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Method of Rotary Kiln Surface
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Abstract: A rotary cement kiln is the core equipment in the production process of dry cement. The

surface temperature of a rotary kiln can reflect the internal status of the rotary kiln. Therefore, to monitor

the surface temperature of the rotary kiln in real time is very important for keeping the safe operation

of the rotary kiln. To express the temperature distribution of the rotary kiln effectively, the three-

dimensional thermograph generation of the surface temperature of the rotary kiln is studied. A pseudo-

gray color coding model is used to map different temperatures into different colors. By incorporating an

OpenGL technology creatively, realistic three-dimensional thermographs are displayed in real time. The

in-situ test results show that the three-dimensional thermographs of the rotary kiln surface generated

have the features of intuition, stability and reliability.

Key words: rotary kiln; pseudo-gray; OpenGL; three-dimension thermograph

0 IJ
������	
���������


����������
����	
���

�����
��������	�����

�������
�����
����
�

������

	
��Æ
������

��������������������

��������������������

>�?@�2015–06–19

 ABÆ�CDKLMNEOPQRS (61275099) �TUVFGNWHIXIYEO (cxjj2014003)

JKLM�NOP (1991-) �Z�TU[�\]^_`�ab^_QcdefRgSThiUfVj�
E-mail: bramely@163.com

Infrared (monthly)/Vol.36, No.7, Jul 2015 http://journal.sitp.ac.cn/hw



k 36 ��k 7 � � � 17

!��"���#�������������

$		����%������ &����

���������� �������
�

� [1−3] 


�!	�"��'���!�"���


���#$ !"(�%���!�����

)���#$��#��
&��'���$

"�#' Labview� MSCHART�����$%
[4] �&�"�(�����%�)	*�'
&

+ '(���()),*+
�*+	�,

����*� 3D���, OpenGL - [5] -!

�&(������!	�"�+�.&


1 lmnWÆXoYpqrZ[\
"./,#$ !-	-�#.$//(

.-�&/$%-&� 1 
&��#$ !-'

0�&��#'	#1!
�0,021�0

	 DSP #1+1%-
DSP #1$%+1�&

./�(2�&3��'��
)314�*

+��4�,��$%�2+��15+1


&26�-�#.$������ [6] 


7 1 89:33-;4<=>5.6

-�#.$'0�&/7'0�$����

����Æ4��89��:�;1�!

&

���������<55?��(=6@� 

!"(�>!��!	�"
 !"(�5?

��(=6@'02?675@-3!���

(=��
>!	�"'0�� !"(�%

���!��$������*�7����

�)��'0
�!	�"'0��!8$�

"�@�
 !"(�%���!��$�4

$��)��'0��>!7��AA�&��

Æ5�2�8Æ99B'0�B	):
C�6

��;7�'08Æ<?0�'�!	�";

2? !"(���D���


2 stuvwZx\]^
2.1 _:`ab8c;de<=>

�(�&�8C?��!	�"�D��

EF@3#'!����!AGB����H

E���,*B
FG�9����#$ !-

%1����B�:H��A�0IC��/

B�%B�2+
&�*-��A�0�!D

!7����
��
3!��G;JAG5

��AE�$����-F@�������

��!=>�
FK<LAG.��&+' x 5

�������?�M��' y 5�����

E!����N�' z 5�������@��

)=7M
2+��'HE,*G;3���

�@��9������-3����!��

$AG�
AE�,*BG;F�!=>�
G

I>
�-�8C?�F@��������

�!	�"


�-�!	�"���$%��AJ	

(1) 9�KH�LBO1��������

��*
&?M�'����@�


(2) �� !!��$�
HE��!��

�B?M��!AGB


(3) 
HE��B?M�HE�,*B


(4) 
��!��!AG�,*!AJ�8

�"�


http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.36, No.7, Jul 2015



18 � � 2015 � 7 �

7 2 C6DNEO75PB��CP

� 2 %���-�!	�"���$%�

�


2.2 IJ – fKgh


 !-1��)3�"�DQE��

"�&E�B�R���H"
,0�QL


"(�F�E�D��R�FGCGSE�G

�(?J����������
S�Q�T

*D�MA�E�D�HH�I�T*�()

)�U�V�JN-K� [7−8] ����E��

"��TT*D*���WX����"OL

@�
'HE�T*;�U��
��E��

��������#DEÆ5�2��U


,)3�#$ !-��EJ���
$

%+�B� 0 ∼ 255 ����E�B��-1J

PC O
2+ PC O��AE��V+

E�

�B@MN 100 ∼ 500 Y������4$��

B
����� – ,*@M+
��E0E� –

TT*+



,01/�E�GTT*D*�
�"(

�N� (N*) ��N� (O*) ��� (I*) 	�

� ()*) WJ/(�3"(�E���PBK

Z
[������FQR��������

\RH"�S#'1/�E�GTT*D*@

��
�]P%�E�	�".&�T*��E

X���"(���4$�B
����(U�

"(����LQX���������:�

�3!�������*R��#$�#��

�(�YM�R��1/�E�GTT*D*

@���(���Z�(E�����:( 3 �

E� – T*@M+
�N����S,[T


9�&^��6E'DV�&+���_��

D*@���`Æ
��D*@�
E�GO

(� 6 J/(�(a�E0 0 ∼ 41 (N*) �41 ∼
84 (NO*) �84 ∼ 127 (IO*) �127 ∼ 170 (U)

*) �170 ∼ 213 ()*) 	 213 ∼ 255 (W)*) 
G

�D*@��D*P�AJ	

R =

⎧⎪⎪⎨
⎪⎪⎩

0, 0 ≤ g < 84

5.7955× (g − 84), 84 ≤ g < 127

255, 128 ≤ g ≤ 255
(1)

G =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

3.0357× g, 0 ≤ g < 41

3.0357× g, 41 ≤ g < 84

255, 84 ≤ g < 127

255 − 5.9302× (g − 127), 127 ≤ g < 170

0, 170 ≤ g < 213

6.0714× (g − 213), 213 ≤ g ≤ 255
(2)

B =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

255 − 3.0357× g, 0 ≤ g ≤ 83

0, 84 ≤ g ≤ 170

5.9302× (g − 170), 171 ≤ g ≤ 213

255, 214 ≤ g ≤ 255
(3)

���g ��E�B
R �G �B (a��)�

O�N��,*(�


2.3 8iVj

OpenGL �Q6-RX� 3D ����G

!�04�Y7\�WX���Y!
OpenGL

� NA1!�@��S��Wb���2A1

Infrared (monthly)/Vol.36, No.7, Jul 2015 http://journal.sitp.ac.cn/hw



k 36 ��k 7 � � � 19

�,P���c!ZZP��
T�&'� 

NdU��!��A1��*$%V]


,0&+��+
�����W"���

��A1�""XN?$����)�%�D

�����D*$%
AG��D*-4��

^���B"_
���R�#'Y��D*H

��Z'D[��[\"@?-�
_B+[


&e��JA].��4$D*AJ	

X = (X
source

− X
min

)/(X
max

− X
min

) (4)

Y = (Y
source

− Y
min

)/(Y
max

− Y
min

) (5)

Z = (Z
source

− Z
min

)/(Z
max

− Z
min

) (6)

���X
source

�Y
source

�Z
source

(a� x �y �z A

G�D[B
X �Y �Z (a� x �y �z AGD

*+�B


`@+
���\0+

^'0��7

'�����������!=>�[5-�

� –,*@M�>
�EF@+���Id02

?��!	"�


�&��\0AJ	f' OpenGLG!_P

� glBegin() 	 glEnd() �#']��2\`@�

A1���!���*F�EHE���c!

�$-#'c!�*�@��
aJc!�,

*BgZ
2+��a^A1b���5? 

!�a�����-�@�)=��!��`

@+
�CS�EF@?J�@�)=���

�!	�"


3 ykYz{l
#'cb���dRecJ_h�fd�

�@��6�����&+@���(�g�

EJ(&'���6E'��
� 3 %���

�&^$0QX����J������
�

4 %������5?��D�6@�&�`A

G x������M��$�]AG y ����

��������
� 5 �&^�g�F@�

�������>!	�"
� 6�F@���

������!	�"�&����ei�j

7 3 a^89:

7 4 hk<lfi

7 5 hk_jgkh5mNE7O

7 6 hk_jgkh5DNE7O

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.36, No.7, Jul 2015



20 � � 2015 � 7 �

+HFL
��� 5 	� 6 �
U�2?J��

"b`b��4/(�9�,*IC��"��

4��F 300Ya`
�"bab������

l/(�9�,*�C�"�&��F 150Ya

`
������$0QX����


�� 5AA�� 6������Æ5U�,

�U'(���FQXQR��4���0�

l���i��E�c�2,F@'(
��

!%F��$
��G��!	�"�����

d
@d,�������QR����2?

*���&WQX&U�'FE


4 {|}
9�)3�#$������6�V� '

(��/0 OpenGL��!	�"A1+

G

��!	�"��.$b-!E'0cb��

�dRe�m��@������&^
�g

������U�"+
��,�&(���

������!	�"���4������

U�2���nZ�b�Y!������hj

�� N(���b���on


cm:;

[1] Zhang L, Gao X W. Survey on Rotary Kiln Process

Control [C]. Guilin: 21st Annual International Con-

ference on Chinese Control and Decision, 2009.

[2] Li W, Wang D, Chai T. Burning State Recognition

of Rotary Kiln Using ELMs with Heterogeneous Fea-

tures [J]. Neurocomputing, 2013, 102: 144–153.

[3] dk�ed�fg�opa^8e:33pq5D
Nfqghrsi [J]. nhoijppk, 2013,

35(4): 126–129.

[4] klpjl-;4<5tma^8muk4=>s

i [D]. nl�nlmv��� 2012.

[5] Tsoukalos M. An Introduction to OpenGL Program-

ming [J]. Linux Journal, 2014, 244: 2–16.

[6] wn�kopjl-;4<hr589:<lPB

rn=>5po [J]. oq, 2014, 35(4): 45–48.

[7] Liu C L, Tan L X, Li C Y, et al. Pseudo-color Cod-

ing and Processing for Infrared Images [J]. Journal

of Applied Optics, 2006, 5: 17–19.

[8] Wang T, Su J, Huang Y, et al. Study of the

Pseudo-color Processing for Infrared Forest-fire Im-

age [C]. Wuhan:2nd International Conference on Fu-

ture Computer and Communication (ICFCC), 2010.

(~rs 5 �)

7 8 p PC qq FPGA =>g5�;rp7

s
Tstt��&q�)3ur( -�H

s�4��:_
��-&N�!r_��
n

Z�x!���
_vE'0hwr(u(�*

��&M�st#1


cm:;

[1] dx�vuw�xdypjltz{5-;EOus
i�po [J]. vwtxy, 2013, 34(6): 1060–1062.

[2] wygp|y{hrsiz} [J]. yu{vwxy
p, 2009, 23(12): 1–7.

[3] vzzp|y{hr�|p [D]. {w�{w���
�� 2013.

[4] ~�{pjl GPRS 5||qqxyhrsi [D].

z}�Æ{}}��� 2012.

[5] kg|pz{|w} [M].{w�}�~�~�2011.

[6] w~~p2013�5��-;hr (�) [J]. oq~�,

2014, 36(2): 89–101.

Infrared (monthly)/Vol.36, No.7, Jul 2015 http://journal.sitp.ac.cn/hw


