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Calibration of Infrared Thermal Cameras Based on
Weighted Least Square

SONG Xiao-mei, ZHOU Kang-kang

(College of Mechanical Engineering, Shenyang University, Shenyang 110044, China)

Abstract: Although the least square method is widely used in the calibration of infrared thermal

cameras at present, its accuracy is not ideal. To reduce the influences of the system random error,

environmental fluctuation and unstable blackbody temperature of a thermal camera on the calibration

result, a calibration model for infrared thermal cameras based on a weighted least square method is

established. Both calibration experiments and radiation measurement experiments are carried out by the

weighted least square method and the least square method respectively. The experimental results show

that the calibration model based on the weighted least square has a higher fitting accuracy and its mean

measurement accuracy in radiation measurement experiments is improved by 2.3% compared with that

of the least square method. The calibration based on the weighted least square method is of practical

value and of a certain referential significance.

Key words: calibration of infrared thermal camera; large extended area blackbody; weighted least

square; radiation measurement
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Lλ = ελLbλ(To) + ρλLbλ(Tu)

= ελLbλ(To) + (1 − αλ)Lbλ(Tu) (2)

EÆ� T0 �N�T,�()
�� ελ �()�

�<�Lbλ(To)�T,2
� To ����1��

ρλ �N�T,�()F�<� Tu ���
��

Lbλ(Tu) ���
�2 Tu ����1�� αλ �

N�T,�()IC<	

4�%��	���U�� [9,10]

Eλ = Aod
−2[ταλελLbλ(T0)

+ ταλ(1 − αλ)Lbλ(Tu) + εαλLbλ(Tα)] (3)

EÆ� ταλ ��9DBH�<� εαλ ��9�

�<�A0 ���	8!C�VD=�����

#W)E� d �O��ADA5B�-.�3?

M?X A0d
−2 ��P?>	

Y%����	�Q49#3?�R9F
I9�S#G���()��< ελ 
��()

IC< αλ H�9DBH�< ταλ G λ Z�	I

J��	����[�

Vs = K{τa[εf(T0) + (1 − α)f(Tu)] + εaf(Ta)} (4)

EÆ� K = ARA0d
−2 � AR ���	H5�)

E� f(T ) =
∫ λ2

λ1
RλLbλ(T )dλ � Rλ �\�K��

�<	

TN�T,()LD3, (ε = α) ��9�

�<]� εa = αa = 1 − τa �]�

Vs = K{τa[εf(T0)+(1−ε)f(Tu)]+(1−τa)f(Ta)} (5)

Infrared (monthly)/Vol.36, No.5, May 2015 http://journal.sitp.ac.cn/hw



� 36 ��� 5 � � � 27

����	MN@�����$/^UE
���^U�;�C^U3��&@�3�&

'	@�3�&'�O���V�3�GDP_

?6CA�����/������Y��	

��W`�<&3�Q#2�@�aXB��

T,���
�	�"���	����[
�

@�3�G?&��/b�Fc��&	
2��	�����Æ�RS3?���

	$=?B> – �@�3�G?&��1��

���	2>0�)T7dÆ�eS]��@�
3�G;,��1��������=���

	�UY FLIR Zf�[� A655SC ��	�

��DB+ � 7.5 µm∼14 µm �V� 640×480

��@�7\<) 16 F@�3�W��XP�

!% 0.03 ◦C 	

2 qrst7xyzG{
2.1 HI�JKL

2���	��,-.LW]����Y

%��
^3?�R�#G�"���9H�

< τa = 1 ��9_���Y�];,��1�G

��	?B3���$A��Zg�

DNblack = KLblack + DNo (6)

EÆ�DNblack ��/;,�����	�?B

3�� K �����	�������&$�

Lblack �;,���1��DNo �����	�

���
`[���ha�4�/	

i4Y�\]�^_B;, n P
�X�

��1� Li
black , i ∈ [1, n]�53C�;,����

�/@B>��?B3� DN i
black, i ∈ [1, n]	N@

�?;,��1�)��	?B3�$�$�
Q#3C�*��&���	�������

@A��	�����&$ K )4�/ DNo 	

2.2 MNOPQR
M�)6;,4�7;��:��6�

��1�#Y�\]�^_B	�%�:�;

,
� T ���1� Lblack j�:�`ST�
��&�

Lblack =
1
π

∫ λ2

λ1

εC1λ
−5(eC2/(λT ) − 1)−1dλ (7)

EÆ� ε �;,��<�>Y�[ba
b�� C1 ) C2 7H�c�)c1��?

$�c>� (3.7415±0.0003)×108(W·m−2 · µm4) 


(1.43879±0.00019)×104(µm·K) � λ �9I�JF

� µm ���	�Q49#� λ1 ∼ λ2 µm 	

2.3 UVWXYZ[\R

T����	�)6;,�����/

��?&A����	DA5B�b����$

/�?B#5b
��@�)3��@��	T

53�4�&'�?B��3��@�k#5d

4b�P1l$?	1l$?�dece%?

B�@��7\<H��	�fg	g��@

�7\<� 640×480���IJ?Bhb�Pd

e� 640×480�1li]	9m��	�?Bh

#5��@��3�>��/(Æ	g?B�@
����n�� m F�]�@���V�c>

+ � [0, 2m-1] 	

2)j����/Æ���
��!�

;,
��9:)��	���(8f�ha

?B3�4.�k>	�!lg9/��h��

�/(8�2��C^Æ�Æ^�/��i
��5m20<?B3�����2;,
�-

�$no0ogj_�@��cp:>�51

&%8H(>�3C3�`%@�7d�@�
�3�pq	

3 G{|8
3.1 �JHabc

20o��$���rc 12.5 ftp qd_

r��O�P
�X��)6;,no0os

250 _�@��Mk�0<st�p:3�4�
T�_�?B�*$@BO�_�@��p:

3� DNi(i=[1, 250]) �50<%8 δ �8e;

,?B3� DNblack H(> w �

DNblack =
1
n

n∑
i=1

DNi, n ≈ 250 (8)

w =
1
δ

(9)

M;,
�9�� 303.15 K ∼413.15 K �

Æ;,��<� 0.975 �
�7\<� 0.1 ◦C 	

V,�;,
�
p:?B3�
;,1�)(

>t( 1 	Æ)*+��
�� 18◦C �>�

u�� 51% 	

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.36, No.5, May 2015



28 � � 2015 3 5 4

f 1 ghijkl

3.2 Hamn

���	�?B3�
;,1�
(>$�

���*���*Zg2E (6) 	o)$�5�

��2�*��a��!uv�*����*v

<�#5�)%8l SSEm
b�&$l R-squarem

)�*�:8l RMSE m�uvp��n/	T

)%8w!
b�&$w6, 1 
xy�:8w

6, 0 ���*v<wo��*���#^�w

p�jzwo)$��q^qwx	

�!�r'(8!12&G8!12&�

�����>0yh8!12&���	��

!�����ÆMJ_�@��?B3�4�

8e�?B <	( 2zB!7H�%`F%&

���	���� <H�*v<uvp��

�*��
 95% <^�{�s)s87t2@

2∼ @ 5 =Æ	

f 2 qrstuqrvtwxyg

N 2 {|z|uvw}x~}

N 3 z|uvw}x~}

Infrared (monthly)/Vol.36, No.5, May 2015 http://journal.sitp.ac.cn/hw



� 36 ��� 5 � � � 29

N 4 {|z|uvw}xyz{|

N 5 z|uvw}xyz{|

4 yz@u|8
M�:)6;, (;,��<� 0.975�
�

7\<� 0.1 ◦C) 4��/���7H�%'(

8!12&)8!12&��Zg�;,��

���/	ÆM;,
�7H9<� 40◦C 


60◦C 
 · · · 
 120◦C ���
^:� 7 m ���


�� 18◦C 
>�u�� 51% 
�~=}~p

�� 0.445 km 
�9H�<� 0.9955��9^�

�� 0.139 W·m−2·sr−1 ��/Zg�

DN = K(ταL + Lpath) + DNo (10)

���/)* <t( 3 	Y( 2 )( 3 #

@B5X k�

(1) ���Zg�*��ad��%'(8

!12&��*��p%�%8!12&��

*��	�S�)%8
�*�:87Hb$S

� 2.54% 
 15.94% 	

(2) ����/)* <ad��%'(8

!12&����/��w��%�%8!1

2&����/��	̀ S�p:�/(87H

� 3.2% 
 5.5% �5m�S��/��r$Sp

B 2.3% 	

f 3 {|}~�ijst

5 }9
���:�)6;,���	��!�

��Æ�;,��1�4���	�?&�
�@�3�4���	�?B	T;,
�-

�$ �Mqd�s 250 _�@��3�4�&
'�?B�1&(>���lg!Y%;,-�
q
��-�q)&'��(8�h���/(

8	)*Æ�7H�%'(8!12&G8!
(~:� 42 ;)

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.36, No.5, May 2015


