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Optical design of large relative aperture and high stray light suppression ratio
star sensor for high precision satellite attitude measurement

Zhu Yang,Zhang Fan,Song Ying,Zhang Liu

(College of Instrumentation & Electrical Engineering, Jilin University ,Changchun 130012, China)

Abstract ; Star sensor is the key instrument for high accurate satellite attitude measurement and flight control. Aiming at the special
requirements of low star magnitude of threshold and large field of view, a star sensor optical system is designed, whose focal length is
55 mm, relative aperture is 1. 1 and field of view is 17°x17°. Optical passivity athermalization design is achieved through temperature
property matching and optimization of optical glass material and mechanical structure material based on athermal glass map method. The
stray light suppression design of two-stage shield and baffles are completed. The simulation analysis and calculation of the ghost
distribution of imaging ray in view field and the stray light out of view field are completed with no-sequence ray tracing method. The
results show that the RMS of the dispersion spot radius for each view field of the star sensor optical system is less than 4.5 pm, the
encircled energy within 2x2 pixels is larger or equal than 96% , the optical MTF in the field of view is larger than 0.6 at cut-off
frequency in the large temperature difference from —35°C to 45°C and the distortion is better than 0. 05%. The point source transmission
ratio of stray light out of 45° avoided angle reaches 10™*. The radius of every order ghost spot at image plane is greater than 0. 8 mm.
The optical imaging quality and stray light suppression of the star sensor can meet the requirements of high accurate attitude
measurement.
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Table 1 Specificatio parameters of star sensor optical system
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Fig. 1  Athermal principle of combination glass
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Fig.3 Optical path diagram of the star sensor
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Fig.4 MTF curves of the optical system at 20°C

TSO0° TS3° TS6° TS8.5°

08 16 24 32 40 48 56 64 72 80
g BT/ um
5 Ot ERGLRERAE AL

Fig.5 Energy concentration curves of the optical system

MTE :0.000 0/(°) MTHi < 3.000 0/(°) 655
83
8 L
s @ O
41f :0.000 mm 4171 : 2.880 mm
T < 6.000 0/(°) MTHi < 8.500 0/(°)
Wi:fgm R0 :5.775 mm 411 :8.219 mm
REIE
Zemax
202_0 Sl/”ﬁl Zemax OpticStudio 16 SP2
: - i 2 3 4
aﬁg% ; 9:115;3 132%?5 : il;;éz; 20:0%
6 RS LT
Fig. 6 Spot diagram of the optical system
SEHU AR 1 05 B g BORS BE ) AS T 42 &7, 5 52

TR S R IR E T AW R PR TR N
RS A A B B AR5 MBS A8 bR A ik
FREUE 5 UL RS [FI'G 2 3 55 0 37 56 3 0 B R kA T T
BE A Ak , 45 PR 28 ) B 1) 3R 32 O % 0 A B M2, S B
T =35C ~45C We¥ Rtk sh b i, o
8~10 Fizn, MBI & T R N4 = 5 Kk
R, FE 80°C Y Il 22 Y T N, 45 B2 T A O 27 A% 38 bR K
5 20°C L, JoB & TR, 78 550~ 750 nm 3 B3 FE S Y
M2 AR i AR AR



110 K W S R TR A A Y AR LA 2 L R USRS AR T 5
os it g, FTan(Thete)ide SEIUARE A 22 207 MR ZE 2 m ORETRRS B, aE 0 5
o] W - 5 BB T H R 4 2 HEAT AT, 1 T2 9 2 25 %4
cor N\ sof (111 Sy G RIR TR BRI 11 T, 90% KO BE O
7 4ol sof SERGE MTF 5T 0.537, 25 LRk, B MUS Ry &
N R ol SR T RLBEF | 5 A B bR 15 T T S B 0
| | R,
05 0 00 o5 o 0.05 10

K7 St R Gyl bz ih £k
Fig. 7 Field curvature and distortion curves of the

optical system
10~ TSO0° TS3° TS6® TS8.5°
08 F

0.6F

OTFHE

04}

021

62 125 187 250 312 375 437 500 562 625
ZE AR /mm

K8 35T Rl B2k
Fig. 8 MTF curves of the optical system at —=35°C

10 - TS0° TS3° TS6° TS8.5°
' |
@ 0 6 -
g
5 04r
02}
62 125 187 250 312 375 437 500 562 62.5
ZE )5 i 31/mm
B9 0CHE#RGAL 8 R 2
Fig. 9 MTF curves of the optical system at 0°C
10 ) TTI(V‘ Ts3“ TS6° TS8.5°
wl e T
Fu|
0.6
2
o 04
0.2
0

62 125 187 250 312 375 437 500 562 625
ZE A B3R $/mm

K10 45O R Gt id R it 2k
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