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Atmospheric optical communications channel estimation
employing superimposed training sequence

under sand-dust weather conditions
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(School of Computer and Communication, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The inherent advantages of superimposed training method are restricted by superposition data
information, power allocation, and direct current bias in channel estimation of atmospheric optical
communications under sand-dust weather. A novel scheme was proposed to perform these issues,
especially for the channel with sand-dust particles. In the proposal, the data-dependent superimposed
training algorithm was utilized to mitigate the influence of data information, the correlation matching
algorithm was utilized for direct current bias elimination, and the maximum output signal-to-noise ratio
was utilized to perform the optimal power allocation factor. The performance of mean square error, power
allocation factor, bit error rate and algorithm complexity were numerically evaluated. The results
demonstrate that the proposed method has a better performance than conventional methods with a slightly
increased computational complexity.
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Fig.1 Schematic diagram of the proposed atmospheric optical communication system

BIIIRA o =UT,(Z oy (D), B % 3% {5 57 %

TRHA s(n)=b(n)+c(n), RIS LR N,

L-1

x(m)=n 2, h(Ds(n=D+w(n)y+d,n=0,- Tl (2)

B bu(n)=—1IN, 3 o b(n+kTy)H3 b(n) ITEFF 1

S$218002-2



BREED & ks

% S2

www.irla.cn

{8, Ne=NJT, Sy A3 4050 N, SRR Be K L T4
b RITDIERN 0, =N, o, | I , 11 526 D)

W ERH Pmo,+0 —0, 0 4 Bn)=b(n)+b.(n) R A EE
RREARE B W R ST IR N s(=B(n)+c(n).
1 sfRALR (@)1,

L-1

x(n)=nm 2 h(D)[B(n=D)+c(n—=1)]+w(n)+d 3)

K, —A> T, WHSRFE(E 5 AT 2R R
R(n)=E[x(iTy*+n)],i=0,---,(N—1) (4)
WA FGIEAL @), BB R(n) AT FRR N .

L-1 L-1

R(n)=E[n 2, h()B(iTytn—1)]+E[n 2, h()c(iTon—1)]+

E[w(iT,+n)]+E[d] (5)
A B)BEBIE R 0, 5 wn)IE E[w(iT,+n)]
Sy EVEVE B, W AT T BRI A AT, e REEE S
AR ECIEZR

é(n):}\ll— ix(imn) (6)

T i=0

P, A 50(5) AT R A6 A -

R(m)=d+n Y, h(he(n=1);, (7)
1=0

S (), B () HOEEARBE-T, Bffe | L

T,= L, WA (T AT T 25 W
R=nmCH+d (8)
Kb H=[(T,=1) , h(Ty=2), -+ ,h(O)]y. . sd=I[d ,d, -,
11 s REIR(T,-1), R(T,-2), -+, R(1), R(0)];C=
c0)  c(l) @) - o(T-1)

c(Ty-1) ¢c(0) c(1) - c(Ty-2)
c(Ty=2) o(Ty=1) ¢(0) - (T)-3) o

c) @) @) - c0) Jp,

BRI, (5 IE S A THE AT KR A
A=Y c'R=p+1 4 9)
7 7

fERBE d B, D0 JE B0 D BT D I S
FETHE TR

I:I=I:Id—1’—scc;'=[ﬁd(T—1)—J, hd(T=2)—J -, h 0)=J]" (10)

X T=(1/m)s.d, s, T C PR E—FTICE R A,

% 48 %
AR s F T R IH,
T SCHMUE S A TR 228
X(n)=x(n)—1%(n)=n-h(n)*B(n)+w(n) (11)
X(n)H9 HAHSC R E T RoR R

Ru(i)=1(0,~0,) 2, h(m)h'(n=i),0<i<T-1 (12)

n=0

WH o, =20, Mlim o, =0, B h(n)=h(n),
N—w

=2y nr @it b .
Ree(i)=1i0, 20, h(n)h'(n=i) (13)
B AKX ANRAAK 13), AR 3Tk S
oF

Ree(i)=1t0, >, [hn)=J1Th (n—i)-J] (14)

n=0

AR T B A Al R v TR
W AR S AT R 22 A A OCPE T BR R AR 1 T3, ot

A, hy 19 R BRI N -

Ri,is(y= 2 hmh (n=i) (15)
e %2 N i el N EON QUL vk S il
(PPM) i — Rl B i 1 07 32 , DR JE B (n—i) = (n—
i), WHEARADFAA5)T1
(Toi) 0, P+F(i)J+E(i)=0 (16)
K Fi)=—0 3y Thdnihdn=i)]; EG=0, R; ;- (=11
MRy (1) 5
J AN BRECRT R
Cost= Z \D(i)I? (17)
R D()=(Tmi) o, J+F(D)J+EG) , R IE AT .
\D(i)P=[(Ty=i) o, +F (i) J+E(i)]=
GV THGo () P+Go()P+Gi()J+G(i)  (18)
S Gy (D)=(Ti)*(0,)%; Gy (D) =2F (i) (Ty=i) 7, 3 Guli)=
Fz(i)+2E(i)(71.—i)(T;2, ; Gi(D)=2F () E(i) ; Go()=E*(i) »
I, T A BRECRT S R
Cost=GJ'+ G+ GoP+G J+G, (19)

. T,-1 o .
X :G=X, G(i),I=0,1,-+,4, 4 D(i)=0 I}, /] 15

S$218002-3



BREED & ks

% S2

www.irla.cn

% 48 %

BT R B Fie/ IME B XS LR T (B, U B D Y
fETHE T RN

d=n- (20)

B O AL (10), BY AT 5 2] JC B I

THLH CSIAh T . BT 5% SClk[25] B i

BT R 2N T RGN T, A E(20)

e St AR P bR T RGN 152 P, SO B
T B A A

2 ERESHT

B RIS, F 571525 (MSE) |
BRI IR T 1553 (BER) A1 1 A 44 5 14
T T A PP A A 7 1 O RE
2.1 MSE

P BRI T RN

x(n):ITI[B(n)+c(n)]+w(n)+d 21)
S W)=+ Ti=1), w(nt Ty=2) , -+, w(m)1y o 3 B(n)=
[B(n+T,-1),B(n+Ty-2),--- ,B(n), - ,B(n-T,+2),B(n—
Tt Dlor 1y sc0=[c(4Ty=1), c(n+T=2) -, c(n) , -+,

T
c(n-Ty+2), C(n_Tt)‘f‘l)](z'l;,—l)xl H

h©0) h) --- KT O
0 h0) k(1) WT,-1) “-. 0
H= 0 0 ko) &) WT,~1)
L . 0

0O - 0 h0) h(1) © WD) Iy xor, -1
Bty 24 3(6) AR O FIAK 1), 1%,

N1

11,:1? LN [ CHBGT )+ C HeGT )+ Cw(T)+Cd)(22)

Ny i3
KA ALRK(10), T
fi= an X [CHB(T)+C He(iT)+Cw(iT)1+
Ls((d_[}) (23)
n

R, (R TE A TR 22 AT R
1 Z[C“ﬁB(iT(,)+Clw(iT(,)]+17sL,(d—ﬁ)(24)

NNt =0

FH B ) MSE A 7R84 .

2 2
2 1 0,—0;, Sl o~ H
o,=—"———t{C,  HH'C +
e TIZNTTO 0_2 { norm norm }

e=f1—H:

2 2
2% L, HITHC, Y+

Nr—1
2 norm norm

2
nZNT ]1’ g,

2

1 o, -1 -H
nZN T T tr{ Cnorm Cnorm }+
L0 o

c

71]2—52 ld—dP? (25)

A e ()FIRFEFEINE ; Com= (V0N Ty YC3 =T g, +
T

Jor, 1y 3J=semicric(0, 0,---,1,0,---,0), “semicric” 5k
75 NS ] a5t A RGP B B P A

X B=0 (0, —0,+0 ) HIHSE T, SNR,=
(0, -0, +0 )l o, i AfE W L (SNR), T 24 58 (25) 7T
BE N
2 1 ( 1 1+ 1

o= 1 e, )+#sf ld—dP  (26)

A= (26) 7] A1, MSE 5 N, B n B4R
%ld—d| B.s. Fl SNR,, 56, W N, Fl s, J# 50, A
Wld—dIFl B 540 MSE 19 B2 2. H s W,
4> SNR,, 29K, W 1/(B+ SNR;,)—0, A (26) 7] i
LR

2 . 1 ( 1 1 ) 1 2 Ao
g =~———m:"|>-1|+=s ld-d 27
e ,nZNT B ,nZ c ( )

HAX QAT , 7 =5 M L &1~ ,MSE 5
SNRin %?&o

M Z T, 2% CHk[25] Fr 42 )7 2 /) MSE %
NN

2 1 1 1 1 5
o, ~——-| =1+ +——IdP 28
Ny \B B+ SNR,, ) i \dl (28)

22 (20) FT T, B0V O B T A5 SRS B A
It d=d )f L s 1d-dP—0, HEAE6)HIA(28)

AL EA ST o <0, .

LL 4 PPM IR E], SCHh SR E AR A5 E R
B L=5, R B K B N=600 , T Z3IE H T B=
0.3, KK 15 19 m e 5E R IIZRF 51, Bl c(n)=
{1,0,0,0,1,1,1,1,0,1,0,1,1,0,0}, H=[0.7623,0.514 4,
0.3455,0.2320,0.1558] A JH—ALA5 38 ik v 1 | 12
SROEAE P E PGB (v A G A . BBOE D
KK 10.6 wm  Th2RfE UL EE AL RIE B 00 1 km 1
AR PR R R 1.55-i0.005 HLASJT 58 R 10 ns

S$218002-4



BREED & ks

% S2 # www.irla.cn % 48 %
B 25 T FhAE T A=) & 4 N A[H SNR,, N MSE £ bt B Y728 1k 1%

Bl 2 3 AL e ST J5 i1 MSE 1 fg
XL H B REL VAR R ST, ARk
FIvEREA B AEHY . 24 SNR,>20 dB B, SCh 5k e
455 ST J5 ikl — M EE g PERe#E Tt .

10 T T T
— ST method
—— Proposed method

0 5 10 15 20 25 30
SNR,/dB

MSE

[l 2 ST FI3CH1 77 1: " MSE B SNR,, (1745 4k
Fig.2 MSE as a function of SNR;, for the ST and the proposed

method

& 3 TR B0 B MSE Fifi SNR,, Y748 fb 5
B, I dy,dy B dy 53 0% 2% SCHR[20]  [25115C
Hh 3k v L I A T SR o T T PR
IS ] R P B4 52 1R 74 4T 08 55 , MSE B 25 15 18 LU i) 33
P AE /N BEAh Y B R Y 0.4 B SO TR
MSE M fi &GS, S EmMmME N 0.2 B, SCih oy
221 MSE i £ 5043 F do=0 B ih £k, BB 3¢
H 7 VA B A B R T A% T O O X T A
RerY Tk, T E VLA , 22 SCRR[201 R (251 (1)
IR XV ARG A, ALK 2 R E T
DRGFMT, Pk e R GG AT
EA E AR

10
b—d=0

—ed=0.2 o d=0.2 —o-d=02
—d =04 —+d=04 o d=04

107 ko =

MSE

107 -4--;

3 N[E] LU B T MSE Bl SNR,, 251k (1 Hu 55
Fig.3 Comparison of MSE versus SNR;, with different DC bias

UL, FTLAE i MSE & B HYSE Mz i/, i
9% ,MSE 7 SNR,, FHIHIZE TES, X524 (27)
73—

——SNR, =14 dB
~—SNR,=16 dB
~~S§NR,=18 dB

| ——SNR =4dB
—=—SNR,=8 dB
—~—8NR,=10dB

——8$NR,=12dB ——S$NR,=20dB

10°

MSE

10 ¢

10 '+

0.1 0.3 0.5 0.7 0.9
Power allocation factor

4 RJA] SNR;, F MSE Bfi B ty451k
Fig.4 MSE versus B with different SNR;,

22 RWESEREF

IR AT, DR EC R X R Gk e
KEE, N TR TI R OB % BT .
(1) B R ILIR PR E G (2) k(DR T 20 1T,
BYBEMLAE &8, IF H Y 150 B h(D) #h(i); (3) 2MNr—oe

(B Ny~ )i, R(n)—R(n) .
BECHL I B 52T R

L-1

x(n)=x(n)-n Z h(D)e(n—-1)—d (29)

ARG AAT(29), AT,

x(m)=n Zo’ [A(D~h()1[B(n=1)+c(n—1)]+

n 2, h(DB(n=0)+w(n)+(d-d) (30)

i=0

> SNR,, A2 % FCE | B I i 5 00 A T T A
et d~d, ARG TS .

x(n) = xs(n)+vy(n) (31)

(=02 L ADB(=) W svsn=n-

3 o (h(D)=h(D1[B(n=l)+c(n=D)]+w(n) K T 4 75 1

. G A%, Eim E{R(n)}=R(n), Wlim E{HIH}=

N—w N—oo

H, I X, 1) F B2 50

oy =E[llx(m)F=1(0, -0, )+ tr{ Ey{ E{ HH*|H} } } =

S$218002-5



BREED & ks

% S2 www.irla.cn % 48 %
D B o M, 22 (33) AT fRT Ak
( Y 1o, -tr{ Ey{cov(H,H\H)+HH"} }= s s s s s s
‘ T o, =7(0,+0.-0,)0,+N,0,=7P,0,+N,0, (34)

(1—12 170, (o +1) (32)
N
Ao ()T FRoREFER L
[EREHE v, 1SR4 DR 0] 2R
o =E[|Iv5(n)||2]=*r]2(0'i—cri )0 +N,0 +

N~-1 L-1 L-1

L85 A B2 AT, Hlm ) (EE L

2

g, 24 . .
SNRM<B>=—2:9J3—+§_L;/3—+%— (35)
o, &1 82

. =P (T~ N)(N. ~T.); =P, (7]2N,,—2T0) N =T )-

To(N T )0, 3q5= To(N T )(P+U) &= N U PTON;,,

n

)=h(I))"(h(L)~h(1)]} -
) n=0 =0 I,= g2=TﬂNb(P+a-)o
Cﬁf"_l‘)c("_l” (33) BERE, (6 He SNRu, 55 I 0 0 5
R c(m=a, c(n), T m FFA REFIY AMISEAE  SMRIE T B, T35
T,(SNR, +1) (N,—SNR,,* 7o) (N,;+SNR,, * Ty~ 7SNR,, - Ny+To)
B ysNR T | 1 e e e g (36)

ALY B 15 18 L SNR,,, B9 RAB AT R7m )

SNRoul —max ™ N T

SNRin(TO_ 7N,) Bi +[SNR,(7"N,—2T,)-T,] Bo+ To(SNR;,+1)

(37)

b

A (B6) I A (37) AT, SNR o Al By T EE
528 N,, T, f1 SNR,, #15¢

5 Ak A e H SNR,, 5 D154l F B [1]
(A AH DG | Bt 25 DI 253 40 T o T3 0 B e pd 38 R, ]
A5 2 T e A AL TR BE RN EEAIR Y SNR,. FHIE 5 AT,
JLF A7 SNRy, 19 e KABSE ThAE DR 3 e K5 0.3

24] ——SNR,=4 dB
—e—SNR,=8 dB
204 ——SNR,=12dB
a A - —SNR,=14dB

16 “ +—SNR, =16 dB

AN B e SNR-184B

SNR,,/dB

8 ! - =
] 0.2 0.4 0.6 0.8 1.0
Power allocation factor f§

€ 5 KIF) SNR;, T SNR,, Fil B 1Y 5% F (N,=600)
Fig.5 Relationship of SNR,, and B with different SNR;, (N,=600)

2.3 BER %8¢

Bl 6 S 3CH vk S5 ST Ji vk ™ iy 165 #a
T, H BRI, SR SCHh TR R GRS PE
SEET; . A, fER SNR, &1 R, RS M

2y
He
2y
He

(N,—SNR;,Ty) By+T,(SNR;,+1)

RERYARTH NI 2

10"
10'F
(115 o

10 °F

BER

107k

10— ST method
—e— Proposed method \

10"
0 5 10 15 20 25 30

SNR,/dB

6 SChIr I e ST J5 ik YR A 1 ik
Fig.6 BER performance of the proposed method and the

conventional ST method

B 7 AiRAG e SNR,, AR IE oL, Hrb a,,
dy M1 ds 3 %5 B 52 SCRiR[20] L [25]1 A1 30 g B
T E AR, R 7 AT AR R AT,
SCHJT VR R A R M B L R S % Sk [20]
25107 W6 EA S hn e Z e, Flin, X4 BER=2x
107 H B i E o 0.4 B, Sy e i e L A
Eé%ﬁﬁf%%juﬁit[zo F251 i 5 4 il = T 9 dB
Ml 2dB, XEWRE T ITEREASOER P LR E

oA B S R RERY T

S$218002-6



BREED & ks

% S2 # www.irla.cn % 48 %
24 EFXERE
21 ST RIS % SOk [20] L [ 2515 HE R B
VR R A, R AT A E T 5B R %
= BAE K N, . A S250 i Monte Carlo 417 ELUC8E M .

0 5 10 15 20 25 30
SNR,/dB

7 AR EJ W E T BER [ SNR,, 9751k
Fig.7 BER versus SNR;, with different DC bias

YIZRIF A0 JE 1 T, FIAs TE Y8 L AH G, 2 N,=600
M=1000,T,=15 fl L=5 B}, = FhJy & 09 in ik iz Bk
¥ (Additions) 43 %A 1.080x107.8.886x10°,6.276%
10°, 7fe 1 15 535 YR B (Multiplications ) 73 51 4 8.240x10°
6.516x10°,1.302x107, AR CH 7 ik ) SR E 2
A BE 6225 SCHR[20] L [251 5 75 43 0 32 5 1 40.2% il

K1 ARAFEBRHAENEEERE

Tab.1 Algorithm complexity of different channel estimation methods

Channel estimation method Method in [20]

Method in [25] Proposed method

. Additions
Computational

complex

M- [14N,,+N»,—47].+2Ti +4L+32] M- [17N,,+2N»,+T',+2T;l, +3L+33]

Multiplications M- [AN,+2T,+T, +N,L+211+26 M-

M - [20N,+2Nr+ 127].+3Ti +5L+56]

[4N,,+37].+2Ti +N,L+21]+26 M- [5N,+ 12T',+6Ti +(N,—3)L+128]+26

22.8% , (AW A WG A SIE 2 0 5 R G VERETR TR
JEM LAY,

34 ig

SCHR R T — ARSI 5 5 T BRI R 51
IR TRAMHEE T Ik, I R Gerkhg
OGN R AT T rishie . BIg I Hr iy BLAE
KU ARV LR ENET , Ch Ik B R L 58
ST JriEAE B R PR AT AP RE . o Bl
WL RE W 25 ARG T A9 38 7 15 22 A R G2 1 A
R AH SR DT C YRR B i A Al RS B Sy, T A
ok 553 L UL i NS AR SR BE BN AR, SO R AT
W MO IR I JR P i A7 A S BUDS A A S A
BEK, B E T E AT R B, IR T
— 2 A DR A [

SE .

[1] Zheng Xiaojing, Zhang Jinghong. Characteristics of near-
surface turbulence during a dust storm passing Mingin on
March 19, 2010[J]. Chinese Sci Bull, 2010, 55(22): 2235-
2240. (in Chinese)

FBIeRt, SRERLL. 2010 4F 3 1 19 H YDA 2R H i B Bt X

T A MR [T]. R AR, 2010, 55(22): 2235-2240.

[2]  Yin Junyan, Yin Fuchang, Chen Ming, et al. Impact on laser
transmission in atmosphere [J]. Infrared and Laser
Engineering, 2008, 37(S): 399-402. (in Chinese)

B2, VA8 5, BRI, 55, S WOE A% i KR 4
[J]. L5 50 T, 2008, 37(S): 399-402.

[3] Yuksel H, Milner S, Davis C C. Aperture averaging for
optimizing receiver design and system performance on free-
space optical communication links [J]. Journal of Optical
Networking, 2005, 4(8): 462—475.

[4] Tyson R K. Bit-error rate for free-space adaptive optics laser
communications  [J]. Journal of the Optical Society of
America A Optics Image Science & Vision, 2002, 19 (4):
753-758.

[5] Li Fei, Lu Houbing. Optimization method for detection
threshold of atmospheric optical communication under weak
turbulence condition [J]. Infrared and Laser Engineering,
2016, 45(12): 1211004. (in Chinese)

AR, MJS IR, 55 AR R R R AUG AR Y B E O Ak T s
[J]. Z4M 50 TR, 2016, 45(12): 1211004,

[6] Niu Chaojun, Yu Shijie, Han Xiang’e. Analysis about effect

of wavefront sensorless adaptive optics on optical

communication [J]. Laser & Optoelectronics Progress, 2015,

52(8): 080102. (in Chinese)

S$218002-7



% S2

BREED & ks

www.irla.cn

% 48 %

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

A, TR, B . BT IRIN A & G X
fRYERESZ M 3BT (1] WOt 506 F 2 #E R, 2015, 52(8):
080102.

Zhou Jianguo, Hao Shiqi, Liu Jialin, et al. Interleaver design
based on genetic algorithm in atmospheric optical
communication[J]. Chinese Journal of Lasers, 2013, 40(6):
0605004 (in Chinese)

SRR, AR B, XUIAK, AR ORBOLE(E A T
RGBT, T EROE, 2013, 40(6): 0605004.
Wang J B, Jiao Y, Song X, et al. Optimal training
sequences for indoor atmospheric optical communications [J].
Journal of Optics, 2012, 14(1): 015401.

Zhou Chao. Research on optical communication adaptive
digital equalization based on LMS algorithm [D]. Chengdu:
University of Electronic Science and Technology of China,
2018. (in Chinese)

JER . BT LMS B Y 0l 15 35 N 8T 1 A R W
[D]. #: BT RHIREE, 2018,

Kaushal H, Kumar V, Dutta A, et al. Experimental study on
under turbulence

beam  wander

varying
conditions[J]. IEEE Photonics Technology Letters, 2011, 23

atmospheric

(22):1691-1693.
Mishra N, Sriram K D, Jha P K. Performance analysis of
dual-hop optical wireless communication systems over k —
distribution turbulence channel with pointing error [C]//AIP
Conference Proceedings, 2017, 1849(1): 1-8.

Gorshtein A, Levy O, Katz G, et al. Coherent compensation
for 100G DP-QPSK with one sample per symbol based on
antialiasing filtering and blind equalization MLSE [J]. IEEE
Photonics Technology Letters, 2010, 22(16): 1208-1210.
Gorshtein A, Levy O, Katz G,

et al. Blind channel

estimation for MLSE receiver in high speed optical
communications: theory and ASIC implementation[J]. Optics
Express, 2013, 21(19): 21766—21789.

Zamani M, Chen C, Li C, et al. A blind channel estimation
for 100+Gb/s optical IM—-DD DMT over 100—km SMF in
1550nm [J]. IEEE Photonics Technology Letters, 2014, 26
(19): 1928-1931.

Wang J B, Jiao Y, Xie X X, et al. Complementary
sequences-based channel estimation for diffuse atmospheric
optical communications [J]. Optical Engineering, 2011, 50
(7): 075003.

Omomukuyo O, Chang D, Dobre O, et al. Ngatched, Robust

frame and frequency synchronization based on alamouti

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

S$218002-8

coding for RGI-CO-OFDM|J]. IEEE Photonics Technology
Letters, 2016, 28(24): 2783-2786.

Wu D, Wang Z, Wang R, et al. Channel estimation for
asymmetrically clipped optical orthogonal frequency division
multiplexing optical atmospheric communications [J]. Iet
Communications, 2012, 6(5): 532-540.

Zhao H, Li M, Wang R, et al. Compressed sensing theory—

based channel estimation for optical orthogonal frequency

division multiplexing communication system [J]. Optics
Communications, 2014, 326(5): 94—99.
Zhu C, Pittala F, Finkenbusch M, et al. Overhead-free

channel estimation using implicit training for polarization-

multiplexed coherent optical systems [C]//Optical Fiber
Communication Conference and Exposition and the National
Fiber Optic Engineers Conference IEEE, 2013: 1-3.

Chan K C, Huang W C, Li C P, et al. Elimination of data
identification problem for data-dependent superimposed
training [J]. IEEE Transactions on Signal Processing, 2015,
63(6): 1595-1604.

Fan S, Li Y, Wang L, et al. Comparison of implicit training
and implicit pilot in coherent optical transmission [C]//
International Conference on Optical Internet IEEE, 2014: 1-
2.

Zhu Y J, Sun Z G, Zhang J, et al. Training receivers for
repetition coded MISO outdoor visible light communications
[J1. IEEE Transactions on Vehicular Technology, 2017, 66
(1): 529-540.

Dissanayake Novel

combating DC offset in diversity combined ACO-OFDM[J].

S D, Armstrong J. techniques for
IEEE Communications Letters, 2011, 15(11): 1237-1239.
Liu T. A novel method for demodulation of ACO-OFDM in
the presence of DC offset [J]. Journal of the Franklin
Institute, 2015, 352(3): 802-812.

Alameda-Hernandez E, Mclernon D C, Orozcolugo A G, et
al. Frame/training sequence synchronization and DC —offset
removal for (data —dependent) superimposed training based
channel estimation [J]. IEEE Transactions on Signal
Processing, 2007, 55(6): 2557-2569.

Wang Huigin, Wang Yangang, Cao Minghua, et al. Impact
of atmospheric visibility on laser intensity in sandy and dust
weather [J]. Acta Photonica Sinica, 2015, 44 (2): 0229001.
(in Chinese)

FES, TEN, BUE, & VR KA KRR UL X
JEOLIRAIEZ I [T]. JET 223, 2015, 44(2): 0229001.



