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Abstract. A pervasive computing environment is characterized by computing capabilities and effective use of smart spaces. Many
critical elements of pervasive computing, such as wireless networks are now viably commercial products. Ambient services are
known as one of the main types of pervasive information services in which suitable information is presented to the users based
on their surrounding geographical environments. Increase in the use of such services may cause service domain overlapping in
which many of the users are located in several domains simultaneously. The aim of this paper is to present the best information
service composition to such users by considering spatio-temporal contexts and analyses. User’s location, direction and speed
were regarded as the most effective spatial contexts. Spatio-temporal topological relationships as well as influenceability relation
were used to model the topological context. The proposed methodology was implemented in three nested service domains. Based
on the results, composition of the proposed services and the period for service update were described as “good” by 75 and 80

percent of the users, respectively.
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1. Introduction

A pervasive computing environment is character-
ized by computing capabilities and effective use of
smart spaces. Many critical elements of pervasive
computing such as wireless networks are now viably
commercial products. Ambient services are known as
one of the main types of pervasive information ser-
vices in which suitable information is presented to the
users based on their surrounding geographical envi-
ronments as their contexts. In other words, if a per-
son is located in a predetermined domain of a service
provider, he or she can receive appropriately relevant
services [17]. For each service domain, there is a phys-
ical area called “service site” where the services are
accessible. It should be noted that a “service site” is
different from a “service domain”.

When service domains are characterized by geo-
graphic boundaries, domain overlapping may occur;
and each user may be located in several domains si-
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multaneously. In this case, what matters is the com-
position of services presented to the users. For exam-
ple, similar or same services may be combined, or ser-
vices of a domain can be given precedence over simi-
lar services in other domains [18]. “User context” was
used in previous studies conducted on providing rele-
vant services for such users. Context is any informa-
tion used to characterize the situation of an entity [1].
User context is the information received directly from
the user, such as name, age, username, and password.
Since in pervasive information services on which this
study is focused all of the users have the same priv-
ilege, utilizing the user context seems to be unneces-
sary. The aim of this paper is to provide the best in-
formation services for such users by minimizing the
user role in providing services. Since such services are
generic, the system does not need to identify users.
On the other hand, users prefer to maintain privacy in
information retrieval on many applications, especially
in generic services. Therefore, user-based methods in
which users are required to log in seem unnecessary. It
is possible to replace the user context with other con-
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texts, such as spatial and temporal ones. A spatial con-
text provides information on the situation of an entity
such as location, direction, and speed. For example,
the destination of a user can be implicitly understood
from his/her movement instead of asking him/her. The
advantage of using spatial relationships for providing
services is that they are independent from the user con-
text. User privacy is maintained, too.

In order to clarify the aim of this paper, the follow-
ing example is presented:

“Maria is a tourist who intends to visit a national
museum. The service provider of the museum presents
some information services such as visiting hours, in-
troduction to various booths, and information on the
existing objects. Such information is sent to those who
are moving towards the museum. In addition, there is a
restaurant near the museum that provides services as
well. This restaurant broadcasts its menu to the users
nearby. In this scenario, when Maria is located in two
areas at the same time, i.e. the museum domain and the
restaurant domain, an important issue is how to decide
what composition of services should be provided to her
at a given time. In such situation, a conflict is more
likely to occur as two domains may have many ser-
vices with different policy patterns sent to Maria at the
same time. A large amount of services that may con-
fuse the user is a source of conflict. One solution for re-
solving this type of conflicts is using Maria’s personal
information for selecting relevant services which can
be directly received from herself. For instance, based
upon information captured from her registration in the
system (i.e. name, age, address) we can anticipate her
affairs. One of the weak points of this solution that
uses personal information is invasion of privacy. In
this scenario, maybe Maria would not like the system
to accesses to her personal information without her
consent. On the other point of view, since both of the
above-mentioned services are generic, receiving user
profile information seems to be redundant. Given that
the generic services are a main type of smart services,
we must access the user preferences without her direct
supervision. For this aim, we utilize spatial contexts
and topological relationships to reduce user interven-
tion in service composition. For instance, when Maria
is inside the museum building, she does not need to re-
ceive restaurant services. Here, “inside” is a topolog-
ical relationship that can help the system to eliminate
irrelevant services of restaurant”.

The rest of the paper is organized as follows: Sec-
tion 2 focuses on the works related to service composi-
tion and policy conflict resolution. Section 3 presents a

new methodology for resolving conflicts in overlapped
service domains by utilizing spatial contexts and anal-
yses. Section 4 introduces the case study. Section 5
presents the results and discussions. Finally, the con-
clusions are provided in Section 6.

2. Related works

Service composition is the construction of complex
services from primitive ones, thus enabling rapid and
flexible creation of new services. Service composition
is the combination of many existing services in order to
carry out a larger and more complex task. There have
been many published studies on service composition
in recent years. For example, to find the exact optimal
execution plan, Zeng et al. [30] used linear integer pro-
gramming, Gao et al. [11] used dynamic programming
for linear objective function, while Aiello et al. [3] ap-
plied the Backward Breadth First algorithm and Wan
et al. [25] adopted an efficient divide-and-conquer ap-
proach for service selection. Gaia dealt with conflicts
occurring among simultaneously triggered rules in the
same application [4]. It uses priority to resolve a con-
flict, which means, that if there are conflicting rules,
the rule with the highest priority wins.

Since the ranking of web service combinations de-
pends on user requirements and willingness for invest-
ment of resources, Agarwal and Lamparter [2] con-
sidered user constraints and preferences for calculat-
ing the rank of a web service composition. Gamha
et al. [10] presented a framework for the semantic
composition of web services handling user constraints.
Karakoc et al. [14] presented an approach based on
constraint programming for web service composition
in order to model and schedule composite web services
under user constraints. Unlike most previous methods,
this method does not use pre-defined rules. Lin et al.
[16] introduced a fuzzy method to solve the selection
of web services in a global and flexible manner. They
tried to express user preferences using fuzzy expres-
sion. Mokhtar et al. [22] captured both services-related
and user-related contexts enabling service composi-
tion to be effectively context-sensitive. Yu and Reiff-
Marganiec [29] introduced a new concept of compo-
sition context to drive runtime service selection and
composition. They tried to develop a backward com-
position context based service selection approach (BC-
CbSS) for service composition. Ying et al. [28] utilized
the event-condition-action (ECA) rules to manage web
service composition for multimedia conference sys-
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tems in the case of updating user needs. The appro-
priate event will trigger when the business process re-
quest changes and allows service rescheduling. Wang
et al. [26] offered a framework for dynamic complex
service composition based on multi-agent reinforce-
ment learning to obtain adaptivity in a dynamic envi-
ronment.

Providing the best composition of services requires
policy conflict resolution; thus, there is a trend toward
resolving conflicts in the ambient intelligent systems
[23]. Conflict is a natural disagreement between dif-
ferent attitudes, beliefs, values, or needs [27]. So far,
the techniques used for policy conflict resolution have
been chiefly role-based; i.e. the fixed and dynamic
policies are used in order to detect and resolve conflicts
[6,7]. This means that the component of policy conflict
resolution can manage and resolve conflicts based on
the user group (e.g., general user, power user, or su-
per user) [17]. The conflicts can be resolved accord-
ing to the role hierarchy [24]. Service presentation can
be done according to the importance and priority of
services [13], and it is also possible that a user is al-
lowed to receive only the services which have already
been defined by the policy author based on his/her role
[12,17,23]. One of disadvantages of nearly all men-
tioned studies is that at first, the user is recognized by
the user context (username, password, ID, etc.), and
then he/she is assigned to a group. Finally, conflicts are
resolved based on the user role.

Our approach differs from previous works because
we focus on spatial contexts such as topological rela-
tionships. In this approach, policy conflicts can be re-
solved through spatial contexts and analyses without
user’s direct involvement.

3. Methodology

This section presents the architecture of the sys-
tem and its main components first. Then it focuses on
spatio-temporal topological relationships based on in-
fluenceability regarded as the basic relation for topo-
logical context. Finally, it illustrates the spatial rules
for presenting the services.

3.1. System architecture

To illustrate a possible implementation of the pro-
posed model, we outline the architecture and key com-
ponents of our system. The main components of the
proposed system are users, service sites, and server
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Inference
En.

Fig. 1. The System Architecture.

center, as illustrated in Fig. 1. The Figure uses arrows
to represent the actions by the source component on
the destination component.

e Users: In this paper, those users located in the
multiple domains, briefly called “the users”. In
our system, user’s spatial contexts such as loca-
tion, speed, and direction are obtained via a GPS
system. The spatial contexts are sent to the server
using a mobile application that installed in the
mobile device of the user and the sets of services
from the server are received and displayed to the
user on the map.

e Service sites: These are the next component of the
system. Each service site has its own unique poli-
cies and sends its information to the server center
in four levels with different levels of importance
and details. Accordingly, they are ranked from 1
to 4. Determining the importance of the levels de-
pends on the service site policies. This informa-
tion helps the server center make decisions in dif-
ferent situations. In addition, the information on
the working time of service sites is sent to the
server. If a user is located in a joint area, the server
will ignore non-active service sites.

e The server center: It is responsible for calculating
services, resolving policy conflicts, and manag-
ing the system in general. It consists of four sub-
components, including a spatial database, a pol-
icy database, a rule base, and a server. The spatial
database is a database repository that stores the
user spatial contexts and the details about service
sites information. The policy database is a storage
component that stores the policies for each ser-
vice site. The services and their importance are
determined by the policy. For example, we can
have a policy such as “When the service site is the
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stadium, the importance of an information service
such as the list of the association football com-
petitions is more than the parking map service”.
The rule base is a place in which all of the in-
structions are stored. These rules determine what
is and what is not allowed in different situations.
The server itself contains a space manager, a Ser-
vice Calculation Engine (SCE) and a policy con-
flict resolution component. Space manager is the
main component that is responsible for discov-
ering new users entering the space (overlapped
domain) and users leaving the space. When the
user enters the space, the space manager initiates
a new connection with the client and sends rel-
evant information to that particular client. After
that, user’s current contexts are periodically sent
to the SCE to calculate which service domains the
user is currently in and the composition of ser-
vices available to each user. Calculations of SCE
are done in two engines including spatial analy-
sis engine and inference engine. Creating users
models and service sites models as well as deter-
mining topological relationships, perform in spa-
tial analysis engine. Inference engine calculates
appropriate service composition using rules de-
fined in rule base. The policy conflict resolution
component handles conflicts between entities in
the system, if any. Since in context of information
services, all of users and service sites have the
same importance, then policy conflict resolution
component, combine the rules from each service
site involved in the policy conflict.

3.2. Effective contexts

User location is known as the main spatial context
in an ambient service to provide the most relevant re-
sponses to user requirements. Users in different lo-
cations have different needs and preferences. Conse-
quently, they should receive different combinations of
services. In conflict resolution methods, when a user
is located in multiple domains, based on the user con-
text and role (e.g. group), he/she can receive “fixed”
and “predetermined” services. The aim of this study is
to increase privileges of service sites near the user lo-
cation. Direction of the user movement is another ef-
fective context in providing services. The most impor-
tant reason to regard this criterion as a spatial context
is that it can lead to the destination of the user. When a
user moves toward a certain service site, it means that
he/she needs the services of that site. Consequently,

he/she will receive the information relevant to his/her
situation.

Speed context is the last effective context in this re-
gard. For two users who are both moving towards the
same service site, the time of sending service and de-
tails of information will be different. A faster user has
less time to receive massive information. Hence, the
information should be sent to him/her sooner and in
fewer details.

3.3. Topological relationships between users and
service sites

A topological relationship is a type of relationship
in the space that describes our qualitative relationships
with objects in an environment. Our requirement of ob-
jects can be a function of such relationships. In other
words, we need the objects to which we are more re-
lated more than the objects to which we are less re-
lated. For instance, we need the services of a store
more when we are near it in comparison with the time
when we are far from it. Put another way, our require-
ments of nearby services change according to these
relationships. In order to provide a suitable service
composition for the user, it is necessary to consider
his/her topological relationships with the service sites.
Thus, spatio-temporal topological relationships were
used in this study. In general, there are two viewpoints
in topological relations, named point-set topology [8]
and pointless topology [15]. In this paper, an influence-
ability relation used for modeling the pointless topol-
ogy.

The spatial casual relation is also called influence-
ability. It means that objects are in contact with each
other and influence other objects [19]. As an example,
a moving car influences surrounding objects. An influ-
enceability relation does not coincide with connection
relation.

The influenceability relation, symbolized by < is an
order and primitive relation which is also an irreflex-
ive, antisymmetric, but transitive relation.

Let X x X be the Cartesian product of X with itself.
Then influenceability can be defined for every x, y €
X as:

= {{(@. y). um@. M) y) € X x X} (1)

As areflexive and symmetric relation [5] for two ob-
jects x and y, connection can be defined by influence-
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ability:
Vx,y Clx,y)
={[0r < vy <]
Al-3a) (@ <a < y)
V(y=<a=<x)l} 2)

where object x influences y, or y is influenced by x,
and there is no object like a, the second part of the re-
lation will be obtained. Therefore, all other exhaustive
and pairwise disjoint relations in Region Connection
Calculus (RCC) can be defined by influenceability re-
lation.

3.3.1. Spatio-temporal topological relationships

It is assumed that the user and service site are two
regions in our model. TPP or NTPP are considered for
a user who is located “inside” the service site and DC
relation is considered for a user “outside” it. The users
who are located inside the service sites will receive all
the services (level 1). The other spatio-temporal anal-
yses are “entering” and “leaving” the service site. The
users who enter a service site have the highest prior-
ity to receive relevant services. Conversely, presenting
services to those who are leaving the service site seems
to be unnecessary.

As in a similar study [9] for a point-based view,
other definitions can be presented for region objects.
The following relations can be proposed for entering
and leaving the service site:

Enter = DC > EC > PO > TPPi 3)
Leave = Enter “4)

where DC, EC, PO and TPPi are exhaustive and pair-
wise disjoint relations. These relations can be derived
from influeceability relation. The symbol <— means the
definitions of leave and enter are vice-versa.

3.3.2. Influenceability relation modeling

In order to study influenceability relations, the first
step is to model the effective objects, such as a user
and a service site. The user model in a space-time
framework is like a spatio-temporal cone. The spatio-
temporal cone can be used as a mobile agent (in a
fixed period of time) in pervasive environments [21].
The idea of spatio-temporal cone is borrowed from the
light cone in relativity physics. It means that, the mo-
bile agent can travel in the cone because of its speed

[20]. The spatio-temporal cone can be defined as a por-
tion of space-time containing all locations which mo-
bile agent can reach from a particular location [20].
The apex of this cone is a user’s current location re-
ported by a navigation system. The period will be de-
fined by the user or the system. With respect to a given
event, spatio-temporal cone separates space-time into
three parts, inside and on the future spatio-temporal
cone, inside and on the past spatio-temporal cone, and
elsewhere [21]. In this paper, the focus is on the future
part of this cone, because we want to present services
in the near future.

Since in the real world, the user can be located just
in the space ahead, then the direction of the user move-
ment is applied to prepare the user model. The ser-
vice site model is a cube (Fig. 2(a)). After the time
interval At (at the time ¢), the user and service site
will be as a circle sector and a 2D plane, respectively
(Fig. 2(b))

After modeling the objects, the topological relation-
ships are investigated using the influenceability rela-
tion. By considering x and y as a user and a service site
respectively, the relations indicated in Table 1 express
the influence of the user on the service site. If a user
influences the service site, its services are in priority to
be sent to him/her. Moreover, if a user influences sev-
eral service sites, then the priority will be allocated to
the site which was influenced the most.

3.4. The rule base

In order to provide spatially service compositions
for the users, six key rules are described in Table 2.
The rules are defined as if-then rules, i.e.

If there are ... criteria for the user, then the system
will send ... services to him/her

As it can be seen in Table 2, the services will be
presented in four levels. Level 1 and level 4 have the
most and least priorities, respectively. The information

v =

Fig. 2. Influenceability of the User and the Service Site Models:
(a) In a spatio-temporal framework. (b) At the time t and applying
the direction of movement.
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Table 1

The Relations Extracted from the Influenceability Relation

Category

Logical relation

Externally Connection
Partially Overlap
Tangential Proper Part TPP(x,y) :=

Non Tangential Proper Part

EC(x,y) ==C(x,y) A—O(x,y)
PO(x,y) :=0(x,y) AN=P(x,y) A=P(y,x)

PP(x,y) A3Z[EC(z, x) AN EC(z, y)]

NTPP(x,y) := PP(x, y) A —3z[EC(z,x) N EC(z, y)]

Table 2

The Rule Base

If-then

Description

Rule 1

Rule 2

Rule 3

Rule 4

Rule 5

Rule 6

If the user locates (staying or moving) inside the service site,
then priority of the service site is in the level 1.

If the user enters to the service site after the time At, then
priority of the service site is in the level 2.

If the user moves toward the service site and effects on, but
doesn’t enter it, then priority of the service site is in the level
3.

If the user moves toward the service site and doesn’t effect on
it and doesn’t enter it, then priority of the service site is in
level 4.

If the user leaves the service site, then the services of that site
will not be presented.

If the user stays out of the service site or his/her speed is near
zero, then services of that site will not be presented.

If some service sites locate in the level 1, then the union of
their services will be presented.

If some service sites locate in the level 2, then the union of
their services will be presented.

If some service sites locate in the level 3, then the site which is
most influence is in priority.

If some service sites locate in the level 4, then the union of
their services will be presented.

of higher levels has priority over the other ones and
will be sent sooner.
Finally, the inference engine selects the suitable rule

in different situations based on the rules in the rule
base and data obtained (i.e., current location, direction
and speed) by tracking users and information obtained
(i.e., categorized information and working time) from
the service sites.

To illustrate the concept of these rules, we define
various scenarios as follows:

1. The customers shopping inside a store would re-
ceive the information only related to the same
store, whereas there might be some information
services of the university being broadcasted near
that store.

2. The users entering a stadium would receive
the information related to the sport event only,
whereas there might be some services around
the stadium regarding restaurants, hotels, public
transportation, etc.

3. A tourist moving towards a museum is only in-
terested in receiving information on that particu-
lar place, whereas there might be a store near the
museum providing services as well.

4. The users who were exiting a store would not
need to receive services from that store any more.

4. Case study

In order to implement the proposed approach, an
area was considered consisting three nested domains.
The first domain sends information services to the
users within a 250-meter radius of a hospital. The sec-
ond domain sends advertising information including
sports fields, class times, and competition dates to the
users within a 200-meter radius of a gymnasium lo-
cated near the hospital. The third domain belongs to
a shop near the last two domains. In this domain, the
information regarding electronic devices, home appli-
ances, sales, and the bestselling products will be sent
to the users within a 200-meter radius of the shop
(Fig. 3).

After collecting the data derived by tracking the
users by GPS, the server analyzes the topological re-
lationships between the user and the service sites.
Furthermore, Android simulator was employed to
present services on the user device. A sample out-
put will be something similar to the illustration in
Fig. 4.
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Fig. 3. Service Sites and Service Domains in the Case Study.

Hame Appliances
Graft & souvenir shop
Fresh food

Frazen food
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Bookstore

Toys

Goagle

Fig. 4. A Sample of the Output.

Now the system performance in different spatial
contexts is explained in two scenarios meant consider
the important situations.

Scenario 1

A user located in (437549, 4111494) UTM 39S as
the start point moves towards the shop at an average
speed of 1.1 m/s and in an approximate direction of 10
degrees (Fig. 5). As it can be seen in this figure, in spite
of going towards the shop site, the user has no effects

Seasonal Discount up 10 50%

Please visit our newest cell phone models in the first flour

All kinds of lime and leather - Second floor

Goagle

Footstal Final Games, March 11,2015

opening Geremony of National Teenagers Volleyball
Tournament, May 20, 2015

Chess Teaching Courses - Please refer to Education Hall
in'the ground floor

Fig. 6. The Output on the User Device.

on it. Since the shop is active in the time of tracking,
the system will present the information to the user in
level 4.

Scenario 2

A user located in (437500, 4111502) UTM 39S as
the start point, leaves the hospital at an average speed
of 1.6 m/s and in an approximate direction of 40 de-
grees (Fig. 6). In this case, the system does not send the
hospital information to the user; however, it sends ser-
vices of the shop and the gymnasium in level 4. Since
the user had declared that he was just willing to receive
the gymnasium information, sending the information
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of the shop is not pleasant to him. When tracking con-
tinued and the user got closer to the gymnasium, its in-
formation was in priority, and the user was more satis-
fied with the result.

5. Results and discussions

In this paper, user studies are employed to evalu-
ate recommender systems from a user’s perspective.
For this purpose, 40 individuals were asked to move
toward their favorite service sites in the multiple do-
mains and select their favorite service sites. Figure 7
shows a sample of user interaction with the system.

Finally, according to the surveyed test users, their
satisfaction levels were described in three categories as
good, average, and weak concerning to the presented

Choose your favorite b
Services
Q
Shopping Center -
o+
.‘ﬁ

Fig. 7. Selecting Favorite Service Sites by a User.

Table 3

services. For example, the users in Scenarios 1 and 2
declared that the proposed services were good and av-
erage, respectively. The results are shown in Table 3.
Based on the results, 75% of the participants were sat-
isfied with the services and described them as good
level (Fig. 8).

User satisfaction depends on receiving services at
the right time. In this study, because data were col-
lected by spatial sensors, it is faster than the methods
based on receiving data from the users (e.g. user con-
text). Therefore, the services are updated at an accept-
able time.

The total time required to discover and update the
relevant services for a user by the proposed system is
as follows:

T (service updated)
= T, (tracking the user location)
+ Tp(retrieving data from database)
+ T.(determining relevant services
in the server)
+ T4(sending services to the user by

server).

good
Average

weak

0 10 20 30 40

Fig. 8. The Users Satisfaction Levels for the Proposed Services.

The Implementation Results of the Proposed Approach

Destination User favorite service

Proposed service User satisfaction level

Moving toward the shop The shop services

Entering the hospital The hospital services
Leaving the gymnasium

Moving toward the gymnasium The gymnasium services

and influencing on it
Leaving the shop Don’t receive the shop services
Inside the gymnasium The gymnasium services
Outside of the service site (the -

user speed about zero)

Don’t receive gymnasium services

The shop services in (level 4) Good
The hospital services in (level 2) Good
The shop services and the Average
hospital services in (level 2)

The gymnasium services in Good
(level 3)

- Good
The gymnasium services in Good
(level 1)

- Weak
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The updating time for the same system based on the
user context is as follows:

T’ (service updating)
= T + Ti(requesting context information
from server to a user)
+ T»(responding the user to the server
request)
+ T3(transmission of data from user

to the server).

As it can be seen in the second method, the times 77,
T», and T3 are added to T. Among them, 7> is varied
for different users, because people react differently in
answering the context questions (for example, what is
your name?). Therefore, another advantage of the pro-
posed model is reducing the time of updating services
or the time users take to wait for receiving services.
According to the results of surveying the participants,
80% of them were satisfied with the time of service
update (Fig. 9).

Furthermore, an experiment was conducted to prove
that the topological relationships could be regarded as
one of the criteria for providing services. For this pur-
pose, the services are provided both with and without
considering topological relationships. Then, the mean
absolute error (MAE) is taken to measure the error
range between the prediction preference value and true
preference value. MAE is a commonly used quantity to
measure how close forecasts or predictions are to the
eventual outcomes. Then MAE was calculated through
the following equation:

MAE

Y ket 1Pl — 1l
_ 2k lnk 5)

where P,é is the predicted value, and r¢ is the actual
value. The smaller the MAE is, the better design is
achieved.

Don't Know

0 10 20 30 40

Fig. 9. Users Satisfaction Levels for Service Updating Time.

In order to provide the actual value, participants are
asked to rate each service based on their own prefer-
ence. In this way, 1 is the least favorite, and 5 is the
most favorite. The results are shown in Fig. 10.

This comparison confirmed our reasoning to the use
of topological relationships. The results indicate that
topological relationships can be significantly effective
in providing users with services, especially in a mo-
bile environment with respect to continuous changes
in spatial relationships between users and objects.

To evaluate the performance of the proposed method,
the results are compared with traditional role-based
service composition in [18]. The services provided in
the current study are generic; however, the services
provided in [18] were role-based. In generic services,
either no roles are defined, or all of the roles are
equally important to the service provider. To compare
the two methods, we assume that all of the services
are of the same priorities. To do this, we define three
logical areas; i.e. Office Logical Area, External Logi-
cal Area, and Library Logical Area in a floor area of
a section of K.N.Toosi University campus (Fig. 11).
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Fig. 10. Comparing MAE with and without Considering Topological
Relationships.
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Experiments are carried out in both spatial and role-
based modes. According to [18], users were divided
into three groups (Student, Lecturer, and Administra-
tor). The tables of rules were also taken into account.
In this method, users were first asked to log in to the
system; so that they could be identified. In the other
method, the tables of rules were defined according
to the spatial relationships proposed in our study. In
this case, users were not required to log in to the sys-
tem. Then MAE was calculated for them. The result is
shown in Fig. 12.

Compared with the role-based method, the proposed
method may be a little inaccurate. One reason is that
this study is concentrated on information services;
however, the services defined in [18] are role-based. It
is obvious that if we have more information than users
do, the results will be more accurate. Since the results
were obtained without needing to log in to the system,
and they were simply based on spatial information,
the accuracy is acceptable. The main advantage of the
proposed method over the role-based method is that it
can support mobility, too, because of considering spa-
tial relationships, especially topological relationships.
However, such a problem was not considered in [18].
For instance, the proposed method does not send li-
brary services to a student who intends to exit the li-
brary. However, the method used in [18] sends library
services until the user position is not entirely outside
the library logical area. This is because this method
does not consider user direction and topological rela-
tionships.

6. Conclusion
Due to the variety of ambient services, they have at-

tracted a great deal of public attention in recent years.
Due to domain overlapping, the number of users lo-

cated in multiple domains is increasing. The impor-
tant issue about these users is deciding upon the ser-
vices which should be sent to them. In this study, the
spatial contexts and analyses such as spatial topolog-
ical relationships between the users and service sites
were used in the policy conflict resolution. Moreover,
spatio-temporal topological relationships and the influ-
enceability relation were utilized in order to model the
topological context. Based on the results, 75% of the
users were satisfied with the provided services, some-
thing which indicates an acceptable performance of
the proposed approach in utilizing spatial contexts and
analyses.

Another advantage of the proposed approach is us-
ing spatial sensors instead of the user contexts. Us-
ing spatial sensors makes the system independent from
the user. It means that eliminating the time of send-
ing and receiving contextual information between the
server and the user will reduce the time of updating
the services. In addition, the spatial sensors are eas-
ily available and do not impose an overhead time on
the system. Time saving is an important advantage of
the system, because inappropriate time of updating ser-
vices will cause conflicts for the users. The results also
indicate that 80% of the users were content with the
updating time of the services.
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