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Abstract In order to investigate the propagation characteristics of rectangular pulse laser in atmosphere, a
mathematical model of pulse signal propagation in atmosphere is established and a compensation algorithm for
channel is proposed. A propagation experiment of 100 MHz rectangular pulse is carried out between two buildings
with a distance of 6.2 km, and the compensation algorithm for channel is verified by FPGA compliling software.
The experimental results indicate that the pulse signal is distorted after passing through the atmospheric channel.
The performance of atmospheric channel can be considered as a low-pass system in the frequency domain and signals
with high frequency larger than 430 MHz are suppressed. With the channel compensation algorithm, the distortion
of rectangular optical pulse is suppressed effectively, the system bandwidth is improved, and the signal noise ratio is
increased by 5 times. The bit error rate decreases to about 10~ ° when the optical signal noise ratio is 10 dB.
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Fig. 1 (a) Variation in waveform distortion with frequency; (b) ideal rectangular pulse; (c) simulated pulse
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Fig. 3 Field laser transmission experiment. (a) Transmitting terminal; (b) atmosphere channel; (c) receiving terminal
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Fig. 6 Average time waveform of received light pulse intensity. (a) Time waveform of simulated 100 MHz rectangular pulse;

(b) average time waveform of transmitting terminal; (c) average time waveform of rectangular pulse

laser signal after passing through atmosphere; (d) average time waveform after using channel compensation algorithm
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Fig. 7 Frequency-domain envelope of received light pulse intensity. (a) Frequency-domain envelope of simulated 100 MHz

rectangular pulse; (b) frequency-domain envelope of transmitting terminal; (c) frequency-domain envelope of rectangular

pulse laser signal after passing through atmosphere; (d) frequency-domain envelope after using channel compensation algorithm
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laser signal after passing through atmosphere; (d) power spectrum envelope after using channel compensation algorithm
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Fig. 9 Bit error rate statistic chart of field experiments. (a) BER sample statistic chart; (b) judgment probability of the

10™ sample number without compensation; (c) judgment probability of the 10" sample number with compensation,

where the 10" sample number is 1.4 X107

5 4% 1w

SR AF 5 T SO Ik 7 RS I A% R L R
T T HEE Bk ol BOCAR 5 78 R b 4% i 52 56, JF 42
T X IO ok o A B S e ) R A T R B
TG AR G B0 I S R B A E 8 R T AR T ik ek
HAF S ARG E A0, T4l 17K
SAGEAMER . RJ5 L AEAEE 6.2 km (9 A% 5 1%
Z AR R T 100 MHz 48 T bk b B 40 380 52 36
A5 T 3 %y 200 MBaud 19 PRBS 5 1% #i 52 %,
5 A0 BT T B0 Y ok iR 38 AR S8 RN T i )
PE IR RE {4 5 3 7 FLEF ISE Al modelsim | 55
IE TRE A RN, SEHR A R KB 100 MHz 5B
Sk nh it KRR G KB T WAS, 78 40 5 1 = 9
R T ELZE T 430 MHz 0955 306 | 255 ik w14 b 2]
F2 050 v i 55 Ve BE AR R, R KRR I 2 — IR
ARG X EAE S AT TS, BeAh AR A G

B AT B4R I AR SR LR 08 R R
S o HE T G Tk i i 75 8 I A5 040 B K b 5
TREEFE 5 ns 240, BA R G 9615 3140 58, Lt
ARG ALK/ T % T 0.84 GHz MRS .55
) SNR #8157 5 15247 . fE 64T PRBS 18 1% 4 5¢
K if, 24 OSNR 4 10 dB B, is F 5 8 #hE 5k e
BER #/DREALT 3 ARG, 48 8 T O6 15 I
JIT S ST R T K b A KU T B A AR Y AT Ly
OGRS #E B BT 5 i 8L 5%, i i iy K
SR AMET N 5 S5 5 A B R LA X B R
A

[1] Jing X, Wu Y, Hou Z H, et al. Study of irradiance
fluctuations for laser beam propagation in atmosphere[J].
Acta Optica Sinica, 2010, 30(11): 3110-3116.
VI, RE, BEFRLL, AL dm ok S h oG 1% b iR

0101003-8



ot %

n
¥

{5

(2]

[3]

[6]

[7]

(8]

A AR F AE B SR
3110-3116.

Chen C, Yang H, Lou Y, et al. Effects of annular-
aperture receiver on angle-of-arrival fluctuations of
planewaves[J]. Optics Letters, 2010, 35(11): 1731-1733.
Chen C, Yang H, Tong S, er al. Spatiotemporal

Jt 2 2 4, 2010, 30 (11):

coherence properties of broadband Gaussian Schell-

propagating through atmospheric
turbulence[J]. Applied Physics B, 2013, 111(3):
373-381.

Ke X Z, Zhang H ].

characteristics of partially coherent Gaussian pulse in

model beams

Study on broadening

atmospheric turbulence[J]. Laser & Optoelectronics
Progress, 2016, 53(8): 080603.

ol BRI, SRS . FR 43 AR R S K i AE A I
FoREE MR [T]. WOt 5ot W 7 ¥ i R, 2016,
53(8): 080603.

Zhao G H, Zhao S H, Yao Z S, et al. Effect of the
pulse broadening caused by atmosphere on satellite based
quantum key distribution[J]. Acta Optica Sinica,
2012, 32(11): 1127001.

R, B OA, LA, AL R B Kb e 5
R FEHASRNEW ], b, 2012,
32(11): 1127001.

Wang J, Yu X. The research of pulse stretch in free-
space optical communication[J]. Optical Technique,
2009, 35(1): 80-83.

FAE, ATMR . A A E DG AE R G Ok v R 5 1)
MBEFE [T, ek, 2009, 35(1): 80-83.

Zhang Y F, Sun X Q. Analysis of ultrashort pulse
waveform and broadening caused by atmospheric turbulence
and dispersion[J]. Semiconductor Optoelectronics,
2015, 36(2): 267-270.

KKK, PhGEIR . K b S A B R B ik vh OB
ST ESROLH, 2015, 36(2): 267-270.
Hajjarian Z, Kavehrad M, Fadlullah J. Analysis of
wireless optical communications feasibility in presence

of clouds using Markov chains[J]. IEEE Journal on

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

0101003-9

Selected Areas in Communications, 2009, 27 (9):
1526-1534.

Arnon S, Sadot D, Kopeika N S. Analysis of optical
pulse distortion through clouds for satellite to earth
adaptive optical communication[J]. Journal of
Modern Optics, 1994, 41(8): 1591-1605.

Young C Y, Andrews L. C, Ishimaru A. Time-of-
arrival fluctuations of a space-time Gaussian pulse in
weak optical turbulence: An analytic solution[]J].
Applied Optics, 1998, 37(33): 7655-7660.

Ishimaru S A. Beam wave two-frequency mutual
coherence function and pulse propagation in random
An analytic solution[J]. Applied Optics,
1979, 18(10): 1613-1618.

Osche G R.

applications[M]. NewYork: Wiley-Interscience, 2002.

media:

Optical detection theory for laser
Juradonavas A, Garridobalsells J] M, Castillovazquez
M, et al. Numerical model for the temporal broadening
of optical pulses propagating through weak atmospheric
turbulence[J]. Optics Letters, 2009, 34(23): 3662-
3664.
Klapper J, Harris M. On the
approximation of Gaussian filters[J]. IRE Transactions
on Audio, 1959, 7: 80-87.

Hsu H P, Ranjan R. Signals and systems[M].
Boston: McGraw-Hill Education, 2014: 148-160.
Lee S, Hamzeh B, Kavehrad M. Airborne laser
communications and performance enhancement by
compensation[C]. SPIE, 2006, 6105: 61050P.

Kim B K, Park H, Park S, e al. Optical access

network scheme with downstream Manchester coding

response and

and upstream NRZ remodulation[]J]. Electronics
Letters, 2006, 42(8): 484-485.

Ren Y, Wang Z, Xie G, et al. Demonstration of
OAM-based MIMO FSO link using spatial diversity
and MIMO compensation for turbulence mitigation[C] .
Optical Fiber Communications Conference and Exhibition

(OFC), 2016: 16227065.



