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Abstract In this study, we present a decision function of optimal smoothing parameter for baseline correction using
Asymmetrically reweighted penalized least squares (arPLS). Baseline correction is very important due to influence on
performance of spectral analysis in application of spectroscopy. Baseline is often estimated by parameter selection
using visual inspection on analyte spectrum. It is a highly subjective procedure and can be tedious work especially
with a large number of data. For these reasons, an objective procedure is necessary to determine optimal parameter
value for baseline correction. The proposed function is defined by modeling the median value of possible parameter
range as the length and order of the background signal. The median value increases as the length of the signal
increases and decreases as the degree of the signal increases. The simulated data produced a total of 112 signals
combined for the 7 lengths of the signal, adding analytic signals and linear and quadratic, cubic and 4th order curve
baseline respectively. According to the experimental results using simulated data with linear, quadratic, cubic and 4th
order curved baseline, and real Raman spectra, we confirmed that the proposed function can be effectively applied

to optimal parameter selection for baseline correction using arPLS.
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Fig. 1. The Range and median of smoothing parameter
by length and order of the signal
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Fig. 2. A analytic signal with 2 Gaussian peaks

linear baseling
T T T T T T T T T T

i o L Il Il L Il Il L
50 100 150 200 250 300 350 400 450 500
qudratic baseline
T

50 100 150 200 250 300 350 400 450 500

Fig. 3. Various baselines and analytic signals used for
simulated signals

AEA WA A s AN A 24
7) S18l 71 g2 10%04 102744 sl ME

G, 71240 Agel oe melad A
A

A Zdolol] WAz 24 w18 xo] 4714
287eleh, Z1EAS) A5 7 Zolo] did ¥4 @

23 47HA W39 7)EAe BF ks viuge
HY 9} FUHS Fig. 458 Fig. 774 Kolal, & A+
oA Aetet AATkrR 3k F A o) HEs) nj/jHsE
LHER At

hﬁﬂ BE 50 disle] 7hse 712 B2
o] Zo)zk) Aoket AATgR AL Flo
dolol| A w7 ghe] Wshrh Aol o ] }
5013k = glt}. oA Bio] Aets P&k
AR A BeHd =S g9

oot
nfo

e r

> :

P
rE o jor X
‘1)‘ Jot 1o I"E.
o

‘1>‘ 31°L olv
¥, 2

K

linear baseline
25

—&— possible

@ determined

20 T

Lt I L L
ot m @
H2 8 a8 z 2
ms o = ] =
=& F © @ o

Sample length

Fig. 4. The Range, median of smoothing parameter and
determined parameter by length of the signal
with linear baseline

qudratic baseline

20f —&— possible
T @ determined

L
=]
O =
ey
=

32768 [

2
Sample length

Fig. 5. The Range, median of smoothing parameter and
determined parameter by length of the signal
with quadratic baseline

cubic baseline

20 F possible
0 determined

~
D
=3
o
R T R B 8
................. B
......... G
i
5|
fad
ol o 1 | |
HE B o < .
=E g g z =
=PI g ;

©
Sample length

Fig. 6. The Range, median of smoothing parameter and
determined parameter by length of the signal
with cubic baseline



Fpelr&otel g A209 A3, 2019

4th order baseline
25

—&— possible

G determined

270

I
] o < ©
RE 8 5 ] ©
s o = ] =
s © @ o

Sample length

Fig. 7. The Range, median of smoothing parameter and
determined parameter by length of the signal
with 4th order baseline

3.2 2t 2Fus

AA HolHES o]&3t A= 4714 38t =2
3,5-DNT, 4-ADNT, Ethanol, NTOES =43l g}gl 234
NEE ARSEIT14]. B E3AE SALS dolA

7L 8l7] g ol A TS 1.0mW olaE 7
ALk Rayleigh 29l Zx@ Bl B
2| "E B ALl B Ao w R AASAY.

FATE Y 20 S %3}04 200-3500 cm™ GGl A
24tk gk BT 4 A7 5%0]a glo]A

W=E A

10t 3,5DNT
7 T T T T

Relative intensity (a.u.)
w

raw spectrum
baseline

remaved spectrum

500 1000 1500 2000 2500 3000 3500
Wavenumber/cm’!

Fig. 8. The result of baseline correction of 3,5-DNT
Raman spectrum by determined parameter using
the proposed method

=104 4-ADNT
6 T T T T T T
raw spectrum
baseline
51 removed spectrum

=

w

o

Relative intensity (a.u.)

500 1000 1500 2000 2500 3000 3500
Wavenumber/cm’

Fig. 9. The result of baseline correction of 4-ADNT
Raman spectrum by determined parameter using
the proposed method

4 Ethanol
35 10 . . . . .

raw spectrum
baseline
removed spectrum l

™
o

Relative intensity (a.u.)
o

05 L L L L L L
500 1000 1500 2000 2500 3000 3500

Wavenumber/cm’’

Fig. 10. The result of baseline correction of ethanol
Raman spectrum by determined parameter
using the proposed method

4 NTO
g (AT . . .

raw spectrum
7L baseline
removed spectrum

Relative intensity {a.u.)

2f il

N ‘j_)llwu__M

ok \_,Lrul_‘\_(‘

500 1000 1500 2000 2500 3000 3500
Wavenumber/cm’’

Fig. 11. The result of baseline correction of NTO Raman
spectrum by determined parameter using the
proposed method



Asymetrically reweighted penalized least squaresoA] %% 2] H&3} uj/iH-E ¢35t ZAT

A8 24T fAR 1A TR ISDNT 2 43 8 AR DT 5 Ak AL @,
wh2gA ] Ve BAT AAE Fig 8o UE FA 2 AFE2 2R A 74 dadEs Y
Atk 71 A AR F&s) widFE ARKEE Tl doH, 5 & =il A AR el ESlgith
ARPEE QL 10700k 24RE 47 HH AEAE W Aguc A&an Ak 449 1EH nA
ZEE U2 A 7HA] gt B3alEol 4-ADNTE 23 & Algke &= 9l& Aoz 7o)
314 7], ethanol®t NTOE ZHzF 3349} 431 244 7]
FX9 o2 At} Fig. 9914 Fig. 11744 22t 4
M4 sheh B9 Bk BYNES ek 715 References
344 918 A ARFRoIA AL wAsE 47 |

. [1] Wolfgang Demtroder, Laser Spectroscopy: Basic

7}
10", 10%7, 10°%e]t}. 1ol A BEo] 7|2 BA
ERNTE 939 zolet A7t wg- A

U
i
2
i
N
5
M
)
s
fols
1o

il
il
N
FN
2
rlo

)
o >

Shid

Y,
>,
fol
rlr
off

o,
o
Shid
o
i)
Mo
e
o
_0|L
3R

)
2L 02

)

N

o

r>~

o

o,

£

o 9

Mr o
o

O:
o
e
=
=
ol
==
o
N
N
N
N
o

KO

ME
jﬂ e

EL

T~

>

=y

)

E o

m fo o 2

o o
ﬁOL
3
L ol
N
S L e

S
ol
e
>,
r\i

o
ML P

tlo 4o
4
ol
=
o
P
2
ofit rlo
X
2
o,
£

oAl A|QESE arPLS W oA H

n
AsE Aol Polst AHow
A 3}st 7
[

N
i) o}i]
ot
=
[l
ox 1o
>
ot
=
o
o
o,
>,
ol
hs)
32 of & 2 rlo tob

Lot
ro
ol
Qo

2
a2
s
o

o

ol

FQ(J il
iy
=

il

[

2

fui

Pod
>
2
RS

>,
o)

m N
oY

—

o Lo
o
o

A
RSOV ¢

Mo & a rff

]
to
ofr

o
B

R

3 Lo
N
N

Y o

!
Y ¥o

Wl A S
71Ee] S
Hejste] 1240E wAsHE

=
Q) mES AFY F Ak ol

o
7o

htt
=Y
=

[2]

B3]

[4]

[3]

(6]

(7

(8]

[

[10]

[11]

505

Concepts and Instrumentation. pp. 1-5, Springer Science
& Business Media, 2013.

R. G. Cooks, Collision Spectroscopy. pp.
Springer Science & Business Media, 2012.

V. Mazet, C. Carteret, D. Briea, J. Idier, B. Humbert,
"Background Removal from Spectra by Designing and
Minimising a  Non-Quadratic ~ Cost  Function",
Chemometrics and Intelligent Laboratory Systems, Vol.
76, Issue 2, pp. 121-133, Apr. 2005.

DOI: https://doi.org/10.1016/j.chemolab.2004.10.003

D. Chen, X. Shao, B. Hu, and Q. Su, "A Background
and noise elimination method for quantitative calibration
of near infrared spectra", Analytica Chimica Acta, Vol.
511, Issue 1, pp. 37-45, May 2004.

DOI: https://doi.org/10.1016/j.aca.2004.01.042

P. Heraud, B. R. Wood, J. Beardall, and D.
McNaughton, "Effects of pre-processing of Raman
spectra on in vivo classification of nutrient status of
microalgal cells", Journal of Chemometrics, Vol. 20, No.
S5, pp. 193-197, May 2006.

DOI: https://doi.org/10.1002/cem.990

J. Zhao, H. Lui, D. I. McLean, and H. Zeng,
"Automated autofluorescence background subtraction
algorithm for biomedical Raman spectroscopy", Applied.
Spectroscopy, Vol. 61, Issue 11, pp. 1225-1232, 2007.
DOI: https://doi.org/10.1366/000370207782597003

Z.-M. Zhang, S. Chen, and Y.-Z. Liang, "Baseline
correction using adaptive iteratively reweighted
penalized least squares", Analyst, Vol. 135, Issue 5, pp.
1138-1146, Feb. 2010.

DOI: https://doi.org/10.1039/b922045¢

P. H. Eilers, "A perfect smoother", Analytical Chemistry,
Vol. 75, no. 14, pp. 3631-3636. Jul. 2003.
DOI: https://doi.org/10.1021/ac034173t

S.-J. Baek, A. Park, Y.-J. Ahn, and J. Choo, "Baseline
correction using asymmetrically reweighted penalized
least squares smoothing", Analyst, Vol. 140, Issue 1, pp.
250-257, Jan. 2015.

DOI: https://doi.org/10.1039/c4an01061b

Y. Hu, T. Jiang, A. Shen, W. Li, X. Wang, and J. Hu,
"A background elimination method based on wavelet
transform for Raman spectra", Chemometrics and
Intelligent Laboratory Systems, Vol. 85, Issue 1, pp.
94-101, Jan. 2007.

DOI: https://doi.org//10.1016/j.chemolab.2006.05.004

S.-J. Baek, A. Park, J. Kim, A. Shen, and J. Hu, "A
simple background elimination method for Raman

19-26,




A 71Ee 8] =g A A20W A3E, 2019

spectra", Chemometrics and Intelligent Laboratory
Systems, Vol. 98, Issue 1, pp. 24-30, Aug. 2009.
DOI: https://doi.org/10.1016/j.chemolab.2009.04.007

S.-J. Baek, A. Park, A. Shen, and J. Hu, "A background
elimination method based on linear programming for
Raman spectra", Journal of Raman Spectroscopy, Vol.
42, Issue 11, pp. 1987-1993, Nov. 2011.

DOI: https://doi.org/10.1002/jrs.2957

A. Park, S.-J. Baek, J.-Q. Park, Y.-G. Seo, and Y. Won,
"Automatic selection of optimal parameter for baseline
correction using asymmetrically reweighted penalized
least squares", Journal of The Institute of Electronics
and Information Engineers, Vol. 53, No. 3, Mar. 2016.
DOI: https://doi.org/10.5573/ieie.2016.53.3.124

J. Hwang, N. Choi, A. Park, J.-Q. Park, J. H. Chung, S.
Baek, S. G. Cho, S.-J. Baek and J. Choo, "Fast and
sensitive recognition of various explosive compounds
using Raman spectroscopy and principal component
analysis", Journal of Molecular Structure, Vol. 1039, pp.
130-136, 2013.

DOI: https://doi.org/10.1016/j.molstruc.2013.01.079

[12]

[13]

[14]

1 [ Y(Dae-Young Ko) EEE]
019999 29 : gt Hzsst
4 (&b
02002 29 : Ao H2st
I (3D
0201611 8¢ : Augha HAx}E-sh

7} (F8Ap
02018%1 4 ~ AA : Ao 2zol
A(F) AT

<A
HAE A5AE, s A=

A
=

Z1

2l & Z(Sun-Geum Kim) (M3

02012 29 : FAIHEL 4
_ shal (B
b of 2(Aa-Ron Park) (B2l ;(])?841 (SOJQ} EARH;H st Akl sk
L4 d 8¢ dyigtw rETHE
9] A7 ARAZE syl A2} sk
02006 29 : Agelshar A7 (_;;ML;) FeAEee
E] R B g3 (333 .281;; 09 ~ &4 . Adustn
o - . gl a L= Rl Rl
.2008"3— 249 ﬁ%mﬁ'ﬂ ﬁx}’o@f %‘i‘l’ﬂ}ﬁ—}% ﬁx}ﬁﬁ—ﬂ%@;i} (\1]].
3 (FEAAN A
02012 24 : Hdthsta A d) e20124 129 - A4 - ,%]oﬂ:oﬂqﬂ(x) o)A}
o (FEpAp CooT TR
<#AlEop
oAEN A 2, WY, Bl FgAI2E, ESSAHR A A 2 H
<#iEoR
gAg AsAE, gy Q4 nlole &8 AW 4, 54
&/
B M Z=(Sung-June Baek) [H33H]
©1989d 29 : Al gistal A3t
= 3 (Ftr
Ht & #(Jun-Kyu Park) [(H=d] . 1;9(2; 29 h Aetsha Axpgst
el : = U AT S
R _ I (FIAAL
02009 29 : Addigtn AAHF . 199(9; 2% .);\1_%_11”6—].‘]1 Axpzst
- -3 = gl . =1 T o =
B8k (F313h 7} (Z3parah
02017 29 : Addigtn HAx-gst .2002;_';%] a7 - Adgehn
1‘]- 1 R4 ~ S . v =
I (FEAD AR FE I w

020184 10¢ ~ @A) :
=AY Postdoc

A

SNEDS
HA" AEAE, AEeA, v

506

HAE AeA g




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


