Automating visualization and analysis of lifelines in a GIS environment
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Abstract

The paradigm of Time Geography (TG) mainly focuses on daily human activities. It was firstly developed by Torsten Hägerstrand in the 70s (Hägerstrand, 1970). Human activities like working, learning, shopping, etc. all take place in specialized places that leads to a fundamental human activity: displacement (Hägerstrand, 1970; Bosque et al, 1992; McBride et al, 2002). The analysis of these individual activities in a contextual approach is the main purpose of TG.

TG possesses its own graphic language, which is simple, flexible and easy to understand. This language is based on a spatio-temporal region with two horizontal axes representing the space while a third vertical one represents time. This language makes TG independent from spatial and temporal scales as it allows for analysis of short or long time duration phenomena as well as analysis of phenomena that occur in small or large regions.

TG and GIS had developed a scarce relationship. There are two main reasons of this:

· While TG was more active in 70s and 80s, GIS was an immature technology, (Coppock and Rhind, 1991);

· GIS was focused on firstly quantitative geography paradigm or spatial perspective and the incorporation of other dimensions are very recent (Löytönen, 1998).

The researches on the integration of TG with GIS focus on three data models: raster models (Mark et al, 2001; Huisman and Forer 1998), vector models (Miller 1999; Kwan 2000; Salado 2001; McBride et al, 2002) and Object Oriented data models (Wachowicz 1999; Makin et al, 1992). Using these models significant contributions have been done to TG and GIS integration. However, a full integration of TG with GIS is not yet fully achieved. Furthermore, the static nature of GIS is not developed enough as to display dynamic phenomenon such as the ones concerned by TG. However, although Multimedia (MM) can provide display capacity, it lacks analyzing capacity of GIS.

This paper shows attempts at integrating the graphic power of MM with analytical power of GIS in order to display and to analyze TG data. An application that is embedded in a standard GIS package using MM display capability can be a solution to this problem.

As a case study, issues related to the conciliation of family and labour life in Basque Country is undertaken. The main reason for this selection is to take advantage of work currently carried out by staff of the Department of Geography in collaboration with Farapi SL (a consultancy company on applied anthropological studies). In order to increase the life quality of workers of a given factory and to facilitate family-labour life conciliation, an analysis of daily life activities and obligations by means of time and space was carried out in conjunction with factory schedule and public transportation and child care scenarios.
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1. INTRODUCTION

Since the Time Geography (TG) Paradigm was developed in the 1970s, after works from Lund University (Hägerstrand, 1970), numerous attempts have been done in order to automatize tasks related to data capture, analysis and representation.

Although conceptually TG is a mature paradigm, its introduction and integration in a GIS environment is still in progress. There are two main reasons for this: GIS was an immature technology while the fundamentals of TG were developed in 70s and 80s and GIS is focused on the spatial dimension of geographic data  rather than its temporal dimension (Coppock and Rhind, 1991; Löytönen, 1998).

The objective of this paper is to review recent developed methods for the integration of TG concepts and graphic language with GIS and to leverage on these advancements for the design and implementation of a tool that, based on TG principles, allow the establishment of different scenarios aiming at facilitating labour and family conciliation. A case study based on different individual daily activities is adopted to illustrate the potential of this approach in applying new Spanish legislation on family-labour life conciliation.

Thus, this paper is structured in three main sections: first, recent developments on GIS in terms of adaptation of temporal data are reviewed; then, a case study based on a daily activities information from different individuals in Basque Country (Spain) is presented; and finally, the design of an interactive and applied tool to facilitate labour and family life conciliation is proposed.

2. GIS MODELS TO VISUALIZE AND ANALYZE TIME GEOGRAPHY GRAPHICAL LANGUAGE

There are three fundamental issues impeding a fully integration of TG with GIS: (1) data capture, as individuals experience a great deal of difficulties when trying to remember a posteriori activities that took place in the past, (2) data visualization, as GIS technology still lacks on appropriate tools for temporal data visualization, and (3) data analysis, as GIS is still focused on spatial and thematic queries resolution yet not on temporal queries.

As displacement is one of the main focus of TG, the information about the individual displacement including spatial and temporal details is crucial. Questionnaires and interviews (either by phone or face to face) are solutions for the collection of the data needed, but they are not only costly, in temporal and economic terms, but also subjective variables (like memory, specificity, etc) have an important impact on the final result. Utilization of GPS gives new opportunities and challenges to those who are willing to understand the human behaviour by means of time and space and its complex relation with its surroundings (McBride et al., 2002; Kwan, 2005). As Kwan (2000) indicates, after a gender-based study in Lexington, the gaps produced by the loss of coverage of the GPS, the gaps of information about the activity done and privacy issues of the individuals are the biggest challenges faced. Also, the economic cost of these devices is an important issue (Batelle Transportation Division, 1997) although rapid decrease on costs is overcoming this challenge. Besides, using GPS has several advantages as it improves accuracy of data collected, reducing time employed to collect it, and it allows for an automated entry into a GIS environment. The popularization of mobile phone devices and the possibility of using the enormous databases created by mobile phone companies (which include location and time), would facilitate this task. However, privacy issues arise when attempting at using these databases.

Although the conceptual graphical framework of TG was initiated in the 1970s and adopted and developed by several researchers during the following years (Carlstein et al., 1978; Carlstein, 1982; Golledge and Stimson, 1997), until recent years, GIS did not have sufficient tools developed to visualize and analyse data obtained to simulate this graphical framework. In order to integrate TG in GIS there currently are three different types of data models: raster models (Huisman and Forer 1998; Mark et al., 2001), vector models (Miller 1999; Kwan 2000; Salado 2001; McBride et al., 2002) and object oriented data models (Wachowicz 1999; Makin et al., 1992). All of these data models try to achieve the visual approximation of reality by using the main TG element: individual lifelines. Movements and actions of an individual in physical space over time as a trajectory can be identified as a lifeline. They have three dimensional visualisation where two dimensions represent geographical location in terms of x and y while the third dimension is time in terms of t. Another important concept of TG is space-time prism which can be defined as the potential locations of a person can access within a time duration. 

Different studies use GIS and different data models to visualize and analyze spatio-temporal data regarding the concepts mentioned above: individual lifelines and space-time prism (Shaw and Wang, 2000; Wang and Cheng, 2001; Frihida et al., 2002; Yu and Shaw, 2005; TiGrESS project). In these studies we can observe two different approaches: using a commercial GIS, and on it, building a special module designed for TG, or creating a new tool designed ad hoc. The second approach can be observed on one of the main deliverables of TiGrESS project which has been developed under European Union´s Framework 5 Programme. The generic tool named as the project was developed for analysing TG models and data. (more information on: www.tigress.ac).

This paper follows the first approach mentioned above. This is, a module designed  by Yu and Shaw (2005) built on ESRI ©´s commercial ArcGIS. This module is a tool, exclusively designed (using VBA programming and ArcObjects) for visualization and analysis of life-lines (Figure 1) and space-time prism (Figure 2). 

This tool has been developed in ArcScene (which is a module of ArcGIS used as a 3D viewer), because of the similarity of its 3D Cartesian coordinate system and 3D structure of the TG framework. The third dimension, z, used as the time dimension (Yu and Shaw, 2007). As proposed by McBride et al. (2002), the tool has the capacity to generate individual lifelines from travel diary data using dynamic segmentation (and linear referencing (Yu, 2005). These travel diary data are a sequence of daily activities of individuals which can be obtained by using GPS technology or by interviews or questionnaires. A chain of trips can be generated (in which every separate chain can be a segment of the line) where the starting point of each trip is the last location of the previous trip. This chain of trips must be added together by additional lines, which represent the stays of the individuals in specific locations. The generated line has to be raised in z, using data of the temporal dimension.
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Figure 1. Visualization of lifelines in ArcScene (Yu, 2006)
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Figure 2. The space-time prism in ArcScene regarding road network (Yu, 2006)

Apart from generating lifelines using dynamic segmentation, Figure 2 shows another representative capacity of the tool: visualization of space-time prism in 3D. The red cone represents possible locations that the individual can have access to throughout the road network within a specific time duration from the starting point (the lowest point of the cone) while the green cone represents the possible accessible locations for the same time duration from the end point (the highest point of the cone). The blue zone is the space-time prism that this individual can access if the trip with the same time duration starts from the starting point and finishes at the end point. As an example, the starting point can be home of a certain person and the end point can be his/her work place. The space-time prism in figure 2 is the sum of possible spatio-temporal points that this individual can access to on his way from home to work.

3. DAILY ACTIVITIES, TIME BUDGETS AND GENDER. A CASE STUDY

The conceptual structure developed by Hägerstrand has been applied to diverse sub-disciplines of Geography like demographics, urban geography, economic geography, etc. As Carlstein (1982) indicates, this structure can be used to model other kind of entities that have spatio-temporal localizations as well as human population studies. However, mostly the model has been applied and studied on human mobility and accessibility with the descriptive or planning intentions.

Hägerstrand and his team had the objective of developing a planning tool which could be used to investigate individual life conditions. From 1966, the Swedish Government financed directly or indirectly this type of studies to improve regional developments and the access of its citizens to an adequate labour market, and satisfactory cultural and social life. This spatio-temporal perspective has been used to evaluate and predict the accessibility of different services (Makin et al., 1992; Huisman and Forer, 1998; Löytönen, 1998; Kwan, 1998; Kwan, 2003). 

More recently, another use of this perspective in the age of information technologies is to investigate the relations between physical and virtual spaces of individuals (Kwan, 2001; Kwan, 2002; Yu and Shaw, 2005). 

As a continuation of these research topics, this paper discusses the application of TG perspective on gender studies from the family and work life conciliation point of view. 

There are numerous studies which focus on statistical analysis of time-use by social subgroups like the ones differentiated on gender. Although these studies describe the problem with certainty using average and real situations, they miss some relevant details on potential activities that can be undertaken by individuals. In the study area, Basque Country (Spain), an example of this kind of studies is done every 5 years with 5000 diaries collected by EUSTAT (Basque Bureau of Statistics). Figure 3 shows the variability of time use according to activity and gender. The activities in this figure are grouped as obligatory and not obligatory. Physiological needs, work, domestic tasks, taking care for other persons, transportation are obligatory activities while recreation, sport etc. are not obligatory activities. Although the time used for physiological needs and work for both sexes is similar, it can be seen that women dedicate more time to domestic tasks and care for other people (especially childcare) than men who dedicate more of their time on social life and recreation. This research reveals that working women have to face a double working situation, first at workplace and second at home, which becomes a capability constraint for other activities. This constraint can be resumed as the capabilities of individuals (physical, mental, etc.) and the characteristics of infrastructures or facilities. As an example, car ownership, driving skills and road types are important capability constraints for this case study.
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Figure 3. Average time use according to activity. Source: EUSTAT, 2003

Since the purpose of this research is the provision of a tool that could facilitate the establishment of scenarios aiming at facilitating labour-family life conciliation, an individual approach is needed.

Thus, three individuals are selected and interviewed in order to understand their daily spatio-temporal pattern. These interviews have been carried out by Farapi SL (a consultancy company specialized on applied anthropological studies) during September and November of 2005 for the “Study of Women Mobility in Guipúzcoa (Spain)”. The characteristics of these individuals are summarized below:

- Beatriz: Woman, 38 years old, working, user of public transportation, family responsibility. Lives in Hernani and works in Donostia.

- Maria: Woman, 52 years old, working, user of public transportation. Lives with her parents in Zarautz and works in Bergara. In her activity diaries, after work day, there are three different routes to return home.

- Alberto: Man, 58 years old, working, private car owner and user. Lives in Astigarraga and works in Oiartzun. Married and owns a bus services company.

Figure 4 shows their use of time without considering spatial locations. Figure 5 incorporates conceptual locations of activities. These graphics help to understand the distribution of time on different daily activities and differentiate the accessibility possibilities of these three individuals.
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Figure 4. Daily activity sequences of three individuals (Beatriz, Maria, Alberto)
As it can be seen in Figure 4, people who have only access to public transportation (Beatriz and Maria) spend more time on transportation. Here, as time is a variable as important as geographical variables, the public transportation reveals itself as an important capability and coupling constraint as the users need more time to travel, with certain time restrictions. Public transportation as a mode has The third person, Alberto, differs from other two examples in this sense. He spends less time for transportation as he possesses his private car as a mean of transportation. Different from Figure 4, 2D Figure 5 shows the comparison of these individuals with their potential activity patterns. The rhombus that can be seen on Figure 5 is the 2D representation of space-time prism. The extent of the rhombus shows us the potential spatio-temporal availability of each individual.
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Figure 5. 2D activity sequences of three individual also showing potential activities (Beatriz, Maria, Alberto)

These space-time prisms show that women have similar patterns in terms of their potential activity while men have much more time and access to different potential activities. The capability constraint because of use of public transportation mentioned above can also be seen clearly. Women not only have limited time for different activities, but also limited spatial extent. Figure 6 shows the 3D reflection of these outcomes in a more realistic manner.  

3D space-time prism with lifelines of the selected three individuals with a digital terrain model having spatial data like important locations and transportation infrastructure are presented in the figure. The digital terrain model which improves the visual quality is generated by ArcGIS and then the layers of necessary spatial data added. Then by Macromedia Freehand MX program (a graphic design program) space-time coordinates and the trajectories are added on the image produced.

In this figure, the lifeline of Beatriz shows us a more complex pattern than other examples. As she has to go to work and college, the time available for recreation is shorter. Although the public transportation available allows her to displace faster than Maria, because of no possessing a private car, she spends considerable time on transportation. In the case of Beatriz, capability constraint defined in TG paradigm is an important issue for her mobility. 


Figure 6. 3D Space-time prism according to activity sequences (Beatriz, Maria, Alberto)

Within this perspective, she shows a perfect pattern of a working woman (partially or full-time) who has domestic work at home and has to take care of her child(ren). When we look at the second example, Maria, the lifeline pattern shows that she has more possibilities to invest time in other activities. By looking at figures 5 and 6, especially at lunch time, as a result of the lack of proper transportation, she has to stay at work and therefore her accessibility is reduced. Here, again the transportation mode is an important capability constraint. Maria shows an example of a worker who has time for recreation during lunch time which is not enough to go home by the usual transport mode used. 

The third example, Alberto, has more possibilities of access to other activities. Differing from Maria, he spends his lunch time at home as he has both temporal and means of transportation (by private car) availability. He spends most of his time at work, from which he can be classified as a working man without domestic responsibilities possessing private car to transport.

Figure 4 and Figure 6 show that the capacity of mobility changes drastically regarding responsibilities, time availability and transportation modes. Particularly Beatriz, who has to displace between home, work and college, has less time for different activities as she spends her time not only in these activity locations but also in transportation (more than 2 hours) between them. This time dedication would have decreased drastically (to 30 minutes approx.) if she had had a private car to displace. This option would be a good choice for Maria, who has, also, limited autonomy because of the use of public transportation. Also, application of flexible hours which allow these workers reduce the number and need of displacement can be another solution in order to have a higher quality of life. The third example, Alberto, has clearly more time for recreational activities as he has no domestic responsibility and private car which gives him more flexibility to displace. 

4. CONCLUSIONS AND FURTHER RESEARCH

As mentioned before, there are numerous studies applying TG paradigm in order to explain social phenomenon. Use of new technologies help to understand complex structures which were very difficult to handle by traditional methods. This paper reviewed recent data models aiming at integrating graphical and analytical language of TG with GIS and focused on a tool which uses the vectorial data model by means of dynamic segmentation and linear referencing. The flexibility of the data model on application and analysis of temporal data was the main reason for this. The following section of the paper resumed a case study at the Basque Country (Spain) of three individuals who are representatives of different styles of life with different obligations and constraints. Obligatory actions which have to be done and capability and coupling constraints affect the lifelines of these individuals.

Throughout the presented case study, this paper reveals difficulties on time administration by people working at home and also in the private sector. This is particularly so in cases where access to private transportation mode is not possible. 

The project is still at its early stages but bases for the design and implementation of a tool facilitating a better management of time and therefore for accessing to services and different work possibilities, are set.

Our next step is focused on the inclusion of private companies different scenarios, based on eventual availability of childcare, flexi time, work transportation service and so on, in an interactive tool that could optimize solutions for family and working life conciliation.
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