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Abstract

A model of an intentional self-observing system is proposed based on the
structure and functions of astrocyte-synapse interactions in tripartite syn-
apses. Astrocyte-synapse interactions are cyclically organized and operate via
feedforward and feedback mechanisms, formally described by proemial
counting. Synaptic, extrasynaptic and astrocyte receptors are interpreted as
places with the same or different quality of information processing described
by the combinatorics of tritograms. It is hypothesized that receptors on the
astrocytic membrane may embody intentional programs that select corres-
ponding synaptic and extrasynaptic receptors for the formation of receptor-
receptor complexes. Basically, the act of self-observation is generated if the
actual environmental information is appropriate to the intended observation
processed by receptor-receptor complexes. This mechanism is implemented
for a robot brain enabling the robot to experience environmental information
as “its own”. It is suggested that this mechanism enables the robot to generate
matches and mismatches between intended observations and the observations
in the environment, based on the cyclic organization of the mechanism. In
exploring an unknown environment the robot may stepwise construct an ob-
servation space, stored in memory, commanded and controlled by the inten-
tional self-observing system. Finally, the role of self-observation in machine
consciousness is shortly discussed.
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1. Introduction and Hypothetical Model

Neurons and glia are the two major classes of cells in the brain. Their main dif-
ference lies in their electrical excitability [1]. Neurons are electrically excitable,
whereas glia are not [2]. Macroglia consist of astrocytes and oligodendrocytes.
Here I focus on astrocytes that build units of interaction with the neuronal syn-
apse, called tripartite synapse [3] [4]. The model proposed here deals with as-
trocyte-synapse interactions and the formation of receptor-receptor complexes
that may represent a central mechanism for self-observation and be imple-
mented in robot brains.

Whereas brain-oriented approaches to machine consciousness are mainly
based on the neuronal system [5], my model concentrates on the glial system of
the brain. Currently, robot consciousness [6] is an emerging field that addresses
the problem of designing and implementing computational models of con-
sciousness in a robot [7] [8] [9] [10]. Models of self-observation in learning [11]
and machine vision [12] have been significantly developed in the last two dec-
ades [13].

The hypothetical model of self-observing systems is the following: in tripartite
synapses various receptor types are located on the presynapse, postsynapse,
extrasynaptically, and on the astrocytic membrane. Neurotransmitters (NT) ac-
tivate astrocytic receptors leading to an increase of Ca®* concentration that sti-
mulates the production of gliotransmitters (GT). I hypothesize that the coupling
of homo- (composed of the same receptor type) and hetero- (composed of a dif-
ferent receptor type) receptor complexes in tripartite synapses [14] is com-
manded and controlled by GT. This mechanism is cyclically organized and op-
erates by the formalism of proemial counting [15] based on the interchange be-
tween feedforward and feedback operations. Receptors are interpreted as places
with the same or different quality or domain of synaptic information processing,
formally described as tritograms [16] [17]. Decisively, receptor patterns on the
astrocyte may embody intentional programs that via GT select the correspond-
ing receptor types forming receptor-receptor complexes.

Based on this synaptic model an intentional self-observing system is proposed
which operates on the two place systems of the astrocytic receptors and the neu-
ronal receptors. The astrocytic receptors represent the pattern of intended ob-
servations and the neuronal receptors the pattern of the environmental observa-
tions. Observed domains (qualities) that correspond to the intended domains are
stored in memory, non-corresponding domains are rejected. The match/mismatch
pattern, stored in memory, represents a space of observations. After n steps the
robot has generated a pattern of positions of intended domains of observation in
the explored environment.

The study starts out with the biological background of structure and function
of astrocyte-synapse interactions in tripartite synapses. Then the cyclic organiza-
tion of synaptic information processing is described according to the formalism

of proemial counting. Furthermore, the formation of synaptic receptor-receptor
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complexes is outlined and formally interpreted by the combinatorics of trito-
grams. Based on the hypothesis that astrocytic receptors embody intentional
programs of observation selecting environmental information from the neuronal
receptor complexes, the implementation of an intentional self-observing system

is proposed. Finally, the problem of machine consciousness is shortly discussed.

2. Perisynaptic Astrocytic Processes

Primarily five to eight processes per cell emanate from the cell body of protop-
lasmic astrocytes [18]. They subdivide progressively to form finer and finer
processes of up to 100.000 per astrocyte. Most of these processes interact with
synapses, termed perisynaptic astrocytic processes (PSAPs) [19]. Fewer
processes contact vessels, called perivascular astrocytic processes (PVAPs) [20].
Some processes (an average of 11) contact other astrocytes forming gap junc-
tions and an astroglial network [20]. Importantly, PSAPs extend and withdraw
from synapses in an activity dependent manner [21].

Figure 1 outlines the elementary structure of PSAPs. Stem processes emanat-
ing from the soma of the astrocyte arborize and form PSAPs (and PVAPs). Syn-
apses are located on the fine end processes and ensheathed by contacting and
retracting from synapses. PSAPs express G-protein coupled receptors capable of
sensing neurotransmitters, increasing cytosolic calcium levels, and activating the
release of gliotransmitters interacting with receptors on the presynapse, postsy-
napse, and extrasynaptically. In addition, PSAPs contribute to the maintenance
of ion homeostasis, for example by regulating extracellular K* concentrations,
and pH [22].

synapses [ g Sy

stem processes
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From the soma of the astrocyte stem processes emanate and arborize into perisynaptic astrocytic processes
(PSAPs). These endprocesses contact (<) or retract ( |) from synapses. In addition, astrocytic processes contact
vessels, called perivascular astrocytic processes (PVAPs) (only one is shown here).

Figure 1. Schematic representation of perisynaptic astrocytic processes (PSAPs) and perivascular
astrocytic processes (PVAPs).
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3. Tripartite Synapses

It is experimentally well established that signaling between neurons and astro-
cytes runs bidirectionally [23]. Astrocytes can be triggered by synaptic activity
through activation of neurotransmitter receptors on astrocytes elevating Ca**
concentrations that stimulate the release of neuroactive substances, called glio-
transmitters. Gliotransmitters (e.g. glutamate, adenosine-tri-phosphate, D-serine)
modulate synaptic excitability and synaptic transmission [24]. These synapse-
astrocyte interactions lead to the new concept of the tripartite synapse [3].

Figure 2 shows a schematic representation of a glutamatergic tripartite syn-
apse. The excitatory neurotransmitter glutamate (GLU) released from the pre-
synapse activates cognate postsynaptic (por), extrasynaptic (esr), and astrocytic
receptors (acr). GLU is uptaken by transporters (t). The occupancy of acr by
GLU elevates the Ca® concentration which stimulates the production of glio-
transmitters (GT). GT feeds back to the cognate receptors on the presynapse
(psr). Since astrocytes express most of the receptors identified in neurons [25],
they are able to sense and respond to neuronal signals and modulate synaptic
transmission [26].

Mathematical modeling of synaptic plasticity demonstrated that astrocytes
modify the synaptic flow of information through neuronal networks and create
structural changes in synapses. Based on physiological or biophysical experi-
ments mathematical modeling and computer simulations will probably be helpful
for testing predictions on functions of astrocytes in neuronal networks [27]. Such

simulations may also give rise to new ideas concerning the role of astrocytes in
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The excitatory neurotransmitter glutamate (GLU) is activated by a dendrite (D). GLU activates
postsynaptic receptors (por) and is reuptaken on the presynapse via transporters (t). GLU also occu-
pies receptors on the astrocyte activating channels (ch) that leads to an increase in calcium concen-
tration and to the production of gliotransmitters (GT). The release of GT from the astrocyte occupies
presynaptic receptors (psr), por and extrasynaptic receptors on the postsynapse. The effect of GLU
corresponds with a feedback mechanism on the presynapse and the depolarization by the occupan-
cies of postsynaptic and extrasynaptic receptors.

Figure 2. Schematic diagram of a glutamatergic synapse.
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explaining the complexity of the brain [28] [29] [30]. In their biophysical model
Volman and coworkers [31] demonstrated the coupling between synaptic
transmission and the local calcium concentration on an enveloping astrocyte
domain. Due to this interaction the astrocyte regulates the information flow
from presynaptic to postsynaptic cells depending on previous activity at this and
other nearby synapses, comparable to a gatekeeping effect. Nadkarni and co-
workers [32] using a computer model showed that astrocytes optimize the syn-
aptic transmission. In this approach the dynamics of the intra-astrocyte Ca®*
level is decisive. Accordingly, astrocytes respond to synaptic activity via intra-
cellular Ca®* dynamics, which in turn feeds back to neurons by triggering the re-
lease of GT [23].

Synaptic activity of low frequency leading to local astrocyte Ca®* signals
probably triggers localized gliotransmission restricted to exerting feedback
modulation of the active synapse [33]. In the case of increased synaptic activity,
astrocyte Ca’" signals may fill the whole astrocyte resulting in gliotransmission
that exerts feedforward actions on the synapse [34]. Indeed, it is experimentally
well established that tripartite synapses operate on feedforward and feedback
loops [35] [36].

4. Gliotransmission

In the perspective of the proposed model gliotransmitters (GT) may play a sig-
nificant role in the formation of synaptic and extrasynaptic receptor-receptor
complexes. GT are chemical transmitter substances released from astrocytes that
modulate glial-neuronal interactions in tripartite synapses [37]. The capability of
astrocytes to induce excitability with various Ca** concentrations enables the
production of GT. The function of GT depends on the type of GT, each occupy-
ing cognate synaptic and extrasynaptic receptors [38]. The major types of GT
released from the astrocytes are glutamate (GLU), adenosine-tri-phosphate
(ATP) and D-serine.

GLU is not only an excitatory neurotransmitter but it can also function as a
GT because of its ability to increase Ca*" concentrations in astrocytes [39]. GLU
is tightly filled into synapse-like vesicles released from astrocytes dependent on
an elevation of Ca® concentration. The main receptors activated by GLU are
kainate receptors, metabotrophic GLU receptors, and N-methyl-D-asparate
(NMDA) receptors [37]. Several release mechanisms play a role in gliotransmis-
sion [40]. There are reverse operations of glutamate transporters on the plasma
membrane; opening of anion transporters induced by cell-swelling; purine 2 x 7
receptors release GLU; gap junction hemichannels on the astrocytic cell mem-
brane also release GLU.

Basically, ATP suppresses synaptic transmission. ATP released from astro-
cytes activates Ca** waves enabling the communication between astrocytes. Pre-
sently, it is not fully understood if gliotransmission mediated by ATP is calcium-

dependent or not. However, experimental evidence indicates that ATP release is

DOI: 10.4236/abb.2018.92006

67 Advances in Bioscience and Biotechnology


https://doi.org/10.4236/abb.2018.92006

B. J. Mitterauer

partly dependent on Ca®* and SNARE proteins including multiple pathways
based on exocytosis [39].

Although the transmitters mediating astrocyte-synapse signaling are mainly
believed to be GLU [41] or ATP [39], it is clear that the amino acid D-serine also
functions as an important gliotransmitter. D-serine is synthesized in astrocytes
and released by GLU receptor activation through Ca** and SNARE-dependent
exocytosis [42]. Van Horn and coworkers [43] proposed a model of D-serine
transmission in tripartite synapses. Accordingly, activation of the presynapse
results in release of GLU which binds to a-amino-3-hydroxy-5-methyl-4-isoxazole-
proprionic acid receptors (AMPAR) on neighboring astrocytes causing the re-
lease of D-serine that binds to synaptic N-methyl-D-asparate (NMDA) contain-
ing GLUN2A subunits. Basically, all gliotransmitters identified may exert a
modulatory function on synaptic transmission by the activation of cognate neu-

ronal receptors.

5. Cyclic Organization of Astrocyte-Synapse Communication

As already pointed out, it is well established experimentally that astrocytes
communicate with neurons in a bidirectional manner [44] in tripartite synapses
operating on feedforward and feedback loops [23] [35] [36]. DePitta and col-
leagues [23] elucidated how astrocyte-synapse interactions significantly differ
from conventional synapses. In the latter information processing occurs exclu-
sively via one input and one output function. Moreover, the three components
of the tripartite synapse process information in loops. Here, two input functions
and two output functions operate unidirectionally generating loops [23].

The proemial relationship introduced by Guenther [45] provides a formal no-
tion of “no unidirectionality”. The proemial relationship is based on directional
relations that include both unidirectional “ordered” and bidirectional “ex-
change” operations. Given is a relator x with a directional relation () with a re-
latumy: If the relatum becomes a relator, the exchange is not mutual, but in a
higher logical order according to the following formalism:

If R, (x; v;) is given and the relatum (x or y) becomes a relator, the notation
is R (x;_;; yi.;) where R; = x; or y;. Reversely, if the relator becomes a relatum, R,
(Xi415 Viryy is obtained with R;,, = x;,, or y,,,. Here, the subscription 7 indicates a
higher or lower logical order. The rationale of a proemial relationship is that if
the relator becomes a relatum, a relationship is established that operates not in
the former logical order, but in a higher one. An atom is a representative exam-
ple of what the variables (x;; y;) mean.

If we consider an atom as a relation between more elementary particles,then
the elementary particles assume the part of the relata. But the atom is a relatum
in a more complex order within a molecule. Therefore, an atom is both, relative
to the elementary particles it is a relator, but it can change this property with the
one of the relatum if we consider it within the more comprehensive relationship

of a molecule (45).
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nSy Ac

Ac nSy

The neuronal synapse (nSy) and the astrocyte (Ac) function both as a relator and as a relatum. It is

shown that if nSy is directionally connected with the astrocyte, nSy functions as the relator and Ac as
the relatum. Then the relation changes (<) so that Ac functions as the relator and nSy as the rela-
tum. These operations are based on two directional (=) and two bidirectional (<) relations generat-
ing a cyclic system of synapse-astrocyte interactions.

Figure 3. Cyclic interaction between the neuronal synapse and the astrocyte.

Since astrocyte-synapse interactions run in loops, it is additionally necessary
to describe a cyclic proemial relationship as a closed system where directional
and bidirectional relations interchange. Applying the loop generation in tripar-
tite synapses, the cyclic proemial relationship is drawn in Figure 3. The neuron-
al synapse (nSy) functions as a relator and the astrocyte (Ac) as a relatum (). If
this directional relation changes, Ac becomes a relator and nSy a relatum. This
relationship is based on two directional relations (<) and two bidirectional rela-
tions («») representing a cyclic system of interactions.

In addition, if we interpret a system of relators and relata on numbers, the
system can be proemially counted [15]. The normal concept of counting starts at
one point and ends on another. In contrast to this arithmetical counting, proemi-
al counting counts both directional “ordered” and bidirectional “exchange” oper-
ations. Since self-observation may be based on cyclic processes, the model pro-

posed operates on the proemial relationship or counting [15].

6. Model of Self-Observation

Baer [46] stated that a theory of observation is a prerequisite for a better under-
standing of quantum mechanics in brain science. Whereas cyclic operations in
tripartite synapses may enable self-reflection [15], self-observation may addi-
tionally require special mechanisms that compare activated neuronal receptors

with astrocytic receptors by receptor-receptor coupling.

Receptor-Receptor Coupling in Wiring and Volume Transmission

Volume and synaptic transmission are interrelated by the ability of their chemi-
cal signals to activate a great variety of receptor promotors in heteroreceptor
complexes located in the plasma membrane, either synaptically or extrasynapti-
cally [47]. The extracellular space is organized in a highly organized extracellular
matrix (ECM) whose molecules build synaptic and perisynaptic scaffolds. These

scaffolds determine the clustering of neurotransmitter receptors in the postsy-
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naptic compartment presenting barriers that reduce the lateral diffusion of
membrane proteins away from synapses, contributing to functional compart-
mentalization in the brain [48]. Importantly, astrocytes may play a key role in
the organization of ECM.

Fuxe and coworkers [49] describe the integration of synaptic and volume
transmission signals as receptor-receptor interactions in heteroreceptor com-
plexes in pre- and postsynaptic membranes and their signaling cascades and also
in extrasynaptic homoreceptor and heteroreceptor complexes, a fact which may
influence the responsiveness of neurons without changing the synaptic responses
[47]. Excitingly, volume transmission and receptor-receptor interactions in the
catecholamine/oxytocin neuron interaction in the brain may control social be-
havior and pair bonding [49]. Basically, allosteric receptor-receptor interactions
generate a high diversity and bias which also produces selectivity. Diversity is in
part achieved by the dynamic formation of heteroreceptor complexes, each
equipped with multiple functions through the allosteric receptor-receptor inte-
ractions responsible for synaptic modification in the brain circuits. Selection can
be achieved by a choice of the optimal signaling responses from multiple hete-
roreceptor complexes in the single neuron, enhancing synaptic efficacy in the
selected network [50]. Importantly, the reorganization of hetero-homoreceptor
complexes through a formation change or disappearance of receptor complexes

can stabilize the pattern of transmitter release [47].

7. Astrocytic Receptor Complexes May Embody Intentional
Programs

Basically, receptors for the common receptor type are identified on the astrocytic
membrane [25]. Most importantly, in a mathematical model Tarakanov and
Fuxe [51] computed 48 pairs of receptor-receptor interactions which form re-
ceptor heteromers, others build non-heteromers. The latter type of receptor
complexes may operate in the intentional self-observing system proposed here
(section 9).

Intentional actions are mainly investigated in neuronal networks [52]. For
example, Proekt and coworkers [53] showed in a simple neuronal network a dy-
namical basis of intentions and expectations. Basically, if one gives reasons for
consciousness, intentionality must be taken into account [54]. Intentionality is
here defined as an intentional program generating a specific multi-relational
structure in the inner and outer environment controlled by the specific program
principle [55]. I hypothesize that receptor complexes on the astrocyte may em-
body intentional programs that are coupled with G-protein coupled receptors
(GPCRs) which are capable of modulating neuronal excitability and firing pat-
terns in a new way through changes in neuronal receptor function [56]. Most
recent, Flock and colleagues [57] provided insight into constraints underlying
selective coupling, focusing on GPCRs. If we consider the realization of inten-

tional programs, a selection mechanism must basically operate.

DOI: 10.4236/abb.2018.92006

70 Advances in Bioscience and Biotechnology


https://doi.org/10.4236/abb.2018.92006

B. J. Mitterauer

Tarakanov and Fuxe [51] formally described how prototriplets of amino acid
residues and their “teams” may be applied to construct a kind of code selecting
specific receptors responsible for forming heterodimers. Based on the obtained
results a “guide- and clasp” manner for receptor-receptor interactions is de-
scribed, where “adhesive guides” might be the triplet homologies [51]. In the
perspective of the present study, the generation of astrocytic receptor complexes
represents a “guide pattern” for the “clasping” of neuronal signals operating as
an intentional program. Here we may deal with an elementary mechanism of

information structuring as shown in visual perception [58].

8. Model of Synaptic Receptor-Receptor Coupling
by Gliotransmitters

I hypothesize that the formation of receptor-receptor complexes in tripartite
synapses may be determined by gliotransmitters (GT), as outlined in Figure 4.
Given the neurotransmitters (NT) glutamate (GLU), serotonine (SE), and nora-
drenaline (NA), both the synaptic receptors and the cognate astrocytic receptors
(acR) are activated by GLU and SE, but not by NA. GT are produced by acR ac-
tivation by NT increasing Ca** concentration. GT feed back to the cognate syn-
aptic and extrasynaptic receptors forming homoreceptor (of the same receptor
type) and heteroreceptor (of different receptor types) complexes. In Figure 4 the
homoreceptor complexes GLU-GLU, SE-SE, and the heterocomplexes GLU-SE,
GLU-G-protein coupled-SE are depicted.

presynapse
astrocyte

Ca2+T

postsynapse extrasynapse

Vesicles (v) of the presynapse release the neurotransmitters glutamate (GLU, blue), serotonine (SE,
green), and noradrenaline (NA, orange). These transmitters form the homoreceptor complexes
GLU-GLU, SE-SE, and the heterocomplexes GLU-SE. A G-protein coupled GLU-GLU is exempli-
fied. GLU and SE occupy cognate receptors on the astrocyte that elevates Ca®* concentrations (1)
stimulating the production of gliotransmitters (GT). GT for GLU and SE feed back to the cognate pre-
synaptic receptors (psr). Since the astrocytic receptors for NA are not activated, no feedback occurs to
the psr. Hence, GT select the receptors for synaptic and extrasynaptic receptor-receptor coupling.

Figure 4. Schematic diagram of receptor-receptor coupling determined by gliotransmit-
ters.
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Decisively, NA does not activate cognate acRs so that no feedback in synaptic
receptors occurs. Consequently, receptor-receptor complexes of the NA-type
cannot be generated. Therefore, gliotransmission may select specific receptor
types for the formation of receptor-receptor complexes. In my perspective re-
ceptor patterns on the astrocytes may embody intentional programs selecting

and composing the domains (qualities) of synaptic information processing.

9. Intentional Self-Observing System

Generally, self-observation analyzes environmental information by means of
experience-based intentional programs with commanding and controlling func-
tion in preferred locations of the brain. The generation of receptor-receptor
complexes in wired and volume transmission may provide a brain-biological
model for the implementation of a novel intentional self-observing system. Bas-
ically, a synaptic or extrasynaptic receptor sheath is composed of n receptors
that embody the same or different qualities of information processing. Receptors
on the astrocyte may function as intentional programs ready for the activation
by appropriate transmitter substances. The fundamental principle of the imple-
mentation of self-observation is as follows: if a brain is capable of self-observation,
the concept of intention to observe something and the concept of the observed
must be located in different places. The selection mechanism of the intended
observation operates on the comparison between the activation patterns of the
two-place systems and becomes stepwise reflected by proemial counting. It
should be mentioned that receptor-receptor coupling is mainly a theoretical
model [51], interpreted here as an elementary mechanism of self-observation.

Receptors can formally be described as tritograms [28] that represent a cate-
gorization of receptor qualities. The combinatorics of tritograms has been in-
troduced by Guenther [16] and applied to brain models by the present author
[28] [59]. The generation of a tritogrammatic structure follows the Bell numbers.
Bell numbers count the number of partitions of a set. The sequence of Bell
numbers is 1, 2, 5, 52, 203, 877... For example, the tritostructure of three differ-
ent tritograms is generated by the combinatorics of all possible positions of
places with the same or different quality. Importantly, since the position of plac-
es in each tritogram is decisive, we are dealing with qualitative counting of dif-
ferent receptor categories. Table 1 shows the combinatorics of three different
tritograms generating the tritostructure of five tritograms corresponding to the
Bell number 5. Regarding the biological model proposed, each tritogram
represents the receptor pattern of five perisynaptic astrocytic processes.

In the brain computing occurs in categories or domains, a fact which is expe-
rimentally supported with regard to the visual cortex [59]. Accordingly, by
means of a category-specific biasing mechanism in object-selective cortex cate-
gorial information in natural scenes can be rapidly detected. Objects which be-
long to the target category are processed up to the category level, even when

presented outside the focus of attention. On the contrary, objects not belonging
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Table 1. Tritostructure of 5 tritograms corresponding to 5 astrocytic receptor complexes
on astrocytic processes.

receptor complexes

a a a a a
astrocytic process a a b b b
a b a b c

tritograms 1 2 3 4 5

Each tritogram consists of the same or different places symbolized by the small letters a, b, and c. Since the
position is relevant, one can also speak of qualitative counting of different domains. This tritostructure is
interpreted as the formal basis of an astrocyte with 5 processes, each embodying a receptor sheath with
qualitatively different receptor complexes.

to the relevant category are not represented at the category level, even if pre-
sented inside the focus of attention [60]. In my present model, the proposed in-
tentional programming selects relevant domains or categories of observation
and rejects irrelevant domains (see section 6). Here, we may deal with an ele-

mentary mechanism of information processing in the brain.

10. Implementation of the Self-Observing System

The self-observing system consists of two receptor complexes that compute on
tritograms. One receptor complex embodies programs which intend to observe n
domains in the environment. The other receptor complex computes domains
observed in the environment via visual perception systems. The self-observing
system operates as follows: if the intentional receptor complexes on the astrocyte
are activated, they become coupled with the activation pattern of the receptor
complexes of visual perception. On each place the intended domain of observa-
tion is compared with the observed domain in the environment. The robot is
stepwise moving through an unknown environment. When all intended do-
mains of observation are compared with the observed domains, the robot moves
on for testing the next receptor complex by comparison with the observed do-
mains. If the intended domain does not correspond to the observed domain, a
mismatch is given.

As described above, each counting step forward must also be counted back,
generating cycles so that the system is basically cyclically organized and there-
fore self-reflexive. Figure 5 gives a simple example of a double cycle-place
structure generating a match/mismatch memory of intended domains of obser-
vation in the environment. Three receptor places (a, b, ¢) build five receptor
complexes. If the intended domain corresponds to the observed domain, the
comparison is designated by a double headed arrow in the sense of a match. In
the case of non-correspondence (cross), a mismatch results between intention
and observation. In the first receptor complex the quality [a] is intended and
corresponds to [a’] observed in the environment. By counting back from the ob-
served domain to the intended domain, a cycle is generated. On the next posi-

tion [a] intends the observation quality [a] again, but the observed quality [b’] is
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domains
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step 1: a 0O a l l memory
step 2: O 0O 0O
step 3: O b a
step 4: a b b
step 5: a O c

space of observations

Intended and observed domains represent a double cycle-place structure generating a match/mismatch memory of intended domains of observa-
tion in the environment. The tritograms (n = 3) represent receptor places (a, b, c). The place structure (tritograms) of the intended domains builds
five receptor complexes. The receptor places of the observed domains are randomly chosen. The first intended domain [a] corresponds to the
observed domain [a’]. The comparison between both domains is designated by a double headed arrow in the sense of a match. Counting forward
to the next intended domain [a] a non-correspondence with the observed domain [b’] is designated by a cross. Counting back to the first place [a]

a cycle cannot be generated (dotted line), which is stored in memory as blank [0]. The counting process from the first place- or receptor complex

to the fifth receptor complex generates matches and mismatches stored in memory. Note that the stepwise comparisons of intended observations

with observations in the environment generate a space of observations stored in memory.

Figure 5. Intentional self-observing operations.

inappropriate (cross). Decisively, by counting back from [a’] to [a], a cycle can-
not be generated (dotted line) which is stored in memory as blank (). On the
third position the intended quality [a] corresponds to the observed quality [a’] so
that a cycle can be generated. The matches and the mismatches are stored in
memory. This principle of self-observation is shown in all five complexes of the
system. Note that the observed domains are randomly chosen. Since the opera-
tions of intended observations in the environment are based on the cyclic organi-
zation by proemial counting, all match/mismatch operations run self-reflexively.

If the robot has stepwise explored the environment, it must exactly go back to
the route of the observed intended domains. This implies that the mismatch of
domains must be ignored. In my perspective, a subjective behavior is only gen-
erated if a system is equipped with intentions that structure information consis-
tent with the logic of acceptance and rejection [16] [61] [62]. According to
Guenther [16] the capability of rejection is an index of subjectivity. Hence, on
the way back to the starting point the robot must ignore (reject) domains in the
environment that are inappropriate to its intentional programs. Now, the gener-
ated space of intended and experienced observations stored in memory
represents the exact locations for carrying out specific operations.

Figure 6 outlines an intentional self-observing computer system. The intended

observation computer activates the perception computer (1). The activation
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The intended observation computer activates the perception computer (1). The activation pattern of

observed domains activates the clocked comparison cycle (2) that compares observed domains with
the intended domains of observation (3). The pattern of observations is stored in memory (4), acti-
vating the intended action computer (5), processing operations in the environment (6). Changing
environmental information is processed in the perception computer (7) and self-observed in the
clocked comparison cycle. The memory can activate (red arrow) a new program of intended obser-
vation. The whole computer system runs in cycles.

Figure 6. Diagram of the intentional self-observing computer system.

pattern of observed domains activates the clocked comparison cycle (2) that
compares the observed domains with the intended domains of observation (3).
Matched and mismatched domains are stored in memory (4). The pattern of
observations stored in memory represents a space of observations that com-
mands (5) where the intended action computer must operate in the environment
(6). Changing environmental information is processed in the perception com-
puter (7) and self-observed again in the clocked comparison cycle. After a num-
ber of cycles of self-observation in the environment, the memory can activate
(red arrow) a new program of intended observations, either programmed by the
modeler or environment-dependent. As depicted in Figure 6, the whole com-
puter system runs in cycles. Regarding the formation of memory, Pereira and
coworkers [2013] demonstrated in a “calcium wave model” of tripartite synapses
how astroglial modulation of neuronal activity only exerts a positive feedback by
relevant information contents, but not by irrelevant ones.

Note that in this computer system memory exerts a double function: as mem-
ory and as an intentional program for further operations [62]. Admittedly, the
present study does not attempt to deal with technical details, although this has
partly been done with regard to an intentional computer [63] and a clocked per-
ception system [64]. Basically, the intentional self-observing system could oper-

ate “at the bottom” so that the robot may be self-conscious in various operations.

11. Concluding Remarks

The model of self-observation outlined focuses on cyclic astrocyte-synapse inte-

ractions and the mechanism of receptor-receptor coupling in tripartite synapses.
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In those receptor-receptor complexes the act of self-observation is generated if
the actual environmental information is appropriate to the intended domain of
observation and is experienced as “its own”. It is suggested that this biophysical
correlate of self-observation can be implemented in a robot brain. In exploring
an unknown environment the robot may be able to stepwise construct an obser-
vational space commanded and controlled by intended actions, self-referring
matches and mismatches between intended observations and the environmental
information, based on a cyclic organization of the mechanism.

Approaches to implement brain-inspired architectures for autonomous agents
are faced with the problem of adapting behavioral needs not anticipated by the
human modeler [65] [66]. Importantly, Haikonen [67] showed that a mismatch
between behavioral outcome according to current sensory input signals and the
expected outcome based on previously learned internal models triggers an adap-
tation of object and situation models. Moreover, Damerov and coworkers [66]
developed a model of self-referential autonomous learning applying concepts
similar to those in my proposed model [68]. Accordingly, a situation is rather
the task-driven interpretation of a scene referring also to behavioral models, ac-
tion outcomes, and internal states of the subject, such as intentions and goals
[69] [70]. This approach to autonomous agents is based on feedback mechan-
isms. Importantly, both feedback expectation and expectation specialization are
applied in explaining and predicting external feedback. If a different feedback
instead of the expected occurs, expectation specialization is performed [66]. The
concept of feedback expectation may correspond to feedforward mechanisms in
astrocyte domains and their tripartite synapses.

In the perspective of the presented model the architecture of self-conscious
machines elaborated by Chella and Gaglio [71] is of special importance. They
implemented a robot cognitive architecture with sub-conceptual, conceptual,
iconic, and linguistic areas generating artificial qualia in machines. In this architec-
ture the higher-order of perception of the robot is the basis for self-consciousness.
Here, self-consciousness has been considered a type of consciousness in general
[54]. Basically, the concept of “Self” is a fundamental characteristic of living sys-
tems with first person consciousness [15] [46] [59]. Therefore, I suggest that
preferred locations of self-observation in the human brain could mediate self-
observing cellular systems and the implementation of robots with consciousness.
Cyclically organized astrocyte-synapse interactions forming synaptic and extra-

synaptic receptor-receptor complexes may provide a candidate system.
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