0o g
ST
o O

o g

koW ¥ 5Ok W A

Spectroscopy and Spectral Analysis
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Fig. 4 EEMD processing of original CCD
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Fig. 5 Original CCD signal and restructured CCD signal

Fig. 6 Restructured CCD signal and the signal after CWT-PLS

3.3 TERESH
Bk 56 AR AT 1 R 4G CCD 3% B 4 4% 1R ik 175 5 4
Ja . AR Tk C. 8 NiL 4 Mn., 5 Cr f48 AL S5 AR X

N S R, W 7 TR .
64 ¥10° B
@ i
b3
51 i o]
Fri-5
| br4-6
4.
o2
=
A3
O
@] | | ‘
2| | |
' |
L
11 10 | |
I . | ‘|
0 ATHA ) ULy AL P TANELI
0 500 1000 1500 2000 2500 3 000 3 500 4000

CCD 142 1

3.0 x10°
(b)

0 aih M MM ALY 4 [
0 500 1 000 1 500 2000 2 500 3 000 3 500 4000
CCD %%



1926 Stk 5 4B

5.0q *10°
45 (C) _*T,ﬂ 1

Ir%ﬂ -3
4.0 -4
3.54 ‘

o]l |
2.51 | .
201 R
1540 | |
1.0 I Iy ‘ | |

I .
0.5 L &l | I

‘ | !
0 LJniu IR AL AR AT b | ALK
0 500 1000 1500 2000 2500 3000 3500 4000
CCD 8% 1l

CCD3H

2.09 x10°

184 @ S
— /rf

s

471\

-1
-2
-3
-4
-5
-6

tl

3“:1"32

0
0 500 1000 1500 2000 2500 3000 3500 4000

CCD 5% sl

6- x10°
FrA-1
© %iﬂ-z
] f)ﬁﬂ-}
5 b4
*Q/{;WJ
FrAi-6

0
0 500 1000 1500 2000 2500 3000 3500 4000
CCD 43
7T ERERZRRERNXEER
(a): f% C; (b): B Ni; (o): % Mn; (D: # Cr; (e): 43 Al
Fig. 7 The spectrums of each element after secondary process
(a): Carbon; (b): Nickel; (¢): Manganese;

(d): chromium; (e): Aluminum
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(a): Carbon; (b): Nickel; (¢): Manganese;

(d): chromium; (e): Aluminum
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Abstract The spark spectrometer based on Charge Coupled Device (CCD) is a kind of spectrometer which is used for element
composition analysis. Its output signal is a composite signal of high-frequency CCD effective signal and low-frequency back-
ground noise. The effective information of spark spectrum is mainly concentrated in the higher frequency band of signal, which is
easy to be submerged and interfered by background noise. Therefore, in order to obtain complete and effective spectral informa-
tion, it requires effective signal processing. Empirical Mode Decomposition (EMD) method can analyze signals adaptively with-
out setting parameters, but there is the problem of mode mixing, and the components of different frequencies in the signal may
be confused; Ensemble Empirical Mode Decomposition (EEMD) successfully solves the problem of mode mixing in EMD meth-
od, It can more clearly decompose the different frequency components in signal, so it is more suitable for processing spark spec-
trum signal with dispersive frequency components. In this paper, the spark spectrometer is used to excite and collect the stain-
less steel standard samples (Carbon C, Manganese Mn, Nickel Ni, Chromium Cr and Aluminum Al, which are representative
elements in the short, medium and long band), and the original spark spectrum signals of the standard samples are obtained.
Through the adaptive analysis and processing of EEMD method, each CCD signal is obtained 11 order Intrinsic Mode Function
(IMF). According to the amplitude and frequency characteristics of the signal, IMF1-IMF2 is characterized as the high-frequen-
cy characteristic signal component, and the last IMF11 is the low-frequency background noise component. By reconstructing the
processed signal and combining with the continuous wavelet transform-penalizedleast squares, the final processed signal is ob-
tained. The processed signal is introduced into the instrument data processing software, and the content gradient curve of Car-

bon, Manganese, Nickel, Chromium and Aluminum elements is obtained. The results show that the signal processed by EEMD
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method is equivalent to the original instrument processing method, but the additional link of collecting blank noise section is o-

mitted, and the analysis time is largely saved, so the operation efficiency of the instrument is improved.

Keywords Ensemble empirical mode decomposition method; Chargy coupted device signal; Spark spectrum; Element analysis
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