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(1. FHRFEFIHEZ, LT 100084; 2. FEKFRERINBFRARLER, & EY| 518055)

#OE: IDOGEERAREERE TR (light emitting diode, LED), MFGHLA 18 B 9 48 FE A 4% it 5 7%,
SRS HN . HXENZITRAE R, PR T BELR TR EEERASTHRZIRAL; Hda s
Re TR, X REERMEE, DRARGEmEIRESEEEE. RN, @dyRem, #ns 7R
H6A5 5 A RS NARIIFEN, A LED J6A= M0 3808 75 BAE R RIS S it 4% & .

X ATHORIEME; ROETHRE: SRR R ORI ARIN AN

hESES: TP393

AR : A
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Key technologies of visible light communications
with multiple LEDs
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Abstract: Visible light communication (VLC), primarily based on light emitting diode (LED), supports the in-
formation transmission and networking through the existing infrastructure of the illumination network. The con-
stellation optimization and the power resource optimization were investigated under lighting constraints with
multiple LEDs for indoor environment. Moreover, the optical intelligent reflection surface was also researched to
regulate reflection channels dynamically, improving both the transmission data rate and the coverage of the VLC
system. In the meantime, the preliminary study revealed the flicker effect of low-frequency modulated optical
signals on the human body, and the results suggest that the LED photo-biological effect should be considered
comprehensively in the future signal design.
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A] WYGE S (visible light communication,
VLC) FIF 380~780 nm (¥R WL 1% 45 B 3k AT
FREM T AL i i W2 R RO JR R AT
AR PR IR TG v 5% s P vy el i B R o S A A
AR RIS B, B 8 I X Ot HE R AR A
(R I 5 A BB Ut . AT U A BRI
ANWFFCCL S R Ve, FEE P Rx
=N 20 D 90 AR, B RSN
R ACHL A& B T W RO AR (light emitting
diode, LED) , 1ZHURIRTF 2014 fF3#5 DR 2
oo XhREE NECTER RIS R =k iy
PETKER, T LED B AR B DIHE O BR R FR 3
ik T ] WOGIBAE AR K & .

5T LED [ SR B EOR BA HLRe R
gt (AW M RLRTTIR, GRAE AN AR
IR NG 2= B SN VAN S W e =) o
BE T AR HET . BRURTHFEEE AR, 4
#8453 FH LED AT #EAT BT R BAUS, MEAFER
HIR A BN AT 25% I ITEFERRRE 4%,
TX DA A4 IR Z21 4 50 B DR B YR AT Ml ) B AR R
BERE . SRR, SRR Rl 4T
Iz AL LED) AEA06UR, BAT R AT i S
&, REWS Ao RAE AT WO BT BAT B R 9
IR TC R T . TR R R SR AR I P R
B, KRG ERN 6G S . IZEIEMEZEAKE
ERGMNEEHE LA, IFH LS A S
M ERh A 2H I, TR R R R AR A S B

GuitEon, NAEZE NE 9 i Rk,
X HEEF R AR R KBk B . T AT, & T LED
KT PR T B D0 28 o NATT R o A = 5 A i e AR T
RTIZ R o H L IR S e A LLE B O =X R
HATIEREE b, (AR, T HL R R R v
5 U 2 L B ) 24 e 0% A D 15 R AR R At 4 it 1)
HEHAMA 2 —, AANBEALIR I Z S A

FEIRS . BEENMHS R T ZITHEE, L
K2 THEMBERFESERIT, FLERIA T
E H RUBE X FPR H 37 5¢ T RGP e SR LI (5
PEREAE SRR . — MERIERIBE AT 19 /2
L T S U A A S e N AR RS2 e, BIE ST R
LED #iffil e, Brk i mr WoGIEAEE 5% A
HRIRE o

EEX s A P R E TRk, 51 R
TR R EERA T %, B RLGG HE
2 A AT G IEAE R BE AL SO AN 7 T 3 )
AR, AR FEE RS TE R G R, FE N
AT WOCRe @ S 5 BHRE P B BB R A5 25
HifiRK, H 2 W T BN ST EEA TR,
BEAT 2T AL BT RIERAL, H AR RAEEU/NY
R S)PEBUR T IR TG i A, I IR Y 4 g
AGEEPERERI I BRI WOG(E 5 5 2 X
— LA WOGIEE AR “TRA” B3 AT
TR e TR (optical intelligent reflecting
surface; OIRS) ZAWIE I EEF A, Hirk
DL “HETCIR” 177 g st B o /5 5 003, AT
o5 RS ) A A SR I R R 1 e PR I s Ak
AT IOGAE 5 BRI R AT REXF N\ A4 3 5 ) 520
H AR 7T RACHTRE OGS S 1) LED Ot
AR, B A el R N AR SR IR ST S
I HARZR AT A F RS, RSk BEAT 0 Vb
TN A B BROIRES o

1 EAZKEIMETIZEERL

EWNZIT VLC RGnmEmE 1 s, 24
M) LED T #BAE R TN, 172N AEN VLC &
SSEML, T P U5 5 BC £ AR (photo diode,
PD) ML, s s s AN, K
B VBN S i, RAZBOK i
SIS I RIS B, A RS A 2 0 2 A
TUMAE S o7 B 5y ml e AR A s A BT AL o

Al WIS RGBT A AL SIS 1L
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R, BREZELUTFAFZAL: —=& VLC RE KR
% K FH i FE VR B I 77 2, SR 3R WL
B9 uade iz s, FkRTEBIEASSE
HORHIBOR s R WG E A — RO N %
TWCRA AL E e E, M EHE B AL &,
FREUME = ZR IR T RN

l:'.,--,.-' S __._l: l /_:.:::. =3 :‘./ 7e
u"-/~.___,/AZ __,Z:-::::/ /‘\‘,zz-::’_" /,/__
FRBOR PP RAE

—VLCHER O LEDESHL 7 PDEMAL
1 ZENZAT VLC RGnEE

AU IEAE R ) BOR AT 22 A i R 22 4%
W7 S AR SR EZR, H LR TR
i 2 R P — AT R MR ST % . FEENZ AT
VLC Z4irh 5| N A3 (]| (generalized spatial
modulation, GSM) FAJE, wri i x5 s P 1
A s B e i A, 32— BRI WOLE 5
(1 B EEANE B ERe

A3 BLAE X BROBR 08 Ot IE 2 B> B A
(asymmetrically clipped optical orthogonal frequency
division multiplexing, ACO-OFDM) HiA Ay,
454 GSM BORBEAT 70HT, i HeAth 3 )5 X RV B
AR 5 AT LRI A

y:%th+z D

H, x oy MR 3Rl REHE S BUE S A
A ABIE, z~CN(0,6°) RATTEN o I
H & By 8t A (additive white Gaussian noise ,

AWGN) . x /il GSM EEAF 1) K HHE 5
K, hFRITE LED KSR Fr i E i
A LGAEIE, AL AR S R B AR
ACO-OFDM J5 #, 2t = AU A5 5 5 N
JREEE B —4, AR REL 1/2. GBS

Hil*F¥)HAF S (coded modulation average mutual
information, CM-AMD) HHTHALR), HARI T,

I(X;Y)& =B, {I(X;Y|H)} =
B, {H(Y|H)-H(YX,H)} =
B, {H(YIH)-H(Z)} = 2)

B, { [ £y G0, (y|h>dy} — Ib(re)

Hr, X\ YR H 3RS S . #UdE5m
A EERBEN A R, B, ) BB gE,
H(-) BN S I8, T AWGN [R505) 1
LA H(Z) =1Tb(re) « f, (V) Rn B U
STELE ] WOG(EIE T M2 % R sk B, 7T DUR
I RS 5 RN 75 (R AT T A 3

SCHR[6]% CM-AMI 44347 A 25 18 T B2 0spL
BEHLALE RS LED B 152, KR T %
HPAACE BEE R CM-AMI. @i 55k
B AL 7 v 40 B A AR oK BORD 6 2 AT
T, PR SR IR i A S

F58eEh 64 BF, EXIAFEEGE LED
(i 2 R PR AR SRt 2 o), R T v
N 5m, LED KFHEEN 4, HHK 5 mx5m
AKFIER I, R EER . F Rl
B thi—m N 0m, LT mEE R b,
B BRI 5150 A o BIFEE SRR R LED 2
hGEH AN 60°. PD Mgl 60°. Ik
AN 1 em®s WITHRA 1.5,

oAb fE B2 e B S ) O B PR 25, BB B0IF
PSR T A 40 IR R iR A ] (quadrature am-
plitude modulation, QAM) 2 Ji [ )3 {5 P AL,
SHTRBL, BE A LED R AL ) 2 B B o 4
B, PR R B K G T b
NURSBhI, A% B4 LED [#a] WOt (5 i B
ANHISAERNTE K 22, R B8 5 B4 T 35 Rk
FCIE 242 CM-AMI. #% LED &40 2 )5,
HBy o BN .
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2 REAZRTHFIIANAERRMAAL

A 3857 B BA [ F2 IS Th 2R IR L 25 0] 43 A 9% 5))
K, SEFFRICBERTRERET, TR

WIEE] VLC R AT IS MERR LU, DAT5 &
MRS MEIX — BRI R . ik, FEEM AN
LED YeUsrfE s B2 (MEE B S S T,
LrfeT e gt T 26 4y T S B HE B AL A BB SR AL
KA VLC 5 444™), Brfs LED & SHLF

Py (A0 ROEMIAE 5, 2 LED KIMHLNAE S
FEFR W B B o SR 75 MR 2228 7 R 4K
(coefficient of variance of root mean square error,
CV-RMSE) Q — 2B bRl = A E 2
bR SR, = (3D FR.

N 2
\/ Zg,, [ Zgnj
Q:_ n=l1 - n=1 —
1
E Nzgn
! (3)
N N 2
\/Nzgf—(zgnj
n=1 . n=1
2.8

Hr, ERY o NG TR ER T 2, N

RN SR, g, N n AN AR BRI

HIhZE. K VLC (5l F &= Lk Rxr, XHE
AR S ik =0, sk (4) s,

=—Z Wlb( e hjh,,j:

2n o

(4)
—Zlb( 2na j_Klb 2no?
e

2 e
Horr, C Ron A BSOSO R5 AR 2, by R
JNFTAE LED RETHLEIS n N0 s AR AT L6
GERE, BMEIIR =Wy, WHNESHE,
TSl Tepvik SHE N

SCHR[ 118 I % 22 KT 340 28 A0 T 28 73 FE R B
ek, ST AT L 2R G R SSCR RE S P RE
. BAOPIRUE

n=1

FEA B S, BRI SITEZIR
R LE

FE2 Tk R, RN ITEL
KEF.

$|3 EREGEHHAEAR, s
FEUE AT IR S S Pry T #

Sl IFAT S N IR S ORI Briet # ) Rkt 3/
B3 poRtY, o, BRUlLm N 0.85 m, AHAREE
WOk RUBE RSN 0.025 m, 15517588 20 MHz, M
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TSR A 1077 AYHz, BT 55 18] T AR 6 A A )
THEN 44 mW/m®s NERIEELE AT, SR ST
S0 5 RITHARBRAE LG o BT AT N, AETE IR B 29 3R
S35 Rk T R g 2 2 i o 24 50 40 SR (R TSR 1T 0%
Wb, FERWNE L IR 2 RSB, LED AR
WUEEI 5 [0 2% B R C5 it FR B B S0 1, (ARG 0
EAIE A AN P PN V2 A S LI pry v

107
<
106 | ”b— ________ b
o> ) e e
= b - - -p~"-0-<0--59 D
£105g--" ;
= B
2 B e @O
3 104 1 SR -
b= G A
I
=103t -O--5mx5mx3m, JEIRBZH
Eay —o— 5mx5mx3m, 0=0.2
IS --C-- Smx5Smx3m, 0=015
102+ -D>--7mx7mx3m, JEHRHZAR
—— 7mx7mx3m, Q=02
--P--7Tmx7mx3m, 0=0.15
101 .

4 5 6 7 8 9 1I0 11 12
LEDR SHHLAC B
B3 BRI ZR fA RA R G

3 AFERERHFTME

EH 22 18] P &SP R 0 N T 5 o0 i A )
Ae TR (intelligent reflecting surface, IRS) ,
b AR BT R T LIS N S FL B ST Tt o i R
P 5/ 8 AR, NI 58 BON S 5 IR 3R
. ARTFH4, IRS EE A RIS 5 i
ITACER, AW RAE T MR Bl b BRI HOR e
Ko R EA T T UR S (R ZE 4 . hE
FAHIAEL IRS, JeAliB: OIRS Fk T 7] LA A IH
FATCH R, 38 W] DA R AR R ALK B 1Y) B T R 47
B e R IR BN R A AR R SR R, I HLRT AR
AR T WGBS RGBS I e, B
HIREIAE, DU =] WoGEE KRG R PERE .

H AT C A K& LAEXT OIRS 7E 1) WIS R4t
HR S REAT TS, I — SRR R A SIS
B M T OIRS Myie R s i B /e LA
TERFETT I, R RO IR = (6 45 R F T LD

SrHT OIRS JAHE B AR, ik, SCHR[13]
HISTHR[ 14173 A6 B B 23 D GEAE 5 T WG (E
(1) OIRS JHHEE I #i dh4T T #4047 . & T OIRS
SIEALY, OIRS BN P WOGIEAE R4 mT DL e
154 OIRS S S BR e [a] ORI 2568 3R Th IR AR AL
AL MR, FEA R R, 1R
SRS i R A R AR

e, FREGRHILE OIRS HItHI R~
— MmN TS SRR R, RO B T AR R ST
P sZ e AR IE AN Rk, —A4> OIRS HJtid
R BE S — 4R I R G A UROR e A R A
%, A S HoAth SO B A A BRI, I OIRS
B WGBS R nl LN OIRS 4 HR
T65 RHHUAILI S AL i T, 5 e %2 i
P35t VLC M2 A5 LED B, 5
kAN P $UE 508
v = (WPt +[Hveo(G)] Pr )5, + B P 25, + o

i#k
(5)
Hr, 5 M e 70 RAHAEEM AWGN,
T =[t,,---,t, 1 F1 P 73 5| 3o P A5 B R e AN
KGR B, H, =[h, k1 G 5%
7 OIRS S S5 T8 2 B8R SRR AE
mk, ATLAEE] VLC REHIBEI SRS 0K,
SCHR[15EE S B R R 6. P T 177K
W RGMTE % . OIRS 4B VLC RSB A
WRCRAR A S R & 4 Fiost'™), % EAE4E 4N LED
KATHUR 4 AR 5, LI OIRS 4
B 77 S07 LK R i AR e il 20%, R0
t OIRS 58 R4 (5 AL MR JII/EH
i, #EE OIRS HHBNMZ N2 i
(multiple-input multiple-output, MIMO) VLC R4,
F£F OIRS [ MIMO {518 R R A
(fog) m, (fiog) h,
H, - : : (6)
(fe08) hey - (f08y) by
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