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The micro-nano design of a high-precision star sensor is studied. Point source transmittance (PST, the ratio of the
irradiance generated by the external field source on the image surface to the irradiance at the entrance pupil) is used
as the evaluation index of stray light suppression ability, the stray light suppression theory of star sensors is ana-
lyzed, and the mathematical model between stray light suppression ability and detectable magnitude is established.
In view of the limited volume of micro-nano star sensors, a new design principle of combined anti-stray-light design
of the baffle and optical system is proposed. The high stray light suppression of the micro-nano star sensor is real-
ized by using the imaging optical path design of active stray light suppression and the design of a conical extinction
cavity, which breaks through the technical problem of coupling system volume and stray light suppression ability.
The results of the simulation and on-orbit experiments show that the star sensor based on the joint stray light tech-
nology can achieve a PST of 2 × 10−8 at the avoidance angle under the premise of limited optical system volume,
and it has a stray light suppression ability of 6.5 magnitude stars. ©2021Optical Society of America

https://doi.org/10.1364/AO.411134

1. INTRODUCTION

Star sensors are astronomical navigation devices based on star
recognition. So far, the star sensor is the most sophisticated and
minimally drifting space attitude measuring component, and
it has been widely used in aerospace, guidance, and navigation
applications [1]. Since the birth of the first star sensor in the
1970s, accuracy improvement has been the most important
technical issue in this area. At present, the most accurate star sen-
sor can reach subarcsec attitude accuracy, while the mainstream
high-precision star sensor’s accuracy is better than 3” (3σ ). Due
to the development of the satellite industry in recent years, the
trend of spacecraft manufacturing has gradually been trans-
formed from large satellite platforms led by national missions
to small satellite networking modes led by commercial compa-
nies. Therefore, the research and development of micro-nano
star sensors for small satellite platforms has become a major
research direction. Meanwhile, due to diversified requirements
of commercial satellite missions, the precision requirements of
micro-nano star sensors have become increasingly stringent,
and high-precision product categories need to be achieved.
However, according to the design mechanism of the star sensor,
there is a coupling relationship between system accuracy and

overall size, so it is difficult to achieve micro-nano design of a
high-precision star sensor.

Based on the design principle of star sensors, the accuracy
depends on the number of detected stars, so the detection
sensitivity is an important performance indicator of the star
sensor [2]. Key reasons of why it is difficult to accomplish micro-
nano design for traditional high-precision star sensor are as
follows. The actual working environment of the star sensor is
often under the stray light coming from the Sun or the Earth,
which causes strong background noise. Therefore, in order to
detect high-magnitude stars, methods such as increasing the
optical aperture or lengthening the lens hood are usually used.
Although these methods can effectively improve the count of
signal electrons, they will also lead to a significant increase in
system size and design difficulty [3,4]. Therefore, the influence
of stray light on the star detection sensitivity is analyzed, and
a design method is adopted in which the hood and the optical
system are jointly considered to eliminate the stray light, thereby
greatly reducing the length of the external hood and the size of
the whole device.
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2. STRAY LIGHT SUPPRESSION THEORY OF
STAR SENSORS

A. Analysis of Stray Light Suppression Ability

In order to improve the accuracy of attitude control, spacecraft
use two star sensors to achieve dual vector positioning, that is,
the pitch and yaw axis with higher accuracy of the star sensor are
used as the control axes of the spacecraft [5,6]. The expression of
pitch/yaw accuracy is

σc−b =
Errorsingle
√

Nstar
=

FOV · σcentroid

Npixel
√

Nstar
, (1)

where Errorsingle is the accuracy of a single star measurement,
FOV is the field of view, Npixel is the number of sensor pixels,
σcentroid is the subdivision precision of centroid interpolation,
and Nstar is the average number of stars detected within the field
of view. According to Eq. (1), the pitch and yaw accuracy of
the star sensor are mainly determined by Errorsingle and Nstar.
But the single star measurement accuracy is limited by the per-
formance of detectors, so it can hardly achieve technological
breakthroughs in the short term. The improvement of overall
accuracy of star sensors is usually realized by increasing the
number of identifiable stars.

The number of identified stars is determined by the FOV
and the detection sensitivity. The number of identifiable stars
is proportional to the FOV, but the increase of the FOV will
reduce the accuracy of single-star measurement. Therefore, how
to improve the detection sensitivity becomes a key technical
issue for the star sensor. The detection sensitivity is determined
by the optical system signal-to-noise ratio (SNR) [7], whose
function expression is as shown in Eq. (2):

SNR=
s√

s + B +
∑

N2
ele

≥ Vth, (2)

where S is the count of signal electrons, B is the number of back-
ground noise electrons, Nele is the number of noise electrons of
the detector, and Vth is the signal-to-noise ratio threshold. The
number of signal electrons is determined by many factors such as
the detection star magnitude, the aperture [8,9], and so on, and
the relationship is expressed as

S =
Al · τ · E0 · 2.512−Mv

· t · Kfill · QE
Eph · N2

, (3)

where Al is the entrance area of the optical system, τ is the
transmittance of the optical system, E0 is the irradiance of the
zero-magnitude star, Mv is the detection magnitude, t is
the integration time, Kfill is the detector fill factor, QE is
the detector quantum efficiency, Eph is the energy of a single
photon, and N is the diffusion factor.

Although the background noise is an indicator param-
eter during the design process, in order to reduce the design
variables, the designer will not consider its change caused by
stray light, but estimate the background noise as the radiation
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(8)

intensity of a star of 10 magnitudes. However, under actual
working conditions, the suppression of stray light is not ideal,
and the residual stray light after being suppressed by the hood
will enter the optical system and be scattered or even reflected
to the focal plane. The stray light from outside the avoidance
angle will greatly reduce the SNR of the star point image. The
background noise B can be expressed [10] as

B =
A1 · τ · Eb · t · Kfill · QE · a2

f 2 · Eph
, (4)

where Eb is the irradiance of the stray light at the detector, a is
the pixel size, and f is the focal length of the system.

The star sensor belongs to the dark target detection system,
and stray light is formed by light outside the imaging FOV.
When the stray light illumination is higher than the threshold
value of the detected star signal, the star SNR will not be able to
meet the star point extraction requirements; therefore, the maxi-
mum allowed stray light irradiance avoidance angle (the angle is
much larger than the FOV) must be taken as the benchmark to
evaluate the stray light suppression capability of the system. In
the optical index system, the point source transmittance (PST) is
mainly used as the evaluation index to evaluate the suppression
ability of out-of-field stray light. The physical meaning of PST is
the ratio of the irradiance generated by the external field source
on the image surface E i (θ) to the irradiance at the entrance
pupil E e (θ). That is, the ratio of the mixed illuminance after
suppression to the illuminance at the entrance

PSTsys ≤
E i (θ)

E e (θ)
, (5)

where E i is the irradiance of stray light on the detector.
According to Eqs. (2)–(5), the background irradiance of the
limit star when the SNR threshold can be obtained, which is the
maximum allowable stray irradiance at the image plane:

E i = Eb =
f 2
· Al · τ · E 2

0 · 2.512−2Mv
· t · Kfill · QE

V 2
th · Eph · N4 · a2

−
f 2
· E0 · 2.512−Mv

N2 · a2
−

f 2
·
∑

N2
ele · Eph

Al · τ · a2 · t · Kfill · QE
. (6)

The high-energy stray light source in the space is mainly
dominated by the Sun, while the response spectrum of the star
sensor detector is mainly concentrated in the range of 500 to
900 nm. Therefore, the irradiance E e of the solar stray light can
be expressed as

E e =

∫ 0.9

0.5

2πhc 2

λ5

1

e c h/(λkT) − 1
dλ, (7)

where h is the Planck constant, T is the temperature, c is the
light speed, and k is the Boltzmann constant. According to the
relationship between the limit magnitude and the background
value, the PST of the system can be expressed as
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Fig. 1. PST curve under different apertures for different star
magnitudes.

Equation (8) is analyzed by taking the parameters of a typical
high-sensitivity star sensor as an example. The SNR threshold
Vth is 5, the detected limit magnitude is 6.5 Mv, the focal length
f is 40 mm, and the optical system transmittance t is 0.9. The
integration time is 80 ms, the diffusion factor is 3, the detector
pixel size is 5.3 µm, and the quantum efficiency is 0.6 in the
visible spectrum. Finally, the PST curve of the system under
different apertures for different star magnitudes is shown in
Fig. 1.

According to the figure, for a typical star sensor with an
F-number of 1.5 (optical aperture:26.7 mm), the PST of
the system for solar avoidance should be at least better than
2× 10−8.

B. Theoretical Study on Combined Stray Light
Suppression

The stray light suppression of a star sensor is realized by an exter-
nal hood. The design principle of a star sensor should follow
the principle that the light in the FOV is not blocked, and the
stray light line outside the avoidance angle should be scattered
into the optical systemmany times. The stray light suppression
ability of the hood is determined by its stages. The higher the
number of stages, the more scattering times of stray light there
will be, and the stronger the stray light elimination ability will
be, but the volume will be larger. In the case of a traditional
primary hood (single hood), the stray light is generally scattered
within 3 times, and the stray light absorption rate of 1 time (the
absorption rate of single stray light) is generally between 96%
and 98%, that is, the PSTbaffle of the hood should be within the
range of 10−5 to 10−6, and the critical scattering path of stray
light is shown in Fig. 2.

In general, the hood is designed independently from the
lens, that is, the lens is treated as a “black box” in the process of
designing the hood, and the stray light scattering characteristics
inside the lens are not considered. In fact, the transmission path
of the residual scattered light suppressed by the hood in the lens
is not fixed. The traditional design method is to put the optical
system in the process of “passive” stray light elimination. The
suppression of stray light by the lens will present nonlinear
characteristics, and the peak PSTlens of the lens is lower than

 Hood 
Entrance

Primary Hood
(Single Hood)

 Lens 
Entrance

1st Scatter

2nd Scatter

3rd Scatter

Stray 
Light

Fig. 2. Stray light critical scattering path of the primary hood.
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Fig. 3. Typical two-stage hood design.

the order of 10−1, which will lead to the stray light suppression
ability of the system being no better than 1× 10−7. Therefore,
the stray light suppression capability of the primary hood cannot
meet the high-precision design requirement. In order to achieve
the stray light suppression ability of a high-precision star sensor,
a two-stage structure hood is usually used to improve the stray
light suppression capability of the star sensor.

A typical two-stage hood design is shown in Fig. 3. The part
close to the lens is the first-stage hood, which mainly suppresses
light from the atmosphere, while the second-stage hood acts to
suppress sunlight. At present, the hood design is mainly based
on absorption, cooperating with a special-shaped light blocking
ring or a sawtooth light blocking ring to achieve high a stray light
suppression capability of the hood itself.

The function expression of the two-stage hood length
[11,12] is

L =
D(tanω+ tan β)

(tan β − tan α)(tan α − tanω)
, (9)

where L is the length of the hood,α andβ are the stray light sup-
pression angles, ω is the field of view, and D is the optical aper-
ture of the first piece of the lens.

Although the traditional two-stage hood can effectively sup-
press external stray light, according to Eq. (9), the volume of the
two-stage hood is not only the superposition of two first-stage
hoods but also with a certain degree of magnification. This will
lead to an increase in the volume of the whole system. Therefore,
it is necessary to improve the stray light suppression efficiency of
the whole system link.

Different from the traditional design idea of the simple
hood, the combined stray light suppression is to decompose
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the coupling relationship between the hood and the lens and
carry out collaborative design according to the relationship
between them. The specific design idea is based on the scatter-
ing path of the residual stray light in the lens after the primary
hood suppression, so as to achieve the “active” stray light sup-
pression effect in the lens, and finally to achieve the stray light
suppression ability of the two-stage hood by using the com-
bined optimization of the primary hood and the lens. This
design method not only ensures the high level of stray light but
also greatly reduces the system volume. Although the design
principle is similar to that of the two-stage hood, the combined
stray light suppression ability is performed on the detector.
Therefore, in addition to the hood, the lens should also be con-
sidered a crucial part in the stray light suppression progress. At
this time, the stray light suppression evaluation function of the
whole system PSTsys can be expressed as

PSTsys = PSTbaffle(D, θ, L, τ ) · PSTlens(D, η). (10)

In Eq. (10), PSTbaffle(D, θ, ω, τ ) is the point source trans-
mittance of the hood, which is a function of the aperture D,
the stray light suppression angle θ , the hood length L , and the
absorption rate τ ; PSTlens(D, η) is the point source transmit-
tance of the lens itself, which mainly depends on the aperture
D and the stray light suppression efficiency η inside the lens.
The traditional hood enhances PSTbaffle(D, θ, ω, τ ) as the
optimization direction of stray light suppression, so it ignores
the importance of improving PSTlens(D, η). In this paper, the
system is optimized from two aspects. The first is to realize the
suppression of both external and internal stray light by means
of joint design of the optical system and hood altogether. The
second aspect is to improve the stray light suppression efficiency
of the optical system itself. The specific design principle is shown
in Fig. 4.

According to the figure, the star sensor uses an external hood
to avoid sunlight, so the stray light entering the lens is the Earth
atmosphere light and the sunlight that has been scattered more
than 3 times. Meanwhile, in order to realize the ability of elimi-
nating stray light with a high rejection ratio, a specific stray light
suppression design should be conducted according to the trans-
mission path of the scattered light inside the lens.

3. OPTICAL SYSTEM DESIGN STAR SENSOR
COMBINED WITH STRAY LIGHT SUPPRESSION

Stray light in lens comes from the arrival of light outside the
field of view on the detector; it can be divided into external and
internal stray light according to different transmission paths.

Fig. 4. Design principle of combined stray light suppression
technology.

External stray light is direct radiation on the detector from the
space environment, and it can be suppressed directly by an
external hood, while the internal stray light comes from multiple
scattering inside the lens barrel. It needs to analyze the parts that
are sensitive to internal scattering and reflection and to optimize
the internal structure and lens shape to cut off the stray light
path to suppress the internal stray light.

A. Analysis of Stray Light Scattering Link

The internal stray light of a star sensor is mainly generated by
multiple scattering during the suppression of external stray light
by the hood. Scattering is an optical property that can happen
on any medium surface, and its propagation direction is in the
whole hemisphere. Therefore, it is impossible to block the trans-
mission path of stray light via a single component. According to
the design principle of the external hood, the stray light that is
formed by the hood can enter the system after being scattered
up to 3 times, and at this time, the lower wall of the retaining
ring will become an external stray light scattering body. These
surfaces can be approximately treated as a luminous body with a
certain irradiation intensity and located outside the FOV. The
retaining rings are as shown in Fig. 5. The light path in the figure
is the path of the light after scattering 3 times on the retaining
rings, which is also the path of stray light that is supposed to be
suppressed.

As shown in Fig. 5, stray light scattered by the first-stage
hood will directly enter the optical lens, and this light would
arrive the focal plane if not properly suppressed. In this case, the
background noise will reduce the sensitivity of the system and
thus reduce the precision of the star sensor. The stray light joint
elimination technology is specifically designed for this kind of
scattering light, based on the analysis of stray light scattering
paths and the geometric relationship between interior parts of
the lens. Thus, the hood–lens joint design is carried out to reach
the function of a two-stage hood, so as to realize the effect of
high-intensity elimination of stray light.

B. Design of the External Hood Based on Active
Control of the Scattering Link

Traditional star sensor design does not consider stray light sup-
pression characteristics of the lens itself; the hood uses the first
piece of the lens in the system as the avoidance surface. On the
other hand, the joint stray light elimination technique treats
the optical system as an “open” space of stray light suppression,
which means that the whole space before the focal plane can

Fig. 5. Analysis of stray light transmission path.
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Fig. 6. Design principle of external hood for combined stray light
suppression.

be used for stray light suppression. The main function of the
aperture stop is to divide the imaging light and the nonimaging
light, and therefore the aperture stop surface can be set as the
stray light avoidance surface to reduce the hood length. The
specific principle is shown in Fig. 6.

According to Fig. 6, using the aperture stop as the first set of
retaining rings can suppress the stray light outside the β angle,
and the length of the hood of this angle Lβ can be calculated by a
geometric relationship as follows:

Lβ =
t0(h + y )

y − t0 tanω
, (11)

where h is the semi-diameter of the first lens, ω is the half-field
angle, y is the height of critical stray light projected onto the first
group of lenses, and t0 is the distance from the intersection of
the critical stray light and the lens’s optical axis to the first group
of lenses as shown in Fig. 5. When the optical system and the β
angle are determined, y and t0 can be expressed as

y =
D− 2t1 tan β

2(1− t1φ)
, (12)

t0 =
D− 2t1 tan β

2 tan β(1− t1φ)
, (13)

where D is the aperture diameter, t1 is the interval between the
aperture stop and the first lens group, and8 is the optical power
of the first lens group. According to Eqs. (11)–(13), the length of
the external hood can be calculated.

C. Design of Conical Cavity Internal Stray Light
Suppression

Based on the principle of combined stray light suppression,
the scattered light in the lens is mainly formed by the three-
time scattering by the hood, so it is necessary to suppress the
scattering path in the lens according to the design of the hood.
The traditional method of stray light suppression in the lens
is mainly to set the extinction thread, while the optical system
with strong demand for stray light suppression mainly uses the
form of setting a light barrier in the lens to suppress stray light.
However, for a star sensor system, there are lens elements and
the lens seat and other components inside the lens, so space
within the lens barrel is limited. It is impossible to use the simple
geometric relationship during the hood design for derivation.

Therefore, it is necessary to optimize the stray light suppres-
sion structure in the lens based on the energy transfer theory
of scattered light. According to the theory of radiation energy
conduction, the expression of light energy propagating between
two surfaces in the same medium is as follows:

dφc =
L s (φ0, ϕ0, λ0) · d As · cos θs · d Ac · cos θc

R2
, (14)

where d∅c is the light flux of the receiving surface; L s (∅0, ϕ0)

is the illuminance of the light source surface; As and Ac are the
area of the light source and the receiving surface; θs and θc are
angles between the line connecting the light source surface cen-
ter and the receiving surface center and their respective normals;
and R is the length between the light source surface and the
receiving surface. The first scattering of the light energy in the
lens can be defined as the inter-surface propagating energy with
different bidirectional reflection distribution function (BRDF)
characteristics [13]. According to Eq. (14), the mathematical
model of the first scattering light energy propagation with the
detector as the receiving surface can be obtained as follows:

φc = πφs (BRDF)(GCF), (15)

where ∅c is the power received by surface of the detector, ∅s is
the input light power onto the first scattering surface; BRDF
is mainly used to describe the optical scattering characteristics
of the structural surface of the optical machine, which is the
ratio of the radiance L s (∅0, ϕ0, λ0) in the output direction
to the irradiance E s (∅0, ϕ0, λ0) in the input direction; and
GCF is the geometric parameter factor. According to Eq. (15),
under the premise of a determined receiving surface, the stray
light in the lens can be suppressed by the following two ways:
(1) increasing the absorption capacity on the transmitting sur-
face of the scattered light in the lens; (2) reducing the area of
the transmitting surface. Based on the theory above, combined
with the transmission path of the residual scattered stray light
from the hood, a special-shaped extinction cavity is designed in
the lens to achieve the best efficiency of stray light suppression.

Because the vector direction of the three-time scattered light
by the baffle ring has strong directionality, it is suitable for direc-
tional suppression, and accordingly the system adopts a conical
cavity structure [14,15]. The cavity is designed based on the
envelope of the scattering light path. Baffle rings with different
dip angles are designed to minimize the radiation area in the
process of scattered light transmission. The spacings between
the baffle rings are determined by the depth of the cavity. The
“local absorption light traps” on the inner wall of the lens tube
are realized by combining different dip angle settings. The
specific design principle is shown in Fig. 7.

In Fig. 7, the baseline of the shield cylinder wall is taken as
the symmetry axis, and the envelope line of the imaging light
path works as an auxiliary line after being mirrored. Thus, after
scattering by the inner wall of the shield, the edge stray light
will travel into the inclined baffle ring so that the stray light
can achieve more than 3 times scattering. In the figure, αi is the
inclination angle of two adjacent baffle rings, which is the angle
between the optical axis and the edge scattered light inside the
lens, D is the exit pupil diameter of the extinction cavity, H is
the diameter of the extinction cavity component, ω is the FOV
of the imaging optical path, L is the cavity length, and li is the
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Table 1. System Indicators

Parameter Value

Focal length 40 mm
F number 1.5
Full field of view 10◦

Avoidance angle of stray light 35◦

Detect magnitude 6.5 Mv

interval between the i th stage baffle ring and the exit end face
of the extinction cavity. The angle between the special-shaped
baffle ring and the light scattered onto it by the hood wall should
be greater than 90◦ in order to ensure the stray light suppression
efficiency. Therefore, on the condition that the length of the
extinction cavity L is determined, the minimum extinction
cavity diameter is as shown in Eq. (16):

li =
H−D

tan αi+tanω

li−1 =
2li ·tan αi−H+D
2(tanω−tan αi )

n∑
N=0

li−N = L

αi−n + αi−n+1 ≤ 900

, (16)

where αi ,ω, D, and L are all obtained from the design results of
the optical system. li−1 is the interval between the (i − 1)th ring
and the i th ring, and n is the number of rings. According to the
equations, all parameters of the conical extinction module can
be obtained.

4. DESIGN EXAMPLE AND PERFORMANCE
TEST OF THE OPTICAL SYSTEM BASED ON
COMBINED STRAY LIGHT SUPPRESSION

A. Optical System Design Example

1. System Indicators

Based on the design principle of joint stray light suppression,
a high-precision micro-nano star sensor optical system with
typical parameters is designed for the “Jilin-1” satellite platform.
The system parameters are shown in Table 1.

2. DesignMethod

In order to realize the overall design of the extinction cavity
inside the lens, the optical system needs to adopt a large interval
optical structure between the lens groups; based on the minia-
ture design idea, the aperture stop of the system should be close
to the front lens group. Meanwhile, the system demands high
performance in field curvature correction, distortion correction,
and energy concentration, together with a relatively large aper-
ture, so a Cooke triplet lens is chosen as the initial structure of
the system.

A Cooke triplet lens consists of two positive crown glass lenses
on the outside and negative flint glass lenses in the middle. This
kind of system has a large interval between the lens groups and
strong independence and derivation. At the same time, this form
also has the characteristics of low Petzval field curvature and
low color difference, which thus will help to ensure the energy
concentration on the detector plane, while the symmetry of the
structure contributes to the adjustment of vertical aberrations
such as distortion and coma. However, the residual aberration
of the triplet lens is large, which is mainly high-order aberration
such as spherical aberration and high-order astigmatism, and
it will lead to a smaller relative aperture of the optical system
and lower energy concentration of the star point. Because the
spherical aberration is a high-order odd function of the system
aperture, which is the main cause of the small relative aperture,
it is necessary to correct the spherical aberration. Based on the
functional relationship between spherical aberration and aper-
ture, the crown-glass lens is split to reduce the aperture of the
incident light to the lens, and thus the advanced spherical aber-
ration of the system can be greatly reduced. At the same time, the
high-order astigmatism and spherochromatic aberration in the
system are reduced by increasing the optimization variables, and
finally a negative lens is added near the focal plane to balance the
residual field curvature of the system.

The condition of joint anti-stray light in Sections 3.B and
3.C is used as the boundary condition in optical design. The
final optical design result is shown in Fig. 8(a), the system layout
is shown in Fig. 8(b), and the sample product and installation
status are shown in Figs. 8(c) and 8(d). In order to verify the
performance of the product, the star sensor of the joint stray
light elimination optical system was carried out on “Jilin-1 video
04 satellite,” which was successfully launched with the CZ-6 in
the Taiyuan Satellite Launch Center at 12:50 Beijing time on 21
November 2017. So far, it works in normality in orbit.

3. Analysis of theStray Light SuppressionCapability

In order to verify the stray light suppression ability of the star
sensor, stray light tracings are carried out for systems of various
design forms, with all the tracing results fitted into PST curves.
The simulation results are shown in Fig. 9.

According to the simulation results, it can be seen that the
system with a traditional primary hood cannot meet the detec-
tion requirements of high stars at 35◦ evasion angle; the optical
system with the joint anti-stray light of the nonoptimized design
has a rapid decline of PST at 28◦–30◦, that is, the system has
entered the stray light suppression range, and the PST has a slow
decline trend in the range of 30◦–35◦, which is composed of
the aperture light of the lens. The PST outside 35◦ fluctuates
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Fig. 8. Star sensor of combined stray light suppression. (a) Optical design result. (b) Optical system layout. (c) Sample product. (d) Installation
status.
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steadily, which is the stage in which the external shield sup-
presses the solar stray light. After optimization, the system’s
ability to suppress stray light is better than before. At the same
time, the decreasing rate of PST in the range of 30◦–35◦ is
obviously strengthened. It shows that the cone-shaped cavity
hood has an obvious restraining effect on the internal scattered
light of the optical system in front of the aperture, while the PST
outside the restraining angle fluctuates slowly and decreases,
which conforms to the design idea that the scattering surface of
the cavity wall decreases with the increase of the incident angle.

B. Verification on Orbit

In order to verify the stray light suppression ability of the com-
bined stray light elimination system, the star sensor was tested
for stray light on orbit. The specific test method is as follows:
Adopting the inertial space imaging mode, the star-sensitive
optical axis is used as the whole star direction, and the rotation
direction is far away from the Sun incident direction until the
star sensor fails. In order to ensure the independence of the
stray light suppression angle test, the optical axis of the star
sensor should avoid the influence of Earth light, that is, the angle
between the star-sensitive optical axis and the satellite–Earth
center connection is greater than 120◦. The schematic diagram
of the experiment is shown in Fig. 10.

The star sensor was tested on the Jilin01-sp04 platform,
and the specific verification process and results are as follows:
The satellite makes the optical axis vector of the star sensor
under test and the Sun vector greater than 60◦ through the
attitude adjustment. Telemetry was started at 04:01:30 on 14
January 14 2018, when the angle between the star-sensitive
optical axis vector and the Sun vector was 60.37◦.

Through maneuver adjustment, the attitude of the satellite
was stabilized at 04:01:48 on 14 January 14 2018, and the on-
orbit test was started. In the initial state, the angle between the
star-sensitive optical axis vector and the Sun vector was 56.19◦,
and the whole star rotated at a speed of 0.1◦/s, so the angle
between the star-sensitive optical axis vector and the Sun vector
decreased from large to small until the satellite lost its attitude
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120°

Fig. 10. Schematic diagram of stray light test on orbit.
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Fig. 11. Results of stray light test on orbit.

at 04:06:42 on 14 January 2018 At this time, the star-sensitive
optical axis vector and the included angle of the Sun vector is
34.58◦. The quaternion output of the star sensor in this test
is shown in Fig. 11. It can be seen that when the evasion angle
is less than 34.58◦, the attitude quaternion jumps, and the final
attitude is lost. That is to say, the stray light suppression angle
of the joint stray light elimination optical system can meet the
application requirements.

5. CONCLUSION

In this paper, the stray light transmission path between the hood
and the optical system is theoretically tracked, and accordingly

the stray light suppression is realized with the optimizations on
both the optical system and the hood The numerical simula-
tions reveal that even in a limited volume, the star sensor with
stray light suppression function could still reach the PST value
of 2× 10−8 at the avoidance angle, and thus it can be adopted
to detect 6.5 Mv stars. Besides numerical simulations, on-orbit
verification was also implemented, which definitely proves
that the proposed stray light suppression design can satisfy the
requirements of the star sensor.
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