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Adaptive Equalization Technique Based on LMS Algorithm for VLC
CHEN Lan-xia, WANG Hui
(College of Computer Science&.Technology. Nanjing TECH University, Nanjing 211816, China)

Abstract: In order to reduce the bit error rate and improve the transmission performance of the Visible Light Communication
(VLC) system, the channel equalization technology is studied in this paper. The channel model of the indoor VL.C system is
established. The direct impulse response and reflected impulse response of the channel are also analyzed. A new variable-step-
size Least Mean Square (LMS) algorithm is used to compensate the Inter-Symbol Interference (ISI) induced by multi-path
effects. The experimental results show that the proposed LMS algorithm has faster convergence rate, which can achieve lower
bit error rate when the system is stabilized. The adaptive equalizer has a better tracking performance on time-varying channel
and system steady-state error is also reduced.

Key words: VL.C; LMS algorithm; ISI; adaptive equalization

o kW 2R R BRA(S 5
0 3 = F 2SR5

L
ye=Doahe, Fae (2)

VLC (O] W38 (5) B R & 7 B A {5
KA & A B8 B RG] e aT LA S 30 8540 4% dan » & — i &%
IR F R AR FEEHN VLC REP . Fo54
T AN B B AR B 35 42 W0 - 2 AR R0 2 F B 1ST (1)
) . A 1A RO AR IST 51 ) BER (275
R PR AT R G0 AL AR L AT LA 2 i i
a9 M 25 X {5 3 0 A T e R R AT M

H A B JC 43 15 vh 1y 2 fr B R A s i 2
AR AP S 21 A1 A A0 38 v {5 85 A 0 B 5 O Tk
K — ek 19 A8 A K LMS Ul /N E ) Bk ) %
W VLC RS 5 18 217 35 M 4

1 FESWH

1.1 {5EHEE

VLC ZGHMEERI R,

y(©) =2() @ h(t) +n(t) t=0 , (1
Krp, v FEREm BRI E SR o) HE
SIHLE SIS ST h (1) A VLC R h B {E 8 oh
P 1 5 (o) A e T R

W5 H . 2015-12-14

Krf, L oWk KEE,
B 1 422 Wi i 123 5 45 1) o o A ke, (o) ) 22
B ERAMEEES de N
dy =y(1) @ he, (1) =
(D) @@ +n@)) @ h, @) . (3
AN IR R A T S i L 091 S
RIS v K S BT S D) AR A
h) @ h,() =1 4)
B 1 B VLC RS0 {5 18 155 0 K 3 5 2%
B, 0 WRSHES o0 HEE TS,y
B di i A MG 5 . d, B AE Se, NI
B9 d, Sd, WM. HIEN 0 7E R SR
it B 785 T8 e, 11978 A T 08 I8 4 0 il Sk R AL

H1 VLC 245 aFER R H &

PR A BR22 B (1991 —) & JTRZ M. 8L WF 50 A W5 0 1) S ol DLl s

65



O 38 5 WF 5

2016 4F 25 31 EEE 195 4

1.2 {51E M e K

XF T AE BOG IR P AR Q AR Y iR
I A

h(f;PeQ):ih<k)(t;PvQ> ) (5)

AL A LEDCR 6 B ) %8 10 £ 53 2200 &
I A I ) B S 0 £330 o O 2 A 5 P
Q) 7R LED % BFf 5 260 0 YR YB3 0
0 oA 5 i 5 0 O 1

K P =D g (arda -
21
B _d
rect[FOV ot . . (&)
1 | x |<1
rect(x) = , (7)
0 | x| >1
dQ2 ~cos(P Sy /d* (8)

K, o K LED & SHOELL 56 GE D 13 £ 58
SR A A LED o U5 R P T 2 B A 4 S A
AL W n=1; FOV AWM s d HFWom 5 LED G
R % Gt ot B BB B s ¢ AT

MR 22 SCHRLS ] o F IO A 0 0L A5 512 i 2o 7
o i B 1 B S T A F R — A — O RS T . R
WA AT AT A AS, AT PAFETR AL R dS /Y
AT b SR A I — KR e e A

M
AV (3 PQ) =2 h (13 Pga) @ h (1:P,Q) =
a=1

71;;1 Zw] aCOS" (52) cos(f) rect (gf) .

h(O)(t*Zi_;{Sa;lal}anAS ’ €))

X, R (5P ) HEEL T —RRFFE a 1
ORIt T A e 7 5 MLy S S T B 5 e, M a
AR S T b RS R s s b B S TE e
SRy A0S AR TR %) B ASE 3 o ]

Bt 5 2SR O BSCER 1 n A 5 B3k 42 0 v o iR R
AR5 . AR AT T S ik — WO G B A 4 W Y
1O TR A5 18 P B A

h(t;P.Q) =~ h” (t;P,Q) +hr" (t;P,Q) ., (10

2 FIRRIRHE

DEF CHI H 5z 1557 359 5 ) 04 5 SCHk s 24 A — 4~ s 1)
(4155 5 B A D 1)/ Pl 15 0 1) I R AR 2 T 5
Y IST ] LAgl s 55 . 0 P B2 5 14 45 2% FFF Ciip
BRI AR M FBF (5 B R 58 I 4 4l .
FBF 4 Sk 28 50 e i — B 220 46 00 390 B9 ¥ i % i 1

66

5 YRE AT LS A R T, LU S N — A 2
B R i) 1SI., FFF 4 Ner + 1 43k ,FBF
A Ny A0k A S R A7 28 00 5 h A5 5 vl 2os

“\FF “\‘FI’;
di= ¢y, + O Fd,, . D
i=1

n=0

KA o FEF 535000 FFE A EFB 9 4hk R 5 v,
Sy 4 S 20 0 0 0 0 A5 sl S 2803
s SR i 595 s Noe 0 N 2250 0 1 5 8
I SRS

3 LMS &£

3.1 LMS &i%

RBE ye =Lows vt s vz sy 1T AR
WA E.w, = [wwor swig swap s+ swne T N
o A i Sk AR Bl B, Q0 SR B g 0 R (S
CHL MR ZE(E S e N

en=d,—d, . 12

LMS Bk J2 d B B i S 3 R B8 i e hy

AR ) LMS 532 11 3% AR 5 A vl DL SRR
d, () =wiGoyyG) (13)
() =d,(w) —d,(n) (1
wy(n+1) =wyG) + ey Gyy(n) , (15)

. N UE P AR B BB A A 4 ) S WA SO A

T E TR K T

A KRG X BUEBORING B0k A e SO 2
AR 0T I 5 A B BR BE N LR . (BERGE
TR E I B AR AR 22 LR, BRIV 3 2 T 4 X i
A A2 A AR BEARURE R SR A TST ARG ek 58 A TR
/NBER B . A BUEEUNEE, B R G ER AR
ZESAHRIE /N BER 23 [ A, [H 2 & G2 i Wi S0 2
SN I AR EE R RE s, TEEN
VLC RGBS XA R, AR SCHR ) — Ff 28 K 1
A BEIRZAG S eGo) AW S B R 1Y LMS 553
3.2 MR LMS Hik

N TSR WSO BRI R SRR S IR AN
22K R BER WA 22 K, 1] RUTE 35095 990 Bh B B
W AR B A 7 3 (8 XM 2R 58 RE A8 IS PR 3k
FIRRE s £ RGO TAE 5 B2 A, RIDRE A B9 IBUE
/N, X IR GRS R 2 2 8 /N BER 2 B
S, A He(n) MRAWMT .

b

Aln) Zﬂlisin(aez(n)*?j+l} ,  (16)

A, o PR ZEEEIT 0 W 2D KA KD s gD K
Wit 2 22 19 A2 Al B L 52 0 B0k i Bl R . A B



- . A A
MRt %,

FEF LMS Bk iy n] WOGIB AR A il 8 H R

FRTDLE A 58 MIE B R . Sat Z k5 AL
5 AR SR =0.7.a =0.5,

4 MEERELSH

X VLC RG 5 TE AR, B s [ 19 K 58
A 5.5 M3 m, BN VLC REMFE 4 4
LED JG¥ & SHAL, B4 K HLAE A 60X 60 4~ LED,
AR LED Z [ A BB R 2 cm. 4 4~ & SHHL 2 51k
A BAERIERA(1.1.3),
(1,4,3), (4,1,3)F1(4,
5m e 4,3)4b, W 2 s,

A SCHY A S8 B {7 L4
BB R T A AR
(0.4,2.0,0.85) Ay 3k

< >
< »

Sm
oy JLICHRL6D, LA 9 5 2

ZRNE 1 R,
%1 VLC 2%t AA%

B 5 EZE
LED % 30 % /mW 20

B ALAE X AR B &/ m 0. 85
REth x4+ A/ 60

¥ 74t 0.7

HE LW/ pA 5 100
B E g E R/ m? 10"
B R R E/A/W 1
R 0.2

M BER MSE (¥ J7 % 22) Rl s B 3 A~ J7 T
ST IR L. R FFF MBMECH 5. FBE 19
W &R 35 B AL i s %2l 5 00 Mbit/s, A el i 1)
LMS Bk pyEE L K-S A R 0,02,

Bl 3 7R b 5 245 20 9 50k s AT R SNROfE
Me b)) 5 BER YR ML, B INGITF I KE N
5000, PR, BHE % s R O 500 Mbit/s i,
WHRBELE A R 0. 02 A LMS 53k %5 8 08 17 ¥
M Z& 48 BER W] b .1 H BER T 2812 (5

10°

o

102F

BER

ik o9 LMS

104 ! 1 I | 1
0 1 2 3 4 5 6

SNR/dB
A3 HEwi#a/s SNRE BER #9% 2 & &

JoT e JF A W b AR R . A SRR A Rk S 9 LMS
SR XA T 2R AT S8 A L D) A ) P MR A R T
#4t BER W] i FE A%, H B & SNR B934, BER F
W A e, SNR 6 dB i), BER F£ %] T 0. 001
k. MRABELS KA LMS 575.SNR 4 6 dB
L BER 250 0. 1,

4 R R FAS B Sk B i T S MSE 5
IR E A B 19 56 28 48 B0 B2 000 W 56 45
308 . 1 S8R, R R IS 9 LMS B33k )
5 I HEAT AN R G809 S B B R, MSE B/,
F 35 1 247 A7 8 0 s A £ A A BR R BB D TSR L R G
FRAARZE/N, R TRE 5 R AR 24 L o
AR 2y 0.1,

1.0
0.8
;7;0.6
=04

0.2

% " "To00 2000 3000 4000 5000
Wl % 5 5 K L /bit
B 4 MSE 5l %459 K8 X & 2%

5 ZFRiE

ARICHE T #ES T EN VLC &S0 158 A,
SN T AT 5 1% i 2 B P 0 A5 38 vp B R . o Bl
VLC RGEERe . R T — Rtk iy LMS 5
X VLC {5 38 3E 17 ¥ M5 #h A% (i 25 R BR R
FHSGH J5 19 LMS Bk, R0 BER A B A%, 1
ST B AR B Ko T A AR A T A PR B RE ) TSR, R G
PR ET N,

/LMS
k49 LMS

B E Wk

(1] sk, EME. —Fhalcitt iy m] UL o3d 5 &R 48 SNR #5471
PeA o7 [J]. T BCHE o K% 2. A KB,
2015,27(1):78—82.

[2] Ma H, Lampe L, Hranilovic S. Robust MMSE linear
proceeding for visible light communication broadcast-
ing systems [C]//2013 IEEE Globecom Workshops.
Atlanta, Georgia, USA: IEEE, 2013: 1081—1086.

[3] Zhang MingXuan, Zhang ZaiChen. Fractionally spaced
equalization in visible light communication [C]//2013
IEEE Wireless Communications and Networking Con-
ference . Shanghai, China: IEEE, 2013 4282—4287.

(4] ToEsm ATEREE. W7 LG A5 S HOCHE B RIS [T
A F OB ,2006,27(1)  114—117.

[5] Barry ] R, Kahn ] M, Krause W J, et al. Simulation

67



O 38 5 WF 5

2016 4F 25 31 EEE 195 4

of multipath impulse response for indoor wireless opti-
cal channels [J]. IEEE Journal on Selected Areas in
Communications, 2006, 11(3): 367—379.

[6] Komine T , Nakagawa M . Fundamental analysis for
visible-light communication system using LED lights
[J]. IEEE Transactions on Consumer Electronics,
2004, 50(1): 100—107.

[7] Minh H, Obrien D, Faulkner G, et al. High-speed

[8]

visible light communications using multiple-resonant e-
qualization [J]. TEEE Photonics Technology Letters,
2008, 20(14): 1243—1245.

Bandara K, Chung Y. Reduced training sequence using
RLS adaptive algorithm with decision feedback equaliz-
er in indoor visible light wireless communication chan-
nel [C]// ICTC 2012. Jeju, South Korea: IEEE,
2012: 149—154.

1000000000000 0>0>0> 00> 0> 0> 0> 0> 0> 0> 0> 000000000000 0> 0> 0> 0> 0> 000000

(EE% 57 )

3 FDID(BIRESBHE)FiEXtLE
S

TE AN [R) 1 48 0% 8 B2 B 1 b i 1+ 45 4 A7 O 2
Ywk B /) FDTD 2 5. W A 41 i & 5k B ok
(Ef,0, =5 V*/m" RS & 8 — A 454 5 1%
TR L, (A SRR . T RS 4 R R
SEHBRE . R 1 iR BE 14 iR ) B IX IS T R A 5 18 T4
FFNXT L 45 K9 42 SPP A% 55 21 55 — 4> W {5 Bt 3 i 119
Yy ¥y oK, Wi S5 0 0k ik B (B, =
10 V*/m?, H7E i Ry AL X 3k 58 ¥ =3 V* /m® . 1M
WAL &8 — N RGN E<3 V/m*, i
G AT AN TR) B 289 JEE 38 4% 1 T 5 Jm Sk o oA 2 Bl
3P4 15 JEE B AN T 0, MR A 9 R A 4 T 5 JER /N
B~ PR AU — A5 R B X, R g
FER AR ST 45 0 BEL Lk T A% 1 DX e 5 0 A
SHRE WK T SPP L HEIE B $2 = T IR .

SR SR U AR SO T 1Y 45 48 BE A8 AR 47 b HE A 41
LS (0% N o BB IR NS B e A S Ny B
itk %) 4 B8R T RE T B IR AR

4 ZFRiE

A 3 2 BT 28 B A AR X AR TMIT 45 44 B
BE T SPP A& R HEE, 3 7 05 LA R AR et R
2 Al SPP 1% R B g vT DUS i iT 20 4%, H & AL
Ho G TR AN 2 A A K Y A A R T BN AN
FEo X — 45 H D9 AR X AR B T A TR A TSR A T 8
INEBE B85 4F, X T 7 I gk ) & R A 2%
e

68

S E K

[1]

[2]

[3]

[4]

[6]

[7]

[8]

(9]

Pincemin F, Maradudin A A, Boardman A D, et al.
Scattering of a surface plasmon polariton by a surface
defect [J]. Physical Review B Condensed Matter,
1994, 50(20):15261—15275.

Ushioda S, Sasaki Y. Raman scattering mediated by
surface-plasmon polariton resonance [J]. Physical Re-
view B, 1983, 27(2):1401—1404.

Tan W, Preist T W, Sambles ] R, et al. Flat surface-
plasmon-polariton bands and resonant optical absorp-
tion on short-pitch metal gratings [J]. Physical Re-
view B, 1999, 43(19):12661—12666.

Berthold K, Hopfel R A, Gornik E. Surface plasmon
polariton enhanced photoconductivity of tunnel junc-
tions in the visible [J]. Applied Physics Letters,
1985, 46(7):626—628.

Vinnakota , Genov . Terahertz Optoelectronics with
Surface Plasmon Polariton Diode [ J]. Scientific Re-
ports, 2014, 6184(4):649—652.

Wang Y Y, Zhang T. Spontaneous emission noise in
long-range surface plasmon polariton waveguide based
optical gyroscope [J]. Scientific Reports, 2014, 4(9):
42—45.

Zhang X, Sorger V J, Oulton R F M, et al. Plasmon
lasers at deep subwavelength scale: US, 8509276 [P].
2013-08-13.

Zhu Jun, Xu Wenju, Fu Deli, et al. Asymmetric SPP
waveguide without sacrificing the size of subwave-
length waveguide [J]. Optik -International Journal for
Light and Electron,2016,127(12) :5092—5096.

Liu L , Han Z , He S . Novel surface plasmon
waveguide for high integrations [J]. Opt Express,
2005,13(17) :6645—6650.



