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In this study, in visible light communication which receives data
transmitted from traffic lights and car light emitting diodes (LEDs) with an image sensor provided
in_a high speed camera, a code for expanding the communication range In a_future VLC environment in
which high-speed camera receivers operating at different frame rates coexist, a
transmission/reception system that accommodates information sequences of different transmission
rates with one transmitter was established. We further developed two elemental technologies that we

believe are necessary for establishing a new two-dimensional communication path applicable to an
intelligent transportation system.

LED
VLC



¥ X CcC—19, F-19—1,

1. WHERRAR LI DT &
B, WEECX 7Ly b, T4 AR

ShE, AA=Yrvvd (IS) #NET 2
HATZTNA RFEIA S E /L Tw3, IS
IR 2%, BTFIRICELE X - %8
D7+ b XA+ —F (PD) CTERAGFT~E
W sRkFThh, AEDEE (VLC) o
ZEKE LCHEHEED T 5, ERE,
IEEE % #£ {t ® Task Group ( IEEE
802.12.7r1) <TiF, IS #EHAH A 7 ZFEHL
72 VLC & 2w T b,
Communication (ISC) % Optical Camera
Communication ( OCC )
Communication(CamCom) & MEFRL, BEA
ICEIR I N T WS IS ZEHKIZ, —oDPD
ZEHEHKRL, Z{DoHHzbD. 2D
—OI%, HROZEHHRIC L > TAGHNE
ZET 5720, 1S L CEBDNEE N 4 D
v VNTRIETE L HTH D, WA
2> b OB (Rol) % 73 HEALIE 3 2
& T, KBt E R & OIRENE S,
RO D b DIE AR D [FIRF 215 72 & 23,
HGRUIC X > THEETH B, 2D XI5 7%
i s, h AT EHAWEVLC v 2T L1,
EEEKASE Y A7 L (ITS) , Ics T 3R
HVLC v 27 L L LTEAIHIEE LT
W3, ITS Tlx, LED G5 ER
LT, BREHAT 2o, HEICHEE S IS 215
PE~EIEIRE XE T 5 2 & T, R
XEETO. BUE, 2EIEHTL—-LL
— P EFONATHBERLTE T LrD,
Hlj~E#H TN 21S ZEHO 7L — 2L
—FbIFIFETHELEEZONS. D
iy, 1S MAX FZERIIAGDO 7L — L4
— MG L 72 ORGSR 2 il 3 %
MER D 5. Wil oEE ORI LT,
WG 2 A E IR O HE X, &7
L—aL—FTEFT513L, HGUE~
TR E L T 2720, LEOEREE
Bk X0y, TELETIVRVIER

Image-sensor

Camera

Z—19,

CK—19 (dtm)

EENR»L, HEOTFT—21L —F DIEH
FNEXEETLHPERNTH .

2. WO ER

KO HTIE, 1 20X EEFE»S 7

L—LAL— DR ZEELEH A TITHL,
B 2 1EHRRY %2 FRFICEET 5729
N%ﬁ%ﬂiﬁvx%A%%%L@ﬁ?
Cichb, ZOEBYAT LTI, N
M@ LT — 2 L— F RFEOEHRRI %
H— D REJR D & L REZEFH (PWM) I
Lo TkET S, Ta—T4—lLEMEL
TEFET I LT, ZfEHEEECEED
KREeFl-ds32e08Ccx5, ZEL7=3
DR 7 L — LD, EFLED KZzfied 5
v e L ORI, 3 BT — ) &
fa (3pDFT) ICX>T, #AATDT7L —LA
L — b D1=3 DJEBE % RO %k ofr
MICEES T 2 2 L AT 3, FnHICE
BINZERRIZE, FH1 FHHOBEERRY
D1/ 3+1) ™ OF—xL—tEHD. T
D41 F, T=F A Vv Z =V EFHFAT S
e TH L. FnFHOEMRRY & EH T
2H AT, FnFHUTOT 2L —1 %
b OEHRARITN O TEEFTE 5.
3. WDk

AEITIE, HIDIC 3 SpE 7 — V) =&
(3pDFT) Ic2WCaiHT %, Z D%,

3pDFT CKF 2 300V 7T—F" &,
DY T —FhofFoh B 1ERE DN
BRI 5. BRI, P T—F
AR & ZBEfRO, 3ok L —

LT h 7z o TN X N 2 DS, = 0B
REBIZTLIICANREERDOT 2 —7

AbERD L, HEE L3 7L —LDEFH
41K (Rol) 122\ C DFEREE [ %, x =(x0, x1,

x2)& 3%, 203 flix M\, 3pDFT %
RDXHITERT 5.



XO wO 0 0
X=1x =FxT =0 o' 2|7 (1)
X2 o 0?2 !

ZIT, w=e723 xT 3 x OEiE %, Xo FETRST,
X1 8 XoBARXTD7L—LL—FD 13 DR % ZNFNTE
WL, X1 & Xo BEFEROMRICH S, £/, 3 20l DFT
(3pIDFT) #XD & I ICEHKT 3.

X0 1
IT=1x]= JFX 2
X2 ’
ZIT, F*iE, 119 F ogFEEERiREz2 %7,

ARTDIVL—LL— DB DI EHEZDENTES,
[Afkic, 6, =37/4, 6, =57/4, 63 =Tn/4IZOVTH, Zh
Z0 1(d), (1), (h) KR TREINDZLIBRARXATDT7L—
AL — D 13 DRPHDIEZREHBFSND, T DI
DIAHE, K 1), (), (o), (2) IKZNZFIURIND 3 DDifi
JEft (FY7—F) @ 3pDFT IC& 2T, 4 2DMHDH) LD 1
D2DTHBEHETES., 51, K 1(b)-(d), (d)-(), (H)-(h),
(h)-(d) &, ZNZNNAHDY 7/2 72T AR 2 B4 TH S 2 LA
3%

3L 7 L — A DRI x = (xo.x1.x2) 2 (1) ZHWT
3DFT §2 2 LT X = (Xo. X1.X2)T #5kg3. 227, X
BARTDIVL—=LL—=LD 1B DRI THS. Thbb, 3
DOl % 3pDFT §% 2 L CIEKI A2 £Z 5 LD TES,
CDOIEEHE DA W ZH D M TR 7 b ¥ —A v 7
(PSK) 2% Z %, ARiTld 41t PSK, T7%bH QPSK & LT
BT %,

QPSK ¥ A ¢.q € {0,1,2,3}, IKHLT, Py, ZRD LI
WERT 5.

Py, = L (3)

22T, 6y BIFEONNITHD 6, = g+ 1)/4 ET 3.

Py, & (1) ZJ\>T3pDFT §5 Z & T, RIS RIS
% 3 D0t pq (pd.p1.pd) BPET 5. 2D 3l p,
%, THLE R YT — R LIRS 4 DD 6, G
BEUT—F p, &, #1IRT

L LAD5, £10D p, 3ADAIZ SO, HRIEAHILHE
B o VLC TRADMIFAEL B, KD K HISHIEL
REVT—=F p, BEZS.

Pq = pq+|min(py)| = (Pg.0: Pg.1: Pg2) (@)

IDLE, puiz20,i€{0,1,2,ThH5.

£1 4ot ZzhcE#ETE Y 7—F

q 94 Pq.,0 Pg.1 Pq.2 !3(1.0 ﬁq,l i’q,2
0| /4 | 0472 | —0.644 | 0.173 | 1.115 0 0.817
1|37/4|—-0.471 | —0.173 | 0.644 0 0.299 | 1.115
2 (57/4|—0.471 | 0.644 | —0.173 0 1.115 | 0.299
3(7n/4| 0.471 0.173 | —0.644 | 1.115 | 0.817 0

(1) (0) (732) 4')

(732)
; .
£ . .
3 ..(0)
T 2T T T 2T Frld
(@g=0 (b)g =0
© (28 (1) "
. R
9 (.268),
g 0 .
0 T 2T 3Tt 0 T 2T 3r t
(©)g=1 (dg=1
(0) (1) (268) (1)
.'. o
4 g -(-268)
3h_ @ b
t = 4 t
T 2T 3T 0 =T 3T
(e)g=2 Hg=2
(1) (.732) ©) (1‘, ..... .
A ~(.732)
‘.
1
, HE . (0,
T T 3T 0 T oT 3r "
@e=3 (hyg=3

H1 (), () (d), () E% 112R"7T QPSK ICxfiEd % PWM ¥iF.
(b), (), (), (h) IZZ(EMT LED ZHiE T % ¥ 7 2 L DEEf
DE7L—bL— D 1/3 DIERKHE,

) g X g
PS ID
H 52,8 )| x®
. X3
C AN N e ™
": 9 [Qary| Xiv [ 3
J— PSK [ 11D

M2 N iRz ERT 34ERO 70y 70

hy
u‘t: (t)

superimposed
modugtor

(2) (V 1) u(:\'—l) ('v)

Sina v
(N-1)

| iN-1

1

X3 N WHGRYIERE WS

4. W

FREEERTlE, 500symbol/s & 125symbol/s
D2ODERRINEEHE L -EHEBFE S % 1
D DEGEHED HIEF L, 2000fps & 500fps
TENES 2 2B DOMmEEN A 7 TRIEF LT,
2000fps TEIET 2 EEE A X T 13, 500
symbol/s DIEHR I & 125symbol/s D 1k
FAN OGRS %, 500fps TEIFT 55
WA A Z 1%, 125symbol/s DAY %
vy MR 7x GEfEATREZR HIDH 2 ERE L 72,
e DEfED, 500symbol/s DIEHRS
% 2000fps DEHEE H A F T, 125symbol/s
DGRV % 500fps DEEEH A T TZ
NENHICEZET 2IFEBE L AT LD



Error-free transmission distance (m)

n IS =) @ =}
S 3 S S S

Error-free transmission distance (m)

Q
=]

T I T

Superimposed system
> 125 symbols/s

+ 500 symbols/s

I T I
Non-superimposed system

!

+ 500 symbols/s

=)
o

L 1 @ @ + + +
—— . ¢ P | — o +
1 % & & + + + + + +
+ 4 + + + B —

| I O I L T 1 1T 17

I

0.5 1 1.5 2 2.5 3 3.5 410 0.5 1 1.5 2 2.5 3 3.5 4

(1.4) @ (2.8) (4) 5.6) 8) (1) (16) (1.4) (&3] (2.8) @) 5.6) (8) (1) (16)

(@)500-symbol/s& 125-symbol/s DE B{E % %2000fpsD A AT TRIE

(
(b)500-symbol/s& 125-symbol/s DEE{E 5 %500fpsDH AT TF

f&

80—+

60

40

20 —

o

I I I
l I Superimposed system
> 125 symbols/s

I I I
:J Non-superimposed system

:

o 125 symbols/s

‘)

[ [ [ 1]

| A

1 1.5 2 25 3 3.5
@ (2.8) (4) (5.6) ®) (11)
(@)500-symbol/sDf5 S %2000fpsDH XS TH(F

log, (F-number)

0.5
(1.4)

®4

vy FERY e LBfSHIH S CcHh B L
bR L - (M4) .
5. BRI E

&R )
O Koji Kamakura,

(FRFER)

G+ 3 14)

“Image Sensors Meet
LEDs," IEICE Transactions on
Communications,” vol. E100-B, no. 6,
917-925, June 2017. (&EFHA V)
Keisuke Masuda, Koji Kamakura, and
Takaya Yamazato, “Spatial Modulation
for Layered Space-Time Coding Used
in Image-Sensor-Based Visible Light
Communication,” IEICE Transactions
on Communications, vol.E100-B, no.6,
pp.932-940, 2017. (HFHA V)
JIAIER (0 BAh i H R Rk %
[EE TS SRR Sl i, i i
AHREREDT-ODE I NV— g v EE
L7 LED ~v K7 A NEBT L2 H
We A7 e— U a O B EHEE
BAF [ O FLME,” B 1E HRBE T2
%, vol.J100-B, no. 1, pp. 30-33, 2017 4=
1A, (&\E#AL)

G 31h)

(D Syuto Kibe, Koji Kamakura, and Takaya

Yamazato, “N-Stream Superimposed
System with m—Point DFT for

BE L 723D 72 Ll

4
(14

(1)

0.5
(1.4)

1 1.5 2 2.5 3 3.5 4
@ @8) @) (56) ®) (11) (16)
(a)125-symbol/sD{E S5 £500fpsDH X TR

log,(F-number)

5 EEEE <95 F fif

Image-Sensor—-Based  Visible Light
Communication,” 2017  IEEE  Global
Communications Conference, December

2017.
Koji Kamakura, “Modulation and Coding
for Visible Light Communication with
Image sensors, 7TH IEEE GLOBECOM
WORKSHOP ON OPTICAL WIRELESS
COMMUNICATIONS (#7 f§:#{#) December
2017.
Koji Kamakura and Takaya Yamazato,
“Modulation and Coding for Visible
Light Communication,” Proc 2017 IEEE
Photonics Conference (IPC), Orlando
FL, USA, October 2017

AIFFEAI

BeE ¥R (KAMAKURA Koji)
TIETERY - [HFHEE - 8%
& HE S - 60344967



