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Flicker Prevention in Visible Light Communication Using

Three-Level Byte-Inversion Transmission
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Abstract

In this paper, we newly introduce the three-level byte-inversion transmission method for preventing LED flicker
in visible light communication (VLC). The VLC transmitter sequentially sends the original signal and the inverted
signal in byte units using a three-level LED modulator. The average optical power of the LED is kept constant
during data transmission, thus flicker—free. In the VLC receiver, the original data is easily recovered using a simple
comparator. This structure is very simple because additional clock or carrier is not required for flicker prevention.
The developed flicker prevention scheme could be very useful for constructing the flicker—free indoor VLC system

in low cost.
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Fig. 3. Voltage waveforms in the VLC transmitter.
(a) Original signal, (b) Inverted signal.
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Fig. 5. Voltage waveforms in the VLC receiver.

(a) The photodiode voltage, (b) The comparator output.

O 5 T R0l e Hetuty.

(@ ZECIO|2E Mt (b) Hlw7| &3

a95(a)E XEToleE Aol FEH79 19E
HJLEE T34 F #1E9 AC A49d S e
Aok, FalFolA Bl JAEe kAT E o] F
ol 3-H¥ Asgo] AFHow HEHIL U
S B 5 gtk o] AC AddAE Fitel sigst
= dle]l 0vel HAHAYGe] Ha, (+) FiE
WAV gk Yl seln (<) FES wkdd
AT E Yebdt, a85h)E AR A vy
5 F0g o AAIFHES vty (+) el
st FAEw AEHY, (o) Aol st
v HHANEE AdET JdSS B S o 4
Fo| A AbE3 WA FE LED &930A =g
A WAE FHoE FUtste] HAEe o=
ole} o] HlaL7|of| Al tE T FAlFo A B
1 A a"5(b)E o] I™3(a)dlA B
TIN5 dalsel FIES B S Uk o)
2ol 3-# HEwkAo] LEDY ZgAES WA s
= A HEe FUAEE ARESHA] @i
dole dFo]l 7tsgds Aoz Felstdirt

3-d vl Evbd AFAS AREEte] oY
el AR o] FojX HolHE HEFstHA FF
21 ZEE #ASSAT FAlFlA EAE
"tVLC-test\r\n"& #&E 115.2kbps 9] HlolE&
2 200us T 1] EAH EabA o w2 dEskth

| 1 5vrdiv

HP54615B  Code Rev A.02.30  16:10:26 Fri Jun 8, 2018

. 5.00¥ 2 5.00¥ SMsss 4708 1002/ fE_STOP __
1 V/div T : : :

N

@ LT
A A e |31 Vidiv
| T 5vidiv

()

(d)

|<—1 100 us/div

Fig. 6. Waveforms in the transmitter and the receiver.
(@) The original signal in the transmitter, (o) The
inverted signal in the transmitter, (c) The photodiode AC
voltage, and (d) The received signal.

g 6. T SARet AR e] Mo,

(@) SAFoMel AMT (o) SAFALS HHAS

(c) ZECIO|RES ACH Y, (d) A= AZ,

TH-6A A= ode e ExE FAWM &
at7] 91kl AR S5 100 us/div ==

st Abgatth. 26 FAFA 11719
A N\tVLC-test\r\n” 7} x4 o2 HAEE o,

o] Holx Ajoln HAIH e FET1¢ AolE
A7bH = Age dEdn ad6eb) e A4
i HAAsE dERE, $259 FET29) A

oJEol QI7bEE Agolth THB()E FAI
Zudelesdd AFH F FE7e HPFE
e ¥ PFH 390 AC Agelth $3W@)
AR M s Fe Fol AFAon

S WHNEE 1 ol

o] AIZtZ EFeFA WAE 9% HA F7I(MFTP)
AR

(321)



96

(it Al il el ol ot it el
O00000000O0O0O00O00
N R
-ﬁ#ﬁﬁﬁ.ﬁ#ﬁﬂﬁﬁﬁﬁ;
CODODODODODDODDD D O
U)U)(/)(I)U)(/JU)U)U)U)U)U)U);
- e e e e s

\Y
\Y
\
\Y
\Y
\Y
\Y
\
\Y
\
\Y
\Y
\Y
\Y

@ ¢ B a o3 ST

Fig. 7. Characters displayed on a monitor.
a7 7. 2YE Ao LEtt EAL

Al

RS

R
Ay o 2z

P
<

oA B

>

o 2

2-TNA

“VLC-TEST” 7} # S AE 2
E o dnh FAFAA Bl E3E FolA N\t
(horizontal tab), “\r” (carriage return), ““\n” (line
feed) = BUE FolA Aol 9AE A5
st AEE SeitAtelBE BUE e o
EhbA] ger IE8ES AFAA ARRE 3] &9
Qs YET

30 o

lo

[e=]

=
=]
RS =

Atmega8 LED array Photodiode

Amp

Compa-
rator

(a)

(b) (c)

Fig. 8. The circuit boards used in experiments.
J% 8. AEAM ALEE FZEE,

aE8(a)= FAFAA AR S mlolARZ R A
Al Atmega8 3| Zo]lH, I1¥8(b)= FAIFANA F
dog Abg3 2x3mME T+ 22 LED array®t FET
3|25 Yepdt I98(c)E FAlIFdA AREsH
X EUo]l2 = S69687 OPA228S AF&3F FE7]

(322)

j.inst.Korean.electr.electron.eng.Vol.22,No.2,316 ~323,June 2018

H

2 vn] 325 vEpd.

o o] 3-#W wiolE
o zx 71 A g delA LEDS]
Agro M ZE A7 glol
TS Aoz s

= LEDY =Z¢AE=

>

° al =]

g

]
]

A<
A

%

o 12
> O oX o

[e)

Z

o
A~
s

3} 7]

dlelH
colEE A

[e) =
b =

s

¥

o 1

] WAs7] flekel ASK

i

Sl

=

~

s

_V\_I‘

offt

>

ol Mo

-
N

QL

o
rir
N
N
>,
ofd

ooy

o >
soorR m
-
o M
o%
X
2
Q‘L
-

w

:

_ﬁ
o
o)
2
> X
tlo
=
RO
o,
=
ol
ol
[N

N
==

ob fE o

x o303
T T

= ofy e
ok

jud
)

-

o
&
o
[
o
1>

>

o b

X e & &

s ofy
1o

pUE
1 o

ol
ol
¢
ofy )
_E‘
o
=2
>
of
=2

=

2
2]
b e

_>|,1_4‘
jr.)
3
A
oy
o%

N

2,

A=)
o fl

ot ook

2 o

o

=2
O, o
2 |
[40
ol
ok
38
oo

re
Mg 4
Y
ir)
oo
[
ofr A
ok

it z_z o

oo

3

o

fru

1E op
i}

5

&

N
~
o

oo
o

fo
|

=
jus}

-3

ot |m o o

r

_O|LOJ

rr

T of\‘i

o

o,
N ¥

rl

References

[1] T. Komine and M. Nakagawa, “Fundamental
analysis for visible-light communication system
using LED lights,” IEEE Trans.
Flectron.,, vol50, no.l, pp. 100-107, 2004. DOI:
10.1109/TCE.2004.1277847

[2] Y. K. Cheong, X. W. Ng, and W. Y. Chung,
biomedical data
transmission using VLC,” IEEE, Sens. J., vol.

Consum.

“Hazardless sensing



Flicker Prevention in Visible Light Communication Using
Three-Level Byte-Inversion Transmission

13, no9, pp. 3347-3348, 2013. DOL
10.1109/JSEN.2013.2274329

[31 S. H. Lee, “A passive transponder for
visible light identification using a solar cell,”
IEEE Sens. J., voll5, no.10, pp. 5398-5403,
2015. DOI: 10.1109/JSEN.2015.2440754

[4] S. Rajagopal, R. D. Roberts, and S. K. Lim,
“IEEE 802.15.7 wvisible light communication:
modulation schemes and dimming support,”
IEEFE Comm. Mag., vol. 50, no. 3, pp. 72-82,
2012. DOI: 10.1109/MCOM.2012.6163585

[5] C. Yao, Z. Guo, G. Long, and H. Zhang,
“Performance Comparison among ASK, FSK
and DPSK in visible light communication,” Opt.
Photon. J., vol. 6, no. 8B, pp. 150-154, Aug.
2016. DOT: 10.4236/0pj.2016.68B025

— BIOGRAPHY [——

Seong-Ho Lee (Member)
1980 : BS degree in Electronic

Engineering, Korea Aerospace
University.

1989 : MS degree in Electric and
Electronic Engineering, KAIST.
1993 : PhD degree in Electric and

Electronic Engineering, KAIST.
199572018 : Professor, Seoul National University of

Science and Technology

(323)

97





