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ABSTRACT

The rapid growth of technological advances andlabdity of mobile devices has raised the opportyth
innovate feasible context-aware applications wli &bility to access information anywhere and amgti
Therefore, this paper intends to review the readaneloped mobile context-aware application. The
reviewed articles are selected based on their @gifin domains which cover the following six categs:
smart space, healthcare, advertising, mobile guiemory aid and disaster alerting applications. The
selected applications are discussed based ondieigned techniques, simulations and areas to fingiw
impact on human computer interaction.
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1. INTRODUCTION developing novel technology from: network
infrastructure needed for implementation (such as

The two basic elements of pervasive computingetwork requirement, network protocol, and
(ubiquitous) are context-awareness and mobilitysensor); middleware foundation which responsible
Context has been defined as any requirefibr sharing and processing required information and
knowledge to identify the situation of an entity —application services that can be categorized in six
person, place or object — according to thelasses [3] as: web service, m-commerce,
interaction among a user and an application; Whilmformation systems, communication systems, tour

context-awareness is to provide appropriatguide and smart space according to their services.
services or applications to the user by knowing Th in aim of thi is . ¢

their contexts and adapting according to thei € main aim ol this paper IS o review some o
change [1]. Therefore, mobile devices such ag_‘e recent research in context-aware application to

smartphones, PDAs (Portable Digital Assistant) an ow t_helr important role  in human computer
. interaction (HCI). Therefore, the main objectivds o

tablet PCs are well suited platform for , . ; i

. . C this work can be outlined as:

implementing context-aware application due to

their availability and advancements in technologies - To review the most relevant and recent context-

A combination of context-aware applications andVa'® applications of specified categories.

mobile devices provide a novel opportunity for both « To analyze and discuss the techniques and
end users and application developer to obtaiapproaches used in each application.

context and response to any change in the context
consequently [2]. Hence, the main privilege of
mobile context-aware applications is to provide af
effective, usable, rapid service and reactions by . To show how HCI can benefit from mobile
considering the environmental context (such asontext-aware applications.

location, time, weather condition, seasons androthe . . ]
attributes) and adapting their functionality The rest of this survey is structured as follows:

according to the changing situations in contex:sldatSeCtIOn 2 _brlefly reviews some de_flnltlon in this
without explicit user interaction. area. Section 3 presents some mobile context-aware

applications and discusses their approaches. &ectio

Numerous researches have been conducted 4oshows how these applications can improve HCI.
show the effectiveness and robustness of th®ection 5 provides discussion and finally, some
context-aware services. These efforts focus ogonclusions are drawn in Section 6.

- To identify the robustness and weakness of
ach reviewed applications.
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for instance orientation, location, acceleration,

2. ROLE OF CONTEXT-AWARE speed.

APPLICATIONS
6) Vital signsContext covers all information
People interact with their environment and othertelated to health state such as heart rate, blood
by using implicit information then react in pressure, voice tone, and muscle activity.
accordance with their deduction and interpretation

from t?e context ct)f Ctljlrre?t §|t;1at|c;n. que}{e.rt’personal contexts makes the primary context to
computers aré not able 1o Inter from IMpLClt, e stand the current situation of entities, these

S|tu¢_':1t|onal mformatlon of thel_r surroundlngt pe of contexts can response basic question about
environment and interact accordingly. Compute hen, where, what, who. The other types classify

apphcaupns_and §ystem can obtain  the conteé secondary context to share a common attributes
information in various ways in order to prowdeOf entities and show more detail of entity
more adaptable, flexible and user friendly services '

The role of context information becomes more vita&
in mobile environment where the context changé&’
rapidly. The rest of this section provides a brief According to Dey and Abowd a system is

Combination of spatial, temporal, activity and

2 Context-Awar e Definition and Categories

definition of context and context-aware. context-aware if it uses context to provide relevant
information and/or services to the user, where
2.1 Context Definition and Types relevancy depends on the user's tasRhey

consider three main characteristics for context-

A general definition of context was given by Deyaware application as follows [1]:

and Abowd [1]:

“any information that can be wused to

. L . " applications which either presenting context
characterize the situation of an enity. An enita information to the user or performing appropriate
person, place, or object that is considered releéva

to the interaction between a user and a;hctlons to the user by using context.

application, including the user and applications + Automatic execution of a servjceefers to
themselve$ those applications that according to context change
update and reconfigure the system reaction without
gny user interaction.

- Presenting information and servidaclude the

Context is used to determine user’s intention t
perform specific task. Since, it is difficult toespfy
user's objective, so context can be utilized for « Tagging context information for later retrieval
deducing this information and to provide requiredhese applications attaching context information
knowledge for application to make an appropriat@ith related catching data.
reaction to the user’'s action. The following are
some categories of context information that ar
practically significant [4],[1]:

HCI can benefit from context-aware applications

%y using smart devices in a way that can act

autonomously and smartly by reducing the implicit
1) Environmental Context include all the need for users input and interruption. HCI utilizes

surrounding environmental condition (like aircontexts for offering appropriate services to the

quality, temperature, humidity, noise level andhtig user [5]

condition) of current location.

2) Activity Context:defines the user’'s current 3. CONTEXT-AWARE APPLICATIONS

activity including private and professional actie#
that can be sensed like talking, reading, walkingm
and running.

Some example of existing research works on the
obile context-aware application will be reviewed
in this section. However, the scope of this survey
3) Temporal Contextconsists of temporal factor will not cover those applications focusing on
such as current time, date, and season of the yearnetwork foundation, middleware infrastructure or
adaptable desktop interface. The applications have

contact number, user's hobbies and interest. advertising, mobile guide, memory aid, and disaster

5) Spatial context: involves any information alerting. Figure 1 and Table 1 demonstrate these
regarding to position of entity (person and object¥ategories and their reviewed applications.
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N situation. Lighting control system is an example of
smart meeting room.

The lighting control system was proposed to
control lighting condition of smart meeting rooms
during presentation [6]. The system can sense the

J brightness changes by real time monitoring of the
4 lighting status and adjust it appropriately so that
. audience experience comfortable visual -effect

T SO during presentation. Although the automatic light
: condition adjustment is calculated and performed in
[ ~ | Advertising an undetectable manner, this adjustment can also
\ . @ / control manually by human. This system
- e - overcomes the two following challenges of
| Guide manually lighting adjustment: firstly, to make an

\ / appropriate manually adjustment several round of

try is needed. Secondly, the person should control
the lighting condition and do adjustment according
Figure 1. Classification of Reviewed Context-Aware g brightness  changes constantly  during
Applications presentation time. Therefore, the manually
controlling light status would disturb participant
and affect their efficiency and creativity, in afitoi

3.1 Smart Space
Smart space is one of the growing fields inIt would delay the meeting progress.

context-aware applications that make a spac
intelligent by employing sensors. This categor
endeavours to enhance the usability of space toHealthcare applications are used for monitoring
make an easier life for people. The functionality opatients’ physical activities and their health

this kind of applications is to control environmaint condition by employing context-aware computing.

condition of the space (home, classroom, meetirphese systems can track normal physical activities
room, hospital, etc.) like air condition, audiodl®d, of patients to make an alarm in certain situations,
heating, lighting condition or even to react (e.gfor instance provide information about calories

creating alarm) according to change of securitysed for those actions or other predefined action.

.2 Healthcare

Table 1: Application of Context-Aware Categories

Category Application System Description Context
A Automated lighting control L .
Smart Space Lighting control system [6] system for meeting room Activity, brightness
UCHS - Ubiquitous An integrated service platform | Heart rate, respiratory
Healthcare Context-aware Healthcare | according to user’s life vital rate, blood sugar, blood
Service System [7] signal pressure
iMAS - An Intelligent . - . .

.. - T A Location-based advertising | Time, location, personal,
Advertising I[\g]oblle Advertising System system user's preferences
Mabile guide iMuse mobile tour [9] Tour guide Location

Prompting a reminding
Memory Aid Reminder system [10] messages for elders in Time, location, activity
appropriate time and way
intellectual disaster alerts Broadcasting alerting Time, location,
Disaster Alerting information about time and temperature, weather
system[11] . e
place of disaster condition
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LO etal. develop Ubiquitous Context-awarea part of IMAS is responsible for sending
Healthcare Service System (UCHS), which offerinformation to the target consumer based on
efficient nature medicine recommendations to theeceived information from global position system
elderly citizen based on their life vital signakd and localized information based on particular geo-
blood pressure, blood sugar, heart rate, temperatdocation. Moreover, iIMAS can also personalise
and respiratory rate) [7]. UCHS provides arinformation according to consumer’s preferences.
integrated platform including Situation-Aware
Medical Tourism Service Search Subsystem3.4 Mobile Guide
(SAMTS), Healthy-life Map Guiding Subsystem
(HMGS), Intelligent Curative Food Decision
Support Subsystem (ICFDSS), and 4D Emergen

Indication and Ambulance Dispatch Subsyste Dhone, PDA, and tablet PC. Examples of such

(DEIADS). The main functionalities of this system O . .
applications are museum mobile guides. Museum

are to provide firstly, Nature Medicine Services’ . . b oed with ¢ devi q
(NMS), secondly user’s requirement inference, anySttors can be equipped with smart devices an

finally decision support services to the senjoftéract activ_ely Wit.h the museum environment in

citizen in Taiwan. Figure 2 illustrates theOrder to receive various services [12].

information about calorie of user’s food after @ggin  iMuse Mobile Tour is an example of mobile

PDA to connect RFID reader in order to sensguide applications that provides interactive games,

user’s diet content and calories. predefined and self-defined tours and enable the
visitor to obtain necessary information via their

— personal mobile phone [9]. iMuse provides context-

The main functionality of mobile guide
plications is to provide the specific information
the user via mobile devices such as mobile

: aware information services by using UHF RFID
.w o technology. Guidance services of iMuse can be
./ Diet diary pushed to the visitor's personal mobile phone by
ok R B e using group support service. and without installing
Sy ¢ [l =] o s et et any specific software. Figure 3 shows the
Height + [1%0 SR screenshots of iMuse mobile guide.
wigm: 7 ke Ed B3
s+ | %] .
Options - Exit Options A Seore 0
NOKLA NCHcLA —rnr ] =
w— = — - 1®_|_~1Room & -
(P — (P i — | | oo 1d. |
— T | — L__ % == 0 | 4 b \=
LIRSS ﬁ“,\
Figure 2: Left) Computing BMI Value, Right) Food'’s j B LJ]':a’:J
Name And Calorie [7] sl i
4‘[.. 1
3.3 Advertising £|
The main characteristics of a good advertisemer iy ¥ s

are to be shown in a correct way, at the right time _ v I e — =l
to the proper person, _by using multiple modalities ¥.2; J ;] u u ﬂ %2 d "J ﬂ u ﬂ
Context-aware advertising systems can tackle the

aforementioned requirements and provide a  Figure 3: Imuse Mobile Guide Screenshots [9]
recommendation service according to its users’

preferences. 3.5 Memory Aid

iIMAS is an Intelligent Marketing Advertising Memory support and diary applications are
Services that provides the location-basedeveloped by tagging special information on
advertising service (in form of textual and grapiic specific time or events. The context-aware reminder
schedule information) to both business ang@ystem is proposed by Zhou etal that prompt
individual by using Global Navigational Satellite reminder message in a proper time and manner for
Systems (GNSS) and Location Based Serviceglderly people according to fuzzy linguistic model
(LBS) [8]. Intelligent advertising services (IASy a [10]. The urgent level of reminder is determined on
the basis of the interrupt degree of current elder
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activity. To ensure elder receive reminder messagaobile environment, where the user needs and
in a convenient time with low unpleasant impacenvironment change rapidly.
two issues should be consider: first, to select an . : .
appropriate way to deliver a reminder and second Accordmg to Schm|dt, B_elgl_, and_ Gellersen, the
to determine reasonable time to present remind(re')}ajor ways 10 assist applications IS 1o red_uce the
service. aser r_1eed for inputting necessary _mformatlon and
adapting the context with the input. On the
: . contrary, the system action can be assisted by
3.6 Disaster Alerting matching application reaction with context,
A context-aware mobile platform for intellectualreducing the interruptions need and finding
disaster alters system should transfer disastappropriate time for user interruptions [13]. A
information by means of mobile device [11]. Thesample application of this type is iIMAS which act
disaster altering system is an effective applicatioas an intelligent and mobile advertising systere Th
to reduce disaster effects and ruins by timelyMAS uses a vehicular transport system to lead
transmitting altering notification regarding to thepotential consumer to specific location. Here the
place of disaster. Therefore, the system isontext is limited to identify the geo-location of
composed of disaster alerts module (receives ttwehicular.

transmitted alerts information of each user’s . .
) . . ; Another example is smart space that provides
device), disaster alert receive module (receives

) . . . automatic facilities in place such as classroom,
information of all disaster alters system), disaste . ;
) . . meeting room and home by means of sensors. This

alert database (store all information about disaste S
. eéndeavour enhances the usability of smart space for

alerts, rules, reason, and analyse), risk analys&s

module (analyse the risk of the receiveo.ss residents in different ways. Lighting control
) . yse . ystem control light condition by using sensor and
information), styling module (encoding the

) o . . detect context of the meeting room and the
information into appropriate type according to the

user’s device and transmitting it) and item Ioc:attioaUdience and afterward adapt the  condition
; ng . accordingly. Many technologies are used for
module (provide proper information based o

analysed risk to be sent). rHevelopmg context-aware application.

Moreover, the technology related to recognition
4. ENHANCING HUMAN COMPUTER of human physical activities, health condition and
INTERACTION medical status can be used to recognize context for
enhancing HCI. UCHS and reminder system are
The two main factors that should be consideretivo examples that use vital signs of people to
in HCI are functionality and usability. The sensdce provide appropriate service to the elderly people
and actions that applications offer to their useaccordingly by improving functionality of
defined functionality of applications; while, the applications. The intellectual disaster alerts esyst
usability of certain application’s functionality ear provides alerts in mobile devices in case of
defined by the degree and range that certain goaxpectation for disaster happening by using context
can be accomplished by user adequately andformation in order to increase the richness of
efficiently. Hence, context information can enhancéteraction and communication in HCI. While in
HCI by making application more adaptable, flexibléMuse system this richness is covered by providing
and user friendly. exhibit information to the museum’s visitor in a
. : usable and flexible manner on their own mobiles.
A challenging area of HC is context-awareness, Il aforementioned applications attempt to improve

_Slnce computers  cannot infer from situationa mplicit access to the context information in order
information directly or even use in their

) ) o . .~ 1o enhance interaction between application and
interactions, this information should be prowdeoL PP

o i . .~ human to provide more efficient and useful
explicitly for them. For instance, simple eX'St'ngcomputationaI services
user interface are not able to automatically sense '
and adapt to the current level of noise and Iigh\% DISCUSSION
except a user explicitly providing this information ™
Another example comes from their disability to

provide service and information based on th The main idea of context-aware applications is to

current activity and location. Computer applicaiaion%rovmIe per_ceptual ability for computer, by means
of sensor, in such a way that they can recognize

can use context mform_atlon N various ways t.(how users interact with their surroundings in
provide effective and suitable service especially Ispeciﬁc situation. While, sensors detected sitursi
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they can classify them as contexts and then systeamview applications was defined by specified
will recognize appropriate interaction againstlassification categories, and a sample application
context, this information will be utilized to trigg  for each group was briefly discussed. Afterward the
change, and adapt the system or applicatiampact of context-aware application on HCI was
behaviour. explained. It can be concluded from the current
research and applications that the context-aware
concept is widely used in information technology
nd it will highly affect the future of human
mputer interaction.

The most common utilized type of context
information are limited to location, identity and
time context since representing, capturing an@
processing contextual data are very complex and
challenging issues. Hence, the most mobile context- !
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