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Abstract Acquisition, pointing, and tracking is an important component in space laser communication. It is the
premise and guarantee to normal work. Line-of-sight initial alignment is researched in detail and initial alignment
model is proposed. Coordinate conversion method is used to solve alignment affect to azimuth and pitch angle, by
compensating position change, attitude varying, difference to installation datum, initial zero inconsistent. Calibration
method on initial alignment line-of-sight is proposed. Acquisition uncertain area and alignment accuracy are
determined according to error theory. In dynamic aircraft to aircraft, the initial alignment performance is tested by
using the parameters of position, attitude provided by double antenna global position system/inertial narigation
system (GPS/INS). Area of uncertainty measured by observation camera is 10 mrad and it is consistent with
theoretical analysis results.

Key words optical communications; initial alignment; coordinate conversion; area of uncertainty; double antenna
global position system/inertial navigation system

OCIS codes 060.4510; 030.7060; 010.1330; 040.1520

YriE B 2013-11-13; WeRIfEecim B #A: 2014-01-03

EL£WB: HZK 863 1% (2012AA0042)

EE® . B BA977T) B W B R, BN S [IOGEAF O A I S5 T T AT 5T .
E-mail: gps. ins@163. com

IR SCHL T RRUOR £9 %% SR i 1R O AP I S 24 1P R www. opticsjournal. net

0505009-1



# ot

15 F

ZE FFOEE F RS d T RA R HE R BN AR
AR 2 VERELT TG v R 451 2 110 i B AR 7Y
bR SRS SUR AT Tz B RTE g%
i BRER (AP 1~ R G0 25 (A O 5 R G000 B 224
D e LB ) o i S i R T 7S R PN
B, 2001 4F 11 7, SPOT-4 fIR#L T2 S5 4 25—
IRBOEE (5 20 5 ARETMIS 5 8 1L 15 20006 8
5 20 S I S A )£ L S O APT R Gtk
RERRIE . MUARIARR 12 APT RGETT IR TAERIEH
— 2B R R A B R S SCHRES TRF 5 b THT i 1 A5
AL A5 AR GEAREOAR I 45 T P 13 1 28 i 1L
S0t 4 16 B TR 5 SCHRL 6 )i Bl 4 BR 52 AL R 48 (GPS)
SRR BR 5 1] - T RO A SR IR 1A AR A R
AL D RE s SCHRLT JET X5 Ot 38 15 B 8% F R0 45 . 25 5
23l GPS il 3 B AL G- 1 — PO 4 L b 45 170 7
¥ s SCHRES 168 FH B 1 S 0 & 1F (INS) 15 GPS 4 &
VERHIIG T 17) 3 58 % A - X % 48 20 0SB L 48 ol %
25 AR R AEREAT 12T I S R 3 I 3 5 5 5 3L
BRLO TS B T Lt i (RO a5 55 3, I 40t 17—
ML A ) R 22 B IETT i

A Ik b P A AT AL D B 4 1) R S RO
ARG — T BEEAR A SR ) R G A
B ZH R AT IR L g A T A 1) BT K A A 1 I
D75 AR AL RAL Bl 25O 8 15 T8 7 S 58 Hh 58 I
I8 17 1 BB B A6 1) 05 BE A A

2 AMEPOCHG RS

23 [ALEOG I AE 2R G #ie HOm AE B AT LA 43 Dy o JiE
PE ]/ BRI (IM/DD) A AR 38 15 07 i A . 3
A WAEWE 1 FR, mE 1 TUER. BT
PR 5 2T 2R A 3 A5 A T A — B, LR A i AR A
A—Fr, IM/DD i >R F A5 F5 06 A A5 6 AR ] B
EAERUERRE KB E RO B E, A LR E
FRG IR 5 A 43 R AR 6. i A TR SR G
R bRt A A5G 58 el 2k AR, k. =
HEGEH VAR R R B AR S T A 2R
R FLA) 6 48 ] 38 53 T A AT AT 25 S 0 A2 38 £ A0 2
AT U5 2y B 45 0] 38 15 X 5 B R A 1 g X
(FOW . AR ZEWME 2 fin. JEEE
TECHME Ol BRI BT ML T EE
KT TESE A GE 0 20T o A T A s 5 48 T 53 400 4l
AR5 L F FIAREAND 1 oFF AR (S S IR Bl B A

AL A6 % LT UR BEFE - 35 [ X T7 . =R B
(B A VL IR S BOR U SC . R K
ATLE R R A SRS RERE LR ER.
Hofts~F- 5 0 5 38 3o e 1] B 7 4R A

initial pointing ‘ ‘ initial pointing ‘
‘ spatial scan ‘ ‘ spatial acquisition ‘
JC JT
coarse beacon accquisition ‘ heterodyne tracking ‘
and tracking { }
{} ‘ frequency acquisition ‘
fine beacon acquisition
and tracking {}
‘ phase locking ‘
transmission <} -
communication light ‘ homodyne tracking ‘
== =
dynamic communication ‘ dynamic communication ‘

IM /DD communication coherent communication

K1 wRhE £ 7 i A 1
Fig. 1 Flow chart of two communication modes
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Fig. 2 Schematic diagram of initial alignment
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Table 1 Parameters of initial alignment

Error Remarks
Altitude error 2.5 mrad Yaw: 2mrad; Roll: 1 mrad; Pitch: 1 mrad
Average flight speed: 300 m/s; Update rate: 50 Hz;
GPS/INS update rate error 0.4 mrad
Shortest distance; 15 km
Height location error: +5 m; Position location error; 2 m;
GPS location error 0. 77 mrad

Servo-turntable pointing accuracy 0.2 mrad

Platform stabilization accuracy 60 prad
Pointing accuracy 2.7 mrad

FOU calculation result 8.1 mrad
FOU estimation result 10 mrad

Shortest distance 15 km

Dual passage resolver system

Suppression low frequency disturbances by gyro servo stabilization

Derived by formula (9) with 16 (double-sided)
frou =36 (double-sided)

Consideration margin
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