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ABSTRACT

This paper describes our idea of DynaTrack which proposes an interface that, using RFID, works like an indoor GPS by providing directional instructions for users while tracking things. The interface also provides dynamic instructions while things being track are moving. We believe our system will provide a more efficient interface for tracking both static and dynamic things in a large setting.
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INTRODUCTION

Asset and people tracking has long been a problem in the office environment. Allowing employees to discover the location of things and their co-workers has long been identified as a hot topic of ubiquitous computing. [2, 3, 6] Dozens of researches and commercial location systems had been built using sensing technologies such like Radio Frequency Identification (RFID) tags. [7] There have also been many researches and commercial efforts to improve accuracy and precision, shrink the size of the sensing hardware, simplify deployment and calibration of sensors, and provide more convenient middleware.
Despite these efforts, we think there are still two areas that haven’t been covered by the existing systems. First and foremost, there is no existing system that can track both people and things in a large company setting, i.e., a huge campus. Currently, the existing systems are either focusing on tracking people in an office setting or tracking assets in a company. However, our contextual inquiry study at SAP Corporation showed that although some have concerns about privacy issues, more than 57% of people there have the need to track both things and people in their daily work. For more than two weeks, we conducted interviews, observations and surveys with the IT team members and other employees in SAP and found that employees not only have the demand to find their misplaced or lost items such as laptops and PDAs but also have the need to find their colleagues to discuss about projects, fix their computers, etc.
Second, although some existing systems provide sufficiently accurate positional information, they do not provide directional information for the users. Directional information becomes very important when we are trying to look for things in a large setting. For example, SAP has five main buildings and several smaller buildings across the campus. Many of the employees we interviewed reported that except for the building they are working in, they have little knowledge about the physical layout of other buildings. Just by looking at a map, most people cannot get to a specific location easily in the campus and buildings they are not familiar with. This is a frustrating problem, especially for the new employees and interns.
DynaTrack addresses the two insufficiencies of current systems described above, that is: no current system track both people and things, and the lack of directional information in existing systems. DynaTrack approaches the tracking of both people and things in an office setting by building up a reference tag based infrastructure. [5] We will then uses active RFID tags on moving objects (such as people, laptops, PDAs) and passive RFID tags on static objects. (such like desktops, servers, projectors) This kind of system can provide very accurate position information in the building, provided that we have a high density of reference tag throughout the building. After users decided on the object they wanted to track from the displayed map on the interface, DynaTrack will provide the direction on how to get to the location of the object. If the object being tracked is moving, the system will dynamically change the direction in real time.  

The remainder of this paper contains three parts. First, we describe DynaTrack’s conceptual architecture and show how it can achieve the goals of tracking both people and things in a large company setting and provide dynamic
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Figure 1. This figure shows that when a user clicks the icon on the map (in this case, a laptop), a popup window shows the information related to the laptop. At the bottom of the window there is a “direction” link  which provide directional information to this laptop.
directional information to the users. Second, we discuss about our user study methods and results based on two conceptual prototypes we implemented using Macromedia Flash. Finally, we discuss about the research problems and opportunities in the future.
tHE dYNATRACK ACHITECTURE
The DynaTrack system consists of three key parts: The physical environment setting of the RFID tags and readers, database servers that hold information about things’ location and the DyanTrack client side interface that uses information provided by the server. We describe each of these three parts and how they can meet DynaTrack’s goals of providing dynamic directional information for tracking people and things.
Physical settings
DynaTrack works by listening for transmissions of radio frequency networking sources. The system needs to put reference tags like a matrix all over the place of the buildings with tag readers around them. [5] For things that are constantly moving, like people, laptops and PDA’s, we put active RFID tags on them. As for today, the active RFID tags’ battery life can last for more than 3 years [5], so changing battery for them is not a big problem. People in asset management seldom need to update the location information for objects that do not move a lot, like desktops, servers and projectors. Therefore, we can just put passive RFID tags on such objects. When an object is moving across different reference tags, the tag reader can detect the object’s location by the signal strength of the object itself and that of the surrounding reference tags. And then the reader sends the location information to the database server. 
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Figure 2. This figure shows a scenario where the laptop being tracked by the user is at the second floor of the building. After the user click the “Direction” link, the interface shows a continual path from the user to the laptop s/he is looking for.
Database server
The database server is responsible for collecting the location information of the objects sent by the RFID readers.  Then, based on users’ request, the server combines the objects’ information (For example, a laptop’s information may includes its model, year, belongs to whom, serial number and short description) with location information and generates information in a map format for the client side. Nowadays most universities’ and big companies’ campuses are covered by WLAN. The server can easily send the map based information to the clients and communicates with them. 
DynaTrack Client side
The client side received the map based information sent from the database server. As we considered that if we show all the tagged objects on the map, the information displayed will be overwhelming to our users, our interface uses a couple of filters such like Employees, Desktops, Laptops and PDAs and a search function to help users find the 
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Figure 3. This figure shows the dynamic tracking process. The directional arrow is constantly changing while the laptop is moving.
object/s they are interested in. Once the user found the object on the map, they can see a pop up window that displays the object’s information by a single click. (Figure 1) Again, the user can get the directional information to the object by another single click. (Figure 2) 

While in tracking mode and the object being tracked is moving, the database server can detect this change and generate a new version of the directional information for the client side. Therefore the client side displays the updated directional information on the screen. (Figure 3) This prevents the case that people got the static directional information of the object and go to the place where s/he should find it, but notice that the object had already gone. We believe that the dynamic directional information can be very helpful for tracking mobile devices and people that are moving.
user study
In this part we are going to talk about the user study we conducted at a software company based on our two prototypes. We will describe the testing methods we used and the test results we collected. 
	
	Time

	Member A1
	5’33”

	Member A2
	5’01”

	Member A3
	4’20”

	Member A4
	4’37”

	Member A5
	5’12”

	Average Time
	4’57”


 Table 1. Test I: Group A, with DynaTrack
	
	Time

	Member B1
	6’12”

	Member B2
	7’22”

	Member B3
	9’27”

	Member B4
	5’48”

	Member B5
	7’14”

	Average Time
	7’13”


Table 2. Test I: Group B with prototype resembles current RFID tracking device.
Testing methods
We created two prototypes using Macromedia Flash for user testing purpose. One of the prototype is just like some of the RFID tracking system in the market, it shows the location of objects but do not tell users how to get there. Another prototype is our DynaTrack; it shows users the location as well as dynamic direction on how to get there.
We found ten users from a software company and divided them into two groups of five. Group A will use our prototype that does not show direction on how to get to the object they are looking for, while group B will use our DynaTrack prototype. All ten users had been working in the company for over two years and they all work in the same building. (The company has a big campus consists of five big buildings and several small buildings). Both prototypes were running on users’ laptops, so the users could bring them along during the test.
We have two sets of test. The first test is static object tracking. We put a laptop computer in a room at a building that is not the one these users are working in. All the users have absolutely no idea where the laptops are before the test. Both groups will then try to look for the laptop starting from the same location by using the prototype we provided. We ran the test on the users one by one, and recorded the time it took for them to locate the laptop. After users from both groups all completed the task, we moved the laptop to another location and let users tried to locate them again; but 
	
	Time

	Member B1
	6’13”

	Member B2
	6’12”

	Member B3
	6’38”

	Member B4
	6’44”

	Member B5
	6’01”

	Average Time
	6’22”


Table 3. Test I switched: Group B with DynaTrack.

	
	Time

	Member A1
	9’27”

	Member A2
	12’02”

	Member A3
	8’13”

	Member A4
	6’17”

	Member A5
	6’22”

	Average Time
	8’28”


Table 4. Test I switched: Group A with prototype resembles current RFID tracking device.
we switched the prototype they had, so that Group A had DynaTrack while Group B had the other prototype. We again recorded the time it took for them to locate the laptop. (The testing data are shown in Table 1, Table 2, Table 3 and Table 4)
The second test we did was dynamic object tracking. We have six users in two groups of three. The task was still the same; we gave them two different prototypes and let them locate a laptop. This time, one of us was holding the laptop-to-be-found. When a user started their laptop-searching journey, we brought the laptop to another room nearby. Again, after each user tried out, we switched prototype and location of the laptop and did the test again. 
Testing results
For the static object test, the testing data have shown that the group of users equipped with DynaTrack spent less time to find the laptop than the other group. (Table 1, Table 2, Table 3, Table 4) After the test, we interviewed every user and asked them about their experience with DynaTrack, specifically, is direction helpful while they are looking for a device in the campus. Almost all of them said that the direction was helpful. Member A4 said he felt that it is helpful but he did not really experience it because when he was locating the laptop without DynaTrack, he actually know the location of that room pretty well so he didn’t need direction anyway. Some users felt that the direction is helpful only if they haven’t been to that building very often and is not familiar with the structure.

For the dynamic object test, of the six trials where users were equipped with DynaTrack, all users found the laptop easily, without going to the room where the laptop was originally at when they started their search. Of the six trials where users did not have DynaTrack, only two users did not go to the wrong room. All four other users went to the room where the laptop was originally in when they started their search. When they could not found the laptop, they check on their tracking system again and realized it had been moved to another location. The two users who did not go to the wrong room despite not having DynaTrack reported that they checked the tracking system on their way to the destination and saw that the laptop had been moved to a new location.
future work
Because of the time limitation, the DynaTrack prototype is just implemented using Macromedia Flash and it is not connected to any database in the background. We hope that we can implement a real system starting from a small environment in the future. For example, just implement the system in a couple of rooms of a company and comparing the feedbacks of users who equipped with DynaTrack and those without it. Building up a real system can also help us discover more practical issues and understand deeper of the system.
When talking about tracking people, privacy is always a serious topic that is needed to be approached carefully. Many researches had been done to try to find some efficient ways to solve the privacy issues. [1, 7] Recently, there is also researcher who suggested that privacy had been the “scapegoat” of the failure in location-based services, and that arguments about privacy might become irrelevant in the newer enterprise business model. [4] For our case, we are thinking about giving employees the right to set up their status in the system such as visible, in a meeting, on the phone, invisible etc. Also, as we can get the location information of every item in the whole setting, the system should be contextual-aware. For example, if an employee is entering a conference room with many people, the system should automatically turn his/her status to be “in a meeting”. At this time, other people who are trying to find him/her should know that it is not the right time to talk to him/her.
Although the cost of RFID tags is already reasonable, the system need to use a large numbers of RFID tags, farther lower the price will make the system become more feasible to be a commercial application. Many researches have done on the passive RFID side. [9] We hope that we can also see researches on ultra-low cost active RFID tags in the coming future. 
Conclusion

In this paper we had shown that DynaTrack, a RFID based approach which can A) tracks both people and things in a large company setting and B) provides a dynamic direction for employees. Our user study had confirmed the intuition that dynamic directional information is very important and helpful to improve employees’ working efficiency. We believe that as the RFID technology become more mature, the DynaTrack system could be a successful commercial application in the future.
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