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ABSTRACT To evaluate the ability of space optical systems to suppress off-axis stray light, this paper
proposes a stray light testing method for large-field of view, multispectral spatial optical systems based on
point source transmittance (PST). And a stray light testing platform was developed using a high-brightness
simulated light source, large-aperture off-axis reflective collimator, high-precision positioning mechanism
and a double column tank to evaluate the stray light PST index of spatial optical system. On the basis of
theoretical analyses, a set of calibration lenses and stray light elimination structures such as hoods, baffle
and stop are designed for the accuracy calibration of stray light testing systems. The theoretical PST values of
the calibration lens at different off-axis angles are analyzed by Trace Pro software simulation and compared
with the measured values to calibrate the accuracy of the system. The testing results show that the PST
measurement range of the system reaches 107> ~10~!0 when the off-axis angles of the calibration lens are
in the range of £5° ~ £60°. The stray light test system has the advantages of wide working band, high
automation and large dynamic range, and its test results can be used in the correction of lens hood and other
applications.

INDEX TERMS Multi-spectrum, large-field view, stray light, point source transmittance (PST), lens hood.

I. INTRODUCTION reflection. It directly reduces the image contrast of the optical

With the rapid development of space optics technology and
the continuous improvement of the sensitivity of photoelec-
tric detectors, the space optical systems with large field of
view, multi-spectrum and high resolution are extensively used
in aviation and aerospace [1]. The stray light suppression
capability and evaluation index of the space optical system
are becoming increasingly stringent [2]. Stray light usually
refers to non-target, non-imaging light that reaches the image
surface of an optical system through multiple refraction and
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system and the signal-to-noise ratio of the detection target,
and generates speckle spots on the image surface. In severe
cases, the target signal will be completely annihilated in the
noise of stray light radiation, resulting in system failure [3],
[4]. Therefore, it is necessary to develop a stray light system
to conduct strict stray light testing for space-based space
optical systems to evaluate its stray light suppression ability.

Stray light can be categorized into the three types according
to the sources [5], [6], [7]:

(1) The stray light outside the field of view for space
cameras mainly comes from strong radiation sources such as
sunlight, starlight, and terrestrial light, etc. It is a non-imaging
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light source that reaches the image surface of the detector
through multiple scattering, reflection, refraction and diffrac-
tion of the internal components of the system. Such stray light
is widely present in various space optical systems and is the
main source of stray light in the visible light band optical
system.

(2) The stray light in the field of view is the imaging
light caused by surface defects and contamination of optical
elements and travels to the image surface of the detector in an
abnormal path. Among them, the additional image formed by
the light reflected by any two surfaces in the optical system
near the image surface is called ghost image.

(3) Internal thermal radiation stray light is the thermal
radiation generated by the internal components of the optical
system, which mainly exists in the infrared optical system.

There are two methods for evaluating the capability of
optical systems to suppress stray light, i.e., the surface
source method (black spot method) and the point source
transmittance (PST) method.

The black spot method was proposed by the German sci-
entist Gortbay in the 1970s. In this method, a black spot and
a white spot are placed in the central area of the extended
field of view with uniform brightness, and the luminance
ratio between the two is calculated, which is the stray light
coefficient on the image surface of the system [8], [9], [10].
However, the black spot method cannot sufficiently expand
the light source and the tends to introduce measurement
errors, it is not suitable for measuring large aperture optical
systems. It is generally used to measure camera lenses with
small aperture and simple structure [11], [12].

The PST method was put forward by Breault [13], [14],
[15] in the 1970s, which was used to measure the stray
light suppression ability corresponding to different off-axis
angles. Henceforth, many institutions conducted research on
the analysis and detection of stray light in optical systems
using PST method. A measuring device called Black Hole
was developed in Utah State University based on PST prin-
ciple with the test aperture of $203 mm, its test band covers
ultraviolet, visible light and infrared light, and the PST testing
capacity is less than 10~ orders of magnitude [16]. A stray
light testing device was designed for the primary mirror in a
vacuum tank in Breault Research Organization. The device
adopted a large-aperture collimator to achieve the test caliber
of ¢300, the test band covers visible light and infrared light,
and the PST testing ability is less than 10~ magnitude of vis-
ible light and less than 10~% magnitude of infrared light [17].
WANG Zhile et al set up a set of off-axis parabolic reflective
measuring device with unobstructed center. The light source
of the device is a high-voltage short-arc xenon lamp with a
power of 10KW and a color temperature of 6000K. It is used
to measure the Cassegrain telescope system with a diameter
of 300 mm, focal length of 1200 mm and a full field of
view of 1.5°, and the PST measurement result is better than
107 orders of magnitude [18]. The three-band PST stray
light testing device developed by ZHAO lJianke et al [19],
has a testing aperture of Im. The device uses a laser as light
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TABLE 1. The comparison of the ultimate testing capabilities of the point
source transmittance testing system.

The
maximum
test aperture

PST test
capability

Spectral band

Test device of light source

A measuring ultraviolet,
device called 2203 mm visible light and less than 10~°
Black Hole . )
infrared light
A stray light
testing
Device was . .
designed for 2300 mm visible light and less than 10-5
the primary infrared light
mirror in a
vacuum tank
A set of off-
axis
parabolic
reflective 2300 mm o ) i
measuring visible light less than 10
device with
unobstructed
center
The three- visible light,
band PST short wave
stray -light 21000 mm infrared, and less than 1078
testing
device long wave
infrared
Eléi:zzt 21000 mm  VSPlelightand less than 10~1°

infrared light

source, covering visible light, short wave infrared, and long
wave infrared. The PST testing capability in the visible light
band is less than 10~8, and the infrared band is less than 107°.
These testing devices have limitations for the tested optical
system, such as aperture less than¢p300 mm or PST testing
threshold greater than 1010,

This study focuses on developing a large field of view,
multi-spectrum PST test device, and designing the calibration
lens and stray light structure for system calibration. The
maximum aperture of the measured optical system can reach
¢1000 mm. The test band covers both visible and infrared
light. The visible light PST testing ability is better than the
10710 Jevel, and the infrared PST testing capability is better
than the 107 level. The test accuracy (test value/theoretical
value) is better than 0.5. This device has good adaptability
to large field of view and multispectral space optical sys-
tems. Tablel shows the comparisons of the ultimate testing
capabilities of the point source transmittance testing systems.

Il. WORKING PRINCIPLE OF STRAY LIGHT TEST SYSTEM
PST is a commonly used stray light evaluation standard,
which represents the attenuation ability of optical-mechanical
systems to stray light. PST is defined as [20]:

Eq(0)

1

PST =

ey
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(b)

FIGURE 1. Double column tank based on point source transmittance test
system: (a) An optical path analysis diagram of stray light from a double
column tank structurel; (b) Physical drawing of double column tank.

where, Eq(0) refers to the irradiance generated at the image
surface by the point source target radiation of the optical
system’s off-axis field of view angle 6 after passing through
the optical system, and E; is its irradiance at the inlet pupil of
the optical system.

PST is not related to the intensity of stray light source
radiation, but rather to the incident angle 6 of the light
and the operating wavelength A of the system. Air scat-
tering is one of the main factors affecting the accuracy of
stray light testing. To avoid serious impact of air scattering
on the accuracy of stray light testing, the “Vacuum Test
Chamber Stray Light Testing System” and “High Cleanli-
ness Double Column Tank Testing System’ are mainly used
for high-precision PST testing [21], [22]. The first system
reduces the numbers of dust particles by vacuuming the test
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FIGURE 2. Schematic diagram of a large aperture and multi-spectral PST
test system.

chamber, thereby effectively decreases Rayleigh scattering.
However, the vacuum tank has limitations in sizes. Scattering
from the inner wall increases if the size of the vacuum is too
small, while larger sizes lead to high cost and difficulty in
implementation. The second one adopts a large-sized testing
chamber for double column tank, and the inner wall material
is made of black acrylic plate with high absorption and low
reflection, which effectively suppresses the inner reflection.
The principle of eliminating stray light in the double column
tank is ‘“‘absorption+ reflection”, shown in Figurel [23],
[24]. Most of the light entering the double column tank can
be absorbed by the acrylic plate, and the unabsorbed light
leaves the test light path in the form of mirror reflection, thus
playing a dual role of “removing stray light”. There are two
different spherical centers C1 and C2 in the inner wall of the
double column tank. The optical system to be measured is
located between the two spherical centers. The two spherical
centers of the double column tank do not coincide, the pri-
mary scattered light will not return to the measured optical
system after being reflected by the inner wall, so it can play a
role in eliminating stray light. The environmental cleanliness
of the double column tank reaches the level of thousands,
which greatly reduces Mie scattering, makes air scattering
dominated by Rayleigh scattering, and improves the PST test
accuracy of the system.

The system uses a black double column tank structure
to test PST stray light. The simulation analysis shows that
the stray light suppression of double-column tank can reach
10719 orders of magnitude as the off-axis angle is greater
than 50°. PST has high requirements for the space size and
air cleanliness of the test system, but it has no requirements
for the caliber of the tested system. The PST method has
become an inevitable trend in the development of multi-
spectral, large-diameter and high-precision stray light testing
technology.

Ill. EXPERIMENTAL DEVICE FOR STRAY LIGHT TEST
SYSTEM

According to the PST test requirements of multi-spectrum,
large aperture, high precision and large dynamic range, a stray
light test system is developed, as shown in Figure 2. The
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FIGURE 3. Experimental flow chart.

system consists of high brightness analog light source, large
aperture off-axis reflective collimator, high precision posi-
tioning mechanism, detection system and high cleanliness
double column tank test system.

The incident light is collimated by the collimator to form
a uniform light spot of ¢ 1000 mm, which enters the double
column tank to fill the inlet pupil of the optical system to be
measured.

The light energy detector is fixed on the two-dimensional
scanning device placed at the exit of the collimator, to mea-
sure the irradiance E; at the pupil of the measured optical
system. After completing the measurement, the light path of
the light detector will be cut off.

The chopper is located at the outlet of the light source and
is used to periodically modulate the light source. The lock-in
amplifier extracts the E4(0) of the PST signal from the low
signal-to-noise ratio signal in terms of the frequency of the
radiation light source.

The tested optical system is installed on an electronic
control turntable, which can rotate to a fixed angle. The
visible light detector (infrared detector) is mounted on a
three-dimensional stage, which is adjusted to face the phase
plane of the measured optical system.

The tested optical system can rotate around the Z-axis
within +60° through revolving the -electronic control
turntable, to test the irradiance at different angles of the image
plane.

The PST indices at different angles are calculated
according to Eq. (1).

The calibration lens is used to measure the large aperture
and high-precision PST test system. Therefore, the stray light
suppression level of the calibration lens is obtained, and the
PST measurement accuracy of this system is evaluated.

The specific experimental flow chart is as follows:

In order to improve the PST testing limit of the system,
while maintaining the sensitivity of the detector, the higher
the illuminance of the light source, the greater the light energy
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attenuated by the optical system on the detector, and the
higher the signal-to-noise ratio on the photosensitive surface
of the detector. Therefore, the testing limit and accuracy of
the testing system PST can be adjusted higher.

This testing system uses a uniform polychromatic light
source and five laser light sources with wavelengths of
0.447pm, 0.66 um, 0.75 pum, 1.71 pum, and 2.2 um, respec-
tively. Light sources cover visible and infrared light bands.
Uniform polychromatic light is used to simulate solar light
sources, while laser light sources provide discrete band light
sources.

The components of light source are fixed on a horizontal
stage and can be freely switched. The light source is exported
from the optical fiber and located at the focal plane of the col-
limator. In this paper, the calibration of the laser source with a
spectrum of 0.66um is analyzed and elaborated. Because the
laser divergence angle after shaping is less than or equal to
the aperture angle of the collimator, it can be considered that
all the laser energy enters the collimator. According to the
aperture and transmittance of the collimator, the illumination
of the outgoing beam of the parallel optical tube can be
obtained as follows:

Ei = gl’ =—
S 7(0.5)2
where, Q is the output energy of the laser, S is the optical
output area of the collimator, and 7 is the optical efficiency
of the system.

PST testing range of the system is between 1072 ~10710,
When the PST test magnitude is 1071, the lowest irradiance
on the optical image plane can be calculated as:

x 0.82W/m? = 1.25W/m?> (2

Eq1 = PST x E; = 107'° x 1.25W/m?
=1.25 x 107"'W/m? (3)

When the PST magnitude is 1073 tested, an attenuator with
1% transmittance should be installed in front of the detector.
In this case, the irradiance on the optical image plane is:

Eq =PST x E; x 0.01 = 1073 x 1.25 x 0.01W/m>
=1.25 x 107°W/m? 4)

The sensitivity range of the detector for visible light
sources should be greater than 1.25 x 107'9W/m? ~1.25 x
10~>W/m?. The main parameters of the three detectors in this
paper are shown in Table 2.

IV. DESIGN OF CALIBRATION LENS AND STRUCTURE FOR
ELIMINATING STRAY LIGHT

A. DESIGN OF CALIBRATION LENS

The optical design of the test system is closely related to the
propagation of stray light. Stray light is mainly scattered and
reflected by mirrors, and is transmitted through the optical
system to finally reach the image surface. With satisfying the
requirements of the design parameters, the number of optical
surfaces should be minimized, the working distance of the
optical system should be increased, and the position of the
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TABLE 2. Main performance parameters of detector.

Detector Model Spectral Measuring range
type response range

Visible light 9.7x1071 W/mt
H9307-03 185nm-900nm

detector 3.1x10~* W/ni

I‘}firgalffd GA22:030- 3.8x10°8 W/t
2um-2.4pm

detector TE2-H " " 6.37x107% W/m

Light ener;
oo PMI0USB  IgSnm-25um 100 pW-200 W

TABLE 3. Summary of specific optical system indicators.

Serial Parameters of optical Design Results
number system
Operating
1 band ( Central 0.66
wavelength um)
2 Focal length( mm) 250
3 angle of field ( °) 6
4 F number 5

input pupil should be moved forward as far as possible. It also
facilitates the modeling analysis of stray light at a later stage,
and a calibration lens with a relatively simple structure is
designed. The lens material is all H-ZF7LA, and the surface
is coated with anti-reflection film. Its transmittance is greater
than 97% in the visible band, and reaches 99% in the 0.66 um
band. Specific indicators are shown in Table 3. The optical
structure is shown in Figure 4, and the design results are
shown in Figures 5,6 and 7. The system meets the design
requirements, has excellent imaging quality, and is easy to
install and adjust the optical machine later.

B. ANALYSIS OF THE SURFACE RADIATION ENERGY
TRANSFER MODEL

Stray light transmits part of its energy from one compo-
nent surface to another by scattering and reflection, and
there are emitting and receiving surfaces in the transmission
process. Therefore, stray light is divided into a number of
micro-surface elements with the same area, and the total
sum of the radiation integral of the micro-surface elements
arriving at the image surface is stray light arriving at the
image surface [25], [26]. The radiative energy transfer is
shown in Figure 8.

In Figure 8, dAg represents the area element transmitting
micro-bin, Ly represents its radiation brightness, dA. rep-
resents the area element of receiving surface, 5 the angle
between the normal of the he area element of transmitting
surface and the central line, and 6. the angle between the
normal of the area element of receiving surface and the central
line. Ry is the distance between the centers of two area
elements.The radiation flux (d¢.) received by the receiving
surface element (dA.) from the transmitting surface element
(dAs) is [27]:
dA. - cos 6

2
Rsc

dpe = dA; - Ly - cos b - = BSDF - GCF - dg

&)
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In Eq. (5), BSDF is the surface bidirectional scattering
distribution function, GCF the geometric factor, and deg
the emitting surface radiation flux. It can be seen that it is
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FIGURE 8. Schematic diagram of radiation energy transfer of stray light
source.

necessary to reduce the radiation flux d¢. of the receiving
surface dA; in order to suppress stray light, which can be
achieved in the following three ways [28], [29], [30]:

(1) Reduce BSDF: treatment of the surface of the structural
parts of the optical machine, such as surface blackening
treatment of mechanical parts, surface coating treatment of
optical parts, etc.

(2) Reduce GCF: reduce the geometric components of
stray light transmission at each level, add light blocking
structures to the system, such as hoods and diaphragms, etc.

(3) Reduce d¢yg: reduce the radiation energy emitted from
the upper surface, such as the use of filters, reduce the
working temperature, etc.

C. DESIGN OF STRAY LIGHT ELIMINATION STRUCTURE

A light shield is used to restrict stray radiation outside the
field of view from entering the optical system through a single
reflection without obstructing the effective light within the
field of view. The longer the hood is, the more conducive
to blocking large angles of stray light radiation. However,
it will increase the weight and volume of the system, and even
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FIGURE 9. Schematic diagram of two-stage hoods.

hinder the propagation of edge optics [31], [32], [33]. The
stray light sources of the space optical system are complex
and may have multiple sources such as moonlight and ter-
restrial light at the same time [3]. Therefore, the structure
of two-stage hoods is adopted in this experiment, as shown
in Figure 9. The first stage is mainly used to suppress stray
light from large angles outside the field of view, and the
second stage is mainly used to suppress stray light from small
angles. The two-stage hood structure effectively suppresses
the influence of stray light.

In Figure 9, Dy is diameter of the aperture and Djis the
outer diameter of the primary hood of the optical system,
respectively. D; is the diameter of the inlet aperture of the
secondary hood, D3 is the outer diameter of the aperture of
the secondary hood. hj is the height of the front baffle of the
hood, h; is the height of the rear baffle, 6 is the avoidance
angle of the test system, w is the half-field angle of the optical
system, « is the half-tension angle of the secondary hood,
B is the suppression angle of the stray light source, L is
the primary hood length, N is the length of the secondary
hood. Then the total length S of the hood can be calculated
according to Eq. (6), (7), (8) and (9). (The above length units
are in millimeters.)

h, — Iy ©)
L

D = Do + 2h, @)
T
L = (D) —hy)tan0 + (Do + hy) tan (5 —9) 8)

tanw =

d(tan w + tan o)

= ©)
(tan B — tan or)(tan @ — tan w)
The total length S of the two-stage hoods is:
S=L+N (10)

To further suppress stray light from entering the optical
system, multiple gradient-arranged baffles are used inside the
hood. When stray light is incident on the inner wall of the
hood through the apex of the baffle, scattered light in any
direction of the stray light cannot reach the input pupil of
the optical system directly due to the baffle of the next baffle
[341], [35], [36].The interaction between the inner wall of the
hood and the baffle constitutes a semi-closed light trap, which
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greatly increases the propagation path of stray light to the
optical system, dissipates transmission energy many times,
and has a good suppression effect on stray light from large
off-axis angles. Its structure is shown in Figure 10.

When stray light enters the imaging system through the
inside of the hood, the structure of the diaphragm can be
reasonably set up inside the system to suppress stray light
and achieve effective blocking or attenuation of stray light.
Commonly used include aperture stops, field-of-view stops
and Lyot stops, etc [37], [38], [39]. The aperture stop is used
to control the size of the beam incident range in the optical
system, and a reasonable setting of the aperture stop position
in the optical system can effectively reduce the energy scat-
tered by stray light on the detector [40], [41], [42]. In general,
the closer the aperture stop is to the image plane, the better the
stray light suppression capability. However, this also makes
the rear of the aperture stop a ““critical surface™, i.e., a surface
that reflects the incident stray light directly to the detector.
The more “‘critical surfaces’ the detector can see, the less
conducive to suppressing stray light, which requires that the
number of optical elements between the aperture stop and the
detector be reduced as much as possible to avoid scattering
and diffraction of stray light [43], [44].

Based on the principle that the optical system can correct
aberration and the simple structure, the aperture stop of this
system is optimized and placed on the left surface of the
second lens, as shown in Figure 11, which can effectively
suppress some stray light scattered in the front part of the
system and achieve the best suppression effect. Also, the
“critical surface” needs to be sprayed black or increase
the surface roughness and other processes to ensure that its
absorption rate is above 90%, which is conducive to reducing
the illumination of stray light on the image surface [45], [46].

According to design requirements, the calibrated lens
(including the hood) is processed and adjusted, and the
adjusted effect is shown in Figure 12.

V. TEST RESULTS AND ANALYSIS

A. STRAY LIGHT TEST RESULTS

According to the design principle of the PST test system,
a test platform is built, shown in Figure 13.

Using the calibration lens, the PST test of the hyperspectral
space optical system with large field of view is carried out in
the off-axis angle range of +5° ~ +£60°. The specific test
process is as follows.

33944

FIGURE 11. Diagram of the position of the aperture diaphragm set in the
optical path.

FIGURE 12. Physical drawing of calibration lens (including hood) after
installation and adjustment.

(1) Place the calibration lens on the electric control
turntable, and its optical axis is consistent with that of incident
light, and take this position as the reference position.

(2) Fix the detector on the three-dimensional displacement
table and adjust the three- dimensional stage to maximize the
optical power of the detector, so as to ensure that the detector
is located in the image plane of the calibration lens.

(3) Fix the optical power meter on the two-dimensional
scanning device, and the travel of the scanning device should
cover the whole emergent light spot, so that the optical power
meter can pass through the light spotin an S shape, and collect
the illuminance values of 10 points, with the average value is
the irradiance at the entrance pupil Ej.

(4) Cut the optical power meter out of the optical path,
control the turntable to rotate horizontally to make it scan
and record at intervals of 5° around the reference position,
and then the irradiance at the image plane of the calibration
lens is E4(0).

According to the design principle of the PST test system,
the PST test of the large field of view and hyperspectral space
optical system is carried out in the range of £5° ~ £60°
off-axis angle by using the calibration lens. To verify the
stability of the system, the test was repeated three times.
The test results are compared with the theoretical data, and
the rationality of the design analysis is verified from the
experimental results. The test curve is shown in Figure 14.

Figure. 14 shows the comparison of the data between
the analytical and testing results. The test values are locally
slightly larger than the design ones. This is mainly due to the
measurement error introduced by excessive background noise
caused by air scattering in the test environment. Improving
cleanliness to 100 levels (ISOS5 level) can effectively reduce
this error. The suppression effect is obvious when the off-axis
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(b)

FIGURE 13. Physical diagram of test system: (a) Double column tank and
internal electronic control turntable; (b) Collimator and two-dimensional
stage.
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FIGURE 14. Comparison of PST analysis values and test values for
calibration lens.

angle is between £5° ~ +10°. The PST value reaching 10~°
magnitude indicates that the system has significant effect to
the suppression of stray light, and the experimental design
is reasonable. When the off-axis angle is less than +15°,
the test value of the calibration lens has a relatively stable
agreement with the design one, and the PST value is better
than 10~% orders of magnitude. When the off-axis angle
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FIGURE 15. Detector response curve.

is greater than £15°, the test value is slightly larger than
the design one. This is because when the system tests the
PST value at a large angle, a large amount of stray light
is reflected and scattered into the measured optical system
in the double column tank, making the measurement result
large and increasing with the off-axis angle. There is a big
difference in the values around :I:20°, which may be due to
the analysis error of the surface attribute model of the hood,
or the error generated in the process of system processing
and assembly. These errors also contribute to the incomplete
symmetry of the test curve. When the off-axis angle is £60°,
the PST test value is better than 10~'0 orders of magnitude.
On the whole, the actual measurement results are basically
consistent with the theoretical design values and fully satisfy
the design and calibration requirements.

B. ERROR ANALYSIS OF TEST RESULTS

The PST measurement errors in the test system mainly
include systematic and random errors. Systematic errors
mainly include the structure and surface scattering errors of
the double column tank and the errors caused by air cleanli-
ness, which affect the limit value of the PST test. Random
errors mainly include errors caused by the stability of the
light source and the linearity of the detector, which affect the
measurement accuracy of the test data.

The effect of the double-column tank structure to the PST
test limit value is mainly caused by the mirror image return
of the scattered light when the off-axis angle is large. When
the off-axis Angle is small, the reflected light will not return
the original way due to the unique structure that the two
centers of the two-column tank are not concentric. When the
off-axis Angle is increased (greater than +60°), the off-axis
angle of the photometric system tends to be collinear with
the center of the two circles, therefore, the diameter of the
double-column tank can be increased to ensure the stray light
suppression effect. When the off-axis angle approaches to
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490°, the error caused by the two-column tank structure
cannot be eliminated, and such cases should be avoided.
At the same time, the inner wall and air cleanliness of the
double column tank will also affect the test limit of PST. The
cleanliness of the environment in this experiment has reached
the level of 1000, which has little effect on the experimental
results.

The detector is suitable for weak signal detection at large
off-axis angle, and the dynamic range is up to 10’. The
detector response curve is shown in Figure 15. The non-
linear error is £5%, and the stability of the light source is
1.2%/100min after the experiment. Therefore, errors due to
detector linearity and source stability are:

A=v(5%)2+12%)? =51% (11)

VI. CONCLUSION

The measurement of stray light is significant to determining
and verifying the ability of space optical system to sup-
press stray light. This paper provides a feasible measurement
scheme. This study fully proves that the point source trans-
mittance method is more suitable for space optical systems
with large aperture and high stray light suppression ratio. The
experimental results show that the PST measurement range of
the system reaches 1073 ~10~19, which fully meets the test
requirements, and provides a reference for the suppression
of stray light in space optical systems. The specific research
results are as follows:

(1) By analyzing the energy transfer model of surface
radiation, stray light can be suppressed from three aspects,
among which the design of hood, halo and aperture is the
most direct and effective method to suppress stray light from
reaching the detector.

(2) A calibration lens is designed, which can cali-
brate the precision of large-aperture and high-precision
PST test system. Through the analysis and comparison
between the measured data and the design values, the
system measurement ability can be verified, and the cali-
bration problem of high-precision PST test system can be
solved.

(3) The anti-stray light structure is designed. The design of
two-stage hood can greatly reduce the influence of off-axis
stray light with large field of view, and the internal light baffle
can ensure that the primary scattered light cannot directly
irradiate the interior of the optical system after the external
light source irradiates the inner wall.

(4) The theoretical value of PST for calibrating the lens
system is simulated and analyzed by TracePro software.
Finally, the test accuracy of the calibration lens, that is, the
calibration error of the test system, is obtained by comparing
the measured value with the theoretical value. The experi-
mental results show that the calibration error is better than
1g/0.5, which completely meets the requirements of the test
system.

In the future, with the continuous maturity of theory and
practice, the stray light testing and suppression technology of
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large-field multi-spectral spatial optical system will be further
improved in the following three aspects.

(1) Improve the test limit and test accuracy of large-caliber
and high-precision PST system;

(2) Strengthen the research on stray light testing technol-
ogy of infrared spectrum and improve the PST testing ability
of infrared system;

(3) The stray light test and simulation are combined to
accurately guide the optimal design of optical system.

Efficient stray light suppression and precision evaluation
technologies support the development of future space opti-
cal systems for many applications, such as very large field
of view, multispectral, and faint targets. With the devel-
opment and improvement of stray light suppression and
evaluation technology, scientific research fields such as space
astronomical optical observation can be better guaranteed.
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