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Research of the basic principles of E-O stabilization and tracking devices

Zhang Zhi-yong, Fan Da-peng, Fan Shi-xun

(College of Mechatronics Engineering and Automation , National University of
De fense Technology , Changsha 410073 ,China)

Abstract: With whole stabilization ability, whole airspace tracking and no blind-zone,a high stabiliza-
tion and tracking accuracy three-axis E-O stablilization and Tacking Devices (EOSTD) , which uses a
MEMS vlocity gyroscope as inertial feedback component, were introduced. The coordinates in this de-
vice were analysized and the kinematic equation and the stabilization model were decduced based on the
multi-body kinetic theory. The mathematical model indicates that different gyroscope installation
methods can be used to realize three-axis attitude stabilization. Also the motion and distortion of im-
age caused by the jitter of the Line-of Sight (LOS) was researched and the relationship between the
LOS stabilization precision and the image stabilization precision was analyzed. The results show that
two-axis EOSTD would cause large image stabilization error and three-axis EOSTD could restrain the
image rotation around the LOS axis to reach a high stabilization precision.

Key words: E-O Stabilization and Tracking Device(EOSTD) ; Line-of-Sight (LOS) ; gyro stabilization;

image stabilization; precision

5 [9~11]

[1~5]

20 90 s

[6.12]
b

. N OX.Y.Z;:



674 14
Jii ,OZ, o
h . X,0Y, . 0Z,
) H.P.R . H
..ali , P R o
5 H P R
OX,YIZZ —,’OX/I Y/l Z/l—>OX/2 Y/Z ZzZ—)
.? 0z, 00X, )
PN
il 0X,Y,zZ,
1 OX,Y.Z, :
Fig.1 LOS command and carrier coordinates 0y, »0X;,.02,
) 0X,Y,Z,
AR o )XY, Z, ;
L T L S, A OX i
%%_ﬂ;a e (@' 2NN
% D) , v .0 N
el ’
et N
CCD TV) °
/ OX,Y,Z,
ML RS fﬂf"x"éf@#wﬁmﬁ
{4 2 o
Oy, , ,
2
oY, oy,
Fig. 2 Constitutes of three-axis E-O stabilization ) )
. . 20X, Y, Z, OX,Y,Z, o
and tracking device
(/AN
,OZ, ,  0OX, .0Y, 0,.6,) s 0. 50, s
R 0OZ, 0. o
OX,Y.Z,:
. 3
o , X,0Y,
,OX, ,OY, ,OX, ( )N
( ). ( N )
; ( N )
’ o ()XIYIZI b b
0X,Y.Z,, ,
0X,Y,Z,: ,
OX,Y.Z, ( R s
), )
b O’ OY/)

) 0X,



4 . 675

, ’ Wipe ~Winy ~Wipz

. v (D) = [wn swiny swie ] o
[13] B —-A —>F —R
3 R, .R;, R, ;
. A . 0X.Y.Z,.0Z,
0X.Y,2,(B > 0z ’ r (D =R, (D (D40, (D)

A 0Z, 0.; F . .
OX,Y,Z,.0X, A 0X, JF wr (1) :jo Dwa(D+0,)

OX. Or:R ’ ox(D=R, (Do (D+0, (D)
OX,Y,Z,,0Y, 'R ¢, s, 0O 1o 0

oY, . - o

Rgu =|—s ¢ 0 ng/ =10 Co, Sop |,
0 0 1 0 5o, Co,
g 0 s
_ R, = o 1 o], (D
—sp 0 ¢
c,=cos(x),s,=sin(x),0,: A B
;“—' : . eu() B :
0y (D 01 (D) 0 (1) () A F
R .
3

Fig. 3 Schematic of the coordinate of three-axis E-O

stabilization and tracking device

(B ) ,

4
Fig. 4 Relative motion between different coordinates

of three-axis platform

A , .
0.()=[000.(D]".0.()=wr () —ws ()
A . .
0,()=[00,() 0]",0,()=wr, () —aws ()
A . .
0,()=[0,(t) 00]".0,() =wr (1) —wr, (1)

, (2
N .B
R 051 @ (l)

- o a — — A . A
CUR(t) :ROIAR()/RHGCUB +ng_R0/0u+Rgr_6'/+0,- ’ (3)

s R
Oy,- ’ .
R
s or(D=[w. w, w.] =0, .
we = (@i Sg, S0, TwinyCo S, Twipecs ) * secl; =
TTwpe * SGC(?/
{wp— (wi/uCo“ +CU{I)yS0u ) = T W
w, — ( 7(1),’/,1.59“C9/ _’_Cui/)ngu C(;/; +a); (,15(9/; +Sg[6“ ) -

— (—winsy, Twincy )secd;

» (4)
4



676 14

(
) (Strapdown .
Line Of Sight Stabilization, SLOSS) ) )
(Direct Line Of Sight Stabilization,
DLOSS)., o , DLOSS
,SLOSS o
) ( . )
) ( )
0x, 0y, 0%, ), , (
(Wipe winy  @ipe) s ox;, oz, )
. , W Wy N
) w. wy :
. qu = —(w, s, sin O,sin 0, + w;,, cos G,sin §,+
o wip.COS Op)sec 0= —wy * sec O ,
’ Lu/’:*(w,,“ cosl, Tw;,ysin 0,) = —wy,
o (5)
DLOSS )
Method 1 F (

0x 0y, 0Z;)

[14-15]
wf.l \wfy wf: ’ N
“wpsecli s T wne T wo
) CCD
; CCD o CCD
’ (Oas0c) s (NssNg),
) CCD :
° Kya=Nx/0r+Kg=Ng /0 , (6)
Method 2 F ,CCD
ox; 0z , We W A (X,,Y),
R ( 0y,) Wy o N P, R.
) Wie ~ wisy, »CCD
o 5 o
Method 3. R <
0X, 0y, 0z,) R R .
Wi Wy Wi s (H.P.R) , A
. (X, Y, :
’ X/ =(X,—H ¢+ Ky *cx—(Y,— P« Kg)sg
ox; 0% 5 Y/ =(X,—H+Ky *szgt(Y,— P+« Kg)cg »

, DLOSS (7



677
cg =cos(R) ,sg=sIn(R),
w T I s A
|..|..__r| e :
r\'r‘\_\ Ew n Xt/:(K/\HSR7X,SR7Y,CR+KEPCR)R+
|.1 4k : I KESRP_KACRH ’
1 | ::r Yz/:(K}.;PSR7X,CR*K,HCR*Y,SR)R*
A i3 KeexP —KaseH . (8)
() CCD
(a)Primary image , ,
1 . ,
rd H '\.I
5 o 5
(CINQD) CCD

(b

(b)Image after carrier yaw

R
||_-__ 'i|- II|
| LI :'. H
I| 'u-_'__ r L --"'-T
_--|'_| ] '|I'
|I 1 =L §
| i
I| __!-—___-
||_,———'-__
(c)

ol |
A |
.'1.——
ToEE g \
i i, II
fefe s
s |
i
()

(d)Image after carrier rolling

Fig. 5 Target image changes in the E — O sensor

LOSV while carrier attitudes changing

:AH=AP=AR=0. 1mrad,
:sinAH=~~Ap .cosAH=1;sinAP=A,.cosAP=
1;sinAR~~Ay .cosAR=1,

Ki= N./0, = 320/10° = 320/0. 174533 rad =
1833. 5¢( /rad)

K= Ng/0r = 240/7. 5° = 240/0. 130899 rad =
1833. 5¢( /rad)
=X, = Xt | = [ (X, —AH « Ky) * cax —
(Y,—AP + Kp)se — X, | =
|AH « Kyi—YAx +KeAP « Al s (9
s GAX<|KMAH |+ | Y AR,

AY<\| XA+ KA, | » (10)
AH.AP
rad, Ag AR
. ,AR<1 mrad ,
s 320 X240, 10°

X7.5°%, 0.1 mrad CCD

. X, =Y, =100,AH=AP=AR=0.1
mrad, (9).(10)

X=|K,AH|+|Y.Ar|=0.193 35

=|XAr |+ KeAp|=0.193 35

X, Y 0.2



678 14

. Ag . 6
AR=50 mrad=2. 865°,
AX=|K,AH|+|Y ,Ar|=5.18335 ;
AY=|XAr|+|KpAp|=5.18335 . )
, X. Y ,
5 . ,
0.5 ; ,

1]

(2]

[3]

(4]

(5]

[6]

[8]

(9]

[10]

[11]

[12]

(13]

100 prad .

MURPHY K,GOLDBLATT S,WARREN ]J,et al. Pointing and stabilization system for use in a high-altitude hove-
ring helicopter[J]. SPIE,1999,3692.23-32.
WANDNER K,KORCHER H J. The pointing control system of SOFIA[]]. SPIE,2000,4014;360-369.
RUFFATTO D,BROWN D,POHLE R. Stabilized high-accuracy optical tracking system(shots)[J]. SPIE, 2001,
4365:10-18.
, . 1] -2001,9(2) :115-120.
SHEN H H, JIA P, LIU J H. Overview of image stabilization[ J]. Optics and Precision Engineering , 2001,9(2) :
115-120. (in Chinese)
. 1] - 2003,11(1) :82-88.
JIA P,ZHANG B. Critical technologies and their development for airborne opto electronic reconnaissance platforms
[J]. Optics and Precision Engineering , 2003,11(1) :82-88. (in Chinese)
s s . [M]. : ,1995.
GUO F Q. YU B, WANG SH H. Gyro stabilization devices and its application[ M]. Xi an: Northwestern Poly-
technical University Press, 1995. (in Chinese)
FENG Y F,ZHU Y. Image rotation of two-axis line-of-sight stabilization system[]J]. SPIE,2005,6024:1-6.
; . [Jl 52004,2(2):13-17.
LIAO J F, ZHANG K SH. Characteristics analysis of the image tilt in LOS stabilization action of periscope instru-
ment on moving platform[J]. Optics & Optoelectronic Technology 2004, 2(2):13-17. (in Chinese)
KENNEDY P J.RHONDA L. Direct versus indirect line of sight(los)stabilization[ ] ]. IEEE Transactions on Con-
trol Systems Technology, 2003,11:3-15.
[D]. : .2002.
WANG X J. Servo system study for shipborne radar tracking in the whole airspace[ D]. Harbin Engineering U-
niversity, 2002. (in Chinese)
s . L. ,1998,25(5) :650-654.
YAN W SH,LIU H. Study on the 3-axis steady-tracking problem for shipborne radar based on feedforward com-
pensation[ J]. Jowrnal of Xidian University, 1998 25(5):650-654. (in Chinese)
, ) . / [M]. : ,1994.
WANG Y N,ZHU L SH,SUN L H. Helmet display/ pointing system[ M]. Beijing: National Defence Industry
Press. 1994. (in Chinese)
. . 1. 5 1999,7(5):89-94.



st 679

[14]

[15]

JIN G, WANG J Q, NI W. The three-error axis of theodolite with the utilization of the coordinate to the variation
[J]. Optics and Precision Engineering , 1999,.7(5):89-94. (in Chinese)
HEARN D,BAKER M P. ( Y[M]. : ,2002.
HEARN D,BAKER M P. Computer Graphics (Second Edition)[ M]. Beijing: Publishing House of Electronics In-
dustry. 2002. (in Chinese)

; , . (1. : ,1996,14(3)
429-432.
YUE M.,OU Y L,QUE ZH H. On imaging-stability precision and optimum design for infrared-image homing sys-
tem[J]. Journal Of Northwestern Polytechnical University. 1996, 14(3):429-432. (in Chinese)

1979—>, s

’ °



