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Abstract

With the rapid advance in mobile positioning technology used by providers of location-based services (LBS), it is now more feasible than before to collect the geo-referenced individual level data. Furthermore, the online map services provide to the public with high quality map base and open API interface that are essential for easily integrate and analysis of human activity patterns. However, privacy is always an issue whenever personal location is traced and recorded. This paper proposes a reactive location-based service to collect and process individual location data by different privacy policies. The reactive LBS provides user with an active pull mode to collect his/her location information. With different privacy policies, the user can enter his/her current address manually to the server or automatically generated by the LBS location provider. In order to gain the accurate reconstruction of individuals’ activity-travel patterns with considerable space-time details, the LBS server invokes an online map service to geo-reference the location data and to derive the route between locations. In this paper, a household’s daily activity survey scenario is showed in Beijing city.  

1. Introduction 

Data about human activities and movements in space-time is important to many research fields in geography. More and more microsimulation models require good quality and fine granularity data feed of individual behaviour and space-time process (Arentze, 1997). However, this kind of data is difficult to collect and rarely available. Therefore, researchers often utilize alternative datasets, such as surveys, samples and synthetic data. Today, as the location of mobile phones can be precisely tracked in space, it is now more feasible than before to collect the geo-referenced individual level data using mobile phones (Mountain, 2001; Rein Ahas, 2005 ). 
Location based service (LBS), provided by wireless operators, integrate geographical location and end-user context dynamically to deliver exact information at right place in real time (Adams, 2004). The massive spread of mobile phones and their social acceptance offer great possibilities of collecting and using data derived from LBS for scientists to research human behaviour in space-time. However, LBS derived data has not yet been used much for studying the space-time behaviour for some reasons. The most important reason is the privacy and security problem of people. Mobile positioning has to be aware of personal privacy. People may not like to subscribe LBS for the fear of surveillance. To collect LBS derived data, it have to provide a good privacy policy that admit user to determine how and when he/she to be positioned. The second reason is that LBS normally can not record what the user is doing at a particular time, the purpose of the activity or trip, and other activities. Without these data, the usefulness of the LBS data will be limited for many research fields. Therefore, the LBS should provide an interactive mode for the user to record and link these data with the location data.
LBS can be classified into proactive and reactive LBS. A proactive LBS is a push service that the user receives information as a result of his or her whereabouts without having to actively request it. Proactive LBS normal requires a constant update of user’s locations that take up amounts of network resource and raise considerable privacy concerns. Reactive LBS, on the other hand, is a kind of pull service that a user actively uses an application to get information from the network. With reactive LBS, the user can decide how to be located and when, which gives the user a certain control about the personal privacy. 
The objective of this paper is to introduce an approach of developing reactive LBS to collect individual space-time data with other information about activities and movements. In addition to get the information about the location coordinates of mobile users and its identification, it also can collect the user’s activities and movement data in an interactive mode. The approach has three potential benefits for individual space-time data collection: (1) to collect the actual location and movement of people; (2) to improve both the quality and precision of this data; (3) it makes possible to work in real time. 
This paper is organized as follows. Section 2 describes the methodology that was used to assembly various online Map Services API and to integrate multiple wireless operator’s location service. Section 3 presents the proposed reactive LBS architecture and its implementation. An experimental individual geo-referenced data collection scenario is showed in Beijing city. The conclusion reports some findings of the proposed approach.

2. Methodology 
2.1 Assembly of the Online Map Services

There are several famous online map services covered nearly all the world including Google Maps, Yahoo Maps, MAP24, MapQuest, Microsoft TerraServer and Google Earth. With these services, web uses can not only find various driving directions but also satellite images, topographical images, 3D images, and angled aerial photography. In china, there are also some excellent online map services, such as go2map, 51ditu, mapabc, mapbar. What is important is that Google Maps opened its API for the public, which enables developers to create new applications. After that, Microsoft, Yahoo and others online map services quickly followed to open its API. These maps’ API can be a great resource for Transportation, Urban plan and other Sociology research. 
The common features of these Online Map Services include mapping, geocoding, routing, POI (points of interest) searching, geotagging:
· Mapping: it provides powerful interactive maps and high quality map style for millions of visitors. It is a good infrastructure to display and visualize the georeferenced individual space-time data.  

· Geocoding: nearly all map services provide a powerful geocoding engine to calculate a location’s latitude and longitude coordinates, including street addresses and intersections, street blocks, postal codes, centers of administrative areas. Surveys about individual activities data contain lots of locations, those latitude and longitude coordinates can be calculated by the geocoding engine. 

· Routing: this kind map API provides a robust routing API for calculating driving directions between two locations. The routing algorithms and high quality of road network dataset support for high performance routing. It can be used to validate and complete the survey about individual movement’s data. 

· POI searching: those map services normally have a very detail business and landmark database. Users can search locations by region by either category or name. 

· Geotagging: map services provide tools for user to add map annotations using shapes or text. With this service, users participated in the survey about individual activity and movement may add their activities’ ‘footprint’ on the map.
To assembly those online map services, it is more feasible to build an online individual space-time data collection system for millions visitors.
2.2 Combination with mobile positioning services

Location based services, predicted by the market analysts as killer applications in the near future, have generated lot of interest and attracted many services providers. Today many GSM and CDMA mobile communication network operators have already implemented technology to determine the location of a mobile phone. Location technologies such as CELL-ID, E-OTD, OTDOA, and A-GPS have different precision in determining the location (Kupper, 2005). Most of today’s LBSs depend on Cell-Id positioning, which is easy and cheap to implement, but delivers only very inaccurate position. However, to combine mobile network positioning technology and the satellite-based GPS system, the network-assisted GPS positioning method (A-GPS) is and will be the most precise positioning method of future (the accuracy falls in the range of 5–50 m). It is found that the precision of positioning depends on the density of the communication network. In large population area with dense network cells, the precision is more accurate than rural areas. In practice, although the precision of positioning is not very high today, it still enables the study of individual patterns of space-time movement. 

Since the mid-1990s, more and more people have become owners of mobile phones. Now, mobile phone has become people’s part of every day life. To combine with the mobile positioning service, it will become more feasible to collect the data about space-time movement of people than any other means.
2.3 Privacy policy

Privacy is inevitable whenever one person’s location being traced. The first rule for mobile positioning is that the location of a person may only be positioned with the permission of the person concerned. This principle is similar to other types of questionnaires and surveys by phone, X-ray device, or mail. Therefore, it is very important to design a good privacy policy for collecting individual location data. With this policy, person being positioned must be able to control the dissemination of his/her location information in that it specifies to whom, when, and in which form it is made available to the data collector.
According to Cuellar (2002), a privacy policy is an assertion that a certain amount of information (identity or identifier plus location) may be released to a certain entity (or group of entities) under a certain set of constraints. Myles (2003) lists complete constraints for location privacy policies. Here we emphasis some important constraints in case of individual activities data collection:
· Identity constraints. Using identity constraints, we collect user’s location information by using a pseudonym instead of its true identity.
· Time constraints. This constraint gives the user right to restrict positioning and location information access to a certain period of time. We can provide to the user with several ways to specify time constraints, such as by specifying predefined time periods and by explicitly activating and deactivating positioning. 

· Notification constraints. With these constraints, the target can specify whether or not it wishes to be informed about positioning attempts or attempts to access its location information. We provide an interactive way for the user send and receive notification. Upon arrival of such a notification, it can authorize or deny positioning and access respectively.
3. The reactive LBS architecture

3.1 System architecture

Figure 1 gives a high-level overview of the system’s architecture. The reactive LBS system consists of three actors: mobile positioning provider, map services provider, and the data collection server. 
The data collection server is a website, which acts as a community portal from which all users to fill their own personal information and to display their space-time data. In order to use the LBS service, the website visitor has to fill in a short registration form which includes their mobile phone's number, personal information and privacy policy. 
The mobile positioning provider is the mobile communication service of the network operator or the 3rd mobile positioning service provider. According to the user’s privacy policy, whenever the user activating to sent space-time survey data by mobile phone, the mobile positioning provider gets the current location of the user and sends its position data with time to the data collection server. Mobile phone user also can send current activity content by SMS to the mobile positioning provider and then it will be sent to the data collection server too. 
The map service provider is any online map service which opens its API to the public. It must have high quality maps of the survey area and powerful functions for geocoding the survey location data.  
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Figure1. The LBS system conceptual architecture 

3.2 Data validation module

The data collection server has a data validation module to facilitate finding and correcting location entry errors during data collection process. In order to gain the accurate reconstruction of individuals’ activity-travel patterns with considerable space-time details, the data validation module provides powerful capability to geo-reference the location data and to derive the route between locations. The data validation module is implemented as a series of scripts and can be plug-in new functions for space-time data validation. We give a data validation user case to present the data collection process as follows.
We propose a reactive LBS approach to collect user’s space-time activity data. Users use an active pull mode to entry his/her current activity data by SMS (short message) to the system. The SMS text includes information about where the user is and what the user is doing. For example, a SMS like “shopping in shuang’an Mall Beijing”. This SMS is sent to the mobile positioning provider. When positioning provider receives the message, it is activated to position the mobile phone user and generate a data entry ‘userID, time, latitude, longitude, SMS string’. This data then is sent to the data collection server and the data validation module is activated to check and validate it. 
First, the data validation module invokes the proximate searching Map service API to return a POI list near the location of the mobile latitude and longitude. Second, the data validation module parses the SMS text to retrieval the user’s address text. Normally, the user address entry text is short and not complete. The data validation module matches it with the queried POI list. If it matched a POI, the data validation module returns the detail POI full address with latitude and longitude coordinate. If no any POI matched, the data validation module marks the entry need to be post checked. And then a detail data entry is generated as ‘userID, time, mobile latitude, mobile longitude, full POI address, map latitude, map longitude, SMS text’. The data validation module can also generate the route data between the origin and destination which is always omitted by the user. After processed by the data validation module, a full data entry will include full and complete details about location information. This can be used to the accurate reconstruction of individuals’ space-time pattern. 
4 Scenario and prototype testing in Beijing city  
We implemented a reactive LBS prototype to collect people’s personal activity data in Beijing city. China Mobile Communications Corporation is the biggest mobile network operator in china and opens its mobile location service to the 3rd SP service provider. According to its privacy policy, the SP provider can use its location service to positioning mobile phone user of china mobile. The SinoLBS company, a LBS SP of china mobile, provides us with a mobile location platform for the prototype test. We choose 51ditu and google maps as our online map service provider, because both of them open API to the public and have well map quality in Beijing city area. 
4.1 Geotagging daily trips on web map

Now, there are more and more geotaaging web sites, in which web users can tag their photos and videos on web map. Flickr is a biggest photo sharing web site in US. After Flickr provided functions of geotagging photos on yahoo map, the statistic data showed that there are two millions photos being geotagged in one minute. Thanks to the popular of google maps and yahoo maps, millions of web users have already experienced to geotagg their information on web map. Therefore, we test to collect people’s daily trips information using web map geotagging approach. 
 Geotagging is similar to the diary data collecting method for activity-based models. In this approach, we cannot position users, but the users are to record their daily trips. Thus there is no serious privacy problem for positioning users. Some activity-based models require data about information about activities, such as where, when, purpose, how long, with whom and with which transport mode. We implement a geotagging daily trips experiment using our LBS system. 
In this experimental scenario, users are required firstly to register and submit some information about household and person. The household information contains respondent name, family size, car ownership. Personal information includes age, gender, status (worker, retired, student, etc.) and possession of a driver’s license. And then, users are to tag their home, work place and favourite shopping and entertainment sites on our web map. After that, users can tag their daily trips. Each trip is a route tag on the map including information about purpose, time departure, origin and destination locations. Figure 2 shows the daily trip geotagging interface. Points on map are user’s home, work place or other favourite site. Each line is a trip entry tagged by user. In this way, we can collect full spatial detail information about people’s daily trip in accurate location.
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Figure 2. The daily trip geotagging interface using google maps

4.2 Blogging daily activities using mobile phone 
Today, more and more people have experienced to participate and express their idea using mobile phone. For example, in the Chao’nu showing TV program period millions of people vote their favourite singer by SMS. We combine the mobile positioning with SMS to implement an experimental data collection about people’s daily activities. In order to attract people to participate, we implement a LBS named daily activity blogging, in which people send their real time activity information by SMS and can share it to their friends and public. 

The experimental scenario is as follows. Mobile phone owners subscribe our service, and agree to position them when they send activity SMS. According to the mobile positioning privacy policy of China Mobile, we do not trace any service subscriber’s position and get the position information from china mobile’s location platform only when we receives the blogging SMS. 
In this experimental service, a blog consists of one real time activity entry including information about a user’s on-going activity in a place. When our service receives the SMS text, it invokes the mobile positioning service to get the current position in latitude and longitude coordinates, and then invokes proximate searching Map service API to return a POI list near the location. The data validation module will validate its position accuracy and match the activity position to a POI map coordinates. Figure 3 shows the mobile positioning result and the validation result in our LBS system.  
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Figure 3. Daily activity blogging service

5. Conclusion
This paper shows the technical feasibility to implement a location based service for collecting individual space-time data. Building LBS on web map service can not only save great cost to build a map base, but can be accessed to millions of web users. And the mobile positioning platform provides great feasible to collect real time activity in space of mobile phone owners. To combine web map service API and mobile positioning service, it is possible to collect large scale space-time samples about millions users in big cities with lower data collection cost. Compared with traditional space-time data collection approach, the proposed LBS approach has three advantages: (1) geotagging and mobile positioning approach get the actual location and movement of people; (2) the data quantity and the precision are higher than traditional survey method; (3) data collection using mobile phone makes it possible to collect people’s real time activities.  
Although, we show the technical feasible of the LBS, there are a number of improvements to test the usability and data collection quality. In the future works, we will collaborate with researchers to develop more attractive services and to cover most of Chinese main cities. We continue to complete our LBS enabling new analysis and visualizing method for the collected large space-time datasets. 
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