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Abstract An optical system for space rendezvous and docking simulator sensor is designed. The depth of field is
increased by using the hyperfocal theory. The problem that the image centroid of signal light in CCD image plane
changes with changing object distance is solved by adopting telecentric image space optical design. The lateral
aberrations that affect the image centroid seriously is corrected by applying the ameliorative cooke optical
configuration. The system has an optical length of 36 mm with 6 pieces of lenses, all of which are spherical surface
with no special glass employed. For the 800~ 880 nm working wavelength and object length of 0.5~ 130 m, the
design quantity of optical absolute distortion is less than &1 pm with detected precision of field of view approximate
to 10”. The designed system meets the requirement of high precision, low cost for manufacture and fine structure. It
can be applied in the field of high precision aerocrafts space rendezvous and docking.
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Fig. 1 Schematic of rendezvous of two aerocrafts
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Fig. 2 Ilumination of imaging for sensor optical system
2.2 ZTEHZXTKMNERVUFAZRKIZIT A

73 18] 58 23 6 e PR s TAREAE R 28 SR B, 9 51
149 I BH G AR 25 AR A 37 N 25 4 i b 75 AT &
B B9 5O AR I BE B 5 B Ak R e oK B O6X
SCWR U SR AN e Ah I R R AT 23 kI H AR AT 4
AR HIL AL S SR 4 IR BH O K 5 e 5 50 B 4R
T FF DA 3 488 4 ) 58 4 %o 2 R 0 2 T A K I
TR BA O O 1% S0 R RR R 5R Y X (400 ~
780 nm) . W] BE BB H UL 1) JE L A0 I B AR R
i CAEWA Rl 2% 28 G2 N A G 't B8 Bl e
FIATHS & CCD R B I A .

EY s CATS ik BAn CATde e @ B 5
A HE R R B S AR IS H AR AT AR R .
FE5E I B b AR v SR B AR AT S B AT E 5. B
TORFEEMG AT TR H AR CATE bR & XT M
STEW T CAT 4 CCD BUR AR IEFR &R KT 5 St Ho i
B9 7S AAN 5 ) AR B E P DT B R 48 0 88 X H
P CAT A% A0 R B . B BRI A T A R
A 25 E) TR B et VAR 1 A2 (8, PR AR £
T SRR 5 ) SRR AR B R R
B 3 fis .

2 CCD R M5 7R 85062 R ge a4 i,
Wy 5 23 [ v i B AR - T O FG 5 O, A T JEBR Az
R O LT Ly =— 2/ ('F) 4b Hiob f S RS
H.FNRGHG T F 8.0 NREE E 4. T it
AV O 6 TR, SRS RIR AR, ¥

1216003-2



SRR

23 B 52 o 0 H R Ot 2 RGBT

11175 S500E B 8 A 0 PN PRGBS B, R T AR TE R I B
XA PRI B pp iR B A R R, Al R AR Y
FEAREY PN T L, =1, =— f2/F) &,

| entrance pupil

object plane

WL G AT T I 55 m AL TRl S TS L, =
— f7/28'F) &b,

exit pupil

| image plane

B3 I 5 5 s B
Fig. 3 Schematic of sensor depth of field

Jei AL T IO T Ak L 1T S B R G IR B R

— A5 R R SRR o AEL T X 7 A o AR T i T O

2 CCD Frfemi. T PR UE ™ A4 1 55 4 8 A 52 i A

GRS MRS B 2O RO 5 A E 5

62 R GR R Oy a0t Ok i e 4 iR, Al i
PR A R AR b B s kR KT B0 1R A R A 1 i) R

B

1 Bz'
stop

K4 1807 0R R

Fig. 4 Layout of telecentric optics in image space
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Table 1

Main optical design specifications of

space rendezvous and docking sensor system

Specification Value
Design absolute distortion /pm Less than®+1.0
Object length /m 0.5~130
Focal length /mm 20
F number <3
Wavelength band /nm 800~880
Full field of object view /() 32X 32

Surface type Spherical surface

Optical length /mm <50
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