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Abstract .

The energy consumption in buildings accounts for 38% of total energy co r?m and
the lighting energy consumption in Korea shows a high ratio as 22%. Theref@\ purpose

of this study is to propose a more effective energy savin nﬁgd base rt Lighting

Control System using User Awareness Technology for redwc
energy in buildings. A basic model of Smart Lighting Co stem sed in this study,
and its effectiveness is proven through the per ante e i

evaluation was carried out in the way of comparifg=power co ption between On/Off

lighting control method and Smart Lighti ontrol,, m according to the user
illumination requirement. The analysis re WS that ower consumption of User
Awareness Technology based Smart L| Contr ystem is lower than the power
consumption of On/Off lighting contr in summer and Types 1 and 2 in
spring equinox and autumn equmoﬁenergy erformance is shown from User C in
summer and Users B, Cand BC i g eqyl and autumn equinox.
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1. Introduction ‘\Q %
The urban ar@bansion@to industrial developments has created an issue of
ns

excessive e umptign. The energy consumption in buildings accounts for 38%
of total eneryg onsun@and the lighting energy consumption in Korea shows a
high ratio as 22%. the issue of excessive lighting energy consumption in
buildings continue rease over time, so efforts to solve this issue have been made
in various field se days. Among them, Smart Lighting Control System using IT such
as location awareness technology is receiving attention as a new area of study in
reducing in\%lighting energy. For efficient lighting control of indoor space, various
contexts t be considered in applying to the integrated system[10].

:@ , the purpose of this study is to propose a more effective energy saving
s ased on Smart Lighting Control System using User Awareness Technology for
> the consumption of lighting energy in buildings. A basic model of Smart
Lighting Control System is proposed in this study, and its effectiveness is proven
through the performance evaluation.
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2. Energy Saving Lighting Control System

2.1. Consideration of Lighting Control System

Indoor lighting is an essential element for securing interior illumination not fulfilled
due to temporal and spatial reasons in the lighting performance of building. Indoor
lighting is used as a secondary light source for illumination in the daytime and it is used
as the main light source at night, so it is necessary to control indoor lighting reasonably
depending on the circumstances. The lighting control in on/off mode which is
commonly used now can be controlled through manual operation of the space user, so
energy loss is inevitable.

A study on the lighting control system for the purpose of energy saving can be ca[ried oyt
from two steps. The first step is to develop the lighting control system using a%lest
technologies such as Sensor Technology for supplementing previous dr » This
depends on the technology-intensive performance, and this is also the tgn toward
automation which minimizes user intervention. The second st? i

control system plans based on the internal characteristics
indoor lighting is managed according to the users' de it"is ibl€ to draw energy
saving measures through the analysis of user behav‘ eC|f| s which cause user
behavior. In this context, the basic research for . oping t art Lighting Control
System which responds to technology- |nten3| aracterlstqn spatial characteristics is

carried out in this study. 0
2.2. Characteristics of Smart Lightin \ i&:@
Smart Lighting Control Syste lies an igent system through convergence
with IT, breaking away frg% htmg@ntrol method. Smart Lighting Control
ose

System has the following two p

First is the lighting y redu ffect. Activity space of humans requires
appropriate |IIum|r1at e soyrce “f sunlight flowing indoors has a limited
securement of illu ton, and artificial lighting is used, which consumes energy
in management. uce en sumption, a paradigm shift in the control system

is required, intelligent system accedes to that demand.
Second i proviﬁ‘ pleasant light environment. Environmental comfort is
determined by the de light, temperature, humidity and noise, and among them,
light environment reat influence in visual environment which accounts for more
than 80% of se e light environment beyond a proper level of illumination may
give a direct effégt’'on human behavior, and human behavior can be also affected by
color temp%#ue, uniformity ratio of illumination and glare. Smart Lighting Control
System es a pleasant light environment to meet such demands on a real-time
basis, { oving the quality of the use of space.
way, Smart Lighting Control System has an advantage to draw the energy
sa performance as well as occupants' satisfaction. There is a wide variety of IT
technologies that could apply to Smart Lighting Control System, and those technologies
may underline different performance to each other according to the composition.
Therefore, it is most important to bring the maximum performance stably by combining
various technologies effectively for Smart Lighting Control System. This study is
carried out based on User Awareness Technology which is one of intelligent
technologies among the applicable technologies on Smart Lighting Control System.
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2.3. Implementation of Smart Lighting Control System [10]

The key to Smart Lighting Control System is in intelligent integrated system. The
differentiation factors of intellectualization are automation in which it is not controlled
directly by people, ability to judge the situation real-time, and performance that
maintains the optimum space environment. The intelligent system began from the
intelligent building system (IBS) and has since continued to evolve in order to improve
performance along with the advanced IT.

The key mechanism of Smart Lighting Control System includes collection of spatial
data, judgment by control algorithm, and correspondence to maintain the optimum
environment. In the spatial data collection process, various sensor technologies that
meet the required conditions are used. Data collected from this process are analyzed by
the algorithm of the control logic of Smart Lighting Control System, pro uWe
optimum value. The ultimately produced value is printed as the physical perf e of
the lighting control, resulting in effective lighting energy consumption oviding

the optimum light environment s
2.4. Ways to Improve Performance of Smart Lighting \ System
To improve performance of Smart Lightin trol S’ég\(lt is necessary to

analyze factors that influence performance and™e€stablish ntegrated system to
determine and collect types of valid data. Q

*

Table 1. Factors that Influence Per, ceq@art Lighting Control System
PY L0

Whégheg there are occupants within the space
_ bocation of user within the space
) \(O Users' lighting requirements

Factors that influence @\
e

energy saving performan

Factors that influence performance i \\ Type of spatial programs

providing a pleasant @wronme Users' lighting requirements

This study |s icv out the illumination demanded by users among the
factors showp=ifi\Table 1. Use smg the space have various lighting requirements.
However, t @ eral li control method that has been implemented thus far had
limitations i at it c not meet such diverse lighting requirements. The simple
ON/OFF lighting ¢ ethod provides a uniform illumination, thereby failing to

wasting unnecessaly lighting energy. Therefore, this study aims to propose a basic

increase the qualifative level of the light environment and also causing the issue of
model of@%u hting Control System based on user awareness, and verify its energy

saving pe nce through an experiment on the test-bed.
3 Awareness Technology based Smart Lighting Control System
B Model

3.1. User Awareness Technology

User Awareness Technology means the acquisition of various information regarding
users such as name, age, gender, health condition and requirements, and the user state
or required services are searched and analyzed based on such information to provide
user-oriented service. User Awareness Technology may be classified into the method of
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using communication and method of using biometric information according to the
recognition method.

Table 2. Type and Characteristics of Communication Methods Used in the User
Recognition System [1]

Communication

Classification

technology

Characteristics

Active Badge

Infrared-ray
communication

A high possibility of crash occurrence as the number

of users increases

Too much signal interference due to surrounding

Active Bat Ultrasound : . : )
environments high system configuration cost
RFID UHF method Less error problem but short communication an
Zigbee IEEE 802.15.4 Low installation cost but seriously affected

obstacles such as wall

The user recognition method using communlcatlo

e me @ collect user
information by identifying unique ID of user sto ard. Various
technologies regarding communication can b

for thod, and those
technologies can be classified as shown in Tabl he use gvﬁmtlon system using
the communication method has an advantage 4@ _have hig ition rate without any
effect from the surrounding environment&r sucﬁ%ightness. However, users

should always carry a sensor such as tag on the bo

The recognition method using bio mfor is the method of extracting and
using unique biometric mformatlon f man uch as fingerprints, iris, face and
voice of users for recogni |o the r c ition rate with only one biometric

information is low, the b| metri gmtlon method which improves the
recognition rate by comblnmg various r of biometric information is used, and the
classif shown in Table 3.

multi-biometric system c

Table 3. W nd W&‘HSUCS of Multi-biometric System [1]

Classific Characteristics
Multi-bioredr Re? by collecting and judging information such as fingerprints,

facg, WS, vein and voice comprehensively

Multi-module ize all ten fingers during the fingerprint verification process
Multi-acquisitio& ognize biometric information repeatedly for a number of times

\, Recognize using a semiconductor, optical instrument or ultrasonic
sensor

Multi-sensor

P

Since @s difficult to reproduce biometric information of human being, high
reliabi an be secured, but there are also inconveniences such as the probability of
r n and procedures. Due to these characteristics, the multi-biometric system is
suitale for the environment where security is required, but it may be difficult to apply
this system in normal environments.

3.2. User Awareness Technology Application in Smart Lighting Control System

Indoor comfort exists diversely according to the preference or conditions of
occupants. The level of individual demand on environmental comfort is affected by
purpose of space use, age group and preference. Most environmental control methods
intend to maintain the environments closely to the recommended value so that it is
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possible to secure stable average value but there are limitations on the guarantee of
detailed satisfaction. Therefore, studies on the environmental control system which
satisfies both comfort and efficiency are necessary. In this context, securement of both
energy saving performance and user satisfaction is set as an important condition for the
study on the on Lighting Control System for reducing indoor lighting energy in this
study.

In order to satisfy the set conditions, a basic model of User Awareness Technology
based Smart Lighting Control System is proposed. The application of User Awareness
Technology can lead the establishment of effective control system in response to
various user needs and improvement of energy saving and the quality of spatial
environments. In order to apply User Awareness Technology effectively, it is necessary
to make efforts to minimize users' inconvenience created from the system deve%n(ent
process. It's because it is difficult to secure energy saving performance i ceséive
inconvenience is imposed to users. Smart technology should provide fuldservices
without being exposed. Therefore, Zigbee based wireless communicatjoQ i
to be suitable for the User Awareness Technology (nethod in t Lighting
Control System study, and the basic model based o onw( on method is

proposed in this study.

The performance of basic model of User enessw ogy based Smart
Lighting Control System is secured throug dures. First, different
levels of illumination according to various ée users et to the system. Second,
the user recognition in the space is recel rough th g carried by the user. The

required level of illumination determ rou recognized user information is
provided to the space to satisfy t %r sat Here, if illumination flowing
indoors from the outside is meas d appll the lighting control system, energy
can be saved more effectlveQ

4. Performance Eval n

The energy sav, ormange \of proposed basic model is verified through the
experiment on th ﬂ& ed. riment is carried out through the comparison of
eén the case User Awareness Technology based Smart Lighting

Control Sys licati the case of no application. The experiment environment
setting and s rio for mance evaluation are as follows.
4.1 Test-bed Envi nts

In order to e ate the performance of proposed basic model, the experiment is
carried out%me test-bed of real life environment. The main configuration of test-bed
is as sho@’I Table 4 and its actual conditions are as shown in Figure 1. The test-bed
consistS@fthe interior space and the chamber space for simulating light environment.
Tdie Jattetior space is equipped with the illumination sensor for recognizing the
enwrgnment information so that various experiment environment settings are possible.
A window is installed on one side of the wall which is connected to the chamber, and
the high power artificial light source is installed inside of the chamber so that the
simulation of natural lighting is available. The artificial light source consists of 00
lamps and the simulation of lighting environment for each season can be carried out
through the adjustment of brightness, height and angle.
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Table 4. Main Configuration of Test-bed

Test-bed Window Camber
4.9m(W)x6.6m(D)x2.5m(H) | 2,200mm(W) x 1.800mm(H) | 4.5m(W)x2.7m(D)x4.6m(H)
wall: reflexibility 46%, pair glass wall: reflexibility 46%, ceiling:
ceiling: reflexibility 86% 12mm(3mm+6mm-+3mm) reflexibility 86%

i
*.§

| 1225

.2 075 2,450 2,075 1

p@ Environment Setting for Experiment

The environnde ettmg for experiment is as follows. The inside of test-bed is
divided into 4 zomes and an artificial light source in On/Off lighting control method
which pro roper level of illumination is installed on the ceiling of each zone. The
sensors_f easuring the level of illumination are arranged at intervals of 2450mm at

th e of each zone as shown in Figure 2. The illumination sensors are installed at
8% 0

rom the floor surface based on the height of user operation.

4.2 User lllumination Requirement Setting and Lighting Simulation

The user illumination requirement setting of User Awareness Technology based
Smart Lighting Control System is as shown in Table 5. Space users are set as family
member A, B and C, the space users are classified by age, and 600 Ix, 400 Ix and 300 Ix
are set respectively for the user illumination requirement of 60s, 40s and 20s. This
setting is based on the fact that a higher age requires higher illumination requirement.

6 Copyright © 2014 SERSC



International Journal of Smart Home
Vol.8, No.5 (2014)

500 Ix is set as the illumination requirement setting of On/Off lighting control system
which is the comparison target based on the relevant studies for all illumination
requirements.

Table 5. lllumination Requirement Setting for Experiment

A (60s) B (40s) C (20s)
Smart nghtlng_ Control _System 600 Ix 400 Ix 300 Ix
User lllumination Requirement
On/Off lighting control System
- ; 500 Ix
User lllumination Requirement

0
The time range to be applied in the experiment is between 12 PM to th
lighting toward the south. The result of measuring incoming illumination door

in the lighting simulation for each season using the test-bed chamber S own in
Table 6. The measurement result showed that the illufpination er season
exceeded 600 Ix which was the maximum user illumina qmrem all zones, so

ange is limited

it was excluded from the experiment range. Therefor e pe
to summer, spring equinox and autumn equinox.

Table 6. Results of the Measurement ef@inance %b‘ut into the Indoors at

Noon fgo | South
Seasons \Zone‘l\ @:)ne 2 Zone 3 Zone 4
Summer Solstice < 329.§Q W 1310.41 389.85 2599.82

Spring and Autumnal Equin @ 4}24.74\ 1325.28 577.89 2736.34
Summer Solstice ’Q‘.Iﬂs 1787.03 | 1351.19 | 13433.27

4.3 Method of Experu@

When a user € nto -bed, User Awareness Technology based Smart
Lighting Controly m flgur he user illumination requirement through the tag.
For any zon does atlsfy the user illumination requirement in the space, the

secure the level of illumination. The number of entering
he personnel organization of users is a total of 7 times, and
the relevant hierar illumination requirement is as shown in Table 7. In case two
or more users e@to the space, lighting is controlled by giving priority to the user
with higher |iII ination requirement. Finally, the energy saving performance is

indoor light eisu
into the space accordj

examined t h the comparison of power usage between the case of On/Off lighting
control the case of User Awareness Technology based Smart Lighting Control

S0
%able 7. Hierarchy of lllumination Requirement According to the User
Configuration in the Space

:ggmlrg?;frﬂ Type 1 Type 2 Type 3
A (60age) 600 Ix A AB/AC A B, C
B (40age) 400 Ix B B, C -
C (20age) 300 Ix C - -
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4.4 Performance Evaluation

In order to verify the performance of User Awareness Technology based Smart
Lighting Control System basic model proposed in this study, the comparative
experiment with On/Off lighting control system is carried out. The details of
experiment carried out according to the method setting are as shown in Table 8.

Table 8. Experimental Measurement Result

User / Zone 1 Zone 2 Zone 3 Zone 4 Electronic
System | Season| Type | Illumination | Lighting | Lighting | Lighting | Lighting | Consumption
requirement / Lux / Lux / Lux / Lux (kwh)
Al on/ off / off / off / 0.0513
500 817.31 | 1341.09 | 561.44 | 2637.55 0.0513
Tvoe 1 B/ on/ off / Off / off /
yp 500 817.31 | 1341.09 | 56144 | 2637.55 ;
c/ on/ off / Off / off I Vosls
500 817.31 | 134109 | 56144 | 263758 |ANY
AB on/ off / 7 AN 4
Sl 500 817.31 | 1341.09 \6%4’ 287 0.0513
AC/ on/ off / X)
T2 500 81731 | 1341000 \ob1.44 \%? 5 0.0513
BC/ on/ I\ Off / 7
500 817.31 1@ 561\’. é A637.55 0.0513
on/off ABC on/ 0 Off / Off /
Lighting IS 500 817.31 41.09 _%44 2637.55 0.0513
Control Al On/, Off / ! Off /
System 500 90@@ 135,06 | Winds | 277407 0.0513
B/ ff Off / off /
T2 500 8 ) 74048 | 277407 0.0513
c/ / d?%\ off / off/
Sorin 500, Q’. 60.13 ’1&55 6 | 74948 | 2774.07 0.0513
i B 7 ony off / off / off / 0.0513
A \ | 9601 355.96 | 749.48 | 2774.07 :
Tvbe 2 AC/ off / Off / off / 0.0513
yp 500 603" | 1355.96 | 749.48 | 2774.07 :
c/ 7 off / Off / off /
RA N\ 500 o\ 96013 | 135596 | 749.48 | 2774.07 0.0513
A on/ off / Off / Off /
> 50 3960.13 1355.96 | 749.48 | 2774.07 0.0513
\ /v on/ Off / off / off / 0.0513
e 817.31 | 1341.09 | 56144 | 2637.55 :
/ on/ off / Off / Off /
Type 16 B 400 817.31 | 1341.09 | 56144 | 2637.55 0.0513
c/ Off / off / Off / Off / 0
Smart N\ 300 329.92 1310.41 561.44 2637.55
Lighting v AB/ on/ Off / Off / Off /
Control S”mmeQ 600 817.31 | 1341.09 | 56144 | 2637.55 0.0513
System AC/ On/ Off / Off / Off /
*,‘ WIED 2 600 817.31 | 134109 | 56144 | 2637.55 0.0513
O BC/ on/ off / Off / Off / 0.0513
O 400 817.31 | 1341.09 | 56144 | 2637.55 :
ABC/ on/ off / off / Off /
@ Type 3 600 817.31 | 1341.00 | 56144 | 263755 0.0513
Al on/ off / Off / Off / 0.0513
600 960.13 | 135596 | 749.48 | 2774.07 :
Tvoe 1 Y Off / Off / Off / off / 0
Smart | o yp 400 47274 | 132528 | 577.89 | 2736.34
Lighting f\ndg c/ Off / Off / Off / Off / 0
Control | , A0 300 47274 | 132528 | 577.89 | 2736.34
System AB/ On/ off/ off/ Ooff/ 0.0513
Tvoe 2 600 960.13 | 1355.96 | 749.48 | 2774.07 :
yp AC/ on/ Off / Off / off 1 0.0513
600 960.13 | 135596 | 749.48 | 2774.07 :
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BC/ Off / Off / Off / Off / 0
400 472.74 1325.28 577.89 2736.34
ABC/ Oon/ Off / Off / Off /
LI 600 960.13 1355.96 749.48 2774.07 0.0513

The experiment result is as follows.

First, according to the experiment result of On/Off lighting control, the illumination
requirement of Zone 1 was inadequate at all types including summer, spring equinox
and autumn equinox. Therefore, a total of 7 artificial lightings were used to satisfy the
illumination requirement.

Second, according to the experiment result of Smart Lighting Control System, the
number of artificial lighting used due to insufficient illumination requirement at the
summer setting is a total of 6 artificial lightings. The artificial lightings use r each
type include two Type 1 artificial lightings, three Type 2 artificial Ilghtln
Type 3 artificial lighting.

Third, according to the experiment result of Smart hting C s em, the
number of artificial lighting used due to |nsuff|C|ent natlon e ent at the
spring equinox and autumn equinox setting is a to ar, |f|c ghtmgs The
artificial lightings used for each type include one rtificia ing, two Type 2
artificial lightings and one Type 3 artificial Iighti \/

4.5 Result of Performance Evaluation

The analysis result shows that Wer ptlon of User Awareness
Technology based Smart Lighting Co yste er than the power consumption
of On/Off lighting control metho pe 1 mer and Types 1 and 2 in spring

equinox and autumn equinox. gy S rformance is shown from User C in
summer and Users B, C and spring %x and autumn equinox.

5. Conclusion \Q

The main result b@ summarized as follows.

First, On/Off I \N contr d can be done only through manual operation, so
it is difficu c |eve h lighting energy saving. Smart Lighting Control
System is thg augomatio m with IT technology applied in order to make up for the
disadvantages of Oon/ &ghtmg control, and it provides lighting energy saving and
pleasant light enviro t.

Second, there } de variety of IT technologies that could apply to Smart Lighting

Control System, those technologies may underline different performance to each
other acc to the composition. Therefore, it is most important to bring the
maximu ormance stably by combining various technologies effectively for Smart
Lighti trol System.
i he primary mechanism of Smart Lighting Control System is carried out in
ce of collection of spatial data, judgment according to the control algorithm and
response for maintaining the optimal environment. Various sensor technologies to
respond to required conditions are used in the process of collecting spatial data.

Fourth, factors that influence the energy saving performance of Smart Lighting
Control System include the occupation in the space, user position, and user illumination
requirement, and factors that influence the performance to provide pleasant light
environment include the type of spatial program and user illumination requirement.
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Fifth, User Awareness Technology is divided into the method of using
communication and the method of using biometric information, and for the Smart
Lighting Control System application, the method of using communication which
minimizes inconvenience of users is more suitable.

Sixth, the performance evaluation result of basic model of Smart Lighting Control
System proposed in this study proved that it had higher energy saving performance than
On/Off lighting control method. The energy saving performance is confirmed from User
C in summer and Users B, C and BC in spring equinox and autumn equinox.

In this study, the basic model of User Awareness Technology based Smart Lighting
Control System was proposed for lighting energy saving and its validity was verified
through the performance evaluation on the test-bed. Studies with regard to energy
saving according to spatial program among the factors that influence the performance ef
Smart Lighting Control System will be necessary in future. ?;n\/
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