% 47T K5 9 oLk AR 2018 4 9 A
Vol.47 No.9 Infrared and Laser Engineering Sep. 2018

D EREFK THABEEEFBWRE ZT
HEFR L, GIIR RER L KRESE!

(1. MZWE K &FIRFRE, KRG &L 710121 ;
2. PEMAELLEAS 105 KT ELERAELZRE, &G H% 710121)

B OEASKTAEHEABRERAA P EREG A, RET—F2rERANXLFERRE, L
F XM Zemax F AR B TESAFERRE 2> EEF XLFHKR KGO FEH, A
TAGRFBURRE A EHANXLFERREONT A REKEABR KBRS R, Ll i &
oo Matlab 45 AL B AR FHERREZNRAKEEALRZOS D AR LBRARANXZ &R
A SRR T 10mm B, AR FERRENRELEL 0.06%, HKNG A2 +6°, X RZEH
FHIEE A +6 mm; 5 EHEH X EFEKREAREXFER 0.06%, KA A A£+16°, LR ZaHF)
TLHEE+22 mm, BSEEF XA FEMRE TER TRTRALBE E%,

E@IE: RTAREHAER; SEEINXAFBRRE; MABA; Rk

mESEE: TN929.1 XHIFEB: A DOIL: 10.3788/IRLA201847.0903005

Design of optical receiving antenna for underwater laser
communication based on diversity array
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Abstract: A diversified array optical receiving antenna was designed for the problem of alignment
difficulty in underwater wireless laser communication systems. The optical structures of the composite
optical receiving antenna and diversity array optical receiving antenna were designed by the optical
design software Zemax, and the field of view angle, the light gathering efficiency and the light source
moving range of the two kinds of antenna were analyzed. Besides, the light gathering efficiency as a
function of the light source moving range and the incident angle of the light source of the two kinds of
optical receiving antennas was given by experiments and Matlab simulations. The results show that when
the light source size is 10 mm, the light gathering efficiency of the composite optical receiving antenna
is 0.06%, the receiving field angle is +6°, the moving range of the light source is +6 mm. And the
light gathering efficiency of the diversity array optical receiving antenna is 0.06%, the receiving field
angle is +16°, the moving range of the light source is 22 mm. Therefore, the diversity array optical

receiving antenna was more suitable for underwater laser communication systems.
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Fig.1 Geometric diagram of receiving antenna field of view
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Tab.1 Parameters of each device in the

composite optical receiving antenna

Light Fresnel Compound Hemispheri-

Parameter source  lens eye lens cal lens Detector
Diameter/mm 10 17.41 17.41 3 0.2
Position/mm -5 -2 0 100 102
Thickness/mm - 2 2 1.5 -

Material - PMMA PMMA K9 Absorb

B2 AL R &

Fig.2 Composite optical receiving antenna
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Fig.3 Diversity layout of the array optical receiving antenna
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Fig.4 Diversity array optical receiving antenna optical

path diagram
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Fig.5 Spot distribution pattern received by the 30 mm detector
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Fig.6 Concentration efficiency of normal incidence

of light beam
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Fig.7 Concentration efficiency of the beam at different
angles from the optical axis of the main mirror and
concentration efficiency of the beam at a different

radial distance from the center of the main mirror
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Tab.2 Receiving range and receiving field angle

.. Receiving field Receiving
Receiving parameter R
angle/ (°) range/mm
Composite receiving antenna -6-6 -6-6
Diversit; ivi
iversity array receiving etie _99-99
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Fig.9 Spot distribution by experiment
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Tab.3 Receiving range and field angle

.. Receiving field Receiving
Receiving parameter
angle/ (°) range/mm
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Simulation data -16-16 -22-22
Experimental data -15-15 -20-20

MO W LA S8 5 I A5 D' BE A0 0O BE
AR DB Z A A ERE, BAEH X WK 3L
A S BOE A ERE A AR R R T iR B

438 K T OG5 B R G nl AT (7]

A

5 & g

SCHR B T B TR N RO RS
AL B OR E M A i i AU iR &, o ik 1
IR ' A R A o R X e, S B TSR OE AR
145 1) [5) s 42 W R 3 A R B WG LR A PR e, A T
XS B0 85 ) SR 3 i AN S 56 B IE 2% 0 B
FIFOE AR R Z E B B X R i e, 1%
W T [ 2 o S B T R A BEE Y [ 9 K TR ROt
AR OR 2, O S BB R KR KR RO
W AF R T HOR S

(3]

9]
S E 3k

[1] Chan V W S. Optical satellite networks [J]. Journal of

Lightwave Technology, 2003, 21(11): 2811-2827. [10]

0903005-6

Borah D K, Boucouvalas A C, Davis C C, et al. A
review of communication —oriented optical wireless
systems [J]. EURASIP J Wireless Commun. Networking,
2012, 91: 1-28.

Shen T C, Drost R J, Davis C C, et al. Design of
duallink (wide—and narrow—beam) LED communication
systems [J]. Optical Express, 2014, 22: 11107-11118.
Li Shaohui, Chen Xiaomei, Ni Guoqiang. Highly precise
ground  certification system of  satellite laser
communication [J]. Optics and Precision Engineering,
2017, 25(5): 1149-1158. (in Chinese)

2, RN, I SRS BE T AR OB 8 1 M 1A 5% e
RG] e K% LA, 2017, 25(5): 1149-1158.
Zhang Hongxin, Lu Zhenwu, Wang Ruiting, et al. Study
on curved compound eye imaging system [J]. Optics
and Precision Engineering, 2006, 14(3): 346-350.
(in Chinese)

ke, R, EEEE, SF. A IR A R S i 0T
[J]. 2% K% TR, 2006, 14(3): 346-350.

Wu Junfeng, Zhu Na, Jiang Xiaoming. A new type of
adjustable compound eye optical array antenna for visible
[J1.
Technology, 2012, 21(4): 48-51, 54. (in Chinese)
SR, IR, TG L — R Bl DL Ol 6 £ A a) R A2
ROt 2 B R GET]. B A5 15 R, 2012, 21(4): 48-51,
54.

light communication Wireless Communication

Yu Jianjie, Li Xuanjiao, Tan Liying, et al. Off —axis

optical telescope for satellite laser communication

terminal [J]. Infrared and Laser Engineering, 2013, 42
(7): 1890—-1895. (in Chinese)

AR, AR, WL, ORI R T AEBOLEG R
iy R[] 40405 O TR, 2013, 42(7): 1890-
1895.

Sun Quanshe, Zhao Facai, Chen Kunfeng, et al. Design
of off —axis optical antenna for

space optical

communications [J]. Infrared and Laser Engineering,
2015, 44(8): 2501-2505. (in Chinese)

IR, B, WRag, 4. A RDOG I (E R SR R &
B F AT ). 2040 5306 T/, 2015, 44(8): 2501-2505.
Suryakant Gautam, Amit Gupta, Ganga Sharan Singh.
Optical design of off —axis cassegrain telescope using
freeform surface at the secondary mirror [J]. Optical
Engineering, 2015, 54(2): 1-2.

Yuan Hu, Lun Jiang, et al.

Chao Wang, Optimum



bk T2

g www.irla.cn

% 47 %

(1]

[12]

[13]

design of cassegrain antenna for space laser
Communication[C]//SPIE, 2016,(10158): 10158-1-6.
Liu Xianzhu, Wang Chao, Li Yingchao, et al. Analysis of
performance of high light—energy—utilization—-ration laser
communication antenna based on axicon pair [J]. Acta
Photonica Sinica, 2017, 46(7): 54—-60. (in Chinese)
X, EM, IR, AF. BT B Y ot AR R %
WOL T fF KL AVERE 20 A7 1J]. Dt T 24 4it, 2017, 46(7): 54—
60.

Guan Shu, Wang Chao, Tong Shoufeng, et al. Optical
antenna design of off —axis two —mirror reflective
telescope with freeform surface for space laser
communication [J]. Infrared and Laser Engineering,
2017,46(12): 1222003. (in Chinese)

ek, FEH, AR, SFL A R O E 1E RS B S g B
Be B DG A K R BT[] £04M 5 O TR, 2017, 46
(12): 1222003.

Tao Zhang, Shan Mao, Qiang Fu, et al. Networking
optical antenna of space laser communication [J].
Journal of Laser Applications, 2017, 29 (1): 0120121 -
0120129.

0903005-7

[14] Cheng Yifei, Kong Weimei, Ali Tariq, et al. 26 m/5.5 Gbps

air—water optical wireless communication based on an
OFDM -modulated 520 —nm laser diode [J]. Optics
Express, 2017, 25(13): 14760-14765.

[15] Li C Y. A 5 m/25 Gbps underwater wireless optical

communication system [J]. IEEE Photonics Journal,

2018, 10(3): 1-9.

[16] Wang Fei, Yin Yafang, Yang Yi. Analysis of the

influence of seawater channel laser transmission
distance on the receiver sensitivity [J]. Study on
Optical Communications, 2017(2): 23-26. (in Chinese)
FAE, BIW T, A, WK AF T WO A& G BE X o R
5% 06 23 BT (0], D id A5 BF 5T, 2017(2): 23-26.

[17] Tang Shijian, Zhang Xuedan, Dong Yuhan. On impulse

response for underwater wireless optical links [C]//2013

MTS/IEEE OCEANS-Bergen, 2013: 1-4.

[18] Zhang Yixin. Transmission and Imaging of Light Waves

in the Atmosphere [M]. Beijing: National Defense
Industry Press, 1997: 114-128. (in Chinese)

B YA R S R ML T [ B Tk
AL, 1997: 114-128.



