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The Unknown

As we know,

There are known knowns.
There are things we know we know.
We also know
There are known unknowns.
That is to say
We know there are some things
We do not know.

But there are also unknown unknowns,
The ones we don't know
We don't know.

Feb. 12,2002, Department of Defense news briefing

From: The Poetry of Donald Rumsfeld
Hart Seeley, Slate Magazine
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The evolution of eyes
Land & Fernald (1992)







Fly HI neuron - dynamic range of speed sensitivity
Lewen, Bialek & de Ruyter van Steveninck (2001)
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Jumping spiders
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Jumping spider retina
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Jumping spiders do ‘object recognition’
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"T'ext-fig. 12. Stimuli found by Drees to evoke courtship (@) and prey capture {(#) in male jumping
spiders (EEpthlemum sceniciom). ‘The numbers heneath each figure in (a) are the percentage of
trinls on which courtship was evoked. After Drees (1952),
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Mantis shrimp




Mantis shrimp - photoreceptor spectral sensitivities
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Human - photoreceptor spectral sensitivities
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Human retina - cone mosaic




Fixational eye movements
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HIl horizontal cell

_rod synaptic terminals

HI horizontal cell rod bipolar cell
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HI horizontal cells connected via gap junctions

HI horizontal cells labeled following injection of one HI cell () =0
after Dacey, Lee, and Stafford, 1996



Bipolar cells

diffuse “S-cone”
bipolar cells
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Ganglion cells

parasol midget blue-yellow biplexiform
ganglion cells
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Smoothing and subsampling by retinal ganglion cells

Retinal ganglion cells
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Retinal ganglion cell spacing as a function of eccentricity
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Dendritic field size as a function of eccentricity
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Letter size vs. eccentricity
(Anstis, 1974)
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Fig. 2. All letters should lie at threshold when centre of this chart is fixated. Threshold letter size increases
linearly with increasing distance from fixation point.



Fig. 3. All letters should be equally readable when centre of this chart is fixated, since each letter is ten
times its threshold height.
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Lateral geniculate nucleus (LGN)
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Space-time tiling by parvo- and magno-cells
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Receptive fields of monosynaptically connected cells in
retina (a) and LGN (b) (from Marty Usrey)
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Color opponency in LGN
(Derrington, Krauskopf & Lennie, 1984)
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Primate visual cortex

Lewis & Van Essen (2000)
Visual areas



V1 - topographic representation
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V1 receptive fields - ‘simple cells’
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V1 space-time receptive field
(Courtesy of Dario Ringach, UCLA)

Time = 40 msec



The “standard model” of VI
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Cat V1 - natural movies (J. Baker, 5.C. Yen, C.M. Gray, MSU Bozeman)

Jaquinu el

I I I | I I ] |
v ] B "
i a
1] Ed
o e L
ad
P
N Ll —
. Br "
LT dacsEp Bp o obiadds HhE A08BSBEEE 4 diy BRERE . B E
#
. H
1 WA ogd EEEe By BRIl b 1 dBEE e 4
' PRI Bes e " W
i
BgrRp atFgaal B5BE R d e "ﬁ..“fuunlﬂ-rﬂ aka -.-m“1 Y - 1HE..".-_-.".-.
ekl 0 #Heslipiy g vEw Fe ¥ @ +
L]
- ] = q aly ...1... . .|
= F "
Lh....-.w.:_.“.. -n.-.- ¥ oy § EEE -.I.-...i [ -----—..-..—.- i H;..-.. L]
" a B s B+ =22 LHS " T L
" —Fr
L #* Eoa
| v my LLELE B o s S LT SFrafugan nEEERS FETELL T ST ET
- L] L = *
* B RS-I%, PSR 4 BBBERLRLD N0 R
B L e e Rl LT Tt L B RU T e T LI B
s ot
atedl s
LTT] .I-..H
L i
| ] -
w20 *
" -
- nii e s ol B2 m i B el e - m i afenpillt gk W
| L | il | | 1 | | I* ]
L] = _ _ —_ —_ - ] 2 _ _
— ol & =r L ) = o ch
=

30

25

15

10

el

1
i

30

20

5
time (sec)

10

L=

wnoo ayids ueaw



Responses of VI neurons are not well predicted by RF models

18 ms 53 ms 88 ms 123 ms 159 ms 194 ms 229 ms 264 ms

receptive field: - <
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Responses of neighboring cells are heterogeneous
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Five problems with the current view of VI

® Biased sampling (single unit recording)

® Biased stimuli (bars, spots, gratings)

® Biased theories (data-driven vs. functional theories)

® Interdependence and context (effect of intra-
cortical inputs)

® Ecological deviance

See: Olshausen BA, Field D) (2005) How close are we to
understandingV1? Neural Computation, |7, 1665-1699.



1 mm? of cortex analyzes ca. 14 x 14 array of retinal
sample nodes and contains 100,000 neurons
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Hausser & Mel (2003)
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Current Opinion in Neurobiology




Single unit recording is blind to neuronal interactions

Cortex

LGN

...their (neurons') apparently erratic behavior was caused by our
ignorance, not the neuron's incompetence. -- H.B.Barlow (1972)



What is the other 85% doing!?
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There’s hope.



Silicon polytrodes
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