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Estimation of wireless channel fading model in maritime
communication for complex meteorological environment
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Abstract: Due to the influence of complex marine environmental factors such as sparse scattering of electromagnetic
wave on the ocean surface, wave shadow fading, complex meteorological environment. It is extremely hard to model
the fading of wireless channel in maritime communication environment. After analyzing the influence of meteorolog-
ical environment and multipath channel fading via direct-path, specular-path and diffuse-path on marine wireless
communication channel fading, the estimation of wireless channel fading model in maritime communication for
complex meteorological environment (EWCFM-CME) was proposed. An improved bee colony algorithm was de-
signed to estimation the parameter of EWCFM-CME. In order to improve the efficiency and accuracy of search algo-
rithm, an iterative function with sin(-) function as operator was designed in search scheme of bee colonies. The lead-

ing bee received the detection bee solution to update itself with probability P. It prevents the solution algorithm from
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falling into local optimization. The simulation results show that, compared with fluctuate two-ray (FTR) fading model
and round earth loss (REL) model, the mean absolute error (MAE) of EWCFM-CME increased by 13.58% and

11.43% By comparing EWCFM-CME with cuckoo search, genetic algorithm and simulated annealing algorithm, the
search time is reduced by 60.48%, 45.18% and 43.23%, respectively.

Key words: marine environment, wireless communication, bee colony algorithm, channel fading
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KA A U 4 81
AR RS B B HE S5 SRAF 1] b 4~5s
SRAEIH] 5h
PREVE 4000
SFRFEA R & 3572
St 11~26 C
WAREE R 200 m~29 km
I 5 O 4 B 8 RAFIIb I's
SRREI TH] 1h
PRI 3600 K
PRESE G HRE 2a 5= 6 2 BB 2D T4 1 &
PR B 3123 CHdid 2a) /3206 CHidEds 2b)
i 11°C (Kl 22) 26°C (Kdhide 2b)
WAFEE R 29 km

4.12 EWCFEM-CME #2R 4 48 547 PR A 6T 5 08 7% 3003 b TG 28 T8 15 15 18 3 VR
(1) BRI R B el (i sep e BOTFORR A RARIATE .

PERE AT o lgd M E— PR EEACHIFERL Y S 1 g 1
LA X 5 B30 0 15 i B bt AR B AR A Lt
R 7 i, SRR A S b T i © WHESTT LTI, EWCFM-CME &
(B TERR I e S L2 2. FTR. REL #Lt, MAE 43|27} 10.39%.
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20p— — lgd o =omeees FIR 208 WCCMFM-MCH
- WCCMFM-MCE- - - - REL . . ~___REL
0 5 10 15 20 25 30 0 510 15 20 25 30
d/km d/km
(a) T B3 7 AT A5 B ¥ (b) BEFFHE I AT R
Bl 7 PSR DG L0 B 2l b JC B A5 £ 1 Y4 A A
F2 MRRHENESZE L TKBEREREEE GRS
i) B3 7 T AT TP T7 AT
it AR HILZIT MAE>0.9 AR HEIT MAE>0.9
MAE - RMSE o whtyms  Bigsam MAE RMSE e Mims  iESAm
FTR 0.818  0.827 211 167 4 0.797  0.806 406 331 3
EWCFM-CME ~ 0.903 0912 52 66 15 0.891  0.901 85 101 19
REL 0.783  0.792 86 317 4 0.777  0.786 107 446 3

15.33%, RMSE 2}l#E7t 10.28%. 15.15%;
B TR M AT, EWCFM- CME 5
FTR. REL #{{tt, MAE 4357t 11.79%.
14.67%, RMSE 4327t 11.78%. 14.63%.
) FE 3 7 18 {4 T I, EWCFM-CME 5 FTR
REL #lLt, MAE>0.9 Bl A A b v (1 #E
BBETE 2.5 A BITHEE T R AT I
EWCFM-CME 5 FTR. REL b, 3% A%

TR B 8Tt 5.3 fi.

o [ JEuE 7 (A AT, EWCFM-CME 5 FTR.
REL LG, SEARIE Sl b 75.35%
39.54%, HIFIEATINE 2 B> 60.48%
79.18% 5 B§ JF E: uh U5 oM AT B,
EWCFM-CME 5 FTR. REL ML, 5%
By D 79.06%. 20.56%, SLikiE4TI
8] 43 533k 2D 69.49%. 77.35%.
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PRk ks ] 5 L ¥ e 23 A5 15 T T v A
RINE 8 B, ARG — kol ] 5 o7 e B2l
AR TE R B PE RE WL 3,

80

» Raw
Average
—_ — lgd
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(a) [EEAEN IR

PL(d)/dBm
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o ARFHALEEE I, 5P o2 E 1 R
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I B =R A R T B WS B K =R =P B
EWCFM-CME 5 FTR. REL #lt, MAE
Oy MAETE 47.74%. 46.22%, RMSE 437
Tt 47.01% 45.51%; BT J7 m AT IN
EWCFM-CME 5 FTR. REL #flt, MAE
Iy MAETE 69.11%. 62.18%, RMSE 437l
T+ 67.86%- 61.11%.

I i T =R VA R T o W2 Bl R R BB
EWCFM-CME 5 FTR. REL #ilt, 4%
WY > 81.71%. 56.56%, Hikis
A7 I 1] 53 09k 2D 81.46% 67.80%; 25 IF
Fevk 7 W §i47 I, EWCFM-CME 5 FTR.
REL AL, IEACRE I3 il vk 2D 81.23%.
57.38% , ik iz A7 I [E 4y Al gk 2>
81.24%. 65.65%.

BE T MRS [ 7 B b JC Il A £ i
B RS, KM Rayleigh. Rician. Nakagami. =
{1 (Weibull) « XUy T % (two-wave with
diffuse-power, TWDP). = (Gaussian) A~ [F]HE
HEOPAT R A, A RISER RS
g IR {5 T VR AN APE WLAR 4.

PIECSER G R LW .

* Rayleigh fil Gaussian 7> i R AE i 1 To 2k
AT 15 T8 R T A AT A1 o

o {EARRIDATEFR LT, Rician 734 MAE
1571 0.645, Lt Nakagami. Weibull 1 TWDP
IR 10.26%. 20.56%. 14.36%; Rician
431 RMSE 1431 0.735, Lt Nakagami, Weibull,
TWDP 43545 8.89%. 13.95%. 12.56%.

*3 MAE—EWEENEE L TLBEFEREERETRE

I 5 o7 T 1

I8 5 R A, 2

) N x N tr 2z 5, x P ==
- MAE ~ RMSE rkixtm uﬁaﬁm uﬁﬁ%ﬁs MAE  RMSE rkixtm uﬁaﬁm uﬁﬁﬁm
FTR 0.576 0.585 525 615 585 0.492 0.501 538 661 593
EWCFM-CME 0.851 0.860 96 114 93 0.832 0.841 101 124 96
REL 0.582 0.591 221 354 330 0.513 0.522 237 361 341
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o g EREIBAR (R B RV AL/ U Ko A

#&LL Rician J 37, Nakagami. Weibull

A1 TWDP 2 Fft 73 A1 3EAF (1R 2

x4 TEMERSHEESELLLBEFEERFHBME

Y HIEERY &t MAE RMSE
Rayleigh 1000 0.351 0.432
Rician 1000 0.645 0.735
Nakagami 1 000 0.585 0.675
Weibull 1 000 0.535 0.645
TWDP 1 000 0.564 0.653
Gaussian 1 000 0.323 0.433

4.2 EWCFM-CME 5488 RE X R0
FET LR 1 PR LSt AR 7 BB
Bl DU AT MAE. IRASR R . iR
M) 48 2% 0 a6 R . WS ) 5 PR FR bR, R
EWCFM-CME BRS04 R it
W, DU R AT BT R, BRI K
TR HT, EWCFM-CME 528 i 28 5435
ARRRE N B T 9 B, i B IJCE VAR 2

PIELSER A RL U .
DU S A VARG B B O ek 225 [ 48
Ry BOERARERAH AR

o EWCFM-CME 5154 2. mfEsk. B
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B9 R AL BRIV H
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0 50 100 150 200 5 4&HRiA
EARIREL IR
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