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AbstractAbstractAbstractAbstract The mechanism that manipulates unconscious recognition of a view field is presented by referring to structure of
vision. Nerve circuits in the brain crossing at brain stem. The output of intermediate neuron can be a representative of the
impulsive signals those arrive concurrently at the neighboring region. The intermediate neuron can be available for the pattern
recognition. A neuron is available to control the data flow in the brain. The neural network can respond to the outside world.
Since understanding of image will be added through experiences, the multiple neural circuits will be activated. The multiple
activations are adjusted at the brainstem as needed. That will be the formation of the corresponding model of the outside world.
Keyword Vision，Retina, Optic chiasm, Brainstem, Midbrain, Unconscious intelligence, Long-term potentiation.

1.1.1.1. 1.1.1.1. Introduction.Introduction.Introduction.Introduction.
The technology of the data processing by using

computer has been developed. Today, implementation of
the device with a function of human vision is desired. On
the other hand, the animal has a mechanism to recognize
the outer world via the image that is reflected on the retina
in real time. Many engineering researchers in this field are
interested in the research on brain science [1], [2].
In 2007, the author reported the architecture of vision in

which each element on image is manipulated through
transference of impulses [3]. In 2009, basing on the
knowledge on the structure and on the neurotransmitters [4]
[5], data processing in a retina was reported [6].
Those mechanisms are very cleverly combined with

biochemical reactions that antagonize. The function of
interneuron that forms the unit for visual data processing
is also described. The unconscious activity in the nerve
system processes multiple activities at the same time.
Here, a conversion of paradigm is required in order to

investigate the mechanism of such unconscious activities.
That is, the reaction of a neuron is not continuous, and

it is not linear. An interneuron is connected to the axons
those are operated at the same time, and it outputs an
impulse to the connected regions by the integral value of
the inputs. Then, the refractory period that returns to the
state of before follows immediately after the reaction.
Since the representation of a real world is updated

immediately, the brain system does not require a feedback
circuit [7].
The connections of a neuron represents of the situation

that is affected by the outer world. It also represents the
experience as a rule. Then, the rule is available to
extrapolate to the other situation. The illusion is the
evidence that the empirical rules are involved in the
vision.

The neural network will be the formation of the
corresponding model of the outside world. The vision
is the model of the real world in the brain, and it is
updated in real time progression. The system does not
require a feedback circuit will be immediately updated [7].
It is supported by the many unconscious activities of
neurons.
The author attempted to elucidate the mechanisms that

the brain unconsciously controls the vision. He proposes
the concept that the neural system that reacts to the
outside world corresponds to the formation of a model of

the outer world. This concept is an extension of the
ecological approach to visual perception proposed by
J.J. Gibson [8].

2.2.2.2. FormationFormationFormationFormation ofofofof thethethethe neuralneuralneuralneural networknetworknetworknetwork forforforfor visvisvisvisionionionion
2.12.12.12.1 FFFFormationormationormationormation ofofofof thethethethe centralcentralcentralcentral nervousnervousnervousnervous systemsystemsystemsystem throughthroughthroughthrough

ccccrossoverrossoverrossoverrossover ofofofof neuralneuralneuralneural circuitscircuitscircuitscircuits
First nervous system of a multicellular is a diffuse

nervous system. The function to react to outer world is
distributed on the surface of a body.
The body causes changes after the evolution. In order to

move well, the sensors are distributed to the front, and
actuators are distributed to the back. When the neural
network twists, the nerve pathways are gathered at the



cross point.
The crossing of pathways promotes the information

processing for various reactions with keeping

topographical organization . Formation of nerve circuits
for information processing at the crossing formed the
brain system. The model of the concentrated nervous system
is shown in Fig.1.

Fig.1. The concentrated nervous system that was formed by
crossing of nerve

―TheTheTheThe reasonreasonreasonreason whywhywhywhy thethethethe brainbrainbrainbrain waswaswaswas formedformedformedformed―
A creature is the organization that must choose an

operation suitable for each situation at each moment. A
neuron that reacts for one job connects a group of
simultaneously activated pathways in the crossover
region.
If there are multiple outputs in the narrow area, the

outputs will be unified into a single output by the
operation of “winner-take- all [9]”. Here, the function of
“winner-take- all” can be carried out by operation of
lateral inhibition on the outputs. The nerve pathway

intermittently forms a topographical organization.

2.22.22.22.2 FormationFormationFormationFormation ofofofof thethethethe neuralneuralneuralneural circuitscircuitscircuitscircuits totototo recognizerecognizerecognizerecognize
locationlocationlocationlocation ofofofof thingsthingsthingsthings

Photoreceptors in a diffuse nervous system are
distributed on the surface of the body, and the light from
the outer world is projected to the surface.
Since the image of outer world is transferred to the

nervous system, there is a topographical organization in a
diffuse nervous system.
The eye was formed through a process of evolution. It

can be interpreted from the viewpoint of the neural
network that the photoreceptors were gathered at the eye.
The nerve circuits intermittently connect between
photoreceptors and actuators by neurotransmitters. The
neural system will be able to control the actuator even
when photoreceptors are gathered in the eye.
A fish lives in the water. The vision of fish is

coordinated with relative to its body by using two images
those are projected in both eyes. A large portion of the
image is different between left eye and right eye.
The optic nerve of a fish is complete intersection. If

there is the image that is common to the left eye and right
eye, the left and right visual fields can be combined at the
crossing region.

2.32.32.32.3 UnUnUnUnconsciousconsciousconsciousconscious visionvisionvisionvision inininin thethethethe brainbrainbrainbrain stemstemstemstem andandandand
consciousconsciousconsciousconscious visionvisionvisionvision inininin thethethethe neocortexneocortexneocortexneocortex

The human believes that the visible world is the real
world itself . However, the video data in the brain is
intermittent. The information is transferred intermittently
by discharge of neurotransmitters. The stimuli from the
outside world are recognized based on the rules stored
through the experience. The recognition is an application
of the rule obtained in experience.
Although all thought is conscious activity, all activity

of the nervous system is not necessarily conscious activity.
There are unconscious activities in human vision.
Although the activity of neocortex is able to control the

activities of brain stem, the brain stem is the center of
information processing to control the whole body. That is,
the brain stem controls the neocortex and the neocortex
controls the brain stem.
Animals are alive by capturing representations of the

outside world intermittently through the sensors. The
activity of neuron is corresponded with the outside world.

The neural network carries out the topographical
organization on the vision . Fig.2 shows the intermittent
correspondence between outer world and the brain stem.

Fig.2. The topographical organization between outer world and
the nerve network

2.42.42.42.4 TheTheTheThe iiiintelligencentelligencentelligencentelligence thatthatthatthat isisisis acquiredacquiredacquiredacquired bybybyby interneuroninterneuroninterneuroninterneuron
Although the neocortex of frog is undeveloped, it

preys on insects by the stereoscopic vision in binocular.
This fact shows that the space arrangement of the outer
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world can be recognized even if the cerebral neocortex is
undeveloped.
The thalamus and midbrain are in the brainstem, and

those are involved in vision. The brain stem controls the
body and the visual information. This area in the brain
recognizes the real world dynamically.

-Existence-Existence-Existence-Existence ofofofof unconsciousunconsciousunconsciousunconscious intelligenceintelligenceintelligenceintelligence inininin thethethethe vision-vision-vision-vision-
Image data cause the activity of a specific region in the

brain by the circuit that has been formed by experiences.
Many of movements of body are handled by conditioned
reflex that is acquired through exercises.
The conditioned reflex is a relay function. The vision is

supported by the relay functions. The neural circuit for the
relay function is able to form through the experiences. We
can regard as the intelligence even if it is unconscious
activities. The unconscious intelligence is exists in the
vision.
The neocortex is the organ for memory, and mammals

have evolved the neocortex. The neocortex is the most
newly added function in the brain, and it is part of the
brain system to control the behavior.

3.3.3.3. VisualVisualVisualVisual informationinformationinformationinformation processingprocessingprocessingprocessing bybybyby neuronneuronneuronneuronssss inininin
retinaretinaretinaretina

3.13.13.13.1 PhotoPhotoPhotoPhoto----responseresponseresponseresponse inininin ONONONON areaareaareaarea andandandand OFFOFFOFFOFF areaareaareaarea
ON and OFF regions in retina of which reaction is

antagonized are arranged as a checkered pattern region as
shown in Fig.3.

Fig.3. ON-areas and OFF-areas in retina are located in a
checkerboard pattern.

At the OFF-region, hyperpolarization takes place if the
light is turned on, and depolarization takes place if the
light is turned off. On the other hand, at ON-region,
depolarization takes place if the light is turned on, and
hyperpolarization takes place if the light is turned off.

----TheTheTheThe reasonreasonreasonreason totototo antagonizeantagonizeantagonizeantagonize reactionreactionreactionreaction isisisis distributeddistributeddistributeddistributed
inininin aaaa checkerboardcheckerboardcheckerboardcheckerboard patternpatternpatternpattern ––––
Reason of the opposite reaction that takes place at the

adjacent region is derived from the relation of demand and
supply in the biochemical reaction. The opposite reaction

in a checkerboard pattern, the return to initial state is
easier and it can be quickly. In addition, the optimum state
can be provided easily by adjusting the combination of an
antagonistic reaction.

3.23.23.23.2 RRRRoleoleoleole ofofofof horizontalhorizontalhorizontalhorizontal cellcellcellcell inininin thethethethe outerouterouterouter plexiformplexiformplexiformplexiform
layerlayerlayerlayer

As shown in Fig.4, there exist some kinds of
interneuron in human retina. Those are horizontal cells,
bipolar cells, and amacrine cells, and ganglion cells .

Fig.4. The inter-neurons in human retina

Photoreceptor cell and horizontal cells are connected in
the outer plexiform layer.
The horizontal cell connects with many photoreceptor

cells. It makes a reaction by the integrated value of the
input. Since horizontal cell has the same sign conserved
receptors, the output makes a positive feedback to the
inputs.

----TheTheTheThe rolerolerolerole ofofofof horizontalhorizontalhorizontalhorizontal cellscellscellscells----
The horizontal cell that connects to the photoreceptor

cells in ON-region does not connect to the photoreceptor
cell in OFF-region. The horizontal cell that connects to the
photoreceptor cells in OFF-region does not connect to the
photoreceptor cell in ON-region.
So, the horizontal cell enhances each reaction that is

arranged in a checkered pattern by the positive feedback.

3.33.33.33.3 TheTheTheThe ssssignignignign invertinginvertinginvertinginverting mechanismmechanismmechanismmechanism ofofofof ON-centerON-centerON-centerON-center
bipolarbipolarbipolarbipolar cellcellcellcell

There are hyperpolarizing (H) “OFF”-center bipolar
cells and depolarizing (D) “ON”-center bipolar cell. H
cells respond with depolarization to light being turned
“OFF”. D cells respond with depolarization to light being
turned “ON”.
The photoreceptor cell causes hyperpolarization when

light turns on, and it causes depolarization when light
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turns off.
In the OFF receptive field of bipolar cell, the

depolarization takes place when the light turns off. The
operation of bipolar cell in OFF receptive field is
sign-conserving type, because the photoreceptor cell is
H-type cell. The horizontal cell in the OFF receptive field
carries out the positive feedback for connected cells.
In the receptive field of ON center, the existence of

APB abolishes the activity of photoreceptors and it
depolarizes the membrane potential of ON dipole cell [10].
The abolishment of photoreceptor in ON center induces
the antagonized change, i.e. the change of ON center is
opposite to that of OFF center. The membrane potential of
the horizontal cell in the ON center is depolarized at light.
On the other hand, D-type of bipolar cell in the ON area

is surrounded by horizontal cell. It is a structure in which
the horizontal cell interferes the transmission of
neurotransmitters from photoreceptor cell. And it is the
structure in which the horizontal cell can be depolarized
by reaction of the bipolar cell . The horizontal cell in ON
center reinforces the reaction of ON center.

3.43.43.43.4 ExtractionExtractionExtractionExtraction ofofofof movingmovingmovingmoving imageimageimageimage bybybyby amacrineamacrineamacrineamacrine cellcellcellcell
The author proposes the mechanism how to extract a

moving image in the retina as shown in Fig.5.

Fig.5. Extraction of moving-image is caused by depolarization
of ON region after hyperpolarization of OFF region.

The data in the outer plexiform layer is transmitted to
inner plexiform layer through the ON- and OFF- bipolar
cells . An amacrine cell is connected to the ON- and OFF-
bipolar cells in the inner plexiform layer.
In the inner plexiform layer, image of depolarization of

ON-bipolar cells is delayed compared with that of
hyperpolarization of OFF-bipolar cells, because the
depolarization of the ON-bipolar cell is a result of
hyperpolarization of OFF-center.
Accordingly, the depolarized image of the ON-area

arrives later to the amacrine cell compared with the

hyperpolarized image taken by OFF-area.
If the light turns off , the amacrine cell is received the

depolarization from both bipolar cells at the same time. If
an amacrine cell connects with ON-bipolar cells those are
depolarized at the same time, it also connects with
OFF-bipolar cells those are depolarized immediately after
in same pattern. It will form the filter that emphasizes the
image that is changed from bright to dark. It has been
reported that amacrine cells have various types [11].

4.4.4.4. TheTheTheThe neuralneuralneuralneural circuitcircuitcircuitcircuit forforforfor ttttimingimingimingiming controlcontrolcontrolcontrol
4.14.14.14.1 HowHowHowHow totototo manipulatemanipulatemanipulatemanipulate thethethethe timetimetimetime variationvariationvariationvariation inininin thethethethe
nervenervenervenerve networknetworknetworknetwork
The intelligence is captured as changes of a state along

time. The hippocampus belongs to the limbic system a part
of cerebral cortex and plays important roles in the
consolidation of information from short-term memory to
lomg term memory.
The evidence that the brain memorizes information in

the form of a representation of many-to-one is indicated
by LTP (long-term potentiation) in the hippocampus [12].
Fig.6 is an illustration of the proposing model of LTP.

The role of each granule cell in the model is a delay
element. The mechanism to adjust the timing of operation
in a nervous system is organized by the transmission time.
Here, the velocity of impulse on axon is depended on the
density of ionic channel.

Fig.6. The mechanism of hippocampus that makes possible to
recognize time variation of activities

The tetanus stimulation of input (10~100Hz for 1
second, repeated once after 5 seconds) for hippocampus
produces an intense increase in the amplitude of excitatory
synaptic potentials in the post-synaptic neuron that lasted
for days or for weeks.

4.24.24.24.2 TheTheTheThe cerebellacerebellacerebellacerebella circuitcircuitcircuitcircuit thatthatthatthat outputsoutputsoutputsoutputs thethethethe datadatadatadata ofofofof
habitualhabitualhabitualhabitual activityactivityactivityactivity

The cerebellum outputs a set of serial data for a routine
action. Purkinje cell outputs an inhibitory signal when the
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excitatory input is absence, and the inhibitory potential
suppresses excitatory impulses, and the system outputs the
signal of time series [13]. Here, implementation of the
Purkinje cell is achieved by simultaneous from parallel
fibers and climbing fibers. The parallel fiber is the axons
of granule cell that has received input from mossy fiber.
The proposing idea on the nerve configuration of

cerebellum is shown in Fig. 7.

Fig.7. Model on the cerebellum that outputs the data of a
habitual activity.

4.34.34.34.3 HowHowHowHow totototo controlcontrolcontrolcontrol thethethethe statestatestatestate wherewherewherewhere theretheretherethere areareareare aaaa lotlotlotlot
ofofofof activitiesactivitiesactivitiesactivities atatatat thethethethe samesamesamesame timetimetimetime

The adjustment to unify the activities in a body is
carried out primarily in the brain stem. The brain stem
consists of neural networks, and the nuclei scattered.
There are 3 kinds of processing to control the plural
simultaneous activities. Those are the detection of the
state to be controlled, the selection of the activities
required, and the inhibition of the unnecessary activities.
Fig.8 shows the neural circuitry of the brainstem that

communicates with sensory organs, brain and actuator. The
basal ganglia have the caudate nucleus and the lens nucleus,
which has an interesting structure, which is related to the
movement. Those organs do not directly related to artificial
vision.

Fig.8. The nerve circuit on the brain stem that communicates
with sensors, cerebrum and actuators

The brain stem is divided into thalamus, hypothalamus,
midbrain, pons and medulla oblongata.
The thalamus receives the activit ies from sensors and

the cerebral cortex and it relays those activities in order to
be carried out properly.
The midbrain carries out the conditioned reflex on the

eye movement and the vision. The optic nerve of fish and
amphibian ends in the midbrain. The midbrain has become
central portion of visual processing in fish and amphibian.
There is a mechanism to build a transient model of the

outer world in the area of the brainstem from visual data.

4.44.44.44.4 TheTheTheThe focusedfocusedfocusedfocused attentionattentionattentionattention inininin thethethethe visionvisionvisionvision
The recognition on viewpoint is newly added in the

evolution of vision. Both visions coexist overlapping. The
perception on viewpoint is closely related to the conscious
activity of the cerebral neocortex.
In the human retina, only cones exist in the macular

region. The rods exist at peripheral region in the retina.
The density of photoreceptors at periphery is lower.
The image projected in the macula of the human retina

is sent to thalamus. The information is relayed through the
thalamus that is controlled by conscious activities. In the
neocortex, the visual information is processed and stored.
The information stored in neocortex is compared with the
image that is projected in the macula.
There are two kinds of visual perception. M. C. Escher

drew a visual paradox “ascending and descending”. We
can notice a never-ending stairs, if we pay attention to
climb the stairs. But we do not notice this visual paradox
if we look at the whole building. This is the evidence that
there are two kinds of visual perception.
The vision on fast-rotating subject indicates the

uniformly flowing of rotation [14]. This indicates that the
simultaneous decoding is carried out through parallel ing
neurons. In this parallel processing of data, it does not
need to detect the segmentation to replace the data.

4.54.54.54.5 ActivityActivityActivityActivity ofofofof thethethethe cerebralcerebralcerebralcerebral neocortexneocortexneocortexneocortex
A neuron manipulates the representative of activity in

the brain. The visual data from the same substance occur
at the same time, and the organization of nerve cells that
recognizes the image is formed intermittently at the region
[15]. It creates a neuron for a subgroup and the linkages
among neurons are formed through the experience. The
partial representation of neuron is partly shared by the
neuronal network.
An activation of upper-layered element must retain
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during appropriate period. The excitation is retained by
high frequency stimulation. A closed loop of delay
elements is possible to generate the high frequency signals.
The activity of closed loop is controlled by excitatory
signal together with inhibitory signal.
The thinking is activity of neuron and it is the

representative of a reaction. Each neuron reacts for the
situation and the results become the situation of next
reaction. Such transition of state continues dialectically
[16]. The transition is able to inspire the other activities
by using the network.
The behavior of human has tendency to accompanying

with a motivation. The tendency comes from the nature of
neocortex that is newly added and the newly added
activity has the priority. But the reaction that is early
established is the foundation.
Human speaks a sequence of words by thinking a

sentence. That is, the upper representative is activated
continuously during the utterance of a series of lower
layered representatives. Here, the high frequency stimuli
Therefore, there needs a mechanism to control the high
frequency stimulation that is generated to maintain the
activation of the upper representative.

5.5.5.5. ApplicationsApplicationsApplicationsApplications
5.15.15.15.1 DDDDigitaligitaligitaligital electronicelectronicelectronicelectronic circuitscircuitscircuitscircuits forforforfor visionvisionvisionvision
A transition of digital state is given by transferring a

positive impulse via the active state (excited state) in the
nervous system. The timing of a nerve system is adjusted
automatically at the implementation.
The CCD system is a candidate for the circuit. But

synchronous control circuits are necessary for CCD device.
And many trial manufacturing will be necessary for the
CCD circuits.
On the other hand, the state of digital circuit is changed

by the edge of pulse. Then, the existing digital technology
is available for manufacturing the electronic device.
The use efficiency of circuit can be improved by sharing

element. The system for sharing element forms a
hierarchical structure. The similar image can be
recognized as the same thing through data-matching
process on the combination of elements. The recognition
system will be implemented by the elements that
specifically characterize the target.

5.25.25.25.2 SemiconductorSemiconductorSemiconductorSemiconductor devicedevicedevicedevice forforforfor patternpatternpatternpattern matchingmatchingmatchingmatching
Since the digital computer has segmentation for the data

processing, it is not easy to recognize the pattern of a

large amount of various images. A parallel processing is
desirable for the pattern recognition.
In the parallel system, various decoders are connected

parallel with bus lines, and the tasks of pattern matching
are performed concurrently. The data of image patterns to
be referred are compared with a transmitting image. The
pulse train of one-dimensional parallel is transmitted on
the two-dimensionally arrayed transfer elements. The
array of transfer elements can be manufactured by the
semiconductor technology that is used in digital camera.
By using a “flowing gate MOS-FET” as a pass gate, the

non-volatile memory technology can be realized the
programmable semiconductor electronic circuit [17].

6.6.6.6. ConclusionsConclusionsConclusionsConclusions
In this report, the author proposes that the activation of

multiple nerve circuits those correspond to the image
projected on the retina corresponds to formation of model
of the outer world, and he also presents following
descriptions.

1) The concentrated nervous system is formed at the
crossing of neural circuits.

2) The reason why OFF- and ON-regions exist in the
retina.

3) Role of interneuron in plexiform layer of the retina.
4) Mechanism of retinal neural network to extract the

moving picture.
5) Mechanism of long-term potentiation (LTP) in the

hippocampus that is involved in memory.
6) The evolution in which the vision of viewpoint was

superimposed to the vision of the visual field .
7) Formation of the hierarchical structure that

elements of underlying representation are shared.
8) The method to control the activation of nerve cells

in the upper layer.
9) The method to control the state where there are

multiple activities at the same time.

Since understanding of image will be added through
experiences, the multiple neural circuits will be activated.
The vision depends on the activity of the nervous system
of the unconscious, and it also involves awareness.
The basis of vision is the conditioned reflex, and it is

also involved in long-term memory. The vision is involved
with the entire nervous system.
The multiple activations are adjusted at the brainstem as

needed. That will be the formation of the corresponding
model of the outside world.



The author expects the development of dedicated
semiconductor devices for vision system.
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