Opto-Electronic Engineering Art|C|e

% ¢ x 4

20195 ,5546% , 55518
£ T BRoiE E A B M & — UK
A ILEBE RS

B OR, KBE, RO

200433

WE: AT RSB EA E LG AL B (SISO)T I LRGN RE, RET ZHAZ HEMMO)TILAAE%.

RPN AR AL EN A, S A (MISO)T LA A4 % X2, KALBR T AT bk 18 27 4|
(PAM)#&g MISO =T U815 A %5, JHiB S RIEM % 2 RAER G F T OE ALY, sbol, 4xFTUAEE 2% F LED
KR HFKEEF R B A LMEBOE, R T AL I 2x1 MISO T ILAEAS & 4, 3 T A3IKH PAM
155 ERIBE = A ZH PAMAZ 5 6937 2 69 5 S ab it 5 %, Fil i RGB-LED #940)7 7 A% b4 ik & 700 Mbl/s
W R A G IE, GE T Bhh R TR 4G T AT A AR AL

FEE: RlAE; THREME; ZHAREY; SMER; FobiaEiAs

FESES: TN929.1 SCERFRERD: A

SIAR: &%, R, R4h LT rob iR A — T UbEE A4 [J]. kv 142, 2019, 46(5): 180306

Two input one output visible light communication
system based on pulse amplitude modulation
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Abstract: To improve the data transmission rate of the conventional point-to-point single input single output (SISO)
visible light communication system, a multiple input multiple output (MIMO) visible light communication system is
proposed. Considering the complexity of the receiver system, multiple input single output (MISO) visible light com-
munication systems have attracted attention. This paper studies the MISO visible light communication system based
on pulse amplitude modulation (PAM), and experimentally proves the advantages of this system in specific scenes.
In addition, there are non-linear effects for key devices such as LED light sources and power amplifiers in visible light
communication systems. Based on 2x1 MISO visible light communication system, this paper reports a novel equal
probability coding mapping scheme for high-order PAM signals with two low-order PAM signals superposition in the
optical domain. The system verification is performed through a net data-rate of 700 Mb/s transmission experiment
through a red chip of RGB-LED, which proves the feasibility and superiority of this scheme in practice.
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Fig. 1 The schematic diagram of PAM7 signals generated by two PAM4 signals superposition. (a) Unequal probability PAM7
signals; (b) Equal probability PAM7 signals

180306-2



DOI: 10.12086/0ee.2019.180306

PAM7 3 ETF PAM BHIR9# & — AT Ik
0 1/4 S = =t
+2 -2 3/16 +4 -4 1/8 1%15 ,%éj—tz 1:@
+6 -6 1/16 PAM
2 MATLAB
PAPR PAMA4
PAM PS-Manchester [e}
PAPR PAM
PAM?7 PAM 4
PAM4 Nyquist
PAM4 PAM4
PAM7 (arbitrary waveform generator,
16 7 PAM7 AWG Tektronix AWG520)
1(b) AWG PAM
PAM?7
(electric power amplifier, EA 25 dB )
7 1/7
RGB-LED  (LZ4-00MA00)
LED
PAM?7 1(b) LED 1.3m
1.5 m
2/7 PAM?7
3/7 (PIN Hamamatsu 10784)
PIN
(peak to average ( 70 mm 100 mm)
power ratio PAPR) PIN
PAPR EA
PAM (digital storage oscilloscope, DSO  Agilent DSO54855A)
PAPR 1
PAMA4 PAMA4 PAM?7
PAM?7 PAM7
PAM4 PAPR PAM7
PAM4 (scalar-modified cascaded multi-modulus algorithm,
S-MCMMA)
PAPR PAM?7
PAMA4 LED (bit error rate, BER)
%1 W PAM 12 54 PAPR
Table 1 The PAPR of four PAM signals
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Fig. 2 The block diagram and experimental setup of two input one output visible light communication system based on
PAM modulation
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Vop; (b) The constellation points and BER performance under different V,
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The schematic diagram of PAM7 signals generated by two PAM4 signals superposition.

(a) Unequal probability PAM7 signals; (b) Equal probability signals

Overview: To improve the data transmission rate of the conventional point-to-point single input single output (SISO)
visible light communication system, a multiple input multiple output (MIMO) visible light communication system is
proposed. Considering the complexity of the receiver system, multiple input single output (MISO) visible light commu-
nication systems have attracted attention.

In addition, in the VLC system, a series of key devices such as LED light sources and power amplifiers have nonlinear
effects, and the nonlinear distortion of the system would damage the system performance. The nonlinearity of the LED
modulation curve is the main source of nonlinearity in the VLC system. The visible light signal is mainly modulated in
the linear region of the LED to reduce the signal damage caused by nonlinear distortion. However, at this time, the lu-
minous efficiency of the LED is low, and the illumination brightness generally cannot meet the lighting requirements of
the actual application scene. What’s more, for high-order modulation signals, the peak-to-average power ratio (PAPR)
of the signal is higher due to an increase in the number of signal levels, and is more susceptible to system nonlinearity.
Therefore, in the MISO system, multiple LED lights can be used to transmit signals at the same time, low-order signals
are modulated on each lamp, and high-order signals are generated by superposition of optical signals to resist nonlinear
distortion of the LED at the transmitter. The simultaneous light emission of multiple LED lights can also increase the
brightness of the lighting to meet the actual lighting requirements.

This paper studies the MISO visible light communication system based on pulse amplitude modulation (PAM), and
proves the advantages of using this system in specific scenes by experiment. Based on 2x1 MISO visible light communi-
cation system, a novel equal probability coding mapping scheme for high-order PAM signals with two low-order PAM
signals superposition in the optical domain is designed. In the experiment, we investigated and compared the BER per-
formance under different bias tee voltage and V,, for four systems which are single-input-single-output generation
PAM?7 signals with equal probability and unequal probability, two-input-one-output generation PAM7 signals with
equal probability and unequal probability, respectively. The experimental results show that the scheme we proposed, for
generating equal-probability PAM7 signals in 2x1 MISO system with the large average Euclidean distance between
symbols and a lower PAPR, can effectively resist the inter-symbol interference and the nonlinear distortion of LEDs and
enlarge the dynamic working area of the system. Finally, the system verification is performed through a net data-rate of
700 Mb/s transmission experiment utilizing a red chip of RGB-LED, which proves the feasibility and superiority of this
scheme in practice.

Citation: Shi M, Zhang M J, Chi N. Two input one output visible light communication system based on pulse amplitude
modulation[J]. Opto-Electronic Engineering, 2019, 46(5): 180306
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