safely ignore it)
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God’s gift to color vision scientists

"guys please help me - is this 
dress white and gold, or blue 
and black? Me and my 
friends can't agree and we 
are freaking the fuck out."
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Thursday, September 10, 2009

• Accidental viewpoint: 
produces some regularity in 
the visual image that is not 
present in the world

• Perceptual system will not 
adopt interpretations that 
assume an accidental 
viewpoint.
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Thursday, September 10, 2009

• non-accidental 
viewpoint

“typical” viewpoint: 
interpretation won’t 
change if you move the 
camera a little bit
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Accidental Viewpoints 
in art
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Impossible triangle 
(Perth, Australia)
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Impossible triangle 
(Perth, Australia)
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 Benard Pras - French sculptor

http://www.facteurcheval.com/creations/artistes/bernard-pras.html

18



Nonaccidental feature: features that do not depend on the 
exact (or accidental) viewing position of the observer

T junctions: indicate occlusion 
Y junctions: indicate corners 
facing the observer
Arrow Junctions: corners facing 
away from observer

• these feature are still present 
if object is shifted, scaled or 
rotated by a small amount
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Viewpoint invariance - many objects can be easily 
recognized from a wide variety of different angles / conditions

Viewpoint independent (or “invariant”) model
- representations don’t change with viewpoint
   (Book refers to these as “structural-description” theories)

eg., model based on Y,T and arrow junctions
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Viewpoint-invariance in the nervous system

Quiroga et al 2005: single-electrode 
recordings in humans!

Inferotemporal (IT) cortex 
- high selectivity to people / things, independent of viewpoint
- e.g., “Jennifer Anniston neuron”
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“Grandmother cell” - idea of a single neuron responsible for 
representing some complex object (eg, your granny)

• idea predates these experiments
• considered “idea that could never work” 

(how could you have a different neuron for every possible object you know how to recognize?)

(Seems like a bad idea! What if you kill off that neuron during a night 
of drinking?)

Could a single neuron be responsible for recognizing your grandmother?
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Pandemonium

Q: Is Pandemonium 
an example of a 
view-dependent or a 
view-invariant 
model?
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Face Recognition
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Face Recognition: not entirely viewpoint-invariant!

25



Problems with view-invariant theories:

Object recognition = not completely viewpoint-invariant!

Viewpoint affects object 
recognition
§ The farther an object is 

rotated away from a learned 
view, the longer it takes to 
recognize

“greebles” (1998)
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Conclusion: 
- object recognition is somewhat but not entirely 

viewpoint invariant
- observers do seem to store certain preferred 

views of objects.

Makes sense from an evolutionary standpoint:
We generate representations that are as 

invariant as we need them to be for practical 
applications
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Finally: two facts that 
constrain any models of 
object recognition in the 
visual system
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1. Visual processing divided into two cortical streams:

Dorsal stream
(“where” pathway)

Ventral stream (“what” pathway)

V1

• Separate pathways for 
“what” and “where” 
information

Text
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2. Object recognition is fast.  (100-200 ms)
Suggests operation of a feed-forward process.

(Still debated, but it’s agreed there’s not much time for feedback).

Feed-forward process: computation carried out one neural step 
after another, without need for feedback from a later stage

(5 frames /s)
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rapid progress in “deep learning” methods for 
object recognition & scene understanding

http://www.nytimes.com/2014/11/18/science/researchers-announce-
breakthrough-in-content-recognition-software.html

Researchers Announce Advance in Image-
Recognition Software  (NY Times, Nov 2015)

31



Human: “A group of men playing Frisbee in the park.”
Computer model: “A group of young people playing a game of Frisbee.”

Captioned by Human and by Google’s Experimental Program
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Human: “Three different types of pizza on top of a stove.”
Computer: “A pizza sitting on top of a pan on top of a stove.”

Captioned by Human and by Google’s Experimental Program
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Human: “Elephants of mixed ages standing in a muddy landscape.”
Computer: “A herd of elephants walking across a dry grass field.”

Captioned by Human and by Google’s Experimental Program
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Human: “A green monster kite soaring in a sunny sky.”
Computer: “A man flying through the air while riding a snowboard.”

Captioned by Human and by Google’s Experimental Program
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Chapter 5

color vision
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• color vision has evolutionary value

• lack of color vision ≠ black & white
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Basic Principles of Color Perception

The book says:

“Color is not a physical property but a psychophysical 
property”

What does this mean?
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Basic Principles of Color Perception

• Most of the light we see is reflected
• Typical light sources: Sun, light bulb, fire
• We see only part of the electromagnetic 

spectrum(between 400 and 700 nm).    Why??
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Basic Principles of Color Perception

• Why only 400-700 nm?

Suggestion: unique ability to penetrate sea water

(Pomerantz, Rice U.)
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Basic Principles of Color Perception

Q:  How many numbers would you need to write down 
to specify the spectral properties of a light source?

A:  It depends on how you “bin” up the spectrum
• One number for each spectral “bin”:

example: 13 
bins
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Basic Principles of Color Perception

Device: hyper-spectral camera
- measures the amount of energy (or number of 

photons) in each small range of wavelengths
- can use thousands of bins (or “frequency bands”) 

instead of just the 13 shown here
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Basic Principles of Color Perception

Some terminology for colored light:
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the illuminant - light source  

spectral - referring to the wavelength of light

power spectrum - this curve.  Description of the amount of 
energy (or power) 
at each frequency
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Basic Principles of Color Perception
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an illuminant with most power at long 
wavelengths (i.e., a reddish light source)

13 measurements of 
power spectrum
(example)
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Basic Principles of Color Perception

en
er
gy

an illuminant with most power at medium 
wavelengths (i.e., a greenish light source)

13 measurements of 
power spectrum
(example)
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Basic Principles of Color Perception
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an illuminant with most power at long 
wavelengths (i.e., a blueish light source)

13 measurements of 
power spectrum
(example)
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Basic Principles of Color Perception

en
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an illuminant with power at all visible wavelengths (a 
neutral light source, or “white light”)

13 measurements of 
power spectrum
(example)
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Basic Principles of Color Perception

Q: How many measurements of this same spectrum 
does the human eye take (in bright conditions?)

A: Only 3!  One 
measurement 
from each cone 
class

Think of each of these 
curves as a “receptive 
field” (over wavelength) 
for a single cone
• tell how to “add up” the 
energy from different parts 
of spectrum in order to 
generate cone response
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could also call 
this axis 
“absorption” or 
“sensitivity”

420 534 564
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Color vision
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Relies on comparing the responses of the three cones!

420 534 564

S = short (blue)
M = medium (green)
L = long (red)

cone types
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420 534 564

More terminology:

Absorption 
spectrum for 
“L” (red) cone

absorption spectrum - describes response (or “light 
absorption”) of a photoreceptor as a function of frequency
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A single photoreceptor doesn’t “see” color; it gives greater 
response to some frequencies than others

single cone absorption spectrum
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• All the photoreceptor 
gives you is a 
“response”

• Can’t tell which light 
frequency gave rise to 
this response (blue or 
orange)

single cone absorption spectrum

10 spikes
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Problem is actually much worse: can’t tell a weak signal at the 
peak sensitivity from a strong signal at an off-peak intensity

single cone absorption spectrum

spectral pow
er

• Response to a 
single-wavelength 
light source is the 
power times the 
absorption spectrum 
curve.  (Just like the 
receptive fields we 
considered earlier)

• All three of these 
lights give the same 
response from this 
cone
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single cone absorption spectrum

spectral pow
er

+2

+1

+0.5

Problem of univariance: An infinite set of different 
wavelength–intensity combinations can elicit exactly the 
same response from a single type of photoreceptor

• Therefore, one 
type of 
photoreceptor 
cannot make color 
discriminations 
based on 
wavelength

10 spikes
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So a single cone can’t tell you anything about the color of light!

Colored stimulus

Response of your 
“S” cones
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