




in thematic information about the object. A here query occurs in the field, where the 

user's primary task is to interact with the environment and the interaction with a GIS is a 

secondary task. The user may not want to directly interact with the computing device via 

keyboard, mouse, or trackpad. An example of a query-by-position SQL block for the 

"Where am I?" question is: 

> SELECT *.name 

> FROM .* 

> WHERE *.geo contains traveler.here; 

In this example the user might be using a consumer grade GPS with a known 

accuracy of 30 feet. This means that the average theme object size needs to be greater 

than 30 feet, for example a building. This query is described in greater detail in the 

section on here queries re-write in Chapter 5. This process of transforming a user query 

into an executable statement is called query re-writing 

4.1.3.2 Here+Operations 

In Here+ operations the user specifies the theme type he or she is interested in, for 

example, a town. This would change a query-by-position question fiom "Where am I?" 

to, "What town am I in?" The here+ query classification re-write is examined in Chapter 

5. An example of a here+ query-by-position SQL block is: 

> SELECT town.name 

> FROM town 

> WHERE town.geo overlaps traveler.here; 



4.1.3.3 There Operations 

Many egocentric there operations are based on an interactive query-by-pointing situation. 

Similar to the here aspect of the egocentric ADT, the there implements a pointing 

based spatial query-by-selection, which is an extension of the position based query-by- 

selection. For example, a basic query-by-selection might be "What object is that?" where 

this object is selected by clicking on it via a computer mouse on a digital map in a 

desktop-based Graphical User Interface (GUI). In an egocentric query-by-pointing the 

users are interacting with their surroundmgs instead of a computer GUI. An example of a 

query-by-pointing type question would by "What is that?" where that is a feature the user 

is pointing at. An instance of a there query-by-pointing SQL block is: 

> SELECT *.name 

> FROM * 
> WHERE *.geo overlaps travler.there; 

Considerations for egocentric there operations are the query distance and result 

presentation format. In most instances it will probably be appropriate to sort the query 

results based on their distance from the point of query (Silberschatz er al. 1999). An 

example of a sorted question might be, "What is the closest feature this way?" where 

features are sorted by distance from here. An instance of a distance SQL block is: 

> SELECT *.name 

> Order-BY distance(*.geo, travler.here) 

> FROM * 
> WHERE *.geo overlaps traveler.there; 

These query results can also be sorted by other attributes that are of interest to the 

user, such as size. 



Another factor to consider is the extent of the query distance. The way the model is 

set up now it is theoretically possible for users to ask what buildings are in fiont of them 

and receive all the buildings along a geodetic great circle, where the last building listed 

would be the one right behind them. Though this probably would not happen because a 

database containing all the buildings on the planet does not exist. What is most likely to 

happen is for the query distance to be the extent of the viewable dataset. The extent of 

query distance, however, is based on context (Dey and Abowd 1999), such as the users' 

position, whether they are on a mountain peak or at the bottom of a valley. Another 

distance context is based on theme type, that is, whether the user asks about buildings 

versus countries. Many users will probably not be interested in objects they cannot see. 

The visibility distance based on the earth's curvature is about 30 miles, which also might 

be the boundary of the maximum query distance. 

For there object selection operations the user's positions is used as a starting point. 

From this point we form a geometric vector based on the yaw or northing angle and the 

pitch angle of the user's orientation. Error propagation is used to convert this vector into 

a cone, which is used within an algorithm (terrain intersect model) that utilizes three- 

dimensional data of the environment. This algorithm determines what objects the 

geometric cone intersects with (e.g., building geometry). The identified object's data are 

then augmented with additional information (e.g., name, date built or hstory). The 

object's identification and the augmented information are what the there query of the 

egocentric provides as output. 



4.1.3.4 n e r d  Operations 

There+ operations, like here+ operations, are situations when the user specifies the 

thematic type he or she is interested in, for example, a mountain. This changes a query- 

by-pointing question from "What is this? to "What mountain is this?" An example of a 

there+ query-by-pointing SQL block is: 

> SELECT mountain. name 

> FROM mountain 

> WHERE mountain.geo overlaps traveler.there; 

This section described the syntax of the egocentric spatial ADT. Showing an entity- 

relationship diagram of the data model and how the ADT is created and used within SQL 

In the next section a description is given of the semantic of what the egocentric ADT is 

doing. 

4.2 Semantics of An Egocentric Spatial Data Model 

The semantics of the egocentric spatial data model concerns the conditions in which the 

system can be said to be true. Semantics relates to the meanings of the words here and 

there. 

4.2.1 Here Semantics 

The question, 'Where am I?' is what the egocentric ADT's here method is designed to 

process. Its meaning is, "In what region is the GPS-sensed position?' where the region is 

the oval polygon and the GPS-sensed position is the X shown in Figure 4.2 



Figure 4.2: Here semantics. 

4.2.2 Her& Semantics 

The egocentric ADT here+ method represents the query "In what Y am I?" Its meaning 

is, "In what region of type Y is the GPS-sensed position?" where the region is the oval 

polygon of type Y and the GPS-sensed position is the X as shown in Figure 4.3 The GPS- 

sensed location X is contained within rnultiple polygons but only one of type Y, 

therefore, this scenario can be answered uniquely. Although there are two polygons of 

type Y, only one contains the GPS-sensed position X. 

Figure 4.3: Here + semantics. 



4.2.3 There Semantics 

The egocentric ADT there method represents the query "What is that?" Its meaning is 

"With what region intersects the ray that originates here and points in the sensed 

direction?", where the region is the oval polygon, the GPS-sensed position is the X, and 

the sensed direction is the arrow starting from the GPS-sensed position X shown in 

figure 4.4 

Figure 4.4: There semantics. 

4.2.4 There+ Semantics 

The egocentric ADT there+ method represents the query 'What Y is that?" Its meaning 

is "With what region of type Y intersects the ray that originates here and points in the 

sensed direction?", where the region is the oval polygon, the GPS-sensed position is the 

X, and the sensed direction is the arrow starting from the GPS-sensed position X shown 

in figure 4.5. 



Figure 4.5: There+ semantic. 

The sensed direction intersects multiple polygons, but only one of type Y. 

Although there are two polygons of type Y, only one polygon intersects the sensed 

orientation. 

These semantic descriptions show unique results of only one candidate for 

containment or intersection, but what happens if more than one candidate fulfills the 

geometric constraint? The next section examines the organization of spatial subdivisions. 

The examination is preformed because the egocentric spatial operations function very 

differently depending on how the spatial features of interest are organized, because each 

subdivision structure has its own semantics when more than one candidate fulfills the 

geometric constraint. 



4.3 Egocentric Spatial Subdivisions 

In developing these here, and there spatial operations, a framework for spatial 

subdivisions is examined (Florence 1997). This examination is necessary because the 

separate spatial operations h c t i o n  differently in different space configurations when 

more than one candidate fulfill the geometric constraint. Intelligent mobile GISs need to 

have considerations for the following spatial subdivisions: 

Partitions: Partitions are subdivisions of space that consist of cells in the most 

general case, where any two distinct cells do not have a common interior. When 

spatial features are organized in a partitioned manner the user should be in only 

one spatial feature at time. For spatial queries that occur in partitioned space 

consideration needs to be made for situations where the user's position is located 

on some of the spatial feature's boundaries. As shown in Figure 4.1, in partitioned 

space the spatial features do not overlap, instead their boundaries meet, creating at 

least one shared edge. An example of space that is partitioned is states. As shown 

by point P, which is on the boundary of three features in Figure 4.1, the difficulty 

with an egocentric query would be to decide which feature to provide to the user. 

For example, the user asks, "Where am I?', the system could answer, "You are on 

the border between Wyoming, Nebraska, and Colorado." In the next Chapter 

describing the execution model this problem is treated showing an approach to 

deciding the best candidate feature based on degree of overlap. 



F i r e  4.6: Egocentric queries in partitioned space. 

Overlapping Space: Spatial features can be organized in an overlapped manner 

so that the boundaries of the two objects coincide in two points, both boundaries 

run through the opposite interior, and both interiors share some commonality 

(Egenhofer 1994). In an egocentric spatial query this means that the user could be 

in many different spatial features at the same time, as shown by point N in Figure 

4.7. An example of overlapped features is wireless communication like radio and 

mobile phones. One of the difficulties for spatial queries in overlapped space is 

finding the most likely spatial feature the user is located in. This could be done 

based on relational attributes, for example, how close the user is to the center of 

the spatial features. 



Figure 4.7: Egocentric queries in overlapping space. 

Hierarchies: Spatial hierarchies occur when one object category is created 

through the subdivision of another (Florence 1997). Space that is organized 

hierarchically means that a super feature l l l y  contains some sub-features, which 

in turn l l l y  contain other sub-features, for instance, a building that is in a town, 

in a county, which is in a state. As shown by point H in Figure 4.8, the difficulty 

with queries in this spatial organization is how to decide on the resulting level of 

detail. For example, if a user submits query such as, "Where am I?", the system 

needs to decide which granularity level to provide as a response. Informing users 

that they are in the State of Maine, when they are interested in knowing in what 

building they are, would lead to frustration and the feeling of low usability. 



Figure 4.8: Egocentric queries in hierarchical space. 

Disjoint Space: Spatial features that do not share any edges are disjoint fiom 

each other. As shown by point D in Figure 4.9, users may not be located in any of 

the disjoint objects. This situation would exist when users specifies a feature 

classification which they are not located within or have no other relation to, as for 

example, if the users asks "What building am I in?" and the system discovers that 

the user in not located in any building. One solution to this problem is a nearest 

neighbor test to check for the closest feature to the user's position. The added 

value of performing a nearest neighbor test is the system is able to respond with 

suggestive answers, such as, "You are not in a building, but the nearest building is 

Little Hall." One of the more popular nearest neighbor tests was developed by 

Roussopoulos (1995), who proposed a branch-and-bound algorithm that searches 

the R-tree in a depth-first manner. 



Figure 4.9: Egocentric queries in disjoint space. 

Though the description of egocentric query operations does show a seamless 

integration of the user's perspective into a database query language for mobile GISs, 

what is missing are rules to formulate executable spatial queries. Chapter 5 describes 

these query re-write rules which allow spatial SQL commands the execute using the 

terms "here" and "there" 

4.4 Summary 

This chapter described the data model for egocentric spatial queries. The first section 

portrays why and how ADTs are used to extend the standard relational data model. This 

description of ADTs was followed by the development of the three egocentric spatial 

ADTs necessary for egocentric spatial queries: egocentric, u s e r S E S S I O N ,  and 

userCONTEXT. Next the query operations using these egocentric ADTs are described. 

There are two types of egocentric spatial queries: here, and there. Each of these query 

types has two variations: first, when the user does not specify the thematic data 

classification and second when the user does provide the thematic classification. The four 
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resulting egocentric query operations are here, here+, there, and there+. These query 

operations provide different results depending on how the spatial features are structured. 

An analysis of spatial subdivisions is provided to show how egocentric spatial queries 

operate in the different spatial organization schemes. The query operations are high-level 

relationships between the egocentric reference and the surrounding's spatial data 

reference fiame. The next chapter provides re-write rules for the query operations. These 

re-write rules alleviate the burden of users having to understand the process of egocentric 

spatial queries directly. 



CHAPTER 5 

EGOCENTRIC SPATIAL QUERE RE-WRITE RULES 

The egocentric ADTs that incorporate attributes relating to the user's spatial reference 

frame were introduced in Chapter 4, which allows for different types of here and there 

queries. While the egocentric ADTs support here and there queries at a high conceptual 

level in an extended SQL syntax, it is necessary to transfer such user queries into 

executable statements. For example, the keyword "here" needs to trigger a measurement 

from a position sensor (e.g., a GPS receiver) such that the observed x- and y- coordinates 

get integrated into the query. Likewise, the sensor's measurement accuracy must be 

considered in order to generate a reasonable answer. This process of transforming a user 

query into an executable statement is called query re-writing. Using this approach the 

queries can be processed against different types of spatial data sets and the query's 

response is at a reasonable level of granularity. 

Query rewriting is necessary in order to take the burden of knowing details about 

how to process the actual queries away from the user. It avoids having the user explicitly 

dealing with the sensors accuracies and minimizes otherwise cumbersome dialogues 

between user and system to determine desired levels of detail. The re-write does not 

completely eliminate the dialogue between user and system, however. For example, if a 

user asks the system "Where am I?" and the system responds "on the Earth," the user 



would become annoyed. The goal of this chapter is to develop a mechanism that allows 

the system to provide responses at the most detailed level that can be accurately discerned 

fiom the sensors. 

5.1 Re-Writing Here Queries 

Here queries are based on the GPS sensor's observed x- and y-coordinates. A simplistic 

approach would perform a point-in-polygon algorithm to determine all regions that 

contain that point. This approach would, however, ignore that the coordinates may be 

included in several--overlapping or hierarchically organized-regions (Section 4.5). 

Reporting all containing regions would confuse the user, particularly if the regions are 

coarse and, therefore, obvious to the user. An example of such a coarse response is, "You 

are within the United States." The approach also does not incorporate the influence of the 

sensor's inaccuracies, which may lead to blunders when performing the point-in-polygon 

test when the observed location is close to a region's fiinges. The following equations 

derive better answers, considering that in addition to the observed x- and y-coordinates, 

the sensor's accuracy is used for choosing an appropriate granularity for the query 

response. 



I Accuracy 
Reading 
from CPS 

Figure 5.1: Standard deviation of position sensor and the here query window. 

The GPS sensor's accuracy metadata (typically published by the manufacturer 

based on a series of calibration measurements) are usually expressed as a standard 

deviation (sd). The Normal Distribution empirical rule in statistics states that 99.7% of all 

measurements are within a range of three standard deviations (Figure 5.1). In this model 

for processing here queries a square query window (QW) is formed, with the observed 

x0-yo-coordinate pair at the center and a side length of six times the sensor's accuracy 

(Equation 5.1). The QW side length is six times larger, because the standard deviation can 

be thought of as a radius around the point. Since most spatial queries are based on 

window queries, a minimum-bounding rectangle is placed around this circle. 

Q w [XO, sd] := 
y - bottom - left :- yo - 3 x sd 

x-top-right := xO+ 3 x sd 



All entities that have something in common with this query window are then 

candidates for the query result, whereas entities that are outside the query window are not 

candidates. The constraint in the SQL WHERE clause is re-written to: 

WHERE Q W {inside, coveredBy, overlaps, equal, contains, covers) *.geometry 

The second step is to sort the candidates such that the most reasonable response is 

returned to the user. This sorting is established based on the degree of overlap (OD) 

between the query window and the candidate's geometry in the fonn of a ratio between 

the common area and the window's area (Equation 5.2). 

Depending on the topological relation with the query window, different OD ranges 

will be obtained (Equations 5.3 a-f). 

Q Wcontain * .geometry : ~D[*name]  > 1 (5.3a) 

Q Wequal * .geometry : oL$* m m e ]  = 1 (5.3~) 

Q Winside * .geometry : 0 < 0D[*name] < 1 (5.3d) 

QW covers* .geometry : 0  < ~L$*name]  < 1 (5.3e) 

The degree of overlap is now a measure for best fit, with 1 being the ideal value. 

This value is of course a hypothetical target as in most settings the closest candidate 



regions will have ODs that deviate more or less from this value. Two strategies can be 

pwsued to identi@ the best candidate (and a list of candidates sorted in decreasing order). 

Sort the candidates by the deviation of the overlap degree (ODD) from the target 

value (Equation 5.4). 

Since the two ranges of OD values (0 < OD < 1 and OD > 1) differ and since it is 

likely that very large objects exist that contain the query window, this measure favors 

candidates in the query window, while penahzmg large candidate objects. 

Normalize the two OD ranges by the smallest (ODmin) and largest (ODmax) 

values and calculate the deviation of the normalized overlap degree (ODND) h m  

the target value (Equations 5.5 a and b). 

i@['name] > lthenODND['.me] := obs(1- OD[* name] I 0Dmin) (5.5a) 

ifOD[* name] < l t h e n ~ ~ ~ D [ ' m e ]  := abs(1 + 0D[*.mme] l0Drnin) (5.5b) 

The best candidate is then the object with the smallest ODD or ODND value. 

Subsequent selections of the next-best response can be made fiom both lists (e.g., when 

the user is interested in additional responses). While the ODD list offers browsing at 

coarser or more detailed granularities, the ODND list offers integrated navigation (i.e., 

"next best"). 

For example, if a GPS has a standard deviation of five meters, then the Q W area 

will be 900m2. Imagine for reasons of simplicity that the Town of Orono has an area of 



90,000m2 and the State of Maine has an area of 900,000m2 and that the QW is completely 

contained in both. Then the degrees of overlap are: 

Town of Orono 9001 90,000 = 0.0 1 

State of Maine 9001 900,000 = 0.001 

Sorting these candidates by the deviation of the overlap degree ODD from the 

target value gives the State of Maine a value of 0.099 and the Town of Orono 0.999. A 

normalization of these candidates based on equations 5.5a and b shows that the Town of 

Orono is the "best fit." The reason we are interested in the region that is closest in size to 

here query window is because it is most likely that the user is interested in the spatial 

object the is at the granularity level that can be accurately discerned. 

5.2 Re-Writing Here+ Queries 

Here+ queries are conducted when the user specifies the thematic classification of 

interest, such as buildings or roads, which results in queries like, "What building am I 

in?" A here+ query uses many of the same algorithms as here queries, except that with 

the thematic classification of interest known the system is aware of the granularity level 

that the user is interested in. Here+ queries must deal with size of object versus 

observation accuracy. If the object is too small, then some response about incompatible 

granularity must be generated. For here+ queries the query window QW is created the 

same way as for here queries. Since here+ are similar to the here queries the point-in- 

polygon algorithm can also be used. There are many of the same challenges with this 

approach as with here queries, as the Q W may be included in several--overlapping or 

hierarchically organized-regions. Once a sorted descending list of best-fit regions is 



created, the regions are tested to determine whether they are of the theme type the user is 

interested in. The Q W is tested to see if it has something in common with a building 

region, for example, in the SQL WHERE clause, re-written as: 

WHERE Q W{inside, coveredBy, overlaps, equal, contains, covers) 

building.geometry 

This WHERE clause for here+ queries is different from the one for here queries 

because in here+ building.geometry is used instead of *.geometry. The *.geometry 

checks for all geometries that have something in common with the Q W where as the 

bui1ding.geomett-y only checks for building geometries. From this point on the scenario is 

very similar to here queries except for the use of thematic classes instead of all 

geometries. 

5.3 Re-Writing There Queries 

There queries are based on a position sensor's observed x- and y-coordinates, as well as 

an orientation sensor's observed pitch and yaw angles. As with here queries, a simplistic 

approach would perform a point-in-polygon algorithm, similar to the one described for 

here queries, to determine all regions that intersect in some way with the query window. 

Before this algorithm can be performed, however, the query window Q W needs to be 

developed. In here queries the Q W was a buffer around the person's location based on the 

standard deviation of the position sensor. For there queries users are interested in an area 

away from their current location in a direction they select. An orientation sensor 

determines the direction to this area in which the user is interested. This sensed direction 

has a standard deviation specified by the hardware manufacturer. Based on the here Q W 



and sensed orientation direction plus the sensors standard deviation the there Q W is 

created. Where the user's position 0 and positional standard deviation (sdP), as well as 

the direction of interest and orientational standard deviation (sdO), it is possible to create 

an error propagation area, this area it the there Q W, shown in the shaded area as part of 

(Figure 5.2). The there QW is broken into smaller polygons based on predefined 

distances fiom the user. For example area (a, b, c, d) could be within the first 50 meters 

fiom the user. 

Figure 5.2: The there query window. 

Equations 5.6-5.11 show how to calculate the coordinates for the comers abcd of 

the there Q W polygon, where dist is the distance fiom the user's position 0 to segment 

dc. 



Equations 5.7 a and b calculate the coordinates of points a and b with input xO and 

yO, which are the coordinates of the user's position 0 .  The standard deviation of the 

sensed position, sdP is given by the sensor device manufactures. The angle yaw is sensed 

by the orientation device and is the angle fiom magnetic north clockwise to the direction 

the user is interested in. 

The point 0' is on segment dc, which is a distance disc away fiom the user's 

position 0 .  The coordinates x' and y' are then used to calculate the coordinates for the 

Q W comers c and d. 

x'- XO + (disr x 
~ ' [ x o ,  yo, disr, yaw] := 

y'= yo + (disc x ~os(~aw) )  
(5.8) 

Once the coordinates for the point 0' are found the next step is to calculate the 

distance fiom 0' to the comers c and d of the Q W polygon. This distance dh is calculated 

in Equation 5.9. 



dh[dist, s d ~ ,  s d ~ ]  := sdP + dist x tan(sd0) (5-9) 

Equations 5.10 a and b calculate the coordinates for the comer points c and d. This 

is done with the coordinates of 0' and the distance dh &om this point to the Q W comers c 

and d. 

After the development of the there Q W the rest of the query process is the same as 

for here queries. All entities that have a part of their area in common with this q u q  

window are then candidates for the query result; entities that are outside the query 

window are not candidates. The constraint in the SQL WHERE clause is re-written. 

WHERE QW {inside, coveredBy, overlaps, equal, contains, covers) *.geometry 

5.4 Re-Writing There+ Queries 

There+ queries function with many of the same algorithms as there queries, except that 

for there+ queries the theme of interest is known, which allows the information system to 

decide on the granularity level the user should be provided with as a result. In order for 

the theme type to be known it had to be selected by the user, for example, "What 

mountain is over there?" The there+ object selection operation can be structured similar 

to the way queries are structured for non-egocentric window queries. By windowing a 



theme, one obtains another theme that includes only those objects of the input theme that 

overlap a given area or window (Rigaux et al. 2002). WINDOWING (g, r) is the Boolean 

operation that consists of testing whether a geometric object g intersects a rectangle r. 

Testing whether one vertex of g is within the rectangle is insufficient, as a rectangle may 

intersect a polygon or a polyline without containing any endpoint; therefore, the 

algorithm consists of scanning the edges of the polygon boundary of object g and testing 

whether an edge intersects one of the rectangle edges. This algorithm performs two 

inclusion tests because the geometric object g might be entirely covered by (or might 

entirely contain) rectangle r. 

In an egocentric spatial operation situation where the user and the sensors provide a 

perspective view, the viewing window is a two-dimensional polygon for two-dimensional 

map information, instead of a rectangle. The one end of this polygon is the user's current 

position plus the positional standard deviation. In a three-dimensional query this query 

polygon is a cone where the vertex is the user's current position plus the accuracy 

standard deviation and the radius of the cone's cross section is the accuracy propagation 

of the digital sensors. In both two- and three-dimensional cases the window is skewed a 

little, based on the fact that there are discrepancies between the duection the sensors are 

pointed and the direction the user sees the sensors pointed to (Figure 5.3). 



Figure 5.3: Difference between line-of-sight over the tip of the pointer (dashed) and 
sensed orientation of the pointer (solid). 

As a result, there are three possible WHERE clause types: 

1. mountaingeometry intersects with a ray 

2. mountain.geometry containes a cone 

3. mountain.geometry inside, covers, or covered by a cone 

For there+ queries the query window QW is created in the same way as for there 

queries and the cone window query is also used. Once a sorted descending list of best-fit 

regions is created, the Q W is tested to see if it has sometlung in common with a building 

region. Such an SQL WHERE clause may be re-written as: 

WHERE QW{inside, coveredBy, overlaps, equal, contains, covers) 

building. geometry 



This there+ WHERE clause is different fiom that for there queries because in 

there+ building.geometq is used instead of *.geometry. The *.geometry checks for all 

geometries that have something in common with the Q W whereas the building.geometry 

only checks for building geometries. 

5.5 Hypothesis Confirmation 

The goal of this research is to seamlessly integrate the user's perspective into the query 

language of a mobile GIs. The hypothesis is supported by because the measurements 

fiom position and orientation sensors are sufficient to formulate executable spatial 

queries about "here" and "there". The queries re-write rules demonstrated in this chapter 

show how database ADTs, which store data about the user time-of query position and 

orientation can be used to process SQL queries where the terms "here" and "there" are 

used. These re-write rules therefore allow a database management system to process the 

egocentric perspective that users have of their surroundings. 

5.6 Summary 

The egocentric spatial data model incorporates two kinds of egocentric spatial queries, 

relating to the user's concept of here and there. In this chapter, the here and there queries 

are re-written so that they can incorporate different kinds of spatial data sets. Such query 

re-writing is necessary in order to relieve the user of the cognitive load of knowing the 

details regarding how to process the actual query. This query re-write avoids the 

necessity of a user dealing explicitly with sensor accuracies, and to minimize otherwise 

cumbersome dialogues between user and system to determine desired levels of detail. 



CHAPTER 6 

CONCLUSIONS AND FUTURE WORK 

Individuals in unknown locations, such as utility workers in the field, soldiers on a 

mission, or sightseeing tourists, share the need for an answer to two basic questions: 

"Where am I?'and "What is in fiont of me?' Because such information is not readily 

available in foreign locations, aids in the form of paper maps or mobile GISs, which give 

individuals an all-inclusive view of the environment, are often used. The panoptic view 

of these maps may impede the user's positioning and orienteering process, since people 

perceive their surroundings in a perspective way fiom their current position. This thesis 

describes a novel fiamework that resolves the problem of finding the correct reference 

fiame by applying sensors that gather the individual's spatial fiame of reference. This 

spatial fiame of reference, in combination with an egocentric spatial data model, enables 

an injective mapping between the real world and the data, hence alleviating the 

individual's cognitive workload. Furthermore, this egocentric spatial data model allows 

infomation systems to capture the notions of here and there and, consequently, provides 

insight into an individual's surroundings. Finally, this fiamework, in conjunction with the 

context given by the task to be performed, enables information systems to implicitly 

answer questions with respect to where, what, and how things are occurring in the user's 

surroundings. 



6.1 Summary 

Paper maps, which provide users with an allocentric view of their surroundings, are often 

difficult to use, because they are static and inflexible. The inflexibility of paper maps 

creates three key problems: (1) users have to cognitively place themselves into map 

space, (2) the user cannot change the thematic information displayed on a map, and (3) 

users cannot change the granularity or zoom level of the map without creating a new 

map. Digital maps and GISs have alleviated some of these problems. In a GIs the 

depicted space is more malleable, the user can pan and zoom over the map. Some of the 

problems associated with a paper map still exist in the GIs environment. For example, 

users who want to find information about their local environment still need to cognitively 

place themselves into the map space. A problem of GISs beyond those associated with 

paper maps is that GISs are used in desktop computing environments, where interaction 

with the computing device is the user's primary task. Users in the field, such as tourists or 

tax assessors, are mainly interested in finding information about their surroundings. A 

direct interaction with their surroundmgs means that interacting with the mapping system 

becomes a secondary focus. This makes standard GIs manipulation in the field 

complicated and inefficient, since a user in the field has a different focus than a user at a 

desk. Finding an innovative solution to this problem lead to research on intelligent mobile 

GISs, W l y  resulting in this thesis. 

Intelligent mobile GISs are aware of the user's spatial context and can 

automatically provide map information in a form the user wants. An intelligent mobile 

G I s  senses the user's movements and decides what to center the map on, how to orient 

the map, and what zoom level or granularity best supports the user's task. The system 



intelligently decides on these map attributes by sensing the egocentric reference fiame of 

the user. This reference fiame is based on the user's location, orientation, speed, path 

traveled, and queries made. Once the map data is aligned with the user's reference fiame 

it is also possible to process egocentric queries. 

An intelligent mobile GIS is comprised of a collection of spatially-aware mobile 

client devices and an egocentric spatial data model. This thesis examined two kinds of 

client devices: (1) a mapping device, which looks like a digital map but has a context 

driven intelligence, and (2) a pointing device, which acts like a computer mouse for the 

real world. With the pointing device users can point at objects in their surrounding, click 

a button, and receive information about the selected object. Users are still communicating 

with a geospatial information system, but they are not aware of this interaction since it 

occurs on an application server. Instead of working directly with the map, users of the 

pointing technology receive attribute information about the object they selected as video, 

audio, or text. These two mobile computing devices make it easier for users to find 

information about their surroundings. The second part of the intelligent mobile GIS is a 

data model. The egocentric spatial data model translates between the allocentric data in 

the database management system and the egocentric point of view users have of their 

surroundings. 

An egocentric spatial data model has two components: (I)  ADTs that store up-to- 

date data about a user's position and orientation, and (2) procedures to relate the 

egocentric reference fiame created by these ADTs to the absolute reference fiame of the 

spatial dataset. Such procedures provide the information system with an understanding of 

the notion of here and there. An information system with an insight into the user's 



egocentric perspective can use this contextual information to answer questions users 

might have about their surroundings with a grammar that is easier for the user to 

understand. Consequently the interaction between user and information system is similar 

to interaction between humans. 

6.2 Findings 

In developing the egocentric spatial data model several thing were learned: 

Spatial databases can process the tern "here" and "there." 

This processing can occur with the use of egocentric ADTs that h c t i o n  with up- 

to-date sensed spatial data. 

Location sensors enable new types of spatial queries. 

New query paradigm automated based on sensors. 

Integration of spatial aware sensors with a query language allows for mobile 

queries that are transparent to the user. 

6.3 Future Work 

The egocentric ADT developed by this research allows for possible future research tasks. 

A variety of issues remain to be resolved. One of them is to study the effect of spatial- 

awareness on the design of dynamic graphical user interfaces. The use of egocentric 

spatial-awareness in database management system is an emerging field and many 

questions are open. The next sections discuss new questions that became apparent 

through the results of this thesis. They address ADT implementation, sensed data 



histories, context-aware human-computer interaction, privacy issues, ontology-driven 

user profiles, multimedia integration, and digital terrain models. 

6.3.1 ADT Implementation 

This thesis develops the syntax, semantics, and execution model for the egocentric 

spatial data model the next step is to implement the ADT within a database management 

system. Once this system is implemented it will be possible to examine query 

optimization procedures. With an implemented system it will also be possible to develop 

query evaluation models, and investigate use case studies. 

6.3.2 Egocentric Histories 

The egocentric spatial data model allows for a u s a  sensed position and orientation to be 

incorporated into a database management system. It will be possible represent more than 

the current positional and orientation data. The system can contain past sensed data 

thereby allowing the system to track the user. An insight into where the user has been 

will make it easier to predict where they are going. This will allow the system to pre- 

buffer data that it deems necessary for the user. Keeping track of the sensed data will 

allow the system to perform root mean square analysis and improve the data's accuracy. 

Some of the difficulties of developing a sensed data tracking system would be; to decide 

how much history to keep track of, how to represent, and index the historical data. 

6.3.3 Context-aware Human-Computer Interfaces 

The criteria for creating intelligent mobile GISs, are based on human-to-human 

communication, such as between a traveler and a Cicerone. When people talk to each 

other, they relate their information transmission to the context of the situation. This 
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context can be spatially, temporally, and culturally based. In order for a computer to be 

able to provide a similar level of communication it needs to be spatially-aware. This 

spatial awareness will allow the system to modi@ its Graphical User Intehce (GUI) to 

better serve the user's needs. In this thesis we look at driving a map's centricity, 

orientation, and zoom level based on the user's spatial context. In the future the 

information system interface should be driven by context. This context driven interface 

more than the GUI, the system should be able to use context to decide what, when, and 

where to use sound, video, and text to present its information to the user. The intehce 

will be media rich. The basic principles developed in this thesis can be used as a platform 

for research in human-computer interaction. 

6.3.4 Ontology-Driven User Profile 

Chapter 2 argues that mobile maps, as well as computers, need to become ubiquitous in 

order for the map to disappear fiom the user's conscious perception. One way to make a 

technology ubiquitous is to build the technology based on an insight into the context of 

the tasks a user is performing. This contextual knowledge allows the technology to adapt 

to the needs of the user. The focus of this thesis was to collect and use information about 

the user's spatial context. In the future, information systems will need to collect other 

attribute information about the user, such as their likes, dislikes, historical experiences, 

education, and training. A system with this kind of knowledge will be able to provide 

information with an increased level of usability to a user. An ontology-driven user profile 

query system will be able to semantically align users' informational needs with the 

information describing their environment. Spatial information is very diverse and 

collected and stored by different organizations. An ontology profile system will be able to 
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examine the semantics of these diverse data sets and filter the information so that it 

pertains to the users' interests. This ontology profile system can intelligently decide on 

the level-of-detail to provide to the user. 

6.3.5 Privacy Issues 

There are two key privacy issues that have arisen fiom the research in intelligent mobile 

GISs: the first key issue is related to the privacy of the system's user, and the second one 

relates to information that can be accessed by the system. The egocentric spatial data 

model holds information about users that they might want to keep private, for example 

their geographic position and orientation at any point in time. From this stored 

information people will be able to know where, when, and what the system's user is 

looking at. This information is necessary to accurately aid the user, but it must be secure 

and private. As using other context information about the user extends the system, the 

privacy problem becomes even bigger. The second issue relates to the geospatial 

information that users of the system could have access to. The pointing technology 

should allow different levels of access, for example, pointing at someone's house, a 

police officer or tax assessor should have access to information about the land parcel and 

house owner, but other people should not. Privacy should be an important consideration 

when developing the egocentric spatial data model because in order for a mobile GIs to 

be considered intelligent users must trust the information system. This trust is created 

though a privacy structure used by the information system. 



6.3.6 Multimedia Geo-Footprint Digital Earth 

Both the mapping and pointing technologies have the ability to provide non-spatial 

information. This information can be in many formats, such as audio, video, text, and 

multimedia. These multimedia datasets need to be linked to the selected features of 

interest, which could be points, lines, or regions. One problem is that the system might 

not know what multimedia f l e  to access when a user points at a road or building. Future 

research needs to examine the development of geo-encapsulation or creating geo- 

footprints of data. This footprint allows media to link to any geospatial feature. The geo- 

footprint needs to travel with the media file. Having a separate meta-data file will not 

work because this information needs to be updated when the file is. Some research has 

already been conducted in this area of geo-libraries, but it needs to be extended to include 

all media formats, as well as, being encapsulated in the media themselves. 

6.3.7 Digital Terrain Models 

An intelligent mobile GIS client uses sensed data about its users' egocentric spatial 

reference frame to calculate the features of interest for them. This selection process is 

based on a terrain intersection model algorithm $aisal2003), where a ray from the user's 

position intersects a three-dimensional object in a terrain model. These terrain models 

need to be robust and their file size needs to be small so they can be transferred h t  and 

efficiently. For a terrain model to be useful in such an environment it needs to store 

information about physical tenah, which is a continuous field data structure as well as 

data about physical geospatial objects such as buildings and trees. In order for a terrain 

model to function at many different levels of detail it also need to be database driven. 



Today's digital terrain models do not live up to these requirements yet and more research 

in this area has to be done. 
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