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light suppression technology

Shi Yijun', Xu Ziqi*"

(1. Tianjin Bright Star Technology CO., LTD, Tianjin 300192, China;
2. Changchun College of Electronic Technology, Changchun 130114, China)

Abstract: In the practical application of star sensors, the presence of stray light in the optical system will cause
the star points to be blurred or blocked. Based on the requirements of the star sensor for aperture, field of view,
spectral range and detection capability, the optical system design of star sensor was completed using Code V
software. The final design parameters were 15 mm diameter, 18 degrees field of view, spectral range from 400 nm
to 750 nm, detection capability 5 grade stars. A cone structure hood was designed with CAD drawing software,
shading field of view boundary of the hood blade was 19°, and there were 9 light blocking rings in total. The front
end face was 190.76 mm from the window glass, the front end face diameter was 108.76 mm, and the sun
avoidance angle was 25°. At the same time, the ASAP software was used to analyze the optical system's ability to
suppress stray light. According to the stray light evaluation index point source transmittance(PST), the system
satisfies the detection capability requirements of 5th magnitude stars at a solar avoidance angle of 25°, which
verifies the stray light analysis the correctness of methods and analytical models.
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Fig.1 Schematic diagram of the structure of the star sensor
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Fig.2 Optical system of star sensor
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Fig.4 Radial energy distribution diagram of the detector
22 EXFi&IT
Angle_/("g)oo R AR FR B0 TXEE, SR PR BT e B R
4 AL PDEH YOG . PO R BT E A i
SO RGN PG ER i B LLRIE DG ALAR it
+ 675 M, MRHEZESR (CAnhn TRS B | €L iR 2255 T —
MR 2E . SR G AR 37 £ o B 22 e P T A RO IR &
is B A B IGDEI A BRI A 24, 7S =
' Bt W/ NMATRIETER T, AT A AT AO6RCR, L
PRAEIA B R G AN B T8 5
L 2.5 SR G R G E AR B0 B8 i, A WTE
SO G BRI PRI A S8 B — AP i BE
. . . . WL T RGOSR A A br (KRB i 4F), )RS
-1.0% -0.5% 0% 0.5% 1.0% T HAHIAR I TH ARG .
Distortion ARG SR I BT, DGR M ik it

K5 RGime Lk

Fig.5 System distortion curve

M3z AR 19°, 9 B £456IR, 3 B8 A i i 1 I 8 1
13738 190.76 mm, iz {1 % H 1148 108.76 mm, # ik f

20210015-3



i E ok A2

% 9 47 www.irla.cn

% 50 A

25°, WA R MNE 6 Frw, O E = 4ERAlnE 7 s,

XiF 2% B E AT 0 B R - Dk B R 0.40~
0.75 pm, Y62 A BRLTHT 375 3 %6 99.8%, It 1R 1T BR Ak
FSF AR 0.2%, H2E R EHIREE By 2 nm, 3G E AN
S A R RN ] 8 [ 9 B, v o E R 2
WS AR IE AT =95%.

log(BSDF)

108.76 mm

6 G ARSI ] 3 %

Fig.6 Two-dimensional model of the hood
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Fig.7 Three-dimensional model of the hood
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Fig.8 Scattering model of the hood
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Fig.9 Scattering model of optical parts

BtamS5itE

RGUHL PST iH 50 L BRI 1E] 10 Firzs: (1) 4%
SRR AL 10 1 3 e O 2 AR AL (2) 98 A8 451 T Y 1R
SRR 24 (3) JE S A4 OB IR, 8 8 e L
(4) JELRIB I, FRAF LA BOE IR AT 2SI 1 22 W0k
WYL (5) BB 25° AT I R GE A #CH PST 6

According to the actual model 1:1
conversion to optical model

Y

Specify the scattering model and optical
parameters for each face

v

Creates a stray light source and
specifies the number of rays

Y

The stray light magnitude of the stray
light source on the detector is obtained
by ray tracing

Y

The scattering PST value of the system
at 25° outside the field of view is
obtained

Y

Evaluate whether the system is
reasonable in the suppression of stray
light

2=15.0 3=30.0 4=45.0 5=60.0 6=89.0
Tis: 0.0308% 0.0301% 0.0261% 0.0246% 0.0235% 0.0146%

10 ZBOt T ST gR

Fig.10 Analysis and calculation steps of stray light
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Fig.11 Analysis ray trace of stray light
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Fig.12 Diffraction PST vs off-axis angle
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Tab.1 Different off-axis angle PST of the system

Off-axis angle/(°)  Diffraction PST  Scattered PST  Total PST

25 8.86E-07 5.58E-07 1.44E-06
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Fig.13 Total stray light analysis result of the system
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