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Threshold of the disturbance to residents indoor activities
by colored light from urban lighting

Yu Juan, Wang Lixiong, Zhang Mingyu , Song Jieqgiao, Yang Di
(Tianjin Key Laboratory of Architectural Physics and Environmental Technology, Tianjin University,
Tianjin 300072, P. R. China)

Abstract: The development of urban lighting and the widespread use of LED have led to increasingly bright
outdoor light conditions, common colored light in residential areas and increasingly impacts on residents’
indoor recreational activities before curfew. From the perspective of residents’ subjective feelings, the
subjective evaluation experiment results in the interference threshold of urban colored light on residents’
watching TV activities under the condition of normal indoor lighting, which includes the " lightness
threshold" characterizing residents visual perception and the "brightness threshold" characterizing of light
source reality. This paper analysed that the seasonal difference, gender difference and hue difference of
urban lighting color interfered with residents indoor activities. And the applicability of threshold conclusion
was also discussed.
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Fig.1 Evaluation items of the subjective evaluation

experiment of typical colored light trespass
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Fig.2 Dominant wavelength and luminance

of the colored light
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Table 1 The setting of variables of the main experiment

Su/ H A ST SR E / (ed » m )
Si a # £ # [ 3

128 221.6 646.5 433.1 494. 8 57.4 278.6
1 102 117.5 336.0  228.1 262.0 31.2 147.2

77 53.6 149.5 103.1 119. 2 14.7 66.8

179 565.3 1699.4 1116.9 1266.0 141.0 714.7

153 364.7 1081.1 716.9 815. 6 92.6 459. 9

77 53.6 149.5 103.1 119. 2 14.7 66.8

230 1138.8 3499.9 2267.6 2555.0 276.1 1445.2
16 204 814.5 2477.0 1615.9 1825.8 200.2 1031.8

179 565.3 1699.4 1116.9 1266.0 141.0 714.7
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Fig.3 The sectional view/floor plan and

interior layout of the laboratory
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Table 2 Arithmetic mean statistics of the score of summer and winter experiment
# (A0 B 2 SR 4T 1 43 75 O A R SR I 4 T 1 43
Sw/Si e pig
4 i 24 H % E L £ o3 H #® £
128 4.25 4. 56 4.53 4,22 3. 89 4.58 3. 80 3.43 3.62 3.62 2.99 4. 05
1 102 4. 00 4. 06 3.67 3.58 3.28 4.08 3. 44 3.22 3.15 3.12 2. 36 3.28
77 3. 14 2.92 2.61 2.53 2.53 3. 06 2.36 1. 87 2.36 2.13 2.00 2.56
179 4. 14 4.53 4.22 4.08 3.39 4. 44 3.39 3. 44 3.06 3. 10 2.49 3.1
153 3.58 4.25 3.89 3.47 3.39 3.97 2.95 2.53 2.62 2.39 2.17 2.86
4 128 3.58 3.93 2.81 2.83 2.78 3.31 2. 36 2.35 2.05 2.19 2.03 2.65
102 2.72 2.56 2.56 2.14 2.17 2.92 2.02 2.03 1.99 1.79 1.57 2
77 2.17 2.25 2.06 2.08 2.00 2.11 1.65 1. 37 1. 56 1.59 1. 34 1.59
230 3.19 3.89 3.33 3.22 3.03 3.61 2.44 2.29 2.62 2.27 1.92 2.56
16 204 2.94 3.03 3.11 2. 86 2.64 3.42 2.09 1.97 2.17 2.04 1. 83 2.37
179 2.75 2.61 2.61 2.61 2.39 2.94 1.94 1.74 1.92 2.00 1.58 2.35

& 1¥128 1¥102 1%77 4*179 4*153 4¥128 4*102 4*¥77 16*230 16¥204 16¥179

(S,/S)*HA
W -&4 - KXW -XF-XHF-LAU-LK-B4  HE-HR
- BE - H¥ -BX
B4 E.ZXWHEBFENTES ST
(REAZFE BEEHEEF)
Fig.4  Statistics of the same evaluation items of summer

and winter experiment (the solid line is for winter

and the dotted line is for summer )
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45, Y = 0. 021B — 0. 147S + 1. 455 (R* =
0. 865)

AL B R R
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Table 3 Threshold calculation of summer experiment

Sw/Si AR WE IR AAE Lo AR R? £ (N HWE
EAN y=0.867 6x—23.988 0.916 9 85.3 4T S 85.3
i y=1.140 50—48. 21 0.959 7 86. 1 #* 86.1
% y=1.248 9x—68. 568 0.923 5 94. 9 %5 949
! #H y=1.248 92— 74.068 0.923 5 99. 3 HF 993
% y=1.033 50—63. 166 0.999 7 109.5 ¥ 109.5
3 y=1.140 50—48. 21 0.959 7 86. 1 % I 86.1
EAR y=0.632 8x—37.537 0.854 5 138.3 4. I 138.3
I y=0.95872x—73. 086 0.906 5 128. 4 ¥ o 1284
% y=0.739 7x—54, 531 0.939 9 141.3 % I 141.3
! #H y=0.709 1x—58. 403 0.899 2 152.9 H I 152.9
% y=0.478 20— 34.454 0.826 8 176.6 % I 176.6
3 y=0.859 9xr—64. 333 0.984 6 133.0 % I 133
2. y=0.261 7x—29. 548 0.892 9 304.0 4 I 304
# y=0.577 62—77.708 0.784 8 221.1 # I 221.1
54 y=0.392 9x—48. 585 0.873 2 250.9 4% I 250.9
10 H y=0.305 5x—35.179 0.891 1 278. 8 #H I 278.8
% y=0.305 8x—41. 898 0.75 300. 5 1% I 300.5
% y=0.545 3x—65. 836 0.937 7 212. 4 % I 212.4

B BE N v =50 A o« fH.
®4 ZFIRHEETE

Table 4 Threshold calculation of winter experiment

Sy/Si x| A B RRG AATW . PR R? 15 {EL R
EAR y=0.839 4xr—42.35 0.948 110. 0
Z.m 110
# y=0.771 50—41.127 0.911 4 118. 1 % mm 118.1
% y=0.767 92—39. 901 0. 969 117. 1 %5 mm 117.1
1
# y=1.248 9r—74. 068 0.923 5 99. 3 7 w1225
i y=1.033 50—63. 166 0.999 7 109.5 15 m-149.2
w1114
E3 y=1.140 50—48. 21 0.959 7 86. 1
an y=0.632 8x—37.537 0.854 5 138.3
47 mm 187.3
H y=0.958 7x—73. 086 0.906 5 128. 4 - 100
% y=0.739 7Tx—54.531 0.939 9 141.3 45 m— 256
4
# y=0.709 1x—>58. 403 0.899 2 152.9 T ——260.2
% y=0.478 22— 34. 454 0.826 8 176. 6 IS m—149.8
% mmm 2173
® y=0. 859 9x—64. 333 0.984 6 133.0
an y=0.261 72—29. 548 0.892 9 304. 0
£1. m— 360.7
W y=0.577 62— 77.708 0.784 8 221.1 i o
23 y=0.392 9r—48. 585 0.873 2 250.9 4 —— 835.6
16
H y=0.3055x—35.179 0.891 1 278.8 F I 513.6
I 139.
i y=0.305 8x—41. 898 0.75 300. 5 " Sl
% ——— 716.1
=% y=0.545 3x—65. 836 0.937 7 212.4

T B y=50 BHAY o i
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Table 5 Luminance threshold statistics of

summer and winter experiment

Su/ S RE I/ Ccd » m %)
S oo # 5 W i 2

il

1 61.9 192.5  171.2  224.6 36.9 90.1
HZ 4 365.0 748.7 675.4 949.4 143.4  322.4

16 21523 29131 26643 4014.2 557.9 11543

1 137.0 510.8 278.9  452.8 93.5 147.6

i
e

4 723.1 2347.0 4462.4 3379.71435.7 1999.0

16 3816.8 10784.1 71398.4 25227.3 22035.0 27 082.3

5 EFEXREEREENE

Fig. 5 Visual map of the luminance

threshold of summer experiment
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Fig. 6 Visual map of the luminance

threshold of winter experiment
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Fig.7 The lightness threshold comparison

between summer and winter experiment
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Table 6 The difference of the same evaluation items

between male and female ( male minus female)

F OIS/ (ed e m™ )
Sw/St BEE

4 i 23 H i E

179 179 0.34 0.17 0.18 0.17 0.63
204 204 0.28 0.34 0.26 0.34 0.28
10 230 230 0.37  0.66 0.45 0.20
255 255 0. 46 0.32 0.38
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Table 7 Statistics of evaluation items of which

the male score is smaller than females’

8,41 B UiN(Rd e/ %
ar 14 2 14.29
i 14 8 57. 14
o 14 4 28.57
H 14 0 0. 00
% 14 4 28.57
u“w 14 2 14.29

At 84 20 23.81
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Fig.8 The lightness threshold comparison

between cold and warm hue
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Fig.9 Tolerable S, /S, visual map of each

color in summer experiments
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Fig. 10  Tolerable S, /S, visual map of each

color in winter experiments

5 i

ORI S G ICH KM 5 S./S 1A
5 55 WY BE R B TE AR 5 5 B2 R AN S R O (E
Su/Si MR F AT 6 R R R0 2 & T AR
WA R T RO L2 77 K 5
AT EICR I 55 PR AL BE /N T Lok s X T I R Y
L V2 TR A B0 8 B2 i T I (080 5 X 7 5 B A 0
AL TR

TR B BT i AT N SE BERE A S, /Sy 45 4 w7
T 5 X T AN ELBEAT S B2 0 10y AT T e o 4
Su/ S KbEGRIEAR I T s Ui o 2L E L M
T[RRI i FRAR , B 7 38 Ah I 538 B2 RIS T
A7 R A IR 1 5 UL AR T AT R a4 A O KT
Ko g AR P i 0 2B I = A B R A0 X T
T FEEE I IR L ANAR 7S 98 5 0k ) IR L JE e 4T 55 )
REVERZ (O IR W] BRIV (3 5 AR ] 5 B 25K T

SRR A OB FR 5T 66 386 R B 3 R fk o
Ja A DX ] BRI 4 6 1) BETH B
S & UMk :

[ 1] CIE. Guide on the limitation of the effects of obtrusive
light from outdoor lighting installations: CIE 150; 2003
[R]. CIE Central Bureau, 2003.

[ 2 ] CIE. Guide to lighting of urban areas: CIE 136: 2000
[R]. CIE Central Bureau, 2000.

[ 37 e N RILHTE AR B3 AT £ a8, il 1 5 BRI i
AL JGI/T 163—2008 [ST. 4t a0 v B @51 Toll i
JR 4t . 2009.
Ministry of Housing and Urban-Rural Development of
People’s Republic of China. Code for lighting design of

JGJ/T 163-2008 [ S].

Beijing: China Architecture & Building Press, 2009.

(in Chinese)

urban nightscape. Beijing:



% 14

TH.FRTRAEELTERENFTFH G FRAMA 143

[4]HOCY, LINHT, KUANG K Y. A Study on light
trespass of dynamic LED advertising sign flickering on
adjacent residents at night [J]. Applied Mechanics and
Materials, 2013, 368-370: 593-598.

[5]JHOCY, LIN HT. Analysis and control policies for
light pollution from advertising signs in Taiwan []J].
Lighting Research and Technology, 2015, 47 (8):
931-944.

[6]SIMY]J, KIMIT, CHOI A S, et al. A preliminary
study of an evaluation method for discomfort glare due
to light trespass [ J J.
Technology.2017, 49(5): 632-650.

L7 ] Mm% SOOI @O0 4 & & L7 I AE D], K
H K HEK A, 2008,

XIAO J H. Research on quantificational method of

Lighting Research and

chromatic-light preference in landscape illumination

[D]. Tianjin: Tianjin University, 2008. (in Chinese)
[ 8 XA, 2 Ab il e m 8RBT 60 0 1% OE 1k OF 5

[D]. R#r: KEKAE.2010.

LIU X X. The research on quantificational method of
outdoor  commercial

chromatic-light emotion of

illumination for display [ D J]. Tianjin: Tianjin
University, 2010. (in Chinese)

L9 AB¥r, M, M. BT AR AL 5B 1 B B 52
A0 M TR, 2014, 25(3) . 4-12.
CUI Z, HAO L X, LIN Y. Current international
research trends on circadian rhythm [ J]. China
Illuminating Engineering Journal, 2014, 25(3): 4-12.

(in Chinese)

C10] F48 . T p o sk BT 4. 37l J A3 XA [0 S 4 4 1)

FEMELI]. B AEKSHE TR, 2015.37(6):
114-119.
YU J, WANG L X, ZHANG M Y, et al. Survey of
light trespass for urban residential area [J]. Journal of
Civil, Architectural &. Environmental Engineering,
2015,37(6): 114-119. (in Chinese)

C11] ARHE. A 0 U 0T AR g 30 = NI 3 19 12 13 F

FE[D]. K RiFR%.2016.
SONG J Q. Studies on the threshold of static lighting
trespass effect on resident activities in residential
buildings [ D]. Tianjin: Tianjin University, 2016. (in
Chinese)

[12] 2. ssidy B M]. 3 . dbat. P EESR T H
At , 2010.

LIU X T. Building physics [M]. 3rd edition. Beijing:
China Architecture &. Building Press, 2010. (in
Chinese)

(137 @S B W] ARt : GB 50034—2013 [S]. dJbgt: [
T kL, 2013,

Standard for lighting design of buildings: GB 50034-
2013 [ S7]. Beijing: China Architecture &. Building
Press, 2013. (in Chinese)

(4l R, RO MELML M. WLEF B
#k, 1998.

YANG Z L. Experimental Psychology [ M]. Hangzhou:
Zhejiang Education Press, 1998. (in Chinese)

(it HED)



