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Linear Water-Filling Power Allocation Method in Wireless MIMO
Ultraviolet Communication
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Abstract In this paper, wireless multiple-input multiple-output (MIMOQO) ultraviolet communication is combined
with a linear water-filling algorithm. First, a wireless non-line-of-sight (NLOS) MIMO ultraviolet communication
model based on the linear water-filling algorithm is established and its channel capacity model is derived. Then, the
equal power allocation algorithm and the linear water-filling algorithm are used for power allocation at the signal
transmitter. The influences of these two methods on the channel capacity of the wireless NLOS MIMO ultraviolet
communication system are studied, and simulation analysis and verification are conducted. The simulation results
show that at the same signal-to-noise ratio (SNR), when the transmitting and receiving antennas are asymmetrical,
the channel capacity of the communication system adopting the linear water-filling algorithm in wireless NLOS
MIMO communication is significantly higher than that of the system employing the equal power allocation
algorithm. When the transmitting and receiving antennas are symmetrical and the SNR is small, the water-filling
algorithm can significantly improve the channel capacity. When the SNR increases to a certain value, the channel
capacity of power allocation obtained via the water-filling algorithm is close to that obtained via the equal power
allocation algorithm.
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Fig. 1 Model of wireless ultraviolet NLOS MIMO communication channel
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Table 1 Partial simulation parameters of wireless ultraviolet

NLOS MIMO communication system

Parameter Value
Typical optical power /mW 0. 30
Wavelength /nm 255
Atmospheric scattering coefficient 2.399x10"
Atmospheric absorption coefficient 1X10°°
Emission photon number 10°
Detection efficiency of photomultiplier tube 0.2

K3 D5 BB 1A TR AMEAR B AL MISO i

5 RGN & % K& MISO {5 R4 P {518
AW, A 3 ) fras, SISO 1X1 AR I A
Ui R FH BRI & R 2R MISO 2X1 R £ 15 5 & 5 i
R AR 2 A7 5 H i (A — A~ K2k MISO 3X1
IRFEME S KB R =KL 5 S lkom iU s —
AR MISO 4X1 R R A5 5 & i >k A 0 A~ R
L AR T HIBUR U — A K. 78R H ST 250 i
Bk AN AE A MISO i 5 R4 M
S I B <3 LW I S o (o 1= s R LW D PP ]
ot AT — A BB 0 & 2% R 4R B0 X B
AR R BCR RN . WE 3Ch) i, A 2k
KSR Te 2 58 4O IE A MISO 8 5 R 48
F4% JE HEAT DIy 28 53 e . 76 17 18 0T 6 = 0915 18 4 e
T A U — AN IR R 2k (FUE 5 T A
0175 T8 43 TC 3 5 v Ay My R, T B TR B A
1E MISO R4 i 51 H (SNR) Ny 30 dB B, ] FH 26
PEVE K B 5 T8 D AT A B A L T A T )
B kAR AS 1 AT LA &7 0. 55 bit/Hz 247,

B4 5 EArHr T 78 B2 5 At AE B MIMO
WAE R G MR KA FRET 38015 5 & 2% 0%
[ 3% KX MIMO 38 5 & 4817 18 25 5 9 52
WA 4 s 76 MIMO 815 25, Mk K&

(@) g5 ®) 35t
—a— SISO 1X1 = SISO 1X1
< 30 o MISO 2X1 < 30 o MISO 2X1
m A MISO 3X1 fan) A MISO 3X1
< 25F  —v—MISO4XI < 25t v MISO 4X1
” o
2 201 2201
z 2
» 16T > 161
g 1ol g ol ¥
g 10 " 2 10 —
&) ¥ &) L ¥ M
5 o : 4 5 i ! n
0 R Q¥ 7 . .
-10 -5 0 5 10 15 20 25 30 -10 -5 0 5 10 15 20 25 30
SNR /dB SNR /dB
(©) 15[ water-flling SIS0 1X1
o water-filling MISO 2X1
— A water-filling MISO 3X1
N v water-filling MISO 4X1 1
; + average power SISO 1X1 .
T 10 . average power MISO 2X1 X :
o » average power MISO 3X1 v »
é o average power MISO 4X1 : -t
> ¥4
= .
g °f LA
§ X
I %
0 " ? L 1 L L L L
-10 -5 0 5 10 15 20 25 30

SNR /dB

B3 WA RS B R AR B MISO fFiE A& . (OS5I RIFBR I ; (D&M T KB (OB X L

Fig. 3 Wireless ultraviolet NLOS MISO channel capacity calculated by two methods. (a) Average power allocation

algorithm; (b) linear water-filling algorithm; (c) algorithm comparison chart
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Fig. 4 Asymmetric antenna wireless ultraviolet NLOS MIMO channel capacity calculated by two methods.

(a) Average power allocation algorithm; (b) linear water-filling algorithm; (c) algorithm comparison chart
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Fig. 5 Symmetric antenna wireless ultraviolet NLOS MIMO channel capacity calculated by two methods. (a) Average

power allocation algorithm; (b) linear water-filling algorithm; (c¢) algorithm comparison chart
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Fig. 6 Influence of communication distance between transmitting antenna and receiving antenna on wireless ultraviolet
NLOS MIMO channel capacity calculated by two methods. (a) Average power allocation algorithm; (b) linear

water-filling algorithm; (c) algorithm comparison chart
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