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Abstract

This paper/project describes hybrid and context aware mobile applications. It tries to answer the question of what a hybrid system is, and why it can be beneficial. Further it describes different types of contexts that can be used in such systems. Location is the main focus.  Different kinds of location based services are grouped by service functionality, but other groupings are suggested. A little review of services developed in the past is given. Further it looks at one alternative way of creating such a system. The technology involved is described. And the importance of location accuracy, automation versus manual and if the services has the potential to be a success is discussed. The accuracy of the implemented system is also tested. 
Introduction

Telecommunication and information technology has been two separate disciplines in the past. But this is rapidly changing. No days it is getting more and more popular to integrate these two domains. People want applications that combine services from different heterogeneous network (hybrid applications) and also consider the context of the users or objects. 
Context aware systems are systems that uses the changing information about an individual’s location, environment or social situation to initiate and facilitate people’s interactions with one another”.[1] 
Many new services have been developed that does exactly this. As examples I can mention: 

· News from a web service’s based on location. 

· Personal pages on your cellular phone. When you get an incoming call and you are not available, the caller will get your personal page where you might present information about your whereabouts.

· Payment for car parking. Use your cellular phone to pay for a parking ticket. 

My main focus in this project will be to explore how this is done. I will also include an exploratory study of different applications developed in the past, and look at issues concerning context aware systems. I will also implement a test system. 

The plan is to develop a tracking system for mobile GSM devices. This system might be used to track down your dog, children, your stolen car or whatever is in your interest. Use a computer or a mobile phone to get map with the location of the object. The contexts of the users are in focus. Two friends are at the same location, the system can for instance set up a call automatically between them. Your bike is stolen, where is it?
The system is supposed to be mobile. According to [2] mobility can be stated according to different views. Personal mobility, session mobility, terminal mobility and component mobility are some examples mentioned.

Personal mobility: 

“The ability of a user to access services from any terminal and any location, (including invitations to join sessions). This ability may be restricted due to contract agreements between the Consumer and Retailer, and due to user system capabilities.”
In the developed system this mobility concept can be said to be present. The same can be said about terminal mobility, witch might be the most obviously.

Terminal mobility:

“The ability of a terminal to change physical location. This includes terminals which can continue to support services while moving, and those that cannot.”
Mobility in general depends on the view, almost everything around us is mobile to something but not to something else. It’s about perspectives and relations between technology, situation and human beings. The train example in [2] gives a good presentation. 

The application is also mobile according to Hjelm [3], the terminal is small enough to fit in your pocket, and you can continue the session even though you are moving in space. And the application can be used with only one hand while you are doing something else. This last requirement I think is quite special though.  
Technology

For making such an application mentioned above, you will need platforms and APIs (Application Programming Interfaces) that has support for this. The Pats Tele-service laboratory has this support.

The Pats-Laboratory 
The lab was established in September 2001. It is a co-operation between Telenor, Ericsson, NTNU and SINTEF. The laboratory provides state-of-the-art technology and infrastructures for service development and execution. The users are able to test the services on Telenors cellular networks. UiO has made a connection to this lab thru a proxy server. 
The vision of the laboratory is to provide a setting for the participants so they can experiment with advanced and hybrid telecom services. Hybrid means that it is possible to offer services over a combination of heterogeneous network such as PSTN, GSM and IP. Different access types are also offered. An application may offer GUIs to both cellular phones and web browsers or applications on a computer. This is a requirement for personal mobility[2].
The lab combines platforms from traditional telecommunication and information technology.

Research in the laboratory is driven by the need to develop new services quickly and controlled. Methodologies are thus emphasized[4]. 
The software environment for the lab consists of:

· Java development environment (Java 2 SDK,  Ant, various development environments such as Visual Cafe, Eclipse) 

· Windows for iPaq 

· CORBA middleware (freeware version Orbacus v 4.05) 

· Apache AXIS an implementation of the SOAP ("Simple Object Access Protocol") submission to W3C. SOAP is an XML based protocol for exchange of information in a decentralised, distributed environment. 

· Apache Tomcat a servlet container that is used in the official Reference Implementation for the Java Servlet and JavaServer Pages technologies. 

· Session Initiation Protocol (SIP) software (freeware version) 

· Incomit's Movade a core component of HP's Mobile Service Delivery Platform. Incomit's Movade handles application access to telecom networks. It provides full support for the OSA/Parlay standard. 

· JavaFrame a Model Development Kit based upon the modeling concepts from SDL and UML 2.0, applied in a Java setting. JavaFrame was developed by Ericsson NorArc. More on this subject in the technology section. 

· ServiceFrame a framework for developing service logic in Java. ServiceFrame was developed by Ericsson NorArc. ServiceFrame is now available as open source. [5]
It also has connection to map and location based services provided by external technology suppliers. These two can then be combined such that both position and map data are displayed simultaneously.
Telenor Content Provider Access (CPA)

 In a situation outside of an educational institution with access to Pats, you would have to use for instance Telenor CPA. This is the service Telenor offers 3rd party developers. 

“CPA represents several products enabling content providers to deliver content to Telenor Mobile`s subscribers and at the same time bill the subscribers for using the service. By doing this Telenor Mobile has made their value chain accessible to content providers of mobile services, based on a revenue sharing transaction model in return. Today CPA supports SMS, MMS, WAP and WEB” [6].
The Pats-Lab is actually connected to the same interface, but works as some kind of proxy.

Parlay / OSA API

What makes the interoperability possible is the Parlay/OSA API. Parlay is a technology-independent application programming interface (API) that enables the development of applications that operate across multiple networking-platform environments.
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Figur 1 The Parlay OSA API overview
It raises the programming abstraction level for developers. It is telecom made easier. The people behind also says it has a future proof architecture. When new generations of networks appears, the applications build earlier will be easy to bring along.

Parlay/OSA is cooperation between many stakeholders. Many big companies are members of the group. And this is of course an important reason for using this API. When solid world wide companies are involved the chances that this will be an accepted standard is feasible. IBM, Ericsson, Telenor, Fujitsu, Oracle and Vodafone can be mentioned. They are trying to create a standard for these kinds of applications. 
The first version that was developed has been characterized as to difficult. It was too complicated and 3rd party developers needed much knowledge about telecom. Very few 3rd party developers had in 2002 developed services using Parlay/OSA. As an answer to this, a new API has been developed called Parlay-X. Parlay-X is an XML specification of OSA, and is meant to work as a layer on top of the OSA API. This would make it even easier for 3rd party developers to implement services. 
Parlay-X web services are powerful yet simple, highly abstracted building blocs of telecommunications capabilities. It follows simple application semantics, allowing the developers to focus on access to the telecom capability using common web services programming techniques. Parlay-X applications can be written in any language as long as it can make the proper web service invocation.[7]
The vision and motivation is different within the consortium. The operators like Telenor, wants more traffic on their networks. The traffic in the telephone network has been reduced over the past years. This can be explained in many ways. One reason could be that people uses IP telephones like Skype or messenger services like MSN and ICQ. Instead of giving your friend a call, you just page him on your computer and can talk to him without any costs. This is of course a big competitor to the operator company’s telephone. Operators see this problem and are looking for new business models to expand. If they can develop applications that uses the network, their income will still be high and the business will be good. But it would be even better if they could create an API that was easy to use for people unfamiliar to telecom. 3rd party service developers could then develop lots of applications. They will have to pay for the use of the network, and payment arrangements with clients using the services will be handled by the operators. 
Take for instance the parking payment application mentioned above. The payment will go thru the operating company before the parking company gets the money. It will become a new part of the operator company’s business model. The failure of a project would not influence the operator as hard as it would do if the operator was the driving force behind it. This will inevitably lead to new and innovative services that more people think about new services, a classic win – win situation. This philosophy is also seen in the evolvement of 3G. Here Telenor also let’s the development of new services depend on 3rd party. 

“Our job are to make the conditions right such that production and service development can take place. It has worked quite well until now take for instance the GSM-marked, just look at the SMS and MMS business, says Esben Tuman Johnsen, chief of information in Telenor Mobil to digi.no We certainly wants to promote the development of new services that takes advantage of the new network, but it would preferable be together and in cooperation with 3rd party developers” [8]. 


It is not very likely that there will be any new killer applications but many 3rd parties developers will offer many different services that together causes traffic in the network.

In [9] the tele-statistic numbers from last years use of the mobile network was presented. In the paper it is clear that the marked is growing. The number of mobile phone subscriptions has grown beyond the number of persons living in Norway [page 9]. It is also clear that the growth in SMS messages sent has stopped. The growth is found in additional services.
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Figur 2 Sale of GSM-services. Millions kr ekskl. taxes. ( Numbers for 1998 to 2000 are NMT included)
3rd party service developers will be able to take advantages of the functionality in the network and develop new kinds of services that the customers demand (white). Applications will have shorter Time to Marked (TTM) because of the simplified API. This is something that the customers too will benefit from. Services can be developed quickly and on demand. 
Another reason for 3rd party developers to get involved is the enormous amounts of potential customers. There are millions of customers in the networks that easily can be reached. The customer base is already in place. This is of course a huge assistance in the marketing and distribution work. We also carry the mobile phones with us anywhere and anytime, the applications get accessible 24/7.
UML 2.0
UML 2.0 is the newest version of the Unified Modeling Language. Its main focus was to better support MDD /A (Model driven development / architecture).[10] But new and better support for modelling real-time telecom applications was also provided. I have used Composite Structure, Sequence and State Machine diagrams in the development of my system. All three has better support for structuring in UML2.0 than the previous version 1.5. More information on the different diagrams can be found in: [11] and [12].       
JavaFrame

“JavaFrame is a Modelling Development Kit that aims to improve the dependability of large complex real-time systems implemented in Java. Using JavaFrame will also make the resulting system more maintainable through the independence of system parts, and that producing a Java system with JavaFrame will be more efficient than traditional approaches.” [13] 

JavaFrame comes with a Java library that supports a one to one mapping between UML 2.0 State Machines and Composite Structure.
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Figur 3 JavaFrame overview
There have been some improvements to the JavaFrame Framework the last years. New add-on’s on top of this layer. First ActorFrame and then a new layer called ServiceFrame. ActorFrame comes with support for the J2EE platform, and ServiceFrame is a proposed architecture for Service Applications.[14] In this paper only JavaFrame is described and used. This is because the size of the system developed is pretty small, and the amount of work required implementing in J2EE.
GSM Positioning 

GSM Positioning is a way of getting the location of a specified GSM device. The representation of the location can vary from systems to systems. But in this case longitude and latitude is the formal representation of a device. This representation is divided into degrees, east and north. For better accuracy it is further divided into minutes and seconds. One point of interest can be represented like: N595641 E0104552. This point would approximately refer to Bjølsen Studentby in Oslo Norway. 

Different techniques

[image: image15.jpg]Example of a cell plan.
Red dot represents the location of the
base station. Cells are smaller in cities.



There are different techniques that can be used to do the positioning. They can provide different accuracy, be used alone or in combination.  
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The network is divided into cells. Their radius size varies from 100 meters to 35 kilometres. The smallest cells are typically located in urban areas where the number of users is high. 

There also exist different types of cells. In omni directional cells the base station is placed in the middle. Whereas three sector cells have the base station placed in the intersection of two or more cells.
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Figur 5 Two different cell types
But how is positioning actually done? As mention earlier there are different techniques.

Cell of origin is a technique that registers in witch cell the mobile phone is in. In urban areas the accuracy can be down to a 100 meters, whereas at the countryside it might be several kilometres. This is because of the bigger distance between the base stations.
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Figur 6 Location of device with timing
For increased accuracy it is possible to combine the COO with something called timing advance. This is not a solution of its own, but when used together with COO or some other methods, together they will increase the accuracy. 


Sector cell with timing advance value can be even more accurate if it’s done from three base stations, then the point where the three arcs crosses will be where the object is located. Accuracy will also here depend on the size of the sector cells.
Other methods supported by base stations might be angel of arrival, signal strength and time difference at arrival. More information can be found in.[15] [16] [17, 18].  

Other positioning solutions
GSM positioning is as described above not extremely precise. Global Positioning System GPS, is much more accurate. It can give the position down to 10 meters in open terrain. It requires a GPS receiver chip in the device, not many mobile phones have this capability today. Its accuracy also decreases if there are high buildings in the way, and it requires a fix from at least three satellites to make an accurate positioning. The system was developed by the American Military in the 1970s. In the future it will be common to have a GPS included in the telephone. Some of the newest models already have it. 
GLONASS Global navigation Satellite System is the Russian version of GPS. It builds on many of the same principles as GPS.   

Galileo is the European version of GPS, it is planned to be fully functional by 2007, and will provide positioning down to 1 meter.[19] 
A-GSM or assisted GSM is a combination of GPS and GSM. The hope here are  that the combination will improve the accuracy in urban and indoor areas.[17] 
GPS, GLONASS and Galileo all requires open “sight” to the satellites. When combining GSM and GPS it is possible to get accuracy down to some 5 meters. There is no longer necessary to have open sight to three satellites. This is probably the method for the future. It is planned to be operative this year when a large fleet service is going to be deployed.[20]   
Context aware Mobile Applications
In this report location is the main focus. But lots of other things can be mentioned. Context is in general information about the communicating parts. Healthcare sensors like instruments for measuring your heart rate can be combined with automatic call setup to for instance your doctor. There have been developed applications that alerts when an epileptic gets sick. The alarm goes of, and the person that is closest to his or hers location is alerted. Here we have two types of context in consideration, location and medical condition. The same example can be used in many different settings for example with diabetics. Context are also used in chat programs like MSN and ICQ. In these programs the user are able to tell the “caller” if he/she is busy eating, sleeping or away. Other examples of context information that can be considered are: 

· Time: 

· Location is illegal combined with time of day. Your son is down town at Saturday night
· Weather

· You are in Bergen, and the wheatear forecast is rain, remember your umbrella

· Registered preferences

· Lots of context information can be registered manually. Information like this is for instance data that the computers or sensor can’t register automatically. 
· Who you are with

· Your son is down town at night, but his mother is there together with him

According to [3] context awareness is when an application can act on information about the user and his or her environment. This can be as mentioned above, for instance location, time or user identity. This I think is a good definition and also the one used in this paper.
Wearable or ubiquitous

There are two different paradigms concerning where the information is stored. Wearable and Ubiquitous computing. Ubiquitous computing in the purest form means that all computation is contained in the environment. Wearable computing on the other hand means that all computation is handled by the wearable. They both seem to have fundamental difficulties. Ubiquitous tend to have difficulties when it comes to privacy and personalization, while pure wearable have trouble with localized information, localized control and resource management. In [21] a solution to these problems are proposed. It’s a combination of the two. 
Several applications are demonstrated that solves the problems. Hive is a distributed agent architecture that links the different parts together. Many similarities can be seen in ServiceFrame that is the proposed architecture on the PATS-Platform. For instance the interaction of Agents that also is proactive. The actors in ServiceFrame are also active objects, meaning they can have their own thread and interact with each other. Actors can as agents be moved between different physical devices (to some extent)[22].  
The systems presented in this paper are mostly ubiquitous. But some information and calculations are done on the wearable. So they are a combination, as suggested in [21]. Some of them use J2ME on the wearable. In this way it is possible to store and combine personal information with information gathered from the surroundings. 
The system described in [23] was released a couple of weeks ago. The system is connected to the web page 1881 number information and gives you information about phone numbers and addresses of number holders. The system is planed to be integrated with a positioning service in the near future. Here you have to download a J2ME application. Here you can store personal information and preferences; the system gets more “wearable” in a sense.
In the tracking system I designed and partly implemented, the maps will be downloaded on a need to know basis. In this way the information is easier to update. The maps could have been stored on the mobile phone. Here we clearly can se the different difficulties. If a road or a store is replaced all the devices need to be updated with the most wearable solution, this is avoided if the maps are delivered every time, but again then your potential personal preferences will be lost.   
Positioning services
In connection and in the transformation between 2G and 3G mobile networks lots of services related to location has appeared. The services can be grouped in different ways, for example by accuracy, positioning interval or type of service. The most common way though is by type of service. Such a grouping could look something like the list shown bellow.

· Information services
· Payment services

· Security services

· Tracking services

Information services
The main agenda for such services are to inform the user with relevant or wanted information based on location. These services can be subdivided into “Pull” or “Push” oriented services. “Pull” is typically when the user sends a specific request. For instance “Where is the closest buss stop?” In a “Push” service, the information is delivered to you without any request from the user. You must in some way tell the system you want it, but it would be by registering or something like that. An example here could be buss information. You are registered in the system, and your personal profile says that you want information about route 37 every weekday at 16.00. The system sends you relevant information at that time if you are at a given location (at work maybe).
Payment services
Location based payment will let the user pay differently for a service or goods depending on his or hers location. Examples of such applications can be different prices for calling and MMS sending. A couple of years ago a mobile phone operating company advertised with free MMS sending from a concert. So everybody in the area where the concert was held sent for free. This was indeed a success. Good marketing and lots of replies.
Security services
These services are there for security reasons like for instance emergency calls. In Norway when a person calls 113 from a mobile phone, the receiving central gets the location of the user. This is very useful in a stressed situation where the caller might be in panic or to sick to inform about his location. This service is going to be adapted in many countries in the near future. 
Tracking services  

Tracking services are what most people think about when it comes to mobile positioning. Track down your stolen car, or maybe find out where your letter is in the world. For more information about the different services see[24]. 
This kind of services could be sub divided, but I think the functionality is very similar. In short I would actually claim that all services are built on this. To get the location you will always have to track down the object in some way.  

What has been done in the past
The Beginning

Some of the earliest research papers on context aware communication came from Xerox PARC in the late 1980s and from Olivetti Research in the early 1990s. They took different types of context into consideration before routing calls (i.e., location).[1] 
Xerox PARC’s Ubiquitous Computing Initiative laid out the two dimensions: Communication action and Context acquisition, and how the choices concerning automation of these two dimensions would inflect the quality of the system in different ways. They argued for that too much automation would decrease the system quality because of the lack of human common sense. Automatic Diary, Theme Music and the Remembrance Agent can be mentioned[25]. 
Newly developed solutions
Lately lots of new applications that make use of location have been developed. In [26] a service that is used to track down stolen cars is described. The article tells the story of a stolen lorry that was located just hours after it was stolen. The owners and the police watched the car as it drove out of the city, and where able to stop it an arrest the thief’s. This is an example of a typical tracking service. 

Gizmondo is a company that has developed a new game machine that has a GPS-positioning chip built in. This opens for a new type of games and advertising based on location.[27] The company was also on Gartners list of the eight “coolest” telecom and mobile technology companies.[28]
In [29] a tourist guide is presented. Here we clearly see the difference between automatic and manual context accusation. In this service the user gives the system his location manually, and asks for information. The system knows what information to deliver based on the service user’s location.

The application developed in this project is implemented on the PATS-Lab. As mentioned earlier this lab has been in use since 2001 and many interesting services have been developed:

Accommodation Service is a service for registering and requesting information regarding flats or apartments for rent. The application makes use of the position of the user, SMS, MMS and video streaming for presenting information regarding the apartment. The user sends an SMS to the system requesting apartments in the localised area. The assignment was a Master thesis at NTNU and was finished in 2003.[16]
Group communication for healthcare workers is one of the newest application produced on the PATS-Lab. The application enables group communication and regular communication between healthcare workers. Different context information is used to allow or disallow communication. For more information about different services see [5].

The implemented system
The system that is developed is a tracking system for GSM devices. It is documented in UML 2.0 and implemented in Java with the use of JavaFrame. The Eclipse platform was used as code writing tool. The functionality is not very wide, but the architecture is well suited for expansion. At the time the functionality that is returning a map to a mobile phone is not implemented, it only returns the position of the requested object. 
Potential test scenario
A test scenario for this application can be a user who wants to locate his stolen bike. The bike needs a GSM unit that in some way can be activated on demand, or does so regularly at different times, for instance once a day. The unit can be build into the frame of the bike, and get electricity from some kind of power supply from the moving wheels.
If the bike gets stolen or lost, the owner can log on to his computer and ask for tracking information. He will then get a map of the area where the bike is located. It is also possible to use the mobile phone as a client. The user sends the message <Find bike01> to number 2034. The reply message is a MMS message that displays the location on a map. 

By using a mobile phone as a client special care have to be taken into consideration. The terminal has a very small screen, so there might be problems presenting a detailed map. This I know, has been done in other similar applications and worked well. The devices are getting better and better, it will always be a problem presenting information on small screens but new technology gives a helping hand. It is not difficult to understand that the amount of information in figure 7 would look quite different on a mobile phone. There have been developed quite nice zooming functionality and map solutions, but then J2ME would be a preferred option. In this way you could operate on the same set of data locally on your phone instead of resending the same information over the net. As the devices gets more internal memory and storage capabilities an option can be to store maps locally. This is done with GPS today, and would cause even less traffic in the net. But again the speed of the communication channels is also increasing with the new 3G network. And problems mentioned above concerning where information is stored would appear.  
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Figur 8 Web interface
The system can also support alarm message functionality. The owner of the bike can fill inn preferences on a computer or a mobile phone. For instance that if the bike moves away from the owner’s location on a specific time (night) an alarm message is sent. Here time of day and location of two objects are the context information. Both context accusation and communication action are automated, see context aware communication dimension in [1]. In this scenario, if the user is using the system correct, I can’t find that the quality of the system is altered as claimed in the article. But in the first scenario where both the accusation and action are manual the system is in some way a bit more robust. It is possible that it is your father that has borrowed your bike, and then you do not want an alarm that wakes you up. 
Figure 7 shows the two scenarios on the context-aware communication dimension. The green is scenario 2 and red number one
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Figur 9 Context-aware communication dimension   
UML 2.0 Models
Sequence Diagram


[image: image8.emf]:ServiceUser :Controller :ItemStore i[i]:Item

Sd GetLocation of Item

:PositionServer

Sms(”Locate ItemName”)

getItemInfo(iName)

getItemInfo()

itemInfo(staticId,info)

itemInfo(staticId,info)

Sms(getLocation,staticId)

Sms(Location,staticId)

alt

Sms(”itemName is at Lon,Lat”)

itemInfo(null)

Sms(”No such item to locate”)

alt

Sms(PosError)

Sms(”Item could not be located”)


Figur 10 Sequence Diagram

The sequence diagram shows on alternative run of the system, the ServiceUser that communicates with the system. The model does not distinguish between different types of terminals. The wanted object must be located in the ItemStore before positioning of the object can take place. This is because of the staticID required for positioning. StaticID is a hash function of the requested cellular phone number, and is generated in the Pats server when a user registers.   

Composite Structure Diagram
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Figur 11 Composite Structure Diagram

The composite structure diagram shows the communicating parts of the system. In this simple case it might seem as an“overkill” but it is directly transformed into the JavaFrame model. For the model to be consistent, no communication in the sequence diagram can be in conflict with the composite structure connectors. 

State Machines
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Figur 12 State Machine Controller
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Figur 13 State Machine ProcessRequest

The State Machines shows the actions triggered in the controller lifeline. ProcessRequest is a sub State Machine in Controller, and it is used for better structuring. The system is built asynchronously, the State Machines reacts to messages sent to end from. Item is also a State Machine, and ItemStore is a composite. Because of their simplicity they are not shown here.  

JavaFrame Modell
The JavaFrame model shows the parts of the system and its Mediators.
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Figur 14 JavaFrame Modell
Testing the system
I used my system to test the accuracy. The results show that the precision varies a lot. Two requests for location data from the same spot with only 5 minutes difference gave two different results.
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Figur 15 First attempt 50 meters
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Figur 16 Second attempt less accurate

The map functionality for mobile phones was not implemented, I did not get access for MMS services from PATS. So the pictures presented above is gathered from MapQuest.com. The data inserted is from my application.

Discussion
The users want to use their mobile devices to access or interact with the systems / sevices. We can classify the mobile devices in this paper to support “Terminal Mobility”. Session and personal mobility can also easily be supported for instance with the use of different terminals like web-browsers or cellular phones. [2]
The architecture of my example system would be well suited as a base for many different location aware systems. It is interesting to se how similar many of the developed services are. Therefore a “universal” architecture would be very cost efficient. This has also been done some work on at NTNU.
Accuracy GSM versus GPS

As described in previous sections, the GSM positioning is not the most accurate technique on the marked. Many will therefore argue that it is not very well suited. This I think the many systems developed and mentioned above contradicts. The need for precise location is not something that is important to all kinds of systems. And in some cases it is a good thing if the object can’t be precisely located. For instance when privacy concerns plays a role. The security will with GSM lie in the underlying network capabilities. Privacy might also be implemented in services where more accurate positioning is done, but the exact location will be known in the system and therefore raise the potential leak to unauthorized persons. 
But there are applications where more exact position is beneficial. For instance if you are in a big city and wants to know the exact address where you are standing. The new A-GSM will make the services more trust worthy and make the applications usable in areas where the sector cells are bigger. 

Services that are not well suited for the GSM net are for instance driving guides. Lots of taxi drivers have systems like this in their cabs. Their location is shown on a map. In this way it makes it easy to drive around in the city. The destination may also be inserted, and the system will point the way. These systems use GPS.      

Automation versus manual

I am not sure that the conclusion from[1] is valid for all systems. It might have been the case for the systems in the article, but the technology for context acquisition has improved a lot lately. But the application in [29] might talk in favour of that this is still the case, here the automation in context acquisition is hardly reduced. The potential user of the system has to manually update their context by sending a specific code. This system is just taken in use in Sweden so it is not because it is not possible to do this automatically. Or it might be that the accuracy is found to be insufficient for this application though it has a simple solution: giving the user a menu where he/her can choose in a list of nearby objects. 
I do not believe that this automation reduces the quality of the system. The same goes for the test scenarios of my system. But there are off course examples where it would. The ideal solution I believe would be that the systems had optional manual context acquisition and communication action. A good design of the system would deal with these problems in most cases.  
But does anybody use the services
There have been developed many services that uses location. But many of these services are only for testing purposes. We haven’t yet seen the big take of, but many are predicting this to happen in a year or two. In some countries like for instance China and France there is bigger activity.

Barry McInerney works at Ericsson Mobility World and is responsible for location based service content solutions. He reports on big activity on all levels of the value chain to stimulate the use of location based services. 
"Operators are beginning to exploit location as a value-added-service enabler for existing commercial services. Many LBS industry observers share this view, predicting that location-based services will finally take off by the end of 2005 or early 2006."

He also mentions an example from one of Ericsson Mobility World’s partners Atchik.

"They offered a successful community chat solution. They then integrated it with the operator's location API to make the service location aware. Now, those using the service can see where their fellow chatters are. This led to a 20 percent increase in WAP traffic for this chat service. Being able to localize users is a key selling point in mobile community services." 
He is especially optimistic about end-user service possibilities with the entry of A-GPS. 
"It can pinpoint a user or device down to five meters. A-GPS will boost navigation and tracking services, such as asset tracking (for example, keeping track of your children), emergency calls and security; even fleet management will benefit. A-GPS handsets are being introduced into the market this year and so we should see a greater number of applications using the technology on the market in 2006,"[20]
If this is the case, we only know by the end of 2006. And it is worth mentioning that McInerney is working for a central actor (Ericsson), and might not be the most objective source.  
But there are more signs of this prophesy actually taking place. The last weeks a lot of new services have been presented in the media. [23, 26, 29, 30] and this alone might be a commercial boost. Figure 2 also points in this direction. The phones are getting better and so are the networks (3G). People are also starting to get more familiar with WAP and J2ME applications on their mobile phones.  

Conclusion
Context aware systems make it possible to reduce some of the negative effects of always being available thru the phone. As stated in the article “Changing Places: Context of Awareness in Computing” [31] the use of cell phones loosen the mapping between activities and places. I support the belief that context is a good way of reducing this problem. 

Context is an important factor of the systems for the future. The technology needed is not too difficult. The new Parlay API is pretty straight forward to operate. You need knowledge of the Java Messaging Services API and a bit common Java programming experience. The methods and tutorials are not all publicly available, but other methods and frameworks can be applied. 

Quality and reliability of context information is improving with new technology and research. But this factor is not always the most important for the system to be a success. We have seen that accuracy of positioning systems not always is the bottleneck. Some systems are even better of with bad precision. Specially considering privacy that is a problem in ubiquitous context aware systems.[21] So the GSM network’s low accuracy is not necessarily a bad thing.

Many articles have been written on the subject, some of them discussed in this paper. Service architectures have been proposed in many of these papers, and they are very much similar in many conceptual ways.   
A-GPS is expected to boost location information and friend-finder services, there have been  complaints (as mentioned earlier) that they are inaccurate and inadequate, deliver incorrect locations, not as detailed as expected and that the core services are simply not good enough.[20]
This is not true for every type of services, and I am not convinced that this is the only reason why it has not taken off yet. But as we saw in figure 2, there is some increasing activity in the network.
In [20] the following advises are given to make location based services more competitive.

· Improve service performance and ease of use  

· Meet users' expectations  

· Make services personalized and custom made.
In [32] the authors also sees the important requirement that the services are easy to use:

“To be widely adopted, location-aware computing must be as effortless, familiar and rewarding as web search tools like Google.”  

This together with the privacy concerns I believe is summing up the main points pretty well.
Doing the project
I started out reading some of the literature required in the course. Then most of the implementation was done. The report has been a continual work thru the semester. 

I ended up doing the project on my own. In some situations I believe this can be beneficial, for instance some normal problems with dividing the work load, different opinions and different background is easily avoided. But again the same potential problems will be fruitful for the outcome if handled correctly. There were no external mentor on my project, I can’t say that this has been a problem, but I believe that more feedback either from fellow group members or an external mentor would have been beneficial. The process of deciding what to include and write about has been difficult to some extent. This was of course known to me when the decision to work alone was made.
Further I think the project has been very interesting, and I have learned a lot. The system could have had more functionality, but overall I am satisfied with the result.
Goals

My main goals for the project was:

· Explore the technology

· What have been done in the past

· Implement a Location Based system

· Look at articles on the subject (context aware, location, mobile)

· What are the possibilities 
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Appendix

Some Example Code
The system consists of approximately 20 java classes and makes use of the JavaFrame, ifi.pats.client  and JFTrace lib.

The ifi.pats.client lib communicates with a server on ifi that communicates with PATS.   

2 classes from my system are shown below.

ControllerStates

/*

 * Created on 15.mar.2005

 *

 * Gøran 

 */

package src;

import no.uio.ifi.pats.client.positioning.GsmPositioner;

import no.uio.ifi.pats.client.positioning.GsmPositionerException;

import se.ericsson.eto.norarc.javaframe.CompositeState;

import se.ericsson.eto.norarc.javaframe.Message;

import se.ericsson.eto.norarc.javaframe.State;

import se.ericsson.eto.norarc.javaframe.StateMachine;

/**

 * @author Gøran 

 */

public class ControllerStates extends CompositeState 

{

//Define the static states of controller


static State idle = new State("idle");


static ProcessRequestStates processRequest = new ProcessRequestStates("processRequest");


/**


 * @param arg0


 */


public ControllerStates(String sn) {



super(sn);



idle.enclosingState=this;



processRequest.enclosingState=this;


}


/**


 * 


 */


public ControllerStates() {



super();



idle.enclosingState = this;



processRequest.enclosingState=this;



// TODO Auto-generated constructor stub


}


public void enterState(StateMachine curfsm)


{



entry(curfsm);



idle.enterState(curfsm);


}


/* (non-Javadoc)


 * @see se.ericsson.eto.norarc.javaframe.CompositeState#execTrans(se.ericsson.eto.norarc.javaframe.Message, se.ericsson.eto.norarc.javaframe.State, se.ericsson.eto.norarc.javaframe.StateMachine)


 */


protected boolean execTrans(Message sig, State st, StateMachine curfsm) 


{



Controller controller = (Controller)curfsm;



if(st==idle)



{




if(sig instanceof GetLocation)




{





System.out.println("Get Location Message recived: "+sig.messageContent());





//performExit(curfsm);





output(sig,controller.controllerToIS,controller);





processRequest.enterState(curfsm);





System.out.println("Entering processRequest");




}



}



else if (st == processRequest)



{



}



//output(new Status("\nBla bal"+sig.messageName()),controller.controllerToEnv,controller);



// TODO Auto-generated method stub



return true;


}

}
public class ProcessRequestStates

/*

 * Created on 08.apr.2005

 *

 * Gøran 

 */

package src;

import se.ericsson.eto.norarc.javaframe.CompositeState;

import se.ericsson.eto.norarc.javaframe.Message;

import se.ericsson.eto.norarc.javaframe.State;

import se.ericsson.eto.norarc.javaframe.StateMachine;

/**

 * @author Gøran 

 */

public class ProcessRequestStates extends CompositeState 

{


static State waitingForItemData = new State("waitingForItemData");


static State waitingForPosData = new State("waitingForPosData");


/**


 * @param arg0


 */


public ProcessRequestStates(String sn) {



super(sn);



waitingForItemData.enclosingState = this;



waitingForPosData.enclosingState = this;



// TODO Auto-generated constructor stub


}


/**


 * 


 */


public ProcessRequestStates() {



super();



// TODO Auto-generated constructor stub


}


public void enterState(StateMachine curfsm)


{



entry(curfsm);



waitingForItemData.enterState(curfsm);


}


/* (non-Javadoc)


 * @see se.ericsson.eto.norarc.javaframe.CompositeState#execTrans(se.ericsson.eto.norarc.javaframe.Message, se.ericsson.eto.norarc.javaframe.State, se.ericsson.eto.norarc.javaframe.StateMachine)


 */


protected boolean execTrans(Message sig, State st, StateMachine curfsm) 


{



Controller controller =(Controller)curfsm;



if(sig instanceof GetLocation)



{




System.out.println("Data Form Item Store Received");




System.out.println(curfsm.getCurrentState().stateName);




GetLocation m = (GetLocation)sig;




Sms sms = new Sms(null, null, null);




sms.setPos(true);




sms.setStaticId(m.getStaticId());




output(sms,controller.controllerToEnv,controller);




waitingForPosData.enterState(curfsm);




System.out.println("Pos request sent to Env");




System.out.println(curfsm.getCurrentState().stateName);



}



if(sig instanceof Sms)



{




Sms s = (Sms)sig;




System.out.println("Sms received from SmsOutputMediator");




System.out.println("From: "+s.getFrom()+ " To: "+s.getTo()+" StaticID: "+s.getStaticId());







System.out.println("Pos Data Message: "+s.getMessage());




Sms smsToGøran = new Sms(Pos of Object"+pos,"91599961","2034");




smsToGøran.setPos(false);




output(smsToGøran,controller.controllerToEnv,controller);




curfsm.restart();



}



// TODO Auto-generated method stub



return false;


}

}
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