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Abstract: Information fusion technology is one of the key technologies of millimeter wave/infrared

(MMW/IR) combined guidance. Its target tracking algorithm can directly affect the performance of a

MMW/IR combined guidance system. According to the target tracking of MMW/IR combined guidance,

the measurement data from both a MMW sensor and an IR sensor are fused firstly and an improved

alpha-beta tracking filter algorithm is proposed. The algorithm can obtain the filter gain in light of the

maneuver situation of a target in real time and adjust the filter equations in time, so as to obtain good

tracking performance. Finally, the linear motion and the course-changed linear motion of the target are

simulated with the improved algorithm. The simulation result shows that compared with other filter

algorithms, the improved algorithm has a better tracking effectiveness, a higher tracking accuracy and a

less computation quantity.

Key words: MMW; IR; combined-guidance; fusion; tracking filter

1 olb�u"kI:2|U0kI�$Mg[ l��'F��" / %x2�Z�u"kI
q�m;J�Rj~kI
qMU\�e��JH/S�%x2�m;*L��M2����;�87�2009–06–25[S&(�X�} (1982-)	;	�:0nB	trPI	k&ydZ}�}jg℄D��M�E-mail: h013131@sohu.com

Infrared (monthly) / Vol.30, No.11, Nov 2009



� 30 �	� 11 � 
 � 41!`J*IU\~�*�}+OHS�FNe$�*a
��"vA`J.m'*I�*aOHS�F#*IU\Q(<Tz3��>�8�F�℄M�*��J�6"�[m;x=��M�{U\�!Y'���{M	�%�jz3�| [1,2] �|O
2Y��M�{�k�(b-℄a>Q$�1Y�!j8�(b�{ah�8~�f3�"ah�fe��"ah� α− β �"ah;5�oyOB�"ah [3] �^�ahUiVMnC�a��2Y�k�Q$�Jw0M�W�FHnCgC�*F�̂ �ahM�{%�-J$p4\M�*�`a α− β �"ahM$}���j8�9oxQM�"ah�2(U�{��Mf�p$�x���Mf�p$�o)t�awahQ$�o_q��
�wahM�{��J��ah�"�E�
2 �q
5
 / �WO(E�m9_��7h1M��" / %xu"kIX^6"xQM α − β �"���{
q8t 1 dL�
2.1 #P�4� / !B��U
H��1�5J��"vAm;fKj	��Maw�l}I�t4I�*���#�*�"|















r
R
(k) = r(k) + v

rR
(k)

θ
R
(k) = θ(k) + v

θR
(k)

φ
R
(k) = φ(k) + v

φR
(k)

(1)Kn� r
R
(k) � θ

R
(k) �φ

R
(k) |��"vAM*�g�$D��M�|G:g� v

rR
� v

θR
� v

φRNdg|��l-q | σ2
rR � σ2

θR � σ2
φR M~℄�VB���vh��,|�%��
nM}i�`\�<`\�6�

X(k)=
[

x(k)x(k̇)x(k̈)y(k)y(k̇)y(k̈)z(k)z(k̇)z(k̈)
]T

(2)XJ�








r
R
(k)

θ
R
(k)

φ
R
(k)









=

















√

x2(k) + y2(k) + z2(k)

arctan
z(k)

x(k)

arctan
y(k)

√

x2(k) + z2(k)

















+









v
rR

(k)

v
θR

(k)

v
φR

(k)









(3)%x2�;{$j	MN��m�Ml}I�t4IM�*g�#�*�"|
{

θ
I
(k) = θ(k) + v

θI
(k)

φ
I
(k) = φ(k) + v

φI
(k)

(4)Kn� θ
I
(k) � φ

I
(k) |%x;{$M�*g�

θ(k) � φ(k) |G:I\� v
θI
� v

φI
|I\�*VB�e�Ndg|��l-| σ2

θI � σ2
φI M~℄�VB���Mvh��p>�X#J�

[

θ
I
(k)

φ
I
(k)

]

=











arctan
z(k)

x(k)

arctan
y(k)

√

x2(k) + z2(k)











+

[

v
θI

(k)

v
φI

(k)

]

(5)

2.2 =*�XIM�o;{$M�*X^NU�y��
n,LM�#'5r"�X^�$95��>�Ua�o;{$M�*��Q$X^6"F�'6Fe�q9K
�MF>�o>(kS�6X^aw�IM��"�%x;{$}Mp9IAs>�o>awmo�e�M>a����
d2;Iu�L�!o0F%x;{$MX^awK��"vA��
n� =A%xQ/}M
u 1 ��# / &yY_7#NyRN α − β ��
#�|�rNsu

Infrared (monthly) / Vol.30, No.11, Nov 2009



42 
 � 2009 � 11 ���"Q/��(��"��
N%x��
M�aI\| θ �OI U��"��
nM��|
(X, Y )���U%x��
nM}i| (x

I
, y

I
)�X�^u,�
���m;vI8w��U��"��
nM}i|

{

x
R

= x
I
cos θ − y

I
sin θ + X

y
R

= x
I
sin θ + y

I
cos θ + Y

(6)F>awo0'F�+/xvMlhQ$�=A z
1
|��";{$U t

1
FnLKM�*g
 z

2
|%x;{$U t

2
FnLKM�*g
 z

3
|%x;{$U t

3
Fn.LM�*g�(J t

2
< t

1
< t

3
�IM t

2
N t

3
e>MF>>�$℄���m;4|U^^F>>�e�#�*N�%M�o�a z

2
� z

3
Q$�%+g�mLK��";{$U t

1
FnM�*g| [4]

z = z
2
+

t
1
− t

2

t
3
− t

2

(z
3
− z

2
) (7)aw(M%x�*X^|� [

θ̂
I

φ̂
I

]T �#l-q | σ̂2
θI � σ̂2

φI �
2.3 =*9�U��"vA�%x;{$M�*X^W�X^aw(�[m;F#�*��Q$X^6"�X^6"MlhJ$b���'F<- dlh��^6";(��dl��-~�MPX�LK6"(M���*g�l-8K (8)�K (9) �







































θ
IR

(k) = σ2
θ

IR

(

θ̂
I

σ̂2
θI

+
θ

R

σ2
θR

)

φ
IR

(k) = σ2
φ

IR

(

φ̂
I

ˆσ2
φI

+
φ

R

σ2
φR

)

r
IR

(k) = r
R
(k)

(8)







































σ2
θIR =

σ̂2
θIσ

2
θR

σ̂2
θI + σ2

θR

σ2
φIR =

ˆσ2
φIσ

2
φR

ˆσ2
φI + σ2

φR

σ2
rIR = σ2

rR

(9)

3 �$m α − β 2
Rw

3.1 α − β 2�?�5J
α− β �"ahN9o�EM<M�4G�M0Y>�"lh�(:�kBFM�o
qM�{�"$MA8n�eM~BHSNY>\am;w�8a�Nfe��{�"M�*l��UBFF9�=A����|f���*VB ��A��vhl4��*l4|

X(k + 1) = Φ(k)X(k) + G(k)v(k)

z(k + 1) = H(k + 1)X(k + 1) + w(k + 1) (10)Kn� v(k) Ndg|��l-| q = E[v(i)vT (j)]M~℄�VB*�� w(k + 1) Ndg|��l- r = E[w(i + 1)wT (j + 1)] M~℄�*VB�( Φ(k) =

[

1 T

0 1

] � G(k) =

[

T 2/2

T

] �
H(k + 1) = [1 0] �m;LK α − β �"l4| [5]































X̂(k/k) = X̂(k/k − 1) + K[z(k)− H(k)X̂(k/k − 1)]

X̂(k/k − 1) = Φ(k)X̂(k − 1/k − 1)

K =

[

α

β/T

]

(11)

α− β �"$POBM�h(Y>gJ�M)t�e=A���S`f�TY�(���*VBa�{m���V%JJBD���"MgJL^UM\h�4�:'F0Y>a��"%�F�-�
8l--$B�:Y>ag��X�"R~`\��^$s"�{
qMGF6*��>a α�β (XM,,BI�"$9`J$�MVB )i%�L`J��M2Y�{�|�U>A9`a2Y��MyOB�{ah�;yOBUb�"Y>�?dxQ α − β�"�
3.2 2�?���)`a0Y>�"POBM�h(Y>J�M���{���j8xQM�"ah�#1�^�NGF.L�"Y>�!U�{��M��gCx�Fo�5FUb�"l4u.L��M�{���ahMnCN?*2Y���#lh8��U��MO*}ir{#29Z (�) 9r (x)

Infrared (monthly) / Vol.30, No.11, Nov 2009



� 30 �	� 11 � 
 � 43����+��^S4�9M��+��
��Nr2Y�!�<`\M
gB�,W"OM�"(X α � β �8�S4�Uy�MZ��+��X α �β ,�g
8�S4�Ur��+��X α �β ,Bg�^�HMI�{�"$p�7J* [6] �GF.L�"Y>M`l%t8��
(1) V=��V��(X

r =
σ2

wT 4

4σ2
n

(12)Kn� σ2
w |��awM2Yl-� σ2

n |l}Il�*��-Ml-� T |;�r"�
(2) L8 α(k) � β(k) N r e>M�

α(k) =

r + 4
√

r

2

(√

1 +
4

r + 4
√

r
− 1

)

(13)

β(k) = 2[2 − α(k)] − 4
√

1 − α(k) (14)^yM�BNGF.L2Yl-�
(3) GF.L σ2

waM'5�J~M�o;{$���m;4|����'5Se>MS_���2Y�dU��;�r"e>��2YI<`\�u�L�#l-| σ2
w �pFV=)-|

v(k) = z(k) − P (k) (15)

v(k)9jE��*�-MB��7jE���M2Y)t�A)-J N �65g��^q8dHmL8#l-|
σ2

v =

N
∑

i=1

v2(i)

N
(16)IM��M2Y)t-$_�*��>)-l-7N9�F�(X�9�Ai9�r\| N M;�r")=�zF)=�MX^uS_8al-�8��

σ2
v(k) =

N−1
∑

i=0

v2(k − i)

N
(17)^y�N 9�, 3 ∼ 5�F σ2

v(k)H� σ2
w(k)�^[| α(k) � β(k) j	�yOB.,Mlh�

(4) GF.,�"�4nM α(k) � β(k)|�A?8a��j~Ta`\�M
m�^6�{��MTY)t� σ2
w/σ2

α M
8g

B��w2*LdaBM α(k) � β(k)/T !�M8a2��n�UQ$�{�"F�GF*L
σ2

w/σ2
α ��#B�,�*LaBM�"Y> α(k)� β(k) �;G�q`yOB�"�

3.3 �T�Faf�<`TY�x���Mf�p$M���{Q$�o_q��M����xQM
α − β �"`J��M�{%�����8o_)t�=A��U�9� �>f��$�!=AIGÆ��0�����F����D{U;IGm�|PSM��
n�� �| X–Y ��7Jvh| X

0
= [45000 20000 0 − 100]T ��$F>| 30s�& 20s�`\| 100m/s3 Ysvl�MS`f�TY�( 10s�u�| 10m/s2M<`TY�
qMvhVBl-7Jg| 0.032I

3×3
�vA'5r" T

R
=1s �aw�l}�*VBl-q | σ2

rR = 202 � σ2
θR = σ2

φR = 0.001 �%x'5r" T
I

=0.2s �l}�*VBl-q |
σ2

θI = σ2
φI = 0.012 �U�{��M�4n���=A:z2a��"N%x�*X^M6"�!q zF;qM α − β �"�xQM α − β �"a��" /%xu"IAs���{
qQ$o_�#M�8t 2 ∼ t 7 dL��Jt 2�t 5m;h8�xQM α−β �"$M�{��6�ÆHM;qM α−β �"$�eU��gCx�F5�$�R�{���d;qM α−β �"$9�OBMS`/S<`f�TY�UgC��x�2YF�e$�$�R�{���;h~(WE����xQM α − βa9�%Mx���Mf�TY���{JJ'MOB%�(8a�J?��x��Jt 3 �t 4 �t 6 �t 7 7m;h8�;qM α − β �"$U��}gJS`f�T$L^M�{�-�l-J��FH��gC2YF�#�-�l-/`Y<�?dIh�{%�/`�H�dxQM α−β �"$M�{�-�l-�ÆA?�UgCu�2YF��-�l-MY<7$B�(#�{�-�l-MR~%J��R~`

Infrared (monthly) / Vol.30, No.11, Nov 2009



44 
 � 2009 � 11 �

u 2 α − β 
#%�|��~ju u 3 α − β 
# x m�~j�m.
u 4 α − β 
# y m�~j�m. u 5 yRN α − β �|��~ju

u 6 yRN α − β 
# x m�~j�m. u 7 yRN α − β 
# y m�~j�m.\Jq�!`J��M�V%��>zFxQM
α− β �"$F�$�R�{f�TYM���d(+�J�R�{���*MTY���(8a�7J?�
4 "3��`a��" / %xu"kIM�X�S
a��";{$�%x;{$M�*X^Q$�6"�!U>1:>j8�9oFM�{2Y��MxQM α− β �"�w�{ahm;GF.L�"Y>�U��{����gCx�Fm;5FUb�"l4�awahQ$�o_�o_M����waha9�%x��

�Mf�TY��M�{������,DI
[1] �� 
 �6� L�VÆ%< [M]. �T��n�89��	 1998.

[2] Æ℄! �?

<|% 
Q 	N7#�N��bi CG [J]. "C, 2007, 28(5): 47–48.

[3] 
qi
 .�>+>Z	0 [M]. �T��n�89��	 1983.

[4] [��
��# / &y[�V1lJ 	7#7V2Z [D]. ��Txl7C.	 2006: 36.

[5] !K	&Eb	P
 .�>+	0$NO [M]. �T�Tx�89��	 2006.

[6] )
!
�|3Z��NzPC
#bi [J]. G��Y-%�KK�, 1998, 25(3): 314–317.

Infrared (monthly) / Vol.30, No.11, Nov 2009


