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Light source configuration strategy for indoor visible light
communication based on deep learning

HUANG Mingchuan, WANG Xudong’, WU Nan
(Information Science Technology College, Dalian Maritime University, Dalian Liaoning 116026, China)

Abstract: In order to seek the optimal light source optimization scheme in different indoor environments, a deep learning based
indoor visible light communication light source configuration strategy is proposed. Introducing indoor obstacles, natural light, and
human movement interference separately, with indoor signal-to-noise ratio uniformity as the objective function, using the flower
pollination algorithm (FPA) to optimize the light source power and half power angle under different room conditions. Using the
obtained room state and light source configuration as the training set, a convolutional neural network (CNN) is used for training.
The resulting computational model can predict the optimal light source settings in different room states, achieving dynamic ad-
justment of light source configuration. The simulation results show that the qualification rate of the light source parameters of this
strategy reaches 88%, and the predicted results meet the requirements in terms of room signal power and lighting intensity.

Key words: visible light communication, light source layout scheme, flower pollination algorithm, convolutional neural network,

signal noise ratio uniformity

035l5
B I ACAY 5, NAT T B K e i S RIS A |

I #s A . 2023-12-13,

E&TH  EEKAARFFRLTIH (61371091,61801074) %t 1),
EHE B 1411 (1999—) , B W08 4k Blalkis
T RE M F G BRHAROR b5 B 55 LR
b, ERNF AT OGRS ST BT
AR LIRS K I E I A — 55
Brpdy  RKIEWGRIARFHHIE KERFER
S gidile amt L 4 AT
*EIEEE . TR (1967—) , B L #d%, EE
FE07 1 R M TCLE (B A T WOETICLRm (5 SoE iR HTAT
B RN TLGE F IR T,

B AS 3 {5 75 =X ] WOEIEAR (VLC) HtE A T BF
FENGHET , 2N VLC = —FFI AL 48 (LED)
VER AR GIL M AR g, OCHASES (PD)
DML A5 B | 76 AT WA B A e 5 Bt A%
i s R BOR BT S (] 1520 A R PERE L U BE
TRFE AL S B A SR N GG R I 2 A 7T
BAREAR , A R ) R SRR,

FUAT LED VR ROGIE AR R G K 5o, BRig At N
MERASb b R A g N OR A OB AR (RS . B
JEIRBCE AR TR e S B (5 VERE WY 9 (5 5 L i
APAEPE AR E T | i REAE 5 A Y IR SE 34 &) S it o

1) KBIEH S 2024 F5 2



G Y WERE B

Iy RRBAYERE . SCHER[4 0 % DGR TR Al JR FTEDE A
ST TARSE, IR0 T BRI K/ eI A
FEXIITEMRR A3 T L ZE N LED iR, SCHR(S]
PEH T —Fh T UL G IR A7 Ry %) 56 3 R 9% 4y B
A& SURBER 9872 (1Y) SR e, RAS 1 T R 45 #2050
K SCHR6]A/NE S8 LED 1E R, DL G IR
SIEE R BARXCIR A B TR, PR T RGERE
SCHR[ 7R T e g i 52 X6 A0 S AR U] LED A3
JRIEAT TR BEAR T 2O RO RREE RT3
Wesh, SCBRISIHML Gt SR A T sca | X G Ay Al
br KT ERECE AR D R AT AR A P TEN
HCDRI AT SCHR[9] SR T —Fh 3 F Rl et SR ms
B PRk i £ AL B | B e T = N VLG REGEH
JCINFEIFATA IS i Tl AE b3 SCHk feff P 1] 5 19
TN A 5 Y = RS AR A I 058 15 7 e
AR AL Y i ] = s I Rl SR £ e A W7 v |
AN/ CUE AR 3 QYR AN (IR A PN G Sy il
FOHEZFEME 2255 ), SR 101 R IR B 2 ) S kX
TR AR FRIEA T, BLAR U AILAS 27 ) s R 3 |
A X IR AR BRI T LA, B 25 S8 3 b5 [ i 3

PEFHE,
BEXHRL bl A SCHR Y T — M T IR 2 T 1Y
N VLC JGURHAL & S

1 BRI SR B i

TEFTHR 0 BT IR 2= ST = N VLG DGR
SREME | A SCISEAUL S s 1o FH 4 55 | ) S S 1)
PRSI B, in AR A HAROET
PN GBI, IR FHAEER L (FPA ) X AL
PRI i TRDIRZS AT B GIR 19 T 22 D 2 A4
s BRI, DA TRDIR 25 25080 Rk iz A G TR S 8008 A
YIRS i BN 4 (CNN)HEFTIINZRN A5 21
THERIARYAT DLTE S A G PRSI i, RG22
FE Dy 28 AT T | 265 1 Re it s ) 38 {5 1 g A 3
PEEEIE R & MBS IR L ERCR
1.1 BEERYS

ARG, WA E NGRS X, 2
W T = NI A R R GEE A TERE RS, T
A AR R0 0 1) DX 8 25 XG55 18 e Py | fifi ek
TEH AR, NI AEE R E X, A SCGE SRR
By I RO IR oy B = W o W] 130 R R SRR = ]
XSl P PR A R R E S i 5, AT
W IS 114 i ) AR 2 B 72 Sy 88T LA R 2 ) 2 A

B, FIRAR | S TR 274 20 12 N AT LS 15 D' R e 1 O sk

R BRI <0 1 HRFER R . 17 RoR Prlal g
B AS-40) 43 A B DX S BV 38 15 Y DX <07 3RO s 1]
T EERE S X B, BIGEARE X, R A | X BT
FAPIR A A BoRS B | (EL ) st 2 ) B B 3 R AI 1Y)
(Rl PR AR SCRE 1010 BYHERE , RI—4~ 0/1 ¥t
AR 0.5 mx0.5 m BYIXEL, Y—A/NX BN R
1) o L TR I 50960, A AT R A/ N X A 38 1
HIX, B lalFhsd s34 S B SR AR R N & 1 frs

O : REeFY 1111111000
B R 1111111000
1111111000

1111111111

1111001111

1111001111

I1 11111111

0001111111

0001111111

0001111111

(a) DrlIfRERG 517 (b) 3 ARZS B 1

B 1 BB EERSS K X R EUR R R

1 T B ] B R B AN RO | 5 — i B A4
e AR AR S EOC RT3 R, B,
RV, AR SO AP T 78 X i d 5 5 XA B, 2
M At SR P Y S S 2500
1.2 BAAXRESE T

ZEE ARG P Sl AR N, B UL ) 6
FAAT DA AR A — 20 2 R RO R 75 D R 7 A AR S
DI LED JGIR , HLEAS (8 /NS 7 18] A9 ] SR R
I, AR

P =% (1)

Heb | d AR Shm R ORI IR E | PR A SRR )
B oy, AR T 2% BEUE PR LED Aeprled -
B PO B AT | R B B T e Y — 2 | Ok I
FINT LIRS SE B R AR BL I AT

WG 1.5 m, A EIORE O E A
SCHEE 1 TP 1010 FEFEEAR R 1212 HERE B I
HIAT N BIVRR P2 — AT FNER A7 S — A A+ =51
FRRERAE 0 FRTE Xk 2 oA E XK, T
A BRI TS A Fi T1R 2543 A3 Kk 7 B9 504 A 78 4o
Kl 2 s,
1.3 ARBETIH

o T A BUFE 2 RS 3l B 9 5 4 5 T 4 25
AT 7 R E 7= A — a2 B2 a0 DT 5 | RS {5 30 1 el
2024 4E5E 2 3 ARAIEHEA 9




G Y WERE B

B4 )1 EIRR ) SAmg: TR BEA 20 (R 2 P R WG {5 Y 5 e e S ek

]
. 022222000000
O: A4 R 3K, 011111110000
W EER R e 011111110000
P n 011111110000
: 011111111110
011110011110
5m II ° 011110011112
i L o11111111112
000011111112
000011111112
# 000011111112
000000000002
666666666666

I

» 5m <

(a) b PRSI (b) FrPRAEAR B
B 2 5I\BARNEEIKES 5 R R EEEE

RN o NI R VLC AR ITE S, N ey (51 |, JFml i 5
BT R EVR RN R s eS8, BFak
B, e HA N RS E NZS R VLC HE 4RI
ERER ey NI P ER =8 o A W EB oy B T N
TGS SHO0 3 18] 5 shBEA T A I3 — ek
Wi x BRI RG34 RO P(x) TR A

‘22) (2)

Oy

P(x)="Fexp
I;

Hrb OIS o SENANREEA L,

P2, B RLRSH R b 13 17308 AT %
TGO, F—ATHFEEEL 5~8 A RR 25 e | il g
B PERY 4 RO B R 1 FRAREEI AL GISH
Hh NI 25 AR AV 10 A 3

N/ AON DA LE i e
(M 6 =) , AR . o
BEXTI A LS Ecn e 1 '
N PO NI R 2 s 0.37 1.33
M T, " VIC 5 0.74 157
A FR R =% L11 177

RS HFIEIE
1.4 BT FPA BEEMR K

AR FH FPA XA [R] G (AR S 6 A 6 TR ) %
AU T AL, A EAh 28 M 5 I 2Bl 48 | i
BUFME LA AT Q A BbReRE, ST ICIRAL R,
ARSCHEBUL LR UL TAERY  Fs 0] BEAR R RS T
fdi 1 FPA LTS, 50514 LED,(1.36 m,1.42 m, H) .
LED, (3.72 m,1.42 m,H) .LED; (1.36 m,3.72 m, H) .
LED, (3.72 m, 3.72 m, H), H N EEE . 44 LED
fii 1 32x32 OCERFES, % 183 LED 75 B 5 1] fE
BT R A T 5 0 D S AR T A il 2 B AR
BLRAH P BE B8 B A SO SR EAN AR 53 0
SEHO B RN RE B S4 50 B (UTR) 1A, Y8 IO 1 2 22
SRR Fie B A 25 F T AR OB AR

FPA B0 T HAR FAER R Y 2 Rl B =47
TE_ AR ] AL . A ARk T R B 5 S B R
WRIR R FACFEA L R Levy ®ATSCH 4 fRiid
R, AR Rk A

XXk X g 3

Horf X SR R M, g, B IR, LR
K SR IR RS 53 A, TR FPA LL—
SERESR [ A EERY kRN

+1 t

Y, =X+e(X-X, | (4)
Hrf e FR[0,1 | Z IR BIBEHLEL, X, X, #8585 ¢ AUk
FECPS RS kAR

1.5 EF CNN HIEEMEL

BRI FH AL Ge WL 28 2 > B Be A5 B 4 A1
g R AT AR S PV REELECR X 5
(RS AL T T LAl B K | BAE S fb A
R G BN R BRI, AN REAR g 1k 1) 2 355 ' 8 i 1 4%
e MR EE 22 2] Bk B B e %) 2 B2 > g
LB ISR | S s )RS s (58 mT o 1
W AR LED 3& FC DR AR D3 A | PR SCR R
TRIE 24 2] Bl VLG shZAOLIRBCE

SCHR[ 1018 13 fe FH A 2 I 28 Y1 20 PR AR AR ERUAS: T
A UF R RCR, AR SCFE G S 1 S T A B AR T
TG R T, Fn e T s o A H k6T
PO PR LK BEHL CNN, I 45 5 7E SCHR[ 10789 3
il ISR T — DR FUZE | dE— 2 PR TR AR R H R 28 45
WE 3 PR AR s AR S BRI AR CNN /Y
A, 20 2 N THEBREITRERR S, AL
A ZHEFEIALE | SR IR XS RZ TR SRR AN
FHERA | ZIR A 1A g EFUZ I — L 1R IR
IE, B Ja A 1 A2 i ot B [RPRES 10
TR E

@)
RGN BN R E N
@] Q @)

B 3 #hEMEEE

I ZRBir BEREHLAE B 200 FAS [ 64 5 1) B A4 3
i B P AL EM AL G R FPA ZEAT AT
FEERR G HLARZS N AR DR AL DR A B E, 73901
VR 2 0 24 1) i A R 1 BEA T R, IR SE i
BERLA 1 50 s TEPAR SR BRI B Far A, R 453

f‘é

Av;
A iEdE A
i

Q) RAIEHMFe 2024 5 2 ]



G Y WERE B

B4 )1, EIUAR ) SAmg: FETERBEA 20 1 2 P AT WG {5 Y 5 e e S s
P3RS S0 AF E’J%K*ﬂﬂé%?&ﬁ% iR RG] 20
ARG IR b A7 B AR BRI IE 19 }
18 F
2 B E a 7]
AR SO AR O B S A A7 21, S S0
2.1 FPA H8EI81E w )
B AT B 5 mxS mx3 m {9 % N %S ] >
15 BAAFH ] Matlab2019b, 151805 ES 50N 2 Fr N —— FPA
7, AlR LED XBIZ RN 3 B, LA 2 (95 ] 1o . . |
WA, T FPA BEATOLAL  EARRECH 200 1R, 16 0 % o 10 150 200
JERIHE N 50 1, MOTIFE SE AL (GA) I FPA Ak .
(1 B AR REGE LS R NE 4 s, WTLAE 5 GA B4 2 MEERLERER
L6, FPA 1 BAn R BERIUESRE T T 10.27%, BARLF
DRI . e
%2 EEHESH 13 s
19F
ZH BUYE 2 HUYH R
JEEE IR A 1 WS L/wA 5100 g
HATETR s TR " 3
[ 2 m/(pF/em?) W% G ‘f
S FE p 0.8 LA X TK 298 N
AR 0/(°) 60 PRI g/ms 30
PrHEE n L5 W AL T 1.5 15.5 . . I
0 10 20 30 40 50
I SR A em? 1 MR SE L L5 B AT
BT 5T BMH 100 WAL L 0.0868 (a) W i) b oA
% 3 AE LED MM S ]
LED A KA
R (K/m,;ﬁ:, fimy ORI AT /() Z: — k#i
LED, (1.29,1.67,3) 436 61.23 s 07r
J;\'"g 0.6F
LED,  (3.55,1.67,3) 38.2 66.55 % osf
= oaf
LED,  (1.29,3.72,3) 457 59.14 e oal
LED,  (3.55,3.72,3) 49.1 63.62 021
0.1
2.2 CNN fE8E5IE 0 . . ) ) ) .
ASCHET Python3.7 MR FPA (AR HIHCEA: Bt e o

FEATINGR, X 50 NIRRT B AL IR B AT 05 5
SRR 5 B,
K 5(a)F  RIUEALSEHGZR SRR NN 40 mW

(b) W5 ] EAR R A1
5 iR 5 8] B 4R iR B 06 IE

RABIFEHS Q)

2024 455 2 1)




G Y WERE B

B, EIRAR, St TR EE 22 2T B9 3 9 AT LG ' TR e B TR s
LU 60°MH T ES40, 16 50 A1 5 ARk
A4, i CNN B A0 I 75 2 i G TR L B (G J 25 R
44 4 FERASE R I B4R EIESHE
& 3IK 88% P QIEHEE T 6.5%, Kl 5(b)H #lL
FRMACBIEE R AL )5 0 B bR sR B A T4
{EME oA 8 ) B Ak

FPA 5 CNN AL BB aniE 6 7R, FPA 1%
RRBCE R 200 WK, FBEECE R 50 4>, ATRAA
ANTR]RR 7S FH R 22 55 1 32 02 v s () e 0 0 A 22 5
PR 2 SR 25 TR A AR B . 3 A0 FPA Pk
Folt B TR ZS -4 IR 4 min, 32N FPA RAIIA
S 1] G G FE AT UIR X 2 295 R AL, TR A AN T34

7 .
— AR
—— At
6
(=1
€ s
=
=

LMIIN Hll .“n“ ) .M]J Ihwllmjn
l"uwuw' i "l']‘ "M i

3
2 ' ' N
0 50 100 150 200
B lR &S %5
(a) FPA TRALERA B3 [RLRAS HIBT
34 | A KR B

— R

Bt 18] /ms

0 1000 2000 3000 4000 5000 6000

VPR YN
(b) CNN fleAe N ZE it
B 6 kAR

FORREE , kB £ |, e VR BT i
CNN DAL | Y3 A BN Zrog U5, 7E 0 B | i
TS HC L B2, A PR BT I & 4G F S 4L
FEOB, DR g R AR R P Y LT RN T AR
BN ETE] B, CNN 76 IR D7 T E A B A3

FIFH TS LED 2500 5054 i) 50 2
G [HRRAS T 55 (8] - S5 42 05 Ty 53 R0 o[]S 247 01 et e J 3
P, ARG R NE 7 s, AT LVE PRl R &
B A FE-17.5~-16 dBm, V-3 HGR B =20 A6 7E
400~430 Ix, IFF G2 N U DGR EEAYZOR . CNN
YIZRANM R i B 2k R Ze &) 8 i, W LU
Y CNN B B A MR SR St

1
091

08}
07}
0.6}
& 05t
£ o041
% o5k
02f

0.1

O 1 1 1 1 1 1 1 1
-185 -18 -175 -17 -165 -16 -155 -15 -145 -14

3440 £ /dBm

(a) IR R

09F

0.8 F

0.7}

0.6

05

041

Rt E oA

03[

0 1 1 1 1 1 1 1 1
390 400 410 420 430 440 450 460 470 480
3 SRR L/ Ix

(b) YRR BT HEER A
B 7 FHERThERMESEEERE

Q) RABIEHNFe 2024 F5 2 ]



G Y WERE B

10° F
k%
107 —_ iR
10°
o
B
¥ 10
«
25:
10
107
10—(» 1 1 1 1 N
0 1000 2000 3000 4000 5000 6000
W AR K
B 8 CNN illlZr7nilizt & A5 5 o 45 th 2
3 &XRiE

ARSCHE N T —Fp I FER 2 ) = N VLC IR
B B SR | 125K I BB 2 RS AR AR X% S
HEATTON (i EZ5 SRR AL GA |, FPA IO PERESR &
T 10.27%, i F FPA AL a4 Ay il 24k | T k%
TAF TSR . A, R CNN SR DGR 240
HE IR 88% A0 LT ARBALHGIR  HAE Y Q (E42
=T 6.5% , HAE I 5T CNN H FPA B L0
[P, AT T RN AL B bR Lo 5 A AR
A7 A5 T AR TR 43 75 B T S by M | B 5
SCRHMME.,

SE k.

[11 MADIHA A, HASSAAN K Q, SYED A H, et al. Optimization of MAC
frame slots and power in hybrid VLC/RF networks [J]. IEEE Access, 2020,
8:21653-21664.

[2] NDJIONGUE A R, NGATCHED T M N, DOBRE O A, et al. VLC-

A FARA S B TR > 128 N AT DI (5 G IR 1 R
based networking: feasibility and challenges[J]. IEEE Networking, 2020, 34
(4): 158-165.

[3] ZHANG T, ZHOU J, ZHANG Z, et al. Dimming control systems based
on low-PAPR SCFDM for visible light communications[J]. IEEE Photonics
Journal, 2018, 10(5): 1-11.

[4] EInE 29 5Fhkdg, 45, % Al WOGIE {5 R 506U LED A= i1k
SRR ]. TR EBOE 2018, 45(5) . 172-183.

[5] LIU H, WANG X, CHEN'Y, et al. Optimization lighting layout based on
gene density improved genetic algorithm for indoor visible light communi-
cations[J]. Optics Communications, 2017, 390: 76-81.

[6] MR &, Hiofh ZRE 8. BT/ N HUN LED MG R JRi[T]. Ot
el FeE iR 2021 ,58(1) . 134-144.

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

[8] MU , ARUE, T E A, A SR PRt 8 A% B0k 1y ml U o' 5 6 I A
JREALLD). FPE O, 2023,50(13) : 150-158.

[91 MR35, BARREL , XMtk , 45, 6T Al WOGIE 5 1Y LED A )=y 5 Zh 3431
R RZEARLT]. Ya2e244t,2023,43(14) . 65-75.

[10] A TER BES ) Bk 28 N A D D' 5 2R 8 G IA Jmi i) 3
SARALID]. B AL . B R R 2021.

[111DU X X, ZHANG Y Y, YE Z W, et al. LED lighting area recognition
for visible light positioning based on convolutional neural network in the
industrial internet of things[J]. Optics express, 2023, 31(8): 12778-12788.

[12] M fE, EARAR A, 55, FE T REHLARMR SR (1 % P Al DL OF8 80E fir
JEN] JGEEREA,2023,47(1) . 1-7.

[13] e AT A 5 I & e @ s M iR T v . GB 50034-
2013[S]. b5t th E A Tl ikt 2013.

[14] CHVOJKA P, ZVANOVEC S, HAIGH P A, et al. Channel characteris-
tics of visible light communications within dynamic indoor environment([J].
Journal of Lightwave Technology, 2015, 33(9): 1719-1725.

[15] ZF 5 3, JRok it ZRAE. B TR A SRR b AL 0. 3
BN FIRESE ,2022,39(2) . 361-366.

[16] YANG X, SHEN Y. An improved flower pollination algorithm with
three strategies and its applications [J]. Neural Processing Letters, 2020, 51
(1):675-695.

2024 4F 2 1 ARAIEHS D



