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Abstract. In the last few years the number of intelligent systems has been 
growing rapidly and classical interaction devices like mouse and keyboard are 
replaced in some use cases. Novel, goal-based interaction systems, e.g. based 
on gesture and speech allow a natural control of various devices. However,  
these are prone to misinterpretation of the user’s intention. In this work we  
present a method for supporting goal-based interaction using multimodal inte-
raction systems. Combining speech and gesture we are able to compensate the 
insecurities of both interaction methods, thus improving intention recognition. 
Using a p`rototypical system we have proven the usability of such a system in a 
qualitative evaluation. 

Keywords: Multimodal Interaction, Speech Recognition, Goal-based  
Interaction, Gesture Recognition. 

1 Introduction 

Smart environments are often comprised of a plethora of networked and user controll-
able devices. Those are typically controlled by various remote controls or combined 
systems providing simplified graphical user interfaces. Pointing at devices for mani-
pulation is a natural form of interaction that is often performed unconsciously when 
using traditional remotes. It is possible to realize this pointing manipulation by using 
a virtual representation of the physical environment in combination with gesture re-
cognizing sensors [1]. The straightforward approach of finding devices is using an 
intersection between pointing ray and bounding volumes of devices in the virtual 
realm [2]. However, if the controllable devices are small or occluded selection might 
become difficult or even impossible. In this case means have to be provided to allow 
selecting the devices. Various options are available, such as conflict resolution strate-
gies, e.g. via menu selection [3], the usage of visual indicators for aiding selection [4], 
or - as it is used in this work - using contextual information to infer the intention of 
the user of interacting with a specific device. This work will present the following 
contributions: 
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• We propose a generic method to modify bounding volumes based on contextual 
information gathered by the environment or the interaction process 

• We propose different methods of bounding volume morphing, such as static scal-
ing, occlusion-based morphing and viewpoint-based space-filling methods [5]. 

• We test our method in a multimodal interaction scenario using a combination of 
speech and gesture 

We use the contextual information generated by the smart environment to modify the 
selection process on a generic level by modifying the bounding volumes associated 
with the different devices, instead of modeling the uncertainty within the pointing 
process itself. By this generic approach we gain two distinct advantages, the contex-
tual information allows to reduce the information required by other systems in multi-
modal interaction scenarios and the modification within the virtual representation 
allows other applications to directly use the modified bounding volumes. A particular-
ly interesting application area for this method is multimodal interaction. Concerning 
gestural interaction a good candidate for an additional modality is speech. This allows 
interacting with devices by pointing at them and speaking out various commands. The 
intention as identified by Natural Language Processing applied to speech and the 
approximate can be considered context. E.g. if the user wants to make something 
“louder” this is unlikely to apply to lighting - if the user is pointing to the front he 
typically does not want to interact with devices behind him. Therefore if the devices 
are properly mapped to speech control it is possible to reduce the number of potential 
systems to interact with and use this information in the bounding volume modifica-
tion. The overall process in this application scenario is following five steps;  
processing speech for interaction commands, modifying list of potential devices based 
on supported commands, modifying bounding volumes of candidate devices perform 
ray cast based on pointing direction and identify device and executing command on  
device. 

2 Related Work 

In the last few years novel interaction paradigms have seen a strong interest in the 
public eye. Particularly gesture interaction has seen considerable success; particularly 
in mobile applications with touch screens and gaming applications, with the Nintendo 
Wii and Microsoft Kinect.  

There have been various research efforts to use gestural interaction in smart envi-
ronments. Wilson et al have created the XWand, shown in Figure 1- left, a gesture 
interaction device based on accelerometers and infrared tracking of the device posi-
tion [2]. The integrated sensors allow determining pointing direction and starting 
point, thus providing the ability to select modeled devices in a smart environment. 
The system also allows using speech commands to manipulate the selected devices. 
XWand models devices as Gaussian probability distribution, allowing for simple de-
cision which device should be selected, however the method does not take into ac-
count ambiguous or occluded appliances. In our work we build upon a bounding  
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1. Remove all commands which are not part of the capability of any device 
2. Remove all devices which are not capable of any of the remaining commands 
3. Take the most recent command and increase the bounding volumes of all devices 

capable of it 
4. Recalculate the intersection point of the pointing gesture and the environment.  

The device the user is pointing on now is considered as being the users intended 
choice. Afterwards the final device-command pair will be forwarded and executed. In 
this procedure the third step defines that only the last command is a valid one in case 
of still existing uncertainty. This is due to the time frames around a detected pointing 
gesture. One or more commands arriving within on frame are expected to be correc-
tions of the previous command. Changing step three to a sequential processing of all 
speech commands can be alternatively used. According to that corrections by the user 
would be realized by undoing previous commands instead of skipping the allegedly 
wrong commands. 

6 Evaluation 

We have performed a usability study in which the subjects had to perform simple 
tasks by using speech commands and pointing at the device to be controlled. The test 
was performed by nine users, aged between 21 and 29. Most had previous experience 
with gesture recognition systems, while most had little experience with speech recog-
nition. The users had to perform a set of 11 different task controlling different devices 
in the environment, e.g. turning off lighting in the living room area. The devices were 
intentionally positioned to test cases that are relevant for context-based bounding 
volume adaptation, i.e. using small devices far away from the users and devices stand-
ing beside each other. The results were compared to a time-based selection, where 
interaction was enabled by holding a selection gesture for a certain amount of time. In 
this initial study we were mostly interested in getting an idea about the feasibility of 
our system and get on how users like the idea of using this multimodal interaction to 
control their smart environments. All subjects were able to perform all of the tasks 
with a noticeable learning effect from the first to the last tasks, reducing the number 
of wrong attempts and increasing the interaction time. 

In a following interview the test persons considered the combination of speech and 
gesture to be preferable to gesture or speech alone. The subjects considered the inte-
raction to be intuitive and easy to master and particularly liked how pointing can sim-
plify the complexity of speech commands. However only one candidate could im-
agine using such a system right now to control devices and there were concerns about 
the performance of speech recognition, which can be attributed to the fact that the 
training had to be performed unspecified.  
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7 Conclusion and Future Work 

We have presented a method that combines speech and gesture recognition to simpli-
fy interaction in smart environments. Using a virtual presentation of the environments 
we are able to control the gesture recognition using bounding volume modification. A 
test system based on the Microsoft Kinect and CMU Sphinx speech recognition was 
set up and tested with nine different subjects. The system compared favorably to time-
based selection methods and all users were able to complete the defined set of tasks. 
Combining speech and gesture to control smart environments offers a huge potential. 
We can use the combined information to simplify interaction of the different modes. 
Using bounding volumes to realize this multimodal combination allows a direct inte-
gration in virtual representations of the smart environment and the possibility for 
modeling other aspects such as uncertainty or give an importance measure for the 
different devices, e.g. by changing the scaling factors based on confidence and a user-
assigned weight. The initial results make us confident that the combination of speech 
and gesture to select and control devices is an approach that should be followed  
further. 

We intend to upgrade our prototype system to a more capable speech recognition 
that does not require the user to hold a microphone, e.g. by using on-line speech rec-
ognition and microphone arrays. The gesture recognition performed favorably but can 
be improved using different feedback methods and a more precise skeleton tracker. In 
terms of bounding volumes we want to compare the results of different modification 
methods both quantitative in terms of how they fill the space and acquire a qualitative 
result on how they influence user experience. Another idea is to provide a measure 
how well-suited a given environment is for this kind of interaction based on size, 
capabilities and position of the included devices. 
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