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Abstract Although research and technology developments have recently increased to save lighting energy within buildings,
such research and technology development are judged to be unsuitable for energy savings since they are limited in the sense
that the application of the technology is fragmented. This study proposes a user and location awareness technology applied
to dimming lighting control system and verified the effectiveness of energy savings by building a test bed. The results were
as follows : 1) This study suggested a user and location awareness technology applied to dimming lighting control system.
2) The system shows 96.6% and 82.8% energy saving rates, respectively, on the basis of one user, compared to an on/off
lighting control and the user and location awareness technology applied to on/off lighting control system. 3) The energy
consumption of the user and location awareness technology applied to on/off lighting control system and the user and location
awareness technology applied to dimming lighting control system increased to 96.6%, 88.3%, and 59.6% and 82.8%, 85.0%,
51.5%, respectively, on the basis of one, two, and three users, compared to the on/off lighting control system. This study
confirmed the energy saving performance of the user and location awareness technology applied to the dimming lighting
control system through performance evaluation. In this regard, further study needs to be undertaken to evaluate the performance
at night time.
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Table 1 Classification and characteristics according to lighting control types
Classification Control format Characteristics
ff .
. Qn/O Manual . ° The most used mode, due to cheap price and
lighting control Switch . . .
control convenient installation
system
Lighting is turned on/off by o Automatic control of lighting’s on/off by real time
Sensor . . P . . .
D Automatic  identifying whether the user is in sensing whether the user is in the room or not
lighting control . . .
control the room through the detection of ° Usability is low, because only whether the user is
system s . PR .
movement within the space in the room is identified
L o Although, installation cost is expensive, ensuring
Dimming . .
D Manual . . . the pleasantness of the environment is easy
lighting control Providing illuminance in stages . . . .
svstem control o Energy saving effect by setting illuminance in
Y stages
Mixed Manual and ' . o Linking system of sensor technology and' dimming
C . Illuminance is controlled through ° Compound mode of manual and automatic control
lighting control  automatic . . . L . .
detection sensor and dimming o Various applications are possible, according to
system control

algorithm building mode
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Table 2 Types

and characteristics of user and location awareness technology according to communications mode

Classification Coverage Characteristics Application mode
GPS
Macro Outdoor . . . - . .
GPS . Providing extensive location recognition area Mobile communications
system within 10 m
network based system
ZieB Indoor Although, installation cost is low, reflection reduction
igBee . . ) .
& within 2~10 m and distortion are caused due to obstacles
. Although system architecture is simple and cheap, there Infra-red communications
. Active Indoor . . .. .
Micro o is distance restriction, and collisions arise when the based system
badge within 5 m . )
system number of users increases RF signal based system
Acti Ind Interruptions in signals is severe, according to the Ultrasound-based system
ctive ndoor ) . . .
o surrounding environment, and system architecture cost is
bat within 9 cm .
high
In the environment, where additional hardware
Indoor introduction for location recognition is difficult, the .
Ad-Hoc . . ) . . Centroid
Centroid and location is calculated with only wireless link .
system . . . . Distance Vector
outdoor connectivity with reference nodes having location

information

Table 3 Standard lux(KS A 3011 : 1998)

Type of activity

Visual performance according to the

degree of general-brightness
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Fig. 1 User and location awareness applied dimming
lighting control system.
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Fig. 2 Flow chart : User and location awareness
applied dimming lighting control system.
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Table 4 Main configuration of test-bed
Test-bed Model Outline
4.9 m[W]x6.6 m[D]x2.5 m

Space size [ceiling height]
and material Wall : Reflexibility 46%,
Ceiling : Reflexibility 86%
2,200 mm[W]x1.800 mm[H]

Pair glass 12 mm

[3 mm+6 mm+3 mm]

Window size
and material

Aspect South aspect

Test-bed and chamber view
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Fig. 3 Main configuration of test-bed.

Table 5 Illumination requirement setting for
performance evaluation

A B C

Classification [60 ] [40 s] [20 ]

Illumination requirement

. 600 1x 400 1x 300 Ix
according to user awareness

Illumination requirement
according to non recognition 500 1x
of user
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Table 6 Setting of type for performance evaluation

User and
Lighting control types On/Off Dimming location
awareness
On/Off lighting control o X X
User and location
awareness applied o X o
On/Off lighting control
User and location
awareness applied X o o

dimming lighting
control

Table 7 Electricity consumption according to the
level of dimming lighting control

Dimming | 00y 00 1v3 Lva Lvs Lve Lv7 V8
lighting (On)
EC.

012 0.018 0.022 0.028 0.034 0. 43 0.051
Gy 0012 0.018 0022 0.028 0.034 0039 043 005

E.C : Electronic Consumption.
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Table 8 Results of the measurement of luminance
brought into the indoors at noon from full

south
External Indoor illuminance [Ix]
Seasonal Time illuminance

divisions 1lui Sensor Sensor Sensor Sensor

[1x] 1 2 3 4
10~11 20,000 606.2 1190.1 899.8 8946.5
Winter T 30,000 9103 1787.0 13511 134332

Solstice

14~15 20,000 606.2 1190.1 899.8 8946.5
Spring and 10~12 50,000 393.7 1103.8 481.3 2279.3

Autumnal 12~14 60,000  427.7 13252 577.8 2736.3
Equinoxes 1415 50000 3937 1103.8 4813 2279.3
10~12 80,000 329.9 13104 389.8 2599.8
12~14 70,000 288.6 1146.6 341.0 22748
14~15 80,000 329.9 13104 389.8 2599.8

Summer
Solstice
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Table 9 Results of electricity consumption

Electricity consumption [kWh]

User and User and
location location
Seasonal On/Off  awareness awareness
divisions lighting applied applied
control On/Off dimming
lighting lighting
control control
1 User
Winter Solstice 0 0 0
Summer Solstice  8.465 1.536 0.044
Spring and
Autumnal 13.845 2.304 0.705
Equinoxes
Total 22.310 3.840 0.749
2 Users
Winter Solstice 0 0 0
Summer Solstice  8.465 2.304 1.260
Spring and
Autumnal 13.845 3.840 1.224
Equinoxes
Total 22.310 6.144 2.484
3 Users
Winter Solstice 0 0 0
Summer Solstice  8.465 3.072 1.704
Spring and
Autumnal 13.845 3.840 1.647
Equinoxes
Total 22.310 6.912 3.351

Results of electricity consumption [kWh]

2231
2231
2231

On/Off
lighting control

User and location 3.840
awareness applied
On/Off lighting = 6.144
control 6912

User and location 0.749 i

awareness appl\ed 2484 I 2 Use(s
dimming lighting | - 3U
control 3.351 - - - S—eri‘

0 5 10 15 20 25

F AR, AREAL B 2RI 71E A8 Y 29
ol AHEAL 10E 71E 2. & On/Off 2R A o] 9k ARg-2}
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Table 10 Performance evaluation results of 1 user

User and location awareness applied On/Off ~ User and location awareness applied dimming

Time [(l)xg ULA On/Off lighting control lighting control lighting control

2 3 4 Tllumination/Lighting control E.C[kWh] Illumination/Lighting control E.C[kWh] Tllumination/Lighting control E.C[kWh]

Winter solstice
W A x x x GRS, Ao i owes g i
o mae x x A x T UOT W mas, ded ipor mer s ol ol menwes
11:00 X X X A 606.2 1190.1 899.8 8946.5 0 606.2  1190.1 899.8  8946.5 0 606.2  1190.1 899.8 8946.5 0
Off Off Off Off Off Off Off Off Off Off Off Off
U x wox x W MO mLUEED s w0 i Rm3 s mmonan e
s w X x x w0 ORI olonmmwmimmso e oo i
RN i e a
w0 e T T T T e, e e nee
13:30 x x x e % or or o 0 o on of or ° on or of or °
14:00 c x x x o or" or ons © Cow 'on of on. ©  ‘on on on o
EIEEREN A A
oo e e e e T e s, e e e e
Spring and autumnal equinoxes
101 00 A X x xS LSS N0 2EIA s B0 TR 68 20 geps 2 TIN0 ST 280 g0
1030 x x oA x TGN e Tor oot o o ‘onn om0 o 'on L Tow 006
oo soo x x x a MGG VOO FOE oo oY 'ow ‘or or °  of om on on  °
1130 x B ox x MO TS et Ton oot o 'or' or om0 on low on or
12: 00 Box x o x G T T o oot %o 'opt ‘or Tont oo UW 'or on om 000
12:30 x x B ox 00 Ot or Tor oo o ow o or ‘o 'on or _or °
e X oxox e G0 N Ton Toe oo W SR or o 0 oi on om or
i x x x ¢ Q0 RS TSR MR ews TONR W Tow 0 R W w0
14: 00 c x x x %0 R 0w Ton oo O R or Cor 0 ox ow on or  °
X e x TR T TR Tont ot o Ton on o on lon on on
15 00 x o ox x T TR TGS Tor oot oy ow' ‘or or  ©  of 'on or _or °
Summer solstice

10 : 00 A X X X 92):7 12(())?‘:1 10(3):'3 23(;2}:9 0.051 7Z)Sn.9 11(;112 SCI)ZﬁS 233?{'5 0.025 653'52 HSZ:S 4(6)51%8 23(?;1:3 0.017
10130 X X oA x O DL AGMI A g5 A4 TTL2 SO 22 ggps D2 D6 GLLZES 0014
nio oo x x x4 Pl TRt TGP TR oo PGP TGR o Ton  © om om on om °
11230 x B ox x0T ot e Ton oo o’ on Cor om O om om on or °
12:00 Box o x o x O ot o Ton oot oY Tor Con om0 N 'ox’ on Con 0w
12:30 x x B ox 0 T 000 Ton oot G R Con Con 09 or 'on w on 00
oo ooxox x e gt R e Tor oo GF "o on Con ° on om on or
i x x x e R0 BES S0e 2EE e OB N R or 0 ow “ont on en 0
14: 00 ¢ x x x 5" G Con Cor o ox 'ox ow on  °  ‘or 'or or or °
oo L ex ol Tor fon Con ™1 Cor on on on  °  or on on or
1500 x ¢ x x o Topt o Tow oot oy "o’ on om0 on on on _or

O.I : Outside Illumination/U.L.A : User and Location Awareness/E.C : Electronic Consumption.
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Table 11

Performance evaluation results of 2 users

gz

ol

Aol Azg AT

User and location awareness applied On/Off

User and location awareness applied dimming

Time [?x; ULA On/OfF lighting control lighting control lighting control
2 3 4 Illumination/Lighting control E.C[kWh] Illumination/Lighting control E.C[kWh] Illumination/Lighting control E.C[kWh]
Winter solstice

W x x s x @ TSN WE wan,  ae s owcower ,  do e o
0:30 2000 B x A x ot ot SR o GY Tor o on °  ‘or or om om  °
T aw x x @ UST N maT ,  d moeer wer |, de i i s
130 x x x a0 OF Sw Uons ¢ Cox on of or ° ox on or o °
e o x @ x M3 WO M T, onyonwo winan e mme i men
1230 X X C B 9103 1787.0 1351.1 13433.2 0 910.3 1787.0 1351.1 134332 0 910.3 1787.0 1351.1 13433.2 0

30,000 Off Off Off Off Off Off Off Off Off Off Off Off
oo " e x x M3 FWOWT T, onr mwo i nan s mns i mes
1330 X X C A 9103 1787.0 1351.1 13433.2 0 910.3 1787.0 1351.1 134332 0 910.3 1787.0 1351.1 13433.2 0

Off Off Off Off Off Off Off Off Off Off Off Off
wiw e x 4 x M3 WM T, onr mwo winan o mme i wen
M e X X X i Tor ‘o o ‘or or on on  °  ‘or on on on
i o % & x o @ UST N maT e i oeer wer |, de i md s
Spring and autumnal equinoxes
10: 00 x x apox NOOTEY TGS Tont oot Gy on ‘on om0 ow lon i on 00
Wb x A x U USTUH BGT g W UMT NI ST 0 I R
oo oo x w x x U0 WG BT g W0 BT @RI g 2 s oo
T % x x sw OB U0 WG BGT g e anomer i omi mnoame
12: 00 c x B x 'O TG TG Ton ot oy on' ‘or ‘o © on ow on om  °
B X x c b M0 ESE BT SIS oo, mnonmroowomea
pow oxome xox o0 TR o Tor oos for onn Con Con ° o 'or or or "
s X e AT EEE RIS g oo, monmroowomea
oo e x a x CMUERDGTTMD g WD TG TMT g 0 RRE 000
I EERE A i I i R i
i x A x o NP8 TR URS BRE oo R TG SR o 0 Con lon ‘or on ©
Summer solstice

X X x T TR BED g B0 S g Tme o me g
R I i
oo ow & w x x U7 T T BGT g TS G SR MR g e s s own
130 x x x s %07 RS Ton ot Cox’ 'on’ Con or © ow om on or °
o x w x M7 ERTRRTBGT g BT T ST w0 S0 010 R
12:30 x x ¢ 8 %" O Cor Con 0t ow on' or or © ow on on om °
IR ERE O i R i
B x x coa g0 UES U6 B e BYORRY Th Ton 0 o 'or Cor en ©
TR L i i
e xR e T e o T e e e ow
o0 " % a x o U7 EMT T BGT g i e wooma s e woowma
O.I : Outside Illumination/U.L.A : User and Location Awareness/E.C : Electronic Consumption.
(© SAREK 21



714, 484, oldf, MEF
Table 12 Performance evaluation results of 3 users
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