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Abstract

Situations, abstracted from context, are more decisive than individual pieces of context in driving a
system’s adaptive behaviours. Current research places emphasis on formally specifying individual
situations in logical predicates. However, they do not provide an approach on how to maintain the
consistency of a set of situations and how to efficiently and accurately identify their occurrences when
faced with a large number (e.g., hundreds) of possible situations. To solve these problems, we propose
a data structure — the situation lattice — to organise situations. We will apply a Bayesian Network
technique and lattice operators to efficiently and accurately predict situations.

1. Introduction and Motivation

Pervasive computing attempts to make human lives simpler in environments filled with various com-
puting devices that are sensitive, adaptive, and responsive to human needs. Pervasive computing
systems operate under dynamic and ever-changing environments, which require systems to react to
dynamic changes in a seamless and unobtrusive manner. Context-aware computing is an enabling
technology for pervasive computing. It exploits information from physical and computing environ-
ments without involving users’ direct perception. A context-aware computing system exhibits appro-
priate and customised behaviours adapting to users’ contexts.

Generally, context can be any information acquired from a pervasive computing environment. There
are multiple ways to acquire context: directly sensed from physical sensors, input by users, derived
from application- or meta-information existing in an environment, or merged from multiple and pos-
sibly disagreeing sensors. Sensors producing context may suffer from sensor failure, delay (or infre-
quent update), disconnection from the sensor network, or environmental noise. All these factors make
context imprecise, conflicting, inaccurate, or unstable, which complicates context-awareness. A sys-
tem may not necessarily be expected to respond to each and every change of context. One of the main
questions in the area of context-awareness is how to promptly distill a large number of error-prone
contexts into the important and appropriate contexts that have an effect on determining a system’s
behaviour. Situation-awareness has been suggested as an alternative to context-awareness: situations
as a middle layer between context and behaviour. Context is abstracted into situations and behaviours
will be defined on top of situations rather than context.

Each situation is associated with a specification that represents an invariant constraint on contexts and
their combination [9]. A situation is identified (that is, an entity is considered in this situation) when
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its specification is satisfied by the relevant contexts of the entity. A context represents a parameter
of a snapshot of the reality, whose occurrence is objective and singular, e.g., a context records a
person’s location at a certain time. In contrast, a situation captures a particular state that is interesting
to applications, whose occurrence is subjective and can be instantiated multiple times on different
entities, e.g., a meeting situation can be identified on different persons in different places at different
times.

A situation may encapsulate imperfect context and trivial contextual changes that do not affect the
identification of situations. Therefore situations are considered more decisive than individual pieces
of context in determining a system’s behaviour. The question is how to efficiently and accurately
determine situations. By efficiency we mean that when a situation occurs in the real world, a system
should synchronously identify this situation. By accuracy we mean that an identified situation should
be the same as the situation that is defined and is occurring in the real world. To take responsive and
appropriate behaviours, a system must be able to efficiently and accurately predict situations.

Current research on situation-awareness puts emphasis on the representation of situations from the
logical perspective [6] and the construction of situations from context [1, 9]. Situations are usually
defined by developers, which can be subjective and error-prone, especially when more various con-
texts (e.g., thousands) are available and complicated situations are expected. One of our concerns is
how to explore relations between these contexts and situations and how to maintain the consistency of
a set of situations. To solve these problems, we propose an approach to automatically learn relations
between contexts and situations in a hierarchy where situations are organised with respect to their
internal relationships and consistency between them are maintained.

1.1. Goal Statement

The main goal of this thesis work is to propose a theoretical model to define and organise situations,
within which consistency between situations is maintained through a set of rules. This model is ex-
tended with Bayesian techniques to resolve uncertainty such that situations can be predicted efficiently
and accurately. To facilitate the use of this model, we will design a tool to encapsulate the procedures
of specifying situations from a dataset of sensor data and inferring situations. The main contributions
of this thesis will be (1) a theoretical model to organise situations where multiple situation relation-
ships are represented; (2) a set of rules used to maintain the consistency between situations during the
construction procedure of situations; and (3) a tool to automatically learn the relationship between
situations and an amount of sensor data and to infer situations using Bayesian Networks.

To show the feasibility, we will implement this model. Our hypotheses are (1) that the situations or-
ganised in our model will be consistent, and (2) that the efficiency and accuracy of inferring situations
within our model will be no worse than others model where more developer efforts are involved. To
validate the hypotheses, we will evaluate the accuracy and efficiency by using the real datasets that in-
clude a ground truth. Using the ground truth it will be possible to validate our approach at identifying
situations.

2. Approach and Methodology
We apply a lattice to organise a set of situations. A lattice is a mathematical data structure, which is

defined as a partially ordered set where for any pair of elements there exist a greatest lower bound and
a least upper bound. Lattices are useful when studying a structure with a partial order, and it has been
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successfully applied in the areas of distributed computing [3] and formal concept analysis [2]. We
propose a situation lattice to organise a set of situations with respect to their specialisation relation-
ship. The semantics of the specialisation relationship is the implication relation of the specifications
of situations. A situation is more specific than another situation, if the specification of the former
implies that of the latter. This approach organises situations with respect to the internal relationship
between situations, which makes it possible to maintain consistency based on this relationship, to
improve the efficiency of forward chaining, and to deal with uncertainty when predicting situations.

Within a situation lattice, we will discuss how consistency is maintained between situations. We
define consistency from two perspectives. When a situation is identified, it is implied that all of its
more general situations are identified. The identification of a situation implies the identification of
its more general situations. It is required that a specification of a situation should not be conflicting
with the specification of any of its more general situations. The second consistency requirement is
that given non-conflicting context input, the situations identified should not be mutually exclusive.
Situations are mutually exclusive if they cannot occur simultaneously. It is required that any two
mutually exclusive situations should include conflicting predicates in their specifications such that
they can not be identified from the same context input. To maintain the consistency, both requirements
will be checked during the construction procedure of a situation lattice.

Forward chaining [8] is one of the typical techniques used when inferring situations. Inference rules
are applied to relevant context to arrive at a situation. A situation lattice can be helpful in forward
chaining of inferring situations. A specification of each situation is created with the logical conjunc-
tion of the specifications from its more general situations and a specification that is an extension to
this situation. When inferring situations using forward chaining, a system will evaluate specifications
of each situation from the most general situation to more specific situations. A system will only eval-
uate the extended specification that is particular to each situation. This will reduce the computation
load and improve the efficiency. This forward chaining algorithm has been described in [11].

Situations can be identified incorrectly since they suffer from imperfect contexts and the crudely-
defined inference rules. A situation lattice cannot resolve the uncertainty alone, so we convert a
situation lattice into a Bayesian network. Bayesian networks encode the strength of causal relation-
ships with probabilities. They provide a clear and well understood method for incorporating how the
likelihood of an event is conditioned on another event. This dependence relationship is implicit in a
situation lattice, which makes it have a naturally similar structure to Bayesian networks. A situation
lattice can be converted to a Bayesian network in a straightforward manner by annotating its nodes
with prior and conditional probabilities as meta-information. This will make it possible to predict sit-
uations by propagating the probabilities from the most general situations to more specific situations.

To ease the procedure of constructing situation lattices, we will design a tool that encapsulate the
following three processes: automatically generating a situation lattice from the initial input by de-
velopers; converting it to a Bayesian network; and training it with initial sample data to arrive at an
applicable situation lattice.

To use this tool, developers should abstract characteristic contexts from sensor data that are available
in an environment, which are interpreted immediately as basic situations. They should also define
the constraints on the basic situations such as specialisation and mutual exclusiveness relations that
form the initial structure of these situations. The tool will take these basic situations and generate
a situation lattice automatically. The developers can label the human-understandable names on the
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nodes of the generated lattice or define behaviours on them. The procedure is shown in Figure 1.
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Figure 1. The procedure of constructing a situation lattice

The situation lattice is generated with the knowledge of developers through the training process of real
data. Developers are not directly involved in defining and specifying each situation, which decreases
the subjectivity and errors in defining situations.

3. Research Progress

We have built the theoretical model of situation lattices, and implemented an algorithm for checking
consistency and an algorithm of inferring situations using forward chaining. To demonstrate the fea-
sibility, we have constructed a simple situation lattice to describe the activities of a research student.
We also have gathered a simple dataset ? that captured the activities of a research student over a period
of five working days. Using cross-validation, we have produced the preliminary evaluation results,
like accuracy in predicting whether the subject is busy working at her desk (the “busy working” sit-
uation) correctly is 0.91 with the dataset on the fifth day (using the data from the first, second, third,
and fourth days as training data) [11]. To test the general applicability of our approach, we will re-run
our evaluations on a third-party dataset, e.g., the PlaceLab dataset that comprises of a set of common
household activities over a period of time [5]. The ground truth of this dataset is determined from the
annotated diary file.

Currently, we are working on developing a tool to encapsulate the process of creating situation lat-
tices. This tool will automatically learn the relationships between sensor data and situations that
are interesting to applications. In the process of automatically generating a situation lattice, we will
evaluate the size of the lattice and check the consistency between situations. To make it easier for
developers to use our tool, we will also examine how to analyse and abstract the available contexts,
and what constraints should be initially defined on a lattice. In the process of merging a lattice with
a Bayesian network, we will analyse a relation between the size of training data and the accuracy of
the generated lattice. We assume that given more training data, the lattice will capture more accurate
situations (i.e., closer to real situations) by more explicitly identifying noisy and trivial nodes. An-
other means to evaluate this tool is to compare the automatically generated result with the lattice that
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is manually specified by developers. Since the PlaceLab dataset is public and well-known, we will
also compare our accuracy with others like [5], and we expect that the accuracy of the automatically
generated lattice should not be significantly worse than that of the manually defined lattice, which
will be used to validate our hypothesis.

4. Related Work

Previous work in the area of situation-awareness defines situations by adding constraints on contexts
expressed using a variant of logic predicate, which can be incrementally combined to form complex
situations. Recently, the work has focused on formally defining situations and studying the relation-
ships between situations [1, 6, 10].

Costa et al [1] and Yau et al [10] discuss the natural characteristics of situations, including the compo-
sitional relationships between context and situations and the internal relationship between situations.
Cosat et al define ontological elements such as such as entities, intrinsic and relational contexts,
which are constituent elements of a situation. Entities are users or objects that exist in the envi-
ronment. Intrinsic contexts define a type of context that belongs to the essential nature of a single
entity and does not depend on the relationships with other entities (e.g., GeoLocation). Rela-
tional context relates an entity to the collection of entities that play a role in the entity’s context (e.g.,
deviceAvailability). Situations can be composed of these basic elements in multiple ways.
This detailed analysis of semantics on situations provides a solid foundation of our work and inspires
our idea of organising situations with respect to their internal relations.

Loke proposes to design situation programs using meta-programming within an extension of Pro-
log [6]. He exploits the relationships between situations: specialisation and compatibility, and applies
them to reason on situations. He deals with an individual situation program, while we focus on a
set of situations. He presents the logic definitions of completeness and soundness of a context-aware
system. He points out that it is up to developers to verify soundness and completeness with respect to
various systems. However, it is a hard task for developers, so we propose an approach to check these
automatically during the procedure of defining situations.

When it comes to dealing with uncertainty in context-aware computing systems, Henricksen et al [4]
give us a detailed analysis of uncertainty’s causes in context-aware systems. Earlier attempts add
quality metrics as meta-data of contexts, including resolution, accuracy, frequency, or confidence.
This approach is good at expressing the uncertainty information of sensor data. However, it lacks a
formal uniform technique of managing the uncertainty in a quantitative way. To solve this problem,
recent research work applies fuzzy logic, Dempster-Shafer theory and Bayesian networks in resolving
different uncertainty issues. Ranganathan et al [7] developed an uncertainty model based on a pred-
icate representation of contexts. Each context predicate is attached with a confidence value between
0 and 1, indicating to what degree a context is true. The confidence value measures the probability
(probabilistic approach) or the membership value (fuzzy logic). A Bayesian Network is built to cap-
ture the causal relationship between various context events. The high accuracy in their preliminary
result shows that Bayesian networks are suitable in determining situations in context-aware systems.
However, the openness and dynamism of context-aware systems make the cost of training Bayesian
networks prohibitive, especially when learning the structure of nodes is required. To relieve this
problem, we build our Bayesian networks from a situation lattice that pre-determines the situation
structure.
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5. Conclusion

The main contribution of our work is to help developers to design a consistent set of situations. To
achieve this goal, we propose a theoretical model — the situation lattice — that organises situations
with respect to the specialisation relationship. Using lattice theory, we exploit semantic relations
between situations and define a suite of rules to maintain consistency of situations. This model im-
proves the efficiency of forward chaining when inferring situations. It also increases the accuracy of
inference by applying Bayesian techniques to resolve the uncertainty from imperfect context.

To make this model applicable, we will develop a tool to automatically generate situations. This
approach eases the procedure of constructing situations when there are a number of varied contexts
involved and complicated situations (i.e., whose specification involves complex predicates) that are
required to define. Also, this tool will help to decrease the subjectivity and errors from developers.
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