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A User Location and Tracking System using Wireless Local Area Network Kent Nishimori, Caslon Chua, Gregory Cu College of Computer Studies, De La Salle University – Manila 2401 Taft Avenue, Manila 1004 Philippines



Abstract The research developed an indoor user and location tracking system using Wireless Local Area Network signal strength and Geographical Information System. The signal strength was used to approximate the location of the user. With the additional knowledge of the floor plans of the building, the accuracy of the location and tracking system increased. The research contributed as another variation to the indoor user location and tracking systems. Keywords: location sensing, user location and tracking, location-aware. 1



Introduction



Global Positioning System (GPS) was the widely known choice as a solution to location systems. It gives out absolute positions in terms of longitude and latitude coordinates [3]. This may prove to be efficient at outdoor environments. However when it comes to indoor environments such as locating users in a building, it proves to be inefficient due to it being blocked by buildings [1]. As a result, research has now shifted to location and tracking systems for indoors. Location systems that cater to indoor environments may provide a physical position like for instance the exact grid coordinates of the user or rather a symbolic position like the name of the room [3]. One of the pioneering location systems made use of infrared technology. Users wear badges that beacons all over the building are detected [8]. A symbolic location is provided which would be the rooms where the beacon has detected the badge. This solution has proven to be effective though had its limitations in terms of coverage. Another work provides location information using symbolic, user-created “landmarks”, to the aim of reducing short and long term costs. [6]



As the years passed, WLAN has become more popular. Almost all mobile devices being sold today have Wireless Fidelity (WiFi) capabilities. It is commonly used as well at universities, cafes and in offices. This technology brought some incentives such as mobility and flexibility [5]. Location systems have now resorted to using WLAN for tracking and locating users. These systems utilize signal strength to determine the location of the user [2], [4], [7], [1], [5]. Some also use particle filters such as the Kalman filter to increase accuracy in locating the user [2]. This research developed a user location and tracking system using WLAN strength signal. Additional spatial information (i.e. walls, dividers, and obstacles that may hinder the user from passing) may factor in better accuracy in locating the user [5]. Furthermore, the research factored in signal strength reading across floors and how it affects the accuracy in locating a user. The location of the user is displayed in a 2Dimensional (2-D) map. 2



The System



The system reads in a floor plan containing X and Y coordinates of the vertices that comprises of the rooms, hallways, dividers that can be found in buildings as input. The floor plan stored as a SVG file also includes the coordinates of the access points that are placed on each floor. The system used four Linksys WRT54G wireless routers as its access points. Most research on location systems done it with two to three access points [2], [4], [7], [1], [5]. Each of these is placed in different locations in the building. The system is implemented using a client-server structure. The server is responsible for receiving the signal strength data, computing and displaying the location of the user. The client is responsible for sending the signal strength data



to the server. Dopods are the mobile device used in this research. The server also collects signal strength data from the clients. Along with the signal strength information is the Service Set Identifier (SSID) and the Globally Unique Identifier (GUID) of the client to identify the source of the information. Triangulation is performed to determine the location of the user. This is then subjected to the data gathered from the floor plan to further refine the location of the user. The final result of the computation is plotted on to the 2-D map to show the location of the user. The system is finally tested and evaluated based on the accuracy of the computed location of the user. 3



Architecture



The Architecture of the UserWocator system is shown in Figure 1. This system is divided into two phases, the pre-processing phase and the real-time phase. Server



Pre-processing



Floor Plan



Reference point generator



Client



Real-time Location and tracking algorithm



WLAN signal strength



Rendering algorithm



2D Map with user location



Figure 1. System Architecture During the pre-processing phase, a floor plan is given as input. The floor plan includes not only the information of the floor area, but also the locations of the wireless access points found at the floor. An algorithm is employed in order to determine the location of the reference points. Reference points are initially plotted uniformly per area. Points generated on spaces that are physically impossible for a person to occupy are then eliminated. The signal strength data includes signal strength data from four different orientations (north, west, south, and east) are then computed. Reference points within the same area/room may have the same signal strength readings are merged. The real-time



phase tracks the user using the reference points, the signal strength reading of the user, the previous location of the user if available, and the layout of the floor area to obtain the coordinates of the user. For this research, a modified nearest k-neighbors algorithm [1] is used. The information of the floor area is used to rule out places that user may not possibly be due to walls and other obstructions that may prevent the user from passing through. The computed coordinates of the user is then be passed on to the rendering algorithm and displayed. 3.1



Data Gathering



The first step in order to get the required variables for the Wall Attenuation Factor (WAF) model is to collect signal strength data. A wireless access point was set up on a table in the middle of the corridor, and a mobile application was built in order to collect 50 signal strength samples at an interval of one second each. Collection commenced at one yard away from the wireless access point. North, East, West, and South orientations were collected for each stop. The distance away from the wireless access point increases one more yard after successfully logging the first fifty samples at a distance of one yard. Figure 2 shows a graph of all the averaged sampled points. It is noticeable that as the distance increases, the signal strength decreases which makes it capable for approximating the location of the user. The first point of the graph with distance 0.9144m was chosen as the reference distance.



Figure 2. Collected sample points



Linear regression is then applied to in order to create a linear relationship between the signal strength and the logarithm of the distance over its reference distance with the result shown in Figure 3.



drawn into the floor plan now. Doors are drawn by using the ellipse tag. Door objects are given the keyword “door”. Furniture is drawn using either the rectangle or the path tag due to the possibilities of having various kinds of shapes. These objects then are given the keyword “furniture” as part of the identifier of the object. Finally, the wireless access points are drawn into the floor plan represented by circles. The keyword “accesspoint” is entered into its id. 3.3



The Reference Point Generator



After creating the SVG file correctly, the system now collects the information found in the SVG file and creates the map. 3.3.1 Figure 3. Collected versus predicted data 3.2



Floor Plan



The floor plan is stored as a SVG file as shown in Figure 4 while Figure 5 is the graphic interpretation of the SVG file.



Plotting the Reference Points



All of the areas to be plotted are rectangular in shape to generate the reference points in them. Figure 6 shows a room that has been plotted uniformly with reference points.



Figure 4. SVG floor plan file



Figure 6. Room with uniformly plotted reference points 3.3.2



Figure 5. Graphical SVG floor plan Should a room have any walls or dividers that further divide the room into sections, the path tag is used. The object is then given a keyword of “wall” or “divider” as part of the identifier of the object. Doors and furniture can then be



Eliminating points occupying spaces with object on it



By uniformly plotting each subdivided area, reference points that are plotted on an object are to be eliminated, as it is physically impossible for a user and an object to occupy the same space. Figure 7 shows a room with various objects inside with the reference points in it and Figure 8 shows the result after elimination.



Figure 7. Room with uniformly plotted reference points on object



Figure 8. Room with uniformly plotted reference points eliminated on object 3.3.3



Computing the Signal Strength of the Reference Point



With valid reference points remaining, the system then generates the signal strength information for all reference points. The needed inputs are the distance of the reference point to an access point and the number of walls blocking it. Attenuation is computed and signal strength assigned to each reference points. 3.3.4



Merging Reference Points



As a result of uniformly plotting areas with reference points, there is a possibility that there are points within the area that have the exact same signal strength reading as others. Thus reference points that have the same signal strength information are group together. Given an access point in the lower left corner of a room as shown in Figure 9, the developed process of merging reference points with similar strength resulted to what is shown in Figure 10.



Figure 9. Before merging



Figure 10. After merging 3.4



Location and Tracking Algorithm



At this point, the map with reference points is ready for use in the locating the user. UserWocator now enters into the real-time phase. This phase includes, the receiving of the signal strength information input of the user to be located, locating the user using the modified Knearest neighbor algorithm, and rendering the user’s location onscreen. Client-server architecture is implemented in order for the user to communicate with the system. Messages between the client and the server are sent in order to give essential information in locating the former. 3.4.1



Client-Server Architecture



UserWocator uses a single client Client-Server model. When the server starts, the server goes into listening mode waiting for a client to connect to it. Eventually a client requests to connect to the server. The server accepts the connection. At this point, the client and the server are now able to communicate with each other by sending each other messages. After the



connection has been established, the server sends a message to the client. This message contains the list of all the available access points found in the floor plan. This tells the client which access points to look for and what access points it needs to collect signal strength information from. The client then sends message contain its GUID and the set of signal strength information in the order that it was initially given in the list by the server. The server then receives this information and feeds the signal strength information to the locating algorithm. The server then waits for another message from the user. This process repeats until the client chooses to send a disconnect request or the server has been stopped. 3.4.2



Figure 11 shows the difference in selection between the K-nearest neighbor algorithm and the modified K-nearest algorithm. The modified algorithm disregarded the third reference point as it has no relationship with the first reference point, while RADAR does not care whether there is a relationship or not between the points and just averages their coordinates.



Modified K- Nearest Neighbor algorithm



This process takes K number of closest matches to the current signal strength from the signal strength samples collected. These matches will be then averaged to get the approximated location of the user. Given the signal strength input from the user, the system now searches from the reference points the top K matches wherein its signal strength are the closest match to user input and where K is a positive non-zero number. In order to check the match between the signal strength information and the signal strength information of the user input, Euclidean distance is applied to the signal strength information. This value is then compared amongst the other values computed from the other reference points and ranked accordingly. Should the reference point rank below K, the reference point is discarded. After the K top matches have been selected from the list of reference points, the next step is now to approximate the location of the user given these top matches. The initial K-nearest neighbor algorithm [1] takes all of the K selected reference points and averages the coordinates. The result approximated location of the user. The modified K-nearest neighbor algorithm however takes into consideration the relationship the reference points have with each other.



Figure 11. Sol 1 - K-nearest neighbor algorithm and Sol 2 - modified Knearest neighbor algorithm The UserWocator has additional information within the reference points in order to check for relationships between each other. This is made possible by the radii generated during the merge process in the off-line phase. The first thing the algorithm checks is which of the reference points in the K selected matches has a relationship with the top-most match. This means do the radii of the reference point in check and the topmost match intersect. The set of points that are checked to have a relationship with the top-most match are the new set of selected reference points among the K top matches. From here, the center of the area of intersection between the radii of each reference point and the top-most match point will be computed. It is possible as well that the within the new selection of reference points, there are intersections created between them. The centers of the area of intersection between those reference points are also computed. As a result, two sets of groups of coordinates are computed. The first of which are the group of centers of the area of intersection between each reference points in the set of newly selected reference points and the reference point with the top-most match with the signal strength input of the user.



The second set is the group of centers of the area of intersection between each reference points in the set of newly selected reference points and with the remaining reference points within that same set. All these new coordinates are now averaged. The result is the approximated location of the user. It is possible as well that no reference points intersect with the reference point that has the top-most match with the signal strength input of the user. In this case all other reference points are discarded and the coordinates of the reference point with the topmost match to the signal strength input of the user is used as the predicted location of the user.



so no extra intersection was computed. Averaging the intersections gives the computed coordinates of the location of the user represented by the pink dot. The last scenario is wherein there are no reference points that have a relationship with the top-most match reference point. Since there are no relationships found, the coordinates of the reference of the top-most match is used as the computed location of the user.



The various scenarios that reference points may enter into when determining its relationship with each other is shown in Figure 12.



In order to compute the center of the area of intersection between reference points, it must be established that their radii intersect. However, there may be cases where an entire reference point is enclosed within the radius of the other reference point as shown in Figure 13.



Figure 12. Possible scenarios of relationships between reference points



Figure 13. Scenarios wherein the distance between reference points is less than the sum of its radius



Scenario 1 shows an example wherein one of the reference points has no relationship with the topmost match reference point r1. This is then discarded. It does however have a relationship with r2 and thus its center of the area of intersection is computed. This computation is represented by the blue dot found in the area of intersection in scenario 1. Since there are no other intersections computed, the average of one intersection would be itself still, the computed location of the user represented as the pink dot is on the same spot as the blue dot. Scenarios 2 and 3 contains both reference points 2 and 3 having a relationship with the top-most reference point, thus having two intersections computed for each scenario. Scenario 2 also shows that reference point 2 and 3 have a relationship with each other as well, thus another intersection point is computed. Scenario 3 shows that reference point 2 and 3 have no relationship



This problem was addressed by setting another condition. The distance of the two centers of the circle must be greater than the absolute value of the difference of their radii. Once an intersection between the two reference points has been determined, the center of the area of intersection of the two reference points is computed. 3.4.3



Previous Location of the User



During the course of locating the position of the user, it is possible that the signal strength suddenly fluctuates and thus making the system compute the location of the user at a location that is very far from the true location of the user. UserWocator uses the previous location of the user in order determine if the distance between the previous location and the newly computed location is achievable within a short frame of time. Should the distance be achievable within the timeframe, then the newly computed location



is valid. If it is not achievable, the newly computed location is discarded and the previous location is used as the current location once again. The worst time measured for sending the signal strength input is 3 seconds. 4



Test Analysis



The accuracy of the UserWocator System was tested at the fourth floor of the Gokongwei building of De La Salle University. The fourth floor was divided into two sections. The first section comprises of the rooms 408, 407, and 406. The second section comprises of the rooms 405, 404, 403 and portions of the rooms 407 and 406. In each section, access points are carefully positioned to cover as much distance as possible while still making sure that the mobile device sees all access points and maintain a connection with the server. After the access points have been positioned, strategic locations are marked as places for checking the location of the user. This allows measurement of the distance error between the predicted location of the user and the true location of the user. Furthermore, this tests its accuracy using inputs that are not from the training data used to check and derive the Wall Attenuation Factor model. Figure 14 shows the first test case in testing the capabilities of the UserWocator system. The first test case uses the first section as the test area. Four access points, represented by the circles, have been placed at nearly the four corners of the coverage area.



Figure 15 illustrates the second test case using the second section, for test the UserWocator system. Notice that two of the access points on the previous test case were not moved as to create a possibility of merging the results to represent an overall result with a larger coverage area of the fourth floor of Gokongwei building.



Figure 15. Test Case 2 The system has a worse average error distance in test case 2. UserWocator achieves an average error distance of 4.43 meters with its worst being at 8.35 meters and its best at 1.05 meters. The system achieves an overall average error distance of 3.79 meters. Compared to the results of other systems, the UserWocator is closer in accuracy to the empirical method, which would suggest as a potential alternative solution to the empirical method. While the empirical method still is more accurate, the configuration and deployment of the UserWocator system would be less tedious. Compared with the results of the propagational model of RADAR, UserWocator achieves a higher accuracy than the former with an average of 5 meters 4.1



Figure 14. Test Case 1



Number of Reference Point Test



It was noted that by increasing the number of reference points, the algorithm simply merge points with the same signal strength. The test for having very short distances between reference points thereby generated a great number of unnecessary reference points. Increasing the



number of reference points not only takes more time to compute, but it also decreases the accuracy of the system. 4.2



Number of Access Points Test



While both systems RADAR and the Wifi Position System with GIS [1]; [5] used three and two access points respectively and have shown promising results, there are limitations as to why these work. Locating the user with only two access points achieves an average error distance of 7.94 meters, a difference of 4.79 meters when compared to the average error distance achieved with four access points for the first test case, and an average error distance of 9.32 meters for the second test case, a difference of 4.89 meters when compared with its performance when using four access points, 4.43 meters. 4.3 Effect of User Orientation During the process of testing the system, it was noticeable that most of the selected or top choices of reference points of the system were located at the front of the user. This effect suggests that it is possible to determine where the user is facing. This effect occurs because apparently the human body acts like a wall that interferes with the signal strength reading as well. The frequency in which the K matches are at the front of where the user is facing is 58.1% of the time. These are the matches were the device is in front of the user. 4.4



Previous User Location Test



While the previous location of the user helps out in the minimization of fluctuating signal strength information inputs. However, it has more drawbacks than it gives benefit to the system. The first of which is that the average is error distance is worse than without the previous location of the user. It is observed also that the time it takes for the mobile device to send the information and for the server to receive the information is not



consistent. Adding by the fact that the user is mobile as well, the device might be in the process of sending the information and the user is already in motion, this further creates difficulty in deriving a suitable limit as to what distance away from the previous location constitutes a fluctuated signal strength information 5



Conclusions and Recommendations



UserWocator is capable of locating a user given an input of signal strength information. Testing of the system UserWocator has been done to see the accuracy rate it can achieve. Test on accuracy were also conducted based on the number of access points, and on the impact of the number of reference points generated. Another test was done to check the impact on the number of top matches used in locating the user. This is to check whether the accuracy of the system increases as the number of matches used increases. The last test made was to compare the algorithm used by the system to the algorithm used by one of the previous systems, RADAR. This is to see if there are significant improvements with the algorithm used by the system over that of the previous system. For this research the maximum distance between access points such that they both can still be detected was measured to be the 15.82 meters. UserWocator was able to achieve an average error distance of 3.15 meters for the first test case and the 4.43 meters for the second test case. The process at which to set up the system is far less tedious than that of the empirical method which requires one to survey every reference point location that is to be used for the system. It is recommended that future can address the limitations of the current system. The floor plans that are accepted by the system are limited by it having no diagonal line segments. Another limitation of the system is that all access points are visible to the client device. In real situations there is a possibility that due to exceeding the coverage area of the access point,



one or more access points disappear from the sight of the client device. The system was also not able to distinguish a fluctuation of the signal strength information when the user is in motion. A technique called “dead reckoning” may be used to try and solve this problem. However further refining the system would have potential commercial applications. One company offering commercial services is Skyhook Wireless' XPS. They offer a hybrid positioning system, combining the unique benefits of GPS, Cell tower triangulation and Wi-Fi Positioning. This is to deliver the same level of location quality whether indoors or outdoors, in the country or downtown. Another application of the system would be the sharing of user location among colleagues and friends. Currently Google offers mobile device location tracking on Google maps through Google Latitude. [10]. The system allows one to see where your friends are and what they are up to, quickly contact them with SMS, IM, or a phone call and control what your location is and who gets to see it.
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