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INTRODUCTION

In the 1940's Albert Rose drew attention to the high quantum efficiency (5%) of
the eye compared with the 1% quantum efficiencies of physical light detectors
such as photographic film and video. The subject has attracted considerable
interest ever since. Rose defined the quantum efficiency of the eye operationally
as the fraction of the incoming quanta (from a dim noise-free display) that would
be required to produce the same signal-to-noise ratio as required by the observer
to perform a similar task on a bright random-dot display, where each dot was
bright enough to be reliably transduced. Around 1960, Barlow and Jones defined
the quantum efficiency of vision as the smallest fraction of the light entering the
observer's eye that was sufficient to account for the observer's measured level of
performance. By using this definition, it was found that quantum efficiency, far
from being constant (as one would expect if it represented the fraction of quanta
absorbed in the retina), was instead highly variable, depending strongly on nearly
every parameter of the stimulus, including size, duration, and background lumi-
nance.

Over the past 10 years there has been a resurgence of interest in visual efficiency
and noisy displays, and experimenters have begun to find explanations for these
early results. Two new efficiencies were introduced around 1980. Barlow de-
fined central efficiency as the smallest fraction of the dots in a bright random-dot
display that would be sufficient to account for the observer's measured level of
performance. By adding variable amounts of noise to test targets and finding the
minimum amount of external noise that disturbs vision, one can estimate the
amount of internal noise, or the observer's equivalent input noise. Pelli defined
transduction efficiency (which is closely related to Rose's quantum efficiency of
the eye) as the fraction of the incoming quanta that is required to account for the
equivalent input noise of the observer. Barlow's quantum efficiency of vision is
equal to the product of central efficiency and transduction efficiency. Central
efficiency has been found to be as high as 83%, but it depends strongly on the
parameters of the stimulus, whereas transduction efficiency seems to be around
10% and is relatively independent of most stimulus parameters.

Recently, interest in visual efficiency has expanded from the narrow focus on
detection of simple patterns to the general issue of transmission and processing of
visual information. Many of these new applications are still not fully solved,
since it is not yet clear how to define or measure statistical efficiency for these
complex tasks. However, it is clear that notions of entropy and signal-to-noise
ratio are helpful in thinking about these problems.

Historically, physiologists have shown little interest in noise. The first step in
data collection has generally been to average away the noise in order to look at the
signal. There have been occasional papers on the noise of physiological visual
signals since the 1950's, usually to measure quantum efficiency. Now, however,
there is a new interest in physiological noise, partly to study the dynamics of the
system and partly to relate results more closely to psychophysics.

The Rank Prize funds enabled us to organize a minisymposium on The Statis-
tical Efficiency of Natural and Artificial Vision which was held in Cambridge,
England, December 15-18, 1986. Many of the papers included here were first
presented at that symposium. A second part of this special issue will appear early
in 1988.

Horace Barlow
Denis G. Pelli

Feature Editors

denispelli
Text Box
Barlow, H. B., & Pelli, D. G. (1987). The statistical efficiency of natural and artificial vision: Introduction. Journal of the Optical Society of America A, 4(12), 2292-2294.




STATISTICAL EFFICIENCY OF NATURAL AND
ARTIFICIAL VISION
PHYSIOLOGY

Sources of noise in photoreceptor transduction
Nature of the maintained discharge of Q, X, and Y retinal ganglion cells of the

cat
Variability in the maintained discharges of retinal ganglion cells
Retinal noise, the performance of retinal ganglion cells, and visual sensitivity in

the dark-adapted frog

PSYCHOPHYSICS

Quantum efficiency of dark-adapted human vision
Limit to the detection of Glass patterns in the presence of noise

Model for the detection of line signals in visual noise

Limits of visual communication: the effect of signal-to-noise ratio on the
intelligibility of American Sign Language

THEORY

Human contrast discrimination and the threshold of cortical neurons

Putting the visual system noise back in the picture
Relations between the statistics of natural images and the response properties

of cortical cells

Predictability and redundancy of natural images
Efficiency of a model human image code
Photon noise and constant-volume operators
Addition of a channel mechanism to the ideal-observer model

T. D. Lamb

J. G. Robinson, J. B. Troy

Michael W. Levine

A.-C. Aho, K. Donner,
C. Hyd6n, T. Reuter,
0. Yu. Orlov

P. E. Hallett

R. K. Maloney, G. J. Mitchison,
H. B. Barlow

Fred Kingdom,
Bernard Moulden, Rachel Hall

M. Pavel, George Sperling,
Thomas Riedl,
August Vanderbeek

H. B. Barlow, T. P. Kaushal,
M. Hawken, A. J. Parker

Albert J. Ahumada, Jr.
David J. Field

Daniel Kersten

Andrew B. Watson

John I. Yellott, Jr.

Kyle J. Myers,
Harrison H. Barrett

BIOGRAPHIES

2295

2301

2308

2321

2330

2336

2342

2355

2366

2372

2379

2395

2401

2418

2447

2458

denispelli
Text Box
Journal of the Optical Society of America A, 4(12):2292-2458.



STATISTICAL EFFICIENCY OF NATURAL AND
ARTIFICIAL VISION: PART 2

Variability in responses of retinal ganglion cells

Two-dimensional spatial structure of receptive fields in monkey striate cortex
Spatial-frequency bands in complex visual stimuli: American Sign Language
Visual signal detection. IV. Observer inconsistency
Sampling irregularity perturbs visual reconstruction

Michael W. Levine,
Roger P. Zimmerman,
Violeta Carrion-Carire

A. J. Parker, M. J. Hawken

Thomas R. Riedl, George Sperling

A. E. Burgess, B. Colborne

Gote Nyman, Mark W. Greenlee,
Pentti Laurinen

BIOGRAPHIES

593

598

606

617

628

636

denispelli
Text Box
Journal of the Optical Society of America A, 5(4):591-636.




