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Multi-user MIMO visible light communication system based on
GMD-BD precoding

GUAN Shaoyi' , LI Zhengquan'*
(1. School of Internet of Things Engineering,Jiangnan University, Wuxi, Jiangsu 214122, China; 2. Jiangsu Future
Networks Innovation Institute, Nanjing, Jiangsu 211111, China)

Abstract ; In the block diagonal (BD) precoding multi-user multiple input multiple output (MIMO) indoor
visible light communication (VLLC) system based on singular value decomposition (SVD), the bit error
rate performance of different receivers of the same user terminal is quite different,and the performance
of the user terminal is limited to the worst-performing receiver. To solve above problem, this paper uses
nonlinear receivers of decision feedback equalization (DFE) ,and proposes a BD precoding multi-user MI-
MO indoor VLC system based on geometric mean decomposition (GMD). For the same user terminal,
different field of view (FOV) receivers to improve the bit error rate performance of user terminal,and
analyze the impact of user terminal location on the bit error rate performance of user terminals. Finally,
the simulation results show that the proposed system in this paper enables different receivers of the same
user terminal to obtain similar bit error rate performance,improves the performance of the worst receiver
and reduces the bit error rate of the user terminal. When the emission power of a single light emitting di-
ode (LED) is 10 mW and the system transmission rate is 100 Mbit/s,user terminals can achieve the bit
error rate performance of about 10™° in 95% of the indoor area.

Key words: visible light communication; decision feedback equalization; block diagonal precoding; geo-

*  Ermail :1zq722@jiangna. edu. cn
We#E B #:2021-09-14 84T B #:2021-09-28
HESTE F%K [ AR (61571108) J64 hiRHE & TRV 4 (H20191001, G20192010) Fil A 19 45 FHIF AL 4 (FNSRFP-2021-YB-
1D % By H



* 530 -

metric mean decomposition

—_

1 51 §

VT AE K L BE B AT R T 4 B s AR ) R
W 5 S RN IR H g Rk 0 g, DA R kO
4 (light emitting diode, LED) 7TE = N B H 19 )
iz .2 N Al W% 38 {5 (visible light communica-
tion, VLCO) # 1A A & ¥ = N 1% 4 8§ Ml (radio fre-
quency, REDBE WA 14 7. VLC £ A %
LED A Iy 68 () 1 48 5 » 3 & &5 45 2% b 8 & LED
O R A i A HE K R 5 E BB R A S A
HA AL R 5% M 4 T 5 RS O AT LG R T
Yo i 5. sk, LED B9 A R4 58 IR # T
VLC iy 3 A% iy, (A X5 T A= N IR S . o
TR EA 24 LED. N itk Z 8 A £
(multiple input multiple output, MIMO) $ K H 4k
DR TR SR T G S

HEL L. HFRESW T HERME,VLC 245
AU X2 HEZH PSS S
) e i 7= Ao DT B ARG R P R A R M AR .
PLLFE VLC F & v A1) T30 4 7% 530 16 ok 16 Bk 2 1
B TR B N A= E R A, BT, /A
AhE F X VLC h i g i3 Bk B F 7 — & B
T SOk R R M 18 & (zero-force, ZF)
Tigm s A BB A RBERZHP T
(multi-user interference, MUD) , 34 H i o {f H & B
24 A R A I L E R I AR T g B AR R LA
HRE L AOL T ZF 14 65 . H 0 A A T T 4 A Y 1R 6
HYERE . AT, SCERL10A 11 )4y S 42 iy 1 1R
fith & Pk 8 00U A 90 g 5 42 SCER 10 42 4R 5
S /M P R 3k U 5 =2 8] /Y B K34 O i 2
J B A R EOR I R R A . 2 R 45 A ZF T
G T B 1 — T Ak A U R A A ELR B 2 A
FRAERMFMEG LT ZF B e i, SCHk
CLL A de /N P 38 07 2 22 2 F ok B br el B0k ik
T PG Wk 2% L T 45 6 A5 5 (8 43 fi# (singular val-
ue decomposition, SVD) #i i 15 $2& H — FF R AL 19 Uk

WHI - B W 20224 33k

view, FOV) ¢ A0 45 & 10 15 B8 ZF 1 4 75 7 58 It
T E AT ZF Wi e B R 3 24 0
Ry LED B8, 1A 2 B A 1 LED FE 51 %45,
A LA SkE e 7 R 4 I 55 9 LED B 51 4% fa 3 98 &
O & 5F O RO 9 OF BB AR RS A 2R L. Sk
(137K A e %6 2 B4 35 47 (decision feedback equali-
zation, DFE) JE 2k 1 3 W AL . ) JY JL AT ¥ {8 43 fig
(geometric mean decomposition, GMD) Tl 4 iy 11 2
A 38 38 o3 i TGRS 2 AP OJT ST B MUTL fff 5 3£ B
TERMBEMAGE SRR L2 F Oy RN T X
HRLTT ] rh i de /AR 2 J7 2 22 # SVD i 9 3% 5 5 .
RMHBTRWIFZ R . 22 P B
BLIRE O X T 2 P Z L A s 8 b . X
TZM P 28BN L. SCERL14 148 1 T SVD-
BD 4% £ Fl 7+ MIMO % ) VLC &4, g A
RCH I B MUTLAH 7 P 05 38 56 AR SCPE o
FES B L SVD R & 7158 #6558
K EUE — FH P v 19 A T[] 45 e AL % A 38 M B
AR ZED . B X Z R A SCER T TR —
L i R H AN TR FOV 5 oHL g 4 B 5 %8 Lk 38
Fr & i I R i R PR BR L AR ] P A i T LED
W 51) B S0 I 32 5 8 %k P % g 1% A 3R 1 RE B
AR,

A SCHI ] DFE JE £t gl Al . 42 th 7 GMD-
BD figmih 2 5+ MIMO = VLC 24, 6% A
BB TE P 2% v 1R A R . W AR ORI
SCHRL14 T 6] — 8 7 Z i 2k JH R [/ FOV 482 L
B BT SR — P R T P 2 o A 1R A R
fE. e BT ASCIRB MRG0 TP &
7 X FH P 28 s 13 5 38 1 BE 1 52 )

2 REGHEE
B — 2 JH P MIMO % Py VLC 35 76 i 1]
FRACHT 146224 Ny A LED FE9 5 Jo %2 40 08 154

LED 5B % N A LED. fE 3 Wi . b7 AN 364 K
AP g AR k(1 <k << K) D P & 3A N 4

Ktw @iy HR 2 ROy BAE R E MG b X e &
‘ , s o CHEICHL A A Nk = D N [
AT ZF Big . SCHERLI2 I T B8 #f B2 Hh & . 32 i
H— R Z8F 7 g 15 5 VLC H 1 1 35 # (field of 1 5T GMD-BD i 4 5 19 2 ] -+ MIMO % 4 VLC
LED array 1
D
ata stream 1 . d S;
Data of . OOK
user 1 [Data stream N, |modulation
GMD-BD S >
procoding i 4 :
Data stream 1 : matrix F LED array N,
OOK dx irec
]3 :gri 1°<f 'Data stream N, |modulation > c?tn]ri;csn't j

(a)




5 X/ XL T GMD-BD Hi g i i £ H M MIMO A W% 5 2 4 « 531 o

" De Decodmg

Optical receiver 1

1
matrix W
1

T L é

| I
| |
| | -
=L |
V__). | : é‘bé k(L —1.L) |
. I | 1 I
I ! n
g Remove ] ni : ety O[] L >d,,, .
. direct current | L) L/ | ’
bias | 1 |
. . . 1
Optical receiver Ny, | :_b}(u) _bk(u'_]) |
| | i '
| ' !
il I R
W, - L 4,
L____L________________I

1 GMD-BD Ei:Z AP MIMO £} VLC 25 #E : (a) REEHH; (b) F L MRAPBEKR
Fig. 1 Multi-user MIMO indoor VLC system model based on GMD-BD algorithm: (a) System transmitter;

(b) The receiving end of the kth user

FRGAEAY , F B S S v A5 T RO 4 3 R4 .
7 48 3 FH P A5 VB 22 I )5 #2847 GMID-BD it
i G Ak PR L B 5 I LI A 9K 3 LED & 5 AT WO
5% 65 5 & 5 B L 5 78 372 W0 6 12 L F #%
WE AR S o mAE 5, Z 5 id DFE JEZe ik
WAL S GMD-BD fife ith i [ 356 5 ik A% 7 53 A [] 1 48
(inter symbol interference,ISD) , & J5 & i H e Pk 2
PR AR B
2.1 RAXRHIR

RS v A% i R P A B T A58 i HR O i et
5 B S A RO RS S R E X IR AR
PEAT AU T I C 8 #2 Con-off keying, OOK) 4 l .d
= [di,edis e ndi 1" IR B 20 OOK 3 il
):E]/J/]’Flﬁﬁdl« = Ldu s odiv, ] RRE R PG

2 i P8 S W5 5 S8 05 4T GMD-BD il 2 74 4b
fﬂ, =[F, ,,F,,,Fx ] € % i GMD-BD i
HASFEIE o Fo € 9% Nee S8 kA PG Y
MRS FE B L th TIOR3 LED B9 20 1E . R b /s 2
XT3t 4 A Ab B TS AR 5 0 b U A PR UE LED IE B
TAE % LED FE5 RS BE S « W RIR A

X = ZPIED(1+7n1Fd)’ (1)

fc'#,PLEDﬁEﬁ/\ LED 312, m, NG 4. 1€
PN A4 1R Ny 4EB )
2.2 RuGIEE

AT U038 A P AF AE 2 R 32 B 0 B IR R . B G
BE# (line of sight. LOS) #5574 Fi1 4k B 4t 5% # (non-
line of sight, NLOS#ERI, SCHk[ 15 10F 5% %0, B4

S B O BRI ML BRI B T R 9506, B, A X
2% 25 P B3k RE L K A WA G R S VE T, SR LOS
R ARSCH H, € AV N FoRk LED B8 555 & A4
F 28ty 22 (8] ) £ 38 6 B L 0 A 2 H P MIMO = 4

VLC RS EEM R H=H] - H; .-, Hg ]"
€ M N |,
Thy e hy hi, ]
H = ha hU thT , (2)
Lh:\'Rl hNR] hNRNT,
A, h, B (A<j< N4 LED %ﬁﬂ%uiﬁ (1<
NG UL Z 18] 19 15 38 5 50 25 Ho 2
FKIEAR
hy =
2 A(Z’:‘ti;m”cosm (o) T (W) g (W, ) cos (W) s
0< v, <V
0.%,, >V,
(3

X, A eI HLTE B d,, RS j A LED B4
H158 n A~ LED 5% ¢ DG LA BE 8, m=1In(1/
2)InCcosgr 2 ) A HATETR B 4L X B InC « ) R H
SRXTH m AL LED BEIIRAMA @0 KWy Fl g,
53 500 R 6 SO B AR £ R LED KT 89k 5t L T,
(W, ) N CUEP A 25 . g (W, ) MBI 25 . v, %
RICHALE FOV,



+ 532 -

2.3 GMD-BD M4mIBHE

GMD-BD i s b5 5875 1y 32 22 SRR & . i 2 .l i
¥ 2 H P MIMO {538 305 2455300 B H P 715
i, T B MUT; Hok, 6 F P i) 58 30 1 P 715 38 i
1 GMD 5 2 £t 4 B8 , 14 B 12 FH P 45 007 38 AS [R) 22
WML I fy IST,

2.3.1 GMD 4 &

BBAT LM A€ A " 1 Fk N L =rand(A) ,
HAF R L 00 =0, =+ =0, >0, 4 A i) GMD
ST Fom R

A = QRP", (4)
K, Qe " MPER B IERLH M, RE A &
X AL ICR BN L= MMM ALITER r e

r= (Hm)m‘, (5)
X HRE R ML LT RS THEA EHR
{EL B0 JUART H49 4, 3% Ff 43 7 2k GMID 43 i .
2.3.2 GMD-BD %

% GMD-BD £ I F* MIMO %= N VLC &4,
RS & AN FH P X A% 100 4 B P R 2 958 50 # B

O R A P RS EANERE S Hy = [HT .-,
H;—UH/:TH 7"‘7H£]T € AN NN HURR ﬂﬁ =
rand(H,) < Ng — Ny, X H, 3547 SVD 40 . He ik

=00 Vv e )

0 0

RfL O, € AN N N Ned iy H, B 22 2 S )
IR D, € 0T i H o, B35 S8 A B 6 R AR LV, €
DN g R EE R H BTG L A A7 R L VO €
GNTH N L0 S R (N — L) AN A7 25 5 1 & Ho
i H, %223 8] 1 — SR E I 2C L 30 Fi =V,

Xt R AP RS SUE A Ho = H V" €
O HEAT GMD 43 il R oA -

H, = Q.R.P}, D
o R H, (97 L, =rank(H,) , ] Q, € %Vx L FI
P € N R0 b JL o T SR L R, € e X A 4R
JCRMER L =AML F.=P,,

A kAN P GMD-BD 7 45 A5 4 [

;}Z‘VRk X(Np—

F, = V};O)P/u (8)
WSS e A~ FH P 04 S 0 B
W, =0,.. 9

2.4 REEWR
TE IR L 28 0] DL AE T AL S e . 32 W HLKs B 4%

WHI - B W 20224 33k

WEEPIR R LR (SR R R i SRR
A P 2 B R B 455 AT LSRR O
Ve = yPLEDmlHk(F/:d/c + 2 F,d_,>+nk, (10)

J=1.Fk
Ky ARG R n, € V0 RORES &
AN 2 1 N e A G MOHL 3 UAR 5 1 M A 2
N g, 4 0] &
B K1 F, i H, #bJE P ) % 25 1) ) 4 20 B
AT A 2 2% Il A2
HF, #0,j =k

. (1D
HF, —0,j £k

K 10) Hr, FHRW H, > Fod, W7 LIRS B BT L

=1,k
SE4iE bR MU, H i, B2 B M55y AT RN R -
yi = YPigom H,F,d, + n,;, (12)

L TR W= [ Wi s Wig s ooe s Wu, JHEAT
i, (D (O RO BB R 55 KRR N

y//e = Wiy,

= yPipom,W{H,F,d, +Win,

= yPowm Rd, + Qin,, (13)
IJ(:'T‘ 'R, :WngFk %é/l\ﬁﬁl%ﬁ%%ﬁlﬁ]ﬂ@izﬁl
SR I T A X 7 R B S DAL IGE oE W, iR S A B4R S A
1 1S1,

WE 1 FR A SR A DFE 38 26 o 32 00 HL D 1
AR W, BB My, HIRE H d, . B E &
AP L A Bt X8 B — A Eodis i — > 2tk
ittt 1) e w, PEAT AR L B8 L, A B AR G S A A
PRI PR B d o, SR IE AR OON RS 5 (9 75
TR TR R 1 P A5 . d SR TSTL (Rt L
SR PG BT AR N -

Ly
glk.u = Q[ (WLTU_V/; - 2 bk(u.v)d/:.v )/b/z(u.u) ] ’
v=utl

1<ir<K,1<<u,v<1L,, (14)
K H S becur =7Prenmi Ricuw s o Ry, T8 3 % R,
B ) I, QL « JFRINF S I,

3 S5t

AR SCHERL14 ]/ = N7 BAL AL, VILC R4
FEHGESENE 1 PR, BRBEE N KR I
WA 4 A LED MEFIAE N & S 0L 454> FR 3 4L & 60
X604~ LED, i 2 WA 2 4> TP &y, B4 P 4
UL A 2 A EHEHL B PLEE B M TE 0. 85 m,
2 P 28 S GO AL R L B TR — B P A i 2 A6
FHLAREE 0. 1 m, J 2 % 1 A2 T LED B 5B 3



5 X/ XL T GMD-BD Hi g i i £ H M MIMO A W% 5 2 4 « 533 .

M P 2 2 (i FENBENE, 5 4 4 LED 45144
W T 4X[2,2] L MIMO £ VLC &%, &
SCLA B3 [R) 17 £ 9% R DS ST R R A8 BR & L LED
R 1) v B A7 A s R P 28 1 RN 2 i 2 D642 0K
ML AL B AL AR AN 3R 2 PIrs . 7F 2 FPIEIE T Ll ad ff H
SR T AR SCET R GMD-BD R 485 SCik[ 14 17
$& SVD-BD R4 1) ] 2 A iR i 26k fg . 1 1.8
— P 2 1) 2 A S EE R HLAR SR FH AR [F ) FOV =
70° MR 2 Wl — P &S Y 2 AN e MOEL 4 1R
R FOV, 43512 70°F1 50° (C3CHk [ 14 ]9 2R HIAS [
FOV A . HIGTEMWHIE 2 5 F . 00 T A SCHR
2R G5 10 28 s T A o7 K P 4 i R A R M i
14 5% 1]

x1 VICERSSH
Tab.1 VLC system parameters

Parameter Value
Room size (WXLX H)/m 5X5X3

Area of a optical receiver/m?* 10~
Responsivity of optical receiver/(A « W™1) 0.4
LED's semi-angle at half power/(°) 60
Modulation index 0.2

Filter gain 1.0

Data rate/ (Mbit/s) 100

2 LED FEFfil 5 B P &R BRI B0 24 4R
Tab.2 Coordinates of the center of the LED array

and user terminal receivers

Parameter Value
LED array 1&.2/m (1.5,1.5),(1.5,3.5)
LED array 3&.4/m (3.5,1.5),(3.5,3.5)
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Fig. 2 The bit error rate performance of VLC system under case 1:(a) The relations between single LED power and the bit error

rate of the single optical receiver;
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Fig.3 The bit error rate performance of VLC system under case 2:(a) The relations between single LED power and the bit

error rate of the single optical receiver;
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