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Abstract: To achieve intelligent control of indoor lighting, tracking lighting is performed according to the real-
time position of indoor personnel, and adaptive brightness adjustment is completed through the coverage area of
personnel, so as to achieve the purpose of overall energy savings and comfortable local lighting. An intelligent
lighting system based on a fiber optic sensor network is designed, and a lighting adjustment algorithm based on
deep learning lighting block design and real-time positioning of personnel is proposed. The block design divides
the lighting area into multiple equal-sized subareas, and the division scale is determined by the light source
coverage interval to realize the discrete processing of the lighting area. Then, through the state acquisition module
to perform quantification analysis on each sub-region, the detection results are imported into the analysis model as

the control parameters of the input layer of the convolutional network. The closed-body personnel positioning
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algorithm is combined to realize the positioning of the lighting subarea and the illuminance adjustment. The

experiment tested four typical situations within the illumination range of 100 m?, obtained the illuminance weight

value of each LED on the test location, and tested the degree of influence of the illuminance value of different

heights. The maximum error of personnel positioning accuracy in the x-axis direction in the area is 96 cm, and it

is 91 cm in the y-axis direction, both of which are smaller than the minimum unit of the preset lighting block.

When the number of LEDs increases, the convergence time of this algorithm is slightly better than that of the

ANN algorithm. Compared with the lighting space of the corresponding LED volume, the convergence time

meets the application requirements, verifying its ability to intelligently adjust lighting over a large range.
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Fig.l Intelligent lighting system structure
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BRIF3, SR 0 B A I s o A7 B R BRI ik
A ATt IR 2 2R . 2 A e A D
PESE RIS, SR G oMz e KO 7 O3 IR i AT 18
1E, PUSEBLORUE MR WSOCR B AEAE R IR A0 RERR I 28

4 X Iy

1 BER
T I XS P IR EE AT A K, R PIC-
300 AW R EE T, BRSNS ] 1~200 Kix, I 3K
BER+4% ., L8 S AR T7 153508 x Ay, LA 2.0 m
[i1] 43 3 2 4 A4 W] LED B BB, AN I 5C 1 (]
4 100 m* (10 mx10 m), X§ A 16 4~ LED. U] JE g I
FLpuFRE AL, WA 3 Frs .

LED 1 LED 2
Position 3
ox
Position 4 \‘
Position 1
- @?

LED 3 LED 4
Posmon 2

Pl 3 IR IV DXy e ol D A

Fig.3 Four lighting conditions of the illuminated area

Jee N B3 A0 B A ] A 40 T DL AR A P 3 v g
Tt il v B — b 25— B R R IE X B —ANT, 5
f7 8RR AT o Rhal y Jhorm) B4 L, 5 = E
FORPINT (5 y S MLk b)) L b, 55 D Fp
FRNTHAIT SRS O =ML, RIF L EE
AH P RS SR a6 1 R

HY 2% 1 B0 nT A, RS Bl o 1 om B I f
KK 263 Ix, o BB (R B KAE hy 475 Ix, SE0N e R AE
9 382 Ixo RPIA G IHE S SCE ST Ml L, &
THE Y 80% 244 SLBRAE, 43 BT IA N B4~ LED Al i
(B Z AT KT & {E, 33X 2 K AR R B> LED
TR, RS I G 2 AT 2 ) 5 s LED R4k,
TSI B, ERE T2 KT R, BT AAEE AT
X R o A3 pl L e A e e B G
&, LA MHAROR o AL 1, 2, 3. 4 59l
SEIRAT LU Y, B 2 A 10 Y BE RS B in &2 5 E B (2
LRI R R

202108294



s Gk A2

% 74 www.irla.cn % 51 %
— Sl e 700
1 AEMRLEREBENRE
Tab.1 Illumination test values of different test 600 g 3 — Calculated value
g X ——Actual value
positions > 500 ¢
%
LED Illuminance value/lx \; 400 -
[}
Pl P2 P3 P4 %
> 300
1 41 41 114 63 §
2 86 42 110 102 Z 200
tm 3 85 168 117 86 =
100
4 263 164 115 207
O 1 1 1 1 1 )
Total 475 415 456 458 0 10 20 30 40 50 60
measured 382 325 362 361 Date number
1 17 22 81 43 [, N .
5 A BASEBROE SR B EE (v )
2 54 21 87 87 N . .. .
2m Fig.5 Comparison of actual and calculated positions of personnel (y axis)
3 57 119 83 56 . o - o
s o s s e ECPBIGCERA G, x BTN 6 om, J
Total 305 277 337 338 K2 H-96 em, y Bt /MR 2200 4 om, Fe KR 2y
measured 247 222 272 271 91 cmo AJ UL i3 B 22 8P L T 100 em, /N F—

¥ PF/RPosition, £S5 WLE3,

42 MEMRMLZE

PR E T BBEEE AR LU, RF 20 A DU R
2, kT i i wh 2 N g R AT AR BT N R
XoF o7 X 3 F HEE B 0 Y 28 3 A O P LAt A 1Y
JGUR, TR EVE RE IR By . A AL PR S
DT SRE A  E ] 4 FIEL S Bi7R o

W2 (8] 43 S x B Sy B J7 ), [ 4 RoR
x oy NG A S S, B 5 ROR
y 5 e N GO TR S A e
AT LAE H, THRE 2o A 5 Se I it 42 03 A AR —

700

600 — Calculated value
— Actual value

500

400

300 |

200

Distance value (x axis)/cm

100 |

0

0 10 20 30 40 50 60
Date number
4 A GSEBRALE ST EXT H (x Bl

Fig.4 Comparison of actual and calculated positions of personnel (x axis)

A BRI IT AR, B DL, T B T 58 i T
L L R A e e a0
43 EEBRMHES T

T SRS B IR, e T SO IR R A
BRI R AR TR MR A A B B33 (R WAL IR B, AT 36 3 5
T SIS R Y Y iR L A SR T, R AR X 5k
N BB O R s e R R DU R Rk
A M A S BT RS, K5 S5EEAN
T 22 X 4% (ANN, Artificial Neural Network) 55 7 it
A7 TR ES 0 £ 353 s ) Wi S st ) R A X6 L, DY AR
A5 W ST T] P 60 1 6 R AN BT 6 FizR, A Bt ARk 5
WA SACHRE ] B0 1 56 FR AN IR 7 BT 7R o

20

——ANN
Proposed algorithm

Convergence time/s

50 150 250 350 450 550 650 750 850 950

Number of light sources

P 6 SCIRE S U SUR TR G R ik

Fig.6 Curves of the number of light sources and convergence time

20210829-5



ISk A2

www.irla.cn

%74
1.0
—&— ANN
Proposed algorithm

@
Q L
2 0.8
3
8
: /v/‘\ !
z
s 06 |
@]

0.4 1 1 1 1 )

0 100 200 300 400 500
Number of people

CFNGE el e P HE

Fig.7 Curves of the number of people and the convergence time

1 & 6 T LA Y, YO0 R R i 1 KT, Y Sl A
S —E BRI, /N T 300 A4S G IR, U S ) K T
0.5 s, 1MLt 800 ™A, WSS [H] 34 AR S, 29°4 0.95 s
B —E R, (EE AR BEOGIRERT 0, i 1o
PR T LA SR T AR AR R, BT R A 1s A2
A SR RE A 12 S B iy A5 2K A o

Hi &7 BT LU Y, WA 2 LA K 249 300 4>t
(29 20 A 40LF il B [0 Sk v, e A B30 2t 5 e Sl ]

(56 RHEAT T 40T . Bl NS00 £, s 8] 4 i
BT, (LS O o 2 4 48 i D AR /N, ERAE 0.2's LA
P, AR BT L 2200, 1 B I o 2 A R A S T A
SO AL

5 & g

SO T — iR TR R A T A A IR VT 9
ARG, WA E N IRIPIRSVE A S, Rl
P 28 5 B X I P N 57 FR) R E A7, 255 P T2 ]
e B 42 1) 2 B e RS B DX el 56 e IR R 2 R
A THER, S B RE IR T A AR o S5 56 68 AN ] 1 PR
& AR GULE LA S WSt a1 #6477, i 5
X G, SRR s T PR Bk BE A AR G A R T DX 3
AR5 B N AT, R AT BRI B A5 453 75 3K

S 3k

[1] Jing S Q, Wei D, Wang X, et al. Research progress of indoor
LED lighting control strategies and technologies [J]. Building
Science, 2020, 36(6): 136-146. (in Chinese)

[2] Tang S, Kalavally V, Ng K'Y, et al. Development of a prototype

smart home intelligent lighting control architecture using sensors

[10]

[11]

[12]

[13]

[14]

[15]

[16]

20210829-6

onboard a mobile computing system [J]. Energy & Buildings,
2017, 138: 368-376.

Silver D, Huang A, Maddison C J, et al. Mastering the game of
Go with deep neural networks and tree search [J]. Nature, 2016,
529(7587): 484-489.

Patorski K, Trusiak M, Tkaczyk T. Optically-sectioned two-shot
structured  illumination microscopy with  Hilbert-Huang
processing [J]. Opt Express, 2014, 22(8): 9517-9527.
Kandasamy N K, Karunagaran G, Spanos C, et al. Smart lighting
system using ANN-IMC for personalized lighting control and
daylight harvesting [J]. Building and Environment, 2018, 139:
170-180.

Nagy Z, Yong F Y, Schlueter A. Occupant centered lighting
control: A user study on balancing comfort, acceptance, and
energy consumption [J]. Energy and Buildings, 2016, 126: 310-
322.

Paulauskaite-Taraseviciene A, Morkeviciu N, Janaviciute A, et
al. The usage of artificial neural networks for intelligent lighting
control based on resident’s behavioural pattern [J]. Elektronika
Ir Elektrotechnika, 2015, 21(2): 72-79.

Wen Y J, Agogino A M. Personalized dynamic design of
networked lighting for energy-efficiency in open-plan offices [J].
Energy & Buildings, 2011, 43(8): 1919-1924.

Cheng Z, Zhao Q, Wang F, et al. Satisfaction based Q-learning
for integrated lighting and blind control [J]. Energy &
Buildings, 2016, 127: 43-55.

Yin Z D, Jiang X, Yang Z T, et al. WUB-IP: A high precision
UWRB positioning scheme for indoor multiuser applications [J].
IEEE Syst J, 2019, 13(1): 279-288.

Wu Y, Jiang B, Lu N. A descriptor system approach for
estimation of incipient faults with application to high-speed
railway traction devices [J]. IEEE Transactions on Systems,
Man, and Cybernetics: Systems, 2019, 49(10): 2108-2118.

Xiao B, Lin Q, Chen Y. A vision-based method for automatic
tracking of construction machines at nighttime based on deep
illumination

learning Automation in

Construction, 2021, 127: 103721-1-13.

enhancement [J].

Guo J K. Study on lighting accurate detection and intelligent
control system in highway tunnel [J]. Tunnel Construction,
2020, 40(2): 76-81. (in Chinese)

Gao S Z, Li T C. Design of intelligent control system of
classroom lighting based on single chip microcomputer [J].
Control Engineering of China, 2020, 27(11): 2010-2015. (in
Chinese)

Huo Y, Ma X X. Design of intelligent energy-saving lighting
control system based on ZigBee and neural network [J]. Modern
Electronics Technique, 2020, 43(20): 61-66. (in Chinese)
Pandharipande A, Newsham G R. Lighting controls: Evolution
and revolution [J]. Lighting Research & Technology, 2018,
50(1): 115-128.


https://doi.org/10.1038/nature16961
https://doi.org/10.1364/OE.22.009517
https://doi.org/10.1016/j.buildenv.2018.05.005
https://doi.org/10.1016/j.enbuild.2016.05.075
https://doi.org/10.1109/JSYST.2017.2766690
https://doi.org/10.1109/TSMC.2017.2757264
https://doi.org/10.1109/TSMC.2017.2757264
https://doi.org/10.1109/TSMC.2017.2757264
https://doi.org/10.1109/TSMC.2017.2757264
https://doi.org/10.1016/j.autcon.2021.103721
https://doi.org/10.1016/j.autcon.2021.103721
https://doi.org/10.1038/nature16961
https://doi.org/10.1364/OE.22.009517
https://doi.org/10.1016/j.buildenv.2018.05.005
https://doi.org/10.1016/j.enbuild.2016.05.075
https://doi.org/10.1109/JSYST.2017.2766690
https://doi.org/10.1109/TSMC.2017.2757264
https://doi.org/10.1109/TSMC.2017.2757264
https://doi.org/10.1109/TSMC.2017.2757264
https://doi.org/10.1109/TSMC.2017.2757264
https://doi.org/10.1016/j.autcon.2021.103721
https://doi.org/10.1016/j.autcon.2021.103721
https://doi.org/10.1038/nature16961
https://doi.org/10.1364/OE.22.009517
https://doi.org/10.1016/j.buildenv.2018.05.005
https://doi.org/10.1016/j.enbuild.2016.05.075
https://doi.org/10.1109/JSYST.2017.2766690
https://doi.org/10.1109/TSMC.2017.2757264
https://doi.org/10.1109/TSMC.2017.2757264
https://doi.org/10.1109/TSMC.2017.2757264
https://doi.org/10.1109/TSMC.2017.2757264
https://doi.org/10.1016/j.autcon.2021.103721
https://doi.org/10.1016/j.autcon.2021.103721

	0 引　言
	1 智能照明系统
	2 基于深度学习的调节算法
	2.1 卷积神经网络
	2.2 照明位置的区块化
	2.3 定位算法
	2.4 照明调节模型构建

	3 算法实现
	3.1 计算方法
	3.2 算法实现

	4 实　验
	4.1 照度测试
	4.2 位置优化实验
	4.3 算法时效性分析

	5 结　论

