A NEURAL NETW

ORK MODEL F OR

FEA TURE INTEGRA

TION AND ILLUSOR Y

CONJUNCTIONS

Shinic hi ASAKA W A

T oky o W oman’s Christian Universit y

Abstract

An arti�cial neural network mo del for explaining the feature integration and the

illusory conjunction was prop osed. This mo del was implemented by the coupled os-

cillating neurons according to the synchronization hypothesis. Compared with other

mo dels prop osed previously

, the prominent features in this mo del are: (1) Visual cor-

tex neurons hav e retinotopical maps which represent the visual input corresp onding

to its lo cation. (2) It is through attention that the pulvinar neurons which are re-

cipro cally connected with visual cortices facilitate and mo dulate feature integration.

(3) Atten tional shift emerges from these pulvinar neurons. Our numerical simulation

demonstrated that the num b er of ob jects that were displayed simultaneously and the

spacing among them determined the formation of illusory conjunction. Two prop-

erties of this netw ork can explain this b ehavior. One is that the neurons in each

feature map hav e coarse lo cation information, and the other is that there are indirect

connections (via pulvinar neurons) b etw een the two corresp onding lo cations in these

feature maps. It is suggested that this mo del is compatible with the psychological

theory of feature integration (T reisman[1988]).

Pulvinar is one of the areas which hav e strong retrosp ective and prosp ective

connections from several visual areas. In pulvinar, there exist some parts which

re ect rough retinotopical map. This parts emerged the mo dulations by the

shift of visual atten tion (Petersen, Robinson, & Keys, 1985; Petersen, Robin-

son, & Morris,1987; Bender,1982). Therefore, pulvinar can b e considered as a

kind of the ‘conv ergence zone’ which was prop osed by Damasio(1989). In this

presentation, I prop ose the hyp othesis that pulvinar neurons are considered

as the ‘master map’ which was prop osed by T reisman(1988), and are given a

substantial role for the visual feature bindings.

Horn, Sagi, & Usher(1991) hav e already prop osed a neural netw ork mo del

which explain the illusory conjunctions according to the synchronization hy-

p othesis. In their mo del, each visual ob ject was represented by adding time{

correlated noises which originated externally

. In their mo del, thus, there is no

1 ability in order to represent lo cation information manifestly

. In psychology

, lo-

cation information of ob jects would play an imp ortant role (eg., Nissen(1985);

Bundesen, Shibuya, & Larsen(1985) partial rep ort exp eriments ). And physi-

ological study shows that there are several subareas in V1 in order to pro cess

the di�ernt apsects of visual stimuli such as color, orientation, and so on.

The feature of this mo del are:

1. There are maps which corresp ond to each visual feature. In this area, there

are retinotopical maps which represent the visual input corresp onding to

its lo cation(T reisman,1988).

2. External signals preserve retinotopical lo cations of stimuli. This means

that neurons are excited in some degree when the adjacent neurons receive

external inputs.

3. Through the interactions among neurons, feature integrations are accom-

plished when non{linear oscillating units show phase lo ck oscillations (syn-

chronization h yp othesis). This is the same as the previous studies that

the integrations among visual features were regarded as the phase lo ck

oscillations.

4. ‘Master map’ in T reisman, ‘conv ergence zone’ in Damasio(1989), or pulv-

inar meditate the information in order to realize phase{lo cking oscillation.

I assume that there is no direct connection among primal visual areas. This

assumption corresp onds to the basic framework of the feature integration

theory (T reisman, 1988).

5. Comp etitiv e interactions (that is inhibitory connections) within this area

cause a kind of shift of attention. By means of this attentional shift, it is

exp ected that selection of input signals and information integration.

This neural netw ork mo del can b e regarded as another formulation of feature

integration theory (T reisman & Gelade, 1980;T reisman, 1988) on the basis of

synchronization hyp othesis. F rom mathematical p oint of view, this is another

expression of the feature integration in terms that the outputs of multiple non{

linear dynamics system are retracted into limit cycles irresp ective of arbitrary

initial v alues.