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Seeker kinematic analysis and calibration based on POE formula
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(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. Graduate University of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract: According to the structure feature of the pitch-yaw strapdown seeker, a representation of the
seeker gimbal kinematics was analysed. By transforming the inertial angular velocity into the line -of-sight
(LOS) coordinate system with the aid of recursive angular velocity equations, the LOS inertial space
stabilization equation was obtained. Based on the product-of-exponentials (POE) formula, a kinematic
calibration model was presented for the gimbal and the kinematic calibration scheme was studied. By
attributing the kinematic errors to the initial poses, the calibration process of kinematic parameters was
significantly simplified. A least-squares algorithm was employed to solve the kinematic error parameters
in calibration model iteratively. The simulation results demonstrate the effectiveness of the proposed
kinematic calibration scheme in solving inertial space stabilization equation.

Key words: strapdown seeker; LOS stabilization; POE formula; kinematic calibration

:2010-12-17; :2011-01-03
(1980-), ; , . 0

Email:zhumingchao1980 @yahoo.com.cn



1557

b
[1]
o
o
o
N 9’
(2]
o
b
b
[3]
o
b Y
° Optics
[4-5] system
b o
M1 T 5] 3k 55 H HE P
, Fig.1 Block diagram for seeker
bl
b
(6] o
’ 2
[ A
b b
3 ° »0—X0 Yo Zo 50—=X1)12)
[e] b
i) ’ Oyl
b
50=X2 V2 2 ( ) s
(e}
5 yl)
”
[8-9] .V, '/J.‘;
b o N 2
[0} L P -
\ A N _~ K
ANEIVL N e By
o Y
. . OJ In
b 1}
LE !
ZD I:
"'z,(z,}

M2 HEBR LR R
Fig.2 Coordinate system for gimbal
, 0X3

) OZZ
q=[CI1,612]T(6]1 q>

)s



1558 40
. -1 -1 4
RO,[ (QL)=R0,1 (0)e o (D R“‘Z dR‘%Z :R0-2R0~2 -1 (10)
. R-1 Rd 7 2
s s 1 d 14 ) ,—
Rix(g2)=Ri(0)e™ 2) log(R, , R, )=(R, , R, ~D~Foeua Dy
:R,,(0) e SO(3) ( ) -1 _d 3
(¢:=0) (R“I‘;“ D _.. (11)
iR15(0) € SO(3) (¢:=0) ‘
;i:),. eso(3) (i= -1 -1
Ro,Q an,z =10g(R0‘2 dRo,z ) (12)
1,2)  SO(3) .
(12) (8)
0 -w, w, s
~ 1 d -1 oA
w=lw, 0 -w, (3) log(R,, R, ,)= ;Ri_z w.R,,dq, (13)
-w, w, 0 -1 d
, log(R,R,,)
wi=[ Wy, Wiys sz]T o 1 d
) so(3) . 3x1 log(R,R,)",
COINE)) R,wR, 3x1 R,w, (13)
’ 1 _d S g
.4, .4, log(R,,R,,)"= z R,,w.dq;=R, z Ryw.dg, (14)
Ro,z (q)=R0,1(O)e Rl,z (0)e (4) =l =1
(14)
. R() , (4) D.(q)=J.(q)dq (15)
’ -1 _d 3x1
R, :D,(q)=log(R,R,,)" €R 5
) 3x2 .
‘ J,(q)=PVW e R Jacobian s s
dR, = 2 LROLin (6))
i=1 i o ‘ w0
-1 3x3 3x6 1 6x2
‘:’,q, I)=R0’2 eR , V=[R041, R(),z] eR , W= eR H
IR, =R, I(Ri1.(0)e )R. - (6) 0w,
9g; Y aq; v T _ pt
A dg=[dg,dg.]' e R
R, R, (O)equ‘wiRi,Z = (15)
2 SR dg=J,(4)D,(9) (16)
0 Wit . P,
(5) (6) :J” :(Jﬂ J’I ) Jn Jn o
2 R (16)
ARys= 2R, %R .04 @ 44,.=1,(4)'D,(q) a7
-1 .t o
(D R,
2
-1 1 A
Ro,z dRo.z = z Ri,z w; Ri,z dqi (8) qf+1=qf+dqf” (18)
i=1
., ID(g)ll<e &
R, °
d T
’ RU,Z R0~2 ’ Jn Jn ’
d
dR,,=R,,-R,, ©)) o

®)

s Jua)”



3 1559
. T -1 T .
J.(q)=J, J,+\) J, (19) Joq=D, (29)
A , (29)
D
: q=J, D, (30)
2 bl
w, € R™, 3 2 ,Gy(s)
’ Td ’ T ’
i .
wl:R(),l (ql)w0+wlql (20) J ’ wP s Wy
-1 . ) wp_wm o
=R, ()0 +W2q, (21)
(20) (21) ( : |7 _i«u,
) —O— 66 —O—— 11, O
-1 -1 . .
wZ:Ro,2 (q)w¢)+Rl,2 (CI2 )wl q,tw,q, (22)
w2=0 ’ (22)
. A3 B 3 4 —u )
J.q=D, (23) i B i HE
Fig.3 Block diagram for velocity loop
-1 . . . -1
Js=[R1Y2 (QZ)Wth] 5 q=[41,CI2]T§DS =_R(),2 (q)a)(lo 3
(23)
q=J,D, (24) : .
(23) ’JS 2 , (24) ( (4‘)) ’ R(),Z R(O) ’
w q
R, =f(R(0),w, q) (31)
’ T T T T T.T .
o :R(0)=[R,,(0), R, ,(O)] ;w=[w, ,w,] ;9=[q1.q] -
s , 31)
: dRozRoz (—'LdR(O)+idw+idq)R02 (32)
JR(0)
> 0)2 \J Ds
Wy
w,= (25) dR(0),dw dg .
@y,
( (32)), 14
J= (26) ,
JsZ o , dw
D : . dR(O)
D = (27)
D, ,dw dg )
twn €R, wye R*';Jg € R, Joe R**; Dy € R™, dR, . R $M(O)R (33)
) %2 9R(0)
Do R 3)  S0(3
s0 ,
) 3) S0(3)
. R(0) e SO(3) peso(3),
wyn=Joq—Dy (28) . .
@ RO)=¢". R.(0)=", 4



1560

Py Wid, Py W4,

R ,(g)=e ¢ ee (34)
R RN LI T
dR,,(qg)=de ¢ e e +e e de e (35)
de”=e"dp, (36)
(36) (35)
dRU,Z(q)eP'dI;]e;v‘q'epzewzq#ep‘ew'q‘epZdI;Qewﬂz (37)
-1
(37) Ro,z(q)
dRM (q)Rilo,z (q)=ep'd];1e_pl+eplerq‘epld];2 e—pzefW.q‘e—pl
(38)
(e”dp ") =c"dp,
-1 . P P W4, P
(dR(1,2(Q)R¢),z(‘I)) =¢ dp1+e € € dpz (39)
(11)
-1 a -1
(dR,, (@R, ,(q))"=log(R,R,,)" (40)
(39)
m=Hn (41)
wid, P

.m=log (R,R,,)" e R*;H=[",&"e

T T.T 6x1
n=[dp,,dp,] eR™, ’R(),z

o k
m=Hn

3kx6 T T.T 0x1
R( ;n=[dp1’dp2] ER o
(42)

T T T.T 3ixl f— T T
:m:[m] 7m29”',mk] eR ;H:[H] ’HQ’.“

e ] e R:ixh;

5RU.2 H

(42)

T. T

»Hk] €

(43)

(19)

40
(43) ,
(1) ;
(2) D DPs;
(3) m H;
(4) n(dp, dp,);
(6)) D p:(pi=p,+dp, ,p=p,+dp,) ;
(6) ) , 3).
»Dh P2 o
(34) o
4
s 2
o 2

W]:[O, 17O]T w2:[0509 l]T pl: [07 O, O]T p2:[03 OaO]T
dp,=[0.02,0.03,0.02]"  dp,=[0.02,0.04,0.17]"
(34) o

10 , (43) 50

dp,=[0.020 3, 0.004.4,0.019 7]"
dp,=[0.0201,0.065 6, 0.009 7]"
q=[1.0532, 27.0841]7,

N

Rox(q).R,,(q) R, (q),

0.8902 -0.4552 0.0184
Ros(g)=| 0.4553  0.890 4 0

l—0.0164 0.008 4 0.999 8

0.8736 —0.4785 0.0889
R.,(g)= 0.4830 0.8748 —-0.0383
00595 0.0764 0.9953
0.8736 -0.4785 0.0889
R,(9)= 0.4830 0.8748 —-0.0383
00595 0.0764  0.9953

’

(30) ,

Jo DeoJo De °



8 : 1561

—wx
q=[1.0532,27.084 11", wy=
[0 @0 00]", 00=0.573sin(31), w,=1.1459sin(21), 2
w0,=1.718 9 sin(4 1), 2
]
-
0
=]
, 4(a) 4(b) ° =
2
- —_— Ylaw
) R i === Pitch | Time/s
w 1 'J‘ ‘l 4 ""\ 2
> ! b —wlx
=4 / ! ---w2y
S 0 ". % @2z
E : >
- 2
g - 3
‘,.f' g
N . @ 2
0 1 2 3 4 5 -
Time/s > ' : . (b)
0 1 ! 3 4 5
—_— .
1.5F ,p‘ e Pial:rh Time/s

P 5 #%h 4 bR & R HE

:: Fig.5 Angular velocity for LOS
E
z y oz . ,
.
- y , °
Time/s ’ 3
B 4 6 o 0 ’
l Wy [O5)

Fig.4 Angular velocity for gimbal

-1 ’ :
4 (22), R, ,(q)
} " J=0.0003 G (5)=2:8230.1254]) .;3(5030(()).113;;;)1)
R, ,(q) . '
_ _9.1(0.055s+1)
5(a) 5(b) 0 J=0.0005 " Gi(s) 5(0.001 8s+1)
, 6 .
© 0.02
\‘ —_— ‘If
, (30) LA - - - Piteh
L 0.01F} » E 8
L S o
J, D, Jo D : E
o -0.01
(43) @) P . SR
4 0 1 2 3 4 5
Time/s
N
w,=],] ,D,-D, (45) P 6 {60 16 A0 HE %8 3K B ) S8

Fig.6 Torques for pitch and yaw gimble



1562

40

[1]

[2]

[3]

[4]

Jacquies W. Line-of-sight rate estimation and linearizing
control of an imaging seeker in a tactical missile guided by
proportional navigation [J]. IEEE Transactions on Control
System Technology, 2002, 10 (4): 556—567.
Russell T R. Strapdown stabilization for imaging seekers[C]//
Proceedings of the AIAA SDIO 2nd Annual Interceptor
Technology Conference, Albuquerque, NM, 1993.
Mao Xia, Zhang Junwei. Light axis stabilization of half-
strapdown seeker[J]. Infrared and Laser Engineering, 2007,
36 (1): 9-12. (in Chinese)

s . [JI.

, 2007, 36 (5): 9-12.

Zhang Yue, Liu Bo, Yin Shengli. Strapdown optical seeker
stabilization, tracking principle and system simulation [J].

Optics and Precision Engineering, 2008, 16(10): 1942-1948.

(5]

(o]

(7]

(8]

(9]

[10]

(in Chinese)
[J]. , 2008, 16(10): 1942-1948.

Kennedy P J, Kennedy R L. Direct versus indirect line of
sight (LOS) stabilization [J]. IEEE Transactions on Control
System Technology, 2003, 11 (1): 3-15.
Zhou Ruiqing, Lv Shanwei, Liu Xinhua. Comparison of two
stabilization methods for airborne strapdown antenna platform
[J]. Systems Engineering and Electronics, 2005, 27 (8):
1397-1400. (in Chinese)

[J]. , 2005, 27(8):
1397-1400.
Zhu Huazheng, Fan Dapeng, Zhang Wenbo, et al. Influence
analysis of the mass imbalance torque on the performance of
seeker servo mechanism[J]. Infrared and Laser Engineering,
2009, 38 (5): 767-772. (in Chinese)

[J]. , 2009, 38(5):

767-T12.
Chen I, Yang G, Tan C, et al. Local POE model for robot
kinematic calibration [J]. Mechanism and Machine Theory,
2001, 36 (11-12): 1215-1239.
Pashkevich A, Chablat D, Wenger P. Kinematic calibration
of orthoglide-type mechanisms from observation of parallel
leg motions [J]. Mechatronics, 2009, 19 (4): 478-488.
Chen I, Yang G, Kang I. Numerical inverse kinematics for
modular reconfigurable robots[J]. Journal of Robotic Systems,

1999, 16 (4): 213-225.



