A new swarm mechanism based on social spiders colonies:
from web weaving to region detection
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Abstract:

In multi-agent systems, the reactive approach emphasizes on the individual simplicity in
comparison to the collective complexity of the task being performed. However, to apply such an
approach to solve a problem, the components of the multi-agent system have to be designed such as
the society is able to fulfill its requirements with a reasonable efficiency. Taking inspiration from
natural swarm systems is a way to solve this conception issue.

This article presents a new swarm mechanism inspired by the simulation of the collective
weaving in social spiders. The main difference with existing mechanisms is the possibility in the
spider model to integrate non-local information in local processing. In this paper, we describe the
simulation model and its transposition to a specific application case: the extraction of regions in an
image. Some experiments conducted on real gray level images are detailed together with studies
about the influence of the different algorithm parameters on its performance.
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1. Introduction

Reactive multi-agent systems are systems made of simple behaving units with decentralized
control. Agents are situated in a dynamic environment through which they interact. They are
characterized by limited (possibly no) representation of themselves, of the others and of the
environment. Their behaviors are based upon stimulus-response rules, decision-making is based on
limited information about the environment and on limited internal states and it does not refer to
explicit deliberation. In such systems, the individuals do not have an explicit representation of the
collective task to be achieved because of their simplicity. Therefore, the solution of the problem is
the consequence of successive interactions between agents through environment.

In such systems, the regulation of activities can be achieved by self-organization. Camazine
et al [6] define self-organization as “a process in which pattern at the global level emerges solely



from numerous interactions among lower-lever components of the systems®. Self-organized
mechanisms are robust, decentralized, and can resist to perturbations.

Applying a self-organized approach to solve a given problem requires designing the
environment, the agent behaviors and the dynamics of the whole such as the society is able to fulfill
its requirements with a reasonable efficiency. The difficulty is proportional to the distance between
the simplicity of individuals and the complexity of the collective property. Furthermore, links
between individual behaviors and collective properties are not obvious since they are expressed at
two separate levels of abstraction.

Taking inspiration from self-organized phenomena in biology is a way to tackle this
engineering problem. However, the domain lacks of theories to describe the swarm mechanisms, of
methodologies for encoding the problems in a way in relation with the swarm mechanism and for
decoding collective results as exploitable solution in the problem domain. Despite these drawbacks,
biologically inspired approaches have proven their interests in some cases. For example, model
inspired by ants colonies have lead to new approaches for solving optimization problems|3].

We investigate a new swarm mechanism based on collective weaving activity in social
spiders. As knowledge about this mechanism was not well stated, we first worked with biologists to
know the individual mechanisms that enable the collective weaving. Biological assumptions needed
to be formulated and validated. For this purpose, multi-agent models can help by providing
concepts and tools to describe individual behaviors and simulate their collective effect. As soon as
the swarm mechanism has been established, we transposed it. The transposition corresponds to
encode the problem such as to be an input for the swarm mechanism; to adapt the swarm
mechanism to the specificities of the problem, if necessary to improve it for efficiency purpose; and
then to interpret the collective result of the swarm mechanism as a solution of the problem.

This paper presents how we found out an original swarm mechanism and how we transpose it
to region detection. It is structured as follow. Section 2 presents related work and provides elements
to argue the originality of our work. In section 3, we describe the biological background about the
social spiders, the assumptions about the collective weaving, and provide some insights about the
model we built. Section 4 presents how such a model has been transposed for region detection in
gray level images. In the next section, we describe experiments and their results. Sections 6 and 7
discuss our work in terms of application and swarm mechanism. Section 8 draws some conclusions
and future work.

2. Related work

Reactive approaches [16][5][13][26] emphasize on the simplicity of individuals compared to
the properties observed at a collective level. Their inherent properties make them suitable for two
main streams of use: the simulation of collective phenomenon and the collective problem solving.

Reactive multi-agent models provide concepts to describe a system as a set of simple entities
(agents) that act and interact in a shared environment[28]. They enlighten the relationships between
individual behaviors and collective observed phenomena[16]. This is a reason why recently multi-
agent simulations (also called individual-based simulations) have been undertaken in biology to
capture the global effect as a consequence of the behavior and interaction of simple individuals.

For example, the aim of some simulations was to test hypothesis about the way social
structures can emerge, such as a division of labor in the case of ants in the MANTA project[7], or
about fishes population dynamics[21]. Multi-agent models have also been used to investigate
activities in colonies of honey bee [33], or of termites[23]. Numerous applications of such models
on several collective phenomena (fishes, birds, etc) can be found in [30].

The inherent properties of reactive systems make them convenient to collectively solve
problems. Their simplicity allows the solving of oversized problems, previously unreachable by
“classical” methods (see [12] for an application to the N-Puzzle problem). These systems can easily
be adapted to new constraints at run-time [1][14][25].



Reactive approaches have been applied to many problems such as cartographic
generalization[1], distributed air traffic control[36], workload management[25], assignment
problems[14], optimization problems[10][11], etc. Behavioral models can be based on a
satisfaction principle: [12] used situated agents trying to achieve satisfaction in an environment that
represents the problem domain. The satisfaction achievement is based on action in their
environment; such as “moving”. An acting agent may attack another: Ferber based Eco problem
solving paradigm on such behaviors[16]. An adaptation of this model has been used for quadratic
assignment problems[14]. In other cases, agents can perceive and react to force-fields defined in
their environment; these force-fields are, in return, built upon the previous actions of the agents as
in [1][25][34][36]. [3][10][11] replicated stigmergic principle from ants behavior to derive
algorithms applied either to static or dynamic combinatorial optimization problems with
applications on many problems like the traveling salesman problem. [24] inspires from ants too and
derives a new search algorithm.

As we can see from these examples, existing self-organized systems like those observed in
physics or biology are a source of inspiration to help the design of systems. Biological inspiration is
one of the most used approaches. The principles underlying this approach is that the complex
collective behavior exhibited by societies of animals such as wolves, ants, termites, wasps, and so
on; can be viewed as a response to some environmental problem faced by the society.

One of the most common metaphors is that of ants. The knowledge about interaction
mechanisms through pheromones in ant societies [8][9] has been a source of inspiration for new
methods for reactive problem solving. Especially, the ant colony optimization (ACO) meta-
heuristic has proven to provide very good results[11].

Except the ants metaphor, equilibrium between ecosystems is the metaphor from which the
Eco problem solving[16] is derived. Fish and bird social models in biology have been sources of
inspiration to implement flocking[29][35].

Social phenomena exist also in the case of spiders. In spiders’ species, any status from fully
solitary to social exists. Furthermore, as opposite to social insects, there is no cast in the
society[20]. Therefore the studies of colonies of spiders could lead to an interesting and original
model towards the collective intelligence perspective[31]. As far as we know, there is very little
work on the modeling of spiders from a multi-agent perspective except [32] about collective
decision process and [15] about the coordination during prey capture, both with A. Eximius species.

We applied a swarm mechanism inspired by social spiders for an image-processing problem.
In this domain, the multi-agent paradigm has been used in two different ways. In the first case, the
multi-agent approach is used as a framework to integrate and coordinate image-processing
components ([2] for example). Such systems are not self-organized; agents are cognitive and
interact through message communication. In the second case, the image is envisaged as an
environment in which agents evolve: [27] was inspired by ant behavior to detect outlines and [22]
uses cellular automata to extract regions.

3. Biological background on spiders

Among the thousands of spider species in the world, only about fifteen species can be
qualified as social spiders. Anelosimus eximius which can be found in French Guiana is one of
them. The individuals live together, share the same web and cooperate in various activities such as
brood care, web weaving, hunting, ... On the web, spiders are gathered in small clusters under the
vegetal sheets included in the web and are distributed on the whole silky structure. Figure 1 shows
such a society and its web.

Despite their apparent individual simplicity, these spiders are exhibiting interesting collective
behavior during prey capture and web weaving.



A. eximius are small arthropods (5 mm), able to collectively build silky structures bigger than
ten m> that always respect architectural properties whatever the biological environment is. Webs
are not geometrical but twofold: an horizontal hammock and an aerial network of silk lines.

We cooperated with biologists to find out the underlying mechanisms. We proposed a multi
agent model  in which the environment is modeled as a s uare grid, each case being associated
with a stake. takes can be of different heights to model the environmental diversity of the
vegetation. hey can be connected by silk dragline(s) fi ed on top of them (see igure ).

gents are always situated on top of the stakes. he web weaving activity needs two
behavioral items: movement and silk fi ing. tems are independent i.e., an agent can fire these
actions in the same simulation cycle: to m e to a close stake and to ix a silk dragline.
urthermore, items are fired stochastically according to a constant or conte tual probability.

When fi ed the dragline provides a new path (the shortest one) between the current stake and
the last on which silk was fi ed (whatever the spider moves were). he probability to fi the silk
(called si ) is constant over time.

ince silk draglines are fi ed between stakes, they offer new directions of movement. he
spider has to choose whether to follow a dragline or to move to one of the ad acent stakes. his
choice is influenced by the silk attraction tendency and reflects the propensity of spiders to follow a
silk dragline instead of moving to an ad acent stake. he mechanism that underlies the movement

can be e pressed as a stigmergic process. tigmergy was initially proposed by rass in the
case of termites and can be summarized as follow: e esu e ii i iiu
i es uses e ii ise e s . he probability for a spider to move to a

given stake is dependent on the type of access. n the neighborhood, the probability is constant.



4. Transposition to region detection

4.1. Description of the problem



4.2. Generalities about the approach

4.3. Description of the model
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4.4. Detail of behavioral items
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5. Empirical assessment of the approach

5.1. Expected properties

5.2. Experimental setup



5.3. Raw results



5.4. Studies of the process












6. Discussion about the application



7. Review of the swarm mechanism



8. Concluding remarks and future work

9. Acknowledgments

10. References









11. Tables










