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Spatial Information Sharing System Muhammad Raza. Khan & Syed Muddassir Zaidi {Raza, SMAbbas}@cc.gatech.edu



1. Motivation and Objectives With the advent of this modern information age, information sharing among people and groups of people has become an important requirement. People want to make use of experiences of others with similar interests and requirements. Information sharing can also be helpful in emergency scenarios and for generating warnings against hazards. Currently, the people may not know who is ready to share the information with them and who has the information they require. They do know that there may be some information of their interest available out there but they might not know, how and where to get that information from. Systems that help users share information on the basis of interest are becoming more and more common. However, the requirements of a user may change with time & place. For example, a scientist who is visiting a shopping mall might not be that interested in information about a science journal but he will be more interested in learning about some ongoing sale in the vicinity. So a system is required to cater for this need. Such a system should deliver the required information to the users, without the users explicitly requesting it every time. Mobile devices provide a powerful platform for implementation of such a system. Users usually carry such devices with them and information delivered to such a device will be consumed immediately. Also these devices have the ability to communicate with other devices of their kind that exist in the vicinity. All these capabilities make such devices, a powerful information delivery and information sharing tool. Mobile location based services have the changed the concept of usability and validation of information. Though a lot of research has been done on location based services but many application areas still remain unexplored and full potential of location tracking has not been realized yet. The motivation for this project is to build a system that has the support of sharing of information based on the location and requirement of the clients. The system should have the ability to handle social networks and the information published should only be valid for the users within a particular scope. Such a system can be used for multiple purposes like o Events Notification Users may subscribe to some specific type of events. Whenever such a user is passing by a place where such an event is going on a notification would occur. Examples of such events may be “Hot Deals at shopping centers”, “Football game”, “Concerts” etc o Spatial Reminders



Users may specify spatial reminders that would remind the users of important tasks whenever they pass by some location. Example of this can be “Buy a new chair when you pass by Office Depot”. o Friends Alerts Users will be able to specify reminders for others in their social network. Like, Joe should be reminded to visit me when he is within 1 mile my office. The main aim of this project is to develop an infrastructure that provides the capability of publishing and sharing of information. This information will be organized in form of system wide types. Users will be able to subscribe to information of particular type. Users will publish the information and will specify its scope at that time. Like the information published can be related to an individual, a group or it can be public. Based on the scope of information, related users will be notified when they arrive at that location.



2. Research Problems The domain of location based services is still immature and the general insight and guidelines for the implementation of location based services is not there. This makes the research in this field is quite innovative. Some other research issues associated with this domain are Scalability, Constrained Resources and Usability and Extensibility. These problems are explained below.



a) Scalability The scalability is the foremost requirement for the location based services. As more and more users will be using the system, burden would increase exponentially on the system. The design of the system should incorporate scalability as the top priority.



b) Constrained Resources The client devices for the location based services are not dedicated high end machines. Rather they are the mobile devices like Pocket PC etc. Any application for these resource constrained devices should not burden these devices with undue load. Power consumption issues should also be kept in mind while developing applications for these devices.



c) Usability One related issue to constrained resources is that of Usability. The screen size and memory of mobile devices is quite low as compared to normal desktop machines. This makes the User Interface design of these machines quite different. The user should be able to do the task with minimal of hassle and with minimal of screen transitions.



3. Related Work Mobile location based service have been a hot topic research topic. Underlying idea behind this project is that of Continuous Queries as described in MobiEyes [1]. However



this system differs from MobiEyes [1] in the sense that it is more focused on the real world deployment of the continuous queries. Many location based projects like mGraffiti [2] have been done that enable user to associate information with location but our system is going to allow both the association of data with location and notification to users based on their location and subscription. Spatial Alarm [3] is based on a very similar concept; however it didn’t handle concept alarm sharing among the users or the different system wide types of alarms.



4. Proposed Solution Our aim is to create a system based on Client/Server architecture. The client and server will interact with each other using well defined protocols. Some of the tasks can be handled both by client or server. For such tasks we will make a decision on the basis of performance and efficiency to handle them in one of the modules. Our system can be divided into three main components 1. Server Component 2. Client Component 3. Web Component All these components will be independent of each other and will have a well-defined interface. They will interact with other components/modules based on that interface. This will provide us with the capability to change or extend one module without affecting the whole system. This will also give us a capability to create pluggable client modules that can be customized according to the requirements of the client. Overview of the system is given in the figure 1.
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Figure 1 System Overview



Figure 2 Client Interface



Brief introduction of these components and their sub-components is given below



o Client Component Client in our case should be thin-client as mobile devices have limited capabilities in terms of computation and power. Hence, the client component will mainly consist of a highly intuitive and highly configurable GUI, using which the user should be able to perform the following tasks. o o o o



Load the geographical map and navigate it. Track the current location on the map. Navigate on the map and view alerts. Set new alerts and define its scope.



The client UI will also have the ability to display an alert when notified by the server.



o Server Component Server component will handle most of the computation intensive tasks. Broadly speaking, it should be able to o Register user and let them define their social network. o Handle satellite data and give its view to the users. o Register information published by the user on the basis of its scope and location. o Track users as they move around. o Notify the user when they move into an area which has some information or alarm registered for them. Based on the above mention functionality, the server component will have the following sub-components o Satellite Image navigation. o Location tracker. o Social network handler. o Events database. o Events trigger. The interaction between the client and server components is as shown in the Figure 3
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Figure 3 Interactions between Client and Server Components



Implementation The resources and timeline for the implementation of this project are described below



Resources As the actual implementation and testing of the system depends on the actual toolkits and devices available in the Data Intensive Systems Lab of College of Computing, we are not restricting ourselves to some vendor specific toolkits. Rather we would make this decision on the availability of devices and toolkits in the lab. However, broadly speaking we will require following devices o Server to maintain the database of events and service the clients. o Mobile device to act as a client and interact with the server. o Map service to get information about the geographical maps and locations. o GPS device to get location information for the clients.



Timeline Following timeline was followed for the completion of this project Task No 1 2 3 4 5 6 7 8



End Date



Duration



Task



2/23/2007 03/02/2007 03/16/2007 03/30/2007 04/06/2007 04/20/2007 04/24/2007 05/01/2007



2 weeks 1 week 2 weeks 2 weeks 1 week 2 week 1 day 1 week



Understanding of mGraffiti & Spatial Alarms Custom events definition Dynamic clients tracking Social network definition and handling Notification & query service Integration and testing Demo Documentation



Table 1: Time line of Spatial Information Systems



Salient Features of the System This subsection describes the salient design and implementation features of our system. Some of these features are related to the research issues we described in the section 2. a) Usability The key design and implementation issue we had in mind while designing the client user interface was usability of the system. The small screen, lack of much memory and the pointing devices based typing interface make mobile devices quite different as compared to the normal desktop machines. To this end, we made sure that the user could do most of the operations on a single screen and multiple screen transitions should be minimal. Furthermore, the user should be able to most of the tasks using the pointing devices.



b) Scalability The scalability of the system was our key guideline for the design and implementation of our server modules. The server’s functionality can be invoked as a web services and both synchronous and asynchronous mode of operations are supported. Asynchronous mode of operation means that client can do other work after invoking the function and will be notified later on. In this way the client does not have to wait for the completion of the function. Similarly, the design of different sub components of the server was done in such a way that more and more clients can be handled. The differentiation was done between the communication interfaces and other modules like social network maintenance modules for optimization purposes c) Extensibility The system was designed as a baseline architecture on which many extensions can be built. To achieve this extensibility the layered approach of system design was used. The different sub modules of the system were implemented independent of each other so that more and more functionality can be built into the system. Due to the inherent extensible architecture of the system providing additional functionalities like timed expiry of the alarms is really convenient.



Implementation Details In this subsection we would explain important use cases of our system. These use cases include 1. Client Login to the system 2. Client Interaction with the maps 3. Ability to maintain social networks by forming groups 4. Publishing Alarms 5. Check Alarms 6. Search Alarms 7. Delete Alarms The explanation of each one of these use cases is as follows 1. Client Login to the system Whenever the client wants to use the system, he has to login to the system. The client sends its client id to the server on login and the server based on the client id sends back important notifications like “Group Membership” updates back to the client. This interaction is shown in the following sequence diagram



Figure Login Use case The user interface for login to the system and group member notifications are shown below



Figure Login Screen



Figure Group Membership Notification



2. Client Interaction with the maps This is one of the main user cases of the system. The user in this use case can navigate the maps by communication with Microsoft map point web service. The typical communication between the client and the Microsoft map point web service can be shown as follows



Figure Communication between Client and Microsoft Map point Web Service The client on retrieving the maps from Microsoft map point web service renders them on the screen. The user can then perform additional functionalities like zoom in and out or adding alarms or so.



Figure Map Navigation



3. Ability to maintain social networks by forming groups The ability to maintain social networks was one of the key novelties of our system. Typical interaction between the client and server to add groups is shown in the following figure



Figure Interaction between client and server for group creation When the user creates a group, the group membership invitation is sent to other client who can approve or disapprove membership. The User Interface for creating a group and adding members to it is shown in the following figure



Figure Add Group



4. Publishing Alarms This use case is invoked when user wants to publish an alarm. User has the option of publishing an alarm only for himself (private), alarm available for every one (public) or some specific group (friends or so).The typical interaction between client and server for creating and adding a group is shown below



Figure Publish Alarms Interaction Diagram The GetGroups function is only called if the user wants to publish alarm to some group. The user interface for publishing an alarm is shown below



Figure Create Alarm and Options



5. Check Alarms The check alarm use case is invoked whenever a user wants to check the presence of alarms at a specific location. The sequence diagram for this use case is as follows



Figure Interaction Diagram for Check Alarms This functionality is invoked whenever the user gives the CheckAlarm command from the user Interface.



Figure Check Alarms



Figure Alarms Notification



6. Search Alarms This use case is quite similar to the Check Alarms use case. The only difference is that the user may sometimes want to check all the alarms that can be notified to him without any consideration of the location. The interaction between client and server in this case is going to be similar to that of the CheckAlarm. The only difference being that the map point web service would not be invoked for location information. 7. Delete Alarms Whenever user wants to delete an alarm this use case is going to be called. The user would send the alarm information to the server and server would delete the alarm. It is noteworthy that only user who created an alarm can delete an alarm. A part from these major functionalities, our implementation also provides some other functions like map navigation based on the address etc.



Evaluation and Testing Evaluation and Testing of this project was done based on functionality being provided by each of the components, namely Client and Server.



Testing of Client Testing of functionality provided by clients was done according to the use cases explained above. The functionality of the client was checked for each and every use case. The responsiveness of the system and the functional completion were the important criteria for testing. According to our testing the client was able to successfully provide functionality of all the use cases.



Testing of Server Some of the components of the server were tested along with the client modules testing explained above. The most important testing criteria were the scalability of the system. One of the issues that came up during testing the scalability of the system was that how to distinguish between the delay caused by the map point web server and our server. To this end a special client was developed in ASP.NET that only invoked the functionality of our web server at customizable rates. The result of this testing are shown below



Figure Server’s Performance under heavy load



In this graph. the X-axis represents the number of calls per second while the y-axis represents the average delay perceived by the test application. Multiple instances of the test applications were run to simulate multiple clients. It is evident from the above graph that the average delay increases with increasing number of calls per second. But for 10,000 calls per second the average delay of 50-60 ms testifies that system can perform well under heavy load and is scalable. Better results can be achieved by using dedicated hardware and operating systems.



Conclusions This entire project from inception to testing was quite illuminating. Not only it gave use the experience of location based services and the related development methodologies but it also gave use some insight into the testing of web services based applications. The course work also helped us as the some of the ideas we implemented came out of the class discussion and lectures.



Future Work Extensibility was one of the key design goals of our implementation. We have implemented a baseline system over which much additional functionality can be provided. We intend to extend this project beyond this course as our current implementation was constrained by time limits. One simple extension of this project can be to provide the functionality of time based expiry of alarms. Similarly, a web based interface to this system can be developed. In this way, the users that do not have Pocket PCs can also communicate with our system. Some other extensions can be the incorporation of some prediction functions that can predict the events to the users based on the interests of the users. This functionality was not implemented currently as it needs some in-depth study because otherwise the user may be receiving a lot of events information without asking for. Another interesting extension of this project can be the forwarding of the information to the mobile phones of the users.
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