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Communication Based on Four Frequency Shift Keying Modulation
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Abstract

Based on noise characteristics of wireless optical communication, atmospheric channel model was

founded. Homomorphism filtering technology was applied to four frequency shift keying (4FSK) modulated signal
denoising for atmospheric turbulence. Zero-phase digital filter in homomorphism system is desired. When the length
of source code was 500 and the signal to noise ratio was 10 dB, the denoising 4FSK signal was demodulated by the

zero crossing detection method, and the bit error rate arrived at 7 X 10~ * with turbulence parameter o’

=0.1. The

simulation results show that homomorphism filtering could reduce multiplicative noise more effectively than the
traditional digital filter, and could control atmospheric turbulence to improve relibility of optical communication.
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Fig. 1 Atmospheric channel equivalent mathematics

model
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Fig. 2 Canonical form of homorphic system

FEAR F AL B A A5 5 1T LR M A S
LB BAE S IR AL A 20 8 255 5 A i U
Mty e — {5 o i ARG LA AT

AESE TR . EIF 4 7 Ge A BEED AT AR AR 847
MR . BB —RFAS RS BN A H

O R AR O M BURE )T AN R T
M AfGES—BERX: 2 = [am] -
L, o) J7 WIAHFAT 5 O AR 1E 2R 50 0 B A Pk
D[ G o [an () ) =
aDLxy G ]+ D L, () ], (3)

0205001-2



Wi PRAE . T Dt AR s R o B4 T ' il A ) 2 i I AR BT 5

X B0 eR RO 2 B 2 B X R v S ) eR . A
#ax(n) =, (n) « 2, () s AXFF A 1) n,x, (n) Fl
o) WRF 0, W In{lay( ] o [, ()]} =
alnla; () ]+ BInla, Go) ], N 3 R A& R G #ig
IF, WAZBURE Y M PR LA R GE Lo Ani] 8 9% 22 g A
M5 T - RE AR A AL AL BUE I 2 () = & () »
w () MAES s B4R R Geka th 0 i 20 Go A2, Go)
PE A C .

2 HL AFSK 55 o XU 3 A5 5 0 3 b3
PEWE RS (Y AFSK {55 3 17 [7] 25 08 8 i o 15 b LA
5 WL AR O 1E K TR SRR 5 S R T £ Ak
PR A R RO EE R R FH 2 M DE
PEUEBR T AR5 K B 9 5 5 HEA T HUHE 04 34,
SRS RIE S f 5 AT A
3.2 MR

X AFSK JE 2T T R E HEIER
A U 1 TE RO T A AR G R 52 WA R I AR
R H OGN MR R Sl RGN R PEME S . X

e BARRMEME R AFSK B IRAE 5 11 M5 R g A6
T35 LAY gk 380 A 2500 [) 285 2B 0 AR 48 1) R R DB A
AL FLEOR ™A% o 33k HL G P 20 AR 2 07 i D A4
WAL 3 B . B PSR AT A R B . 8 )5 R
JIv A 45 R 0 A I 1 T o D R A L PR T A A5 R
Bl Ji i e o BRGSO % EL A e A

2 RH AL B8 B A B SR AR A

yvi(n) = x(n) * h(n), 4)
vo () = y(N—1—mn), (5)
vs(n) = y,(n) x h(n), (6)
y(n) = y;(N—1—mn), 7)

KA 2 () TR AFH A () Ay BIF F BT 08 U 7%
B FF AN R, xRN 3 (o) AT I 458
UEWEEE GO JE BT Sy, Go oy o) 1 R
FEA s ys (n) Ry, (o) 55 IR Gk JE P A h () J5 1Y
Btk sy o) RS R R A R R R A L P
AR, B8 U o e 47

x(n) filter time domain
H(2) reversion

filter time domain | | ¥

H(2) reversion

zero phase filter principle

3 AR UE e An A5 4

Fig. 3 Structure graph of zero phase filter

4 AFSK il 5 fig

AFSK J ] 15 8 5 S AN 4 R

o ) 5 A L2608 7 e £ 5 £ 8.
P AT 005 o e 1
R JH 4 04 0 9 LT AT AFSK 19158 . 7
AR e AFSK 4 R P A D A5 o)
{2 A ERIRE S B A AT R LR

ik Z B B . A — GO0 4 A BB AR
AT 4 B B P A8 AN [ B 0 R T 4 A I B R
B ANARER, BT IEZHEBHT TR L
58 T A5 G S 1 49 I S it e 45 11 D SR U AT i
R —28, B 4 DAFRGIARN F L F L Fy
Foo R 4 DR B A R 45 05 2R AR A [ Y
oo,

input data code 4FSK signal
———>{transfor— data frequency |
mation coding selection

(a) modulation system of 4FSK

4FSK signal zoom diffe—

filter limiter rential

dequulated
pulse signal

rectifier ——

forming

(b) zero—crossing detection method

P4 AFSK i i 95 R S AE 1R
Fig. 4 Modulation and demodulation system of 4FSK

0205001-3



# ot

H |
007F1F2F3F4 017F2F3F4F1
10—F,F,F\ F, 11—F,F,F,F;

BT R B (FSKO 5 5 1 TR Al 8 07 1 A 1R
Z R QAR CIR] 22 ) ik 19 B0 46 M 31 22 L 3k % A
555 o SR F AR I X R B A 7H s ATFSK I
il 45 5 HEAT % 98 . AFSK {5 5 19 43 ZF 25 BB A [A] 45
GITENGREEE SN RPN & €T V)
I o 3 2 A B | E e B S R 2 0]
FHENSC TR 22 5%

SO 1 PN 158 TS 1 X =N

BAR TR IE AL & A A 7 AR K 30 IS e
XF I HEAT AFSK S, 4 AR S R f =
2 Hz, f,=4 Hz, f,=6 Hz, f, =8 Hz. ¥4 .4 4FSK
{55 30 o KA E KA B X BRI 7 22 o
0. 2. {5 M L (SNR) g 5 dB, 5 I [7] 25 8 38 34 17 1 14

1

0 2 4 6 8
(a) information code and 4FSK signal

0.5

0

Amplitude /V

-0.5

12

120
100

Amplitude /V

0 2 4 6 8 10 12 14 16
Frequency /Hz
(c) spectrum of 4FSK signal

500 -

400 ~

300 -

200 -

Amplitude /V

100

0

0 2 4 6 8

10 12 14
Frequency /Hz
(e) spectrum of 4FSK signal after homorphic filtering

16

Amplitude /V

Amplitude /V

Amplitude /V

SO IR I 5 I M S AFSK (5 5 AT 2k 2 G I Aot
55 - HEAT LR T MR RS AN EOCR O,
Pr BRI 5 s,

15 RS 285 AFSK I8 il J5 1 % B WL 5 (a)
LR B R AE B L i 515 5 OB W 5(b).
X#ééﬁﬁ’ﬁ*ﬁﬂﬁiﬁ)ﬁ%ﬁ%”é”ﬁﬁlﬂ”‘?)@“ﬂi,
AN 5 CD 7R 1 08 B e 75 IS B 5 5 ok
b FAG I 2 X% AF 5 AT AFSK g 1 5 EP(a)
5O AT AF BNTEA R B 55 i Z i EH
— B, AT 8 5 ) 285 0 O 3 R S 1 R A - A R T
132 MRS oC S RS BT — 2

KT INGETH R R T AS 7] {5 M L LA A [R] K
SOGTRIN MRS BT 6] 25 U8 U 2R 46 Y 1% 05 M e L X 2%
W f1 =200 Hz, f, =400 Hz. f, = 600 Hz. f, =
800 Hz) {55 K H Monte Carlo 777X} 3 Gt iR 5% 7
B HEAT T 07 3, o fF YRR B AL AR K B 50019

30

10

0 2 4 6 8
Sample
(b) 4FSK signal added noise after atmospheric channel

12

500

400¢

300r

200r

100n,

|

0

0 2 4 6 8 10 12 14
Frequency /Hz
15 (d) spectrum of 4FSK signal added noise

16

10 |
5 I /777
0
-5 I
—_10}
Bl R S S S T
Sample
(f) demodulate code and 4FSK signal after
homorphic filtering

PS5 [ 25 08 B A A5 5 8 i 1

Fig. 5 Singal wave and spectrum graph before and after homorphic filter

0205001-4



(/SRR

e T DU 3 o A0 R 47 R A Y T e DY A5 [ 25 0 8 B R AT 5

oG, FESERWME 6 fix. NEP RS o
A3 R R AR TE T AR TEPERR A K, RGE RS 3
A . 2 ol =0. 2 B, R[] 25 U8 B R R 40
FEAE MR E R 10 dB B, iR 52 (BER) 2y 5 X107, 1fif
’=0.10f BER 55| 7X 107", {j B J, M5 yEfR
SR FH T 285 00 38 e AR Ah o 3B SR F T A% Bt i 41 4 (FIR)
EL AR R 7 80 10 DB R AT A R A 5 T R 4k 3L A )
fEWEEE (10 dB) F g 8 J5 15 5 i 1R 5% %35 3] 10
(6! =0. 1), W K T [R5 U I 2 48 o A5 g A 5 iR
Tith 28, Uk BT T A% 50 1 007 i I (S0 o e Mg 75 1% 30 B
ELAT P A T[] 285 0 e T A Ak b T ok I G 1
E et T

10 e

10 et

103

BER

103

10—+

45 6 7 8 9 10
SNR /dB
F 6 AKE o FRIZASIER RSN IRLE

Fig. 6 BER performance of homorphic filter system

under different ¢*

6 4k ©

SN T B WG RS R 1 R
TR TR 135 (2538 (0 O B 285 1538 U
Y b ARV A AFSK TR (3 5 v R A 0 4 AR
FoME o 7 2R G Lk P MR U R B OR T TR
R 50 U D8 S T 5 2 I B A 7 3 3K
BB T 3 3ot % BRI 2 1 A B RS TR
L8 A5 AL B 0 2L L T LG R S U B 2 kS0
S D AR I 1 K AT T T 85 3 T T 25 0 e e AR 1
6 28 388 15 22 S R A8 7 501G 125 88 1L 2 1 F 3R A5 A1
AT 28 . (7 2045 SAE B 1 1) 25 U 0 38 B T 2608
S P T I P AT — i 1 PR A BE ST A
B A 0L+ 2 TR A R 2 1 T

Z £ x #t
1 G. Prati, R. M. Gagliardi. Decoding with stretched pulses in

laser PPM communications[ ] ]. IEEE Trans. Commun. , 2004,
31(9): 1037~1045
2 Ma Dongtang, Wei Jibo, Zhuang Zhaowen. Performance
evaluation and channel modeling of multiple-beam propagation for
atmospheric laser communication[ J]. Acta Optica Sinica, 2004,
24(8): 1020~1024
DARE, AW, FERISC RAHOGE(E 119 2 06 A % ik fe
PR s [T]. 5 $3R, 2004, 24(8): 1020~1024
Li Yuquan, Zhu Yong, Wang Jiangping. Optical Communication

o

Principle and Technology[ M. Beijing: Science Press, 2006
BEML K T, EILF. SGEEFRESHEALM] Joat. B
H AL . 2006

T. Ohtsuki, H. Yamaguchi, R. Matsuo et al.. Equalization for
infrared wireless systems using OOK CDMA[]J]. IEICE Trans.
Commun. , 2002, E85-B(10) . 2292~2299

He Xiaomei, Li Xiaofeng,Che Yaliang. Research on influence of

e

o

atmospheric  turbulence on near ground wireless optical
communication links[J]. Infrared ., 2007, 10(28): 26~29

ol /NG, A IGEIAE , AR ME L. DR U X AT 3t JC £k 5 1 i % 5 W)
BIRFSELT]. 404k, 2007, 10(28): 26~29

Ke Xizheng, Chen Dan, Qu Fei. The simulation of 4FSK and the
performance analyse of error rate in the RoFSO system[]]. Laser
Technology , 2010, 34(4): 466~469

WIEREC, M5 FH. JE JE. RoFSO R4 4FSK fi 3 J H AR %%
PEREA BT, b3 K, 2010, 34(4) . 466~469

Xie Weiliang, Tang Junxiong. Analysis on characterization of

o

-

atmospheric optical wireless communication system based on
Turbo code[J]. Chinese J. Lasers, 2003, 30(9);: 835~838
WG R R M HT Turbo 1 R TCLOIGIE(F R Gk k70
[J]. P E#k. 2003. 30(9): 835~838

M. Hata, N. Morinaga, T. Namekawa. Receiver performance

oo

of optical analog communication systems through the atmosphere
[J1. IEICE Trans. Commun. , 1983, 66(1): 79~83

9X. Sun, F. M.
characteristics of laser altimeters with avalanche hotodiodes[ ] ].
IEEE Trans. Commun. , 1992, 28(1) . 268~275

10 R. M. Gagliardi, S. Karp. Optical Telecommunications[ M J.

Davidson, L. Boutsikaris. Receiver

Beijing: Publishing House of Electronics Industry, 1998

11 Xiaoming Zhu, J. M. Kahn. Free-space optical communication
through atmospheric turbulence channels [J]. IEEE Trans.
Commum. , 2002, 50(8): 1293~1300

12 Liang Jixiong. Study of LDPC Code in of Atmospheric Wireless
Optical Communication under Weak Turbulence[ D]. Chengdu:
University of Electronic Science and Technology of China, 2004.
69~70
P ME. SRS 0L T KR LK 5 LDPC i #F 5 [D]. A&
# B PR R, 2004, 69~70

13 Wu Zhaoxiong. Digital Signal Processing ( volume 11) [ M ].
Beijing: National Defence Industry Press, 1995
FIRfE. B E AR M dent: BTl i, 1995

14 Zhang Chunzhen. Zero passage signal homomorphic treating
method and shortwave anti-fading receiving homomorphic treating
method: China, 89107809. 6[P]. 1993-04-02
TRAFAT . o B AE T [ A b B Oy ok B R BT R v TR AS A 3
. o, 89107809, 6[PJ. 1993-04-02

15 Ji Yuebo, Qin Shuren, Tang Baoping. Zero phase digital filter
[J]. Journal of Chongging University , 2000, 23(6): 4~7
LR . BN BET. FMMEFEESLT) ZARRESF
&, 2000, 23(6): 4~7

0205001-5



