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Extend-beacon tracking for deep space optical
communication based on phase-correlation

MA Jing , XU Ke-hua,TAN Li-ying

(National Key L aboratory of Tunable L aser Technology,
Harbin I nstitute of Technology, Harbin 150001, China)

Abstract : A extend-beacon tracking method for deep space optical communication was proposed , and
the operational principle of the method was given. By storing a beacon image in aircraft as reference
and regarding actual beacon image as the sum of reference image and additive Gaussan white noise,
the values of rotation and trandation for beacon image were calculated according to phase correlation
and DFT (Discrete Fourier Trander). The theory analyss and computer ssmulation show that the
tracking error can be constrained below 0.5 pixels. The computer smulation based on different SNR
(sgnal noise rate) indicates that the change of a calculation error is little, it shows that the method
has the advantage of rejecting noise and it isafeasble strategy for deep space optical communication.
Key words: deep space optical communication; extend-beacon; Discrete Fourier Trander (DFT) ;
phase-correlation

:2005-07-20; :2006-06-18.



516 14

(mo, m), 8o,

R:(m,n = R(mcosBo + nsnBo - no -
msnBo + ncosBo - o) (4

R € n) = R€ cosBo +NsnB, -&9n0, +
ncosBo) - exp[ - jAT€ mo +N ) 1, (5)
[1]

12€ N) =1€cosBo +NsinBo -& sinBo +Ncosbo) ,

(6)
@0) =100 -60) , (7)
pm p pm M 2-[
N |2(0,B)
0.5 M x N l2(mx n)
n =t ©®
l2(mXxn) ,
(8) [2-3]
2
M X N (7)
, r(m,n),
(Mo, o) lz(m,n) =1(m,n- ) +g(m,n , (9)
rn(m,n =r(m- mo,n- ) g(m, n)
m=0,1, ,M-1 , 0
n=0,1, ,N-1, (1) no fo ,
,ri(m,n) I(m,n- %),

REN)=REN)exp[ - jAT€m +Nn) ], (2 2 (ki k) = 1 (ki , ko) exp () + G(ki, k) , (10)

(ki k) = 1(k, ko) exp (ip) . (12)
R(Em.Rlz(En) —exp(jATEmo M) . (3 0k kz)—-M-rb—-kze (12)
IREN) - ROEN)| N = o
_ Ak _
5(m- m, n- ), @ (ki k) = - N cfo= - kB . (13)

1 (ki k) l2 (ki , ke)



3 517
Clki k) = l2 (ki k) - 12 (ki ko) = Ax Ay
|1k k) | “exp (ip) + D= x- x=CubeCubs (24)
G(ki, k) - 17 (ki k) exp(- ip) , (14) e
By=y- Sy:CciyE--ci:cyE (25)
ki k) =@ (ki k) - @ (ki k) = - EE
ke @o-00) = - kMDy,  (15) )
0y 0, . Ex:aa_le(m,n)R{(m,n) =
[4] 4_[_2 M-1 N-1 , ,
M- 1 N-1Re{ C(kl kz)} (16) Mz nZan | R(m,n) | Ax +
. 2o f\'/l‘T—Nznzmm R(m,r) [y +
8“0:0_&%}2;%{(:(&,@)} = 2 2 mn 20
M-1 N-1 ) syzgﬁa—Rl(m,n) R (m,n) =
Zkzzkzl (ki k) |°Sin® + yM_lN_l
MRS a2 2
M-1 N-1 M N mn| R(m,n) |“Ax +
S E2
%Wznznﬂ R(m,n) [y +
Haa, (ki k) = .3 Rel Gl k) 22 Hy (m.r) . 27)
1" (ki k)exp(- @)}, (18)
Mo ' SNe=9, Hy(m,n) :f—x[e(m,n) RO (m,n ], (28)
(17)
0 .
M-1 N-1 y , = G , Ry , . 29
£, = 3 51 1k ke) [0+ Mo (im0 =g fetm o - R (m. ] (29
e (24) (25 G, Gy, Cy
k]ZkZQHEO(kl,kZ) , (19) Cx:% ’Tzrzrrfl R(m,n) |2 ’ (30)
Gk, ko) 0 5 M-1N-1
_ac P 2
(18) (19), €, G="\ D 2 Rmn =, (31)
_LZ M-1 N-1 ,
E=ClO, (20) ny_MNnZannl R(m,n |° . (32)
E £s, , Cx AxAvy,
M-1 N-1I<§ , x=%+Ax , (33)
OF 2o el 1 (2D y=g+hy (34)
_E
Aeo—ck (22)
8o =B +09, | (23) 1,
: 1(a)
(3 X Y 1(b)
XY, r 1(c) (d)

(m, n . DB



518

14

€Y

(a) Reference beacon image

(b)
(b) Initialized beacon image

(c)

(c) Thefirst changed beacon image

(d)
(d) The second changed beacon image
1

Fg.1 Smulation resultsof tracking mode

1
Tab.1 Smulation results of tracking model

©) X Y

15
18

15.26 4.0 4.00 3.0 3.00
18.28 5.0 5.00 4.0 4.00

(5]

0.5
250

0.5,

2

Tab.2 Smulation results of tracking model

©) X Y

15 15.38 4.0 4.0 4.00 3.0
18 18.41 5.0 5.0 5.00 4.0
1 2 ,
H O. 5
0.1 mrad,
10d rad, 2 rad
0.5 mrad, CCD
500 x 500 ,
1M rad, 0.5
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