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Improved iterative smoothing for correcting baseline in
atomic emission spectra fitting algorithm

ZHANG Wenli' , SHI Xiudong'* , YE Fanxiu®, CHEN Hao'
(1. School of Mechanical Engineering, Jiangnan University, Wuxi 214000, China; 2. Wuxi Jinyibo Instrument Technology Co.
Ltd. , Wuxi 214000, China)

Abstract: To address the issue of baseline interference in the subsequent processing of spectral signals, a spectral signal
region baseline fitting algorithm was proposed in this study. A certain number of smaller data points were extracted from the
original spectrum, and an initial baseline was obtained through linear interpolation. In cases where there were overlapping peaks
in the spectrum, the selected smaller data points may contain non-baseline outliers. Smoothing iterations were introduced, and a
method for baseline determination based on the rate of change of the slope was proposed. This algorithm was compared with
different baseline fitting methods on simulated and actual spectra. The results show that, in the process of fitting simulated
baselines, a relative standard deviation of 8.25% is obtained with this algorithm, which is the lowest compared to that obtained
with other methods. The correlation of the calibration curve based on this algorithm is the highest at 99.85% , and the smallest
root mean square error in prediction is 0.5912. The baseline fitting algorithm proposed in this study demonstrates high accuracy
and stability in various types of atomic emission spectra and can effectively estimate the continuous background of atomic emission
spectra.
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Fig. 1  Spectrum smoothing iteration process for small points

HI T 5 3 AR R LOR PE R RAB(E 5, fE 2 Rk
RIG B E TR L, AT LU e oxr He a2k AR TS X Rz A,
ARFRRAE A R ) W 1 2 L 2R 52 e R RS RN O
E L
(x,) —p(x)

X; — %,

K/(xz) - Kj—l(xi)

K, (x,) 4)
K (o) N5 URIE DG /v, AERORESR; j AR %
FRUEL; AK S BT Ja R AR

PR, AR SO PR T — e DX ) 9 288/ Y
B B2k i 0 S i s AT AR R R TS
2 RAL R AR AR SN W L5 B R LR 1907 %, FLi
FREANIE 2 Fron . i R H] SC g V-8 53 12, i 2k
PR SC Uk 1, AT Z 5k, B TOLE R
B TEIRIROGIS AT SR E A TG, Al RIS IR
JEHDERE o VeI FELR A IE A 5 AL BE A 2L SR AN ik
(a)EXEH, & X—DRER NBE M, & 1R
UEOEHE R P sl , A 1 b BN, B E i Sl
ANEF, BT A BN AT LA A, DUAE BT Hdi
B; (b) #E47 SG Uk *ILLEHEES B #E4T SC IE
U, F R PE BB 55 (o) THR R R

Kj('xi) = b

(3)

AK =




A8 S

BSCR) BT B AR A T R G R A I 673

Ho AT Brae it AR RS oA Bl S
RERARAR (d) BER ST X RERAZ AL R BEAT R
et AR E ff I 28 1R 08 . 25 0k i RuB IR e
A5 LR NIE AT 25 A5 1R R AR R BE —
BIMEL &, W AR T% M s R RR AR AN Y
{E 8, B WA AR 5 (e) I WA 2R ST
AF PR S F AR EEEE G B AL E
E/IME, A2 0BT BR e & R JFH4 I SC ug B
FHEE ; (D) 13 B LA 45 R . LR (D) ~
SR (e) AERPRIBFIEIR (d) PRSI, EAETHR

input original atomic
emission spectrum

select the smaller points
within the window and
perform linear interpolation

i
perform SG filtering

- and calculate the
increase the SG rate of change in slope for
filtering window each point before and

I after filtering

w

compare the data
before and after
SG filtering and
select the smaller
value

For 7% of the data points;
the rate of change in slope
before and after filtering
does not exceed 9.

K2 SGUEPaEAI G kR
Fig.2 SG iterative filtering and fitting method flowchart

e ERBELAEF LT GIA N, 6,8, T 4 DMTT S
B, I SR AR U A B B i 1 SR R S
P, AN B B AL 54 ( complementary metal oxide
semiconductor, CMOS) B4 & &N 2048 1), i
TEIEAR 5 DN ECE 15 ~25 DA, B N RYIRE N
PR T 15 A5 5 AN, JU L Ry 30 ~ 40, b YU
ANER KRB/ RS0 SR 2 a2 1
T AU, T RIS O 3 /N e B AR A TR A
LT S A I S AP e 22 , i b nY IR N
FREER) 1/3 ~ 172 Z ], & Bk T 3% A 8 U 32 W 14
DR 1 58 B, 1 11 A 3k A n i) 9 J3E K, & AR XS
o A EEHE K, 8 A E 2 :0. 0001 ~0. 0004, D iy
BUET RS FLf o

X5 %O AR 1 SG P AR ok
A WA 75 R 5 e )52 T, LA SR AR A 1) D 73
LAt TRl 8 e 2 1 47 (1 0 AR L B0k b B 1

Kl v 08 T S A A, DU DR R OG5 SR 1
THAS ARG T 52, X FP O A8 F AR B Ok i o i
B o

2 BfSItE

21 BT A
BB H 6 647 15 - 07 0 £ W
40 ABABRRAIELH L 7 2000 R AL RS
WA
S = dexp| - A=) (5)
g

FCH A e e R0 {5 35 e Ay D (VL B 1) A
B A DK s o SRR 2E SRAE AR W A W 3

LRG 5 B IRT AR B DL R S ORI Y
RN 32, B AN I P e BB/ Ry 12 AL SG
IEBHIIR T TR Dy 20, R UGE AR 1 15, 30—
MR ABE 6 =0. 2% , AR T 90% HIEE
SRR AR BE 0. 2% , R QL 1k Hin i B
FEFLZR

7 BT L B R 0 Bk e/ — 3R (asym-
metric least squares, ALS) . model-free 75 7™  minima

Ji PRI SO I D AR BB A SR NE 3 BT

3000

57500 ——original spectrum

2500¢ St -
. 22500 | --—-model-free |
SAR0 [o-ourmenda |
o) I ¢
7 1500
5 1250r
= 1000¢
= 750¢

5005

250,

00 500 1000 1500 2000
wavelength/nm

B3 BRI 4
Fig.3  Simulated spectrum baseline fitting result
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Table 1  RSD for spectral baseline signal fitting with various methods
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