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Radio-Frequency Transfer over a Long-Distance Fiber Link
Based on Analog Phase Shift Compensation
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Abstract To achieve high-stability and high—precision dissemination of radio frequency signals over a long
distance optical fiber link, a pure—electric phase compensation system is proposed. It can be easily modularized
and achieve highly compensation speed and range. This system mainly uses two analog phase shifters to balance
the phase fluctuation introduced by the round-trip fiber link. Due to the simple structure, it is easy to debug and
test. By introducing the digital signal processing and proportion integration differentiation (PID) control algorithm,
the system can effectively compensate the fiber—induced phase noise and ensure a high—accuracy frequency
distribution. Finally, using this system in a 100 MHz frequency transfer experiment via 100 km optical fiber, an
stabilities of 3.9x10"/s and 1.1x107'*/4000 s are achieved. The experiment proves that this system is feasible in the
long—-distance radio frequency transfer and provides a technical support for the frequency synchronization needed
in the cooperative working of remote stations, such as navigation, aerospace and space exploration.
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Fig.1 Principle of phase fluctuation compensation system
P 1R B A H (local) 2 25 U (reference source){s 5 o, MIBIUAAADL N @, L WRE D 1, B
v, =cos(wt+@,)=cos g, , (1)
22 55— A BEILRS L 285 WU B AR G2 o, (e) . T 62T B4 36 51 A 0K 28 30 (phase fluctuation) s Ag(r) 0]
178 ¥ (remote) FE UL B HO 5 5 R

v, = cos[gom, +o.(1)+ Ago(t)] , (2)
A 135 53R I 2T AR S A0 72—/ BEBUR A8 B B AR BRI 0, (0) LI 45 500 52
vy = cos[qamr +20.(1) + 2Ag0(t)] , (3)

WA S HES v, SREGES o, TS, 155
v, =00, =cos @, X cos[@,, +2¢.(1) + 28¢(1)] = 0.5 X {cos[qurd +20,(1) + 28¢(1)] + cos[2¢, (1) + 2A¢,(t)]} "
155 v, Zod (I3 I8 I% 25 (LPF) U8 KR @ 0 2 )i L 15 5
v, =0.5 % cos[2¢ (1) + 2A0(1)] . )
SH R S A ) AR A 4 T R R S R A S o, B R B (L, B 20, (1) + 2A¢(1) = €, U 3545 31 £

0405005-2



mOE B ok

WRAE 5 v, = cos(@,, + C/2) HAHA A28 2 (8, BRI s OB ERE o W ORIESE HIRG B, — I C = /2, A 4%
SZAF SRR I K, S SRR B S o SRR T 2 W8 A R 1] S AR S cos Ag(r) 25 T4k TR BLRLES A 2%
MIFEAIME @ (¢) B RGEIRUL, FEAR TS S A B, 0T 5 TR iURI (o R 8 iF AR IR Tl B o 4t ey 1 M2
K B RI3E K T AMEE B .
2.2 BEXLWARS

MR IR B o B, 5 I SE R R WK 2 R . 25 F ] ROHDE & SCHWARZ SMB 100A f % ¥ 7
A2 100 MHz B 4545 5, 38 o) — von A0S F0 % A s 00422 J5 , SR I 32 38 1) 69 5 =X 2821 1550 nm (9 4345 Ji 15
K (DFB)HOLHS I, &I TE 25 (0C)fii A 2 100 km JG2F i HEAT A% 4 o 52 50 o R A9 5 1) 48 SO £ JlOR 2% (ED -
FAYA] DL A5 5 78 A% By 3 T o (0 S R 454G (B2 EDFA 3 25 K K2 %535 5 0 05 e Lo 7 A 52 17, o 23 %l
FL PRI 25 (PD) A 4R I 4R A 52 ), BT LA EDFA (9 3 5 I 4 55 F 5/ T 5% B% 2 0, LA si/N EDFA 5] A I 75
) B R 7 i o B A 5 A A 1 EL (SNR) , B ARG £ P Al 42 M 80T, D L 2 it A1) 550 S M s 32 3 1 3R [0 455 5 1)
SR, 8 ity ity BN SRS S B A PD RN R R, I 4 B R (AMP) iy 3 U8 8 (BPF) J& 37 4 il 2 DFB 30
a b T R A A

|

: local |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| 100 MHz |
I microwave |
| source |
|

VAR j |
: . gplitt i remote |
| phase ~— 1 ——]-—————=
| Uetector stability analyse
| L (S 1PF ) [
I -

B2 52 2 SEHE [
Fig.2 Block diagram of the experimental system
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