Inexpensive Real Time Location Systems (RTLS) for Event Tracking using Existing WiFi Infrastructures.
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Abstract— The Multi-Player Story Engine (or MPSE) is being developed under the direction of Professor Jeffrey Wirth at the University of Central Florida.  This engine is meant to facilitate and integrate the concepts and execution of interactive performance under a coherent and cogent network facilitated by digital media.  A key consideration in the implementation of such an engine is the ability to track persons and assets within a defined area of play.  To address this, solutions using inexpensive Real Time Locating Systems (or RTLS) were explored.  Ultimately, the ability to track in real-time the locations and movements of participants becomes both affordable and standardized when using RTLS in conjunction with traditional 802.11 wireless infrastructures. 

I. Introduction

  In interactive performance, an emerging form of interactive theatre, participants, termed “spectactors” (for Spectator-Actor), play in an immersive improvisational performance.  These spectactors engage themselves in imagined characters and scenarios and become, in a sense, protagonists in a story of protagonists.   

While this seems like a scenario without boundaries, interactive performance requires a great deal of facilitation to comfortably encourage participating spectactors to engage themselves in their characters and the story.  When simply given a character and scenario, many spectactors find themselves wondering, “What do I do?”, “What can I do?”, or worse, “Why am I doing this?”  

To make the experience rewarding and enjoyable for everyone participating, we realized a means of communication was needed for facilitation.  Because the main focus of this brand of interactive performance is the spectactors, those involved with the creation and facilitation of the story needed to remain “behind the curtain”, so to speak.  This left us with the quandary “How do we help participants, yet remain unseen?”

The obvious answer lies in some form of technological facilitation through a device of some sort.  The device could serve as a catch all facilitator and remain the spectactors “tether” throughout the performance.  In instances in which the spectactor finds herself wondering “What do I do now?”, she could simply reach for her device, send a message, and receive help from “behind the curtain”.  

While the proposed device could, in theory, offer a complete solution for spectactor orientation and facilitation, many questions remained.  The problem I chose to direct my efforts toward was the issue of tracking the location of spectactors within the arena of play.

II. RTLS

The use of Real Time Location Systems (RTLS) using RFID technologies is quickly becoming a standardized and efficient method of tracking individuals and assets in populated areas.  With the prevalence of WiFi networks in many private and public venues, RTLS solutions using Wireless Access Points (WAPs) offer the ability to be integrated seamlessly with existing Wireless Access infrastructures.  The advantages of this method over most other, stand-alone RFID tracking systems are numerous and scalable.  Using existing wireless infrastructures reduces the cost of integration and maintenance, increases the availability and usability of collected data, and allows RTLS systems to be implemented with no additional wiring and little additional equipment.

Real time location systems have been developing over the past decade.  They have been commercially implemented for use in asset tracking where the immediate and exact location of an object or individual is needed on a constant basis.  RTLS has been used for patient, equipment, and medication tracking in hospitals [1], package and equipment tracking in manufacturing and distribution, and livestock tracking in large commercial ranches.  

For our purposes, RTLS would be used to track the positions of “spectactors” within the arena, or active play area, of an interactive performance. With the audience, in essence, manning the stage, assistance is required to facilitate interactions between essentially untrained actors.   For this reason, the Multi-Protagonist-Story-Engine (or MPSE) has been developed.

III. Multi Player Story Engine

The MPSE is designed to provide the spectactors information pertaining to their character, objectives, and any help the spectactor may need.  As designed, the MPSE would be accessed through a handheld electronic device such as a PDA or web-enabled phone.   This will allow the spectactor real-time connectivity with those facilitating the story from “behind the curtain”.

One problem encountered in the development of the MPSE was the lack of real-time spectactor location information.  Such information is crucial in determining such things as where to capture audio and video as well as context and location specific help for assisting spectactors.   To remedy this, we decided to employ a form of Real Time Location System in tandem with the mobile device used for the MPSE.

IV. Comparison of Location Tracking Technologies

The most often employed technologies used in RTLS are Radio Frequency Intensity Discharge (or RFID), Ultrasound, infrared, and infrastructures developed on 802.11 Wireless Local Area Networks (or WLAN) [2].   Ultrasound remains prohibitively expensive, while infrared requires line-of-site for effective tracking.  Because of this, most commercial solutions for RTLS employ either RFID or WLAN.  We decided these two technologies should be pursued because of their proven effectiveness in tracking objects and people in real-time under interior and exterior conditions.

A. Radio Frequency Intensity Discharge (RFID)

RFID, being the most often used technology in RTLS, was the first solution explored for implementation.  RFID uses either passive or active transponders that reflect signals sent from a transmitter.  Passive RFID transponders, such as the one shown in Figure 1, have the advantages of being extremely small, lightweight, and inexpensive [2].  They also, by nature, do not require internal power as they receive sufficient power from the transmitters’ radio frequencies.  They are limited, however, in their effective range.  Most passive RFID tags have an effective range of up to three feet, far too short a distance to employ an effective RTLS system for an interactive performance. 
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Fig. 1  Example of an RFID tag used in retail stores.

Active RFID, on the other hand, uses transponders with internal power sources allowing an effective range of up to three hundred yards.  This would allow a minimal number to transmitters to provide accurate tracking information for all spectactors involved.  At first, this seemed to be the perfect solution for our specific purpose and one already in use by numerous event-tracking agencies.  

Both RFID technologies have the distinct disadvantage of using traditional radio frequency bands.  This leaves these systems open to interference from RF waves from common things such as radio transmitters and two-way handheld radios.  Another drawback of both RFID technologies lies in their reliance of specific hardware infrastructures using their own transmission and cabling setups.   This does not lend itself to a cost-effective solution using off-the-shelf technology.  RFID systems, while a possible solution for location tracking within the MPSE, did not seem to be the most effective for our purposes.

B. WLAN Based Real Time Locating Systems

RTLS systems based on Wireless Local Access Networks, or WLAN, seem to hold the most promise for integration into the current MPSE infrastructure.  Using any wireless device (namely the PDA or smart phone issued to spectactors), real-time location information can be obtained using standard wireless access points.  

This system has the distinct advantage of seamless integration with existing on-site wireless networks with little to no additional equipment.   The effective range is only limited by the wireless connectivity strength provided by existing routers and access points.  The accuracy of such systems has proven to be within 1 meter of actual location, rivaling expensive, high-end GPS systems [3].  

C. RTLS Signal Interpretation

The methods used in interpreting WLAN signals for use in RTLS are:

Angle of Arrival (AoA)

Line of Sight (LoS)

Time of Arrival (ToA)

Time Difference of Arrival (TDoA)

Nearest Access Point (NAP)

Received Channel Power Indicator (RCPI)

Received Signal Strength Indication (RSSI)

Time of Flight (ToF)

Two Way Ranging (TWR)

Near-field Electromagnetic Ranging (NFER) [3]

For the purpose of this exploration, methods in which the required hardware or infrastructure were prohibitive based on resources were ultimately omitted.   Of those options remaining, three seemed to fit the goals and scope of the MPSE.  

1)   Nearest Access Point (NAP)

The first, Nearest Access Point, is essentially a Boolean indicator confirming whether or not a wireless tag or device is within range and communicating with a particular Wireless Access Point.  While this may be sufficient to determine the approximate location of a wireless device, it does not provide the accuracy required to determine the exact location of or even the room in which a spectactor may be.  

This could be sufficient for simple asset location, but to integrate an RTLS with an engaging and involving story involving multiple, untrained spectactors a more exact solution is required.

2)   Time Difference of Arrival (TDoA)

The next method, Time Difference on Arrival (or TDoA), interprets the time required for a packet to be sent from a wireless device and received by a wireless access point.   With this time difference, software can interpret the approximate distance between the wireless device and the wireless access point.  With three or more wireless access points making these TDoA calculations on the same wireless device, that devices position can be tracked with relative accuracy [3].

The disadvantages of TDoA methods lie in their applications indoors.  With numerous access points and wireless devices in play at one time, signals are often bounced off obstacles such as walls and furniture.  These reflected signals produce “ghosts”, often confusing the software and returning inaccurate or erroneous tracking results [3].  For this reason, TDoA-only systems are often used for outdoor tracking only.

3)   Received Signal Strength Indicator (RSSI)

The final method, or Received Signal Strength Indicator (RSSI), seems the most promising for use as a robust indoor tracking system.  RSSI works much like TDoA, using triangulation between three wireless access points to determine position.  Compared with TDoA, RSSI has the distinct advantage of using simple signal strength indicators to determine and update a wireless device’s location [3].  The further a receiver is from a transmitter, the weaker the received signal strength. In terms of communication systems, this means that the received signal strength indicator (RSSI) follows the equation:
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where R = distance between receiver and transmitter.

The RSSI technique is dependent on all other parameters remaining constant so that any change must be caused by a change in the distance between the receiver and transmitter. If the receiver knows the transmitter's output level, the distance R can be determined. This effect can be viewed as contour lines that reflect the access point’s signal strength, as shown in Figure 2. It becomes an easy matter for the asset's wireless device to report its RSSI value and radio/tag ID to the access point it is associated with. That information is processed locally at the access point or by a location engine software application to determine the location of the tag.
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Fig. 2  Example of Access Point and RSS contours. [4]

By knowing the tag's RSSI value for a transmission from a single access point, you can determine the approximate distance between the tag and the access point. In radial coordinates, the distance is known but not the angle. To determine the actual and absolute position of the spectactor being tracked, the tag must be in communications range of multiple wireless access points.

RSSI-based techniques may use a number of different wireless technologies having different operational frequencies. This implies that the actual RSSI value—relative to the actual transmitted signal level—within a single facility will be different for different technologies. The general concept is depicted in Figure 3 for a typical RSSI-based RTLS system. For out purposes, the systems as depicted would be based on RSSI and an 802.11 (WiFi) infrastructure.
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Fig. 3  Example of 802.11 RTLS using multiple Access Points [4]

For an accurate representation of location between access points, wireless tags must be in communication with at least two, but ideally three access points within range.  The signal can then be interpreted using the received signal strengths run through a triangulation algorithm.  The result of this calculation will update information to the server tasked with maintaining locations of wireless tags and by proxy, the spectactors wearing them.

An added advantage of using RSSI as part of an existing WiFi infrastructure is the ability to track any WiFi enabled device.  This removes the necessity of “tagging” all participants and instead allows us to track devices such as cell phones, personal data assistants (PDA’s), or other WiFi devices.  Using a device instead of tag would allow the tracking device to serve as the aforementioned “digital facilitator”.

This portable device can then serve many functions within the MPSE such as spectactor orientation, delivery of character and objective information, the delivery of help prompts, and, as discussed, the real-time positioning of all spectactors involved in the performance.

V. Conclusions

To augment the developing Multi Protagonist Story Engine, an infrastructure developed on 802.11 Wireless protocols and using Received Signal Strength Indicator algorithms offers cost-effective and accurate Real Time Location tracking.  These solutions have the advantage of integrating seamlessly with existing wireless networks and being proven in existing commercial applications using off-the-shelf technology.  
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