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Abstract: Attribute grammars are widely used by compiler-generators since it allows complete specifications of static
semantics. They can also be applied to other fields of research, for instance, to human activities recognition.
This paper aims to present CAPAS, a Context-aware system Architecture to monitor Physical ActivitieS. One
of the components that is present in the architecture is the attribute grammar which is filled after the prediction
is made according to the data gathered from the user through the sensors. According to some predefined rules,
the physical activity is validated after an analysis on the attribute grammar, if it meets those requirements.
Besides that it proposes an attribute grammar itself which should be able to be incorporated in a system in
order to validate the performed physical activity.

1 Introduction

Nowadays it is a well known fact that practicing
physical activities can prevent a lot of diseases both
in the short and long term. However, getting injured
is relatively easy if the activity is not being executed
in the right way. So, activity monitoring systems are
of the vital importance.

Attribute Grammars are such an important part of
a program once it defines its semantic. Semantic is
what gives a program meaning. Attribute grammars
were first introduced in (Knuth, 1968) allowing com-
pilers to process programming languages in a much
easier way, since the parts from the compiler which
dealt with semantics were becoming very complex
considering the evolution of programming languages
and computers.

Besides the consolidation of it in programming
languages it is possible to apply this type of formal-
ism to any kind of application. This exact thought was
what led to the development of this paper. In other
words, applying an attribute grammar to a context-
aware system which recognises physical activities and
gives suggestions according to the context. The sys-
tem acts both before and during the physical activity.
For example, it can suggest the user to go for a run
outside if the weather presents good conditions and
during the physical activity it suggests a change on
the activity if something is wrong. By using this kind

of grammars in such application it is possible to get
a more well-defined system in what concerts the val-
idation of a physical activity. A physical activity is
validated only if all of its sub activities are well exe-
cuted.

The purpose of this work is to apply an attribute
grammar to an human activity recognition platform
when it comes to validate a physical activity per-
formed by the user. The use of an attribute gram-
mar allows to define semantic rules which should be
satisfied to validate the activity. It defines what can
be accepted or not. At first the Abstract Syntax Tree
(AST) should be filled accordingly to the analysis of
raw data. Then the system should evaluate the AST
in order to validate the physical activity. The phys-
ical activity is composed of several activities. If at
least one of the activities which compose the physical
activity is not validated after the analysis of the gram-
mar, a warning should be given to the user saying that
the activity is not being properly executed.

The document is structured as follows. Section
2 presents concepts related to context, context-aware
computing and attribute grammars. In Section 3 it is
described the proposal that uses an attribute grammar
for the recognition of human activity. After that, Sec-
tion 4 presents the CAPAS architecture for context-
aware systems, where the grammar will be applied.
Following, Section 5 presents the discussion where
some case studies are presented and explained. Fi-



nally, final considerations and future directions are
presented in Section 6.

2 Background

2.1 Physical Activity monitorization

The current development in technology allows to de-
tect and recognise physical activities in a really easy
way. Nowadays, it is possible to recognise activi-
ties such as running, lifting weights, push-ups, cy-
cling and many others using different sensors like
accelerometers, gyroscopes and heart rate (Lara and
Labrador, 2013). With that in mind it is possible to
monitor physical activity in order to prevent injuries,
by analysing the patterns of an user on a certain activ-
ity for example.

Currently there are some works which focus on
activity and physical activity monitoring. For in-
stance, the work (Mukhopadhyay, 2015) reviews
many of the used sensors in order to evaluate whether
they are efficient or not. Besides that it describes the
most used physiological parameters for this purpose.
For example body temperature, heart rate and blood
pressure. Also, it addresses some challenges when
it comes to development of an application for activ-
ity monitoring. For instance, the fact that wearables
need to be light in order to be comfortable when the
user uses it. Energy is something that needs to be
considered as well, the device’s battery should last a
reasonable amount of time. This work is quite help-
ful since it reviews a lot of sensors and helps when
it comes to choose the proper sensors. Besides that,
it mentions important factors which should be taken
into account when developing this application as the
mentioned problems, for instance.

Another interesting work is (Capecci et al., 2016),
where it was presented a smartphone based architec-
ture with the goal to monitor patients that suffer from
the disease Parkinson. That application detects the
freezing of gait (FOG). Which causes a paralysis on
the patient’s muscles where the risk of falling highly
increases. So the main goal is to detect it and warn
someone whenever it happens. Even though it moni-
tors the activity of the user as in the presented work.
Its goal is not to give suggestions.

There is another related work (Angelo Costa and
Julian, 2018) which monitors elderly and gives them
physical activities suggestions according to their per-
formance. It first starts by evaluating the execution
of the activity. If the user performed it correctly it
goes into a new activity, if he/she didn’t perform it
correctly the system keeps in the same activity until

it is correctly executed. This is the most similar work
to the one on this paper so many things are common
between both works. However, the difference is that
it uses a different approach when it comes to detect
the activity. Instead of using wearables it uses cam-
eras. Video-based activity recognition systems are
widely studied in the literature (Xia and Aggarwal,
2013; Ming et al., 2012; Jalal et al., 2015). However,
this technique is not always the most used because it
generates some distrust in the protection of the user’s
privacy. This is the reason why in this work, those
recognition systems that use cameras to identify spe-
cific patterns are not taken into account.

What differentiates this work from previous stud-
ies is that with the attribute grammar semantic rules
can be added to the model. For instance, the work
(He and Jin, 2008) predicts activities with the same
classification algorithm, which is support vector ma-
chine. However, a further validation of the workout
with be harder. The semantic rules added by the at-
tribute grammar, such as, a workout is composed of
several activities turns the process of validation eas-
ier. For instance, in order to validate a workout, every
single activity that composes that workout needs to
be well executed. Therefore, just by analysing the ab-
stract syntax tree it is possible to check if the exercises
are well executed or not.

2.2 Context Awareness

Context awareness uses data from environments to
adapt applications and services according to the
changes detected there. The main goal of this process
is to improve human assistance. Thus, this section
aims to describes the concepts of context and context-
aware computing that was adopted for the develop-
ment of the research.

2.2.1 Context.

As pointed in (Abowd et al., 1999), there are sev-
eral definitions about the term context in the litera-
ture. Some consider it as the environment or situation,
others consider it to be the user’s environment while
others consider it as the environment of the applica-
tion. According to (Alegre et al., 2016), context is
divided in two categories which are operational and
conceptual. The former helps to understand issues
and challenges that comes with each data acquisition
technique. The latter helps to better understand the
connection between contexts.

Another way to look at context is by the perspec-
tives of active context. Which can be described as
discovered context and passive context where the ap-
plication presents the context to the user instantly or it



can also store it for the user to retrieve later as defined
in (George Wamamu Musumba, 2016).

However, according to (Abowd et al., 1999)
context-aware applications look at the who’s, where’s,
when’s and what’s of entities and according to that
information it is possible to know why a situation is
ocurring. In spite of being important variables of con-
text, they are not enough and there are certain types of
context more important than others such as location,
identity, activity and time. With the former ones
(who, where, when and what) the application can only
know information about location and identity. How-
ever, in order to characterise a situation, activity and
time information are needed. These context types al-
low to answer the questions of who, what, when, and
where. Besides that, it also acts as indices into other
sources of contextual information.

For the development of this paper it was consid-
ered the definition of (Abowd et al., 1999) which says
that context is any information that can be used to de-
scribe the current situation of an entity. Where an en-
tity can be a person, place, object or anything that can
be relevant to the interaction between an user and an
interface. As mentioned in (Abowd et al., 1999), con-
text consists only of implicit information.

2.2.2 Context-aware computing.

Context awareness was first introduced by (Schilit and
Theimer, 1994), where it was defined as ”the ability
of a mobile user’s applications to discover and react
to changes in the environment they are situated in”
(Schilit and Theimer, 1994). It refers to the identi-
fication of the current state of entities and how they
influence the system. However to better comprehend
context awareness, it is needed a better understanding
on what context is. So this section discusses a defini-
tion of context and some other aspects about context
awareness.

According to (George Wamamu Musumba, 2016),
context-aware computing is a mobile computing
paradigm where applications discover user’s contex-
tual information such as location, time of the day and
so on. Then, it takes advantage of that information in
order to perform a certain activity. The work (George
Wamamu Musumba, 2016) fits context in two cate-
gories the active and the passive context. Those cat-
egories lead context-aware computing to be defined
in two perspectives, active context awareness which
automatically adapts to discovered context by chang-
ing the application’s behaviour and passive context
awareness which presents the new or updated context
to an user or stores it in order to use it later.

Considering that, a context-aware application
needs to use the context it is inserted in, in order to

provide information or automatically execute a ser-
vice, e.g., playing a song when the user arrives at a
certain place or as presented in the case study (Pedro
Rangel Henriques, 2018), a message is displayed on
his smart phone, for instance when it is time to take
medicine. According to (Schilit and Theimer, 1994) a
context-aware application adapts itself to the context.
Another interesting and more general definition given
at (Abowd et al., 1999) says that a context-aware ap-
plication uses context to not only adapt its behaviour
according to it but it also uses context to display rel-
evant information. For instance an application that
only shows the temperature of a room, it is not modi-
fying its own behaviour but it still is a context-aware
application while the definition given by Schilit and
Teimer (Schilit and Theimer, 1994) gives the idea
that only reactive applications, like an application that
turns on the air conditioner when the room is too hot,
would be a context-aware application.

This application is able to give suggestions on the
go due to the context-aware computing paradigm. It
analyses the context the user is inserted in, fills the
attribute grammar and gives the user a suggestion.

However, there are problems with context-aware
applications. As pointed in (Yujie and Licai, 2010),
Evaluation is one of those problems. The process of
evaluation on a context-aware system fail to take into
account many context factors. The use of attribute
grammars can reduce this problem. They allow to de-
fine a set of rules in order for the context to be vali-
dated.

2.3 Attribute Grammar

According to (Karol, 2006), the semantics of a
context-free grammar is defined by an attribute gram-
mar. It was previously used by compiler developers in
order to define the static semantics of a programming
language.

Nowadays, the components used in the seman-
tics analysis phase by compiler-generators is gener-
ated automatically by attribute grammars which take
it from the user’s specification. According to (Karol,
2006), usually in the process of compilation there are
three phases. The first one refers to the lexical part,
which converts a stream of characters into a stream of
terminal symbols. The second part is the syntactical
phase, which converts those terminal symbols into an
attributed syntax tree. The last phase is the semantic
analysis which receives an attributed syntax tree as in-
put in order to be examined and the obtained output is
the evaluated attributed syntax tree.

Still according to (Karol, 2006), an attribute gram-
mar is an extension of the notion of context-free



grammars through two different types of attributes.
The inherited attributes and synthesised attributes.
The former are used in a top-down approach where
it specifies the flow of information from a node while
the latter characterise information in a bottom-up ap-
proach. The proposed attribute grammar in this work
is composed of both inherited and synthesised at-
tributes.

An attribute grammar is composed of non-
terminal symbols, terminal symbols and productions.
Productions are what define the rules of the gram-
mar. It defines what can be accepted or not by the at-
tribute grammar. Semantic rules express the relations
between attribute values of different nodes (Karol,
2006). Another important part of an attribute gram-
mar is the testing for cycles since it is impossible to
evaluate attributes which depend on themselves. The
semantic rules need to be well defined. They need
to lead to definitions of all attributes at all nodes of
all derivation trees (Knuth, 1968). An attribute gram-
mar does not contain a cycle if there is no attribute A
which depends on B if B depends on A.

3 Attribute grammar proposal for
physical activity monitoring

This paper intends to present a formal validation
of data related to human activities recognition. One
of its goals is to present a solution for the process of
validation of a physical activity performed by an user.
It intends to recognise the performed activity and give
instant feedback to the user whether it is being well
executed or not. The data related to the activities is
validated through an Attribute Grammar. Therefore
the application will have three phases, the analysis of
the raw data, then the grammar should verify the val-
ues accordingly to the previously analysed data and
then the validation of the data present in the attribute
grammar. Following it is presented the productions of
the attribute grammar.
p1: physicalActivity →
id, type,activities, location,begin,duration
p2: activities → activity+
p3: name → name1,begin
p4: activity → name,duration,begin,execution
p5: duration →CT,begin
p6: execution → T RUE|reason

The grammar considers that each physical activ-
ity is composed of an identification code (id) which
identifies the physical activity, a type which can be
for example upper if the physical activity has a focus
on the upper part of the body. The location where it

is being performed such as a park or a gymnasium, its
beginning, which is equivalent to the beginning of the
first activity, its duration and a set of activities [p1].
Regarding the duration of the whole physical activity,
it results from the sum of each sub activity’s dura-
tion. Besides that, it is a synthesised attribute since
it depends on the value of attribute duration of every
single activity.

First of all the name of the activity results from
the combination of the name of the activity and its be-
ginning [p3]. This attribute grammar considers that a
physical activity should be composed of a set of activ-
ities since that it is the natural evolution of a physical
activity. Usually a physical activity is composed of
two or more activities [p2]. While an activity is com-
posed of its name, duration, beginning and execution
[p4].

The duration of a sub activity results from the cur-
rent time and the beginning of it [p5]. The value of the
symbol execution can vary accordingly to the user’s
execution of certain activity [p6]. If the user executes
the activity correctly, it should hold the value TRUE.
If not it should have the reason why it is not correctly
executed. A user performs an activity correctly when
the required parameters are met which were defined
during the implementation of the application. For in-
stance during a run, if the heart rate bpm is over 85%
it can be considered the wrong way, therefore this
should have the reason why it is a failed execution.

The production execution in the attribute grammar
is particularly useful on applications which evaluate
the correct execution of a physical exercise. If a user
is not performing it correctly the system should not
validate it and then it should recommend a change in
the way the user is executing it. Apart from that, it can
also be possible to infer some health problem with the
user or even prevent it since a wrong movement can
lead into a bad injury and being able to analyse it and
correct it can prevent them. The system can detect an
health problem by analysing the pattern throughout
the time. For instance, if the user has been performing
an activity correctly and there is one day in which the
system detects some anomaly it might be possible that
something is wrong.

The validation of the attribute grammar should
be done following some requirements. The first one
is that every activity present on the physical activity
should have the value of the attribute execution set
to TRUE. Meaning that it was correctly executed by
the user. Then it analyses the rest of the data such
as location, duration and all the other parameters. If
those values are between a predefined range the at-
tribute grammar should be validated.



4 Context-aware system
Architecture for Physical
ActivitieS (CAPAS)

Following, in figure 1 it is possible to see the CA-
PAS architecture for context-aware systems that aim
to monitor physical activities.

First, data is gathered from the user through sen-
sors. There is all sorts of data gathered from many
types of sensors such as accelerometer, gyroscope,
heart rate and many more which might be useful to
detect the activity. Then, the data is sent to the server
through appropriated communication protocols. After
that, data will go through the pre-processing phase. It
is where data is taken care of. For example, null val-
ues and outliers are deleted and where other anoma-
lies are corrected.

The next phase is the feature extraction phase. It
is the most important step for the classification of the
activity. The chosen features allow to differentiate
the activities from each other. For example, mean,
standard deviation, fourier transform and many oth-
ers which might be useful for a specific activity.

Following the feature extraction step, there is the
prediction of the activity, where according to the ex-
tracted features a prediction will be given. It uses
a supervised approach to classify the activity which
means that the system learned using labeled data
(Lara and Labrador, 2013). Support Vector Machine
is the used algorithm since it has an high accuracy
on human activity recognition and it has been widely
used for this kind of tasks for the past years (Lara
and Labrador, 2013). Next, the Abstract Syntax Tree
(AST) is filled according to the prediction made and
the data gathered from the sensors. For the given ex-
ample, which is running, the system first starts to gen-
erate an identification for the activity. Then the pro-
duction activities, as only one activity was detected, a
new production is made. First it starts to fill the name
of it according to the activity which was predicted by
the model. The duration is calculated as the differ-
ence between the current time and the beginning of it
and for last the execution. It is calculated according
to how the exercise was performed. It is possible to
know if the exercise is correctly executed or not since
for every exercise which is recognised by the model,
it is trained with the most common errors in each of
them. The parameter type is filled according to the
category the exercise is inserted in. There is a pre
defined database with all the exercises which can be
recognised by the model and its respective category.

The last step is the validation of the physical activ-
ity. The system analyses the AST and according to the
defined requirements it gives the user feedback about

the activity. In order for a physical activity to be val-
idated, every sub activity that composes the physical
activity should be evaluated. For example, in a phys-
ical activity composed of two sub activities such as
bicep curl and chest press, both should hold the value
true in the parameter execution. Otherwise, it is not
validated and the user is advised to change the way it
is being executed.

5 Discussion

This section presents three case studies aiming to
discuss the partial results as well as its contributions.
The first case study addresses the validation of a car-
dio physical activity, the second one regards a phys-
ical activity which focus on the upper body and the
last one is a football match. Following in Figure 2
it is presented the Abstract Syntax Tree (AST) of an
attribute grammar when the system recognises the ac-
tivity of running. The values presented in the tree are
filled accordingly to data acquired from heart rate and
accelerometer sensors, since the recognised activity is
running and those sensors are usually the chosen ones
for this kind of activity (Hassan et al., 2018). After
an analysis is finished on the raw data gathered from
them, the system fills the attributes with the values in
order to validate the physical activity.

However, for the physical activity to be validated
the sub activities also need to be validated. This is
done by analysing the production execution. In Fig-
ure 2 it is possible to see that it holds the value TRUE
since according to the gathered data from several sen-
sors the user is executing it correctly considering the
system’s requirements whether it be an heart rate beat
per minute threshold, a wrong movement or any other
pre defined parameter. What defines the correctness
of the activity is implemented directly on the system.

Then, the validation of the whole structure is done
after an analysis of the values. If they all meet the pre
established requirements then it is validated. The val-
idation means that the exercise was well executed so
there is no need to warn the user. After the analysis on
the sub activities that compose the physical activity it
should check the other parameters and see if it corre-
sponds to the expected ones. This way it is possible
to detect any problem with the user and then it should
be able to warn the user saying he is not performing it
correctly.

Regarding the location it is particularly useful
since it can be helpful when the system is recognis-
ing the activity. For example, if the user is in a park it
might be possible that he/she is running. The system
can also be used to monitor the user while he is at the
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Figure 1: The system architecture CAPAS

Figure 2: Attribute grammar for a cardio physical activity

gym performing a physical activity. For instance, fig-
ure 3 presents the Abstract Syntax Tree for a physical
activity which focus on the upper body.

In this case, it is possible to see that this physi-
cal activity is composed of two activities, a bicep curl
and a chest press. However, a physical activity can be
composed by as many activities as the ones the user
does.

Regarding the first activity, everything is as ex-
pected. However, the execution of the second activity
holds the value rightArmPosition. Indicating that the
user’s right arm is not correctly positioned. There-
fore the system will not validate the performed activ-
ity and will give a warn to the user saying that he did
not perform it correctly so he/she needs to change the
way. The sensors that were used to detect this activity
were the gyroscope and accelerometer. The former
was used to detect the position of the arms while the
latter to detect the movement.

With the information that this exercise is not be-
ing correctly executed, an injury can be prevented, as
already mentioned before or even have an hint that
something is going on with the user speaking in terms
of health. Also it can be used to monitor more general
physical activities such as a football game. Figure 4

presents an AST for a football game.
Even though a football game is composed of sev-

eral activities, for this example were only considered
two activities, shoot and running. Since it is hard to
define what a correct way is, when it comes to shoot
the ball for example. More activities were not consid-
ered because the AST would be too long to be repre-
sented here.

Considering the two activities represented on the
tree, they should be validated since they are consid-
ered to be executed as the right way. The validation
of the activity should be done after an analysis of the
tree. If the parameters are as expected it should val-
idate it. An activity is considered validated when it
is being correctly executed by the user. Besides that,
the conclusion of an activity should be precise since
the type of suggestions change if the user is currently
in a physical activity or not. So to detect the end of
an activity the system analyses the behaviour of the
user and if according to some pre-defined thresholds
the values are within them it considers the activity fin-
ished.

The contribution of this work to the field of study
has to do with the fact that it relates the validation
of activities with attribute grammars. This kind of



Figure 3: Attribute grammar for an upper body physical activity

Figure 4: Attribute grammar for football recognition

application can be used in many ways not only to
monitor physical activities but also to monitor elderly
which are weak and need help when it comes to health
care. For example if an elder falls someone should be
warned about it so help can be sent. That is why this
kind of applications are really useful.

However, there is a limitation regarding the ad-
dition of data from new sensors. It is not possible
to process it without changing the structure of the at-
tribute grammar. Since all the parameters should have
a pre-defined source from where it’s data should be
collected.

6 Final Considerations

This paper described an attribute grammar devel-
oped to be used to validate systems for physical activ-
ity monitoring. Its productions were described in de-
tails and a context-aware system architecture, named
CAPAS, for such domains was presented. Case stud-
ies are shown with a cardio and an upper body physi-
cal activities in order to let the user more familiar with
the attribute grammar.

Attribute grammars applied to physical activities
monitoring provides one more layer in the process of

validation which turns it into a more well defined sys-
tem. They are used to validate the structure of the
values of a dataset. It correlates attribute grammars
and a context-aware application which has the goal to
monitor and suggest physical activities according to
the context the user is inserted in. Being now possible
to not only monitor a physical activity but to prevent
injuries as well as detect some problem the user might
have.

There are still things which can be done in the fu-
ture in order to improve it. For instance, expand the
attribute grammar in order to be capable of accepting
more than one type of physical activity in the same
abstract syntax tree. It is quite usual for a person
to do a specific physical activity for upper or lower
body and complement it with a cardio physical ac-
tivity. However, the current version of this attribute
grammar treats it as two different physical activities.

Detection of health problems with the user could
also be tackled. If the parameters of an exercise is
different considering the user’s pattern , the applica-
tion could predict what is wrong with the user. Which
would need to have new productions to describe the
problem that happened and what it might be when
talking about the human body. Future directions of
research includes to analyse the efficiency of this pro-
posal. At this point, it is not possible to do such thing.
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