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Abstract

In the following we discuss how a high precision, in-door positioning system (UNIZAR positioning system) can be part of a general positioning system to fit into different application areas depending on different needs and requirements for precision. Specific focus is put on applications for learning and training contexts. We argue that many innovative user interfaces for learning are based on digital manipulatives, which could be substantially enhanced by positioning augmentation. 
1. Positioning technologies
Positioning technology has primarily been used for geographically oriented applications. GPS-based applications can only be used outdoor due to the satellite based positioning, and have an approximate precision of 1 meter. The positioning system presented here is intended for indoor use and with a high precision that offers new application areas in indoor activities like education, entertainment, performance, and healthcare. Ubiquitous [1] and tangible [2] computing will change when we are able to determine the position of tagged objects with a precision of few centimetres.

We have analyzed existing positioning technologies [3], and will propose new interfaces between positioning systems and specific application areas. 



According to the initiators of the Ubiquitous Computing [1], technical limitations for augmentation of everyday objects exist: 

· we need a short-range, indoor positioning system

· active objects need coordination within a single user-interface
· real and virtual objects need to be coordinated.

These are important limitations for a wide range of applications; for which the precise location of objects and their relationship to other objects  is needed.
2. The UNIZAR positioning system

The UNIZAR positioning system uses radio frequency and ultrasound technology to measure distances from well-known position-beacons to the mobile object (tag) we want to locate. Four beacons measure the distance to the tag. These measurements are sent to the positioning master that calculates the coordinates of the tag.

In applications where we position at a maximum distance of 3 meter, several tags (>100) will be positioned 20 times per second (tps) in every cell, while one single tag will be positioned 100 tps. For distances up to 12m, several tags will be positioned 5 tps in every cell, while one single tag will be positioned 20 tps. Mobile tags can calculate their own position without modifying the infrastructure or the hardware, just by changing the device’s firmware. 






When the positioning master knows the coordinates of all the mobile tags (or every tag knows its own position) it is possible and interesting to communicate it to portable devices – PDA’s, mobile phones, laptops, etc. This can be done by implementing the desired communication protocol in the mobile tags.
 Currently the positioning system is being implemented with Bluetooth technology, which allows wireless communication with Bluetooth-enhanced portable devices.
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2. Connection to learning 

We believe that there exist a strong and close relation between humans’ cognitive abilities and the possibility of using multiple senses including the kinaesthetic sense. Probably this holds especially for learning activities. Many authors have stressed the connection between learning and the possibility of touching and moving objects [4, 5, 6]. An early but influential representative for this idea was Jean Piaget [6] who provided an epistemological foundation for the educational idea of letting manipulative material play a central role in learning. Piaget suggested that children must first construct knowledge through ‘concrete operations’ before moving on to ‘formal operations’. More recent advocates for this idea are Sherry Turkle and Seymour Papert [7], who want to revaluate the concrete, suggesting that ‘abstract reasoning’ should not be viewed as more advanced than concrete manipulations. Currently Mitchel Resnick and his group at MIT Media Lab are among the most important sources for innovative concepts and developments in this field by coining the concept ‘digital manipulatives’ and designing a row of tangible user interface (TUI)  prototypes based on this concept [5].  



Ulmer and Ishii [2] set up a number of tangible interface instances, and distinguish between spatial, constructive, relational, and associative systems. 
Most of the systems, which have been used in learning contexts, are systems that Ullmer and Ishii determine as either constructive or relational (or in both categories). 
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3. Potential learning applications

Continuing from Ulmer and Ishii’s categories of TUIs we have identified areas in which positioning possibilities could enhance TUIs: 

· gesticulations and kinetics as communication (movement patterns)

· relationships between people (relationships between the groups that people creates for working) 
· relationships between objects, and among combinations of those with their virtual representations 
· relationships of the users to the environment 
Three different applications of positioning and scenarios are suggested in this context:

1. The worktable: a group of users meets around a worktable where objects are tagged and can be positioned in 2-D over the table. Each object has assigned a set of records in a database that can be represented to the users in several forms (e.g. sound, video, and text). The main use of such a setting can be for discussion of ideas (imagine a group of interior designers working with a project, where the objects are models of the real objects that they use in their designs), for inspiration (imagination can be triggered by the random combination of objects and the representation of their virtual records over a common interface), or for browsing through libraries of existing material (where the objects would be used as physical interfaces to the database).

2. Micromobility: we define this concept as the movement of people and objects in small spaces, like rooms in a building. On the other hand it is an analogy to the well known term “mobility” used to promote products like mobile phones, or wireless networks; here we introduce the Greek prefix “micro”, that should be understood as the particularization of the mobility to the use of small and smart devices like intelligent pens, PDAs, or special wireless sensors. The analysis of those movements will give us an idea of many social patterns: group configuration, group migrations, preferences of sectors in buildings. These aspects are relevant within the learning processes in order to understand how to design the most suitable space for a group to work, which are the tools they need and how can they get an easy access to the information. Our scenario for this case consists in a group of users working together using their smart devices and sharing information in a peer-to-peer way, where their devices represent an instance of their real computer power, that will reside somewhere in the network. As the collaborative tool, we envision a common display where users can interact freely, without any kind of priority. The display could be accessed directly or via the other devices. Current technology allows such a vision to come true, with the existing PDAs, the use of Bluetooth as a communication media and a LAN as the backbone network.

3. Hyperpresence: the use of technology in everyday life gives us the possibility of augmenting the real objects, in order to create special learning situations. We have been defining a scenario where users would be assisted in their normal tasks using real 3D sound-augmentation via headphones. 
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In summary we are optimistic about the generic characteristics and potential applications we have identified above, and will use these to further develop the prototype of our positioning system to have a more general interface to certain groups of tangible user interfaces for learning and training.

References

[1] R. Want, M. Weiser, B. Mynatt, “Activating Everyday Objects”, / Xerox PARC, Elizabeth Mynatt, Smart Spaces DARPA meeting, Washington DC, July 1998 
[2] B. Ullmer and H. Ishii, “Emerging frameworks for tangible user interfaces”, IBM systems journal, Volume 39, Numbers 3 & 4, 2000

[3] J. Hightower, G. Borriello, “Location Systems for Ubiquitous Computing”, IEEE Location Aware Computing, Aug. 2001.

[4] R. R. Fletcher, A Low-Cost Electromagnetic Tagging Technology for Wireless Identification, Sensing, and Tracking of Objects, Master thesis: Submitted to the Program in Media Arts and Sciences, School of Architecture and Planning, MIT




[5] M. Resnick et al., “Digital Manipulatives: New Toys to Think With”, in Proceedings of CHI’98, 1998 



[6] J. Piaget, The Principles of Genetic Epistemology. New York: Basic Books, 1972.

[7] Turkle, S. and S. Papert, “Epistemological Pluralism and the Revaluation of the Concrete”, Journal of Mathematical Behavior, 11:1992, pp. 3-33.





















�


Figure 1: Positioning set-up.








Table 1: Relationship among the different profiles and their parameters
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Accuracy�
Orientation�
Speed�
Additional sensors�
Coverage�
�
�
Spatial�
Temporal�
Dimension.�
�
�
�
�
�
Pattern calculation/ alarms�
Medium/ High�
Medium/ High�
3D�
Yes�
Yes�
Yes/ Biological�
Building�
�
Behavior reconduction�
Low�
Low/ Medium�
2D�
No�
No�
Yes/Domotic�
Building�
�
Worktable�
Very High�
Medium�
2D�
Depends�
No�
No�
Table�
�
Hyperpresence�
High�
High�
3D�
Yes�
Yes�
Yes/ Biological�
Room�
�
Micromobility�
Depends�
Depends�
Depends�
Yes�
Yes�
No�
Depends�
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Figure 2: Representation of the flow of control/ monitorization signals between applications and the positioning system








