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Basic Study on Receiving Light Signal by LED for Bidirectional Visible Light Communications

Kousuke Suzuki*, Non-member, Kensaku Asahi*®, Non-member, Akira Watanabe® , Non-member

(2012 43 H 28 B=AF, 201249 H 25 HE=A])

Recently the light emitting diodes (LED) have been used for lighting and illumination because of their features such as low

power consumption and long life. The lighting equipments have only LED. Therefore, it is necessary to install photo detector to

enable bidirectional communication. In this paper, we propose a receiving light signal by LED for bidirectional visible light

communications. We evaluate the characteristics of LED used as a photo detector for bidirectional visible light communications

through experiment. And, we describe the developed experimental system that uses LED as a photo detector. We show that we

can use LED as not only light source but also photo detector for bidirectional visible light communications through experiment.
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Fig. 1. An example of the visible light communication system.
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Fig. 2. Photovoltaic measurement circuit.

Table 1. LED list for experiment.

Luminous
intensity
[med]
18000
18000
8400
15000

Dominant
wavelength
[nm]
625

Color Model

Red
Green
Blue
White

OSHR5161P
OSPG5161P 525
OSUBS5161P 470
OSPW5161P -

W U728, —fREIC LED OYEH IZNEST 1a fEHR 12 Ll
T DA, TOMMMEITREIOCHORESEOLM, @R
ZIZE VBT 27D TH D,

(3-3) MBIEHLER WEHER%E Fig3lor”d, 22T,
BEHNI TS0 LED %, HERIIS R E b7 EET
»H5bH, T T, Fig3(c), IZBWT, FZ7 7 TIEIRIH 0D,
ZHMAAOEE S 1LImVEEOZIEEENEEL TND

ZORERNG, ZHM LED OFRNEHELIT LD RED
Jt&EFS D LED ZRCMNTEEM L2mE1s, OUEEDF
AT DI LR TE T,

F72, N, ZTHOWGFIZIRE LED # M LiGAI1IcR
W, b RERZHRBELG LN,

(34) & = ﬂgﬁx,%%@umwﬁﬁﬁﬁ
UTOXNAS LIcGEITEENDREELTND I END
NnhH, ZOEME LT, iﬁimD®%tIzw%L0w
TEZ D, 22T, LED DFGE= R LFIX(1)ATEZ LN
D,

T, ERZRAX, hEIT T ek, o lOGEE, A
HEETH S,

ZOXPD ABENNEERTRAFRRELS LD LN
D5, LED THREENVFHAET HITIE, HLICHERT
INKEBIINZFNVXZRHTLILERH D & FPHS

AU, M LED OFNEELL T ONE B L Ha ook
BIENRREL WD EEZEZLND,

ZHANZ A LED & AW 2RISR BENFEF I/ &L
7R DB, YEAFE T NFGLED ThDH I L L HE LED
WA STV D BB EH AR A U7k &2 U & 7213
i, PEHL, LED ONSEEFE B < ERNHMET 570 b
Ez oD,
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Fig. 3. Photovoltages in each color of receiver LED.
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Fig. 4. Circuit diagram of LED driver.
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Fig. 5. Circuit diagram for measuring response speed with

reverse bias.
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Fig. 6. Response speed of red LED.
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Fig. 7. Response speed of blue LED.
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N D,

(5:2) ERIVATLOBME #RBEVATLIEFEBT
%558 LT Fig8 IORT VAT AZBRAd 5, Ko 35y
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Do RUAT AE, HERE EZEREOER Y0 B X
LERE (LT, S0 ER) &, #ERE, ZEREK,
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RENTZEET —HE 52 LY LED IELR SN D,
WACZAFTH DURM T, 810 8 2 B B & X
WICZAFEIE e S kig (LY, ZfEE—F) &7
%, ZAZEETIX, 55 OHIFL L O ASK DERETT 5,
LT, 2D%EEF%E~A 2T AD (Analog to digital) 25
L, YTV T LT =4 % PC2 ~LikY, T—H4D
2T O, MR S RA~OM®E 21T 5 BA1E, R
LERROEENE L 72 D,

EEMEZEMTORET—REZEFET— ROV EZD
FHIZ-OWT, AkThivd, BBAMOTI L &1
TN E DR T — VPR M TIES0E 52 L R % L
FTHULEND LD, SEIOERT AT AT, HEEHED
AL O 72 O I BRI B SR ~BIE, F#X 1 I 7
DHEFRTDHZ LICLVEVEZ 21T 7,

(5:3) VRTLDINTA—4 Table 2 IZ5HID T A
TATRELI AT A—F %R T, BRI TIE
FEERGERIE TIE—RAYIC PPM 2 PWM W28,
TIb, EARMICREIME CAT SN a2 Wik d 5 5T
B EIND, RUAT ATIIMRA R LR & 725 ASK
AR LT,

5 B I 20X, LED D38 SElE D JR I EUR R DY | MHZ
BEOTHSL Z L L, ZERKICEBWTESOMBICHNS
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Fig. 8. Block diagram of experimental system.

Table 2. Parameters of experimental system. State of Receiving Transmitting
Modulation ASK (100% Modulation) switching circuit mode mode
Subcarrier freq. [kHz] 455 - H H
Encoding NRZ Communication- Receiving Transmitting
Symbol rate [kbps] 10 able period period period
Max. throughput [kbps] 6.4 H ¢ > . .
Duplex Time Division Duplex é : 4.5[ms] g é
Time slot length [ms] 5 . = P

. 5[ms] . 5[ms] .

N RNRT 4 & L LT THERMNENL TV 5
AM FVFMITOETIIv I TANEERHND I LN TE
L= 455kHz & Lz, BHE Y hL— R, K07 44
OBIBAIRIES 10kHz TH D Z & &, BAIE LRI ORE
ICBWTLE L T U RANHIETE DEEN HIRGE LTz,
EEZEOU Y B MRIL, BRENCT T DX 03 TR REHE
L LT, BEFTRITV AT LAOEEELRLH T HT-0IC,
NRZ fF5 a8 M Lz,

(5:4) FEZEOUYVEBARE  EXEOTRZE
M OFEAM % Fig.9 \ZR" 3, E5{51%, Table2 TRLZERDY
Sms BB TUIV x5, LL, H10EXBEIEOMEE L,
T— FEYI V- 0.5ms 12800 B2 B2 R4
LCLEIED, BEETHY>ZENTERY, ERIES
EETE LXMW (LT, HEXH) L2ETE XM (L
T, ZIEXMH) 1L45ms &725,

(5:5) YEBEODIL—LIT+—<Tv L g o 7
L—Ah7 3 —=~ v ;& Figl0 \TFT, K AT AIENT
1 7L—Ah&lE, ZE - FHERBENENTERET S 42bit
BT, 1 OO7 L—2MF 7Y 77 10bit £ B— K
32bit N HRER I LD,

TIVTTNE, UTOMKTHD, ET 7V T 70
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Fig. 9. Timing chart of communication period.

5[ms] 5[ms]
Receiving period Transmitting period
42[bit] 42[bit]
Preamble Payload
10[bit] 32[bit]

Fig. 10. Frame format.

DT 1~6 £ b HIE, ZIERIHO 2 fifLEATH oo L
FVEOREB LV, €y MIBERIT 57202,
3L 710 By bR, A 8= RO R 00
2=—JU—RE7poTW3,

HE S R T LDFHEEER

(6-1) ZEEBAE 4ZZBWVWTERE-RIELE-VRAT
LIS HOUVNTHEREIZ 5% BER #PE DS EER 24TV, FEER
WG RBIE N[ ECTH D Z L 2R,

6.
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PC1 (FRBAM) 725 PC2 (= —YDuuk) fl~7 —F &%
L, ZELI-T—ZDOE v FiAD . (Bit error rate: BER)
L7 L —AF8 0 (Frame error rate: FER) ZHIEJ %, BER
TR E L2y MED ) biiol- By MEOEIGTH Y,
FER IZEE LR L—2 DI BLEYNEELTZ T L—
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BT 2 2R CE 282 RET D,
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BND 3RO LED # AW A EEET 5, Fiz,
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Hix, E#EZELLICIETHD, #E, %ZEFHLED 22—
ERLEICEREL, Vo XOKXRARZEREIZ, 15~25cm £ T
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1 0 (x—A4)
B(BPSK) :\/Z_ﬂo"[‘”exp{_ 207 dx
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®, BPSK @ BER FHEIZOWTREEFETLE 12 £ 55
L ASK @ BER #pf: & 725, f> T, ASK T® BER OB
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Fig. 11. Results of bit error rate and frame error rate.
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Fig. 12. Optical level in dB versus distance.
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