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Introduction

Attneave (1971) and Lehky (1988) pointed out the similarity
of cognitive bistability and electronic multivibrator circuits
and suggested analogous neural structures with locking into
alternative schemata and exhibiting fatigue. In contrast to
the microscopic neural approach I propose to model the dy-
namics of the macroscopic behavioral variables perception
and attention by a phase feedback equivalent circuit which
is related to the mean field theory of temporal binding
(Schuster & Wagner 1990). Based on a previously outlined
nonlinear dynamics model (Fiirstenau, 2003), I show that
the spontaneous reversals between two perception states
with an ambiguous stimulus, e.g. the perspective switching
of the Necker-cube, can be explained as self - oscillation
between chaotic attractors in attention - perception phase
space. The perception state variable is represented by the
phase v of a recursive cosinuidal mapping function with
feedback delay time T and attention control parameter G. G
is proportional to feedback gain g of a corresponding
equivalent circuit representing the dynamics of behavioral
variables v, G. According to Hillyard, Vogel & Luck (1999)
a difference between bias and gain control mechanisms of
attention is observed. Like in the multistability model of
Ditzinger & Haken (e.g. Haken (1996)) the perception vari-
able is treated as order parameter within the formal frame-
work of Synergetics, with the slowly time varying attention
parameter G(t) exhibiting satuation or adaptation. The im-
portant aspect of the present approach is the neurophysi-
ologically motivated delay T, giving rise to the chaotic at-
tractors in agreement with Freeman et.al. (e.g. Freeman
2000). The statistical analysis of simulated time series pre-
dicts gamma distributions of the perceptual reversal times
with mean values and variance in reasonable agreement
with experimental results of Borsellino et.al. (1972).

The recursive attention - perception model

The present approach is closely related to the mean field
phase oscillator theory of coupled neural groups in the vis-
ual cortex (Schuster & Wagner 1990) which was used for
modeling the synchronization of neural oscillations as the
physiological basis of dynamic temporal binding (Engel et.
al.1999). As a kind of minimum architecture allowing for
multistability via coupling of the attention and perception
dynamics 1 suggest a nonlinar delayed phase feedback
model. An example of a corresponding equivalent circuit
from the optics domain was described e.g. in (Watts & Fiir-
stenau, 1989). A simplified block diagram is shown in Fig-
ure 1, depicting interference between coherent fields which
are associated with the different interpretations of the stimu-
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Figure 1: Nonlinear delayed phase feedback equiva-
lent circuit. Interference = superposition of separate
coherent phase shifted fields with difference of mean-
ing (contrast) p, excited by stimulus Iy. v, = percep-
tion state (phase variable), g, ~ attention (control pa-
rameter), K = conversion factor, T = damping time

lus. The coupled perception (v,) — attention (G;) dynamics
for small damping t is approximated by the recursive equa-
tions (time steps t; = T,j=1,2,...):

G
Vr = Tre [1 + ,ucos(zr(v, + v, ))]+ ?Tr v, (la)
G =G,(v, = v )y +G (1-1/t;)+L(t)  (1b)

Here G, is a discrete version of a similar attention equation
used in the Ditzinger&Haken model. The relative duration
of the dominant and suppressed phase of a percept is deter-
mined by the bias parameter v,. In a first approach to model
the random disturbances due to dissipative processes a 0-
correlated stochastic (Langevin) force L(t) with random
amplitude r s; , -1 < s; < 1 is included in (1b), similar to
(Haken 1996) and (Lehky 1988). It adds pushes of random
amplitude to G; .

Simulated Perception - Attention Dynamics

If u> 0.18 the stationary solution of (1a) becomes multi-
valued (hysteresis curve v = v, = v¥, (Fiirstenau 2003))
and the delayed feedback system allows for spontaneous
transitions between percept P1 corresponding to stationary
state v* < 1, and P2, corresponding to 2 < v* < 3. Figure 2
shows the numerical evaluation of equations (1) for p = 0.7,
/T = 0.03, v, = 1.5, y = 170, 1g = 1400, a random noise
amplitude r = 0.025, Gy = 1 and normalized time with T
:=1. The time series of the perception state shows the low
frequency self oscillations between P1 (v(t) = 1) and P2
(v(t) = 2), with superimposed high frequency oscillations (f
> 1/2T). These low amplitude rapid variations of the percep-
tion state are due to a combination of limit cycle oscilla-
tions, chaotic trajectories in v, — G, - phase space and the
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Figure 2: Numerical solution of equ.(1) with 15000 itera-
tions. Top: perception state v, time series in time units T,
Bottom: trajectories in attention — perception phase space.

small random noise (amplitude r = 0.025) of the attention
(gain) control parameter. A transition time between P1 and
P2 of the order of 5 T is measured. This corresponds to 150
- 200 ms if the recurrence time T is identified with the tem-
porally segmented processing time units of typically 30 - 40
ms as proposed by Poppel (1990). It is in reasonable agree-
ment with the time interval between (visual) stimulus onset
and the beginning of conscious perception (Lamme 2003).
The lower graph depicts the trajectories in attention (G) —
perception (v) phase space. Besides the limit cycle and cha-
otic oscillations it exhibits the counterclockwise global
movement of v(t) with transitions between P1, P2 due to
the coupling with the slowly adapting G(t) (satuation: v, —
v(t) < 0 for P2 and v, — v(t) > 0 for P1). The perception
speed is determined by 1/y.

Reversal Time Statistics

Figure 3 depicts the relative frequencies of the perceptual
duration times as obtained by averaging 11 time series con-
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Figure 3 : Relative frequencies of perceptual dura-
tion time A. Fit with I'-distribution (solid line).
Right: Percept P1 (v = 1), left: Percept P2 (v = 2).

sisting of N = 15000 iterations each. Plotted are the two
distributions of the perceptual durations A(P1), A(P2). Ac-
cording to Borsellino et.al. (1972) who evaluated experi-
ments with the Necker cube, the relative frequencies are
fitted by a I' — distribution as probability density with shape
parameter o and scale parameter A, with mean and variance
An = a/k and 6° = o / A? respectively. The X* — test sug-

gests acceptance of the I'-distribution hypothesis for per-
cepts P1, P2 at a significance level of 1%: XZ(P1,18) =221,
X*(P2,19) = 30.3. For percept P1 mean A, = 123 T, stan-
dard deviation =62 T; for P2 A, =89 T, =30 T. In con-
trast to (Fiirstenau, 2003) with purely deterministic time
series, the addition of the small random attention noise L(t)
in (1b) leads to a significant increase of the variance,
whereas the mean values remain roughly the same, indicat-
ing the dominant influence of the deterministic (chaotic)
dynamics. The contributions of chaotic dynamics as well as
random noise agrees qualitatively with experimental results
of Richards, Wilson & Sommer (1994) who separated the
chaotic and random contributions of nonlinear perception
state time series of quite different visual perception phe-
nomena including multistability. With T = 30 ms e.g. Ay
(P1) = 3.6 s with o = 1.8 s, in reasonable agreement with
the experimental results of (Borsellino et.al.1972). The
model parameter values p, v, T, ¥, Tg may be tuned to
match the inter — subject variations of the experimental re-
sults.
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