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De-noising of balise uplink signal based on improved CEEMDAN
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Abstract; For the problem that the balise uplink (BU) signal transmission was interfered in the complex electromagnetic environment of
high-speed railway, a denoising method based on the complete ensemble empirical mode decomposition with adaptive noise
(CEEMDAN) combined with wavelet packet adaptive threshold was proposed. Firstly, the CEEMDAN algorithm was used to decompose
the simulated BU signal into 12 modal components, and the components were determined to be correlated or irrelevant based on the
correlation coefficients; Then, the relevant components were reconstructed into the denoised BU signal after wavelet packet denoising
processing; Finally, signal noise ratio (SNR) and root mean square error (RMSE) were selected as evaluation metrics to compare this
method with six widely used denoising methods. The SNR increased by 0.486 1~ 6.144 dB and the RMSE decreased by 0.054 9~
11.091. To verify the practical application effect of this method, this joint denoising method was adopted to denoise the measured BU
signal. The results of simulation and experimental verification showed that the BU signal denoised by the joint denoising method not only
effectively removed the noise component, but also preserved the signal features well, proving that this method can be applied to solve the
problem of actual BU signal interference.
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Fig. 1  Structure diagram of balise transmission system
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Fig.2 Schematic diagram of balise transmission system




12 3

FEF U CEEMDAN [ R & - ATHE A7 = eIt o -3 .

1.2 MESREITERES

NEE A ATHERRAF SR TR A A R SR Y
2FSK {55 5o MR 48 1 28 2% 2 R I3, e B 3R
4.234 MHz+175 kHz, 5 4 ( 282. 24 +7% ) kHz, 1% fii 14
FoN(564.48+2.5) kbit/s!" | BU {5 5 %k F 32 a = n
A (D) PR

Upyes (1) = A, cos{ 2 f, +s(1) % Af ]t} (1)
K. A, 8 2FSK 55 AR IRTE ; £, A DM AF
15500 ; s(¢) FIHTIATS 75, BB+ 1, BUE -1 B
XA RSTT 0 7 AR Ny 3. 948 MHz, BUE 4 +1 i
XN ERGTC 17 #AMEEN 4. 512 MHz,

2 EAREgMAE

2.1 CEEMDAN JFig

CEEMDAN J& 7F 2 36 % &5 43 % ( empirical mode
decomposition, EMD ) % JEfili I & & 1M1 ok /9, 35 F TR £k
PR PR S b B 0 EMD 750t B &
BRSIRE XS ARG T, XX — R,
AR SRR AR S AN 0 o i M R SR T SR g Ry 22
ISR o3 i B Uk, a0 4B B 4 B A S 3 f# (ensemble
empirical mode decomposition, EEMD) | B M@K 5057
oy
decomposition, CEEMD) Fl [ 3 Ji 1 MR 7 58 £ 22 S A 28 40
fi# (CEEMDAN) , EEMD H1 CEEMD i 33 B 3 76 J5 A 15
S A I R T MR R ) O s i DR S TR A 1 () E
I MR P 2 ) TS A% 38 5 R JS 2 1Y) i 3 R 7 AR B TR
IR FAERARRBU 2 R B S i [, 55 X P AN 7
TEA R J& , CEEMDAN 2 7ETH A B IMF 73 i #8 2>
TS INE f0 8 307 11 M 7 R 2 SRR I, A AU e T
EEMD FI CEEMD Firf7-75 59 [l i, B3 45 X AR Ltk A
AR S AT 34 . BU {55474 CEEMDAN 534 iy
FLR A, IR G CEEMDAN S0 (5 5 E AT 20
R IT

1) IR S o (2) 50 SIaS s 0 R A 9
B, 6 MRS RE, mo= 1 NSNS TR mo= 2
VNN TE = 30 R e SRR A3 i B R, S I T
WEFE (1) (i = 1,2,3, 1) JGBIEE i A k By A b B
FH

2, (1) =x(1) + (= 1)"8uw'(1) (2)

2) E(x,(t)) RARXFE i Ak B e ab HE 5 4T
EMD 3 % — B b BRA 520 ifk S SR AN 275 31 54
— RS IMF (1) N

( complementary  ensemble  empirical mode

IF(1) = 3 EGA(D) (3)

3) HESE—HFRZEr () HIEAR N,

r(t) =x(t) = IMF, (1) (4)

4) 1) () ARSI i BT TS ' (o) A
TR ERE T () e

xy(e) =r, (1) + (= 1)"dw'(t) (5)

5) X B RRAb BRAT ol I SR AN IBCT- 3, 45 3 By
WA IMF,(t) M.

R0 = X EGA(D) (6)
6) WHEH k(k=1,2,3,- ,n)B5E r.(1) N
r.(t)=r,_(t) —IMF, (1) (7)

7) 16 r () HARSERING R MR W' (1) 15
2 k R BE S 2 () He

x,(0) = (1) + (= 1)"8w'(1) (8)

8) X2 EMD 43t i) k B R AL AR SR A9 BOF
¥ A8 k+1 YRS aE IMF,, (¢) R

mnxw=%;Eumn (9)

9) kARYEIN, EE LT 6) ~8) , IR ZE(F 5k
{E/NT 2 IR A R, e R IR R 5 T LSRR K AR
Ao 1 AFRES T M, HRIAATS

X(t)=zA,IMFk(z) + (1) (10)

2.2 INEBSH

SN AT BT R — B E S R AR AR A3 A s AE TR
SRR 4G B TR 28 00 i R A R R S
o B AT AL B NI A3 BT W A5 5 0 i A v AR
FIVEAT TS 43 , n 5R HR X5 5 AR A 35 40 etk — 25
Gyl BEE (5 S R I N2 R BUF S5 PRI T B 5
WA {55 o3 SR o /N G5 BT 5 TR /NI 3 BT O i
HYEAHE , B RE VR RN XT 5 BT 40 o0 R RIOR 22 I A5,
S AR S IORE A0  S A  , AELBERAE S, )
AT 5 1 e ARIREER 23 (R s A7 2 it | 3 7
REUFS XS I AR, AR T /N A8 48, 2007 ¥k AT DA TE
U X A3 TR 15 5 v R 28728 1 o0 R ) NI A 4y
R 3 s Horp e A7 Ron 5 SRR 73, “ D7 KRR
R

/NI A MR A R BB T /0N D A 5 R B (i A B
2 Sy i AR R AR S BOCE 1 K SR (E 5
WRERK, SHOR B R, B RO 2 BE
754 T i AU A - D) | [ R D) A0 /AR DR o )
& EiE A A= (1) s,

u =0 +/2InN (11)
K o AW IARIEZE ; N AME S FERT ST

I T 0% 5 i 0 2 1 L TP 28 1) {2 o K, ¢ 1
(B HER = (12) B, 4 5 {0 o U an = ( 13) Jor



-4 LSRR R e o

937

o
HE IAAIAA2| [DAlDAz] |AD1AD2| |DD1DD2|
1 1

B3 /N iR

Fig.3 Wavelet packet decomposition tree

7N, FFRE B ) B R BN T 22, 75 5 7 HE R, R K
I (17 75 M M 5 A 5 B S M M A i e AR SN A A
TN E 7 ¥ R F BB (E A B s, OF B &
CEEMDAN 533 it I 104 43 it i#F — 20 b B ] DUAR 35 45
Sy S RS A Sh I B BT A TR SR N
REMR ARk — 2 FE I LU0 T BB 45 AR 5 )

sen(w. )l w., | —u),l o, | =

{g ik N M ik I (12)
0,l w, | <p

w,, lo,l=u (13)
0, low,l<p

K o, RERES/NERE, p HEME,
2.3 CEEMDAN-/NE 8 B 1& R {8 P

ARk CEEMDAN B3/ 7RISR S M 1 3 H
R R /N, (DA 2 15 B R i A A S %
RS NI A BT AR T /NI AT A A S R 43 R
A TERET XTI SRR 2 S RE S A
A (R AETR T AN R 29 0 {1 2 B ) 1 1)
B, e A SR A A A AR M I8 B BEAR A RICR . T SR
KA CEEMDAN 533 5/ N A 43 7 53 % BU 55 2647
AL WSR2 FEOCHE B 8 MELUE 2 BU {55 X
TR S BT R 2K, B DA s B e X5 5 47 4
il X5 A ik I ) i AT ARSI W, S AT RE RN T
THUXF /)N A MR P 52

ZRa LR TR R AR A AR ORI T — A T
CEEMDAN—/|NEE A3, [ 35 7 (58 1 149 50K 65 3 Mg 7 ik, % {5 L
AR R AER BU {55 EATREME AL BE . 155, BU
{5 il CEEMDAN S92 43 ol M s A BIIC A3 Ay 2241 [
ARSI, ARG, TR A R AR A3 R OC R B
P28, B A FHOC R B 43 05 MR R BUN T
0. 01 A4t P IEAN S A 85 B, 455 AH R 1] 25
GO AE RICR B MR RECKR T0. 01 /N T 0.8 1Y
SR I MRS | R O T R 2 R O A3 o 5 A OG
FEOKT 0.8 Mo A M BD B B
A, PR R R A TR B 1T 80R , URHAH 43 i
SR/ INEA 3 N A R AT 0 D PR ORI B,

KAk PR B9 AR S 73 1 EAT B A A 2 IR S B9 BU 15,
WA AR MRS PR A ] 4 BT s

HisEES
CEEMDAN
SHARANIMFs
\ 4
HHEXRBF SRS
TR B
XK - > KRR
v
N B ¥
11 P
* HE
[&1% 5 FIIMF 2 B
gt
FlE 5 BUE S

Kl 4 IRA RS R ]

Fig.4  Joint denosing algorithm flow chart
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Fig. 6 Simulated noisy BU signal waveform diagram
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