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Abstract: Flux calibration is an important test item in laboratory calibration experiments of space
gaze cameras, which is the basis for obtaining high-precision scientific application data. In the flux
calibration of a space gaze camera, the multi-field calibration method is adopted. The instability
of the calibration light source will introduce uncertainty during the calibration process. When the
spatial camera adopts the gaze imaging mode, the stability of the light source indicates the change in
the total energy received by the image plane during the gaze time, which is characterized by relative
uncertainty. When the luminous intensity standard lamp runs for the long-term calibration of the
stability of the calibration light source, real-time performance and accuracy cannot be guaranteed.
Therefore, it is proposed to use a photodetector to measure the stability of the calibration light
source for long-term and real-time accurate measurements. First, the stability of the photodetector is
calibrated using the light emitting diode; then, the stability of the calibration light source is measured
using the photodetector; finally, the stability uncertainty of the calibration light source and the
measurement uncertainty of the method is evaluated. The results of the simulation analysis and
experimental verification indicate that the gaze time is 5 min and the sampling frequency of the
photodetector is 15 Hz; for example, when the flux calibration time is 8 h, the stability uncertainty of
the calibration source is 0.42%, and the relative measurement uncertainty is 0.01%.

Keywords: space gaze cameras; flux calibration; light source stability; photoelectric detectors;
optoelectronic measurements

1. Introduction

Since the 20th century, astronomical telescopes have shown two major development
trends. One is to develop in the direction of a large aperture and large field of view [1-5]
to obtain higher spatial resolution and resolution efficiency; the other is to develop from
ground-based telescopes to space telescopes [6-8] to reduce the influence of atmospheric
and other factors on the observation results. Therefore, large-aperture and large-field-of-
view space telescopes are an important branches of the future development of astronomical
observation equipment. However, due to the non-Lambertian reflection characteristics of
the telescope observation target and the response characteristics of the telescope sensor,
the information received by the telescope image detector contains radiometric aberrations.
It is necessary to carry out flux calibration to obtain the radiometric properties of the
target [9,10]. The high-precision flux calibration enables the telescope to measure the shape
of galaxies more accurately, reduce transmission errors, and promote the upgrade of deep
space exploration to quantitative and refined technology [11,12]. Therefore, it is of great
significance to carry out high-precision flux calibrations for space telescopes with large
apertures and large-fields.

At present, the integrating sphere method, the flat-field screen method, and the
collimator method are commonly used to calibrate the flux of optical loads [13-15]. To
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adapt to the working environment of a space telescope, the flux calibration method for a
large-aperture space telescope based on multifield calibration (MFFC) is proposed. Based
on flat-field calibration, the sub-field calibration is selected to obtain the full-field calibration
information. In the process of sub-field scanning, the calibration light source will produce
brightness drift after working for a long time. Therefore, it is necessary to accurately
measure the stability of the light source to correct the calibration coefficient.

To improve the flux calibration accuracy, the calibration source is traced to the radiation
standard. The common method is to use a luminous intensity standard lamp (SL) and a
photometer to measure the luminous intensity of the calibration light source according
to the equidistance method. For example, the radiometric calibration spectral source
(RCSS) [16] in the James Webb Telescope and the direct illumination calibration experiment
(DICE) [17] in the Sloan Digital Sky Survey project trace the stability of the light source to
the national standards. However, the equidistance method of measuring the stability of
the light source has the limitation that it cannot monitor the luminous intensity of the light
source in real-time and the long term.

This manuscript proposes a method to measure the stability of a calibration light source
using a photodetector (PD) to achieve the purpose of long-term, real-time monitoring of
light source stability and, to a certain extent, improve the measurement accuracy of light
source stability. The monitoring time of the stability is extended from 4 h to 8 h or more.
First, a light-emitting diode (LED) is used to calibrate the stability of a PD; then, the
calibrated PD is used to measure the stability of the calibrated light source; finally, the
stability of the calibrated light source and the measurement uncertainty is evaluated. In
the simulation analysis and experimental verification, the gaze time is 5 min, and the PD
sampling frequency is 15 Hz when the flux calibration time is set to 8 h. The experimental
results show that the stability uncertainty of the calibration light source was 0.42%, and
the relative measurement uncertainty was 0.01%. The experimental results show that the
measurement accuracy of using PD monitoring and the stability of the light source meets
the calibration requirements of the space gaze camera. The method can be used to correct
the coefficients in the flux calibration work of the large-aperture space telescope to obtain
more accurate scientific observation results.

2. Light Source Stability on Flux Calibration

At present, space telescopes are developing toward large-aperture and large fields of
view for deep space exploration. The commonly used flux calibration methods, such as the
integrating sphere method, can no longer meet the calibration needs of space telescopes.
Therefore, an MFFC device is proposed, as shown in Figure 1. Based on flat-field calibration,
multiple subfields are selected for calibration to achieve the purpose of full-field flux
calibration. For imaging faint targets in deep space exploration, the space telescope uses a
gaze camera at the image plane. The beam-splitting device divides the emergent light of
the integrating sphere source into two beams; one beam is used for calibrating the space
gaze camera, and the other beam is used for monitoring the stability of the light source in
real-time. A neutral density filter is used to adjust the irradiance of the PD to ensure that it
is within the linear operating range of the PD.

The integrating sphere light source can be approximated as a Lambertian source. The
radiant flux @ through the precision pinhole is:

dP=E-S="—"F 1)

where E represents the irradiance at the pinhole, S represents the area of the pinhole, 77 is the
PI, I represent the luminous intensity of the light source, d represents the pinhole diameter,
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and [ is the distance between the light source and the pinhole. Through the collimator and the
space telescope, the radiant flux received by the space camera is attenuated by ¢ (0 <c <1),ie,,
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Figure 1. Schematic diagram of the flux calibration device for a large-aperture space telescope.

The output voltage V of the space camera can be calculated by the following
equation [18]:
V=P-E-S-Rf=P-P-Ry (©)]

where P represents the responsivity of the image plane detector, and Ry is the gain of the
detector preamplifier.
The flux calibration coefficient R of the space telescope can be calculated by the

following equation:

v
R= i 4)

where L represents the radiance at the entrance pupil of the telescope, which is measured
by the luminance meter.

Space telescopes have a long gaze time to achieve the detection of faint targets in deep
space. To improve the accuracy of the laboratory flux calibration, the calibration coefficient
of the space camera during the gaze time should be calculated.

When the space camera is used for deep space observation, the variation in the total
energy Q is received by the image plane during the gaze time. That is:

to+T d2 to+T
0= /@dtza%/ Idt )
fo to

where t) is the start time of the single gaze imaging in the telescope and 7 is the time of the
single gaze. When the luminous intensity of the calibration light source changes with time as
I(t), the energy received by the image plane of the staring camera is a function of time Q(t):

P fo+T
Q(t)zuﬁ/ I(t)dt ©)

to
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The flux calibration coefficient of the space telescope at this time is:

to+T
_ PRff(D(t)dt _ PRf 7rd?
O 'ﬁ/ [(Hyat @

fo

The stability of the light source has less influence on the calibration accuracy when the
gaze time of the space camera is short. There is a gradual increase in the impact of light
source stability on the calibration accuracy with the growth of the gaze time. In summary,
the quantitative analysis of the light source stability should be performed to improve the
accuracy of space telescope flux calibrations. To improve the calibration accuracy, the light
source should be corrected if the stability uncertainty is larger.

3. Measurements of Light Source Stability

Parallel light is incident on the telescope at different field-of-view angles when using
the MFEC calibration space telescope. The attenuation coefficient introduced by the space
telescope becomes c(f), and the received energy Q (0, t) on the image plane is:

to+T
md?
Q0,1 =c(6)- Ty / I(t)dt ®)
to
The received energy at the image plane decreases with the increasing angle at which

parallel light is incident. Therefore, the stability of the calibration source cannot be analyzed
directly using received energy from the spatial camera image plane detector.

3.1. Equidistance Method to Measure the Stability of the Light Source

The commonly used measurement method for light source stability is shown in
Figure 2, which calibrates the light source stability with SL and the photometer according
to the equidistance method.

Q Diaphragm1  Diaphragm?2  Diaphragm 3

SL Photometer
gy N I -
Calibration

light source

Figure 2. Equidistance method to measure light source stability.

However, the equidistance method has some limitations when measuring the stability
of the light source:

1. The luminous intensity of the SL is used as the standard. The measurement results of
luminescence intensity are transmitted using the photometer. The real-time monitor-
ing of the calibrated light source cannot be realized.

2. SL was required so that the voltage change at the lamp terminal did not exceed
0.15% within 4 h of illumination. When using MFFC for the flux calibrations of space
telescopes, the total calibration time is much longer than 4 h due to the large aperture
and gaze imaging of the space telescope. Therefore, the equidistance method cannot
achieve the long-term monitoring of the calibration light source stability.

In summary, the equidistance method cannot monitor the stability of the calibration
light source in real-time and over time. The voltage fluctuations at the lamp terminal of
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Experiment 1

Computer

the SL are consistent with a uniform distribution. The uncertainty u; of the equidistance
method is calculated by the B class rating:

U = 0'\1/53/" ~ 0.09% )

We propose to use PD to measure the stability of the light source in order to achieve a
high-precision flux calibration for large-aperture space telescopes. This will realize the real-time
and long-term monitoring of light source stability, as well as improve measurement accuracy.

3.2. PD Measurement of the Stability of the Light Source

The device for the PD measurement of light source stability is shown in Figure 3. It
consists of a light source system and a real-time monitoring system. The light source system
includes an LED light source and a halogen lamp. In Experiment 1, the LED light source
is used to calibrate the stability of the PD, as shown in Figure 3a; in Experiment 2, the
halogen lamp is used as the calibration light source, and the stability measurement device
is shown in Figure 3b. The real-time monitoring system consists of a PD, a preamplifier, an
AD acquisition card, and a computer. Since the stability of the light source characterizes the
relative change degree of the light source luminance over time, the influence of the spatial
uniformity of the light source luminance on the measurement results is not considered.

Darkroom Experiment 2 Darkroom

Detector Halogen lamp  Detector,

Power
/

V A
Preamplifier
....... D)
Acquisition Acquisition |ee @
card card
_ Computer
Optical table Optical table
(a) (b)

Figure 3. Schematic diagram of the light source stability measurement: (a) Device for calibrating PD
stability; (b) Device for measuring the stability of the light source.

The total energy Q(T) received by the PD during the gaze time is:

to+T to+T

Q(T) = /cb(t)dt ——;Rf/ V(t)dt (10)

to fo

The stability of PD in Experiment 1 is characterized by the fluctuation of Q(T). The
main sources of uncertainty are the stability of LED and PD. Therefore, the lamp terminal
voltage of the LED light source should be monitored during the experiment. In Experiment
2, the stability of the light source is characterized by the fluctuation of Q(T). The main error
source is the stability of the detector.

3.3. Light Source Stability Measurement Accuracy

The factors affecting the measurement accuracy of the light source stability mainly
include the following aspects:
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1. Stability of LED

LED stability is expressed as the stability of luminous intensity. The most important
factors are the voltage fluctuation of the power supply, the ambient temperature, and the
lifetime of the LED.

It is affected by the electricity consumption of the city’s power supply circuit. The
voltage fluctuation between the peak and trough values ranges from —7 to 10%. It is
assumed that the voltage fluctuations conform to a uniform distribution. According to the
class B assessment, the introduced uncertainty is:

10%
Upy = \/g

The introduced uncertainty is large. Voltage fluctuations are reduced by using a
regulated power supply [19].

The ambient temperature is an important factor impacting the luminous intensity
of LED. LED operation creates heat accumulation in the surrounding environment. LED
luminous intensity decreases as the temperature increases [20]. To reduce the impact of
temperature accumulation on the LED luminous intensity, a large number of heat sinks
should be used to accelerate the temperature transfer.

The LED luminous intensity changes rapidly during the initial operation and then
decays slowly. The lifetime of general lighting LED is 50,000~100,000 h [21]. The lifetime
of high-stability LED can be shortened by 10 times. The luminous intensity decreases as
the LED ages. The stability of the calibration light source has a shorter measurement time
compared to the lifetime of the LED. Therefore, the impact of LED aging on measurement
accuracy is not considered.

2. Noise of PD

= 3.33% (11)

The total noise introduced during the operation of the PD is:

) 2 2 2 2

r= \/rshot + Tdark + "yr + Tead + Tother (12)
where r is the total noise, r,,; is the scatter noise, 7, is the dark noise, ry is the thermal
NOiSse, 74,4 is the readout noise, and 7,4, is the fixed noise and other noises. Among them,
thermal noise has the greatest impact on PD stability, which can be represented by the

following equation:
ryr = /4kTRAf (13)

where k is the Boltzmann constant, T is the absolute temperature, R is the resistance, and
Af is the noise equivalent bandwidth. After the PD operate, the output voltage value
increases with internal temperature accumulation. Dynamic stability is achieved after
some time.

3. Uncertainty introduced by stray light

The lower irradiance of the observed target is used for deep space exploration by
space telescopes. The luminous intensity of the calibration light source is low during the
flux calibration in the laboratory. Straying light from the external environment has a greater
impact on the stability of the light source. Therefore, the experimental setup should be
placed in a dark room when using PD to measure the stability of the light source.

In summary, the measurement uncertainty of the calibration source stability mainly
comes from LED stability and PD stability. The uncertainty introduced by these two factors
is finally expressed as the measurement uncertainty of PD in Experiment 1.

3.4. Light Source Stability Algorithm

For the flux calibration of space gaze cameras, the impact of light source stability on
calibration accuracy is characterized as the change in the total energy received by the image
plane during the gaze time. The change in the total energy received by the image plane
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during the gaze time should be considered when using PD to measure the stability of the
light source. Therefore, a light source stability metrology algorithm is proposed for the flux
calibration of the gaze camera. Based on the method for measuring the stability of the light
source, the algorithm is used for measuring the stability of the flux calibration light source
of the space gaze camera. This realizes the real-time, long-term, and high-efficient stability
monitoring of the calibration light source. Improving the flux calibration precision of the
space gaze camera is essential to obtaining more accurate scientific observation results.

In the light source stability measurement device shown in Figure 3, the luminous flux
received by the photosensitive surface at a single sampling of the PD can be calculated
according to Equation (3):

14

D=
PRy

(14)

The total energy Q(T) received by the PD during the gaze time can be calculated by:

to+T "
to+T f Vdt E Vv
- R =1
Q(T) = /CDdt_ R, BR,7 (15)

fo

where f is the PD sampling frequency (in Hz) and m is the number of PD sampled in the
gaze time:

m=r1t/f (16)

The uncertainty of the light source stability is evaluated using the standard deviation s:

n

s=y/Y v?/(n—1) (17)

i=1

v; = Q(T) — Qo (18)

where v; is the residual error, # is the number of gaze times in the calibration time, and Q
is the estimate of Q(T). Qp is the mean when Q(T) does not drift significantly; otherwise,
the initial value is taken. To describe the stability of the light source more accurately, the
relative uncertainty u is used to evaluate the influence of the light source stability on the

calibration coefficient: .

" Q
Formulas (15)—(19) are used to process the measurement results of Experiment 1 and

Experiment 2, respectively. In this case, the stability uncertainty of the calibration source
and the relative measurement uncertainty of the measurement method can be obtained.

u (19)

4. Simulation Verification

Figure 4 shows the flowchart of the light source stability measurement for the flux
calibration of the space gaze camera. Firstly, the stability of PD is calibrated using the LED
light source, and the output voltage of PD and the terminal voltage of the LED light source
are measured. When the lamp terminal voltage fluctuation can meet the PD calibration
requirements, the calibrated PD is used to measure the stability of the calibration light
source. The measurement result is output if the measurement uncertainty introduced by
the PD stability can meet the light source stability requirements of the flux calibration of
the space gaze camera.
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Figure 4. Flowchart of light source stability measurement for space gaze camera flux calibration.

The total calibration time of the spatial gaze camera is controlled at 8 h, and the single
gaze time is 5 min. Moreover, the sampling frequency of PD is set to 15 Hz. The feasibility
of the light source stability for measuring the flux calibration of the space gaze camera by
PD is verified through the simulation analysis of Experiment 1 and Experiment 2.

When the luminous intensity of the LED light source is set to 0.5 cd, there is a random
error of 0.05%, which conforms to the uniform distribution. This produces a drift of
0.01% in the calibration process. The PD photosensitive surface area is 100 mm?, and the
responsiveness is 0.52 A/W. The gain of the preamplifier circuit is 10* V/A. Moreover, the
distance between the LED and the PD is 1000 mm. There is a 0.05% random error in the
PD, which conforms to the normal distribution. The PD output voltage in Experiment 1 is

shown in Figure 5.

Time/h

Figure 5. Simulation results of PD output voltage in Experiment 1.

Substitute the measured data in Figure 5 into Equation (15). The change in the total
energy received by PD with time within the imaging time of a single gaze in Experiment 1
can be obtained as shown in Figure 6.
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Figure 6. Simulation results of the total energy received by the PD in a single gaze time versus time
in Experiment 1.

The statistical analysis of the results in Figure 6 shows that the relative uncertainty of
PD stability was 0.01% when the gaze time was 8 h.

It is assumed that the spectral range of the space gaze camera flux calibration light
source is the same as that of the LED light source. Set the luminous intensity to 1 c¢d, and
the relative error limit is 0.05%, which conforms to the normal distribution. Moreover, the
luminous intensity has a drift of 0.5% in the calibration process. The distance between the
light source and the PD is 1000 mm. The output voltage of PD in Experiment 2 is shown in
Figure 7.

-
-
b=

1 i 3 4 5 G 7 H
Time/h

Figure 7. Simulation results of PD output voltage in Experiment 2.

Substitute the data in Figure 7 into Equation (15). The change in the total energy
received by PD over time within a single gaze time in Experiment 2 can be obtained, as
shown in Figure 8.
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Figure 8. Simulation results of total energy received by PD over time in Experiment 2.

The statistical analysis of the data in Figure 8 can be seen in that the relative uncertainty
of the calibration light source stability was 0.58% when the gaze time was 8 h.

The simulation result shows that when the gaze time is 5 min and the PD sampling
frequency is 15 Hz within the 8 h flux calibration time, the stability of the calibration light
source is 0.58%. The relative measurement uncertainty of this method was 0.01%. It was
proved that the stability of the light source for the flux calibration of the space gaze camera
using PD measurement could meet the accuracy requirement of long-time flux calibration.

5. Validation Experiments and Results
5.1. Experimental Device

The device for the real-time measurement of the calibration light source stability is
shown in Figure 9 and includes the light source system and real-time monitoring system. To
reduce the influence of the external environment on measurement accuracy, the experiment
was carried out in a dark room. The ambient temperature was controlled to 25 + 0.5 °C.

: Halogen lamp

Figure 9. Device for measuring the stability of the calibration light source in real time.

In Experiment 1, a white LED was used as the light source. A heat sink was used to
improve the heat dissipation efficiency of the LED and reduce the influence of temperature
accumulation on the LED light source stability. In Experiment 2, a halogen lamp with a
similar detection band as that of the space gaze camera was selected as the flux calibration
light source.



Photonics 2022, 9, 976

11 of 16

To reduce the impact of voltage fluctuations on the LED luminous intensity using a
regulated power supply, the voltage change at the lamp terminal of the LED was monitored
using a 6-1/2 digit precision multimeter to quantitatively assess the voltage fluctuation at
this point.

The PD was selected from the Zolix (Beijing, China) DSi300 silicon photodetector. The
structure diagram and photoelectric parameters are shown in Figure 10 and Table 1, respec-
tively. The ZAMP-A was used for the preamplifier. The ADLINK 2405 data acquisition
card was used to connect with the computer for data acquisition. This set of optoelectronic
measurement equipment has the advantages of a wide detection wavelength range and
low equivalent noise power. It can be used for the precision measurement of the luminous
intensity of the flux-calibrated light source for space telescopes.

48.5
39.5

- 76 . ' 9
64 & .
Fol$

(@) (b)
Figure 10. Structure of DSI300 silicon photodetector: (a) Main view; (b) Top view.

Table 1. Parameters of DSI300 Silicon Photodetector.

Technical Specifications Value
Model DSi300
Effective reception area (mm?) 100 (211.28)
Wavelength usage range (nm) 350-1100
Peak wavelength (nm), typical 970
Peak wavelength responsiveness (A/W) 0.6 (>0.55)
Typical wavelength responsiveness (A /W) 0.2 (>0.15) @410 nm
Equivalent noise power NEP (W//Hz) 2.0 x 10713

The sampling frequency in the experiment was 15 Hz. The preamplifier gain was set
to 10* V/A. A neutral density filter was used to adjust the irradiance of the PD within the
linear operating range.

5.2. Experimental Program

The PD was calibrated using LED in Experiment 1. The voltage at the lamp terminal of
the LED is measured using a 6-1/2-digit precision multimeter at 1 h intervals. The number
of single measurement readings was not less than three, and the mean should be taken as
the single measurement result of the lamp terminal voltage. In Experiment 2, PD was used
to measure the stability of the halogen lamp.

The measurement time for both experiments was 8 h. The experiments were set up
with a gaze imaging of 5 min. The output voltage of PD when the luminous intensity of the
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light source was stable was selected for data processing. The relative uncertainty of the PD
stability in Experiment 1 was the relative measurement uncertainty of this experiment. To
ensure the accuracy of the measurement results, the stability of the calibration light source
was repeatedly measured three times. The average value of the relative uncertainty was
taken as the final measurement result.

5.3. Experimental Results and Analysis

Table 2 shows the measurement results of the terminal voltage at the LED light source
in Experiment 1. The results show that the maximum relative error of the lamp terminal
voltage was 0.002% when it conformed to the uniform distribution. The uncertainty
introduced by the voltage fluctuation of the supply power supply u3 is:

0.002%
Uz = \/g

~ 0.001% (20)

Table 2. Voltage fluctuation of LED light source in Experiment 1.

Number Voltage (V) Average (V) Maximum Relative Deviation (%)

3.07245
3.07238
3.07238
3.07237
3.07232 3.07238 0.002%
3.07243
3.07234
3.07242
3.07233

[y

O 00N O Ul = WIN

Figure 11 shows the PD output voltage during the measurement time of 8 h in Experi-
ment 1. This can be substituted into the light source stability measurement algorithm for
the flux calibration of the space gaze camera. Figure 12 demonstrates the change in the total
energy over time in gaze time. Statistical analysis was performed on the three-measurement
data, respectively. The results of the error analysis for a single measurement are shown
in Table 3.

Third

Voltage/mV

238 -

i L i i i i

s [
oo

1 2 3 4 5 G
Time/h

Figure 11. The output voltage of PD in Experiment 1.
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Figure 12. Variation in the total energy received with time during the PD gaze time in Experiment 1.

Table 3. The relative uncertainty of PD stability in Experiment 1.

Number Estimated Value Maximum Minimum Standard Deviation Relative Uncertainty Degree
(mW) (mW) (mW) (mW) (%)
1 13.8759 13.8814 13.8738 0.0017 0.012
2 13.8748 13.8777 13.8728 0.0010 0.007
3 13.8936 13.8985 13.8911 0.0016 0.012

As can be seen from the above table, the relative uncertainty of PD stability obtained
by triplicate measurement was 0.012%, 0.007%, and 0.012%, respectively. The mean of
0.01% was taken as the relative uncertainty of PD stability.

The PD output voltage in Experiment 2 is shown in Figure 13. The halogen lamp light
source at 0~30 min was poor in stability, so these data were omitted when analyzing the
stability of the light source. The data shown in Figure 13 can be substituted into the light
source stability algorithm for the flux calibration of the space gaze camera. The change
in the total energy received by PD with time during a single gaze time in Experiment 2 is
shown in Figure 14. The relative uncertainty of the halogen lamp stability obtained after
analysis is shown in Table 4.

220

]
fary
o0

——

Voltage/mV
[k
=y

ol e
¥ |r-l'tu..-_l1._-...|..‘| “L

i i #:?w?'h'ﬁl-'ﬁﬂ'ﬂwm#fhﬁﬁﬁﬂ?
o 1 2 3 4 5 6 7 8

Time/h

Figure 13. The output voltage of PD in Experiment 2.
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Figure 14. Variation in the total energy received with time during the PD gaze time in Experiment 2.

Table 4. The relative uncertainty of the stability of halogen lamp in Experiment 2.

Number Estimated Value Maximum Minimum Standard Deviation Relative Uncertainty Degree
(mW) (mW) (mW) (mW) (%)

1 12.3705 12.3705 12.2957 0.0493 0.399

2 12.3305 12.3305 12.2559 0.0589 0.478

3 12.3265 12.3265 12.2655 0.0475 0.385

From the above table, the relative uncertainty of the light source stability in the three
repeated measurements was 0.399%, 0.478%, and 0.385%. The mean of 0.42% was taken as
the relative measurement uncertainty of the halogen lamp light source.
6. Discussion
The equidistance method has the limitation that it cannot monitor the luminous
intensity in real time for a long time when measuring the stability of the light source. To
improve the above issues, a method to measure the stability of the light source using PD is
proposed in this manuscript. It is also combined with algorithms for light source stability in
the flux calibrations of space gaze cameras. The comparison of the two methods is shown
in Table 5.
Table 5. Comparison of light source stability measurement methods.
Parameters Equidistance Method PD Measures Light Source Stability
Measurement equipment SL and Photometers LED, PD, Preamplifiers, and Acquisition cards
Measurement time (h) 4 8
Real-time measurements No Yes
Measurement uncertainty (%) 0.09 0.01

The table shows that the PD measurement source stability improves the measurement
accuracy from 0.09% to 0.01%. The measurement time was increased from a maximum
of 4 h to 8 h in the validation experiment. A total of 8 h is not the limit length of the
measurement. Furthermore, the PD measurement of the light source stability achieves
real-time measurement of the stability of the space gaze camera flux calibration light source.
It reduces the measurement uncertainty of the light source stability caused by changes in
the external environment.

To reduce the impact of voltage fluctuations on the power supply of the light source
stability measurement in the verification experiment, a regulated power supply is used to
power the LED. The uncertainty introduced by the voltage fluctuation before using the
regulated power supply was 3.33%. The uncertainty introduced by the voltage fluctuation
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was changed to 0.001% after using the regulated power supply. It proves the necessity of a
regulated power supply.

There are also some problems in the experimental verification of this paper, which will
be improved in the future. For example:

1. In this paper, a halogen lamp was selected as the light source to be measured. To
verify the wide practicality of the method for measuring the stability of light sources
by PD, other types of light sources, such as xenon and mercury lamps, will be selected
for subsequent experiments.

2. The time settings in the experimental validation are an estimate based on the scientific
objectives of a particular model of space camera. There were differences between
them and the parameter settings during the actual flux calibration.

3. In the experiment, the PD stability selected by many comparisons can meet the
measurement accuracy of the light source stability for the space gaze camera, so
the stability of the light source is not corrected. If the calibration accuracy of PD
cannot meet the calibration requirements of the space gaze camera, the corresponding
algorithm should be used to calibrate the PD output voltage in the experiment.

7. Conclusions

The purpose of this paper is to solve the problem of measuring the stability of the space
gaze camera flux calibration light source in the multi-field calibration of large-aperture and
large-field space telescope flux calibration. The equidistance method cannot monitor the
luminous intensity of the light source in real-time. Additionally, the long-term stability of
SL cannot be guaranteed. The method of using PD to measure the stability of the calibration
light source was proposed. This paper introduces the principle and algorithm of a light
source stability measurement for a space gaze camera flux calibration. Moreover, the
design for the simulation analysis and experimental scheme to verify the correctness of
the measurement method has also been proposed. First, PD was calibrated by using an
LED light source; then, this PD was used to measure the stability of a calibration light
source. At this time, the main sources of measurement uncertainty in the stability of the
light source are the stability uncertainty of LED and the stability uncertainty of PD. The
gaze time in the validation experiment was set to 5 min, and the sampling frequency of
PD was 15 Hz. When the flux calibration time was 8 h, the stability uncertainty of the
calibration light source was 0.42%, and the relative measurement uncertainty was 0.01%.
At this time, the uncertainty caused by power supply fluctuation was 0.001%, which had
little influence on the measurement uncertainty and could be ignored. Compared to the
traditional method, this enables the real-time monitoring of the luminous intensity of the
light source; moreover, the measuring time is not limited by the SL. The measuring time
of the light source stability was prolonged from 4 h in the traditional measuring method
to 8 h or even longer. It improves the situation that the measurement accuracy cannot be
guaranteed when the calibration light source runs for a long time in the traditional method.
The measurement accuracy of light source stability was improved by 0.01%, which meets
the requirement of the high-precision flux calibration for a large-aperture space telescope.
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