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Abstract: The driving algorithm for generating infrared scenes in an infrared imaging hardware-in-

the-loop simulation system in real time is studied. According to the engineering application of real-time

infrared scene generation in the infrared imaging hardware-in-the-loop simulation system, the initial war

situation scene mapping algorithm for infrared scenes, the real-time mapping algorithm for dynamic

war situation scenes and the selection algorithm for scene aiming points in real-time simulation are

designed. Several problems of the application of real-time infrared scene generation in the infrared

imaging hardware-in-the-loop simulation system are solved. These algorithms are verified in multi-mode

static and dynamic simulation and tests.
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1 p`I��am��hmpW�Z^
1.1 0�℄p= oxwywzw0>h�f1(C)'%,�.TB'(C%,�>Duv#T _�oM)'`E�.RHw(CD�#}��I�j�HwTt90>h�fTDh��V�)j<B�.	Hw09D���
1.2 E&�+�D= oxiyizi~�W {zf1?<),W {zf9Hw(CTD" ��h�1ID" �P)�M)'`E�.(C}��;D?<9Hw(CTDs�^q�I�j�?<9Hw(CTD1-h��V�6z�Q)Hw(CD J�.�oez�9(CTD�#" }���h�YD" �P)s�^qD�;	{zfhD<z4l:�
1.3 zB�$℄p= oxmymzmHwTth�f1Hwn�>#*D#T _�oMHwTth�fTn�>Dh��<�)'`E}��)jz��#9Hwh�fTD" �
1.4 %pB5�$℄p= oxcbycbzcbz�wF5xh�f1z�wF 3D5xD#T _�oMz�wFh�fTz�n�>Dh��<�)'`E}�V�)ju_ID�;�
1.5 %p5℄p= oxcsycszcsz�Fh�f1R?ZRfM:`ET5Dh�f�oMz�Fh�f	z�wF5xh�f 3D5x'DmRzfV�M�z�wF5xh�f	:`E5xh�f2D'��

1.6 �LY��S~IXeh���D^����� x � y � z YD 0\�LH���LHTD α X�\:�
Mx(α) =

[ 1 0 0

0 cosα sin α

0 − sinα cosα

]

My(α) =

[ cosα 0 − sinα

0 1 0

sin α 0 cosα

]

Mz(α) =

[ cosα sin α 0

− sinα cosα 0

0 0 1

]

2 �Ad�i1\)9v+	
2.1 %ps/|�	��AJ+3�z�1-I" oM<B�.R(CD}��<�?<),W G4�L1-'Wz�9Hwh�fTDYQ�0#W {zfTz�D1-YQ rc x0 � rc y0 � rc z0 �<" ?X�h	

(1) oM`ERz�B9(CD}���X�Lz�9Hwh�fTD1-h� rmc x0 �
rmc z0 �

(2) oMz�9Hwh�fTD rmc x0 �
rmc x0h��%BHw:M\��CiI4DHwlO Hc �

(3) oMz�1-YQ	HwlO�*?z�9Hwh�fTD y ^q1-" N	
rmc y0 = rc y0 + Hc?<s�^q" 1oM<B(CDnLBU,D�m" �L�?<9HwTRz�D" s�^q:X assault �'Hw5xh�fT?<mRz�D+d9Hw5xh�fT

oxmzm �s�DO +Hw5xh�f oxm Jq2D-:��'GXJ�\WX 0∼360◦ �oM`E}��V��XM;nLs�^q��V�I�nLz�9HwTD1-aC:2;U,
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2.2 E&�+�D=y℄pM|J+3�oMz�mR?<DYQ9W {zfTDh� rorc x0 � rorc y0� rorc z0�V�*?2<zO`9W {zf;�s�DO O`	

rorc x0 = rr x0 − rc x0

rorc y0 = rr y0 − rc y0

rorc z0 = rr z0 − rc z0

R =
√

rorc x02 + rorc z02�6�~�W {zfD1IY)��z�" IÆ5M)Hw5xh�f oxmzm sDMlXTt�l�HX R D2[s+Hw�sD9l�����*?~�W {zfD1ImRz�1-" ID;�smRh�	
rorcmap x0 = R cos(asssault)

rorcmap z0 = −R sin(asssault)�7�*?~�W {zfDh�1I9Hw5xh�fTD;�h�	
rri x0 = rmc x0 + rorcmap x0

rri z0 = rmc z0 + rorcmap z0f��*?~�W {zfDh�1I9Hw5xh�fTD5Mh�	oM rri x0 �
rri z0 %BHw:M\��CI (rri x0,rri z0) 4DHwlO Hi �<~�W {zfh�1I9Hw5xh�fTD5Mh�X

rri y0 = Hi

2.3 E&�+�D=℄pXJ+~�W {zfD oyi Y�x)Hw5xh�fD oym Y� oxi Y1�z�" I9Hw5xh�f;�s�DO R~�W {zfD1I9Hw5xh�f;�s�O D+d� oyi Y�\ atan( rorc z0
rorc x0 ):O�D^q�ozi +

oxi 	 oyi w,(6h�f��6�V�L~�W {zfmRHw5xh�fD��LH A �?X�h	
(1) 6Hw5xh�f oxm Y� oym Y�\

θ1 :O��+z�" I9Hw5xh�f;�s�DO mR)~�W {zf1I9Hw5xh�f;�s�DO +dW�	
θ1 = π + assault

(2) 6Hw5xh�f oxm Y� oym Y�\
θ2 :O�'CA~�W {zfD oxi Y	

θ2 = atan(
rorc z0

rorc x0
)

(3) *?Hw5xh�fA~�W {zfD��LH A 	
A = My(θ1 + θ2)

2.4 #Z|FN3�0#}�Du_I9z�wF5xh�fTDh�X sight bx � sight by � sight bz 	
(1) z�u_I9z�wF5xh�fTR�D+d90>h�fTD1-O X

[ sight wx0

sight wy0

sight wz0

]

= G0

[ sight bz

sight bz

sight bz

]

G0 = My(psicw drive0)Mx(gamacw drive0)

· Mz(kthetacw drive0)

(2) z�u_I9z�wF5xh�fTR�D+d90>h�fTD)'O X
[ sight wx

sight wy

sight wz

]

= G1

[ sight bz

sight bz

sight bz

]

G1 = My(psicw drive)Mz(kthetacw drive)

· Mx(gamacw drive)
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3.1 %p9Uy)�3�

(1) z�1NYQD�N?X#Hw5xh�fD1ImR0>h�f1ID��dX mapx�mapy �mapz �<z�1-YQ90>h�fTDh�X
[ rcw drivex0

rcw drivey0

rcw drivez0

]

=

[ rmc x0

rmc y0

rmc z0

]

+

[ mapx

mapy

mapz

]

+

[ sight wx0

sight wy0

sight wz0

]

(2) z�)'YQ�N?X0#W {zfTz�)'YQX rc x �
rc y � rc z �<z�90>h�fTDh�X

[ rcw drivex

rcw drivey

rcw drivez

]

= A−1

[ rc x

rc y

rc z

]

+

[ rri x0

rri y0

rri z0

]

+

[ mapx

mapy

mapz

]

+

[ sight wx

sight wy

sight wz

].T� A 1Hw5xh�fA~�W {zfD��LH�
3.2 wu9U)�3�

(1) ?<1-YQ�N?XoMz�mR?<DYQ9W {zfTD1Nh� rorc x0 � rorc y0 � rorc z0 �VC?<1-YQ90>h�fTDh�	
[ rrw drivex0

rcw drivey0

rcw drivez0

]

=

[ rcw drivex0

rcw drivey0

rcw drivez0

]

− A−1

[ rorc x0

rorc y0

rorc z0

]

−

[ mapx

mapy

mapz

]

(2) ?<)'YQ�N?X

oMz�mR?<DYQ9W {zfTD)'h� rorc x � rorc y � rorc z �VC?<)'YQ90>h�fTDh�	
[ rrw drivex

rcw drivey

rcw drivez

]

=

[ rcw drivex

rcw drivey

rcw drivez

]

− A−1

[ rorc x

rorc y

rorc z

]

−

[ mapx

mapy

mapz

]

4 �Ad�o;%r9v+	TlAz�wF 3D5xh�fV~+R?ZRfM:`Ez�5xh�f �P��� 9z�wF 3Dk 5x'RwF5xh�f�x49�|p9z�wFaC�N?X#*T��Tl�
=P�XVD �PB;^D_E�,z��S(Coe`E<B}��>U,z�wFD 3D 5x��z�wF5xh�fK�Le�9U,R?ZRfM:`Ez�5x��z�Fh�f�V�Le��6�VI��\z�wF,z�Fh�f+�\�z�wF5xh�fW��8T�Lh/z�aC:�N�0#h/z�aC:�NX
phic ad � thetac ad � gamac ad �NF?X�h	

(1) �z�wF5xh�f��^q\N�,z�Fh�fD�mY+1-z�wFh�fW��
(2) ��\�CADz�wF5xh�fDf���~^q\N�m:O�,z�Fh�f+z�wF5xh�fW��

4.1 %pB5[4sT)�3�0#z �mR {zfD 1-aC :X
psic0 � kthetac0 � gamac0 �<z�Fh�fmR~�W {zfD��LH B X

B = Mx(gamac0)Mz(kthetac0)My(psic0)o M h / z � a C : � N psic ad �
kthetac ad � gamac ad *?aCLH C �<	

C = Mx(gamac ad)Mz(kthetac ad)My(psic ad)

Infrared (monthly)/Vol.35, No.3, Mar 2014 http://journal.sitp.ac.cn/hw



s 35 {�s 3 } v � 21TlAHw5xh�f	0>h�fh�Y�x�d�VCz�Fh�fmR0>h�fD��LH D 	
D = BATlh/z�aC:LH	z�Fh�fmR0>h�fD��LH�V*?2z�wFa

C�NLH E 	
E = DCh F = DC �C	
E = F0#z�wFaC�N1NX ϕ0 � ϑ0 �

γ0 �6�.=RVC	
[ cosϑ0 cosϕ0 sin ϑ0 − cosϑ0 sin ϕ0

− sinϑ0 cosϕ0 cos γ0 + sin ϕ0 sin γ0 cosϑ0 cos γ0 sin ϑ0 sin ϕ0 cos γ0 + cosϕ0 sin γ0

sin ϑ0 cosϕ0 sin γ0 + sinϕ0 cos γ0 − cosϑ0 sin γ0 − sinϑ0 sin ϕ0 sin γ0 + cosϕ0 cos γ0

]

= · · ·

· · ·

[ F11 F12 F13

F21 F22 F23

F31 F32 F33

]

#z�wFaC:\WX














−180◦ ≤ ϕ ≤ 180◦

−90◦ ≤ ϑ ≤ 90◦

−180◦ ≤ γ ≤ 180◦�6�V�oM=R.%z�wFaC:�N\W49G4�I�Z�:6?U,z�wFaC1N*? [2] �z�wFaC1N�NX
[ psicw drive0

kthetacw drive0

gamacw drive0

]

=

[ ϕ0

ϑ0

γ0

]

4.2 %pB5[4-,)�3�0#z�mR{zfD)'aC:X psic�
kthetac � gamac �<z�Fh�fmR~�W {zfD��LH G X

G = Mx(gamac)Mz(kthetac)My(psic)<
D = GATlh/z�aC:LH	z�Fh�fmR0>h�fD��LH�V*?2z�wFaC�NLH E 	
E = DC

�6�V�oM�.%z�wFaC:�N\W49G4�I�Z�:6?U,z�wFaC)'*? [2] �z�wFaC)'�NX
[ psicw drive

kthetacw drive

gamacw drive

]

=

[ ϕ

ϑ

γ

]

5 zgTkoM�S,oR?ZR�)b`EfMDqg'���x(C)'%,G4h?X	K`E'�D#*�NF�h	
(1) &�`E"W=#)9U,`E�.TR�S(Cx�	�xZRDZR��℄1-�ZR�̀ ER-ZR	`E<9ZR�
(2) oM�S(Cx�	[�D^C�Q(Cx�	D>�^C���U,`E'�DZR��℄1-�U,^C�J)6x^C�yA^C	HO6x^C�
(3) b#1-�#:#)U,(Cx�	1-(CD/8�#:�℄`E!*�k�Ob'W�z�m:�?<1-YQ�?<1-aC�

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.35, No.3, Mar 2014



22 v � 2014 | 3 �z�1-YQ�z�1-aC�HwTt��d	u_I��d�
(4)I�)'`E#:U,(Cx�	)'(CD�N�#:�℄`E'V�?<)'YQ�?<)'aC�z�)'YQ�z�)'aC��S(C)'%,D�#	K`EZRj.�Q 1 B/�

R 1 aF�$
Lk/RoM`E�#	Kj.�9�`Eqg?RWe?XEC$5	NC`E	K.��R?XD'rz�xe5		K�

6 Æ�
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(2) z�i?X9�S,oXHR?`	�)b`EfMT�CAe,t�#�I�Sx.NECz~`E	$5	K5	�Kvi^X~x'r=P)'`E	NC$5�.T�S(CD)'%,�.+�)b`EfMD$,�#_E�1->�(C" _E�NC>�(CD)'�N_E%(Cu_ID�;_E�Rq.�=P>�(CD)'`E_EN'#T��� q�:�

[1] _�k���xv<(>6�R[M].�A
U�-�3�"� 1995.

[2] �y℄�g�|�C�}� xv�C!G[M]. �A
�Aar:�3�"� 2006.

[3] �S�*(�T{��DRp�-)8�J [D]. d
d�r�:��Zm^� 2004.

[4] Vww��!w�Zd�G�YU{��Te!D{+�,*(aF [J]. �8K���r,2012,41(8):

1979–1984.

[5] +l��7�K�Q�G�!* DSP IfE�t{��TRp*(aFgN�J [J].�GK�}�2,2012,10(5): 54–57.

('n 16 U)

5 Æ6`	`E<��v�9LFTb#�S(7�x1&'�Xep�H���S:M���,�SGPqg9f.�F[Oh�"#M8X+x� PID ZRm<�D<n�V�Æ�HR��xB�R_�
q�:�

[1] Vi���S�\[S
�sv PID �\[S
E�S [D]. �U�
�U�r�:�� 2006.

[2] i?j� ?� PID �V Matlab �R�{ 3 n[M],�A
Kbr�3�"� 2011.

[3] m�y� PID \P[S_ÆEaF%�&�*k [D]. �A
U�U�3�J&3� 2002

[4] �:��y� PID [S�Y:�℄Æ\P[SUE�$�J [D]. $�
M�:�� 2005.

Infrared (monthly)/Vol.35, No.3, Mar 2014 http://journal.sitp.ac.cn/hw


