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Research progress in white rabbit technology
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Abstract: The demand for fiber optic time and frequency synchronization technology is gradually developing in the direction of long-
distance, multi-node and high-precision. White rabbit ( WR) technology, as an important implementation of fiber optic time and
frequency transfer, is an innovative extension of the precision time protocol (PTP). Sub-nanosecond time deviation and nanosecond
synchronization uncertainty between master and slave clocks by introducing synchronous Ethernet and digital double-mixed frequency time
difference (DDMTD) measurement techniques. It also demonstrates significant advantages in terms of standardization, generalization and
convenient networking. This paper systematically explains the synchronization principle of WR technology and its performance
advantages. And deeply analyzes the key factors affecting the system synchronization performance. Meanwhile, a comparison is made
between the advantages and disadvantages of existing research methods. Finally, the current technical challenges and future directions of
the technology are further discussed. The study shows that WR technology has a broad application prospect in distributed systems. But it
still needs to make breakthroughs in several key technical areas to meet the demands of diverse application scenarios, including high-
precision absolute calibration technology, temperature compensation technology for long-distance fiber transmission, noise accumulation
suppression in cascade systems, and time-frequency transfer implementation based on wireless links.
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Fig. 1 WR link synchronization model

AR ) A A T AT 3 719 5 BT 5 A B e 4%
FHEIR delay g AT R BN 5T KU B AL HAE IR delay,
PARAEIR FEARIEIR delay,, , FARUNTF .



55 6 1] White Rabbit £ R 857 ik 2 S 3.
delay,s = ATXM + 6, + &5 + ARXS (1)
delayqy, = ATXS + 64, + &y, + ARXM (2)
delay,, = delay,s + delayg, (3)

L1 EREY

T ST A TR AR LK AR S B 4 v i A A 0
R WE 2 BRI T & — A~ B 32 e
HhIIRERSTIUZ T 4, y PR R G ERT 5 5 ( system timing
master, STM) , 12795 iU 1 HG Robs B2 I 055 ) it 4%
PRV AT 2 | AT T (8 5008 1% A B0 ) P TS . ) 2%
Hh g DA T S P AR 1Y B A PR ( phase-locked
loop, PLL) LI, M4 Wi 21 ) B840 Dt v 4 IO 42K 52 )
T I AR S A AU T ) A5 AR Y R ER A Ak
B3 i o B R 2 R R SRR | R R R 2R
BB A A W X A2 G i AL s AL
A2 TP BT T e B AT RE S IS T2 A PR 1Y
v A B[R] 20 | DA T o X 2% 114 i) — e

B2 SRS

Fig.2 Principle of frequency synchronization
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Table 1 Comparison of NTP, PTP and WR technologies
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