B2t B4
2024 4F 8 H

XF 5w RA
OPTICS & OPTOELECTRONIC TECHNOLOGY

Vol. 22, No. 4
August, 2024

NERS:1672-3392(2024)04-0105-06

— PG R BRI B T s

ML L, MR OEEAE O B BRuR
( FRE N BAR A 63892 RPN, TAIFG 1 FH 471003 )

e RO Y LS W S S LS A R E S L Y
Fo B ol BT AR S e AL A, B AR R T — A G R T AP R S e ——
EMD-AKF $ %, B R-F A HIBIRIE 30 AN BATH ZAP R, 02 BEE s Bl f i
B R R A TR AL TG 6 AR TEAT 50T AR YR /R AR R SR A0 £ RO R IR
A5G IMF 55 P £ 580, ek 5 £ 549 IMF 5 3347 A 0 F RSBk F%, %
Y 4R A0 BT AP AR £ I, i AL TR UG 00 4P £ ROE AT R MR A AT R, B
EMD-AKF J 354813 R 4015 5 69 M A 2RIt — AN BB/, MK T I BN B %
B AR AR £ HAEA R,

X ZRMESM; AERFRIEN; BRI ERYE; BRTH; Ty £

FESES TH714.14 XEAERIRAS A
(Kalman) JEJK 55 7 5 2 %F 74 ) M A5 R A T
1 83 = T AP Hid Kalman JE T FRE 2 .

Jir AT 2 B A0 1) R M R AE i e
RERY L ZEAE bR — 1 SR e S B E Bl 2 AL
HAH A ER, PRI ] 5 J - 25 4
P AR PR AR T B o Dol 25 B 1Y)
e FEAL RIS R A BTN Z A AR
SRR AR BBl BRI AR 2 5 5 — R R
SIS S o 0 AN ARy P i e S D)
SRR} B Bk A R 25— i i 30 U
BRIV

BEXTEE 2o A B s T g AR Y AR I
7L ) R E T R bR -1
SR 24 HZ T A L R M 1 [ 2 5 | ke A
ZER A B RRE, BEE LR ENVIRLH,

T DR A R ST P R RS A S b PR AR A AR B
KRR EORERBEE A S0, R H ATE R H
DRI (0 7 VR I B B MR S A T b B S
2 SCHR S [ st/ J5 125 . Vondrak J7 i FIR IR &

i BEE 2023-09-26 WIEEFREE 2023-12-06
1EE=EN

TR, /N3 AR 2 DU 2 ARl /N R B A
(] 17 T B PSR AN, S 2 . Bt oy
i Kalman Y8 I8 A/ NS AT OB A, 2230 P2
k H & % 81 & 4 fi# (Empirical Mode
Decomposition, EMD ) ) 75 1 X g 4 Bl fs A 7 2
M b 3, EMD 5875 BA B i 1 B4R 0 38 A
5N REAS R T g 2 AR BUE S A B I E B
2% 3CHk[6 1R H EMD [ 71:%F S071A 48 )5 ¥
PiAES AT T LM b I s 228 3Gk [ 7 ] R AR AL
SiiY) EMD J7 iAW 3R B3 T T o g —A>
IMF 735 AT 1 M A1 /N (B T — K
RoEME AN I 7oA, T HAE— e R B
RITESER.

AR EELE 2L 454 EMD M 3N R R 2
DB B B R Bt AT 2 AT 1 P S P i A A
PR XT 3o HEMSIER 5 085 22 5 #5147 EMD
i, PR R R Y IMF 23R4T A OE Y RJR
SN KB ENE S 55 Y 30 IMF 4

B (1997—) , L, EEWIFE I 18 A



106 ot 5o R

00 4%

EEH, BB EE S A DO A T
bSO TR E AR =F: R 7S S Ry EPSNEETE:
e 5 AL BEAT ) JTBh a4 T7 2E R T
A FEVEAL , ik T Bt EMD-AKF 5k A%
Ho

2 R A T

2.1 EFHEIRERNREE

FEHAR i ) RUBE I, R T AR 22 D 12
Py A I BRAT L 30 5 DUAR 7 22 10 5 508 Jhy
filt , (FIZ R AR T 575 (Y K AN S B, T A3
2 N S B4R B 5 e S LAY T o DR ) B
S R A RS R A A8 T 1 e e I 2 R A Ak
AT ZERE TR HEA T A

—E L, e A R RUEE R 2
T, 53500 R ST B AR A e A s 22 BT
M P | R BE ALY I 22 o 0T B BL AR 22 H R
W Ah2 B BEHLE 7S ) R R R A
VTR P 3 S I Ak 25 I, VIR 75 3 A
RYL0 T AR S 0 22 R D A B AL S Y
BEATLIE PR TS, DR I Do D e 2580 x ()
HREAE N

x(t)=x'(t)+6(¢) (1)
A, %" (0) T T30 A B A5 5 W B, 6 (1) st
TP RN FESCBRN R AN ] R
TS [A] I [] B A RS 3 A T A M e 2 R
AR, gk 1 R,
R AR T RN A

Table 1 Types of noise under different atomic clocks
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Fig. 1 Flow chart of the gross error values elimination of

atomic clock frequency difference data
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Fig. 2 Comparison chart of atomic clock frequency
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Table 2 Criteria for judging the degree of relevance
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Fig. 3 EMD decomposition results
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An Improved Empirical Mode Data Denoising Algorithm for
Atomic Clocks

WEI Wen-xiao MA Hui JIANG Hao-nan XIAO Han DAI Huan-yao
( Unit 63892 of the People's Liberation Army, Luoyang 471003, China )

Abstract  Affected by the internal hardware facilities of the instrument and external disturbances, the clock group
frequency difference data of the atomic clocks will have noise and coarse difference values, which seriously affect the
stability and accuracy of the atomic clock signals. So an improved denoising algorithm for atomic clocks is proposed, that is
the improved EMD-AKEF algorithm. After the atomic clock data are removed from the coarse difference according to the 3¢
criteria, the preprocessed data are analyzed by combining empirical mode decomposition and adaptive Kalman filtering. The
dominant components in the IMF components after empirical mode decomposition are determined according to the Pearson's
correlation coefficient and the autocorrelation coefficient. The noise-dominant IMF components are denoised by adaptive
Kalman filtering, and the new atomic clock clock difference data are finally reconstructed. The stability assessment of the
clock difference data before and after processing shows that the improved EMD-AKF algorithm improves the frequency
stability of the atomic clock signal by one order of magnitude, and greatly reduces the influence of the noise of counters and
other instruments on the frequency difference data of the atomic clock.

Key words empirical mode decomposition; adaptive Kalman filtering; atomic clock difference data; cesium atomic

clock; Allan variance





