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Extended Abstract
We constructed a self-sustaining machine that generates video imagery, consisting of a camera, an internal mental visual feed-
back process, and a chaotic neural network with Hopfield structure and synaptic connections modified by Hebbian dynamics.
Outside images and the internal visual feedback enter the neural network which in turn determines visual feedback parameters
and camera control. The system does not always couple with the outside world and maintains its internal dynamics. Figure 1a
gives an overview of the system design.

Overall, a number of themes were investigated in this work. Self-organization: how an organism can sustain itself. Time-
scales: internal structures occur at different time-scales, how are these organized and related? The subjective experience of time:
how does it differ from Newtownian time and how does it manifest within an organism? Vision: how can visual phenomena
manifest through feedback loops?

Living systems organize their own time-scales driven by their memory structures - as a parallel, our system has multiple
time-scales: the neural update timescale, the memory accumulation process, the Hebbian update, and the camera coupling rate.

Visual feedback module: Instead of using physical video feedback, a synthetic model simulates an internal mental feedback
process, generating a new image frame, I(x), as:

In+1(x) = LIn(x) + L
′
〈In(x)〉x + sfIn(bRx) (1)

where L is the intensity dissipation, L
′

is the spatial diffusion contribution, b is the zoom, R is 2D rotation, f is the aperture
setting, and s is a luminance inversion parameter (Crutchfield, 1984).

Chaotic neural network architecture: The network design was previously explored in the Mind Time Machine study
(Ikegami, 2010). Images from the camera and the internal feedback are subsampled and imprinted into the first network
layer weights, wij , of 400 neurons using a Hopfield approach (Hopfield, 1982):

∆wij = ρ

M∑
s=1

(2V si − 1)(2V sj − 1) (2)

where V is a normalized pixel value, ρ is an input scale factor, and M is the number of images to imprint. A weight at step
n is then: wn+1

ij = ψwnij + ∆wnij , where ψ ∈ [0, 1] is a forgetting parameter.
Outputs from the first layer are projected into the second layer of 9 neurons. The second layer uses a modified Hebbian

learning rule; the change in weight wkj by neuron pj ; k, j = 1, . . . , 9 is:

dwkj
dt

= γ(
dpk
dt

pj − αwkjp2j ) (3)

where dpk
dt = pnk − p

n−1
k emphasizes network structure change when input is most dynamic and α and γ are scale factors.

Hebbian learning is performed on the weights between layers and within the second layer.



Video Feeback Module 

Neural Network Module   

Camera 

(a) (b) (c)

(d) (e) (f) (g) (h)

(i) (j) (k) (l) (m)

Figure 1: Screen captures of the system showing a variety of video-feedback phenomena, as well as a diagram showing overall
system structure in 1a - arrows denote data flow.

The update rule for all neurons in the network is:

pn+1
k = r1p

n
k + (1− 1

1 + e(q
k
n−pkn/β)

) (4)

with qnk = r2
∑
j 6=k wkjp

j
n, and r1, r2, β shaping the transfer function’s behavior (Nozawa, 1992).

Finally, the second layer neuron outputs control the visual feedback parameters, memory update rate, and camera capture.

Results: A selection of screenshots in Fig. 1 show a number of interesting video feedback effects; could this be a mechanism
for Entoptic phenomena such as Form Constants? These are geometric patterns that are often seen ‘within the eye’ during
altered states of consciousness or hallucinations (Klüver, 1966).
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