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Problem and Motivation:

GPS provides good outdoor navigation and information for outdoor environments but fails within buildings. Indoor environments provide a new set of challenges that standard navigation systems fail to address. Indoor environments consist of closed, narrow hallways, inaccessible corridors, stairways, dead ends and many other obstacles. These obstacles may or may not be relevant depending on the circumstance of the user. There are many individuals, such as the visually impaired, physically challenged, or emergency first-responders, where context is critical to their successful or timely arrival at their destinations. As an example, emergency personnel often need to determine an efficient route to get to the location that might be the cause of a problem. Given that the personnel could provide the context of their search, a path could be calculated to navigate the user toward areas that are more likely to be problem areas. Context is ultimately an important feature, from navigating users around a grocery store for diet-specific items, to saving lives in emergency situations. LINS attempts to solve these kind of problems related to location-based contextual information and navigation in unfamiliar indoor environments. Additional motivations include the need for a low-cost, low-power, light-weight, and portable indoor navigation system for a wide range of users.

Background and Related Work:

Many research efforts have been applied to the field of indoor navigation, especially for providing independent aids for the visually impaired. The application of RFID tags to solve this problem has shown promising results [1]. RFID technology has been implemented for applications related to emergency relief in the navigation of first responders, and the National Institute of Standards is currently in the process of finding the most effective solution to this issue [4]. Other types of solutions include the use of laser-range scanners to construct probabilistic 2D maps for navigation [3]. Many of these systems have been bulky due to power supply requirements, in some cases requiring a bag and laptop to be carried by the user [1]. LINS, our portable, light-weight, and low-power indoor navigation solution, is generic enough to be used by both blind and sighted communities alike. In addition to relaying navigation instructions, we also attempt to provide an infrastructure for location-based context-aware real-time information retrieval and labeling for smarter navigation and personalized information.

Approach and Uniqueness: 

LINS (Localized Information Navigation System) is an indoor navigation system that takes context into account to aid in building navigation. Context is provided by placing information nodes in points of interest and relevance for users of the system. An information node is any device or item that can provide a unique identification number to the user’s cell phone or PDA. The information nodes are deployed and bootstrapped with initial context by a LINS system administrator. The context of a node might also be supplied by individual users at run time. We exploit this information in our context-based A* path planning algorithm to facilitate personalized navigation. We have developed a graphical application that allows a building administrator to map the position of information nodes and add context features. The administrator saves this map into a database which users can subsequently download. After selecting their destination, users choose a context-based heuristic or cost function (shortest path, accessibility-centric, etc.) that they want to apply. The system provides the user with voice prompts to guide them to their destination. When a user registers an information node, the user is given the option of retrieving information regarding the node’s location or adding more information about the location. Such additional location information may improve path recalculation when users deviate from planned paths. When leaving the building, the user is given the option to save this personalized information about the building and may opt to share it with other users.

Results and Contributions: 

Through our research, we have concluded that a context-aware system such as ours can allow physically challenged users to reach their destinations in a timely manner. We tested our portable LINS system in the Hammerschlag Hall of Carnegie Mellon University, with passive RFID tags as our information nodes, and a PDA interfaced with an RFID reader. During this deployment, we ensured that each tag had a locally unique id, deployed the physical information nodes according to our administrative map, and selected a diverse user group to test our system. In all cases, the users were satisfied with the contextual path-planning process. Thus, we have effectively utilized computer science and embedded technologies to improve the navigation and information-retrieval process for communities such as the visually impaired, the physically challenged, and disaster, medical, and emergency personnel, to contribute to the growing effort of accessibility in the field of computing.
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