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Abstract: In order to provide inspection standards for GPS-based orbit determination data of CubSat
and realize high-precision orbit measurement, a laser cooperation target which weights 108 g with a
field of view of 360° and ranging accuracy in centimeter was designed by distributing three miniature
laser reflectors with aperture of 1.0 cm at all surfaces of a standard CubSats with dimensions of 10 ¢cm
X10 cm X 10 cm. According to the additional phase lead by dihedral angle error of the cube corner
retroreflector, as well as surface-shape errors of the reflective and incident planes, distribution merits
of the cube corner retroreflector in the far field was analyzed. Then, the effective area of the laser
cooperation target was calculated based on the distribution mode of laser cooperative targets on the
satellite. Furthermore, the returned photon number of the laser reflector on the CubSats with

different orbital altitudes was estimated by the laser ranging equation, meanwhile the accuracy of laser

Wi HE:2016-12-27 ;11T B #3 :2017-02-08.
HeTH:EHAXHAB 2L KT H (No. 41274189); | [F iy 7% 5 7B BF 98 FF Ar K £ £ %W B W H (No.
1S201226038, No. I1S201506210)



1706 e K% TR

%25 &

ranging was calculated based on the mass-center correction model of the satellite. Finally, a ranging

test of pico-satellite laser cooperation target was performed. It is verified that 1.0 ¢cm miniature laser

reflectors loaded on the satellite can reflect enough laser echo signals. The result indicates that the

distribution mode can provide sufficient echo signals for CubSats running on 250—1 000 km orbit with

centimeter-level accuracy within the laser ranging, which meets the requirements of CubSats for light

mass, flexible distribution and high ranging accuracy.
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Fig. 1 Sketch map of satellite laser ranging
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Tab.1 Technical parameters of cube corner retroreflector
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Fig. 2 Possible distribution of retro-reflectors on CubeSat
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Fig. 5 Far-field diffraction pattern of cube corner

retroreflector

2.4 HEXNBEHRRHERSHE

WO 1A 5 0 5 55 B T e B 1Y) 3G
AR S H A3 A T =, e R TR B X FRE, DA
SEOT VR TR JLAR] rfts S AR bR R 2 Bl A 1 T
BHIEB AT 2 S m G, y AT S A TE
W), AR bR R AN 6 frs

S T B0 &6 FLBR O 1T D BOE
1awﬂmﬁ%ﬁﬂw{2fcﬁ%é¢aﬁﬁ
SR R R AT TR 1 R B AR OR S5 2 1EA
S LI A R T B OE A R 7, 1
FH, MR i A SR I A A R

SR
2 .
/— (arcsin +/1—2 tan’s —/2tan i +/1—2tan’; ) coS i »
(2)
S i = arcsin (Lsin ) LT A=

L 461, A1 SEHEREI 3T 5 3R 5 o 2 A0 0 A R0 R o
T A BUELAE 0~ 1. OGRS A% 09 S0A &R 5t
TR R 28 A Ff1 B 558 4% 00 RH X A R0 52 5 T AR 2

|p=. lh F

Geo-center

K6 sriyik DR RE X

Fig. 6 Definition of CubeSat coordinate system
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Tab. 3  Analysis of measuring errors for satellite laser
ranging system (mm)
PR WRRE  RERE

WHE R oAU A 18 22 ~8.0

Wt bk 98 ~4.5

P ] 18] B ) £ (TDC502) ~3.2

G 15 5 FR I (PIND ~3

[l 2 {7 5 B (C—SPAD) ~5

BibR i 22 (HP58503A) ~0.4

A7 J5 A 13 (cubeSat) ~ 3

G AR iR 2% ~2.2

by B BT E R 25 G I HE) ~1

i B AR AR 1R 25 ~2

[EBHCRE R R AB ER a10

R 22

ZEA N B R 2 ~9.3~13

B bR R 2E WAL I AFAEROL RE B D 3 | LS
JCHE TR 25 R I AR 25 L R AL 2 — 2L TGk
SE T A 22 T AL 5 o B O BE 2 5

4 Foum e I

FRET 20154 9 A 20 H 7 #F 01 43 “KAEN
5B B — AR 20 U TR LR A B
B, o 3 Wi TR WE 10 Frs . EATH MR AR
T L T RAT FRZ Rl 322 A 2 2R B 18 =5
AR B, B RS RS 245 mm X
245 mmX 243 mm, w4 R 5 kg, B 17 AWK

245

10 J TR S5 MR

Fig. 10  Structral profile of pico-satellites
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Fig. 11 Laser echoes of pico-satellites
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