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1. Introduction 
  Existing media such as movies, television and the internet, transmit the information 
by using images/video and sounds. However, many events in the real world create more 
than just visual and audio stimuli. Sense of touch is one of the information that the 
existing media have not taken into account. We usually perceive characteristics of real 
objects not only through audio and visual information but also through sense of touch 
(haptic sensation), such as texture (cutaneous sensation), rigidity, and weight of the 
objects (proprioceptive sensation). To realize haptic sensation, however, some mechanical 
interfaces to stimulate the receptors for haptic sensation are needed.  Since these 
receptors are distributed throughout the body, it is almost impossible to stimulate all 
receptors simultaneously by using mechanical interfaces. However, by focusing on parts 
where haptic sensation is dominant in interaction, we can develop haptic interfaces for 
hands, feet and mouth. By adding such interfaces to common media, users not only 
experience visual and auditive stimuli but also a sense of touch in a virtual world. Such 
multi modal interfaces provide a much deeper feeling of presence and immersion.  
 
2.Locomotion Interface for visual and haptic feedback 
 Traveling on foot is the most intuitive way to move in the real environment. However, 
we usually explore a virtual environment (VE) using a hand-held controller, even if walking is 
the most natural locomotion method for human beings. A locomotion interface (LI) is an 
interface for the generation of a sense of walking in a VE. To create such a sense, the 
interface has to have the ability to present an uneven omni-directional surface and to 
cancel the displacement of the walker in the real world caused by the limitation of a real 
walking space.  
 An example application is to use a footpad-type locomotion interface consisting of two 
footpads stimulating a user’s feet for gait rehabilitation. The footpads of the LI follow a 
prerecorded motion of a user's foot to provide the experience of the real motion. An 
immersive gait training system (Fig.1) combines this technique with the presentation of 
visual – even peripheral - information to provide highly lifelike training environments. 
Several experiments were conducted for evaluation of this system, changes in the 
prefrontal activity of the brain were measured with the NIRS. Results confirmed the 
relaxing effects of this system. These effects are caused by synergistic effects between 
visual and haptic interfaces. 
 

 



3. Food Simulator for auditory, haptic and taste feedback 
 When we eat food, we feel the rigidity of the food through biting force, the sounds of 
biting, and experience the taste of the food. To realize the sensation of biting in VE, we 
developed a food simulator (Fig.2). It consists of a haptic interface, a taste display, and a 
bone conduction headset. An experiment to analyze the effects of increasing the number 
of modalities simultaneously presented was conducted. In this experiment, virtual apple 
was presented. The experiment showed that the sensation of biting an apple was 
increased when audio, haptic and taste sensation were simultaneously presented.  
 
Conclusion 
Multimodal interfaces are a useful tool to increase the perception of virtual objects and 

relaxation of users. More modalities in the interface improve presence and immersion. 
However, we should be careful not to break the spatiotemporal consistency among these 
modalities. We can realize high quality VR interfaces, when we generate consistent 
stimuli. On the other hand, if consistency cannot be achieved, we will risk to cause 
confusion, decrement realism of VE, and decrement user's performance.  
As future work for practical use, we need to investigate the consistency conditions of 

combining different modalities and the way to create multimodal interface easily. Also, 
long term effects of VR interfaces such as alteration of user's sensation and user's motion 
in the rehabilitation system are required. 
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Fig.1. Overall view of the immersive gait rehabilitation system Fig.2. Overall view of the Food Simulator 

 


