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Multi-channel digital audio communication system based on visible light transmission

WU Yan'?, BEI Lulu’*, ZHANG Shen'?®, LI Yi!"®, SUN Wenda'’®
(1.School of Information and Electrical Engineering, China University of Mining and Technology,
Xuzhou 221008, China; 2. School of Information and Electrical Engineering, Xuzhou Institute of
Technology, Xuzhou 221111, China; 3.Internet of Things (Perception Mine) Research Center,
China University of Mining and Technology, Xuzhou 221008, China)

Abstract: In view of problem of short transmission distance and high cost of existing point to point
digital communications system, multi-channel digital audio communication system based on visible light
transmission was designed and implemented by use of white LED. The system combines audio codec chip
of TP3067 to implement multiplexing transmission of multi-channel audio signals, and uses FPGA as the
main controller to control time slot of encoder signals. Experimental results show that the system can

achieve transfer rate of up to 2. 048 Mbit/s, and audio signal of up to 32-channels can be transmitted

stably.
Key words: audio communication; digital communication; visible light communication; time-division
multiplexing
VLO AR BA X AR 2 4 & 5 D305 o g
0 5|8

TCE RS UE L TG R P A O AR PR AT R
(1 A R S5t 5 Sy G T A S I T — b o i RdE 4 A

Al UL % i {5 (Visible Light Communication, S0 B VLC 35 AR A LA 5 B M L i

Wi B H#:2016-03-24; & B H#7:2016-08-24 ; RAERIE 1A .
E£W A BEZRXRH IR H (2013BAk06B05) .
EHZ B : R ME1991—) L WA AR BN B0 AFF 53 4 R BERF 5 7 1) A B8 H R BT 0L )63 £ » E-mail : suixin@ cumt. edu. cn,



. 80 5 g3

2016 % 42 %

REFEADLRIE L N . g . VLC B B9 1 T FR
858 2 214 T RS A9 0 4 5 TG ik S it P T R
Yy AR T AR S

AR LT VLC $A 5 0 58 iR Bk i 2
el A AR 22 2 2 i 3 A B A 8 ) D7 25 T T Al T
R TAE. BN X VLC AR 00 5838 A s
AT I B AL BT Y a0 0 A AR G A i
A XELLAS B2 . A SCR AT EDE LED %
TR LA ) 2 R LA R R G A
AT ARG i - TP3067 S8l £ 3% 35 05 5 1 &
FA%Z i R FPGA M Sy 22 45 1 45 42 11 4 55 15 5 19
WFBE . RG] L M 2. 048 Mbit/s fy i {7 %,
HA A AR IR AR I L TG v 80 A0 S

1 At

S L 46 1) 2 0 5 O 15 R e 4
AP 1B, i, PCM 2% 13 7 (4 FH 9 B 2 o
FPGA $5 1]« 506 355 A1 43253 BT ) — B ol

[ #8 1 { PoM % |~ LED 33 | LED St

[ 245 2 | PoM 4 |~ LED 33 [ LED S

e 2|

by
22053 ON

1 3T T O 5 0 22 B BT 5 0 15 R e 4

1.1 PCM % i #4332

PCM % fiff i 58 B 18 FH 4588 Fr J& TP3067., 1%t
F PR BT g D R A R R — 1 PR o A
#r. TP3067 Bymitla] 2615 5 0 8 kHz, 4 ith R K
2.048 MHz, & i 4 8 bit B, 3 iz 2 2 i 4
RE AL i 5 B i o PCM 4R A5 45 5, %15 S 78
— AR S R R Rk 2 AR A R B g A
AT R, 6 B A — AR
R BF B A AN 42 0 PCML 2 5 15 5L SR U 28 ff iy L A7
M Y08 YRR R I B AH R R B
1.2 ediem Bk k&

S FL RS B K % B H A PIN Ol B 4
B A B S5 A R T R R

TR AU R 2 I R B Ry 0.4~0.6 A/W, i
IR A 1~10 nA, EF-AFE] R 0. 5~1.0 ns, 7 96 N
0.3~0.7 GHz R JEHN 5 VI, S 8 gk 3)
MG 5 — M AR5 159, 75 22 3 1R e 5 i B iR
R TS B A 5 O TR B A 25 14 A B 7 A g g
AR B A, BEF AD800T FE Sy i B il R H % 1
O F o GRS I R K L an A 2 R
+§_V
10 kQ

T Lo
AN 0.1 pF =+ 10 uF 0.1 pF
PD 2&* H—
Isc

3N
AD8001 > 2
Ry 2]_
1 e
= 0.1 pF=
'L__? - Re
-5V
2 o't Ha A R iR e i
RN OGN 300 N R &)
R,
A, = <1+E)RZ (1)

A H R, R, .R, YL 1 kQ.,

S 6 T WA ' L ARG I % IO L B D A
R 0 E X B BLAR R B LED SER L Ot i s
VSR EPEN N0 ONEN ) SN E R & IR
TR R Y I 52U R (E - 75 210 0% 06 UK 1 it 2 1A 3
BroR o i3 UL RS O 10. 8 MHz, i 2 &

G AL E K,
3.5
g -
nE 10.8 MHz
=25k
2‘0 1 1 J
0 4 8 12

#E /MHz
P3R4k

1.3 BH4PBR P84 = A

2.048 MHz £} 8 it FPGA A 8 1Y Bif AH B 454
Yoz, 8 kHz Wi fa] 25 ik o fiy 3= B 8 i i o A 15 31
B kA% B T, 2 B TR B K e 22 [ A 25 1 A
A B
1.4 LED 33 ¥ %

T 465 5 /) PCM {5 5 2 %35 K 3] LED St
TSR B B 5K, 2R 48 % B I 1 AR R 2 B JS 1
PCM 5% & I i R S8 05 B & I s 0945 5 I 2k
F| LED #8451 . DT RERs 2 65 )5 B9 155 15 = LG



2016 4% 10 1 EERFATTRAERNY SHBEFTFRBRE Z4 « 81

Bk 2
2 R

AR s A E g AT S R AL S 65 A
B4 frm. RERM 3 W L LED E 8 k%0
U2 O TR E O S AR O S IR R IR T
TP3067 %t ke LED 4K 3 i )5 BK 5 2 4> LED g
A6 B T8, 2 4> LED 2 Ja] i #5550 B
10 em. el . R A 1 A Jer AR ik 2 A4
LED SEIREEE S IR M0 1 PCM #Lf5 5. &
R ORI e ATt . B % PCML {55
di 32 AN B AR A 1 SRR IS i FPGA 77
A B[R] A5 ok b 4 L B A BB B RS D 8 bit,
FHIF ) 3.9 s+ KOHE 12 i B R Oy 2. 048 Mbit/s,
TEAR fii 3 70 90 2 A TP3067 (&5 R i . K 52 i i
U B E AR S o R R R S O TR L R B
B OEET L E 8T SRR . R R B Y
i 5 7 LA AT L 75 A% i il ik 308 4 3 15 5 %
KRN o T8 {5 B S 0 4 T A 7 i 1 WO B R 5
R & W55 . LA R R R G RE R %
2 B E R BAR R E R EE /N

HRL boM mim
ﬁ}\ i LED
: LED B e 1
" -
_> e @’

i e
U N
Bt \ \\\
| FPGA
e
ARG -
it FeEH AR \
oo EECRE

pcM iR LED /0
o LED IRshmgs OtE2'. -

% e —_— /-

Dl ‘ PCM fi#f
FHH 2

it
B4 Vs

{5 VR0 W (B YA = R B R R
1 kHz f12 kHz i) 1F 5% 15 5 408 i 15 0 A0 {5 15 o
MU TN 5 TR B/ 5Ca) S 2 BRI A IE 3% 05 5,
B 5(b) ok 485 2 G A% i I KO Ok I IE 3 4F 5.
ER R AT T ARG S i AR R R B AN L R
TG 2 L A 1 St 5 A0 23 R TR A5 A )

3 &iE

S48 T AT IO A {5 AR L B O vk L

DSO-X 2012A.MY51360867:Frj Jan 15 11:47:19 2016
1 500 mV/ 2 500 mV, -1.600 s AN 2 -200 mV

Agilent

Ca) 5 Wi P T2

DSO-X 2012A,MY51360867:Sat Jan 16 13:17:40 2016
I 500 mV/ 2 500 mV; ] -1.620 ms  1.000 ms

. Agilent
Kk

FRAERER

2.50 MSa/s

i
10.0:1
10.0:1

(b) 5 1 3w i 7
K5 A K AR S R
A4l T PCM i fiff % F % L 't F AGE 0 B O R % D
LED K8 B g% 003t i R FPGA 77 A G
A Pk s R ) 2 ok o 455 0 2 A S O B
YA R R LR G T 2. 048 Mbit/s 1% i
AR 2 B G S R A . AT R O R %
32 B 5 1 2 AL

SE Lk

(1] B R 2 A0 L 5. FOL LED % N T WG 8 15
i S BEBEAR LT el fi5 H AR 2011,35(2) :56-59.

(2] X, B0, £ &5, %. 1% LED BB ] 0ol
WAE R PR Kk R L) Ot {5 $ AR, 2009, 33 (7)
53-56.

(3] XU¥e . 5 [ 4. w] WO 3 A 181 i 07 =X S Hotk e At 5 LU .
WOt 5 e 72 | . 2014(9) : 65-71.

(4] REARSG . BRREK, Kbk, HF 35 R Al A58 40038 45 [ M.
5. db s 5 AR HCE AL 2008,

(5] S8 X046, sk 55 B 0l OGiE R R g it
[J]. % A 3hfk.2014,40(1) :16-19.

[6] KOMINE T,NAKAGAWA M. Fundamental analysis
for visible-light communication system using LED
lights [ J 1.
Electronics,2004,50(1) ; 100-107.

(7] ZEZUEE. e LED v W% & M 4% R i it L) .
B F RN ,2012,38(9) :18-20.

IEEE Transactions on Consumer



