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Table 2 Pseudocode for FWOA

FWOA

Input: Room size L X W X H, number of LEDs M, height of receiving plane Hy, and fitness function F'.
Initialize: Search dimension D, population size N, max number of iterations T',,,, and other parameters of algorithm
Reverse learning: Carry out reverse learning according to Eq. (21), reconstruct initial population and determine that optimal
individual in population is humpback whale
while (1< T,,,)
Update nonlinear convergence factor a according to Eq. (23)
Update coefficient vector A and C according to Eq. (18) and Eq. (16)
Update random disturbance coefficient w according to Eq. (25)
Randomly update parameters r, p and /
if (p<<0.5)
if (A=1)
Update whale individual position according to Eq. (14)
else if (A< 1)
Update whale individual position according to Eq. (24)
end if
elseif (p=0.5)
Update whale individual position according to Eq. (24)
end if
Calculate fitness value Fy; of individual whales
if (Fp, < Fry & Fr, = 0)
Update local optimal solution X7
end if
if (Fp,<<Fpppy & Fp=0)
Update global optimal solution X
end if
Continue to iterate: /=1/+ 1

end while

Output: Global optimal solution X

#3 VLCRGESHLE
Table 3 Parameter settings of VL.C system

Parameter Symbol Value
Room size /m’ LXWXH 5X5X3
Number of LEDs M 4-16
Number of PDs K 10*
Height of receiving plane /m Hy 0.85
LEDs in each lamp U 7 X7
Semi-angle at half-power of LED /(*) 01 60
Conversion factor of LED light power to luminous flux /(Im*W ) S 90
Emitted light power of LED /(WM ") P, 0.01-1
Interval between LEDs /m s 0.01
Area of PD /em® App 1
Gain of optical filter T.(¢) 1
Optical concentrator gain G(¢) 1
Photoelectric transformation efficiency /(AW ™") r 1
Reflection coefficient of wall 14 0.8
Field of view of photoelectric detector /() Orov 90
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Table 4 Experimental parameters of FWOA

Parameter Symbol Value

Population size N 200

Maximum number of iterations T e 120
Maximum value of perturbation factor W pax 0.95
Minimum value of disturbance factor W in 0.15
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Table 5 Performance indicators after synchronization optimization
Optimization scheme Q4 1—F. /% SNR variance Average illumination /Ix
Square-circle""’ 3.92 62. 84 0.36 1151.78
New layout of 16 LEDs"” 5.25 79.06 0.18 1074.91
IAFSA optimization "’ 3.58 54.16 0.39 1121. 17
IBA optimization'” 2.07 40. 62 1.22 1223. 56
MPGA optimization'" 2.56 59. 47 0.74 848. 11
FWOA location optimization 12.23 84.91 0.03 1104. 98
FWOA power + location optimization 15.12 82.07 0.02 518.73
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Table 6 Performance indicators under different LED numbers

Optimization scheme Q4 1—F. /% SNR variance . A?Ier(q,ge Total power / Computiég time /
illumination /Ix w min
6 LEDs optimization 3.29 57.14 0.471 353.29 244.75 8.95
9 LEDs optimization 10. 51 84.01 0.043 450.03 331.24 11.81
12 LEDs optimization 13. 15 84.23 0.027 456. 05 345.94 16. 26
14 LEDs optimization 13.25 84. 60 0.027 559. 48 421.89 17.57
16 LEDs optimization 15.12 82.07 0.021 518.73 392.98 30.12
5 4k W oo el AW R0 5 B O, 48 s TR

133% . [a] W, R ORE 345 &) Bt AN 79.06% T3 T

TEZIE— R EAN VLCRGE T AR I T 84,9106, 33X B Ak 3 i A5 AL BLAT S04 (1 B BE 2

— b 3 T Rl A el U SR s FWOA 3 38 1 [\ 45 1 1k
LED 5 2% #5 BE 56 I A Jiy Al 43 e, 358 T LED |
AR A BRL . 5T 45 S R T M T AL G A Ay
ZA AR oy A B R A 20 ) S B A SNIR 7 T 30 R

ARG AF A . AR SGEWTSE TR R Bk 59 LED
TEE WA A R . BIF 5 R W, Bl LED it 19 3%
I, ZR G B 5 IE ) W SURR R o l ad HE i LED f9 %
i, LA A B C IR A JR MW R T DUAR T R R fE

1406002-8



®A3 5 FE 14 81/2023 £ 7 B/RFEEHR

H2

-22.01
-22.09
-22.17
-22.25
-22.34
-22.42
-22.50
-22.58
-22.66
-22.74
-22.83

-22.60
-22.67
-22.73
-22.80
-22.87
-22.93
-23.00
-23.07
-23.14
-23.20
-23.27

Received power /dBm

&7
Fig. 7 Distribution diagram of received power under different LED numbers. (a) 14 LEDs; (b) 12 LEDs; (¢) 9 LEDs; (d) 6 LEDs

4 LED it B 2 124 i 3 Fhog < O¢ & 2 it

AWCBORZS . LR FE M LED RO, E 4 0k i %
PETE R Gt AR OF H 2 08 0 & S 9 B8 FE AR £k B ]
L, Y AEAE X LED % /9 FR i B, & B £ LED 19
B e 08 B U S R GE PR RE FTRERL . AR N E
AN R RSF i el i B VI C 2L T M 2%

(1]

(6]

& £ x

Zhai C, Liu H, Wen Y,
algorithm-optimized LED layout in a visible light communication
system[J]. Optical Engineering, 2020, 59(6): 066103-066103.
Liu C, Tang Y, Yan W, et al. Optimizing the light source
layout of the indoor visible light communication system[J]. IEEE
Access, 2022, 10: 27223-27229.

MREE ., FHRE, XMk, 55 LED {5 v R A WO Sk AL 6 T
LI e F - #2015, 26(3): 462-467.

Chen Y, Yin H, Liu H,
optimization based on

et al. Multipopulation genetic

et al. Received optical power
colony algorithm LED

communications[J]. Journal of Optoelectronics+ Laser, 2015, 26

(3): 462-467.

Wang Z, Yu C, Zhong W D, et al. Performance of a novel LED

lamp arrangement to reduce SNR fluctuation for multi-user

ant for

visible light communication systems[J]. Optics Express, 2012,
20(4): 4564-4573.

Huang L, Wang P, Wang J Y, et al. Optimized design of the
light source for an indoor visible light communication system
based on an improved bat algorithm[J]. Applied Optics, 2020,
59(34): 10638-10644.

Wei Z Y, Hu H Y, Huang H M. Optimization of location,
power allocation and orientation for lighting lamps in a visible
light communication system using the firefly algorithm[J]. Optics
Express, 2021, 29(6): 8796-8808.

Received power /dBm

~ Received power /dBm (d)

(7]

(8]

[9]

[10]

(11]

[12]

[13]

[14]

1406002-9

Received power /dBm
-22.54
-22.61
-22.68
-22.75
-22.82
-22.89
-22.96
-23.03
-23.10
-23.17
-23.24

Received power /dBm
-23.20
-23.40
-23.60
-23.80
-24.00
-24.20
-24.40
-24.60
-24.80
-25.00
-25.20

AR LED 8 F U 1 9046 K . (a) 1449 LED; (b) 124 LED; (¢) 94 LED; (d) 60 LED

RS sk . N AL O AR 2R S8 0 D' BRA Je DR A B PE R 2y
BTl Je2z244, 2019, 39(4): 0406003.

Chen Q R, Zhang T. Light source layout optimization and
performance analysis of indoor visible light communication
system[J]. Acta Optica Sinica, 2019, 39(4): 0406003.

Eongz, A, B, TR R L p E AT O E R
LED i 5 [J]. Ja2#2#4R . 2017, 37(8): 0806003.

Wang J A, Che Y, Lii C, et al. LED layout for indoor visible
light communication based on energy optimization[J]. Acta
Optica Sinica, 2017, 37(8): 0806003.

Mahfouz N E, Fayed H A, El Aziz A A, et al. Improved light
uniformity and SNR employing new LED distribution pattern for
indoor applications in VLC system[J]. Optical and Quantum
Electronics, 2018, 50(9): 350.

Gismalla M'S M, Abdullah M F L., Niass M I, et al. Improve
uniformity for an indoor visible light communication system[J].
International Journal of Communication Systems, 2020, 33(8):
e4349.

Wang J A, Xu A C, JuJ T, et al. Optimization lighting layout
of indoor visible light communication system based on improved
artificial fish swarm algorithm[J]. Journal of Optics, 2020, 22(3):
035701.

FRokE T DG LED 89 % 4l WG Il f5 R gEMF 52 (D). i /R
e R E TR, 2014: 5-25.

Chen Y S. The study of indoor visible light communication
system based on white LED[D]. Harbin: Harbin Engineering
University, 2014: 5-25.

Grubor J, Randel S, Langer K D, et al. Broadband information
broadcasting using LED-based interior lighting[J]. Journal of
Lightwave Technology, 2008, 26(24): 3883-3892.

TR, LR — R Z LA BB BT OGS R
(7). DGR L R 22 4 (1 AR B2 i), 2021, 33(1): 59-66.

Lei X Y, Wang C. Design of amultiple bore diameter receiver
and its visible communication system[J]. Journal of Chongqing
University of Posts and Telecommunications (Natural Science



£ 435 F 14 H9/2023 £ 7 A/ FZH

[15]

[16]

[17]

(18]

[19]

Edition), 2021, 33(1): 59-66.

JUAN, B, R, SF L ENZ/ N OGEE R LR
SN P AL BT[] Sz 24k, 2021, 41(11): 1106002,
Kang L C, Wang C, Mu Y, et al. Optimal design of aperture

International ~ Symposium  on  Communication — Systems,
Networks and Digital Signal Processing (CSNDSP), July 20-
22, 2016, Prague, Czech Republic. New York: IEEE Press,
2016.

array receivers for indoor multicell visible light communication [20] Mirjalili S, Lewis A. The whale optimization algorithm[J].
system[J]. Acta Optica Sinica, 2021, 41(11): 1106002. Advances in Engineering Software, 2016, 95: 51-67.

R, FHEE, M, & T IR IR ZHE4E AR R ] [21] =i, JEvkok . B TR A SR n ok i WOADT] 35 bl 5 BAR
UL 3 R O DR oy e B S (00 P I O, 2021, 48(7): fk, 2022(6): 13-20.

0706002. Li R, Fan B B. An improved whale optimization algorithm base
Hao S W, LiYJ, Zhao S H, et al. Optimal power allocation for on hybrid strategy[J]. Computer and Modernization, 2022(6):
intersatellite visible light communication based on nonorthogonal 13-20.

multiple access[J]. Chinese Journal of Lasers, 2021, 48(7): [22] VPN, FRPE, B2k, & WOA BF9R 28R [T]. 33 LN H
0706002. k5T, 2023, 40(2): 328-336.

FAESE, R B W AROR . T OGE (R R G AT i AL Al Xu D G, Wang Z Q, Guo Y X, et al. Review of whale
k0] 6224 4], 2022, 42(7): 0706007. optimization algorithm[J]. Application Research of Computers,
Wang K Y, Hong Z Y, Zeng Z Q. Symbol timing offset 2023, 40(2): 328-336.

estimation method for visible light communication systems[J]. [23] Zhou Y Q, Wang R, Luo Q F. Elite opposition-based flower
Acta Optica Sinica, 2022, 42(7): 0706007. pollination algorithm[J]. Neurocomputing, 2016, 188: 294-310.
SRE, WA, WA 40T WG AE &R g0 T AR XA A BIF 5 [24] Filip A, Maier V, Pavel S G, et al. Electrical equipment for
U] Mok 5e FEuk g, 2021, 58(17): 1706002. indoor lighting installations[J]. Acta Electrotehnica, 2011, 52
Zhang Y, Lei Y R, Huang C J. Working range of vehicle- (4): 203-208.

mounted visible light communication system[J]. Laser &. [25] Hussein A T, Alresheedi M T, Elmirghani J M H. 20 Gb/s

Optoelectronics Progress, 2021, 58(17): 1706002.
Chen Y, Sung C W, Ho S W, et al. BER analysis for
interfering visible light communication systems[C]//2016 10th

mobile indoor visible light communication system employing
beam steering and computer generated holograms[J]. Journal of
Lightwave Technology, 2015, 33(24): 5242-5260.

Simultaneous Optimization of LED Layout and Power Allocation Based on
Visible Light Communication

Chen Yong", Hu Chenyi'”, Liu Huanlin’, Wu Zhiqgian', Wu Jinlan', Wang Chuangshi'
'Key Laboratory of Industrial Internet of Things & Network Control, Ministry of Education, Chongging
University of Posts and Telecommunications, Chongqing 400065, China;

’School of Communication and Information Engineering, Chongqing University of Posts and

Telecommunications, Chongqing 400065, China
Abstract

Objective

system, ensuring the flatness of illumination and the fairness of communication. On the one hand, uniform received

In an indoor visible light communication (VL.C) system, it is indispensable to optimize the uniformity of the

illuminance can provide a more comfortable lighting environment, which is also the primary purpose of indoor lighting
sources. On the other hand, uniform received optical power can improve the communication quality and fairness of the
VLC system. However, the layout and configuration parameters of the lighting source will directly affect the uniformity of
the light signals. The existing schemes often optimize the lighting source layout based on the top of the room without
considering the deployment height of the lighting source and tend to employ a sequential optimization scheme to improve
the lighting source layout and power allocation. Besides, little research is conducted on simultaneous optimization.
Therefore, it is extremely important to optimize the uniformity of illuminance and received power of the system in view of

the uneven distribution of light signals in the indoor VLC system.

Methods

strategy is proposed to simultaneously optimize the indoor lighting source layout and power allocation in this study.

Given the above problems, a fast whale optimization algorithm (FWOA) based on a fusion improvement

Considering the lighting source layout and power distribution of the LED deployment height, we adopt a simultaneous
optimization scheme to achieve the optimal LED position layout and uniformity of indoor light signals. At the same time,
as there may be a wide range of search and long optimization time in simultaneous optimization, the whale optimization
algorithm (WOA) is introduced from the perspective of swarm intelligence. The convergence speed and global optimization
ability of the algorithm are further improved through the fusion improvement strategy. The specific improvement design is

as follows. First, to solve the problem of insufficient convergence speed of the WOA, we employ reverse learning to
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optimize the initialization stage of the whale algorithm. Second, although the existing knowledge of LED position layout
and power distribution scheme facilitates algorithm convergence, the primary stage of the algorithm has not been greatly
improved. Therefore, the coefficient matrix is adjusted so that the optimization stage enters the local search more quickly
to accelerate the convergence process of the WOA. Third, entering the local search too early will induce the algorithm to
fall into the local extremum search condition. For the problem of the algorithm falling into local optimum, a global

perturbation search mechanism is added to better balance the search ability of the algorithm.

Results and Discussions After the simultaneous optimization of 16 LED layout models (Fig. 3), five different LED
lighting source optimization schemes are selected for comparison (Table 5), and the performance indicators after
optimization are listed. The results show that compared with the previous optimization schemes, the illuminance
uniformity of the proposed optimization scheme has been improved by 7.39% to 109.03%, and the quality factor of
received power has been improved from 5. 25 to 12. 23, an increase of nearly 133%. After simultaneous optimization of
lighting source layout and power distribution, the factor further increases to 15. 12. The simultaneous optimization scheme
and the proposed FWOA have excellent optimization performance. In addition, the optimal layout (Fig. 6) and received
power distribution (Fig. 7) of the system are explored when the number of LEDs is 14, 12, 9, and 6 respectively. It is
found (Table 6) that in different scenarios, a better balance between system energy and performance can be achieved by
selecting the appropriate number of LEDs. In addition, by introducing the FWOA , the time for simultaneous optimization
is also greatly reduced, and the calculation time is shortened to less than 1 h, which verifies the superior performance of the

proposed algorithm in terms of convergence speed and optimum search.

Conclusions In the indoor VLC system considering one reflection, we propose a FWOA based on the fusion
improvement strategy and realize the optimal distribution of LEDs by simultaneously optimizing the lighting source layout
and power distribution model of the LED deployment height. The research results show that compared with the traditional
optimization models, the uniformity of the received power, illuminance, and signal-to-noise ratio (SNR) of the optimized
distribution model is better with excellent communication fairness. Besides, the distribution model of different numbers of
LEDs in the room is also studied. The results show that as the number of LEDs increases, the system performance
exhibits a positive convergence characteristic. By increasing the number of LEDs, the optimized lighting source layout and
received power can improve system performance. However, this growth relationship converges when the number of LEDs
increases to 12. Then, increasing the number of LEDs can no longer significantly improve system performance, and will in
turn increase system energy consumption and optimization time. Therefore, the performance and energy efficiency of the
system can be better balanced by selecting the appropriate number of LEDs. This study can provide a valuable reference

for the application of VLC in indoor rooms of different sizes.

Key words optical communication; visible light communication; whale optimization algorithm; light source deployment

height; power allocation; simultaneous optimization
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