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Experiment of space optical DPSK transmitting and

self-coherent receiving system

ZHANG Hui-ying, YU Hai-yue, DING Xu-hui, CHENG Ling-ling
(College of Information and Control Engineering, Jilin Institute of Chemical Technology, Jilin 132022, China)

Abstract ; An experimental test platform for 10Gbps optical DPSK modulation-emission and auto-coherent receiver unit

is constructed. The optical DPSK system is designed using optical phase modulation and self-coherent receiving tech-

nology. In order to stabilize the output signal and solve the phase drift,the adaptive gain control unit and the adaptive

control unit are designed. On the system test platform, the differential coding module , transmitter unit, self-coherent re-

ceiver unit and system performance test are completed. The sensitivity of receiving unit is —48 dBm, the bit error rate

of the communication system is better than 1 x 10 ™7 | the EVM ( error vector amplitude) is 7% and the communication

performance is better.
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Fig. 1 DPSK transmission system experimental test platform

PAH S A5 S T A A G S AR KR
SR FOR = AR R o i T e RR AR (7
] AR AE AL TR ARG AR A AT LA RO -

A(b:ﬂ% (1)

™

K, V, B0V, o B R R A S AR AL I 25 Y
PR . P, EEORUE S AR e D e AR A
A RESLHE DPSK il 38 i 58 S AR 25 KA
DI EE A AT N, JBOR 5 1 3 25 T 3R RSl L R
B BRI, FLIY 28 S thl e R AR AR RS R o IRTTHI,
W JEEE S SR 99 1 1 UThAMSSBUE 1 % (1fE
5, G i V(B A ARG HH 2R A 5 e, aE et TG
AR 15 3 2 T Y Rl g 0 {1 S i e 4
il HE VDA ST 305 A0 R i 11 34 4 3 88, 1 IR
AR5 5 20 I F e S B A A S8 R g A5 R S
LS

IR 1 2 S L s S 4 o 2 3 o A A 3 2 i
S, SR 95 5 Mk E R 5 % Kok
DPSK {55, 438 MZDI St HL 458 I J2 5 5 4b 3 5 1%
N PID 4576 %, S22 H i v g 0
Pl o RS IR R IS i A oA




Mot 5 4 4 No.ll 2020 ipe g o

ZE[A)E DPSK 415 A TR R G55 1381

E, = E,expljwyt + ¢ + jwGU, cos(w, t)/V_ ] +V
(2)

O,V FIR G Z S R R A B 20 Y
KRIN o T 3 R A o e s, O T AR LI S
ORI, DTS2 AR BT 58 SR oL B A A%
3 kutEwiEgeait
3.1 R4 A SR

HF IR A 10 G D REHLAS A 0 22 73 i i A
Peryhm A&, ot st FL TR 500 mV, 25 73 i %
AR 0 I PRSI Yo e A U5 A I o i S
FE B {EA 400 mV, SR S s Sk 2l o s A K
{55 J2& 00110100 , 21k 72 73 4 i )5 it A9 45 n &1
2 ffiR o

00

Tt

B2 5o sals 5
Fig. 2 Experimental results of differential coding

HIE 2 FB RS PGS | Y, 2850 2543
Tl 88 15 i HE 455 525 11011000 , 158 BH 25 5 25 5% 114 159
PRzt BAA AT dE. (R 45 ] B RAH
1 bitHyFEIR ,
3.2 IR T AR R

TR 1 AR i R LR F- A
WOG AR 1550. 52 nm, 25 [ 3 3 15 6 % A7
3dB B ASRE  WOEAHE T R E O 10 dBm, K
i 13 WG A = m B AE A IR 28 L 3K SR 2%
P A T 5 A A B ARG, S T A
Ui AL R RS R, R G A 5 i B 3 B 42 il
I B FITHIR ] 58 S ) 4 B 5, LU O B 1 AR 1Y
Jt DPSK IG5 o R G 1% 43 A SR 1 43
B AT

10 Gbps Jt; DPSK i il 5 o6 I 120 B . (1) &%
EAF S TR 0 B2 Ry 300 mV, B 82 #0 0 dBm,
Clock #51 %}y 10 Gbps, H T )65 3% 3 BT AL R 1,
AR S ANRE S P B ALAS , R, 35 R R B s
[i] 2 1Y) 8 37 — i3 i i 00011001, 7E i 47 22 43 Ji %
B, B R 1o (2) H5 3K 3h 2% 15 B 7 e dd DA AT

Vy=0.9 VAV, =0.5 Vb Kt 52 2
6~7V,

WORZS I ASESI A 10 dBm , thy 4 V) 28
174 3 dB 4 ASUEE, VAR, T2 4t e T %
7 dBm, SEEE AT B iR A W
VT Ay — 4% ET2k UG 1 e 5 7 I
JEHCE A AR SR R FROR I 4B 7
VAR 19 DPSK il 3 s

== =
TR
o

———

117

|-
3 S ) DPSK Jtik i
Fig. 3 Spectrum of modulated DPSK

MK 3 A, 03K R 1550. 5235 nm, 37 il
Je WA AR B JRE 58, 2808 43 f: 0 A B I AR AR RN
ORERAEL 17T ELAFAS 8 41 1 0 o R B I, 5 3
HHGESIRE/N, @& 8O DAAER KR, 15
PG T %k - 6.92 dBm, R 96 1% 43 #7
G 1 5 (AR 7 FE U ] 4 BT o

Al S -

Pl 4 DPSK il 5 R BIE K
Fig. 4 Waveform of modulated DPSK

el 4 v, 85 3k BT il 4R 2R IR e A AH 7 1 4%
Kl BT 2250 gmbs 2% i 5 5 4 11101110, 4 47
A Ak 5 IS 43 BT 45 R — 2, )9 ) E o0 R S B
DPSK {555 i il , 378 il O B4 98 i 43 A A3 AT 5
PUAF5- fAT A R, IF ] D0 e o o s A IR 81 RS
i) DPSK IR IE4n &l 5 R o

LLLL)

K5 JAES R S IR

Fig. 5 Eye diagram after modulation



1382 Bt 5 4 sk

%550 &

H &S 752 A 10 Gbps HYHR 52 X F 43
LLIEZ R 49. 4 % , SR SHAIRIE S L E Sz
[ AEAEIR 25, (H AR 25 8 K, MR P 3k T R 5 4, 3 B
R A SEIE R AE FLW (G B R A, 24 mT4E
PANRSES - AP ORI RTw-A T Ny

i 3 S AS DPSK S il #oc AT W ATk
4 BtETFERETIR

Fe BRI 1 A7 4% e % DPSK 422 0 2. 50 I ik o
Go WEESIRARKER2° -1 9 3 O b
PG, ik 300 g 10 Gbps; BEIREL 56 10 kHz |
WA 1550 nm (R 78 7 OGRS 5 SRR 2% 1 i A
55N 300 mV 1 g s S ORI B A
SRR T VIS 25 B A 45 R 38 s A S
IR . PRI B ICAE S VR B G EF AT AL i, IR
P SefE 5 2ad YA  LNA - 220 B i & i
KAn LK, 0 MZDI 52 BUAR I, SR FH - 20
SEIAGE T RN o 283 S i R AE AR Y 1) 4
IR 6 i .

&6 i O A s IR (R0
Fig 6 Eye diagram of pre-amplifier output( unfiltered)
HH L 6 & Y, A s P HIR AR , i L HIR ] PN
AR T, BT IR R SRR A TA X2 B T
T R] BRI RE M AR, g 1A R N S S, A i)

PR AR DA AR AN 7 B

PUT I s BT LA A4 £ P R ]
Fig. 7 Eye diagram of pre-amplifier output with filter
HIPE 7 A, SIS CIE B AR a IR B AR AR
PHAEL, TR R b, R P SO R B O, A
JR iR O BRAE [ 8 Ay iR S A MR R R A

(AL

(a) HHHARIE (b) AR
P8 fif A S F A i R PR (2 15
Fig. 8 Eye and phase diagram of demodulated signal

HIAR A 8 (a) & i« A ] i By AR 4] Jo iy, R
PN BRGS0, IR I 5K BE B . i1 8(b)
ARG AR RE AR 2E WL 180°, KL
FER RN, o e W 2R e n] RAAR G 1) 52 B9 il A
FAYIRE. R R 22 K 8 i (Error Vector Magni-
tude, EVM) 13 R IRZERBWEN T %, KT
LTE RGH. ST EING T, RN 155 20
FEI AR R A] 35 - 48 dBm, 5 & RS 45 AR i &
3R s R MBI R GRS 1 x 1077, 3]
Fl A PR
5 & it

YE T A S5 A W BT I 3R B, AR SO R 1)
Dt DPSK ] il 1 ] BT 2548 5 B, ] S B S 5 8
WIGTAR A E T, 38 5 AR 10 Gbps (1925 [8] 8
5, A B R SR RE . IXRGHA AT,
FEABCOTHEOR IR BIBUNAE R o (EUR RG]
LA S et B, b TR0, SR R DL K
PURESE DI RO 13l 5 o i, 5 Je 8 AR vh 4k 2k
RAWFTE AR BN P Ip ik

S 30k :

—

1] Jiang Huilin. The technologies and system of space laser
communication [ M ]. Beijing: National Defense Industry
Press,2010. (in Chinese)

Lok ERPOCEFEH ARG RGEIM]. Jbat: [Hp5 T
b H At ,2010.

[2] Ren Jianying,Sun Huayan,Zhang Laixian et al. Develop-

ment status of space laser communication and new method

of networking[ J ]. Laser & Infrared,2019,49(2):17 -

24. (in Chinese)

FEEIW, FNVAETHE, SRR 2R, A5 23 TR JOGIE 15 & e IR

KA METT )] Ot 5 4051,2019,49(2) (17 - 24.



65 4 4 No.ll

2020 (S vk

ZE[A)E DPSK 415 A TR R G55

1383

(3]

(4]

(5]

(7]

(8]

Hasting L. Free-space optical communications: a review
[J]. Trends in Optoelectro & Optical Communication,
2015,5(20) ,38 -42.

A H Gnauck,G Raybon,S Chandrasekhar, et al.2.5 Th/s
(64 x42.7 Gb/s) transmission over 40 x 100 km NZDSF
using RZ-DPSK formatand all-Raman-amplified spans
[ C]//Optical Fiber Communication Conference and Ex-
hibit. IEEE Xplore,2002.FC2 -1 - FC2 -3.

Tsukamoto S, Ly-Gagnon D, Katoh K, et al. Coherent de-
modulation of 40-Gbit/s polarization-multiplexed QPSK
signals with 16-GHz spacing after 200-km transmission
[ C]. Optical Fiber Communication Conference , Technical
Digest. OFC/NFOEC,IEEE,2005,3(5) :34 -37.
Ly-Gagnon D S, Tsukamoto S, Katoh K, et al. Coherent
detection of optical quadrature phase-shift keying signals
with carrier phase estimation [ J]. Journal of Lightwave
Technology ,2006,24 (1) .12 - 21.

Lu Jing. Research on high speed laser communication ex-
periment system based on DPSK/Self-Homodying detec-
tion[ D]. Harbin; Harbin University of Science and Tech-
nology,2018. (in Chinese)

Pl BE T DPSK/ [ 22 BRI o S OL 15 5250 R 4¢
WFFELD ] MR - I R BT R, 2018.

Bai Shuai, Wang Jianyu, Zhang Liang, et al. Development
progress and trend of space optical communications[J].
Laser & Optoelectronics Progress,2015,(7) :1 - 14. (in
Chinese)

(9]

[10]

[11]

[12]

FM, RS, ok, 45 s DG A5 & e T e e fa 3
L] #ot 5ot 724t 2015, (7) : 1 - 14.

Wang Shengkui, Liu Xin. Design and implementation of
DPSK signal modulation and demodulation based on FP-
GA[J]. Electronic Test,2019,414(9):77,84 —85. (in
Chinese )

F M4, X8 BT FPGA g DPSK {551y 14 il fiff 4 15
TSEBT]. B, 2019 ,414(9) 77,84 - 85.

Ding Liang. Research on wireless laser communication
system based on DPSK modulation and self-differential
balance detection[ D ]. Changchun; University of Chinese
Academy of Sciences,2019. (in Chinese)

TR &7 DPSK P15 [ 22 #5800 i) o 2 0L il
ERGWFRID]. Ko h BBk ,2019.

Diao Hongxiang, Chang Limin, Tang Yanfeng. Design and
performance simulation test of optical communication high
rate modulation system [ J]. Laser & Infrared, 2018, 48
(2):227 -=233. (in Chinese)

VLU, A VA O A R R R R R gt
JePERE DT EL I [T ]. WOt 5 4041, 2018, 48 (2)
227 -233.

Wang Yi. Research on DPSK demodulation technology in
coherent optical communication system[ D ]. Xi’an: Xi’an
University of Technology,2019. (in Chinese)

E X AAOGEE RS DPSK i AR TS D]
P2 P2 TR ,2019.



