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Abstract; In this paper, we take for space-based surveillance as research background, and mainly focus on
opto-electrical acquisition tracking and pointing( ATP) control technology. For multi degree of freedom control
process including adjusting posture and changing trajectory control of satellite and opto-electrical tracking
frame control, physics model of spaced surveillance, opto-electrical ATP control system scheme on satellite
and television tracking precision are analyzed respectively. By these analyses, we not only have a clearer un-
derstanding of multi stage, multi task and multi mode switching control, but also obtain a more comprehensive
understanding of key technologies involved. These analyses have a certain guiding role for design of opto-elec-
trical ATP control system on satellite.
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Fig.3 Opto-electrical ATP control system on satellite
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Fig.4 Coordinates of opto-electrical ATP control system on satellite
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Fig.5 Control system, sensors and performers of adjusting posture and changing trajectory of satellite
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Fig.6  Control system, measurement sensors and performers of two-axis tracking frame
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Fig.7 Three closed loop and high precision control system of current, velocity and position for one axis

3.2.1 Hrikihk

s | S5 B . S T AE, AR &
IR BY T3 8 A0 7 R G RARI BARE B X
FAEAAE B br, R T 3 A 75 18 4800 mi JHL At Ok b
W25 07 R 15 09 BARME B, B 3k A5 2 ok
AR AR S A AR XL ) LT S
B AR R ER AR B AR PR 2 N, LA 3h
ML 2P PR R R e R, DA ol 2 o B P
BARARAS 5T bz — S B BR e L 3k ) A e
() R VA it 25 S A R REHE A R A o

H FEFFIR I R A A I 45 5 55
RAFRES M5 B Hie AU T4 R T,
WHETE BBUIE AR e 5 1 O XU ol e
HhittT B 2R ERE, — B Bt AR, K58
AL FIREE AR, A FFFARIE R AR
JGIEAE R AR AR R
3.2.2 #ERIE

3 b AR R I WA s B R A AT, TR B
SR FEOY TR RS EE MG B
— T PR B R, P BRI, X
RS, AR B9 BR R H AR 6w iR
W55, AR A 2 sh R IR R, AR TE
JIr e i) 4 IR R 38 4 ) 2R ety B Y0 LN AT AR A
BN HE GO T ARG —E AR E T

(1) BT IRPERE IR )7 AR IR R 58

P T e B A B MR LA PRI M 2 ) 1%
P A REAE F B i Sh R R Bl 800, 7R 4L 8 R
B OMLEk Bk R WSS £ e iR

ERYEH RGP HAT TR . XA RS IR
W 45 il SR AR B 45 F AN ] 2 2 A5 P 5 5K
FAEAIRER A 3 At

-5 SPE IR A E B2 ) R 4« PR IR T BR
EROESCHE- 6 USSP UL, AT AR R BRI 5
V-G IR W5 5, (A AP 5 U 2 R 26
ASCHNT5 (S Bl ) 4 o T REC R R, R el S S A, ek
X S BEA T AR A B T O T

LA PR IRAE E BRER 42 ) R 4« PR R T B
RS A L SRR ER AT AL I R A5 S T
PPRAT R 2R A A AP 45 S, R T

SR PR IR AT E BB 42 ) R 48 PR IR T T
EARSIREAE- & SR LR Z S MG
S T TRIEEOE g R 5 T i A R i B
R P R B 2 A A M 5 S, R BT AR
HAE IR RAE AT A L (H FE IR Ak AL
HRE S BOR B , HATIE AR

(2) Z T L A2 4 A 7 3000 AR R R BEE 4 o)

M BRSE A Lo M, 45 T BB | AR
R MBI A A ], 5 04 ) 2R G i
A, RGEAT S . JCie R B FE IR AR
SE BRI R G, i SR I BERR P BRAR E BRER R 4,
PERITTIF  BRER R &, LR VAR 20
FRGEEOR IR, BRI 52 R THUIRE
PRI 2R G T JRE Aty i A B, e 2 2801 L R B2 ) v
SR S MELU ], EFEIRAA R IR IR i



% 6 3]

FTLEE A R B0 L A SRR I v R B B 885

T PR E AL E, L, 3T pE R Oy AR
T PR ) 7 S AEAE — B BRI

A TG L A BR B A R A A B R X H A
FEXTIZ SR BRI, PR, AR O H RS R G AN H A
iz sl REPE AN B A ST A AR AT A CCD g
W WA X 2 s B, BN AR e o R . It
AT Ah Bl B RO P A R A
SOBAE SRR AG S . Btk R
THEE I R G AR B, JEAS AT X 3R ) R 20k
F R B A K B3 O R AS E, E R, R TR
FGEP RS BREE 0 2 G AR TE G IR ER Rt b
R TARGF M R A AR — )
SN T RGN AN I 3 H bR K A5 S il 7 R
FLERER , — PR Bk IR i 2R G Xt 3 R GoHLER
BARREGTHAT/ MR IR, FREAF R

SRRSO FN g 7 A T ERER AR BT AR £
H0 E AT 43y BRI 25 F0 R % 79 iy =X 43 1)
WME 8 (a) (b)) FR!"™™  HTHIHNERSE S
T RGUAE IR EE A V) et B P 7 1 MG A% IR
AL 5 A bRAE B 48 0 vh e | B R al i 1
FIER BEARAILES il B AR B &K X AR ML E
A il Sk BEORAR N A2 PR e A
A PG RS BB

KT R T RGN A S, 75 B R R
IR RRG B A5 TR, T AR Gy iy | RS R
s, FARMERE R, Rk, B BT A X4
E S HE TR B B ) 3 T M AL AR E AR
MR ARG RS R B T —E %
BRCR

K8 EEhhiER R

Fig. 8 Compound-axis control system

3.2.3 AAEEE

LA AR ] WO H A S AR B O
F AR HR T LI 5575 50 T ARy s 3 9%
BAG, [RIEHE Bl T 2% 22 48 0 SO “ A IR 26,
AR HARERIME R 53 4h, A HIBOG I R 15
H AR AT BE B A5 B, 45 A BRI & 4R 15 B

briz sl BIARXT A RE 5 8, Al 24 25 18] H AR Y — 2
BB, — Bl Al A7 592 W] AR E BLEOR
I, WOCHRMAS e R I P A 2, T
HOCIRINBE ) Z TR B A N F L | X BR
FISFHBO BAT 4 1 4 A R )

Fiok L EIAE A AR E BRER R R AT,



886 DG

7 %

PR AT IR R R A SO A A R AT
i R S OB I DR S B 338 1] IR 1) A 5 5 SR P R B2
IRERGIATHLIRER , 5 HPR IR A £ RGO
ML, R i 0 e A PR S g ol o T e, e
i P R S B il OO TS 1), AR T R SO
BERGHL 5 AR I $0 i 22 (B R RE/DN, LA 2 1t
GRS AR H bR e A, OO BB B
R RE T R RO R BRI ZOR Ik 8 (o) FiR' . 5
PR RS S AR E BRI P R R U L, IR0

1) 523 AR BRI ) 2R 8 A R DM 745 1] i ] 73
FUARTR PR R G BE B BT O i B LE B ABORS B B 5L
SOP BN Sy SCHR[ 1] B Al B o
IR A A R T R LA T T AT

4 SRIZAEE 5T

T RS IS R R B A H N o LR R
R 2 ' H B B 8 A 1 — 0 T B M R AR T
RN A I — B AR R G O AR
A R KA ZE R PP, T B O i BRI I 7
AR, JCIE R PR SR AR 1 ) R gk R A &
A ERS NTES NN 13859 3 2 e S )
R RN R SR EU B NI B S i

TR B AR G Y IR RS B 25 5 RCR T 46
ROT LA dE 1 5 B AR LR i AR X e A, RIVA SR Dy
F R P R A R (R B — i B (S
SR LS e 4 Ay R 25 BT OS2, R TR
G B AT R B, FL AR 40 T B Y iR 22 ]
T E I ARG 5 BRER DR 22 (A R 7 152 22
AR 2 ) AL RARRERZE (CCD HHE
AR BRIBGER 22 TN B 15 5 R AR 1R 22 ) HLMEUH &
DRZE (LIRS 28 | A AR S R PLARIR 22) 45
FIARBRER DR 22 5 H bRz sh 4R IEA 5%, 38 # T 5
TE BRI R GET T, BRER—E LB B AR, w] LIk
) iR B R | T A R B AR MR Bl F PRI e
SPGB R A2 A BB i ML Bl
FURRIS, ] BE H ] Al 22 G0 13 BE 1 i Mk LLBR S

5 R RN ZS IR AT, 5 MU T B AT FL | FRAR
RO BRER ZR A T R A, EUR ol T s )
(BB 1) 1952 Wi ol 5Bl 28 4 ok Ak 149 1oz 3 93 A1 A
AR Ak T el A 2 D RE R R R 2 K R A A

[ 3 JBE )72 A 2 52 W) R B R R AR Y | R A e il
o 2 P JEE 0 A 2R R 2 e A AR Ak, — B R AR 3
B, TP 2 A8 728 AR S i B SRR | T 23 5
fRIMRPER R G MR ER IR 22 . T3 A, 6 S RS Al
JEARAEXS G A A B T R R i i — S
W, R AT 5820 280 D1 2 G A M 08 k00 2 8t 00 42
BRI R R GERIPERE , bR T IR RSN, b
B—E PRI

5 XEHEK

ARSCELAMGE TR B 2 ZOGH ATP
B RGE TR AR —DRGE TR, W R,
Pl B 2R R 2 R e AR B
(1

(1) 6 ML i — i o T X B AR 17
BAZWRI | 75 Z A AT IR R AR R e T ot
G050 TR RGPS G B AR R AR R 75 2
i TR AR AR ' e B B 20 N B IR 4% B DL 45
PEAT A A e o TR RS IE W TR BdE B
IR AT, 7B AT SR T R G R
T B AEHL R — R 3, JE St LR HOG R ATP
P A 1A

(2) 23 AR5 vp B 3R 4 1 DR AP i T 25 1]
I8 T o LA ) R 2RO HAFLE
T A PH T S 4 5 v R R T S R A
F S fE AR R REAS 2R G RS AR
Ko P23 R RRR RS 10 5, AN T L BURR
FlbARE IO 75 B R IR I 7 S 1 i

(3) LRk 5 B B Al . AR R 5¢
JECHR AT, 1 2R 0 i A A 20 v A e X i

AR, bl B ADGH ATP # R4

TWERELMER (EZEHE AR FHE 8
M RFGEE R W TR AR R BRI 4 A
75 \CCD EIMR(5 RB4AF) , X Se {5 B nl @ i A6 . Y
T o A JER AR A AR, 1t Lo ) — ol £ B A 3R v
RESRIR T 2 Fh I 5t A2 B i | PRI I 75 2 R FH 0
A7 ARG A R L

(4) BEOGH ATP 8 9 12 61 S . 43 B 7] 1
DG HL ATP 2 il 75 AR 4 £lal Al & 1 U= 2.
Sh4 TR AR AR M IR B 2R G S I I, SR [y



% 6 3]

FTLEE A R B0 L A SRR I v R B B 887

B2 AT 55 22 AU 45 ] SR s (23 B 0 e
W) X T B PR AR L A A RGO AL B
B2 T M BE CAISR H B L8 R %

(5) NP 2R Gedh & . —Jr i, ng G v R A
B OEHL S5 Sk 454, AR K Bl BE B BR 4
Eomsg x el ) s 55—, AE oy —Fol
PRI 2 , ml B 45 L R BRI I, LASR
Ao AT 1923 () HAR S FVBAE B

6 % RiE

RSB T 1T 22 5 S R 1) 1 P B2 R
TE TR S5 X238 [z 3 H AR T KA
ML I B BRE BN — TR, AR SRR
WA BT FETE 5, 32 2 FI S8 R 3k L i 2 0

SE 3k

HLATP 6l H R RIS, TR &
AT, TR AR I 22 AR B 40 s T AN ], A
BHOGH ATP R AR T, DA FE 2N
T AE DA I 28 S A 5 (50 AN 1t A2 [r] R, — i iz
FRAESD M TR R T KA
Bl (R ER 2R AL A A B ) | — M7 A2 B il 2R 5
TR FL A . PR, AR SO 00 T 18
BRSO 2, TR AT T B R BR R AR Y
BT I A T T SR 3 ATP
Pl RS, MUl 2EOtR ATP &6 AU
— AR i L R B — R A%
TF ARSI (5 B A F8 445 LR S5 G H
R,E—TEERGE TR, SHIW LR
FARFN TRE I, A 5 AT IR A R G AT T

(1] Fpakir. TRBOLEF A0 R UMM HERRERBORDITE [ D], /R iR R Tolk k%% ,2010.

ZHENG Y H. Research on acquisition pointing and tracking of satellite laser communication terminal[ D]. Harbin:Harbin

Institute of Technology,2010. (iin Chinese)

(2] 4L, F ok B, ¥ S DGEFEE G APT REE[J]. £9h 5% 142 ,2011,40(7) :1333-1336.
LI R,LI HZ,TANG Y F,et al.. Compound-axis APT system in space optical communication[ J]. Infrared and Laser En-

gineering ,2011,40(7) :1333-1336. (in Chinese)

(3] 4H3, A4, E0 ¥ . 2 IHOCEETFILRE R B[], # B % 2012,5(2) :116-125.
FU Q,JIANG H L, WANG X M, et al.. Research status and development trend of space laser communication[ J]. Chinese

Optics ,2012,5(2) :116-125. (in Chinese)

(4] #hoZR 3hek. BRasi BARb i BRE A SRR R Gk [J]. A v 42,2004,31(12) ; 8-11.

(5]

(6]

(7]

(8]

(9]

[10]

XU X Q,SUN H Y. Design of a spaceborne angular velocity servo system for electro-optical tracking of space targets[ J].

Opto-Electronic Engineering ,2004,31(12) :8-11. (in Chinese)

oA AN A . REOGHURER R G AR S EREFR PRI T]. SR 5403 ,2005,27(3) :46-50.

XU X Q,SUN H Y,LI ST. Composing of spaceborne electro-optical tracking system and design of its performance index

[J]. Optical Instruments,2005,27(3) :46-50. (in Chinese)

Fo . BEOUCHRIRER RGAEHIBORIIFEL D], P94 . o E Rl B 6 2644 3 BT 52 T, 2006.

DONG Y Y. Research on electro-optical tracking control technology on satellite[ D]. Xi’an:Xi’an Institute of Optics and

Precision mechanics of Chinese Academy of Sciences,2006. (in Chinese )

B ke T, B BRPOCHIRER RGBT BT )], B B F 3 R ,2008,17:34-36.

LIAO SH,CHAI J G, WANG X H. Analysis for tracking accuracy of a space-borne electro-optical tracking system|[ J].

Modern Electronics Technique ,2008 ,17 ;34-36. (in Chinese)

A% A B BREDCH IR OGBS [ J]. aosh Bk T 42 2007,36(9) .67-70.

LIU W,HU Y H,WANG E H,et al.. Study on key technique of spaceborne electro-optical tracking[ J]. Infrared and La-

ser Engineering ,2007,36(9) :67-70. (in Chinese)

R MR EARAOT [ M]. et P EREEEOR 1 R, 2011.

PENG CH R. The System Design of Spacecrafi[ M]. Beijing:Science and Technology Press of China,2011. (in Chinese)
Fe A, A U SR B I R AR S BT[] AL 3 ) 5 4R,2009,24 (1) :235-240.



888

Hh[EDE2E 5§57 %

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

QIN L,YANG M. Research of vibration suppression in the precision real time pointing and tracking system[ J]. J. Aero-
space Power,2009,24(1) :235-240. (in Chinese)

FAME, AR, B, . RO R R P L MR R R DTS (1] 6 T42,2005,32(1) :16-35.
HUANG Y M,ZHANG T,MA J G,et al.. Study on the control of a current loop in a high-accuracy tracking and control
system[ J|. Opto-Electronic Engineering ,2005,32(1) :16-35. (in Chinese)

FBCE. T DSP RYTCR ELR A AT IRl 5 AE SE WK ST ST D] T AR R TR, 2012,

WEI Q X. The research of square wave and sine wave drive for BLDC on DSP[ D]. Guangzhou:South China University
of Technology,2012. (in Chinese)

XA, EARE PR PR S RE B MR RIALT]. F B RS ,2012,5(5) :537-543.

LIU T X,WANG W G,CHEN J. Position arithmetic for a vehicular inertial stabilized platform[ J]. " Chinese Optics,
2012,5(5) :537-543. (in Chinese)

e ST R IR A EOL L 22 SO E BARTTE [ D). KA PR B KA C i S5 ) B 5T
2011.

CAI L. H. The research of line of sight of gyro stabilization technology of carrier-based electro-optical theodolite[ D ].
Changchun ; Changchun Institute of Optics,Fine Mechanics and Physics, Chinese Academy of Sciences, China,2011. (in
Chinese)

Sk RS, P b ALEOG HUBRAN P (5 58S S IR ER R S FE (1], ALt 2003 ,3:3842.

HUANG Y,LV J F,LU G SH. Research on methods of stabilization & tracking control for an airborne electro-optical
tracking & pointing platform[ J]. Aircrafi Design,2003,3:38-42. (in Chinese)

Rz, 2474 Sk L RBF 5] kAR R 5 SRERHCR [ M. Jbat: W7 Toll i ik, 2010.

ZHOU R Q,LIU X H,SHI S X, et al. . Stabilization and Tracking Technology of Strapdown Seeker[ M]. Beijing : National
Defense Industry Press,2010. (in Chinese)

ik E B SR SRS I RGN E BORDIFE[ D] KD EB R HR K2 ,2005.

HU H J. Line-of-sight stabilization of acquisition , tracking and pointing system on moving bed[ D]. Changsha; National
University of Defense Technology,2005. (in Chinese)

x5 OB ER R G0 A AR IR P BRI PTFE [ D] KA b B R B K AR 2 R LB S W LA 5 O
2005.

LIU T X. The research of compound-axis servo control technique of O-E tracking system[ D]. Changchun;Changchun In-
stitute of Optics,Fine Mechanics and Physics, Chinese Academy of Sciences, China,2005. (iin Chinese)

EEEN

LT (1986—) , J5, BR P A7 2 A, 4
-+ W5 2T 51,2013 4R T i [ RL A B
KA W5 5 DL ) BLF 5 o 3 A
(IR e VANE SN (e = S L N P ]
AR 52218] s LR I7 i ik,
E-mail ; wangweibingl 0@ 126. com

FHEWE (1977—) , B ILRSCE N,
=+ WF5E 5L, WA § 00,2005 AT E
Bl B 6 R B P S ) BEF 5%
R R e S VAN N 8 S VAT Erd
AR5 E M A B AR T B B 5T

E-mail ; wifeng@ sina. com

HooHh(1964—) T HERKE N,
e BFFEBY, A 00, 2007 AR T
FreBe K A a2 R % HLC-S 4 BT 7S
FRAFAF A= AL, 32O 4
AR BB AR B R U5 T BE 5T, E-
mail : guojin1964@ 126. com



