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® \Why do we need LiFi underwater? Sufficient spectrum, low transmission attenuation

Environmental monitoring Energy exploration Underwater culture
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Harald Haas, et al., “What is LiFi?”, Journal of Lightwave Technology, 2016.
Z. Zeng, et al., “A survey of underwater optical wireless communications,” IEEE Communications Surveys & Tutorials, 2017.
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® A comparison of underwater wireless communication technologies:

Acoustic

Low data rate (kbps)

RF

High data rate (Mbps)

U-LiFi

Ultra-high data rate
(Gbps)

Large latency

Low latency

Low latency

Long transmission
distance

Short transmission
distance

Moderate transmission
distance

Costly and energy
consuming transceivers

Costly and energy
consuming transceivers

Low cost and
small transceivers

Low security

Low security

High security

C. Gussen, et al., “A survey of underwater wireless communication technologies,” Journal of Communication and Information Systems, 2016.
Z. Zeng, et al., “A survey of underwater optical wireless communications,” IEEE Communications Surveys & Tutorials, 2017.
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® Motivation: enable reliable U-LiFi via flexible index modulation
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® Flexible OFDM-IM for reliable U-LiFi systems
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SNM with N=4 and k=2
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Subblock interleaving can
efficiently address the low-
pass effect

@ ISNM with N=4 and ke{0,1,2}
can double the usable BW
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® Point-to-point U-LiFi experiments
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® Hybrid WDM/PolM U-LiFi experiments

"B rp BMGLp M BLD | O BiasT | N PBOPBS | N\, DM | [ PD
"r(a} Input bits A f(b]‘ Rx signal h
AWG | Bit splitter | [ {?LFDM demodulation | 0OSC
DC snm | L sam | [ sam | De-interleaving | ! !
i ’ y
map. | * [ map. | * | map.
DC Y . . 5 SNM SNM SNM
X L L J de- |:| de- |:i| de- X N©
| Interleaving | map. map. map. v
X 1 J »
v BN [ OFDM modulation || || Bit combiner -
X Ea}( ,.
\_ Tx signal J Output bits
W\
v
0.8m water tank Lens
107! 77 el 107! T v > 10! 77
(a) ==X polarization (b) ——X polarization (c) ——X polarization
——Y polarization —&-Y polarization —&—Y polarization
OFDM OFDM OFDM
BPSK BPSK BPSK
OFDM
4-QAM
5 107 fgﬁﬂ 1072 orpm 1107 ]
<] 4-QAM
3.8x10° 3.8x107 f 3.8x10° f
OFDM-ISNM OFDM-ISNM
O:;[:N}i;’li:]hl (7,1)-QAM é (7,1)-QAM
N ‘?5??"@?.1?' , LI | oromissm
10 110 OFDM-SNM 10 (7,1)-QAM
(7,12-QAM
1 4 1 2 3 4 1 2 3 4

Date rate (ths] Date rate (Gbps) Date rate (Gbps)

Li-Fi ,f /E 3 P
Conference T
CHONGQING UNIVERSITY
10 25
(a) Rfd (b)
0 ..... 20
........ 5
= -10F =
e & 15
o Z
2 o
= -20 -
g -
g ........ 3 lo ........
& .30+ g —Red Y pol.
“““““ Green, X pol. = wee Green, X pol.
40} =—Green, Y pol. 5t |=Green, Y pol.
“40F ] Blue, X p0|. ........ Blue, X lm'
— Blue, Y pol. — Blue, Y pol.
-50 A A 0 A 2
0 0.5 1 1.5 0 0.5 1

Frequency (GHz)

Frequency (GHz)

Tab. 2: Comparison of different modulation schemes

Modulation
scheme

Usable
bandwidth

Achievable
data rate

OFDM
BPSK

i,

8.4 Gbps

OFDM
4-QAM

1.4 GHz

16.8 Gbps

OFDM-SNM
(7,1)-QAM

1.3 GHz

11.7 Gbps

OFDM-ISNM
(7,1)-QAM

@ GHz

22.5 Gbps

78.6% BW
extension

33.9% rate
improvement
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