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4B 5B M-4B5B
1 0000 11110 00101
2 0001 01001 10011
3 0010 10100 00110
4 0011 10101 01001
5) 0101 01010 10110
6 0110 01011 01010
7 0111 01110 11001
8 1000 01111 01100
9 1001 10010 11010
A 1010 10110 10001
B 1011 10111 01011
C 1100 11010 10010
D 1101 11011 01101
E 1110 11100 10100
F 1111 11101 01110

Table 1. M—4B5B

M—4B5B W28 4bitS 5bhite® Wdst o] = 07 19 H]&o]
2:3% = 3:2¢1 codewordE =4 W3k Al7lth.
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4B 6B

0000 001110
0001 001101
0010 010011
0011 010110
0100 010101
0101 100011
0110 100110
0111 100101
1000 011001
1001 011010
1010 011100
1011 110001
1100 110010
1101 101001
1110 101010
1111 101100

Table 2. 4B6B
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4.1.2 CSK Constellation Design

CSK ®Wx7IWelA 2zt A=el sidst= colors: AXsH7] 1@l
constellation designe 3d|oF 3$tt}. Constellation designs 3}17]
M= HA3 EAE EoJoF stt}. Constellation designs s
o] Aty ojgk=d 7| ATH #HS interior point method®}t
billiards algorithm®] A t}. [7][8]
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19 237 ¢48HAl e RS line codeEs #-g3tt). ojul] AMEE =
line codei binary code®|tl. CSK W xWale|d Z|AE ¢3}6}17]
Q3] binary line codeZ ternary WAoo ® ARt A=
712 red, green, blue¥ ZXFOF ternary codedE THs
codewordo|A] red, green, blued MF7F dLEA EXZEE=
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5.1.2 16 Symbol Mapping

16 Symbol Mapping®] A% 1671 A ES codeworde] th-5-A|A ok
3P 2 16709 codewordE WhEo]oF Sht}.

4789l Z%ro 2 codewordE WA o Ehvpe] A4S += oW
AREEFaL, U] A4S 3 WA AFE-3Fe] codewordE THEW HUL

o2 22 36709 codewordE AT 4 Q).

3x4!+2=36
RRBG RRGB RGRB RBRG
RGBR RBGR GRRB BRRG
GRBR BRGR BGRR GBRR
GGRB GGBR GBGR GRGB
BGGR RGGB GBRG GRBG
BGRG RGBG BRGG RBGG
BBGR BBRG BGBR BRBG
RBBG GBBR BRGB BGRB
RBGB GBRB RGBB GRBB

Table 3. 4bit Code
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Figure 7. MD7} 2¢1 Codebook
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Figure 8. Finding Codebook

U 3= F 47015 F7HA1A 167019 codebooks A 3FATE. 9]
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Binary Data | RGB Code | Binary Data| RGB Code
0000 RRGB 1000 GBRB
0001 RRBG 1001 GBBR
0010 RGGB 1010 BRRG
0011 RGBB 1011 BRGG
0100 RBGG 1100 BGRB
0101 GRBB 1101 BGBR
0110 GGBR 1110 BBRG
0111 GBRR 1111 BBGR

Table 4. Code
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Abstract

Flicker Mitigation Techniques
for Visible Light Communication
using CSK Modulation

Seohyun Lee
Department of Electrical and Computer Engineering

The Graduate School

Seoul National University

Recently, Visible light communication have received attention
because of the development of IoT (Internet of Things) technology.
Visible light communication uses visible light for the data
transmission contrary to the legacy communication technique which
uses radio wave (3kHz~300GHz). By means of using visible light,
visible light communication performs illuminating function as well as
data transmission. Therefore, many techniques which are related to
illumination function have been researched. For example, there are
dimming method and flicker mitigation technique. Legacy flicker
mitigation technique is the technique which is used for OOK
modulation.

We propose flicker mitigation technique for CSK (Color—Shift

Keying) modulation in this paper. When we use CSK modulation, the
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intensity of the lighting is constant, however, there 1is color
variation. We can see this phenomenon as flicker. We propose red,
green blue combination code which i1s able to keep the color balance
in CSK modulation. We make code which the number of red, green,
and blue is uniform and choose the codebook for the data
transmission. When we choose the codebook, the factor that we
have to consider is MD (Minimum Distance) of the codebook. As the
MD becomes larger, the error probability of decoding becomes
lessen. Thus, we choose the codebook which maximizes the MD.
We simulate the legacy CSK scheme and proposed CSK scheme and
compare the flicker degree between two schemes. We calculate the
measure of the flicker by calculating the moving average of the
vector of intensity of red, green, blue and then measuring distance
with the vector which represents white light. Also, we analyze the

BER of the two schemes.

Keywords: IoT (Internet of Things), Visible Light Communication,
Color—Shift Keying, Flicker
Student Number: 2013—20847
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