
Data preprocessing

1

ผศ.ดร. ศิลา กิตติวัชนะ และคณะนักศึกษา
ภาควิชาเคมี คณะวิทยาศาสตร์ มหาวิทยาลัยเชียงใหม่

E-mail: silacmu@gmail.com
Tel: 087-9166692



The problems are….

• Data are from different types/scales

• Variation during experiments

• Errors: Systematic and non-systementic errors

• Noise: Homoscedastic and heteroscedastic 
noise

• Characteristics of the acquisition methods 
such as light scattering in NIR

• …………………etc
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Data preprocessing

• Data pre-processing is to apply a mathematical 
modification to the values of a matrix prior to 
formal data analysis methods. 

• A raw data may be shifted/rescaled along the 
variables/samples to place emphasis on the 
aspects wanted from the data analysis or to 
improve the interpretation of the data.

• This is to ensure that the right trends are being 
studied, and the analysis methods do not get 
confused by non-essential information. 
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Raw data
UV-Vis data 
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Raw data

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

Wevelength (nm)

A
b

s
o

rb
a
n

c
e

 

 

KDML 105

WR

PT 1

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

-3

-2

-1

0

1

2

3

Wevelength (nm)

A
b

s
o

rb
a
n

c
e

 

 

KDML 105

WR

PT 1

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8
x 10

-3

Wevelength (nm)

A
b

s
o

rb
a
n

c
e

 

 

KDML 105

WR

PT 1

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
-1.5

-1

-0.5

0

0.5

1

1.5

Wevelength (nm)

A
b

s
o

rb
a
n

c
e

 

 

KDML 105

WR

PT 1

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

Wevelength (nm)

A
b

s
o

rb
a
n

c
e

 

 

KDML 105

WR

PT 1

Wavelength (nm)

Wavelength (nm)

Wavelength (nm)

Wavelength (nm)Wavelength (nm)

NIR data 

5



Data preprocessing
1. Data smoothing

– Savitzky–Golay (SG) filters
– Moving averages 

2. Data scaling
– Square root scaling
– Log scaling

3. Normalization
– Row scaling

4. Auto scaling
– Mean centring
– Standardization

5. Others
– SNV
– MSC
– Derivatives
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Raw spectra
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1. Data Smoothing

– Savitzky–Golay (SG) filters
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2. Data scaling

– Square root scaling 

– Log scaling
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3. Normalization

– Row scaling

Raw data Row scaling 
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4. Auto scaling

– Mean centring
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𝑐𝑒𝑛𝑡𝑥𝑖𝑗 = 𝑥𝑖𝑗 −  𝑥𝑗

 𝑥𝑗 =
 𝑖=1
𝐼 𝑥𝑖𝑗
𝐼

𝑐𝑒𝑛𝑡𝑥𝑖𝑗= mean centring value of 𝑥𝑖𝑗
with average value of  𝑥𝑗
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4. Auto scaling

– Standardization
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5. Others

- Multiplicative scatter-correction (MSC)

- Standard normal variate (SNV)

SNV𝐴𝑖𝑗 =
𝐴𝑖𝑗− 𝑥𝑖

𝑆𝐷𝑒𝑣

𝑖 = spectrum counter
𝑗 = absorbance value counter of ith spectrum
SNV𝐴𝑖𝑗 =  corrected absorbance value

𝐴𝑖𝑗 = measured absorbance value

 𝑥𝑖 = mean absorbance value
𝑆𝐷𝑒𝑣 = standard deviation

𝑥𝑖 = 𝑎 + 𝑏 𝑦𝑎𝑣𝑒𝑟𝑎𝑔𝑒 + 𝜀

𝑀𝑆𝐶𝑥𝑖𝑗 =
𝑥𝑖𝑗 − 𝑎

𝑏

𝑥𝑖 = the ith spectrum collection
𝑥𝑖𝑗 = the absorbance of the ith spectrum and jth

wavelength of the collection

For each sample, a and b are estimated by ordinary least-squares regression 
of spectrum xi versus yAverageover the available wavelengths j

https://www.labcognition.com/onlinehelp/en/standard_normal_variate_correction.htm
https://www.labcognition.com/onlinehelp/en/multiplicative_scatter_correction.htm

12

https://www.labcognition.com/onlinehelp/en/standard_normal_variate_correction.htm
https://www.labcognition.com/onlinehelp/en/multiplicative_scatter_correction.htm


13

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
-1.5

-1

-0.5

0

0.5

1

1.5

2

Wevelength (nm)

A
b

s
o

rb
a
n

c
e

 

 

Raw spectra

SNV

MSC



580 600 620 640 660 680 700
-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

Wavelength (nm)

A
b
s
o
rb

a
n
c
e

 

 

Raw spectra

1st derivative

2nd derivative

200 300 400 500 600 700 800 900 1000 1100
-2

-1

0

1

2

3

4

Wavelength (nm)

A
b
s
o
rb

a
n
c
e

 

 

Raw spectra

1st derivative

2nd derivative

5. Others

– Derivatives 𝑑𝑋/𝑑𝑌 =
∆𝑋

∆𝑌
1st derivative 

2nd derivative  𝑑2𝑋/𝑑𝑌2 =
∆2𝑋

∆𝑌2

Wavelength (nm)

A
b

so
rb

an
ce

Wavelength (nm)

A
b

so
rb

an
ce



0 5 10 15 20 25 30 35
0

2000

4000

6000

8000

10000

12000

Wavelength

In
te

n
s
it
y

0 5 10 15 20 25 30 35
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

Wavelength

In
te

n
s
it
y

0 5 10 15 20 25 30 35
-3000

-2000

-1000

0

1000

2000

3000

4000

Wavalenght

In
te

n
s
it
y

0 5 10 15 20 25 30 35
-4

-3

-2

-1

0

1

2

3

4

5

Wavalenght

In
te

n
s
it
y

0 5 10 15 20 25 30 35
5.5

6

6.5

7

7.5

8

8.5

9

9.5

Wavalenght

In
te

n
s
it
y

2 2.2 2.4 2.6 2.8 3 3.2

x 10
4

-3000

-2000

-1000

0

1000

2000

3000

4000

5000

PC1 (99.2848%)

P
C

2
 (

0
.6

3
9
5
%

)

-15 -10 -5 0 5 10
-6

-4

-2

0

2

4

6

PC1 (71.8221%)

P
C

2
 (

1
5
.2

5
1
8
%

)

43.5 44 44.5 45 45.5 46 46.5
-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

PC1 (99.9879%)

P
C

2
 (

0
.0

1
0
4
%

)

-6000 -4000 -2000 0 2000 4000 6000
-5000

-4000

-3000

-2000

-1000

0

1000

2000

PC1 (78.2349%)

P
C

2
 (

2
0
.1

2
0
7
%

)

0.198 0.2 0.202 0.204 0.206 0.208 0.21 0.212 0.214 0.216 0.218
-0.02

-0.015

-0.01

-0.005

0

0.005

0.01

0.015

0.02

0.025

0.03

PC1 (99.2474%)

P
C

2
 (

0
.6

8
5
2
%

)

PCA score plots

15



0 5 10 15 20 25 30 35
0

2000

4000

6000

8000

10000

12000

Wavelength

In
te

n
s
it
y

0 5 10 15 20 25 30 35
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

Wavelength

In
te

n
s
it
y

0 5 10 15 20 25 30 35
-3000

-2000

-1000

0

1000

2000

3000

4000

Wavalenght

In
te

n
s
it
y

0 5 10 15 20 25 30 35
-4

-3

-2

-1

0

1

2

3

4

5

Wavalenght

In
te

n
s
it
y

0 5 10 15 20 25 30 35
5.5

6

6.5

7

7.5

8

8.5

9

9.5

Wavalenght

In
te

n
s
it
y

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

1
2

3

4

5
6

7

8

9

10

11

12

13

141516
17

18
1920

21
2223

2425262728293031

0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.2 0.21
-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

1

2

3

4

5 6

7

8

9

10

11
1213

14

1516

17
18
19
20
21

22232425262728293031

PC1 (99.9881%)

P
C

2
 (

0
.0

1
0
2
%

)

0.15 0.16 0.17 0.18 0.19 0.2
-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

1

2

3

4

5
6 7

8

9

10

11

12
13

14

15
16

17

181920

2122 23

24
25

26

2728293031

PC1 (71.2556%)

P
C

2
 (

1
6
.0

7
9
4
%

)

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

1

2
3

4

5

6 7

8

9

10

11

12

13

14

1516
17

18
19

20
21

2223
24

25
26

27

28

29

30

31

PC1 (99.2475%)

P
C

2
 (

0
.6

8
4
9
%

)

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

1
2 3

4

5

6
7

8

9

10

1112

13

14

15
161718

19
20

21
2223

2425

26
27

28
29

30

31

PC1 (78.2351%)

P
C

2
 (

2
0
.1

2
0
6
%

)
PCA loading plots

16



Raw data
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