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Abstract Studies for the reduction of lighting energy have been done using technologies such as user and location awareness.
However, the focus of current research on location-based lighting control has been on energy reduction, which can lead

to other issues including an imbalance in indoor illumination. This study proposes a lighting control system applying general

illumination and technology for user and location awareness. The proposed lighting control system reduced lighting energy
by 72.1%, 66.5% and 62.3% for 1, 2 and 3 users, respectively, compared to the On/Off lighting control system. This lighting
control system causes an increase in lighting energy of 35.8% and 10.9% for 1 and 2 users compared to the lighting control
system with user and location awareness, while a reduction of 9.4% was seen for 3 users. This means that the proposed
system provides more effective energy reduction for a room with multiple occupants as it is based on the general lighting
control scheme. The lighting control system applying general illumination and technology of user and location awareness

improved the uniformity factor by 32.0%, 39.4% and 33.4% for 1, 2 and 3 users, respectively.
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Fig. 1 Flowchart of study.
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Table 1 Classification and Characteristics of lighting

control
. . Control L.
Classification Characteristics
format
Lighting control with
On/Off gnns v
. Manual minimal cost, easy
Lighting . . .
control installation and simple
control . .
switch operation
Sensor . Lighting control based on
L. Automation
Lighting movement of user and
control . . .
control indoor/outdoor information
Lighting control enabling
Dimming Manual/ illumination control for
Lighting Automation  effective management of
control control lighting energy and
energy reduction
Mixed Manual/ Lighting control with
Lighting Automation mixed schemes of
control control sensors, dimming and etc.

Table 2 Standard illuminance of KS A 3011

Scope[ Ix] Tllumination
Type of activity ) method of
min. ave. maX.  od plane
Working environment General
with infrequent visual 60-100-150 . .
illumination
performances
Visual Performance
according to the 300-400-600 [llumination of

degree of work plane

general-brightness
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Table 3 User and location awareness technology based on communication method

Division  Method of communication Coverage

Characteristics

Active Badge infrared transmission 5 m

High potential of conflict as number of users increases

Active Bat ultrasonic waves 9 cm  Significant signal interference due to inferior conditions, high system cost
RFID UHF 0~10 m Possibility of error is low, but communication distance is short
. IEEE Low installation cost, but interferences occur from obstacles such as
Zigbee 2~10 m
802.15.4 walls

Table 4 Research on lighting control system applied with User and Location awareness

Information of occupants

Lighting control General

Title of study

User awareness

illumination

Location awareness On/Off Dimming

A Basic Study on Applicaton of User and

Location Awareness for the Green Home IT O O O X X
A Study on the Use and Location Awareness
Technology Applied Dimming Lightin Control ¢} o X o X

System to Save Energy
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Fig. 3 Flow chart : Lighting control applying general illumination and technology of user and location awareness.

530

(© SAREK



Table 5 Overview of test-bed

Category Key Attrbutes

4.9 m(W)x6.6 m(D)x2.5 m(H)
Space Wall : Reflectance of 46%/
Ceiling : Reflectance of 86%

Season Summer Solstice
Size : 2.2 m(W)x6.6 m(H)
Window Material : Pair glass, Installation of 0°

fixed venetian blind

LED type 4 EA

Lighting Dimming control Lv 1~8

Table 6 Electricity consumption to the illumination
dimming level

Dimming Electrictity Dimming Electrictity
Level consumption(kWh) Level consumption(kWh)
Lv 1 0.012 Lv 5 0.034
Lv 2 0.018 Lv 6 0.039
Lv 3 0.022 Lv 7 0.043
Lv 4 0.028 Lv 8 0.051
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Table 7 Case settings for performance evaluation

o User and
Lighting (/66 Dimming location . Oone™!
control types illumination
awareness
On/Off lighting o o o
control
Lighting control
applying
technology of user  x (@] O X
and location
awareness
Lighting control
applying general
illumination and o o o o

technology of user
and location
awareness

Table 8 Setting of external illumination during
summer Solstice

Daytime Nighttime

Time 10 : 00 12 200 14 - 00 20 - 00
~12:00 ~14:00 ~15:00 ~22:00

External

. . 70,000 1x 80,000 Ix 70,000 Ix 0 Ix
illuminance
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Table 9 Performance evaluation result of 1 user
User and L . Lighting control applying general
Location On/Off lighting control Lighting contrg] applying technology of illumination and technology of user and
El user and location awareness .
Time (1] awareness(zone) location awareness
X
1 2 3 4 [Illumination/Lightin ntrol CE Illumination /Lightin ntrol CE U.R Illumination/Lightin, ntrol CE UR
umination/Lighting contro (KWh uminatiol ghting contro kwn U umination/Lighting contro kwh] U
Daytime
. 809.8 1095.8 840.2 1227.3 556.1 124.4 201.8 170.8 504.9 3829 282.6 447.8
1000 A X X X /On  /On  /On  /On 0.068 /Lv8  /Off /Off /Off 0.017 0473 /Lv6 /Lvl /Lvl /Off 0021 0.699
. 809.8 1095.8 840.2 1227.3 41.8 5156 294 194.1 182.6 558.8 161.1 462.3
10:20 70000 X A X X /On  /On  /On  /On 0.068 /Off /Lv6 /Off /Off 0.013 0.151 /Lvl  /Lv4 /Lvl /Off 0.017 0472
. 809.8 1095.8 840.2 1227.3 445 2265 673 659.9 189.0 436.5 1829 673.1
1040 X X X A /On /On  /On  /On 0.068 /Off /Off /Off /Lv5 0011 0.178 /Lvl /Lvl /Lvl /Lvl 0.016 0494
. 819.8 1137.4 852.2 1306.1 345 4207 27.8 203.0 179.8 437.0 169.1 503.7
1100 X B X X /On /On  /On  /On 0.068 /Off /Lv4 /Off /Off 0.009 0.162 /Lvl  /Lv2  /Lvl /Off 0.014 0525
. 819.8 1137.4 852.2 1306.1 1154 102. 409.6 179.1 239.8 3913 414.1 502.6
1:20 X X B X /On /On  /On  /On 0.068 /Off  /Off /Lv6 /Off 0.013 0.506 /Lvl  /Lvl  /Lv5 /Off 0.0190.620
. 819.8 1137.4 8522 1306.1 450.7 123.3 164.8 173.7 458.8 406.4 2702 502.0
I1:40 Box X X /On /On  /On  /On 0.068 /Lv6  /Off /Off /Off 0.013 0.540 /Lv5 /Lvl /Lvl /Off 0.0190.660
. 819.8 1137.4 8522 1306.1 103.1 100.8 346.6 169.6 219.3 385.1 3552 495.1
1200 X x c X /On  /On  /On  /On 0.068 /Off /Off /Lv5 /Off 0.011 0.560 /Lvl /Lvl /Lv4 /Off 00170603
. 819.8 1137.4 8522 1306.1 24.1 121.0 28.8 3385 219.3 385.1 3552 495.1
1220 xx x ¢ /On  /On  /On  /On 0.068 /Off /Off /Off /Lv2 0.006 0.188 /Lvl  /Lvl /Lvl /Off 00120603
80,000
. 819.8 11374 8522 1306.1 3346 1092 1219 163.0 343.6 397.0 232.7 4944
1240 ¢ x x X /On /On  /On  /On 0.068 /Lv4  /Off /Off /Off 0009 0.599 /Lv3 /Lvl /Lvl /Off 0015 0.634
. 819.8 1137.4 852.2 1306.1 334.6 109.2 1219 163.0 1853 5274 169.6 510.7
1300 X A X X /On /On  /On  /On 0.068 /Off /Lv4 /Off /Off 0.0090.599 /Lvl  Lv3 Lvl  Off 0.015 0487
. 819.8 1137.4 852.2 1306.1 1154 102.8 409.6 179.1 2745 3953 522.1 521.1
1320 X X A X /On /On  /On  /On 0.068 /Off  /Off /Lv6 /Off 0.013 0.510 /Lvl  /Lvl  /Lv7 /Off 0022 0.641
. 8/19.8 1137.4 8522 1306.1 558.6 134.8 204.8 190.5 5124 414.1 291.6 506.9
1340 A X X X On /On /On /On 0.068 /Lv8  /Off /Off /Off 0.017 0495 /Lv6  /Lvl /Lvl /Off 0.021 0.676
. 819.8 1137.4 8522 1306.1 450.7 123.3 164.8 173.7 458.8 406.4 270.2 502.0
1400 Box X X /On  /On  /On  /On 0.068 /Lv6  /Off /Off /Off 0.013 0.540 /Lv5 /Lvl /Lvl /Off 0.019°0.660
. 809.8 1095.8 840.2 12273 1129 924 406.6 159.4 2323 360.1 405.1 4435
14:20 X x B X /On  /On  /On  /On 0.068 /Off /Off /Lv6 /Off 0.013 0479 /Lvl  /Lvl /Lv5 /Off 00190645
70,000
. 809.8 1095.8 840.2 1227.3 240 1634 34. 4384 169.5 344.1 1593 4332
1440 X X X B /On /On  /On  /On 0.068 /Off /Off /Off /Lv4 0.009 0145 /Lvl /Lvl /Lvl /Off 0.0120.576
Nighttime
. 739.8 807.4 7574 6753 3146 267 92 5.3 3383 172.8 180.5 125.0
2000 ¢ x XX /On /On  /On  /On 0.068 /Lv4  /Off /Off /Off 0.0090.060 /Lv3  /Lvl /Lvl /Lvl 0019 0.612
. 739.8 807.4 7574 6753 145 3382 4.1 453 2274 310.6 142.5 141.2
2020 xcox X /On /On  /On  /On 0.068 /Off /Lv4 /Off /Off 0-009°0.041 /Lvl  /Lv3 /Lvl /Lvl 0.0190.687
. 739.8 8074 7574 6753 83.1 183 3229 119 2614 1683 328.1 125.6
2040 X x c X /On  /On  /On  /On 0.068 /Off /Off /Lv5 /Off 0011 0.109 /Lvl  /Lv3 /Lvl /Lvl 0.0190.569
0
. 739.8 8074 7574 6753 27.0 1544 46.6 5219 244.1 292.6 1849 5428
21-00 X X X A /On  /On  /On  /On 0.068 /Off /Off /Off /Lv8 0.017 0144 /Lvl  /Lvl /Lvl /Lv8 00290585
. 739.8 8074 7574 6753 538.6 523 181.1 328 562.3 1984 263.4 1525
220 A X X X /On /On  /On  /On 0.068 /Lv8 /Off /Off /Off 0.017°0.260 /Lv8 /Lvl /Lvl /Lvl 0029 0.518
. 739.8 807.4 7574 6753 31.1 5703 17.8 82.1 248.5 5322 148.6 181.1
2140 X A X X /On /On  /On  /On 0.068 /Off /Lv8 /Off /Off 0.017 0.102 /Lvl  /Lv7 /Lvl /Lvl 0.026 0535
. . Total consumption of electric power = Total consumption of electric power =
Total consumption of electric
= 1428 0.256 0.399
LS ' Average uniformity ratio of Average uniformity ratio of illumination
illumination = 0.326 = 0.595

Note) E.I = External illuminance/U.R = Uniformity ratio of illumination/C.E = Consumption of electric power.
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Table 10 Performance evaluation result of 2 user

EZZI?Z: On/Off lighting control Lighting contrg] applying technology of ;E::ii:ftitc)zn::; E::fl:z::igf/ezj”ré:ser and
Time [I;:xl] awareness (zone) user and location awareness location awareness
1 2 3 4 [Illumination/Lighting control CE Tllumination/Lighting control C.E U.R Tllumination/Lighting control CE UR
[KWh] [KWh] [kWh]
Daytime
Do x SO B o S T 0 O g S0 R0 A vt
o x A x b S8 IO I o S0 2 R gy RO o
DX x n xS O B o LS00 gy 28T 0 s s
o x A xR TR T s e R0 s s 88 0 o o
xR T s 1B o s S T S oo e
R S e
o x a0 O i e o) 2 T8 oo e
mm o xac U TR T g 0 A o e 220 80T s
80,000
o C xS TR T g Y 0% 0 oo 0 S0l R0 S oo ae
D x e b e T R T 0 T s et 0 S 000 o
pim e x x T TR TS g 07 TR S DT s s 50 40 TS0 o
piw xS TR T s T 0 v 0T 0 4 oo s
Wb o x T TR T g S8 ) s g 45490 2000 vt e
W x a n SO T o S s 200 o s
70,000
o n xS O B o ST R e A i (o s 0 A o s
Nighttime
wio e on xR o ] T oo oo 8 08 I o s
w0 xR o ) e o o 2 S 0
w0 x x o et TR o TR0 v oo 68 B TS o o
0
wiw | x b x et TR g 2 T T oo o s ] 00 e o
wo e x e TR o 0 ot g oo o 00 B0 oy o
w0 x a0 et TR g [0 0SS o oo TSR0 Y o v

Total consumption of electric

power = 1.428

Total consumption of electric power =
0.426

Average uniformity ratio of
illumination = 0.362

Total consumption of electric power =
0.487

Average uniformity ratio of illumination
= 0.597

Note) E.I = External illuminance /UR = Uniformity ratio of illumination /C.E = Consumption of electric power.

(© SAREK

533



Table 11 Performance evaluation result of 3 user

User and L . Lighting control applying general
Location On/Off lighting control Lighting contrél applying technology of illumination and technology of user and
El user and location awareness .
Time 1] awareness (zone) location awareness
X
1 2 3 4 Jllumination/Lighting control . [lumination/Lighting control CE U.R Illumination/Lighting control CE UR
ehtng [kWh] ghting [kWh] gitmg [kWh] =
Daytime
. 809.8 1095.8 840.2 1227.3 577.7 235.0 227.6 489.6 504.9 3829 282.6 447.8
1000 AB X X € /On /On  /On  /On 0.068 /Lv8  /Off /Off /Lv3 0.024 0.595 /Lv5 /Lvl /Lvl /Off 0.0190.699
. 809.8 1095.8 840.2 1227.3 680.7 3782 580.2 759.1 2249 568.6 348.0 465.1
10:20 70000 X A C B /On /On /On  /On 0.068 /Lv8  /Off /Lv5 /Lv4 0.037 0.631 /Lvl /Lv4 /Lv4 /Off 0.022 0560
. 809.8 1095.8 840.2 1227.3 141.2 280.1 4454 660.0 231.3 4463 369.8 675.9
1040 X X BC A /On /On /On /On 0.068 /Off  /Off /Lv6 /Lv5 0.024 0.370 /Lvl  /Lvl /Lv4 /Lvl 0.0210.537
. 819.8 1137.4 8522 1306.1 189.6 533.6 563.4 399.2 277.3 457.0 5229 5325
1100 X B AC X /On /On  /On /On 0.068 /Off /Lv4 /Lv8 /Off 0.026 0.450 /Lvl /Lv2 /Lv7 /Off 0.024 0620
. 819.8 1137.4 8522 1306.1 179.2 2339 5644 5347 274.5 3953 522.1 521.1
1:20 X X AB C /On /On  /On  /On 0.068 /Off  /Off /Lv8 /Lv2 0.023 0.474 /Lvl /Lvl /Lv7 /Off 0.022 0641
. 819.8 1137.4 8522 1306.1 511.2 679.5 2339 86.3 418.3 502.8 2753 755.8
1140 B C X A /On /On  /On  /On 0.068 /Lv6  /Lv3  /Off /Lv5 0.031 0.228 /Lvd  /Lvl /Lvl /Lvl 0.021 0564
. 819.8 1137.4 8522 1306.1 146.2 3009 4514 699.4 261.8 494.1 440.7 762.2
1200 X X BC A /On /On  /On /On 0.068 /Off  /Off /Lv6 /LvS 0.024 0.366 /Lvl /Lvl /Lv5S /Lvl 0.023 0.535
. 819.8 1137.4 8522 1306.1 67.0 237.6 6144 369.6 5339 4199 417.9 508.3
12:20 AC X B X /On /On  /On  /On 0.068 /Lv8  /Off /Lv6 /Off 0.030 0.208 /Lv6 /Lvl /Lv3 /Off 0.024 0.889
80,000
. 819.8 1137.4 8522 1306.1 495.0 649.3 197.2 3875 404.6 552.1 250.0 514.6
1240 BC A X X /On /On  /On  /On 0.068 /Lv6  /Lv6 /Off /Off 0.026 0.456 /Lv4d  /Lv3 /Lvl /Off 0.020 0581
. 819.8 1137.4 8522 1306.1 159.7 628.8 442.0 3929 248.1 543.4 4154 521.0
1300 X AC B X /On /On  /On /On 0.068 /Off  /Lv6 /Lv6 /Off 0.026 0.393 /Lvl /Lv3 /Lv5 /Off 0.022 0574
. 819.8 1137.4 8522 1306.1 605.8 236.2 7004 369.9 441.1 417.0 586.5 5232
13:20 BC X A X /On /On /On  /On 0.068 /Lv6  /Off /Lv8 /Off 0.030 0.494 /Lv3  /Lvl /Lv7 /Off 0.025 0.848
. 819.8 1137.4 8522 1306.1 180.3 265.5 566.1 606.0 274.5 3953 522.1 521.1
1340 X X A BC /On /On  /On  /On 0.068 /Off  /Off /Lv8 /Lv3 0.024 0.446 /Lvl /Lvl /Lv7 /Off 0.022 0641
. 819.8 1137.4 8522 1306.1 598.1 750.1 543.8 557.1 420.3 551.7 317.8 5145
1400 BoAa C© X /On /On  /On /On 0.068 /Lv6  /Lv6 /Lv5 /Off 0.037 0.888 /Lv4d  /Lv3 /Lv2 /Off 0.0220.705
. 809.8 1095.8 840.2 1227.3 179.8 450.2 556.9 349.1 367.1 374.5 5542 463.7
14:20 X € AB X /On /On /On  /On 0.068 /Off /Lv3 /Lv8 /Off 0.024 0.468 /Lv2  /Lvl /Lv8 /Off 0.027 0.835
70,000
. 809.8 1095.8 840.2 1227.3 360.4 286.5 157.7 6439 355.6 4582 2473 6752
1440 ¢ X X AB /On /On  /On  /On 0.068 /Lv4  /Off /Off /Lv8 0.026 0.435 /Lv3  /Lvl /Lvl /Lvl 0.019 0570
Nighttime
. 739.8 807.4 7574 6753 353.7 597.0 116.0 874 315.0 543.5 1719 181.5
2000 € AB X X /On /On /On  /On 0.068 /Lv4  /Lv8 /Off /Off 0.026 0.303 /Lv3  /Lv7 /Lvl /Lvl 0.0290.567
. 739.8 807.4 7574 6753 469.8 611.1 1589 98.1 430.2 5529 209.4 189.1
20:20 B AC XX /On /On /On  /On 0.068 /Lv6  /Lv8 /Off /Off 0.030 0.293 /Lv5  /Lvl /Lvl /Lvl 0.0330.547
. 739.8 807.4 7574 6753 144.8 176.7 477.5 5523 365.6 499.8 259.3 754.0
2040 X X BC A /On /On  /On  /On 0.068 /Off  /Off /Lv7 /Lv8 0.031 0.429 /Lv2  /Lvl /LvS /Lv8 0.038 0.552
0
. 739.8 807.4 7574 6753 513 5979 553 5780 2524 4447 186.2 561.2
21:00 X BC X A /On /On /On  /On 0.068 /Off /Lv6 /Off /Lv8 0.030 0.160 /Lv2  /Lv3 /Lvl /Lv8 0.034 0516
. 739.8 807.4 7574 6753 545.1 143.6 1952 3332 565.5 2482 267.3 302.7
21020 AB X X C /On /On /On  /On 0.068 /Lv8  /Off /Off /Lv4 0.026 0.472 /Lv8 /Lvl /Lvl /Lv3 0.0320.717
. 739.8 807.4 7574 6753 683.9 462.8 4129 326.8 600.0 461.3 351.1
2140 X A B C /On /On  /On  /On R 1634 /Lv8  /Lv7 /Lv4 0.040 0.379 /Lv2  /Lvl /Lv6 /Lv3 0.040 0.752
Total consumption of electric power = Total consumption of electric power =
Total consumption of electric 0.595 0.539
power = 1.428 Average uniformity ratio of illumination ~ Average uniformity ratio of illumination
= 0.426 = 0.640

Note) E.I = External illuminance /UR = Uniformity ratio of illumination /C.E = Consumption of electric power.
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