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Few-Mode Fiber Transmission System Based on Probability
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Abstract The analysis of the theoretical model of few-mode fiber is not perfect. The channel model of few-mode
fiber based on the theory of displacement and rotation of fiber segment is established, which takes into account the
factors such as mode crosstalk and differential mode delay. In order to improve the system performance, the
influence of probability shaping technology and interleaved encoding technology on signal transmission performance
are studied. The simulation results show that after the 16-order QAM (Quadrature Amplitude Modul) signal is
transmitted through a few-mode fiber with a length of 50 km, when the forward error correction limit is 3.8X10 7,
the optical signal-to-noise ratio is reduced by 3 dB, and the transmission distance is effectively improved.
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Fig. 1 Experimental block diagram of few-mode fiber transmission system

2.1 KX

Kk A PR S AR 0 6 6 ik ) HE R R AT A R Al
e G WL R 6 B% 16 B QAM {55, 75 58 2L 4 i ik 3
JEE T 6 5% 16 By QAM {55, i T il th /b A
T LT DR A5 R 25 1 0] 1, AR SCER I T A 56 i T il 22 41
GG AL AR SO

BN FMREIE., 16 Br QAM 155 By %
W R MB 434t i e
exp(—uv|x; ")
Zexp(*u‘xk D)
Koo HBIE B F5 | o | I BUS My 8 i B 20

P(I,): sUG(O’l)’ (1)

0706006-2



MR

EA2E FTH/2022 F£4 B/RFEER

P (o) iR &, P BAER 0 O B S A 45
HE 232 B TE 38 T W (/DN 7 B DR AR S AR R
AR 17 L K g 2 A A5 1 o B SR R
49 AL T Y SRR SR A AR, D A o 45t £ PR 3R A =X
HE P 2 L R 5 . MR R i A B R R
H(z)=— > P[Pz, (2

ARICEE H (2)=3.6 bit/symbol,

R BRI, D REICER v ] 455 32 5 A
A R8N Y 5 e e A A T ER I RSO T AR T TR A
B PR E R 38 24 % 1T LUK ] 485 2 & AR 1
R BRI B At A S AR AR R FEC M FR,
K2 N A Uit R 7 1R 6 A A RO 28 5 A2 4 g
B b B 22 J5 o A i A\ B T 2 H A e ) 6 A
Bods 2 v, 3x0 6 A4 F b B T X A% 4 ik
A LP,, #5F] LP,, A,
2.2 RS HERK

7N RO £ 1y 6 A B K IRl LP,, L LP,, .

input 1 input 3
input 2 input 4

A

aZI b, CZI d, I eZI S, —» output 2

J; | =9 output 3

£, | — 9 output 4

S, | —9» output 5

CGI dﬁ' eﬁl 1 —p» output 6

— output 1

Kl 2 2R gihon E K
Fig. 2 Schematic of interleaved encoding
LP,,.LP,, .LP,, # LP,, .t LP,, fl LP,, &
LP,,, Al LP,,, & PR IR 8L, & A X AEG L b iy
BN E(rog) Hoh r AR 9 it
AREA B E 3 R, DR B
A5 ER IR 22 3 BRI 25 AR SCTEA A4

Energy /eV Energy /eV Energy /eV
£ -1.0 &) 05 E-10[©) 0.4 ’g -1.0 {©] 0.4
= =
£ -05 04 5 -05 02 ¢ -05 0.2
€ o 03 2 o o £ o0 ' 0
= ‘ 02 = . =
% 05 < B 05 -02 & 05 -0.2
S 10 LR 04 3 10 04
=il 0 1 =] 0 1 = 0 1
Width /(10 nm) Width /(10 nm) Width /(10 nm)
Energy /eV Energy /eV Energy /eV
-~ 04 ~ 04 ~
R (d) e -Loj©) g -1.0 |G
s =1 0.4
5 -0.5 . 02 < _o5 02 = o5
=] =] = 0.2
< 0 0o < 0 ’ ‘ 0o < 0 3 :
g . g g 0
& 0.5 ~0.2 % 0.5 02 ® 0.5
210 210 S 10 ~0.2
-0.4 -0.4 :
= 0 1 5] 1 -1 0 1

Width /(10-° nm)

0
Width /(10-° nm)

Width /(10-° nm)

K3 6 MREAMBIZE ., () LPy (b)) LP;,:(c) LPyy,s(d) LPy, ;5 (e) LPy, s (D LP,,
Fig. 3 Mode field diagrams for six modes. (a) LPy ; (b) LPy,; (¢) LPyyy,; (d) LP,,; (e) LPyy,; () LP,

ARG AT 32 B B A0 il A 22 R AR B0
SR e A 3 T 3 LR A% b DY 3R AR RO e £ B
KT RUIERE S A 4 B Hvh 22 i R B R
5§ om BOCE AN B R RS m 1 BOLL .0 F1 0
O35 R LT BER LR BB AT 1) . g, R BT BE Y JiE
FRAGIE e Ty o ) b R 1) A 1) F) 30  E

K % m BOCAER j BRI m +1 B
JeLF B A @ B H R L TR D7 2O PR K
F A5 7 R I AR O3 A — AT SRR R

[Er o B =y —gn

ey a1 Jies o =g — g7

3

S b AR KL B B O BUS R

o1 BB TG £F B0 55 e % 1 52

o R 507 FUBES . 1 AR RUA (), 5

H BB 2F 1) AR 8 8 K, 1 1
S & bt

0706006-3



M RILX E42 % FTH/2022 F 4 B/REER

(2) (b)

B 4 LB R RRK . () JCEF B (b) JCET BEf A if 59 05 B Fn e %
Fig. 4 Schematic of displacement and rotation of optical fiber segment. (a) Optical fiber segments;

(b) displacement and rotation of cross section of optical fiber
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Fig. 5 Simulation diagram of few-mode fiber transmission system
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