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 
Abstract—With advancements in science and technology, the 

concept of the Internet of Things (IoT) has gradually developed. The 
development of the intelligent environment adds intelligence to 
objects in the living space by using the IoT. In the smart environment, 
when multiple users share the living space, if different service 
requirements from different users arise, then the context-aware system 
will have conflicting situations for making decisions about providing 
services. Therefore, the purpose of establishing a communication and 
negotiation mechanism among objects in the intelligent environment is 
to resolve those service conflicts among users. This study proposes 
developing a decision-making methodology that uses “Event Agents” 
as its core. When the sensor system receives information, it evaluates a 
user’s current events and conditions; analyses object, location, time, 
and environmental information; calculates the priority of the object; 
and provides the user services based on the event. Moreover, when the 
event is not single but overlaps with another, conflicts arise. This study 
adopts the “Multiple Events Correlation Matrix” in order to calculate 
the degree values of incidents and support values for each object. The 
matrix uses these values as the basis for making inferences for system 
service, and to further determine appropriate services when there is a 
conflict. 
 

Keywords—Internet of things, intelligent object, event agents, 
negotiation mechanism, degree of similarity. 

I. RESEARCH OBJECTIVES AND BACKGROUND 

MART Living is receiving attention from the general 
public gradually. IoT was begun mainly out of a very 

primitive idea of providing the benefits of ubiquitousness and 
convenience by applying Smart Tag and Sensor Network 
ubiquitously and by presenting massive real-time data in IoT, 
thus leading to the emergence of a new form of interactive 
context. With these purposes in mind, the major factors of 
consideration are therefore creating various service contexts 
based upon the needs of the user and providing the services that 
the user expects by leveraging the feature of ubiquitousness of 
IoT. In a sensor environment, context-oriented method is the 
most economical way of building information capture platform 
of IoT in a Cloud Computing environment and of developing 
the service program to access User Porfolio in the Cloud for 
recording and managing data from various sensors, such as 
RFID, ZigBee Sensor, GPS, and temperature, humidity, and 
ambient light sensors. Data from various sensors, as well as 
ambient information are automatically collected through 
deployment, management and control of various kinds of 
sensor, and are stored in the IoT Repository, and are finally 
stored in the Cloud database by employing a Context Agent 
which integrates the data into a Contextual Portfolio file with 
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semantic illustration. 
The development of the Intelligent Environment has made 

habitable space and becomes even smarter thanks to the 
application of IoT. The occupant of the space then interacts 
with various kinds of smart objects in the environment, 
including mainly smart appliance and equipment. The 
interactive environment records the behaviors and activities 
through sensors while computer computes in real time and 
generates event information and dynamic message, and 
eventually makes judgments for the response and provides 
feedback to the space.  The smart behaviors of the objects are 
therefore achieved through personal feedback model, including 
controlling the temperature of dining room, turning off the light 
in the living room, and turning on the stereo system in the bed 
room. Once made smart, the objects then possess the ability of 
receiving, transmitting, and processing information; therefore, 
how smart objects in the space sense and transmit information, 
and how objects communicate with each other in order to 
service the user are the subjects worth of discussion. 

In conclusion, this study believes that the material, the 
forming of space atmosphere by using lamp, and the functional 
satisfaction are not the only factors that an environment 
designer should consider in designing a habitable space; he/she 
needs to further consider the dynamic relationship in the 
communication among objects. Furthermore, conflicts may 
arise when the context-sensing system makes decisions with 
respect to the provision of service if multiple users are sharing 
the same space and are generating different service needs; 
therefore, the purpose of creating a communication mechanism 
among objects in an intelligent environment is resolving the 
issue of conflict in providing services. With this in perspective, 
this study proposes a decision-making method based on an 
"event model." An event model is defined on the basis of a 
location (such as living room), listing the events that may 
happen in each location. Smart Object, Location, Time, 
Environment Information and User Information are the five 
major dimensions in the study. The on-going event of the user 
is evaluated after the sensor system receives information; smart 
object, location, time, and environment information are 
analyzed according to the status of the user; and the weight of 
use is calculated; finally, the user service is provided in 
response to such an event. If there are multiple and overlapping 
events, the issue of conflict may happen. This study creates a 
relation matrix for multiple events and calculates the degree of 
the event that happens and the levels of support provided by 
each smart object, as the basis in determining suitable service, 
provided by the context system in a conflict. A set of 
procedures used to assist the designer in planning a needed 
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context model is therefore offered through creating the method 
and standard of an event model. 

II. RELEVANT THEORIES AND TECHNICAL DISCUSSIONS 

Important studies relevant to this subject are further 
discussed and explained in terms of the objective of this study 
as follows: 

A. Communication among Objects in an Intelligent 
Environment 

Human physiological perception includes physiological 
changes such as body movement, body temperature, heartbeat, 
blood pressure, and so on. They can be analyzed by computer 
and developed into a dynamic information model. As an 
extension to the subject of intelligent environment, the studies 
of Bosse et al. [5] point out that an intelligent environment must 
satisfy three requirements in order to provide people-oriented 
service, making it consistent with ubiquitous and intelligent 
computing:  

(1) Internal network: all digital appliances in an intelligent 
environment should be able to interlink with each other, 
forming an internal network. (2) Smart control: smart object 
and service in an intelligent environment can be centrally 
controlled via remote control, whether the control is requested 
indoors or outdoors, while control interface can be a computer 
screen or a smart phone. (3) Automation: an application for 
indoor housework automation. In view of this it is understood 
that as the number of technicians required by the sensor group 
deployed in an environment increases, a set of smart 
application of a smart agent model is required to coordinate and 
handle the issue arising from any conflict sensed between the 
environment and human. This way the environment can 
function as a real intelligent environment. The attributes that 
coordinate smart objects can be divided into five categories 
while smart objects under the categories of Passive and 
Reaction are mostly used in a family context. These two 
categories alone do not constitute a smart agent. Proaction, 
Interaction, and Communication are three categories of 
behavioral model; they are smart object constructions which are 
mainly smart agent-based. In summary, the major difference 
between smart objects under the categories of Passive and 
Reaction lies in the perception mode of sensor. Smart object of 
Passive category must receive user message before it can react 
while those under Reaction category detects external 
information and then reacts. The smart object under Proaction 
category is equipped with a computational judgment 
mechanism and it can make adjustment with respect to user 
identity and the service needed in order to choose the optimum 
solution. Smart object under Interaction category must be 
equipped with human-machine interface as a dialog mechanism 
for user and is capable of coordinating should a conflicting 
event arises. Smart objects under Communication category 
must possess a generic communication protocol, such as 
Bluetooth, Wi-Fi, ZigBee, and Cloud database.  

B. Important Literature on Criteria Dimension of 
Context-Aware Model 

Table I illustrates interested features of this study in 
constructing a context-aware model, i.e., the center of this 
study, including Proaction, Reason, Human-oriented, and 
Communication. This study considers that these four features 
are four important indexes in constructing a context-aware 
model. Communication is the most important feature of the 
four. If the system has the capability of reasoning, it will help in 
the determination of the changes of human behavior and 
environmental status; then the system is enabled to provide 
service voluntarily with human-oriented features. If different 
needs arise among different users, a conflict will happen in 
determining the service to provide; therefore, the context-aware 
communication mechanism is more important. Based upon the 
consideration above, this study will consider the feature of 
Communication as the core feature. 

 
TABLE I  

THE FEATURE OF SPECIAL INTEREST OF THIS STUDY IN CONSTRUCTING A 

CONTEXT-AWARE MODE 

Feature Remark 

Proaction 
Context-aware system voluntarily provides the most 

suitable service and information based on human 
behavior or environment information. 

Reason 
Procedures and methods of applying awareness 

information. 

Human-orientation 

Since human is the major object of service in a 
context-aware system, the development of 

context-aware system thus puts emphasis on user 
equipment. 

Communication 
Context-aware system is about information sharing 

and providing better and more suitable service. 

 
The smart perception living space, called Inphase, was 

proposed jointly by Hitomi et al. [8]; it expands the connections 
between people and family environment object and emphasizes 
a more natural human interaction. The on-going event that the 
other family members are involved is communicated through 
prompts given indoors, allowing interlink of activities that 
happen in different spaces. Similar case studies include Spatial 
Context-aware Building Data Model proposed by 
Lertlakkhanakul et al. [14]. In such a study, the spatial 
context-aware data model consists of five major elements - 
User, Activity, Context, Space and Object, which are an 
integral part in designing the interaction among themselves. 
When a constructing element of a real space is embedded into 
each object of the sensing device, each object then includes the 
sensor module that is carried. When user is engaged in his/her 
daily activity in the real space, the user event is then recorded 
by the sensing device embedded in the objects used in daily life, 
such as floor, partition wall, furniture, and home appliance. The 
information will be recorded continually; the dynamic 
information, computed by computer, is compared and made 
judgment for using the analysis method of the system against 
the rules defined in the behavior database; the dynamic 
information is then fed to the object which is capable of 
providing feedback. Such is a cycle of the dynamic 
information. As a result, in addition to the most important 
feature, communication, among the four indexes above, this 
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User-oriented Conflict Management Mechanism which 
resolves a conflict by using context knowledge and personal 
action partner. Context knowledge includes User Information, 
User Preference, User Service Document, Service Device Code 
and Service-required Information. Personal action partner 
assists the user in controlling preferred service device. Through 
the process of conflict detection all conflicts generated by all 
users who access the same service are displayed in the screen of 
the personal action partner. With the process of service 
suggestion, a suggested service list is displayed and a re-sorted 
service list by personal preference is provided. As a result, how 
other users choose the service may be revealed and the conflict 
may be resolved. Shin et al. [17] further divide the Conflict 
Resolution Mechanism in an intelligent environment into two 
sub mechanisms - Auto Conflict Resolution Mechanism and 
Coordinated Resolution Technique Mechanism. In the past, 
Auto Conflict Resolution Mechanism failed to generate 
optimum solution because user's intent and need may change 
dynamically while coordinated technique can provide the user 
multiple kinds of conflict resolution information, provided that 
the user actively participates the process of resolution.  Mises 
[15] mentioned that human behavior is intentional because all 
human decisions are made on the basis of sorting. A behavior 
consists of many behaviors and happens for some purposes. 
This study applies such a viewpoint in determining the human 
behavior while many studies also adopt similar approach, such 
as Anagnostopoulos, et al. [1], [2] who used this approach to 
build their ontological arguments to display the knowledge of 
all circumstances and to find the probable circumstance in the 
now through fuzzy match. 

The literature above tells us that the design method of 
multiple-user conflict resolution mechanism has already been 
proposed in relevant studies of intelligent environment. 
Although the study of Shin et al. [16], [17] determines the 
service provided, based on calculated weight of the user's 
service, the user's need changes with time and environment as 
an intelligent environment is changeable. A user need-oriented 
coordination mechanism design is therefore required. In order 
to address the constraints coming with two methods above, this 
study suggests to employ user priority, context attribute, and 
preference for reasoning the event that involves the user, and 
apply them in conflict resolution. The coordination technique 
system is used to list candidate solutions which is then provided 
to multiple users for discussion and choosing. The event-based 
context information categorization method defined in Sections 
II and III is used to form five concepts - People, Time, 
Location, Object, and Environment; the Degree of Similarity 
(DOS) is used to calculate the degree of similarity between the 
event, and individual user's information, time, location, object 
and environment information; and such a degree value is the 
value of the Similarity function whose concept comes from the 
Similarity function suggested by Anagnostopoulos, et al. [1]. 
DOS will be matched by following the algorithm if a certain 
circumstance happens and the match result can help the system 
identify the circumstance which the user is in. 

E. Spatial Event-Based Object Coordination Mechanism in 
an Intelligent Environment 

Based on the theoretical base and the literature above, four 
perspectives are discussed: communication among objects in an 
intelligent environment; framework and criteria dimensions of 
context-aware model; event-based context information; and 
conflict coordination mechanism in an intelligent environment. 
The theoretical model of this study is then proposed. With 
sensor technology as the base and the script of life for user's 
resident space as the center, the user(s) is engaged in various 
activities and behaviors in the living space. The condition with 
single user and the condition where multiple users share the 
space may generate different events and the way the service is 
generated is also different. Therefore, the user's behavior must 
be recorded through the objects in the space; and the 
information collected is converted by the event agent to the data 
which are transmitted to coordination agent system for storage. 
The main purpose is to determine whether the service needs 
suggested by the event agent creates any conflict. Once a 
conflict occurs, coordination mechanism can be initiated while 
the computed coordination result is provided to the service 
agent. There are also feedbacks among four perspectives, as 
shown in Fig. 2. The figure shows that the main functions of the 
event agent are: issuing a service request to the coordination 
agent in behalf of the intelligent environment while the number 
of event agents depends on the number of users; interacting 
with coordination agent; and the coordination agent's 
coordinating the service need and service provision of the event 
agent. In the other words, once any conflict in service need 
arises among event agents, it will definitely cause difficulty in 
providing service. Although one user's need may be met, 
consequently the other users' needs may not be satisfied. The 
role of the coordination event has become even important. 
Finally, after the coordination agent walks through conflict 
resolution mechanism, the service agent will provide to each 
object the message indicating completion of coordination, so as 
to achieve the purpose of providing suitable service in a 
multi-user environment. 

III. CONTENT OF STUDY 

Based upon the literature above and the objective of this 
study, the content under discussion in the study are:  (1) 
creating an environment information model and analyzing the 
radial hierarchy chart of event construction based on floor plan; 
(2) how to reason to determine on-going event of the user upon 
receipt of context information and how to apply the calculation 
of DOS to reason and determine the event that is most likely 
happening; (3) the calculation of DOS; (4) analysis of script of 
life - after user event is reasoned and determined with the 
calculation of DOS, suitable service is provided to the user by 
applying the concept of personal "event package." The details 
of how each content is implemented are described as below. 

A. Creating an Environment Information Model and 
Analyzing the Radial Hierarchy Chart of Event Construction 
Based on Floor Plan 

This study uses a nuclear family as an example in its case 



International Journal of Architectural, Civil and Construction Sciences

ISSN: 2415-1734

Vol:10, No:7, 2016

879

 

stu
Sm
is 
an
co
of
M
co
Sh
th
lo
of
pu
ro
be

co
en
[9
ar
co
dr
its
co
cit
m
str
tra
hi
is 
"E
en

udy. There are
mith and their 
the owner of a

nd travel. His f
offee and chat 
f his computer

Mrs. Smith stay
ooker. Occasio
he likes coffee
e country sid
cated on Taiw

f 165 square m
ublic space co
oom and a kit
edrooms, the s

 

Fig. 2 Spatial E

 
Tree structur

omplete appro
nvironment inf
9]-[11], [13]. T
re all tree str
omputing envi
rawback of a tr
s lack of 
ommunication
tes the funda

mentioned abov
ructure. An 
ansform the f
erarchy," as s

divided into
Environment L
nvironment mo

e four member
son and daugh
a medium size
friends often v
with friends a

r. Occasionally
ys home most
onally she wou
e, arts, and cra
de and travels
wan Boulevard
meters. In the f
onsists of a liv
tchen while th
son's and the d

Event-based Obj
Intelligen

re is conside
ach as seen in
formation of a
The environm
ructure-based. 
ironment of I
ree structure i

horizontal 
. Although the

amental princi
ve, it is som
alternative a

floor plan to a
hown in Fig. 

o three levels
Level" which 
odel with a pu

rs in this famil
hter. Mr. Smit
e business. His
visit him at hom
and spend mos
y he goes hiki
t of the time. 
uld invite frien
afts. She often
s overseas. T
d, Taichung C
floor plan (as s
ving room, a s
he private spa

daughter's bedr

ject Coordinatio
nt Environment 

ered as a mo
n several studi
an intelligent e

ment models u
However, as

IoT nowaday
is its focus on 
relationship 

e environment
iples as adopt

mewhat differe
approach has 
an environme
4. The whole 
s while the 
marks the st

urpose of dist

ly – Mr. Smith
th, over 40 yea
s hobbies are re
me. He likes to
st of his time in
ing in the mou
She is a very

nds over for a
n goes for a w
The building 
City with a tota
shown in Fig. 
tudy room, a 
ace includes m
rooms. 

on Mechanism i

ore reasonabl
ies on the subj
environment [3
used in these s
s far as the 
s is concerne
vertical conte
in the ne

t model of this
ted by the sc
ent from thei

been adopt
ent model of "

environment 
innermost le
tarting point 
tinguishing a 

 

h, Mrs. 
ars old, 
eading 
o have 
n front 
untain. 
y good 
a meal. 
walk in 
site is 
al area 
3), the 
dining 
master 

 

in an 

le and 
ject of 
3], [4], 
studies 
Cloud 

ed, the 
ext and 
etwork 
s study 
cholars 
ir tree 
ted to 
"radial 
model 

evel is 
of the 
public 

spac
whi
livin
third
Afte
syst
equ
the 
poss
env
pres
hier
elem
Lev
info
reco
hav
elem
rela
in te
may

B
the E

E
the 
kind
in th
of e
loca
Sim
the 
env
happ
calc
the 
inde
func
follo

 

 
whe
info
is do

 
    IF
and 
cons
the u
    IF
= 2 a
and 
with
    IF
obje
    IF

ce from a priv
ich is the spatia
ng room, a stu
d level, also 
er the spatial d
tem must be a
ipment each s
information 

sesses. Throu
ironment info
sented. The 
rarchy chart i
ments. The O
vel, indicating
ormation of th
orded. Therefo
e communicat

ments in each
ationship appro
erms of space.
y be reduced w

B. Apply the C
Event 

Environment c
event that may
ds of context in
his study, and D
event with re
ation, object an

milarity functio
DOS of even
ironment infor
pens, DOS 

culation. The r
user is in, and
ex of DOS wh
ction for event
ows: 

DOS ൌ ൥			෍
௜

ere s1 is time, 
ormation, and s
one: 

F (i = 1 and cons
consistent with

sistent with iden
user may involv
F (i = 1 and inco
and inconsisten
inconsistent wi

h the event that t
F i = 3 [numbe
ects] 
F i = 4 [numbe

vate one. The s
al distribution
udy room, a d
the most imp

distribution of 
aware of the se
space may pro
of the objec

ugh the radial
ormation rela
elements in 
interlink, indi

Object Level i
g the equipm
he equipment 
ore, only the eq
tion with each
h level is pr
oach; various 
. The complex
with this appro

Calculation of 

changes over t
y happen. Abo
nformation are
DOS calculati
spect to indiv
nd environme

on. Similarity(
nt with respec
rmation and u
will be com
result may he
d the likelihoo
hich is the ca
t occurrence. T

෍
Similarity

ݏ

௦

௜ୀଵ

s2 is location
s5 is user info

sistent with the t
h the location de
ntity of the user
ve)  
onsistent with th
nt with the locat
ith identity of t
the user may in
er of objects b

er of environme

second level is
n of a smart hom
dining room, a
portant one, i
f a smart home
ervice(s) or th
ovide. Object 
ct equipment 
l hierarchy c

ationship of a
each hierarc

icating the re
is distinguish
ment in var
existing in e

quipment in th
h other. The re
resented with
events are fur

xity of event o
oach. 

DOS to Reaso

time. It takes r
ove section me
e received in th
ion is used to d
vidual user's i
ent information
(si) function is
ct to time, loc
ser informatio

mpared with 
elp system ide
od of an event 
alculated resul
The formula o

yሺ݅ݏሻ
			൩ ∗ 100%

n, s3 is object, 
rmation. This 

time defined for
efined for the e
r and consisten

he time defined
tion defined for 
the user OR (i =
nvolve) 
eing used⁄total 

ent information 

s "Location Le
me, consisting

and bedrooms.
is "Object Le
e is determined
e user informa
Level will re
that each s

chart analysis,
a smart hom

chy in the r
elationship am
hed with Loca
rious rooms; 
ach space wi
he same room 
elationship am

h radial hiera
rther distingui
ccurrence ana

on and Determ

reasoning to k
entions that var
he basis of "ev
determine the D
information, t
n, i.e., the valu
s used to calcu
cation, object

on. When a con
the values 

entify the situa
is shown with

lt of Similarit
of DOS is show

%	, ݅ ൌ 1~5 

s4 is environm
is how calcula

r the event) OR 
event) OR (i = 5
nt with the even

d for the event) O
the event) OR (
= 5 and inconsi

number of rele

being received

evel" 
g of a 
 The 

evel." 
d, the 
ation 
ecord 
space 
, the 

me is 
adial 

mong 
ation 

the 
ll be 
may 

mong 
archy 
ished 
alysis 

mine 

know 
rious 
vent" 
DOS 
time, 
ue of 
ulate 
t and 
nflict 
from 
ation 
h the 
ty(si) 
wn as 

ment 
ation 

(i = 2 
5 and 

nt that 

OR (i 
(i = 5 
istent 

evant 

d⁄total 



International Journal of Architectural, Civil and Construction Sciences

ISSN: 2415-1734

Vol:10, No:7, 2016

880

 

nu

th
ev
tim
co
ha
ev
ha
so
Ho
i.e

umber of relevan
 

Fig. 4 Ra
 
Among the f
ree kinds of "

vening; (2) pre
me, such as 1
oncerned, ther
appen: having
vening, for ex
appens at one 
ome degree, w
owever, there 
e., the time of e

nt environment 

dial hierarchy c

five kinds of i
"time": (1) ab
ecise time, suc
0:00 A.M. to

re several kin
g meal may h
xample. Let's 
of the time se

whether such 
can only be on
event occurren

information]  

chart of spatial e

information us
bstract time, su
ch as 10:00 A.M
o 12:00 P.M.. 
nds of time w
happen in the

assume that 
ettings; we can

an unknown 
ne time for occ
nce, so it is spe

Fig. 3 Floo

event structure

sed above, the
uch as mornin
M.; (3) a durat
As far as "tim

when an even
e morning, no

an unknown 
n then determ

event is Eve
currence of an 
ecified that on

 

or plan of the S
 

 

ere are 
ng and 
tion of 
me" is 

nt may 
oon or 

event 
mine, to 

ent A. 
event, 

nly one 

even
A

loca
bedr
of t
degr
ther
the 
spec
setti

A
time
may
calc
calc
divi
whi

 A
rele
calc
calc
may
two
env

A
the 
user
in th
user
invo
loca

mith's House 

nt time is poss
As far as "loca
ations for an 
room). Let us
the location 
rees, whether 
re can only be
location of ev
cified that onl
ings. 

As far as "obje
e of event may
y be used sim
culated may b
culated. In th
ided into two 
ich is related to
As for "enviro
evant to the lo
culated in the
culated. Since
y be received,
o kinds: the en
ironment info

As for "user in
time of the ev
r profile inform
he case study
r, such as the 
olved and the 
ation yesterday

sible among m
ation" is conce

event to hap
assume that an
settings; we 
such an unkno

e one location 
vent occurrenc
ly one event lo

ect" is concern
y be more than
multaneously. 
be different fr
is study the 
kinds: object 
o the event. 
nment inform
ocation and re
e same way 

e various kind
, the environm
nvironment in
rmation which
nformation," t
vent can be di
mation (salutat
y under this st

complete list
events that h

y, as recorded 

 

morning, noon 
erned, there ar
ppen (such a
n unknown ev
can then de

own event is E
for occurrenc

ce (such as liv
ocation is pos

ned, the object
n one object a

Therefore, h
rom how time
objects used 
which is bein

ation," environ
eceived at the

as the obje
ds of environ

ment informati
nformation of 
h is being rece
the user inform
ivided into tw
tion or name),
tudy; special i
t of all events
happened at ea
d in the historic

and evening.
re several pos
as living room
vent happens at
etermine, to s
Event A. Howe
ce of an event,
ving room), so
ssible among t

s being used a
and several obj
how the obje
e and location
by the event

ng used and ob

nment informa
e time of eve
ect informatio
nment informa
ion is divided
the event and

eived. 
mation receive

wo kinds: the b
 such as Mr. S
information o
s that the user
ach time and 
cal informatio

sible 
m or 
t one 
some 
ever, 
, i.e., 

o it is 
these 

at the 
bjects 
ct is 
n are 
t are 
bject 

ation 
ent is 
on is 
ation 

d into 
d the 

ed at 
basic 

Smith 
f the 
r has 
each 
n. 



International Journal of Architectural, Civil and Construction Sciences

ISSN: 2415-1734

Vol:10, No:7, 2016

881

 

S

Si

wi
sin
of
em
to
of
wh

ele

pi
 

 

C. The Calcul

1) Calculation

"Mr. Smith
room in the a
 

Similarity (Time

imilarity (Locat

DOS (Degr
 
How Similar

ith several ki
ngle choice w
f Similarity(si
mploying, in c
tal number of

f objects bein
here si refers t

2) Calculation

Involved obj
ectrical fan, th
Objects whic
eces in total: 

 

lation of DOS

n of DOS of T

h was doing ar
afternoon:" 

e) =1 (Morning
three,

tion) =1 (Living
two, 

ee of Similarity

rity(si) is calcu
inds of object

with time and l
i) of object s
calculation, th
f relevant obje
ng used) ⁄ (tot
to object. 

n of DOS of O

jects in the 
hree pieces in 
ch are being u

Similarity(si)

DOS = [(12)/(

Fig

S 

Time and Loca

rchitectural dra

g, Noon, Afterno
, then "1") 

 
g room, Study ro
then "1") 

 
y) = [(1+1)/(1+1

ulated: an eve
ts simultaneo
ocation; there
hould be mo

he ratio of obj
ects: Similarity
tal number of

Object vs. Eve

event are wo
total; 

used are work

 =1*[(1+1)/3]=

(13)]*100%=66

g. 5 The digital 

ation vs. Even

awing in the st

oon, either one o

oom, either one

1)]*100%=100%

ent may be inv
usly as oppo
fore, the calcu
dified as belo
ects involved 
y(si) = 1* [(n
f relevant obj

nt 

orktable, ligh

ktable and ligh

2/3 

.7% 

drawing event 

 

nt 

tudy 

of the 

e of the 

% 

volved 
sed to 
ulation 
ow by 
to the 

number 
jects)], 

ht, and 

ht, two 

 

C
of th

In
the 





D

T
sing
how
com

1

T
dete
The
rece
show
occu
for 
Wh
draw
an e
and 
lists
and 
brig

agent group rec
 

 

Combined with
he "Drawing" 
n the event of
objects, workt
Location rela
Time relation
Object relatio
DOS of Draw

D. Analysis of S

This section e
gle or multipl
w to provide t
mputed coordin

) Single User 

The system c
ermines the ev
e relationship 
eives the five
wn in Fig. 
urrence of "di
such an event
en the system
wing," the eve
event and load

the fact; a no
s items of eac

fan speed of
ghtest illumina

ceives the five p

h "Time," "Lo
event is as fo

f "Mr. Smith i
table and light
ation function 
n function Sim
on function Si
wing event = [

Script of Life

explains how 
le users is rea
the most suita
nation model o

and Single Ev

an provide s
vent with whic

among event
 pieces of in
5. Table II
igital drawing
t is thus determ

m determines t
ent agent grou
ds relevant rule
otification is pa
ch service, suc
f air conditio
ation. 

pieces of inform

ocation," and "
llows: 
s in his study 
t, are being us
Similarity (1)

milarity (2)= 1 
imilarity (3)= 
[(1+1)/(+1+1)]

an event con
asoned throug
able item to s
of the event ag

vent Model 

service(s) to 
ch the user is c
ts, after the e
formation of 
shows that t

g" is 91.6%; th
mined and pro
that the curren
up searches fo
es with respec
assed to the se
ch as adjustin

oner or turnin

 

mation 

"Object," the D

room at noon
sed," it is thus:
)= 1 

1*(2/3) 
]*100%=89%

nflict arising 
gh calculation
service agent 
gent. 

the user whe
currently invol
event agent g
such an even

the possibility
he service con
ovided to the u
nt event is "di
or facts about 
ct to both the e
ervice agent w
ng the tempera
g the light to

DOS 

n and 
:  

 

from 
n and 

with 

en it 
lved. 

group 
nt, is 
y of 
ntent 
user. 
igital 
such 

event 
which 
ature 
o the 



International Journal of Architectural, Civil and Construction Sciences

ISSN: 2415-1734

Vol:10, No:7, 2016

882

 

in
wi
co
co
in 
dr
is 
di
ev
pr

sy
fro
th
sy
th
by
th
ag
lig

co
fro
in
tem
of
co
m

2) Single Use

The issue wit
volve single u
ith each othe

onflict in accor
oordination ag
 reasoning. T

rawing and rea
shown in Fig.
gital drawing 

vent, 80%. Su
rovide the user

The main pur
ystem to concl
om the first re
e devices avai

ystem, an air co
en can provid

y the event age
e current even

gent shows t
ghting service

3) Multiple U

The multiple
onflict in the 
om two user
stance, if Mr
mperature ran
f Mrs. Smith i
ontrol model o

maximization o

er and Multipl

th DOS of even
user. The rule
er; therefore, 
rdance with th

gent and load th
Take the calc
ading - for exa
 6. Table III li
as 91.6% wh

uch a message
r the most suit
rpose of the op
lude that the u
easoning resul
ilable for prov
onditioner, an
e chosen servi
ent and coordi
nt is "digital d
that music se
e were provid

Users in the Sa

e-user context 
conditions of

rs in the sam
r. Smith (Us

nge of 22 °C - 
s 23 °C - 25 °
of various deg
of the fuzzy 

e Event Coord

nt may arise fr
s of multiple 
the system m

he event priorit
he most suitab
culation of tw
ample, the DO
ists likelihood 
hich is more t
 is passed to 
table service it
peration mech
user is workin
lt and, in the m
viding service
d six light bulb
ice(s) based up
ination agent, t
drawing." The
ervice, tempe
ded to the u

Fig. 6 The rea

ame Location 

may happen 
f temperature 
me space. Ta
ser A) feels 
24 °C while th

°C, we can ma
grees by using
logic. This st

dination Mode

rom the event(
events may c

must resolve s
ty determined 
ble rules as the
wo events -
S of event "rea
of the occurre

than that of re
the service ag
tem. 

hanism process
ng in the study
meanwhile, to 
e(s), such as a 
bs; the service
pon computed
thus concludin

e record of the
erature servic
user before. A

ading event agen

in a space w
and lighting 

ake temperatu
comfortable 
he comfortabl
anage to provi
g maximizatio
tudy uses the

 

el 

(s) that 
onflict 
such a 
by the 

e basis 
digital 
ading" 
ence of 
eading 
gent to 

s is for 
y room 

detect 
stereo 

e agent 
d result 
ng that 
e event 
ce and 
Among 

diff
user
dev
Tem
23 °
is m
spee
mat
all s

En

 

nt group receive
 

where a 
arises 

ure for 
in the 
e zone 
ide the 
on and 
e logic 

oper
user
tem
tem
The
from
betw
upd
and 

ferent genre of
r prefers class
ice radio that

mperature Serv
°C and a fan sp
made known th
ed are adjuste
tter of Lighting
six light bulbs,

DOS C

Eve
User informatio

Relate (use
nvironment inform

Relate (environ
Time rela

Rela
Location re

Relate
Object rel

Relat

D

es the five piece

rand AND to
r-oriented mem

mperature rang
mperature may 
e comfortable r
m the user's be
ween users' c
dated informati

user B = agen

f music (such 
ical music; th

t is coded as C
vice, since the
peed of Mediu
hrough event 

ed to 23 °C an
g Service, as th
, the system th

TAB
CALCULATION TA

ent name 
on relation functio
er information) 
mation relation fu
nment information
ation function  
ate (time) 
elation function  
e (location) 
lation function  
te (object) 

DOS 

es of informatio

o obtain the 
mbership func
ge is 23 °C-2

be obtained a
range can be o
ehavior model
omfortable ra
ion and store i

nt group AB); t

as pop and cla
erefore, the sy
Classical Mus

e user prefers t
um, such prefe
agent, and tem

nd Medium, re
he user's prefe
hus activates a

 
BLE II    
ABLE FOR SINGLE 

Di
on  

unction  
n) 

[(1+3/4+
+1)]

 

on 

value of a 
ction. As a resu
24 °C in wh
and both users
obtained by tr
l. If there is no
anges, then th
it in the agent g
the value of co

assical music)
ystem activate
sic. In the cas
the temperatu
erence informa
mperature and
espectively. In

erence is turnin
ll lighting dev

EVENT 

igital drawing 

1 

3/4 

1 

1 

5/6 

+1+1+5/6)/(1+1+1
*100%= 91.6% 

"minimized" 
ult, the overlap
hich the optim
s may be satis
acing and lear

o overlapped r
he users can e
group (e.g., us

omfortable ran

), the 
es the 
se of 

ure of 
ation 
d fan 
n the 
ng on 
vices. 

1+1

and 
pped 
mum 
sfied. 
rning 
range 
enter 
ser A 
nge is 



International Journal of Architectural, Civil and Construction Sciences

ISSN: 2415-1734

Vol:10, No:7, 2016

883

 

he
Un

fir
fo
of
pr
in
no
Th
Ho
en
in 
"e
th
ev
co
sh
se
ad
ca
th
co

th
Th
th
m

ence generate
nderstanding u
Generally spe

rst reasoning;
ollowing issue:
f service the 
rovided to two
stance, Mr. Sm

ot know if it 
herefore, a new
owever, the c

nvironment, le
 Fig. 7. There

event agent" to
e system and

vent agent gr
omplicated rul
hown in Fig. 8
ervices, and t
djusted through
alculations; th
rough calculat

onflict between
 

IV. CO

The environm
is study is com
he Event Radi
e floor plan, le

model and coor

ed, which is 
under this stud
eaking, an eve
 however, su
: a new rule mu

system shou
o events by th
mith watches 
should turn o

w rule must be
conflict increa
eading to more
efore, this stud
o wrap up the 
d to distinguis
roup is an in
es can be coor
8. Event pack
the event ser
h setting up. E

herefore, suita
tion and comp
n the services 

Fig. 7 Com

Fig. 8 Simpl

ONCLUSION AN

ment informati
mpleted on the
ial Hierarchy C
eading to the d
rdination mec

called the V
dy. 
ent may be ma
uch an approa
ust be added to
uld provide 
he system hav
TV while eati
on or turn of
e added to res
ases with the
e and complica
dy adopts the 
services in pa

sh the packag
ndependent u
rdinated into a
kage contains 
rvices of vari
Each event has
able service m
parison of even

offered. 

mplicated Rules
 

le Event Packag

ND SUBSEQUEN

ion model of t
e basis of the re
Chart is obtain
development o
chanism for th

Value of Co

ade known fro
ach may cau
o determine th
when the se

ve any conflic
ing, the system
f the music se
olve such a co

e complexity 
ated rules, as 
concept of pe

ackages provid
ges by events.
unit. Therefor
a simple packa
the demands 

ious events c
s the record o
may be deter
nts when there

 

s 

 

ge 

NT STUDIES 

the case study
esult obtained 
ned by transfo
of the "Event A
he situation w

 

ommon 

om the 
use the 
he kind 
ervices 
ct. For 
m does 
ervice. 
onflict. 
of the 
shown 

ersonal 
ded by 
. Each 
re, the 
age, as 
of all 

can be 
f DOS 
rmined 
e is any 

y under 
so far. 

orming 
Agent" 

where a 

con
occu
(use
agen
inte
logi

 

Use

En

Re

 
In

agen
coor
inde
the 
the 
con
prob
of s
avai
setti
even
inst
room
syst
serv
serv
resu
mea
serv
ligh
base
agen
find
pref
by o
of u
of th

C
way
to f
emp
whi
the 
auto
high

flict exists am
ur simultaneou
ers) in the cas
nt; and a set 

erior designer 
ically. 

DOS CA

Event na
er information rel

Relate (user info
nvironment inform

functio
late (environmen

Time relation 
Relate (tim

Location relation
Relate (loca

Object relation
Relate (obj

DOS

n an actual en
nt to complete
rdinate and co
ependent agen
factor of "we
actual environ
flict, it takes 
blem. The eve
smart home s
ilable based o
ings to the de
nt agent group
ance, the syste
m and there ar
tem, lights, an
vice agent can 
vices, and so 
ult that the us
anwhile, dete
vice(s), such a
ht bulbs; the se
ed upon comp
nt. If no event 

d many service
ference, the us
one. If the syst
user events, the
he user based 

Communicatio
y of decision m
find the optim
ploys the decis
ich user's prio

decision in
omatically. Fo
her than that 

mong multiple
usly. The scrip

se study of the
of solution is
to evaluate 

TAB
ALCULATION TAB

ame 
lation function 
formation) 
mation relation 
n  

nt information) 
function  
me) 
n function 
ation) 

n function 
ject) 

[
+

nvironment, it
e the task alone
ollaborate to r

nt may not be a
eight" alone, g
nment. When 
 agent group

ent agent under
ervice. The sy

on user locatio
evice and suc
p to help the sy
em detects tha
re devices in th
nd an air con
provide inclu
on. The syste

ser is eating i
ects the dev
as a stereo syst
ervice agent ca
puted result b
agent is creat

es. Since the s
ser then is req
tem has the eve
en it can deter
on his/her hab

on and coordin
making becaus

mum balance p
sion making a
rity assigned 

n a conflict
or instance, the
of "reading." 

e users in cas
pt of life of th
e house is ver
s provided for
the needs of

BLE III 
BLE FOR MULTIPL

Digital drawing

1 

3/4 

1 

1 

5/6 

[(1+3/4+1+1+5/6)
+1+1+1+1)]*100%

91.6% 

t is difficult f
e; agents in the
resolve the pr
able to address
given the comp

the agent fac
p to take acti
r this study is 
ystem seeks t
on. The user 
h settings wil

ystem make ser
at the user is e
he dining room

nditioner. The
ude temperatur
em detects fro
in the dining 
vices availabl
tem, an air con
an then provide
by event agent
ed, the system
system does n
quired to verif
ent agent whic
rmine itself an
bits and prefer
nation is a na
se the informa

point. In view 
approach of "ev
to the events 

ting situation
e priority of "d
When the us

se multiple ev
he family mem
rified by the e
r the building
f the smart h

LE EVENT 

g Reading

1 

2/4 

1 

1 

3/6 

)/(1
%= 

[(1+2/4+1+1
/(1+1+1+1+

00%= 80

for an indepen
e agent group m
roblem faced. 
s the problem 
plexity existin

ces the dilemm
on to resolve
applied in the
the service de
can make fav
ll be stored in
rvice decision

eating in the di
m, such as a st
e services that
re, light, and m
om first reaso
room, and, in
le for provi
nditioner, and 
e chosen servic
t and coordina

m may help the
not know the u
fy the services
ch stores the re
nd satisfy the n
rence. 
atural and effic
ation is exchan
of this, this s

vent priority" 
are compared

n can be m
digital drawin
er is doing di

vents 
mbers 
event 
g and 
home 

g 

+3/6)
1)]*1
% 

ndent 
must 
The 
with 

ng in 
ma in 
e the 
 area 
evice 
vorite 
n the 
n. For 
ining 
tereo 
t the 

music 
oning 
n the 
iding 
four 

ce(s) 
ation 
 user 

user's 
s one 
ecord 
needs 

cient 
nged 
study 
with 

d and 
made 
ng" is 
igital 



International Journal of Architectural, Civil and Construction Sciences

ISSN: 2415-1734

Vol:10, No:7, 2016

884

 

 

drawing and listening to music simultaneously, the system 
would only consider the services needed for "digital drawing" 
while the service for "reading" would be ignored. Moreover, it 
is also found that there is a difference in the degree of 
involvement with respect to Time, Object, and Location in an 
event, such as the case in which the event is influenced by time 
more than by location. The calculation mechanism offered by 
this study cannot solve this problem at the moment; therefore, it 
will be the subject of an extended study under this study. 
Objects of communication model and the multiple factors that 
establish the trigger sequence in linking objects will be created 
continually in addition to the use of mere weight in making 
decision. 
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