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Abstract: With the progress of science and technology, society is evolving toward intelligence. To use

real-time paper literature monitoring to realize the preservation of paper literature will be an inevitable

development trend in the future. In order to provide the basis for the real-time monitoring of library

literature, Fourier transform medium infrared photo-acoustic spectroscopy is used to determine the wa-

ter content in paper in combination with stoichiometry. A quantitative model of paper water content

is established by Principal Component Regression (PCR) and Partial Least Squares Regression (PLSR)

respectively on the basis of medium-infrared photoacoustic spectroscopy. The optimum primary compo-

nent number is selected by cross-validation. The result shows that the modeling result of partial least

squares regression is better than that of the principal component regression (the determination coefficient

is 0.3681>0.3532). By increasing the number of principal component, the prediction of the models will

be better. However, there are some risks of fitting. In the future, more paper samples will be collected so

as to establish a stable paper quality detection model and lay a basis for the real-time infrared spectrum
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monitoring of paper literature.

Key words: paper moisture content; infrared photoacoustic spectroscopy; principal component regres-

sion; partial least squares regression
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1 wx34

1.1 � 

�����'+��)+(��,-,+

,�
(��%./5-�!- 42 ��(	�

� � 16 �-����(� 26 � 1990 	$.

����(	.��(6�)�(  ���

���!��7 (0/!�/�) $%!!��

�
�����'+�!18�!-0��*�

#	

1.2 "5#
1��02��1$2��23�3$4

+5�3.647%9!��	:3�4�7

%�315,�602 105+2;����%#�

1	<�175.�8
1�47�3-21.

4�
96 30 min.�'9�	87�1�.�

(98�/0���=Æ*���7:�9$

0.1% 	::)�;Æ��::	

1.3 678&'9():*�Æ
Æ7$� SPSS <;�� Q–Q ,����


�)���)
;�'<61=Æ>	

1.4 +;,-,.
(6��#"$#)�<� Thermo Fisher

Scientific=>??� Nicolet 380�&'%�>�

�###"2$% DTG ��4
)�<�MTEC

=>??� PA 300�##@
A=@�� 0.3165

cm/s�$#ÆB�� 4 cm−1 �$#6
� 326	

1��� 02/>� 10 mm !��� 5 mm �

304�5?� @�	?@C��*$AA�

��6D*�$#BB� 4000 ∼ 400 cm−1 ��

�"E	
#"6F����)� Matlab R2009a

<;%#:CC7%$��F�	

1.5 1<23=>4
$�5+ÆÆ�D�
;�3 D#"�

 	Æ7)� PCR��� PLSR��@8���

�����#"A�	�5�A�/)� Matlab

G891E��@8 [5] 	

1.5.1 ?@AAB
5+ÆÆ� (Principal Component Analysis,

PCA) � Hotelling ( 1933 	 H���G8�
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�;���	PCR ��$�5+ÆÆ��IJ

Æ�	

1.5.2 CDEFGHI

PLSR���<�J����5+ÆÆ��

��E�<��K�#"B=%#5+ÆÆ�	

K;>LJ���� �G8�G�5+Æ0

�M�?6CD	@( PLSR����;�Æ�

���G��8����;��� [7] 	

1.5.3 JKLMN

EN)A����(@8A����	�

�EN)ABC�L5+Æ
��$OM@8

�DA��E: [8] 	(	))B� 10 FEN)

A	

1.6 1<67O	
��*F�����@A��G��)�

)�8�6�8�;�H%G
 (R2) !6��

$�HP (Root Mean Square Error, RMSE) $%

QI6�JP (Ratio of Performance to Deviation,

RPD) ��KM9$	RPD ��()�8�$�

JP/�(6�8�$�6�HP�*8��


8%A�DLIMNR 1 	

P 1 QRSTUV

RPD : NHOS

<1.0 NHOITPU

1.0 ∼ 1.4 NHOITPU

1.4 ∼ 1.8 NHOITQJ

1.8 ∼ 2.0 NHOITPQ

2.0 ∼ 2.5 NHOITRQ

>2.5 NHOITPQ

2 yz04{
2.1 W"5#4;)67'9(

R 2 DH����(�����8G:	

��������� 2.03%���� 10.53%	$

� SPSS <;�� Q–Q ,�$%��
�)�

�����(�Æ>IM��7:VRJ1=

Æ>	

P 2 XYZ[\]^_

KWK <L: <X: ST: Y=U

42 2.03% 10.53% 5.03% 2.09%

2.2 8&))+;,-,.`a

, 1������(����###",	

���3400 cm−1 F���5�@!&'Æ%�

O–H ���MA??
2900 cm−1 F���5�

@ C–H ���MA??
1650 ∼ 1700 cm−1 ��

�@U�'Æ%� C=O���MA?? [9] 	�

��G:��5�
 3400 cm−1 � 1600 cm−1 S

R	

� 1 >NKWZÆTLUMUV�

2.3 ?W PCR @#231<

)(��#"$#
;�$� PCR ��@

8A�	�'�@A
;�("E�N-
;�


 4000 ∼ 400 cm−1 BBW���
;� 	�

�EN)A�BD�L5+Æ
� 6 	$�� 6

�5+Æ@8A�	, 2�O���5+ÆIJ

�@A��������)�8/6�8��

��	�@A�� R2 8� 0.3532 �RMSE 8�

1.72%�RPD 8� 1.22 	7:RX�(A��6

�E:FP	

���PN"E�
;� � �OGV

�����!��� 	".�QYBC/��

������FR�5�PP (2600 ∼ 3700 cm−1

� 1500 ∼ 2000 cm−1)�'@8A�	, 3�O�

�@A��������)�8/6�8��
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� 2 >NWSZZTT:QIT:ZRXS

� 3 >NWSZZTT:QIT:ZRXS

��	��EN)ABC�L5+Æ
� 1 	

�@A�� R2 8� 0.14 �RMSE 8� 1.99% �

RPD 8� 1.06 	7:RX�(A��6�E:

FP	/N"E@A7:�*�BC-ÆPP

%#@A�7:FP	��(�@(
@AP

P�BC4��JP�UX/�����XT

���"E!�V[N"E��6�"E
.

��RX PCR ��
(6�)��@AE:F

P	

2.4 ?W PLSR @#231<

@(� PCR ���@A��7:FP�Q

Y)� PLSR��@8A�	(�����<�

J����5+ÆÆ�����5+ÆK;/

J�������@�M�?6CD	� PLSR

���@A��<��FR	��WA��6

�;�7:�HP7:(Y�*OM�D�Q

YW�EN)A��BC�L5+Æ
� 2 �

�5�5+Æ>L 36.81% �#"� 	$��

5�5+Æ@8A�	, 4�O��@A���

�����6�8/)�8����	(A�

� R2 8� 0.37 �RMSE 8� 1.7% �RPD 8�

1.23 	7:RX��@A��6�E:FP	X

A�(@8A��5+Æ
�UZ�A�� R2

8B[U�Y$OM 95% $4�RMSE 8B[

9�	\A��Z��X��P�".

��

\6�[V	

� 4 >NWSZZTT:QIT:ZRXS

���* PCR ��� PLSR ���@A7

:�W�)(., 2 �5+Æ@8�A�D(

)(�, 6 �5+Æ@8�A��RX� PLSR

���@A��<��FR	

2.5 1<)>4�Æ

X\]D 75% ��(31���91�

(��*1�X 25% �����(	R 3 DH

�91�(����(��������87

:	

$� PLSR��@A�3��EN)ABD

�L5+Æ
� 2	�@A�� R2 8� 0.4566�

RMSE 8� 1.61% �RPD 8� 1.33 	1���

(�#"
;[2A�<��87���(�

6�7:	� RMSE 8� 2.15% �)�8/6

�8� R2 8� 0.02 	7:RX�(A��6�

E:FP	
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P 3 bcXYdefXYZ

gh[\]Z^_ij

WSZ (%) KWK <L: <X: T: Y=U

YZKW 32 2.15% 10.53% 5.10% 0.02

T[KW 10 2.03% 8.06% 4.73% 0.02

3 y|1
���* PCR ��� PLSR ���@A7

:�W�.,�@A��E:F�	!]� R2 8

(0.3681>0.3555) � RMSE 8 (1.7%<1.72%)�E

^�D(�,�@A���C���5�5+

Æ	PLSR ���������<��FR	\

�5����@A�� RPD 8/F��RX�
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� RPD 8\�( PCR ���@A�	

X\]D 75% �91�(@8A��3�

�X 25% ����(%#�6�	7:RX�

(A��6�E:FP�����(� R2 8Æ

� 0.02 	

^�0"��(�$�5_�(1) ���(

��P[F�	(6�)������ 17 �-

����(��!���F�
.� 26 � 1990

	$.����(	@(�(��	[�PF

����*[������P[W`��(]

��+_������/������!�	(2)

���(�
�J8	(6�)��(
� 42

�	F8��(
��$(A��@8	

QY^
\)+FG����(�3� �

�����
W�FG�����%#Æ��

$+@8_%�������A���)&�

�	����#")**�1%)2	
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