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ABSTRACT 

The developed medical and nursing protocols include time among the crucial 

parameters characterizing all observed and documented activities and events. 

Temporal aspects of incidents in home healthcare need to be noted along with the 

rest of the monitored events’ parameters tagging the recorded data. The data 

collected from the spread sensors and the conditions of the installed actuators, in 

the ubiquitous environment, must be recorded in such a manner that would allow 

traceability and the application of data mining techniques too. The end users such 

as patients, the elderly, relatives, care givers and the healthcare professionals at 

home, experience time in a transparent manner but the systems’ architects, the 

engineers, and the programmers require time as a necessary occurrence allowing 

sorting and classification of the monitored activity. Also, time features must be 

among the software attributes in order to provide the capability to take advantage 

of the organizational readiness of an installed software architectural infrastructure 

to increase efficiency and productivity hiding the low level technical details. The 

networked and interacting devices can cooperate serving, controlling, or 

monitoring the end users transparently. The installed software applications’ syntax 

and semantics satisfy the specifications and characteristics of the developed 

mathematical model while other problems related to accuracy, ambiguity, location, 

identification, concurrency, and synchronization find a remedy.  The internal 

structures of developed models inherit and deploy the characteristics of time as a 

physical magnitude with past, present, and future states. Time is a necessary 

constituent of context and it is provided an approach to administer temporal 

characteristics of the ubiquitous computing applications for the provision of 

healthcare at home. 

 

Keywords: ubiquitus computing, home healthcare, time. 

 

 

1 INTRODUCTION 

 

 Time consist a fundamental measurable 

quantity for the human existence receiving, 

depending the case, either relative or absolute 

values. Temporal aspects are met and treated in 

almost all sciences as another dimension. Time 

synchronization and time representation are among 

the most common efforts to perform devices 

cooperation in an ubiquitous computing 

environment.  

 In the early stages of the third computing era, 

each end user is surrounded by many devices with 

computing capabilities. Time is sensed and handled 

subconsciously and it is not given the appropriate 

attention at the design phase of ubiquitous 

computing devices or systems. Context is called to 

play a primary role in such devices or systems 

paying attention to the temporal aspects of it. 

Context’s validity depends directly on time which 

is called even to interrelated contemporary events. 

In the definition of context introduced by Dey [1] is 

among the most popular ones with 900 references 

[2] which omit to mention the dimension of time 

providing a feature of abstraction. 

 Home care and health care come as a necessity 

to satisfy the raised needs of the baby-boomers, the 

overshooting costs, and the dangers related with the 

formal hospitalization procedures. The peculiar 

conditions holding at each home which are related 

directly to economic and social parameters along 

with the limited standardization, they synthesize the 

usual situations formed at home. Treatment or 

simple monitoring procedures at home face new 

challenges due to lack of nursing personnel and the 

absence of medical doctors along with the scarcity 

of developed new social services. On the other hand, 

the benefits from the application of home health 

care have a great potential for economic, social, and 

psychological impact to society and patients too. 

Among the most important impacts is the increased 

productivity of the medical professionals provided 
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they have the appropriate means to serve the 

impaired at home without having the need to 

commute. 

 The elderly or the patient’s condition is 

compared against the Activity of Daily Living 

(ADL) which is consist of a set of activities such as 

eating, toileting, dressing, bathing or brushing the 

teeth. This set of activities is not standardized for 

all impairment categories due to the different 

physical needs presented by each category. ADL 

forms a list of activities to show the patients’ 

abilities and time is used to present the actual 

performance level and time is considered as a 

primary indicative parameter. Also, time is 

considered a crucial parameter for both nursing and 

medical protocols in documenting the patient – 

subject’s performance. Certain instances of time are 

recorded along with the rest of the parameters 

tagging the recorded data. In the ubiquitous 

computing environment, the collected data from the 

placed, in the controlling space, sensors and 

actuators, it is recorded in a manner that would 

allow the application of data mining techniques and 

the employed methodologies for traceability. 

 This paper is organized in such a way to 

present, firstly, the related work, it continues with 

the characteristic aspects of time in ubiquitous 

computing applications, it follows the quality of 

ubiquitous computing data, it presents the 

ubiquitous computing applications requirements 

from time, and the paper ends with references to 

future research and conclusions.  

 

2 RELATED WORK 

 

 Modeling context requires an abstraction to 

describe its internal structure and its constituents. A 

set of attributes or programming variables are 

required to describe the two layers, the surrounding 

physical world and the developed context. In [3], 

context is viewed as a chain of situations while 

each situation is composed by a set of attributes 

which in turn are related to time. The data related to 

time fall into two categories, either the static or the 

dynamically changing temporal aspects, in the 

sense of either the unvarying or the varying nature 

of contextual temporal information. In addition, the 

authors describe without identifying two additional 

temporal aspects, the absolute and relative time 

values. The authors point the distinction between 

the directly or the indirectly obtained or acquired 

values of time. The authors employ unified model 

language (UML) constructs enriched with temporal 

associations to present the desired context models.  

 Another modeling construct considers the 

abstraction of context tuple [4]. In this case, time is 

employed as an attribute used to define the 

developed relationships among tuples. In addition, 

time is considered at given intervals to test the 

validity of the formed tuples’ abstraction. Also, for 

the manipulation of the context tuples is performed 

applying defined operators regulated by time which 

means that certain operations are adequate at given 

time intervals or instances. In this case time is used 

to define the valid time periods or the time intervals 

that some tuples are acceptable while rejecting 

others with different time attributes.  

 Time intervals are considered as indication or 

proof for the success of monitored tasks as in the 

case of monitoring patients or the elderly at home. 

Since the required time to perform certain tasks is 

not exactly the same for all people, relative time 

intervals are considered for the same activities. The 

development of the Activities of Daily Life (ADL) 

[5] serves the purposes to standardize, to the 

obtainable extend, the monitored activities 

performed at home. The time intervals in such cases, 

is defined by the developed experience while the 

monitored person performs certain tasks in the daily 

life at home. As the application time of a 

monitoring system increases, the system itself 

develops enough statistical data to adjust the 

constraining time intervals for the successful 

completion of a monitored activity. Therefore, time 

is used in the sense to measure periods for the 

performance of activities and the distinction among 

activities. 

 Reasoning processes include temporal aspects 

as attributes in handling activities. The time 

attributes assist in the identification of activities and 

help in verifying the avoidance of overlapping [6].  

Additionally, the inclusions of temporal 

characteristics, [6] provide the means for the 

development of statistical models in order to offer 

activities’ forecasting.  Tagging activities with 

temporal data facilitate the procedure to feed 

algorithms to proper information to construct 

activity models with either sequential or parallel 

activities reaching reasonable effects and results. 

The rich collection and gathering of data provides 

the availability to identify the habitual behavior of 

the overseeing users allowing to the system to offer 

personalized [7] services. The provision of 

healthcare services at home requires personalized 

adaptation primarily due to the medical reasoning 

in order to formulate medical protocols to patients’ 

personal, physical, and environmental needs. 

 As the volumes of historical data are getting 

larger and larger, the efficiency in the 

responsiveness of the software applications slows 

down. However, there exist time critical 

applications supporting medical treatments, and on 

the other extend, there exist time non-critical 

applications [8]. Nevertheless, the factors limiting 

the supporting applications’ performance, besides 

the large volumes of collected data, is focused on 

the reasoning rules structure, the complexity, and 

the speed of the clock of the employed computing 

device [8], as it has been examined in experimental 

settings. 
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 Time stamps are the most common approach to 

characterize and distinguish events and tasks over 

the controlling environment. Home healthcare 

applications challenge for a 24-by-7 availability (24 

hours a day, 7 days a week) [9], revealing the need 

for research to explore the formed situations and 

interactions. The accumulation of large data 

volumes, the continuous nature of time, and the 

inclusion of occasional activities motivated the 

authors to introduce the term everyday computing 

[9].  Uncertainty is introduced when in a continuous 

in nature physical magnitude is at about to be 

followed by discrete means without specified the 

onset and terminating time tics [9]. The 

unstructured daily activities at home of all the 

family members and friends consist the social 

background of all home healthcare applications 

turning the management of the flowing information 

into a hard to deal task. The unstructured activities 

and the limitations of the weaved sensors provide 

imperfect data introducing ambiguity [10] and the 

employed time stamps are used for comparison 

purposes among activity facts. The authors in [10] 

propose the event-condition-action model with 

starting preconditions which cause the activation 

and execution of specific actions. In the proposed 

construct [10], the actions are examined against 

events which form and an advanced structure called 

situation. In such cases, the proposed model [10] 

assumes that the actions have predefined lifetime 

which are examined with the assigned timestamps. 

The software and hardware capabilities in the 

unstructured home environment with lack of 

standardization lead the research community to 

consider other views such as the sociological along 

with time, space and contextual aspects [11].  

 The temporal aspects are related and compared 

to spatial parameters in [12] supporting that time 

can retrospect provided that the recorded events 

have timestamps. In [12], time space can be 

traverse in the past, present, and in the future based 

on the assigned timestamps. However, in [12] there 

is no model for handing time besides the 

characteristic transparency provided by the applied 

stamps. The time stamps offer a temporal relevance 

which is decaying as the reference point in time is 

moving far away revealing the concept of time 

relativity [12].  Time relevancy is expressed with 

step functions defining the past, present, and future 

which affect the temporal semantics of the formed 

ubiquitous applications. The authors in [12] provide 

a computational model with a tuples space of time 

tags which are classified into past, present, and 

future tuples.  

 The interrelation of resource recovery and time 

composition is recognized in [13].  However, a 

systematic approach is not provided in the use of 

proposed framework of Context Toolkit. Hence, 

time is considered as another issue in ubiquitous 

computing applications and time is faced in limited 

time intervals – frames [13].  On the contrary, in 

[14] time recordings are required in smart home 

applications without descriptions or 

characterizations with respect to time both for past 

or future recordings. 

    

3 ASPECTS OF TIME 

 

3.1 Characteristics 

 In [15] context is presented having external and 

internal parameters. Time is considered to be 

among the external parameters and we argue that 

time has to be considered among the internal 

parameters of context formation. Also, abstractions 

such as that of task or the users’ goals, the evolving 

processes through events are equally important as 

the ethical, emotional and physical conditions that 

are observable at the given context. The assignment 

of absolute time limits on context is difficult to be 

performed due to the undefined time boundaries of 

the terms activity, task, and work. The time 

representation in applications of context’s 

descriptions, it is considered as part of the problem 

along with the other part which it is related to 

reasoning over time. 

 The implications from the management of the 

time limits can be handled in various ways such as 

in [16] where two primitives Task-Start Time 

(TST) Task-End Time (TET) employed to signal 

the corresponding start and ending of a task. The 

described construct has limited usage when a 

retrospective search is attempted asking for instants 

of time that for some reason cannot perform precise 

matching leading to the idea that all events and 

tasks of activities can be time interrelated in a 

synchronous or asynchronous manner. In the 

medical practice, medical cooperation among the 

doctors is performed in an asynchronous manner 

[17] providing continuity of care with specific 

exceptions of medical specialties such as the 

surgeons.  

 The extensive availability of the ubiquitous 

computing system, 24x7 or everyday computing 

[18], for following in time unstructured and 

informal activities without any clear starting and 

ending precise points. Simultaneously, time is used 

for identification and comparison purposes to 

interrelate the available information in the past, 

present, and future. In most of cases, the captured 

material is stored appropriately and remains 

statically upon reaching the revisiting or access 

phase by an algorithm that requires past 

information. Of course, there are often cases where 

annotating or revising captured material is 

appropriate, as well as then revising revised notes 

and so on.  Although versioning is not a new 

problem to computer scientists, there are numerous 

challenges in providing an intuitive interface to 

multiple versions of captured material, particularly 

when some of the material is already time-based 
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such as audio and video.  A timeline is an effective 

interface for manipulating and browsing a captured 

session, but when the time associated with a 

captured artefact is split up into a number of non-

contiguous time segments, the usefulness of the 

timeline is at least questionable. Newer time-based 

interaction techniques, such as Lifestreams [18], 

Timewarp [18], and time-machine computing [18] 

are good starting points. There is also a temporal 

aspect [19]: A canonical set for time representation 

that may seem appropriate now for the current 

needs, it may be completely inappropriate 

tomorrow because of internal and external changes 

in the social and physical circumstances.  

 

3.2 Episode 

 The term episode is employed as a structure for 

the classifying activity schemes along the time axis. 

The episode presents an adequate internal structure 

with a starting, middle, and ending points with 

respect to time [19]. The episode abstraction is 

considered in order to include the parameters of 

context placed in bundles of temporal sequence. 

The temporal characteristics allow the identification 

of discrete occurrences of activities.  

 The most common way to characterize 

information is the assignment of time stamps. The 

contextual information is composed by the union of 

the data developed within the context and the data 

existing in the surrounding environment or external 

information at the given time. As time progresses, 

the future external contextual information is going 

to be consisted of the data at the present time 

augmented by those at the next step in time. It is 

very important to predefine the time scale and the 

associated units to obtain a uniform mathematical 

representation.  

 Before proceeding with a typical mathematical 

model for time in context, it is required to define a 

validation scheme for all context considerations. 

The validation performed on episodes must be 

applied on a well defined time frame. In a chosen 

time frame, a set of parameters must be defined, 

first, the time limits in the sense of primitives as 

they have been mentioned above, Start and Ending, 

second, the time granularity must be set in such a 

way that individual events in an episode to be 

accommodated, thirdly, the sequence or set of 

events must have a defined cardinality allowing 

events to occur simultaneously, fourthly, the 

included events have interrelationships with 

references to events outside the frame of the 

examined episodes. 

 The contextual data fall into three epochs, the 

recent or current time, the past, and the future time. 

Suppose that all sensed and developed information 

is time stamped. Information is stored and 

characterized in various ways not only during its 

capture but in later instances too in order to 

promote the information interrelationships among 

the contextual entities. The volume of information 

collected while following continuous in time 

episodes is very large. Hence, the time intervals for 

the traversal over large data volumes are going to 

accumulate additional problems and inefficiencies. 

 Regarding the data stored in the past, the 

episodes’ data structures can vary according to each 

particular design; the data though must be readily 

available in such a way that episodes contextual 

information be used in a relational manner to 

promote inference. The inference process must be 

promptly due to the fact that the ubiquitous 

computing applications have to be on-time to 

support the users. Hence, multiple indexes must be 

used to have interrelated data readily available. For 

this reason, various structures can be used to 

include the indexes to sets of information allowing 

data alignment in short periods of processing time. 

 As far as the data to be stored in the future time, 

the stored information must be having two 

operational aspects. First, one must provide the 

capability to acquire more characterizations in the 

future and be connected with the previously stored 

data. The second aspect refers to the capability to 

be characterized in a way that never used in the past 

and still have a semantic connection with the data 

stored in the past for the very same event. The 

storing procedures of data that is expected to be 

obtained in the future they must be followed 

unchanged while keeping the capability of 

depositing additional characteristics. 

 The availability of proactive services in the 

ubiquitous computing environment presumes the 

storage of all past data, events’ data and parameters. 

The recording granularity of events provides the 

necessary data volumes. For example, recording the 

measurements of a respirator, every day, every 

moment results in larger data volumes than 

recording either the extreme noticed values or 

recording the medical doctor´s visits at home. The 

retro gradation to past data requires more 

processing time to locate, examine, compare, and 

finally process the stored respirator values than to 

collect and process the doctor’s visits. Storing data 

with a frequency of one minute for a respirator, for 

every single day, turns 60x24=1440 measurements 

in a day. Taking the vital signs of a patient or an 

impaired, the gathered data increments rapidly 

causing the processing time to augment and give 

the impression of inefficiency. Hence, the storage 

of large volumes requires the application of various 

approaches that provide more efficiently results. 

For example, if a respirator’s readings are 

considered as normal, a number of fuzzy 

approaches can be applied giving the observation 

period the characterization of normal without 

having to go over all readings over again. 

 Data mining techniques provide a wide range 

of opportunities to be applied for an efficient 

retrieval of past data. In some cases, a set of 
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readings may require a characterization in order to 

participate in an inference process while in some 

other cases a set of past data values have to be 

retrieved to provide the reference to another set of 

data. In all cases, the desired data that must be 

retrieved and it must be precisely identified. The 

data values identification is required for both 

discrete and continuous like values. 

 The large data volumes gathered in the related 

storage make it practically inefficient to expect the 

performing algorithms to gain substantial inference 

processing over vast data volumes of raw 

measurements or parameter values. The inference 

provided to the system’s end users, the patients and 

the impaired persons at home, must give the 

impression of a spontaneous operation, for practical 

reasons, supporting the set systemic directions or 

decisions. Hence, a hierarchical infrastructure must 

provide concentrated characterizations to sets of 

data in order to be readily used by the 

corresponding applications. 

 The aspect of the granularity of time is the 

major issue in recording data. All the software 

processing units must be equipped with the time 

units and time subdivisions in order to perform 

transformations in processing transactions. Hence, 

it is expected that all software modules of 

ubiquitous applications will have access to either 

software agents or software libraries to perform 

calls that will provide uniform time units and 

magnitudes allowing the change of time scales. 

 Performing a function call, for example to a 

software library, in order to transform time units, it 

is expected to be a very low level call that will be 

embedded into higher level primitives. Actually, the 

ubiquitous computing programmer must be 

concerned with such programming operations since 

such operations must be included and performed 

within the basic programming building blocks. 

 A sound and complete model is required to 

handle the relationships of events with respect to 

time in ubiquitous computing software applications. 

There are various representations varying from the 

formation of an array of events in the past, or the 

creation of an acyclic graph, or a multidimensional 

matrix to cover the cases of multiple parameters, or 

any data structure that fits the programming 

purposes of each application. In all representations, 

from the inference point of view, a traversing back 

in time is accomplished visiting an event after the 

other in a recursive manner.   

 A programmer must perform a function call 

with a set of parameters along which time is either 

specified in order to bring the set of data 

characterizing a past event or implied connecting 

past events with other characteristics. A historic 

traversal requires that other related events must 

present specific parameters in order to be recalled 

from storage requiring the programmer to perform 

the same function call for different time instants 

giving the impression that an event comes out of a 

previous event which in turn comes out from a past 

event and so on until all related events are recalled. 

This performance pattern directs the programmer to 

call recursively the past stored events related to 

some characteristics with the application of 

recursion. 

 From the one hand, the recursive function call 

is usually avoided by the programmers since the 

memory management of the application computing 

machine relies on the operation system and the 

employed software compiler. On the other hand, the 

recursive function call minimizes the chances to 

reveal software bugs due to extensive use of the 

same software code, the programs length is limited, 

and the programming structure is increased in spite 

of the fact that the programs reading effort is 

increased drastically. 

 

4 QUALITY OF DATA 

 The medical software applications for 

ubiquitous environments supporting the patients 

and the impaired at home it is required to present 

certain quality characteristics. 

 The characteristic of accuracy is directly 

related to the time recording intervals which must 

be as small as possible in order to have the greatest 

possibly precision. As it was mentioned above the 

greatest the accuracy, the largest the resulting data 

volumes and hence, the larger the processing time 

which ends to slower processing software. 

Therefore, extremely accurate recordings, 

exhausting the time granularity, must be performed 

to critical applications while less critical 

applications must be adjusted to higher granularity 

levels of time. 

 Time is sensed as a continuous magnitude by 

humans while the computer administration handles 

time in a discrete, digital manner. The computer 

comparisons require exact matching of time 

magnitudes in order to satisfy the set conditions. 

Lack of computer clock synchronization can lead to 

disastrous situations introducing ambiguity to 

inference and decision mechanisms. Therefore, in 

each ubiquitous computing application, the clock 

synchronization is considered of highest concern. 

Also, the set time intervals of an event or the time 

limits of the starting and ending points of an 

episode must be shared for all related or concerned 

software applications to avoid ambiguous behavior. 

 The stored data of an ubiquitous computing 

application must present a continuous increasing 

order of time, in other words, all events time 

stamped must have an absolutely increasing order.  

For example, suppose that two computing devices 

share a storage location and the one´s clock is 

lagging behind, when the operating software of 

those devices will transfer for recording their data 

at the same time, there is the case to record an event 

that it is time stamped with a time value that it is 
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later the following event. In such cases, additional 

mechanisms and rules must be enforced in order to 

keep the time stamps order always ascending. 

 The information gained from the ubiquitous 

computing applications must be identified in such a 

way that the later use in processing to be facilitated. 

The set of data consisting information must be 

accompanied with a number of parameters that help 

to uniquely identify an event, a measurement, an 

activity, a task or an episode. Due to the technical 

limitations to absolutely characterize information, 

additional identifying attributes must be assigned in 

order to overcome problems related to ambiguity, 

accuracy or synchronization. In particular, 

synchronous mechanisms must be avoided since 

they can easily set the developed ubiquitous system 

unstable due to unmatching time stamps. 

 The synchronization problem of contemporary 

running applications finds solutions with the 

employment of higher time constructs such as 

epochs and the adaptation of concurrency.  Epochs 

can be used to characterize data and information 

with a unique and abstract way. At the same time, 

concurrency can be used at the inference level 

considering that while data is executing on different 

computing devices conceptually they perform 

concurrently in the same topic during the same time 

period. This formation requires less strict time 

restrictions while from the programming point of 

view the computing environment is conceptually 

forming a uniform computing space. 

 

5 FUTURE WORK  

 

 The standardization of the involved parameters 

will assist the ubiquitous computing programmers 

to use the above mentioned time related 

characteristics in a productive way and without 

concerns about the programming details 

concentrated into the development of systems 

satisfying the business requirements. The issue of 

synchronizing a large number of computing devices 

with different clocking quality timers refers to the 

development of adequate policies that will face 

effectively developed ambiguity and the accuracy 

incompatibilities among software applications. 

Time consists the major informational value about 

spotting past in time measurements, data, events, 

activities, tasks or episodes depending on the 

developed conceptual infrastructure of each of the 

ubiquitous computing applications in order to 

develop inference software mechanisms that will 

perform either on demand or have readily made in 

advance predefined collections of past data 

associated with some time relevancy to meet the 

business requirements. The time critical 

applications demand for pre-fetched and pre-

processed data to meet the constraining 

requirements. 

 

6 CONCLUSIONS 

 

 Investigating the effects that time, as a 

dominating parameter from the programmers point 

of view, it is revealed that time introduces 

additional concerns. First, in order to perform 

sound and complete inferences to decision making 

points, past information is required. Second, this 

traversal to past gives the impression of a reverse 

recursive process where each episode is called from 

its previous case until all past data is exhausted. 

Third, this traversal to past data hides a number of 

technical pitfalls that have to be identified and 

faced in standardized manner so that the 

programmer will not be concerned with while 

developing the business algorithms. Lastly, the 

ubiquitous computing applications handle the 

variable of time sometimes as continuous and other 

times as discrete. Normalizing the granularity of 

time and assigning additional characteristic stamps 

gives a way out but it must be standardized. 
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