Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

Y FEERY e 7S B AT B 3E PR A B B S RS BT AT
*E B EW THm IE=E Hib

Influence of photoelectric conversion noise on closed-loop performance of adaptive SMF coupling device

Huang Guan Geng Chao LiFeng LiXin-Yang Lv Guo-Yun Fan Yang-Yu

5 Fi{# B Citation: Acta Physica Sinica, 70, 224212 (2021)  DOI: 10.7498/aps.70.20210615
TEZE [T View online: https:/doi.org/10.7498/aps.70.20210615
I N2 View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

BT SO R A4 1 ph 2 ] 3 15 50 2 e S

Parameters adaptive adjustment strategy of quantum communication channel in free—space based on software—defined quantum

communication

PFEEEAR. 2019, 68(14): 140302 hitps:/doi.ore/10.7498/aps.68.20190462

SETIRG RS [ 23 18] i 15
Free—space optical communication based on hybrid optical mode array encoding

YrH2EdE. 2017, 66(14): 144102 https://doi.org/10.7498/aps.66.144102

FE AR AR IE AL [ 380G R GENNEIE A B 25

Removal of additive noise in adaptive optics system based on adaptive nonconvex sparse regularization

YrH2AdR. 2017, 66(12): 129501  https://doi.org/10.7498/aps.66.129501

FE TR AR HOL TR SR 2 O (R RS SRR AR5

Model of bit error rate for laser communication based on superconducting nanowire single photon detector

YIPR2E4R. 2017, 66(19): 198501  hitps://doi.org/10.7498/aps.66.198501

RS By (AR B A7 I 286 14 Ry 1 3 7 S J ) 2
Local adaptive heterogeneous synchronization for interdependent networks with delayed coupling

YA 2018, 67(5): 050504  https:/doi.org/10.7498/aps.67.20171927

TAE R P B BRARAY ) B TIR A L O A28 £ SR
An adaptive quantum state—hopping communication strategy based on kangaroo entanglement hopping model

WIFEAEA. 2019, 68(11): 110301 https://doi.org/10.7498/aps.68.20190163


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210615
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.68.20190462
https://doi.org/10.7498/aps.66.144102
https://doi.org/10.7498/aps.66.129501
https://doi.org/10.7498/aps.66.198501
https://doi.org/10.7498/aps.67.20171927
https://doi.org/10.7498/aps.68.20190163

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 22 (2021)

224212

FREFNEEX RREFEENES

FEERAIAE

Z 7 [ 29)

HFY A2 229

RE 7 MM A 33

BEZV HEAD

1) (P Tk K25 B 2%BE, 1% 710129)
2) ("hEREBE AN GE S SR, S 610209)
3) ("PEFFEB B ARBIFTHT, K#  610209)
(2021 4 4 A 1 HgFI; 2021 4 7 A 10 B YZRIENUH)

BBDLLE A VAR A R B RE R A IO R Ak TRUE MR A B REOEET R, 7E A A EDGE F ST AT
AT SE R S SR, AR RS | SRR R T A RGO (5 AR GE T, P B 2 52 BT i 4R Tk
PR AR SCER X RO T IRADESE, S BT TG SRR A A HIALER, S T MR T AR
WrAahR, [A] Ih 4545 52 bR B9 BRBDG 21 B I8 R 45 26 BT 17 R I BB O ELAT 5. O FLA5 SRR T, O H P00 16
PR CET R A A B PR R SRR R L PHERRG B | LA S PR 3R B 7 AR ™ BRI AR O LA IR AR S
TN 0 5, BERE ] LA S S IR AR T UL BRI R O TR 5 A BRI A RO Sl s E S R AR SRy B
B R AT R RS O K S | 5 R i PR EE T A SBOEET A i R 5 2 0 B PR A R Y B A A

KR A= EDGET, PEOCL FUE NG R, MV TR T RERRE, e s

PACS: 42.79.5z, 42.79.Gn, 42.68.Bz, 85.60.Gz

1 5

H H 25 [0 S (free space optical commu-
nication, FSOC) HAMEHEZ S | G AR K MR
WPERRLF LA, TEZE SR RS A & ) Rl (4
FHHT 5 B4 FE FSOC REiHr, mak . mifesE iy as
[B] ) % BUBDEZF (single-mode fiber, SMF) 56 /&
PRAUE (5 R GRS 3 0 2 RTHE P-7L 2R, i
T SMF [ £F it BLAR 38 5 AR5 /N, B HLAR I 1
KR PRERIRE | HE Y R A I A R R s
SMF #5240 % 7 A ™ dE e i, 4 BTG {5 R 40
AP RE 510,

H 1E NV G 4R # A 7% (adaptive fiber coupler,

i

*ER HRBIARESE (EES 62005286) BF BRI
T EfE1EH. E-mail: blast4006@126.com
1 BIEYEE. E-mail: lvguoyunl101l@nwpu.edu.cn

©2021 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.70.20210615

AFC) 2y fif P32 [ 5 it BF 1 110037 80 5 3 2
14, HA e i ph 36 [ Rl 425280 % Carhart 45 (119
T 2005 L. 2007 4F, SEEFEZESEE Weyrauch
MK AFC 5N on/N AR B M A5 A, 1E
250 m I RS T AR O D S T A DG &
SMF 19 3G ARG 2011 4F, i} pe ko 45 [15-17)
TEFE PR T AFC, T 2014 4ELESLEG 5 FR
B sSE B T SME Y H 3G I ARA 1519, 2018 4F,
AFC 5 137 HiT il WO R GRS &, 76 FSOC
ARG A RIME T 520 m T R AU X SMF
FARCRI R 2. [F4E, AFC 5 357 B0 H il
N7 a2 22 255 [ s 07 FH 76 S B 1) L L 550 3 5 T
i o A RO TR M A TG 15 Y T S 2,
2020 4F, RFBERGREAE 22 Hl TSGR R 19 1

http://wulixb.iphy.ac.cn

224212-1


http://doi.org/10.7498/aps.70.20210615
mailto:blast_4006@126.com
mailto:blast_4006@126.com
mailto:lvguoyun101@nwpu.edu.cn
mailto:lvguoyun101@nwpu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 22 (2021)

224212

JC AFC FEFIRY A& NS 525, IF HJER T I ff
T AFC BRS04 2 RDES: R GiAE FSOC
.

78 [RET AFC ) SMF [ 15 N AR 4 % &
(FIFR AFC 28) b, HATHIEH T RENLI R
% (stochastic parallel gradient descent, SPGD)
AR P SR ms . A UL DA U i 3%
SPCD T ER R A E SMF N HEIh o H—/INi
SMEN AL YERESE b 7R RIEE] | S A T AY
2 PR R GE T, el ECE AR H
55, P PERESE PR RIS AR AN AT 232 BDE
PRIV 7S (14 7™ 55 e 221, ] LS LAY J2, 78 SPGD
ey kAR R, PERERE R A BELIR R 2 5 [
AFC % & P R RO R IR , Be 285 Wi HL PAT 36
PERE. SR, BUA SCRE I ARAT- 20 70 B i 't i 4R 00 M
P AFC 2 B HARTEE , DL ] e 56 g 7
PEHIMEE P ifE AFC 38 1 K24

A EANZT AFC 28 K SPGD H ik
BEA B, PG AT 1 O6 A AR M R A /R T BILBE,
IR TR R EE N T AR RPN FE bR . AR
WA AFC 38 BB SR A% 1 AR
F BB FLAT7 00T 1 G AR IR %) AFC
PE P IRT RS G R T ERRERE | LA AR 5
ARSI ARYEBE DT AR, AL T AFC
B PG LRI AR (1 P SRR LR R L
DL A2 ) 6 Eh 28 ) e B0 2 i 2250 A 2. AL
) TAEREE N BT | 98 R i P15 T /Y AFC
BB BT SRS E P SR AL B PR L.

2 HTAFC#SMF HEMEAEE
Bl 1R THET AFC 2 E A LE#y, Hrp

TESZ BRI 58S R GeHh, AFC %5 5 1 iyt i 7
TR B IS RDEER G, FIRAMER TS R Y
ST 12 16 SR 11 725 A T A A 1420210 % 8 T 4/ o
2 ) R 28 A B 4 B AR SMIF i T
[ I G Th R 4 iF SMF . JGEF 43 5 38 SMF
Hr GRS RSy, Ferh 2R B At
UL, T4 S AL 2 PRI B P i Ay e P
{55, BIPERESEHR. SPGD Bvk bl 2Rl v e 45 4
A RS S, TR A B — 4 e R 5
B RO RS, 5 % O BRI Ui T o
(7 B FDCLT I T TR AR A O, bR
VUS4 30 f Pl FE D (P RS BRI () R oAk,
AT T HE(RIE B0 L FE 19 SMIF FR A AR,

B AFC f o £ U™ = [uf”, ufM].
SPGD BB T TR I

1) AR — 4 AR S5 R A0 B — 4 B LT
B = (25", 7]

2) R — 4 BN SR AU™ =
[+or™, —on™)], Hirft o KT 0 HAL;

3) 5 B ALY B L AU ™ IE AFC 45
S T L, 3 AR BT B M R 8 AR T 4 50k

EARNPARSE
4) #8 (1) REFEHET = [ul W],
CIEES

Ut = g™ 4 g™ [Jgrn) _ J<_n>} W

Hipy g KB

76 AFC 3% T/ h M RedE 472 2 5
s Pk D5 7 7O, 4K T B A B
1™ (78 — T I BB AR SPGD 5k 1Y B 3R
VERE. S TR0, U J(6) T S(1) s B
J SRR T e SRR AR, MR

AFC G358 LA SO CET vitg 17 2 A0 7 P 402 A S(t)=J(t)+ N(t), (2)
We ke
bei: ] SEALHY Plean
b
2] HEY e T o TRE i
S KRG —— ‘\—' Szl
AFC o
= EASUUEAS
N =
B ok
. XA -~
R — SPGDHik
"""""""" =il gy

Bl 1 3T AFC B9 SMF 1 15 1o #l A 24 B 454 [
Fig. 1. Structure of the adaptive SMF coupling system based on AFC.
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Fig. 2. Intensity distribution of the airy disk and the SMF’s fundamental mode: (a) SMF’s fundamental mode; (b) airy disk; (c) in-

tensity distribution of the cross profile.
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Fig. 3. Relationship between the SMF coupling efficiency
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FRASI) SMF PR 22 T H A -2 & 850% 4 6E
g IR B BB FR Y 90% LA L5

4) 4 CEgyg /DT 32.5 dB B}, AFC %% 8 ok
HMEATAR] SMF X i 22

FESEPRI) AFC 28T, Bk CEgng MIELE ]
DA 2 28 R ASETI 3 Py XGRS #8k
U, FLERDNNE P 7K P38 i FH MR P S50 ) % (NEP)
Kk, A TS CEgyg KT 54.9 dB, ABf4s[H]
TR P T Bl e LA S

NEP

P, > . — 11

555.9 X — (11)

KT i1 CEqng KT 41.2 dB, Py, 5 500 -
NEP

P, > 114. — 12

8 % 7 (12)
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KT HiTE CEqyp KT 32.5 dB, Py, 5 B 12
NEP
P > 42.17 X ——. (13)
5 G HL BRI 2% 19 NEP 4 1010 W, J4F
AL KA 0.01. IR 40T Rt 5 i Bk 28 2%
N Py, /MBS 3R 5.559 mW, 1.148 mW,
42.17 mW. BRI, A St mT LA RARSE S bR
A2 BRI Py, k48T AFC R E T

5 % @

AFC 2% B BB 25 MLl F B R = al B 19
¥4k SMF H, XX FSOC R4 ki 2 .
SR, AFC %% B A0 PH 3R BE 2> 52 215 f - 0 I e
D s e 7 N IS I 4 o8 S - ANy N B 16 4
TR FSOC RSyt — 20 W . A SIS 4 i
TG MR S AR FHALER, BT T AR A M
MA8PR ARG ME L CEgyg), A 38 i 50
DFE R TTRTEM T T AFC 3 B AR REZ R 1Y
SO, SO SE SRR JEH MM S X AFC 2%
B YR A RR | IR EE | DL P 3R 5
FEA P RE. Y CEgng BVEUERT 54.9 dB B, 1§
X AFC 2B T UL 2T 24 CEgng
FIEMEN T 41.2—54.9 dB Z[H], AFC 28 figfg
MRS TS A Sh S SMF X i 22 #E47 A 30kb
£ 24 CEgng 7T 32.5 dB H141.2 dB ZJilii}, AFC
BB A BE A SAMET S SMF XHER 22, 24 CEgnr
/NTF 325 dB B, AFC %6 B TC 75 A R4 AT ]
SMF X {2z

TEARFH) CEsng BUE T, SCEH T T ASA
[EETR 5 AFC 3 & M2 S i SR AN S
KER. EIPRA FSOC R4, %0 IR
A2 DETPRAGIERITTE M AFC 268 oks
PR 15 1) M P S R0 Ty 38 LA KOG o o L T 0 A2 1Y
M, AT LIRYE AFC 265 A S EO TR 2
)6 e T TR S R (ARG TR 1, R T AR
AFC 2B A28 DG 207K, BT HAgE
b T 4G SRR T O R R A DA TR R A R L
) SMF 2 AR o, 2 ICEE ], IXAR S B
BT LRI 8 AT 80 e, AT/ Nl A5 s bIL
AbRYER. R, S TIERR (BUSATRERME) St
PRI e 73 (R 0] Je 2 1A v 5 B 25 5 R N ) 559
FO R B AR TR PR B AR R R T

B SPGD B3 OO ALk B $E BUR e ) M ZEAR AR
ARIE AFC 2 8 1 ERE.
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Influence of photoelectric conversion noise on closed-loop
performance of adaptive SMF coupling device®
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Abstract

The single-mode fiber (SMF) adaptive coupling device can efficiently and stably couple the space laser into
SMF, which plays an important role in the fiber-based free space optical communication (FSOC) technology.
Therefore, a novel corrector named adaptive fiber coupler (AFC) is developed and successfully used in the
adaptive SMF coupling applications. However, in the FSOC system under long-range turbulent atmosphere, the
closed loop performance of AFC will be seriously disturbed by the photoelectric conversion noise. This problem
is studied in depth in this paper. The operational principle of the photoelectric conversion noise is analyzed, and
the corresponding evaluation index isgiven. Furthermore, The numerical simulation experiments are conducted
to study the specific influence of the photoelectric conversion noise. The results show that the averaged closed-
loop coupling efficiency, control accuracy, and control bandwidth of AFC are seriously affected. According to
the results, the empirical formula is given. This formula can be used to calculate the optical and electrical
parameters that the AFC device should meet under the condition of strong noise interference. The theoretical
and simulation results in this paper can provide a theoretical basis for designing the AFC device under long-

range turbulent atmosphere.

Keywords: free space optical communication, adaptive SMF coupling device, stochastic parallel gradient

descent algorithm, photoelectric conversion noise
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