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Designing Patterns for Multimodal Fusion
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Abstract. This paper presents a design of an architecture that facilitates the work of a fusion engine. 
The logical combination or merging of input streams invoked by the fusion engine is based upon the 
definition of a set of patterns and its similarity with previously collected data from various modalities. 
Previous fusion engine designs had many weaknesses, among them their being specialized on a specific 
domain of application. The proposed architecture addresses such weakness and provides additional 
features, namely its ability to handle large number of modalities and due to its using knowledge base and 
standardization characteristics; it becomes suitable to various types of multimodal systems. The techniques 
used to achieve these features are discussed in this paper.
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1 Introduction 
As per W3C (http://www.w3.org/2002/mmi/) specification, a multimodal interaction 

activity seeks to allow users to dynamically select the most appropriate mode of interaction 
for their current needs, including consideration of any disability whilst enabling developers 
to provide an effective user interface for whichever modes the user selects. Depending 
upon the device, users will be able to provide input via speech, handwriting, and 
keystrokes, with output presented via displays, pre-recorded and synthetic speech, audio, 
and tactile mechanisms such as mobile phone vibrators and Braille strips. Various 
multimodal applications [1] are conceived and are effective solutions for users who have 
constraints such as the impossibility of using a keyboard or a mouse [2], having visual 
handicap [3], being mobile using wireless telephone/mobile devices [4], and being weak 
and disabled [5]. These applications are integrated with web services which are application 
functions or services. These services can be accessible from another application (a client, 
a server or other web services) within the Internet network using the available transport 
protocols [6]. Application service can be implemented as an autonomous application or as 
a set of applications. It pertains to a technology allowing applications to communicate with 
one another via Internet, independently of the operating system platforms and languages 
that these applications are based. In the literature, several solutions were proposed to 
facilitate the work of fusion engines. To our point of view, the most significant works follow. 
Engel et al [7] proposed an approach for processing modalities in a system 
called SmartKom [8]. Its basic idea is to generate all meaningful combinations after 
considering all hypotheses and afterwards selects the n best results which are passed to 
the intention analyzer. Apart from its relatively easy implementation, its other advantage is 
that during the processing, no decisions based on incomplete context have to be made. 
The disadvantage of this approach is that under adverse circumstances, specifically in the 
case of recognition errors or unintended gestures performed by the user, the generation of 
all meaningful combinations takes too much time. Sonntag et al [9] proposed an 
ontological solution for a system called SmartWeb. This system is based on question 
answering technology that combines different kinds of domain ontologies into an 
integrated and modular knowledge base.
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For this purpose, they defined an upper model ontology based on SUMO 
(www.ontologyportal.org) and DOLCE (www.loa-cnr.it/DOLCE.html) and integrated each 
domain ontology on it. The main problem of this approach is the specification of its design. 
Since it is only for the application of answering questions, the solution presented by this 
work is very limited. The architecture ofHephaisTK system developed by Dumas et al [10] 
is based on software agents that are dispatched to manage individual modality 
recognizers, receive and encapsulate data from the recognizers, and send them to an 
individual central agent named the “postman”. This postman agent centralizes all data 
coming from the dispatched recognizers agents in the database, and distributes the data 
to other interested agents like the fusion manager. However, this architecture needs a 
configuration file to be specified for describing the human-machine multimodal dialog 
desired for the client application, and for the specification to which recognizers need to be 
used. Having taken these weaknesses into account, we come up with a proposed 
architecture that addresses these issues. This is done through modeling patterns that deal 
with different modalities, and by creating a knowledge base that contains these patterns. 
The adoption of this architecture will facilitate the work of a fusion engine by giving it the 
most meaningful combinations of data. The paper is organized as follows. In section 2, we 
present the architecture itself and describe its components. In section 3, we present a 
scenario demonstrating how the architecture works and finally we conclude this paper in 
section 4. 

2 Patterns Architectural Design 
In this section, we will describe our proposed architectural design with focus on the 

use of patterns as a solution to the described problems of previous systems architectures

2.1 Overview Of The Pattern’s Architectural Design 
The previous diagram in Fgure 1 is further refined in Figure 2 showing the whole 

concept of the architecture. Aside from the recognition, interpretation, and fusion 
processes that were described earlier, the refined architectural design shows new 
components, namely the knowledge base and the database. The remaining system 
components and the description of various steps involved in the fusion process are 
described below: 
Knowledge Base: It is a container that stores the patterns as ontology concepts.  
Database: It is a container that stores all probable meaningful combinations of interpreted 
data. These combinations are used by the fusion engines by merging 
them to obtain a final result. 
Step 1 – User - Modality: In this step, the user begins his interaction with the system, 
using various modalities such as voice, body movement, eye gaze, facial expression, etc. 
By performing an action, the user automatically launches/activates modalities. 
Step 2 – Modality – Recognition of Modalities: This module receives as input XML files 
containing data concerning modalities, usually captured using sensors (e.g. webcam, 
micro, touch screen, etc.). From each XML file, this module extracts some tag data that it 
needs for fusion. Afterwards, it creates a resulting XML containing the selected modalities 
and each modality’s corresponding parameters. In conformity with W3C standard on XML 
tags for multimodal applications, we use EMMA. EMMA [11] is a generic tagging language 
for multimodal annotation. It is an integral part of the W3C norm for multimodal 
interactions. Its general objective is to automatically represent the information extracted 
from user inputs through interpretation of system components. The EMMA tags represent 
the semantically recovered input data (e.g. gests, speech, etc.) that are meant to be 
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integrated to a multimodal application. EMMA was developed to allow annotation of data 
generated by heterogeneous input media. When applied on target data, EMMA result 
yields a collection of multimedia, multimodal and multi-platform information as well as all 
other information from other heterogeneous systems. 

Figure 1: Architecture overview

Step 3 – Patterns – Knowledge base: Patterns are stored as concepts in the knowledge 
base which contains data format, parameters and modality events. These patterns are 
used by the interpretation module to check a similarity match between the data provided 
by modalities against the patterns themselves. These concepts are semantically 
represented inside the knowledge base using the Web Ontology Language (OWL). OWL 
(http://www.w3.org/TR/owl-features/) is a vocabulary extension of Resource Description 
Framework or RDF (http://www.w3.org/TR/owl-ref/) semantics. Thus, any RDF graph 
forms an OWL full ontology. Furthermore, the meaning given to an RDF graph by OWL 
also includes the meaning given to the graph by RDF.
Step 4 – Interpretation of Modalities: This module is responsible for checking if there is 
a match between the data associated with modalities and that of the patterns. Match 
checking is done by determining the following conditions: (1) the data format - the data 
format from a special modality is checked with the data format of the pattern that concerns 
that modality, (2) parameters – these are also checked to verify the most suitable selection 
of modalities. This verification is done in consideration of the user’s context, the 
environmental context and the system context, and (3) the events – this is done by 
comparing the present event, meaning the action done by the user concerning the 
specified modality against the events in the pattern. 
If the three conditions are true, two types of result are produced, namely (1) the generation 
of probable meaningful combinations of data, and (2) the detected modality used by the 
user is correct. The generated meaningful data are stored in a database which will be used 
later by the fusion engine and at the same time serves as reference in case that such 
interaction is repeated in future. It is to be noted that the order of similarity matching is not 
important; it is possible that we verify the parameters ahead of the format or the events 
ahead of the parameters. However, if there is no match in any of these conditions, a 
feedback message is sent to the user for further action.
Step 5 – Fusion Engine: This module is responsible for the merging of data by gathering 
different input streams coming from various modalities and obtaining a meaningful 
combinational result. Fusion is a logical combination of two or more entities, in this case 
two or more modalities. Input signals are intercepted by the fusion agent and then 
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combined taking into account some given semantic rules. These rules are presented by 
models, which are predefined patterns stored inside a knowledge base that describes one 
or many rules needed by the fusion engine for data merging. 

2.3 Context Pattern 
A pattern is defined as an idea that has been proven to be useful in one practical 

context and therefore will probably be useful in others [12]. Furthermore, patterns are often 
defined as something strictly described and commonly available. 
As stated earlier, patterns are predefined models that describe a modality; in our work, a 
pattern is composed of data format, events and parameters. Patterns are used 
to check a match of a user action involving a modality against the pre-defined data 
associated with modalities. Patterns are modeled, taking into account important 
characteristics, namely, the format of the pattern, its parameters and the modality events. 
Patterns are stored in a knowledge base. The meaning of each component in the pattern 
is as follows: 
Parameters: These are the context parameters that affect a pattern; each modality is 
normally associated by some parameters. It is important to take these parameters into 
account in the design of patterns. Three types of parameters are essential: 

� User Context - These are parameters that describe the status of the user as he 
works on a computing task. Sample user context parameters are the user 
preferences, profile, handicap, etc. 

� Environmental Context – these are parameters that describe the user’s working 
environment. Sample environmental parameters are noise level, darkness, etc. 

� System Context - These are parameters that describe the status of the user’s 
computing resources. Possible system context parameters are network, bandwidth, 
specifications, etc. 

Format: The format of a pattern must contain the elements that suit a specific modality 
(entities, attributes, properties). These elements insure equivalence between the data of a 
modality and the pattern itself (e.g. starts time, end time of a modality, etc.). 
Events: Each pattern is associated with specific predefined events. Every modality has its 
own set of events. For example, common events associated with the touch screen 
modality are as follows: Click on the screen, Touch screen lightly, Tap the screen once, 
Tap the screen twice, Keep a finger on an icon, Touch and drag an object on the screen. 
Indeed, the pattern that treats this modality (touch screen) must contain these events in 
the design. 

2.4 Models of Rules 
Another type of pattern is needed in our architecture, this pattern contains the 

Models of rules needed for data merging and it is stored inside a knowledge base. A 
multimodal fusion rule consists of constraints and result construction rules. Patterns are 
modeled, taking into account important characteristics, namely, the Content which 
specifies the semantic content of the model (e.g. object, type, location etc.). 
The Category, which indicates the category of the element (e.g. special gesture, 
command, etc.). The constraints which are the system, user and environment contexts 
that affect a rule. The Time which is a temporal interval that indicate when a rule can be 
applied. The Probability which define, how well an object fits to a category. 
The Modality which can be used by a rule. 
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3 Scenario 
Assume that a regular user with no handicap is in his office. Using a laptop, he talks 

to his machine, saying “Draw a circle”. The modality recognition module of our architecture 
recognizes his speech and translates his words into a corresponding EMMA file. After 
such recognition, its data is interpreted by an interpretation module. Such interpretation is 
done by comparing the given data with the predefined patterns. The steps are as follows: 
First, a comparison is made between data format of the resulting EMMA file and the data 
format of the pattern by checking tags (e.g. comparing <emma.start> with pattern). If the 
pattern contains “start” tag and if all other tags in the EMMA file are presented, then the 
data format is checked and the condition is accepted, yielding a value for percentage of 
confidence. Next, a comparison of parameters will be made. Given that the user is a 
regular user and is in his office, such data is to be compared with the pattern. A predefined 
user context exists for a regular user, with no handicaps, and an environmental context 
being an office that is not noisy, having sufficient light, etc. and that the system context is 
set to normal. Then, the data collected by sensors in the office will be compared with the 
predefined parameters. The system descriptions will be compared against the system 
context in the pattern. Hence, if user context is equal to “no handicap” and data sensors 
detect that the user has no handicaps, then the first parameter is accepted. The same 
process will be done to check if environmental context is equal to “not noisy” and “there is 
light”, etc. Given that the sensors detect that there is no noise and there is light, then the 
second condition is accepted. If the system specification is equal to the given system 
context (e.g. computing network is available), then the third condition is accepted. Hence, 
the actual collected parameters and predefined pattern’s parameters are similar and 
therefore the percentage of confidence for this case is updated. The last comparison to be 
made is to find out if the event invoked by the user is similar to one of many events 
predefined in the pattern of a specific modality, in this case, speech. If a match is found, all 
the actual conditions are accepted and a final percentage of confidence is calculated. If 
this value is more than the specified level of confidence (e.g. 70%), we can conclude that a 
similarity between a modality and a pattern occurred and given data will be stored in the 
database. Now that data is stored in the database, the fusion agent will need models of 
rules to merge data, to do that, another comparison and similarity calculation is done to 
check matching between predefined models of rules stored inside a knowledge base and 
the command of a user, if there is similarity, the fusion agent will merge data according to 
the model of rules identified and a result of merged data is obtained that will lead to 
drawing of a circle. If not a feedback is generated. 

4 Conclusion and future work 
In this paper, we presented an architecture that is very useful in a multimodal system. 

The architecture proposes a solution that standardizes the interpretation of modalities. 
Such standardization is implemented by defining a set of patterns that are stored in a 
knowledge base. These patterns will be a reference that measures the similarity between 
data that was previously taken from different modalities and the pattern itself. This 
technique will offer the fusion engine the most meaningful combination of data that can be 
used in the fusion process. Future researches will includes more detailed information 
about the patterns and their design, by modeling a variety of them according to different 
modalities. Also a fusion engine that deal with these patterns will be designed and more 
scenarios will be proposed. The knowledge base will be more and more completed and at 
the end a prototype will be developed to test and validate the whole architecture. 
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