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Overview Model J Discussion J
Generative, sparse coding models explain the learning of localized edge detector : e Our model has realistic assumptions, learns realistic V1 neuron receptive fields
: : - : ~ Adaptation of a and b: b ’ b ’
neurons in primary visual cortex V1.  Current models, which we use as a basis, ' and accounts for adaptation on a time scale of tens of seconds, including the
work on just two time scales: o 1 1 1 TARE
) .
| o | | Aa; = naa—d<fz(zi)||fexp(zi)> = (— +Yi — 2yiz — —Yizi + —Wz') | |
fast: the internal neurons’ activations adapt to a visual stimulus; a; H t e [t has relatively few parameters and is easy to use.
p : | | Y b y
9 oo . . .
@ slow: the weights adapt to the set of stimuli. " Ab; = 77;, ( f(z) || fexp(2:)) = 771,(1 — 2z — ;zz + ;ZZ) e [t is information theoretically founded, yet has local learning rules.
o . . . transfer function |P parameters a an - - > - '
Here we distinguish a separate mechanism that may act on a medium time scale: P o [he IP adaptation works als.o with Olsh.aus.en s generative network algpmthm
the adaptation of a neuron’s excitability, “intrinsic plasticity” (IP). Hereby a 1\ (result not shown). The weight normalization used here does away with Ol-
" " " " " " ) 3
neuron maintains firing rate homeostasis in a dynamic environment. z=g(y) = T T exp(—(ay 7)) prior probability distribution shausen’s weight decay parameter.
| | o , | ' St e [P parameter adaptation could alternatively be regarded to happen on a time
@ We set a desired exponentially distributed firing rate, which represents | r Imposed on the activations Scalz of ~d8 hourIS) (o account for Turr ia}]/no’s exg oriments (bpui hen 1o ex
sparse coding, and adapt neuronal transfer function parameters a and b so to . ’ 5 P
L . s plaination of the TAE).
maintain the desired rate distribution. ) | | | |
@ | | | | __— 1 . e Gain adaptation accounts for the TAE. Unlike the gain parameters, the neu-
With natural image input, localized edge detectors emerge. h 0 y L(2) = —exp (E) rons’s threshold parameters are all very similar. They may be unmodifiable.
The novel time scale of the intrinsic plasimty pararpeters allows to e?cplore visual @ y=W x OO0 00O o Bednar & Miikkulainen’s model explains the TAE with rapidly strengthened
aftereﬂ“gcts such as .the t.ﬂt—aft.ereffec.t (TAE). In this eﬁect, gfter @ VIEWEL adgpts f \ inhibitory horizontal V1 connections. Activity-induced inhibition is hard to
to a grid of a certain orientation, grids of a nearby orientation will be perceived distinguish from rate adaptation. With horizontal weights, our model may
as tilted away from the adapted orientation. | o o also replicate the indirect TAE.
@ Our results show that adapting the neurons’ gain- but not the threshold- Sleep Phase, using ram- recognition weights \ J generative weights Wake phase, using data
L. L . dom binary “phantasy” ~ td
parameter leads to quantitatively similar attereffects as found psychophysically, data 3 to adaot W _ " x to adapt V"
without the use of horizontal connectivity. This happens, because neurons ata ~ Lo adap ' x OO0 x=W7z @ C_ =tz
. . . . . . . . R N N T = T — >
coding for the adapting stimulus attenuate their gain while others increase it. 5 — 5 _ g(Wb“:z:) | | | N Acknowledgments
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@ In contrast, long-term exposure to gratings of, e.g. 45° orientation yields Aw;; & 2T natural impage batches as trainina inout 7t
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