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Abstract. A multi-agent system for a recognition of hand postures
of the Polish Sign Language is presented in the paper. The system is
based on a syntactic pattern recognition approach, namely on parsable
ETPL(k) graph grammars. An occurrence of a variety of styles of per-
forming hand postures requires an introduction of many grammar pro-
ductions that differ each from other slightly. This makes a construction
of a grammar within a parsable class ETPL(k) dubious. Dividing a whole
grammar into sub-grammars and distributing them to agents allows one
to solve the problem.

Keywords: pattern recognition, multi-agent system, ETPL(k) graph
grammar.

1 Introduction

Multi-agent systems are used as a useful approach in a pattern recognition area
[11,13,21]. It concerns, especially, real-time applications. However, real-time re-
quirements make a construction of multi-agent systems difficult [15,20,22]. The
results of our recent research has revealed that a syntactic pattern recognition
paradigm together with a multi-agent system approach gives a convenient basis
for solving real-time pattern recognition problems [9,16,17]. At the same time,
it seems that in an aspect of an efficiency of a symbolic description processing it
performs better than many other computationally inefficient standard artificial
intelligence methods [19].

The main idea of syntactic pattern recognition consists in treating a pattern
as a structure of the form of string, tree or graph. A set of patterns to be recog-
nized is treated, in turn, as a formal language (string language, tree language or
graph language) that is generated with a formal grammar. A formal automaton
(syntax analyzer, parser) constructed for the grammar is then used as a recog-
nition algorithm. The ETPL(k) graph grammars (Embedding Transformation-
preserving Production-ordered k-Left nodes unambiguous grammars) [2,4,7,10]
have been used as a syntactic pattern recognition model for a variety of appli-
cations such, as: a pattern recognition in the industrial robot control system [4],
an analysis of a distributed environment configuration in the software allocation
system [3], a solid modelling and analysis in the CAD/CAM (Computer Aided
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Design / Computer Aided Manufacturing) integration system [5], a solid rep-
resentation for an optimal scaling in the CAE (Computer Aided Engineering)
parallel computation system [6], an analysis of a complex experimental physics
equipment in the real-time expert control system [8,16]. Analogously like in the
last mentioned area (real-time expert control system), we have applied a multi-
agent approach during our recent research concerning a real-time recognition of
hand postures occurring in the Polish Sign Language. The results of the research
are presented in the paper.

Let us notice that pattern recognition of hand postures is widely investigated
all over the world [12,14,18]. The methods of hand posture recognition can be
applied in the field of gesture recognition [1,18]. A distributed recognition ap-
proach is also widely used for recognition tasks to boost system performance
and/or recognition rate [1,23,24].

A model of a syntactic pattern recognition-based agent is introduced in the
next chapter. An architecture of the multi-agent system and scenarios of its
functioning are discussed in chapter 4. The final chapter contains concluding
remarks.

2 Syntactic Pattern Recognition-Based Agents

We introduce a model of a syntactic pattern recognition-based agent in this
chapter. In section 2.1 we present basic phases of a syntactic pattern recognition
approach to an analysis of hand postures and a formal model based on ETPL(k)
graph grammars [2,4,7,10]. Then, in the same section, we discuss a basic problem
concerning a construction of such a grammar for the Polish Sign Language.
Introducing a multi-agent architecture of a system allows us just to solve the
problem. An internal architecture of a syntactic pattern recognition-based agent
that is defined according to a formal model introduced is presented in section 2.2.

2.1 A Formal Model for a Syntactic Pattern Recognition-Based
Agent

An analysis of hand postures of the Polish Sign Language consists of three main
phases. During the first phase of image preprocessing a hand region is identified
and its contour is approximated with a polygon as it is shown in Figures: 1(a) and
1(b). The region centroid and the polygon vertices constitute the characteristic
points of the image - see Fig. 1(b). The image characteristic points are then
used, at the second phase of a graph description generation, for spanning a
graph structure, which is depicted in Fig. 1(c), and finally for defining the so-
called IE-graph on the basis of this structure - see Fig. 1(d). Let us introduce a
formal definition of an IE-graph [4,7].

Definition 1. An indexed edge-unambiguous graph, IE graph, over Σ and Γ is a
quintuple

g = (V, E, Σ, Γ, φ),
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Fig. 1. Main phases of a syntactic pattern recognition of hand postures of the Polish
Sign Language

where V is a finite, non-empty set of nodes that indices have been ascribed to
in an unambiguous way,
Σ is a finite, non-empty set of node labels,
Γ is a finite, non-empty set of edge labels,
E is a set of edges of the form (v, λ, w), where v, w ∈ V, λ ∈ Γ , such that index
of v is less than index of w,
φ : V −→ Σ is a node-labelling function,
and g contains a BFS spanning tree, which nodes are indexed in the same way
as nodes of g and its edges are directed in the same way as edges of g.

IE-graphs belong to a parsable class of ETPL(k) graph grammars [2,4,7]. The
ETPL(k) parsing algorithm is of a very good computational complexity, namely
O(n2) [4]. The parsing algorithm uses an ETPL(k) graph grammar (constructed
for a given graph language consisting of IE-graphs representing hand postures)
as its control table. Of course, constructing such a grammar ”by hand” is very
difficult in case a language consists of many graphs. Therefore, an inference
algorithm generating, automatically, such a grammar on a basis of a set of IE-
graphs has been defined and implemented as the INFERGRAPH system [10].
Such a method has occurred to be very efficient.

In case of a recognition of hand postures performed carefully by signers that
use a standard (model) Polish Sign Language, a very good recognition rate has
been obtained - ca. 95%. However, in case of signers representing a variety of
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Fig. 2. A general scheme of a syntactic pattern recognition-based agent

(incorrect, negligent) styles (manners), a grammar should contain a lot of pro-
ductions that differ each from other slightly. This phenomenon makes a definition
of a grammar within a parsable class ETPL(k) dubious. In case of an automatic
generation of a grammar with the inference system, it can cause a need of in-
troducing a large number of productions that decreases a time efficiency of the
method. In extreme cases, it can cause a generation of a grammar within a
parsable class ETPL(k) even impossible (if we would like to comprise all the
distorted performances of the sign language).

Dividing the whole grammar into sub-grammars corresponding to various
styles and manners of a sign language performance allows us to solve a problem
discussed above. Then, each such a ”specific” sub-grammar is allocated to a syn-
tactic pattern recognition-based agent that is responsible for recognizing a set
of hand postures performed in one predefined manner. An architecture of such
an agent is discussed in the next section.

2.2 An Architecture of a Syntactic Pattern Recognition-Based
Agent

There are following main elements of a syntactic pattern recognition-based agent
(see Fig. 2):

– a hand posture knowledge base in the form of the ETPL(k) graph grammar
describing a manner (variant) of performing hand postures,

– a parser analyses IE-graph representations of hand postures on a basis of
the ETPL(k) graph grammar (a hand posture knowledge base),
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– a collaboration module is responsible for: collaborating with other syntactic
pattern recognition-based agents (establishing communication, exchanging
data, etc.) and accumulating knowledge concerning results of such a collab-
oration,

– a collaboration knowledge base stores knowledge concerning results of a col-
laboration with other syntactic pattern recognition-based agents (constantly
being updated). Let us notice that the collaboration scenarios are described
in details in chapter 3.

An input for an agent is of the form of an IE-graph being a symbolic represen-
tation of a hand posture. A recognition of a hand posture is made with parsing
of a received IE-graph (on the basis of an ETPL(k) graph grammar associated
with the agent). The result is outputted to the control agent (see: chapter 3).

When an input IE-graph cannot be recognized by the parser, then the agent
starts a collaboration with other syntactic pattern recognition-based agents (via
collaboration module). The agent sequentially passes the graph to other agents
asking for its recognition until it gets a positive answer, i.e. a result of the
recognition.

Syntactic pattern recognition-based agents are provided with a self-learning
mechanism. Learning is made by a continuous accumulation of knowledge con-
cerning results of the collaboration with other syntactic pattern recognition-
based agents.

Each agent has its own collaboration knowledge base. It is built in the form of
the following table.

Table 1. Collaboration knowledge base of an agent

Agent Technical Number Number Percentage
id. (communication) of queries of positive of positive

information answers answers

A 01 active, port: xxx 2 1 50%
A 02 inactive, port: yyy 3 0 0%
A 03 active, port: zzz 10 8 80%
... ... ... ... ...

Information about collaboration with a particular agent is stored in the line
of the table. The first column of the table contains technical information needed
to communicate with a given agent. The second one contains the number of all
queries send to a given agent. The third column contains the number of queries
which returned a positive answer (a hand posture has been recognized). The last
column contains the percentage of positive answers in case of a given agent.

The table is updated each time the agent asks for the help of another syntactic
pattern recognition-based agent. The knowledge included in the table is a basis
for a collaboration strategy of the particular agent. A collaboration strategy is
described in the next chapter.
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At the end of this section, we would like to underline the autonomy and pro-
social behavior of the syntactic pattern-recognition based agents. Therefore, let
us discuss how the BDI standards (Belief-Desire-Intention) are embedded in the
agents.

– Belief. The belief of an agent is represented by the collaboration knowledge
base. Let us notice that the base can be changed. It reflects the fact that
what an agent believes may not necessarily be true (it may change in the
future).

– Desires. The only desire (goal) of an agent is to recognize a hand posture
(being the input data). An agent tries to accomplish the goal by itself or in
collaboration with other agents.

– Intentions. The intention of an agent is to recognize a hand posture as quick
as possible. If its own parsing algorithm fails, then it decides which other
agent is ”the best” to cooperate with. The decision is based on the informa-
tion stored in the collaboration knowledge base (see: section 3.1).

3 Architecture of the Multi-agent System and Scenarios
of its Functioning

An architecture of the multi-agent system recognizing hand postures is presented
in Fig. 3.

Let us assume that there are n syntactic pattern recognition-based agents,
where each agent is responsible for recognizing hand postures performed in a spe-
cific manner. The multi-agent system consists of: several active syntactic pattern
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recognition-based agents, the remaining inactive syntactic pattern recognition-
based agents, the control agent, the image preprocessing agent and the symbolic
description generation agent (the last two agents are responsible for preliminary
phases of image processing that have been discussed in section 2.1).

Active agents are running at processors available for the system. All active
agents can communicate with each other. Inactive agents are not allocated to
the processors. They wait to be activated by the control agent.

The control agent is responsible for the following tasks:

– a communication with the ”outside world” (i.e. collecting hand postures to
be recognized, and outputting the results of a recognition),

– an allocation of syntactic pattern recognition-based agents to the processors,
– a communication with syntactic pattern recognition-based agents (a distribu-

tion of hand posture IE-graph representations among agents, and gathering
results of a recognition),

– an evaluation of a performance of syntactic pattern recognition-based agents
and a re-allocation of agents (as a consequence of the evaluation).

In order to perform all tasks mentioned above, the control agent has its own
collaboration knowledge base, which is constructed in the same way like the one
of a syntactic pattern recognition-based agent (see: Table 1). However, a scenario
of supplying the base with new information is different from that of syntactic
pattern recognition-based agents.

Now, let us present functioning of the system. Initially, the control agent
starts as much syntactic pattern recognition-based agents as it is possible in the
system. Let m is a number of such agents. Then, the control agent initializes its
own collaboration knowledge base and the bases of all active agents (providing
information on technical ways of a communication — see: column 2 in Table 1).

In the next step, the control agent begins to receive data from the ”outside
world”. The data are consecutive IE-graph representations of hand postures to
be recognized. The agent distributes m hand postures among active syntactic
pattern recognition-based agents and waits for their response. The remaining
received hand postures are buffered in the FIFO (first-in first-out) structure.

In the next two sections we discuss a further functioning of syntactic pattern
recognition-based agents as well as a way of evaluating a performance of these
agents and re-allocating these agents made by the control agent.

3.1 Functioning of Syntactic Pattern Recognition-Based Agents

There are two following scenarios of functioning of a syntactic pattern
recognition-based agent.

Scenario 1. A request to recognize a hand posture is made by the control agent.
Firstly, an agent tries to recognize a hand posture itself. An analysis of the
hand posture is made by a parser of the agent. If a result of the analysis is
positive (the hand posture is recognized), the agent returns information to the
control agent which passes it to the ”outside world”. If the result is negative (the
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hand posture cannot be recognized), the agent starts a collaboration with other
syntactic pattern recognition-based agents.

A strategy of a collaboration is straightforward. The agent sorts its collabo-
ration knowledge base accordingly to a percentage of positive answers given by
other agents (see: column 4 in Table 1). A request to recognize a hand posture
is firstly sent to the ”best rated” active agent. If an answer is negative, the re-
quest is directed to the next active agent in ranking, and so on. A procedure
is repeated until the agent gets a positive answer or all active agents have re-
turned negative answers. During this process the agent collects all information
about the collaboration in its knowledge base. Finally, information concerning
the responses of the collaborating agents is passed to the control agent.

If a positive answer is finally achieved, it ends the scenario. Otherwise, the
agent asks the control agent to activate the remaining agents (which are now in
an inactive state) and a recognition process starts again.

Scenario 2. A request to recognize a hand posture is made by another syntactic
pattern recognition-based agent.
The agent tries to recognize a hand posture itself, and returns an answer (positive
or negative) to an agent that has made the request. In this scenario the agent
does not start any collaboration with other agents.

3.2 Functioning of the Control Agent

There are two following scenarios of functioning of the control agent.

Scenario 1. A re-allocation as a result of an evaluation of syntactic pattern
recognition-based agents.
This is a typical scenario. After receiving an answer from a syntactic pattern
recognition-based agent, the control agent updates its collaboration knowledge
base, and checks percentages of positive answers for each active agent (in this
way the performance of each active agent is evaluated). If there is an active agent
A which rank is below a rank of the best inactive agent N , then A is replaced
with N . It means that now A agent becomes inactive, and N agent becomes
active and it starts running at a given processor.

Scenario 2. A re-allocation as a result of the lack of a recognition.
The second scenario takes place, if a hand posture cannot be recognized by
any active agent in the system. In such an unusual situation, the control agent
replaces all active agents with the ”best” inactive agents.

4 Concluding Remarks

A multi-agent system for an identification of hand postures of the Polish Sign
Language has been implemented on the basis of a syntactic pattern recognition
approach discussed in the paper. Experimental testing (more than 700 tests) has
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revealed its good characteristics. The average recognition of a hand posture takes
0.13 s (C++, Intel Core Duo, 1.83 GHz, 1GB RAM), and a recognition rate is
of 95%. Including examples of a hand posture performance negligence resulting
from specific (incorrect) styles of signing to a sample set makes a graph grammar
generating this set very complex and difficult to be maintained.

The main advantage of the use of a multi-agent system approach presented
in the paper consists in a possibility of dividing the graph grammar generat-
ing IE-graph representations of hand postures into several sub-grammars. It, in
turns, allows us to handle a problem of a complexity of a control table of the
ETPL(k) parser [4]. Such a distributed control table is, obviously, much easier
to be maintained with the grammatical inference method [10].

The multi-agent approach not only influences the possibility of constructing
a suitable graph grammar (the quality aspect of the system), but also the effi-
ciency of the system. Experiments performed on both single-agent system and
4-agent system show ca. 28% increase in time efficiency in favor of the multi-
agent approach.

There are self-learning mechanisms embedded in a system defined in such a
way. Firstly, the control agent learns, which syntactic pattern recognition-based
agents provide the best results in case of a particular signer performing hand
postures (such agents should use our computing resources firstly, in case of a
given signer). Secondly, each syntactic pattern recognition-based agent learns
which agents are the best in the collaboration. (It means that the agents can
learn the best strategies of a recognition of hand postures). As we have already
noticed, styles of showing postures can be combined. It means that an agent
that is the best one in a given collaboration is not necessarily the best agent in
the global ranking.

A syntactic pattern recognition method presented in the paper is the de-
terministic one. In case of hand posture images that are distorted (fuzzy), a
probabilistic or fuzzy graph grammars would give better recognition rates. It
would require to represent also a collaboration knowledge used by the system in
a probabilistics (or fuzzy) way. The results of a research into such an extension
of the method will be a subject of further publications.
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2. Flasiński, M.: Parsing of edNLC-graph grammars for scene analysis. Pattern Recog-
nition 21, 623–629 (1988)
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