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MULTIMODAL INTERACTION

FIELD OF THE INVENTION

[0001] The present invention relates to multimodal interaction.

BACKGROUND OF THE INVENTION

[0002] Output and input methods of user interfaces in applications,
especially in browsing applications, are evolving from standalone input/output
interaction methods to user interfaces allowing multiple modes of interaction,
such as means for providing input using voice or a keyboard and output by
viewing and listening. To enable this, mark-up languages are being developed.
For the time being, solutions with different modalities being used to access a
service at different times are known and multimodal service architectures with
co-operating voice and graphical browsers are evolving.

[0003] Although multimodal browsing is evolving, utilizing multiple
input modalities (channels) in software applications has not been brought into
focus. Solutions developed for mark-up languages cannot be used with soft-
ware applications as such, since a mark-up language is used for describing the
structure of structured data, based on the use of specified tags, whereas a
software application actually processes the data (which may be in a mark-up
language), and therefore the requirements are different. In a software applica-
tion capable of receiving inputs from two or more separate modalities, syn-
chronization between different modalities is needed. For example, in order to
perform one uniform controlling action of a software application, a user may
have both to speak and point an item within a timeframe. Since the accuracy
and lag between different modalities vary, timing might become crucial. This is
a problem not faced at a mark-up language level with multimodal browsing
since the internal implementation of a browser takes care of the timing, i.e.
each browser interprets a multimodal input in its own way.

[0004] One solution is to implement multimodal interaction of a
software application in a proprietary way. A problem with this solution is that
every software application, which utilizes multimodal interaction, needs to be
implemented with a separate logic for the multimodal interaction. For example,
accuracy issues should be taken into account by confirmation dialogs. Thus,
quite complex tasks are left for an application developer to solve.
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BRIEF DESCRIPTION OF THE INVENTION

[0005] An object of the present invention is to provide a method and
an apparatus for implementing the method so as to overcome the above prob-
lem. The object of the invention is achieved by a method, an electronic device,
an application development system, a module and a computer program prod-
uct that are characterized by what is stated in the independent claims. Pre-
ferred embodiments of the invention are disclosed in the dependent claims.

[0006] The invention is based on the idea of realizing the need for a
mechanism supporting a multimodal input and the above problem and provid-
ing a high-level structure called a multimodal application programming inter-
face (API) containing one or more rules for multimodal interaction, the rule or
rules manipulating inputs according to one or more rules. A rule may concern
one modality or it may be a common rule concerning at least two different mo-
dalities.

[0007] An advantage of the above aspect of the invention is that it
enables an application developer to design applications with multimodal control
user interfaces in the same way as graphic user interfaces.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In the following, the invention will be described in greater de-
tail by means of exemplary embodiments with reference to the accompanying
drawings, in which

Figure 1 illustrates an example of an application development sys-
tem according to an exemplary embodiment of the invention;

Figure 2 is a block diagram of a multimodal API according to a first
exemplary embodiment of the invention;

Figures 3A and 3B show a pseudocode of a multimodal API accord-
ing to the first exemplary embodiment of the invention;

Figure 4 is a flow chart illustrating a simplified example of applica-
tion creation with the multimodal APl according to the first exemplary embodi-
ment of the invention;

Figure 5 shows a pseudocode indicating how the multimodal API of
Figures 3A and 3B can be used;

Figures 6 and 7 are flow charts illustrating different implementations
of the multimodal API;

Figure 8 is a block diagram of a multimodal APl according to a sec-
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ond exemplary embodiment of the invention;

Figure 9 is a flow chart illustrating a simplified example of applica-
tion creation with the multimodal AP! according to the second exemplary em-
bodiment of the invention;

Figure 10 shows a pseudocode indicating how the multimodal API
according to the second exemplary embodiment of the invention can be used,

Figure 11 is a flow chart illustrating the use of the multimodal API
according to the second exemplary embodiment of the invention;

Figure 12 is a simplified block diagram of a module; and

Figure 13 is a simplified block diagram of a device.

DETAILED DESCRIPTION OF SOME EMBODIMENTS

[0009] The present invention is applicable to any application devel-
opment system supporting multimodal controlling, and to any software applica-
tion/module developed by such a system and to any apparatus/device utilizing
multimodal controlling. Modality, as used herein, refers to an input or an output
channel for controlling a device and/or a software application. Non-restricting
examples of different channels include a conventional mouse, a keyboard, a
stylus, speech recognition, gesture recognition and haptics recognition (haptics
is interaction by touch), input from an in-car computer, a distance meter, a
navigation system, a cruise control, a thermometer, a hygrometer, a rain detec-
tor, a weighing appliance, a timer, machine vision, etc.

[0010] In the following, the present invention will be described using
a system relying on a Java programming language environment as an example
of a system environment whereto the present invention may be applied, with-
out restricting the invention thereto; the invention is programming language
independent.

[0011] Figure 1 illustrates architecture of an application develop-
ment system 100 according to an embodiment of the invention. The exemplary
application development system comprises graphic user interface (GUI) frame-
works 1-1, different modality APIs 1-2, 1-2" and a multimodal APl 1-3. The ex-
isting GUI frameworks and future GUI frameworks may be utilized with the in-
vention as they are (and will be), the invention does not require any changes to
them, or set any requirements for them either. The same also applies to differ-
ent modality APls.
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[0012] A number of GUI frameworks 1-1 exist for Java, such as
those illustrated in Figure 1, Swing, AWT (Abstract Window Toolkit) and LCDUI
(liquid crystal display user interface for Java 2 Micro Edition (J2ZME), i.e. for
wireless Java applications), for example. Each GUI framework contains
classes (not illustrated in Figure 1). It should be noted that the GUI frameworks
here are just examples, any other frameworks may be used instead of or with a
GUI framework.

[0013] In the example shown in Figure 1, only one of the modality
APls is shown in detail, the modality AP! being Java Speech APl JSAPI 1-2
containing different classes.

[0014] The multimodal API 1-3 provides an integration tool for dif-
ferent modalities according to the invention and different embodiments of the
multimodal API 1-3 will be described in more detail below. The multimodal API
1-3 can be used in several applications in which multimodal inputs are possi-
ble, including but not limited to applications in mobile devices, vehicles, air-
planes, home movie equipment, automotive appliances, domestic appliances,
production control systems, quality control systems, etc.

[0015] A first exemplary embodiment of the invention utilizes as-
pect-oriented programming. Aspect-oriented programming merges two or more
objects into formation of the same feature. Aspects are abstractions of the
same kind as classes in object-oriented programming, but aspects are in-
tended for cross-object concerns. (A concern is a particular goal, concept or
area of interest and a crosscutting concern tends to affect multiple implementa-
tion modules.) Thus, aspect-oriented programming is a way of modularizing
crosscutting concerns much like object-oriented programming is a way of
modularizing common concerns. A paradigm of aspect-oriented programming
is described in US patent 6467 086, and examples of applications utilizing as-
pect oriented programming are described in US patent 6 539390 and US pat-
ent application 20030149959. The contents of said patents and patent applica-
tion are incorporated herein by reference. Information on the aspect-oriented
programming can also be found via the Internet pages
http://www javaworld.com/javaworld/jw-01-2002/jw-0118-aspect.html and
http://eclipse.org/aspectj/, for example.

[0016] Figure 2 illustrates the multimodal API according to the first
exemplary embodiment of the invention in which the multimodal APl is pro-
vided by one or more multimodal aspects, later called aspects. Depending on
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the implementation, the multimodal APl comprises one or more aspects. An
aspect represents integration of modalities into one interaction. Each aspect
contains one or more rules to perform a multimodal interaction. For example,
aspect 1 may be an aspect for integrating speech with gestures, aspect 2 may
be an aspect for integrating speech with text given via a graphical user inter-
face, and aspect N an aspect for integrating speech with gestures and with
text. There may be an aspect integrating outputs of other aspects, i.e. aspects
may be chained. Yet another possibility is that there is only one universal as-
pect integrating all possible multimodal inputs. Aspects may be implemented
with a Java extension called Aspectd. An example of an aspect, a pseudocode
for an aspect integrating speech and mouse input, i.e. two different ways to
select an option from a text box, is shown in Figures 3A and 3B which form a
single logical drawing. The pseudocode is loosely based on CLDC (Connected
Limited Device Configuration) 1.0 and MIDP (Mobile Information Device Pro-
file) 1.0, JSAPI 2.0 and AspectJ. A J2ME environment is formed by first creat-
ing a configuration containing basics, types, data structures, etc., and creating
then, on the configuration, a profile containing higher-level features, such as
LCDUI. As can be seen, an aspect 300 contains the actual integration and de-
cides what is integrated and what is not, thus guaranteeing that the application
program is controlled by synchronized and accurate modalities. By using this
aspect, an application developer need not to worry about these details any
more. As can be seen in the example illustrated in Figure 3, the aspect con-
tains one or more rules 305 for different modalities. Different modalities to be
integrated are defined in section 301, utility functions used with them are de-
fined in 302, sections 303 and 304 define modality-specifically how recognition
is performed.

[0017] Figure 4 is a flow chart illustrating a simplified example of
how an application developer can create an application utilizing the multimodal
API| according to the first exemplary embodiment. The application here is a
multimodal user interface, such as a mobile information device applet (MIDlet).
First, the application developer selects one or more suitable classes from a
GU! framework (step 401), and one or more modalities APls (step 402). The
application developer then selects, in step 403, one or more suitable classes
for each selected GUI framework and for each selected modality API. The ap-
plication developer may have selected a text box implemented by LCDUI and a
speech recognizer implemented by JSAPL. The application developer then se-
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lects, in step 404, a suitable aspect or suitable aspects for multimodal interac-
tion and the application is ready. However, the application developer may con-
figure the selected aspect(s) if needed. Thus, by selecting an aspect, a rule is
selected but by configuring the aspect, the selected rule may be fine-tuned
when necessary. In one embodiment of the invention, the rules of aspect may
be dynamic, i.e. rules are modified according to the input they receive. This
input may comprise, but is not limited to, the input from the modality and/or
other information, such as delay in speech recognition, reliability of speech
recognition result, error messages inputted by the user or some other com-
puter program module, or time interval of receiving input from two modalities,
for example.

[0018] An example of how the application developer may use the
aspect shown in Figures 3A and 3B is illustrated by the pseudocode in Figure
5. Section 501 illustrates the outcome of the above-described steps 401 to
403, section 502 illustrates the outcome of the step 404 described above, and
section 503 defines a tool to be used when the selections of different modali-
ties (speech and text) will be mapped to each other. Section 504 gives some
explanatory information commenting how the aspect functions, i.e. how the
application receives interactions. The commented functionality is within the
aspect. As can be seen, the aspect provides a guideline for multimodal interac-
tion which can then be tuned by configuring the selected aspect.

[0019] Figure 6 is an exemplary flow chart illustrating with a simpli-
fied example a first implementation of the multimodal API according to the first
exemplary embodiment. For the sake of clarity, it is assumed that the applica-
tion may receive inputs from two different modalities. This first implementation
is referred as multimodal API utilizing aspect-oriented programming.

[0020] Figure 6 starts when the multimodal API receives an input
from a modality APl 1 in step 601. In response to the received input, the multi-
modal API checks, in step 602, whether the input relates to multimodal interac-
tion. If it does not relate to a multimodal event, the input is sent, in step 603, to
the application. If the input relates to a multimodal event, the input is for-
warded, in step 604, to another modality AP! according to associated rule in
the modality API. The other modality API then recognizes that the input was
received from the modality APl and sends this received input as its own input
to the application in request. In this exemplary embodiment, the multimodal
API acts as an aspect, which handles the crosscutting concerns of different
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modalities. It provides a mechanism that only one input to a requesting appli-
cation is obtained. The aspect handles and forwards the data it receives from
the modalities according to rules.

[0021] Figure 7 is a flow chart illustrating a second implementation
of the multimodal API according to the first exemplary embodiment with a sim-
plified example. Also here it is assumed, for the sake of clarity, that the
application may receive inputs from two different modalities. This first
implementation is referred to as multimodal integrator.

[0022] Figure 7 starts when the multimodal API receives an input
from a modality APl 1 in step 701. In response to the received input, the muiti-
modal API checks, in step 702, whether the input relates to a multimodal
event. If it relates to a multimodal event, the multimodal APl waits, in step 703,
a preset time for an input from the other modality API, modality APl 2. The
waiting time, i.e. a preset time limit, may be set when the multimodal APl is
being created. In another exemplary embodiment of the invention, the muilti-
modal APl may take into account also other data it receives from modalities,
lag in speech recognition, trustworthiness of speech recognition result, error
messages received from the user or from other API's or computer program
product, for example. The rules, which are used to integrate input from the
modalities, may also be dynamic, i.e. the rules are modified according to in-
formation the multimodal API receives. If the other input is received (step 504)
within the time limit, the multimodal API integrates, in step 705, the inputs to-
gether into one integrated input, and sends the input to the application in step
706. One example of integration is given: Let us assume that coffee is se-
lected via a graphical user interface GUI, and after a few seconds, a selection
“tea” is received via speech recognition. If the integration rule is that a GUI se-
lection overrules other selections, the selection “coffee” is sent to the applica-
tion. If the integration rule is that speech recognition overrules other selections
or that the last selection overrules previous selections, the selection “tea” is
sent to the application.

[0023] If no other input is received within the time limit (step 704),
the multimodal API forwards, in step 706, the input received in step 701 to the
application.

[0024] If the input does not relate to a multimodal event (step 702),
the multimodal API forwards, in step 706, the input received in step 701 to the
application.
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[0025] The difference between these two implementations is de-
scribed below with a simplified example. Let us assume that an application
exists to which multimodal inputs may be given by choosing an alternative from
a list shown on a graphical user interface, other inputs are single modality in-
puts requiring no integration. The alternative may be chosen by selecting it by
a mouse click or by giving a spoken selection of a text box or by combining
both ways. When a spoken input is received, the corresponding modality API
forwards the input to the multimodal API. The multimodal API according to the
first implementation described in Figure 6 recognizes whether or not the spo-
ken input is a selection of an alternative on the list and if the input is a selec-
tion, the input is forwarded to the “mouse click” modality, otherwise it is for-
warded to the application. The multimodal APl according to the second imple-
mentation described in Figure 7 recognizes whether or not the spoken input is
a selection of an alternative on the list and if it is a selection, the multimodal
AP| waits for a predetermined time for an input from the “mouse click” modal-
ity, and if the other input is received, combines the inputs and sends one input
to the application; otherwise the received spoken input is forwarded to the ap-
plication.

[0026] [n yet another embodiment of the invention, the integrator
mechanism described in Figure 7 may be implemented with aspect-oriented
programming described in context of Figure 6. This embodiment is referred to
as multimodal integrator with aspect-oriented programming. The multimodal
API according to this embodiment acts as follows: When a spoken input is re-
ceived, the corresponding modality AP| forwards the input to the multimodal
AP|. The multimodal APl according to the first implementation described in
Figure 6 recognizes whether or not the spoken input is a selection of an alter-
native on the list, and if the input is a selection, the input is forwarded to the
“mouse click” modality; otherwise it is forwarded to the application. The multi-
modal API waits for “mouse click” modality to response to the input and after
receiving response from the “mouse click” modality, the multimodal AP for-
wards the result to the requesting application. It is to be understood that multi-
modal APl may also provide the requesting application with many other types
of information.

[0027] Figure 8 illustrates the multimodal APl according to a second
exemplary embodiment of the invention in which the multimodal API is pro-
vided by one class or a package of classes. A multimodal API 8-3 according to
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the second exemplary embodiment comprises one or more sets of rules 8-31
(only one is illustrated in Figure 8), registering means 8-32 and listening means
8-33.

[0028] The multimodal APl 8-3 may contain a universal set of rules,
or the set of rules may be application-specific or multimodal-specific, for exam-
ple. However, a set of rules 8-31 contains one or more integration rules. A rule
may be a predefined rule or a rule defined by an application developer during
application designing, or an error-detecting rule defining itself on the basis of
feedback received from the application when the application is used, for exam-
ple. Furthermore, rules and sets of rules may be added whenever necessary.
Thus, the invention does not limit the way in which a rule or a set of rules is
created, defined or updated; neither does it limit the time at which a rule is de-
fined. The set of rules here also covers implementations in which, instead of
sets of rules, stand-alone rules are used.

[0029] The registering means 8-32 and the listening means 8-33 are
means for detecting different inputs, and the detailed structure thereof is irrele-
vant to the present invention. They may be any prior art means or future
means suitable for the purpose.

[0030] Figure 9 is a flow chart illustrating a simplified example of
how an application developer can create an application utilizing the multimodal
API according to the second exemplary embodiment of the invention. The ap-
plication here is, again, a multimodal user interface, such as a mobile informa-
tion device applet (MIDlet). First, the application developer selects one or more
suitable GUI frameworks (step 901) and one or more modality APls (step 902).
The application developer then selects, in step 903, one or more suitable
classes for each selected GUI framework and for each selected modality API.
The application developer may have selected a text box implemented by
LCDUI and a speech recognizer implemented by JSAPI. The application de-
veloper then selects, in step 904, a suitable set(s) of rules or a suitable stand-
alone rule(s) for multimodal interaction on the basis of the above selections.
The application developer may also fine-tune the rules, if necessary. In another
embodiment of the invention, the user may define rules, according to which the
rules are dynamically modified during interaction. This embodiment may be
utilized in a situation, in which the multimodal AP| deduces from the input that
the user is relatively slow, for example. In such a situation, the multimodal API
may lengthen the time it waits for input from a second modality. Finally, the
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application developer forms, in step 905, the required interaction on the basis
of the above selections (steps 901-904), and the application is ready.

[0031] An example of how the application developer may create an
application using the multimodal APl according to the second exemplary em-
bodiment of the invention is illustrated by the pseudocode in Figure 10. The
pseudocode is based on a J2ME/MIDP LCDUI graphical Ul and a JSAPI 2.0
speech API. In the pseudocode of Figure 10, the multimodal AP, referred to as
an integrator, integrates a speech and a mouse input, i.e. two different ways to
select an option from a text box. Section 1001 illustrates a selected modality
API(s) and GUI framework(s), section 1002 selecting their classes, section 100
and section 1003 setting an integration rule.

[0032] Although it has been stated above that the application devel-
oper selects the set(s) of rules or stand-alone rule(s), the embodiment is not
limited to such a solution. The set(s) of rules or stand-alone rule(s) or some of
them may be selected by the application.

[0033] Figure 11 is a flow chart illustrating with a simplified example
a second implementation of the multimodal APl according to the first exem-
plary embodiment. Also here it is assumed, for the sake of clarity, that the ap-
plication may receive inputs from two different modalities.

[0034] Figure 11 starts, when the multimodal API listens, in step
1101, events and results from the modalities. In other words, the multimodal
API waits for inputs from modalities. An input from a modality API 1 is then re-
ceived in step 1102. In response to the received input, the multimodal API
checks, in step 1103, whether the input relates to a multimodal event. If it re-
lates to a multimodal event, the multimodal API waits, in step 1104, for an input
from the other modality API, modality APl 2, and a time limit defined by the
selected rule set. If the other input is received (step 1105) within the time limit,
the multimodal API integrates, in step 1106, the inputs into one input, and
sends the input to the application in step 1107. The example of an integration
rule disclosed above in Figure 7 may also be applied here.

[0035] If no other input is received within the time limit (step 1105),
the multimodal API forwards, in step 1107, the input received in step 1102 to
the application.

[0036] If the input does not relate to a multimodal event (step 1103),
the multimodal APl forwards, in step 1107, the input received in step 1102 to
the application.



WO 2006/070074 PCT/F12005/050487

11

[0037] The functionality of the second exemplary embodiment is il-
lustrated with a simplified example in which muitimodal inputs may be given by
choosing an alternative from a list shown on a graphical user interface, other
inputs are single modality inputs requiring no integration. The alternative may
be chosen by selecting it by a mouse click or by giving a spoken selection of a
text box or by combining both ways. When a spoken input is received, the cor-
responding modality AP! forwards the input to the multimodal API. The multi-
modal AP! according to the second exemplary embodiment recognizes
whether or not the spoken input is a selection of an alternative on the list and if
it is a selection, the multimodal API waits for a predetermined time for an input
from the “mouse click” modality and if the other input is received, combines the
inputs and sends one input to the application; otherwise the received spoken
input is forwarded to the application.

[0038] Although the embodiments and implementations have been
illustrated above with two different modalities, it is apparent to a person skilled
in the art how to implement the invention with three or more different modali-
ties.

[0039] The steps shown in Figures 4, 6, 7, 9 and 11 are in no abso-
lute chronological order, and some of the steps may be performed simultane-
ously or in an order differing from the given one. Other functions can also be
executed between the steps or within the steps. Some of the steps or part of
the steps can also be omitted. For example, if the modality APIs can them-
selves recognize whether or not an input relates to multimodal action and, on
the basis of the recognition, send the input either directly to the application or
to the multimodal API, steps 602, 702 and 1103 can be omitted. Another ex-
ample relating to applications requiring multimodal inputs is that if no other in-
put is received within the time limit, the multimodal AP| sends the application
an input indicating that an insufficient input was received, instead of forward-
ing/sending the received input.

[0040] Below, a module and a device containing a multimodal AP!
will be described in general. Detailed technical specifications for the structures
described below, their implementation and functionality are irrelevant to the
present invention and need not be discussed in more detail here. It is apparent
to a person skilled in the art that they may also comprise other functions and
structures that need not be described in detail herein. Furthermore, it is appar-
ent that they may comprise more than one multimodal API.
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[0041] Figure 12 is a block diagram illustrating a module 120 ac-
cording to an embodiment of the invention, the module preferably being a
software module. The module contains one or more interfaces for inputs 12-1,
one or more interfaces for outputs 12-2 and a multimodal API 12-3 according
to the invention, such as those described above, for example. The module may
be an applet type application downloadable to different devices over an air
and/or a fixed connection, or a software application or a computer program
product embodied in a computer-readable medium. In other words, the soft-
ware module may be described in the general context of computer-executable
instructions, such as program modules.

[0042] Figure 13 is a block diagram illustrating a device 130 accord-
ing to an embodiment of the invention. The device contains two or more differ-
ent modality APls 13-1 for inputs and interfaces 13-2 for output(s). Further-
more, the device contains one or more applications 13-4 and one or more mul-
timodal APls 13-3, such as those described above, for example, the multimo-
dal API integrating multimodal inputs for the application or applications. Alter-
natively, or in addition, the device may comprise the above-described module.
The implementation of the device may also vary according to the specific pur-
pose to which the present invention is applied and according to the embodi-
ment used.

[0043] The system, modules, and devices implementing the func-
tionality of the present invention comprise not only prior art means but also
means for integrating inputs from two or more different modalities. All modifica-
tions and configurations required for implementing the invention may be per-
formed as routines, which may be implemented as added or updated software
routines, application circuits (ASIC) and/or programmable circuits, such as
EPLD (Electrically Programmable Logic Device) and FPGA (Field Programma-
ble Gate Array). Generally, program modules include routines, programs, ob-
jects, components, segments, schemas, data structures, etc. which perform
particular tasks or implement particular abstract data types. Pro-
gram(s)/software routine(s) can be stored in any computer-readable data stor-
age medium.

[0044] It will be obvious to a person skilled in the art that as tech-
nology advances the inventive concept can be implemented in various ways.
The invention and its embodiments are not limited to the examples described
above but may vary within the scope of the claims.
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CLAIMS

1. A method for providing interaction between modalities, the
method comprisihg at least:

receiving at least one input from at least one modality;

manipulating the at least one input according to at least one rule
concerning at least one modality; and

sending the result of the manipulation to at least one of the group
comprising at least one other modality and an application.

2. The method of claim 1, in which the aspect—oriented program-
ming is utilized in manipulating the at least one input.

3. The method of claim 1, in which a multimodal integrator is utilized
in manipulating the at least one input.

4. The method of claim 1, in which multimodal integrator with as-
pect-oriented programming is utilized in manipulating the at least one input.

5. The method of claim 1, in which the at least one rule is manipu-
lated according to input from the at least one modality.

6. A module for providing interaction between modalities, the mod-
ule being capable of receiving inputs from at least two different modalities, the
module comprising at least

means for manipulating at least one input received from at least one
modality according to at least one rule concerning at least one modality; and

means for sending the result of in the manipulation to at least one of
the group comprising at least one other modality and an application.

7. The module as claimed in claim 6, wherein the module comprises
at least one aspect performing said manipulation.

8. The module as claimed in claim 6, wherein the module comprises
at least two aspects chained to perform said manipulation.

9. The module as claimed in claim 6, wherein the module comprises
at least one rule defining how said manipulation is performed.

10. The module as claimed in claim 6, wherein the at least one rule
is manipulated according to said input from the at least one modality.

11. A computer program product for providing interaction between
modalities, said computer program product being embodied in a computer-
readable medium and comprising program instructions, wherein execution of
said program instructions cause the computer to
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obtain at least one input from at least one modality;

manipulate at least one input according to at least one rule concern-
ing at least one modality; and

send the result of the manipulation to at least one of the group com-
prising at least one other modality and an application.

12. The computer program product as claimed in claim 11, in which
the aspect—oriented programming is utilized in manipulating the at least one
input.

13. The computer program product as claimed in claim 11, in which
the at least one rule is manipulated according to input from the at least one
modality.

14. An electronic device capable of providing interaction between
modalities, the electronic device being configured at least to

receive at least one input from at least one modality;

manipulate the at least one input according to at least one rule con-
cerning at least one modality; and

send the result of manipulation to at least one of the group compris-
ing at least one other modality and an application.

15. The electronic device as claimed in claim 14, in which the as-
pect—oriented programming is utilized in manipulating the at least one input.

16. The electronic device as claimed in claim 14, wherein the elec-
tronic device comprises at least one aspect performing said manipulation.

17. The electronic device as claimed in claim 14, wherein the inte-
grator is configured to recognize whether or not an input relates to a multimo-
dal interaction, and in response to the input not relating to a multimodal
interaction, to forward the input directly to the application.

18. The electronic device as claimed in claim 14, in which the at
least one modality is selected from a group of a mouse, a keyboard, a stylus,
speech recognition, gesture recognition, haptics recognition, input from an in-
car computer, distance meter, navigation system, cruise control, thermometer,
hygrometer, rain detector, weighing appliance, timer and machine vision.

19. An application development system comprising at least one
framework, at least one modality application programming interface and at
least one multimodal application programming interface, the system providing
means for at least

receiving at least one input from at least one modality;
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manipulating the at least one input according to at least one rule
concerning at least one modality;

sending the result of the manipulation to at least one of the group
comprising at least one other modality and an application.

20. The application development system as claimed in claim 19,
wherein said multimodal application programming interface is provided by at
least one aspect comprising at least one rule.

21. The application development system as claimed in claim 19,
wherein said multimodal application programming interface is provided by a set
of rules, the system further comprising selection means for selecting, for an
application, at least one framework, at least one modality application pro-
gramming interface and at least one rule from the set of rules.

22. The application development system as claimed in claim 19, in
which the aspect-oriented programming is utilized in manipulating the at least
one input.
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/[ Aspect which creates crossing concern between
Il text box and a speech recognizer
aspect BoxIntegrator {

/I Registered recognizers
private Vector recos;

I/l Registered text boxes
private Vector boxes;

// Utility function to register recognition object to

// be used within this aspect

public static void registerRecognizer( Recognizer r ) {
recos.append(r );

/Il Utility function to register text box to be used within this aspect
public static void registerTextBox( TextBox tb ) {
boxes.append( tb );

// Pointcut to follow starting of recognition
pointcut recognizeCall():
call ( void Recognizer.recognize() );

I/ Do this before pointcut traceRecognize()

before(): traceRecognize() {
I/ Notify somehow to user that recognition is now active
I/ For example change the color of associated text box
// or show some global icon on the screen
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» // with current text box

i reco.pause();

3/7

FIG.3B

NN N NN N

// Pointcut to follow text box focus gained
pointcut traceFocusGained():
call ( void TextBox.focusGained() );

I/ Do this after focus has been gained by text box
after(): traceFocusGained() {
/I Start recognition
( I/ Check which of the registered textboxes gained focus
Recognizer reco = (Recognizer)reco.elementAt(0);
Il Load & activate grammar which is associated

reco.getRuleGrammar().setEnabled(True);

/I Start recognition
reco.resume();

}

// Pointcut to follow text box focus lost
pointcut traceFocusLost():
call ( void TextBox.focusLost() );

I/ Do this after focus has been lost by text box
after(): traceFocusLost() {

/I Pause recognizer

Recognizer reco = (Recognizer)reco.elementAt(0);

}

pointcut resultFromRecognizer():
call ( void Recognizer.resultArrived );

I/l Do this after recognizer has got its result
after: resultFromRecognizer() {
I/ Update text box content based on the recogni-tion result

}

}
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401

select suitable GUI framework(s)
v 402
select modality API(s)

* 4% FIG.4

select suitable class(es) for each selected
modality APl and GUI framework

v 404
select suitable aspect(s)

FIG.5

// Usage example
Il Create text box & recognizer in the normal way

() TextBox box = new TextBox();
501 ) :
Recognizer reco = new Recognizer();
/Il Register them with aspect
g BoxIntegrator.registerRecognizer(reco);
502 BoxIntegrator.registerTextBox(box);

Il Load grammar containing choices that are meant for this text box
~—1—\ reco.loadRuleGrammar( grammar );

503

// When box gets focus -> associated grammar will be activated

I in recognizer and recognition is started
504 // when box loses focus -> recognition will be paused

500
~J
601
I~

receive input from modality API1

603
o~

send input to application

804 FIG.6

forward to other modality API
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701
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703
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70
received no
within time?
705
integrate inputs together into one input ~/ 706
v ~
> send input to application <

] 8.3
SET OF RULES |~ 831

REGISTERING |~ 832

LISTENING |~ 8-33

FIG.8

901

select suitable GUI framework(s) ~/
v 902

select modality API(s) ~/

: L% FIG.9

select suitable class(es) for each selected
modality APl and GUI framework

v 904
select suitable set(s) of rules ~
v 905

form interaction ~/
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/[Create factory
MMiIntegrator integ = new MMIntegrator();

/[Create one interaction
MMinteraction inter = integ.createlnteraction();

/ICreate JSAPI 2.0 recognizer and load a suitable grammar
Recognizer reco = Central.createRecognizer(null);
reco.loadGrammar(ruleGrammar);

—~4 reco.commitChanges();
1001
//Create LCDUI widget
TextField text = new TextField("", ", 2, TextField.ANY);

//IRegister modalities to the interaction

/lIntegrator acts as a listener for JSAPI and LCDUI events
—~4 inter.registerModality(text);

1002 | | inter.registerModality(reco);

//IRegister as a listener for MMInteraction events
inter.setCommandListener(this);

//Set the appropriate integration rule, activate both modalities

— /land override GUI with SUI

1003| \inter.setintegrationRule(MMiInteraction.BOTH | MMinteraction.PREFER_SPEECH);
//Start waiting for events from the interaction

1000

FIG. 10
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v

1102
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FIG.11
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