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Abstract: To eliminate the non-uniformity response of integrating sphere detector, which is brought by the back surface of
the measured main aperture of the solar irradiance absolute radiometer serving as a part of the integrating sphere wall in
effective area method, a correction optical model is designed to tackle the issue in TracePro program. By simulations, the
radiant flux responded by the integrating sphere detector is given. Then the curve of the relative change about the radiant
flux is deduced and the experiment measurement data are corrected on the basis of relative change curve. Eventually, the
uncorrected and the corrected main aperture areas are calculated. Within a series of repeated measurements, the relative
uncertainties of the uncorrected results and the corrected results are both 7 × 10−5 (n = 7). The relative uncertainty of the
differences between the raw results and corrected results is 9.65 × 10−5 which proves that the optical model can evaluate
the deviation, efficiently.

1 Introduction propagation and the plane of the aperture are perpendicular. The
As an important energy source to the earth, solar power promotes the
circulation of the energy. Its effects on the climatic variation and
environmental change are very significant. It is essential to
measure and make a long-term monitoring about the solar
irradiance. For this purpose, the solar irradiance absolute
radiometer (SIAR) is researched and developed by Changchun
Institute of Optics, Fine Mechanics and Physics, Chinese
Academy of Sciences [1–7]. The solar constant monitor mounted
on SZ-3 spacecraft and the solar total irradiance monitors boarded
on the FY meteorological satellite are all composed by SIARs
[8–12]. The SIAR is a kind of dual-conical cavity compensation
absolute radiometer and there is a main aperture in front of the
cavity. The main aperture is a type of knife edge circular aperture
[13]. Its area determines the solid angle needed for the definition
of radiant intensity, so it determines the measurement accuracy of
the SIAR directly. We use the effective area method [14–17] to
measure the main aperture of the SIAR. The measurement
accuracy of this method is high and the calibration situation is
similar to that during the actual use of the apertures [18–20].

In this paper, the effective-area method is introduced and the
schematic diagram of the experiment measurement setup is shown
first. Then a problem is put forward that the rear of the measured
main aperture will serve as a part of integrating sphere wall during
the process of the aperture area measurement, which will make the
measurement results unreliable. In order to correct the aperture
area results, an optical model based on the real measurement
situation is designed and simulated in TracePro programs. Then
the radiant fluxes detected by the sphere detector are recorded
along with the different positions of the main aperture. The curve
of the relative change of radiant fluxes is deduced. Eventually, the
aperture areas are acquired after correcting the experiment
measurement data. The relative uncertainty of the differences
between the raw results and corrected results is given.
2 The effective-area method

The measured main aperture is placed in a known and uniform
irradiance (E) light region in which the direction of the light
total radiant flux passing through the aperture is P. The radio of
the total radiant flux to the irradiance gives the measured main
aperture area. The equation is

A = P

E
(1)

This uniform and known irradiance light region can be formed
through fixing one laser Gaussian beam in which the radiant flux
is PL, moving the measured aperture by a x–y translation stage in
constant step lengths (Δx and Δy), forming a regular grid of (2nx + 1)
× (2ny + 1) in the x and y directions. A special detector should be
designed to collect the entire radiant flux scattering out of the
aperture edge, since the position of the aperture is changing. A
combination of the integrating sphere and detector can solve this
problem. The integrating sphere detector is placed behind the
measured aperture to collect the radiant flux. When the stage
carrying the aperture moves one step, the radiant flux is Pj,k. The
total radiant flux passing the measured aperture is

P =
∑nx

j=−nx

∑ny

k=−ny

P j,k (2)

The irradiance of the uniform light region is calculated by the
equation

E = (2nx + 1)(2ny + 1)PL

(2nx + 1)Dx(2ny + 1)Dy
= PL

DxDy
(3)

According to (1)–(3), the main aperture area can be calculated by the
equation

A = P

E
=

DxDy
∑nx

j=−nx

∑ny
k=−ny

P j,k

PL

(4)

The schematic diagram of the experiment measurement setup is
shown in Fig. 1. The laser beam becomes a clean Gaussian beam
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Fig. 1 Schematic diagram of the experiment measurement setup
with a power of about 2 mWafter passing through the spatial filter and
the power stabiliser with a type of Brockton Electro-Optics Laser
Intensity Stabilizer (BEO LS-PRO). Over the time required for
moving the measured aperture, the long-term instability about the
power of Gaussian laser beam is about 3.0 × 10–5. The Gaussian
laser beam is divided into two beams after passing through the
beam splitter. One beam reaches to the monitoring detector and
the other reaches to the measurement detector. The monitoring
detector is same as the measurement detector. They are all
composed by a photo diode with a type of Hamamatsu S1227
and an integrating sphere. The integrating sphere is used to
collect the scattering light which hits the knife edge of the
aperture and spreads in a big solid angle. The monitoring
detector is used to survey the stability of the laser beam power.
Moreover, the measurement detector is used to measure the main
aperture area. The main aperture is aligned perpendicularly to
the measurement beam. The back surface of main aperture is
near the input port (A) of the integrating sphere. When the two
beams reach into the two integrating sphere detectors, the light
signals become the electric signals which are detected by the
two photo diodes connected to the multimeter with a type of
Keighley 2700.

A problem existed that the back surface of the measured main
aperture will serve as a part of the sphere wall during the
measurement process. The non-uniformity in the reflectivity of the
back surface might influence the radiant flux response by the sphere
detector. Moreover, the main aperture area measurement results will
be affected. A method should be found to evaluate and correct the
effect.
3 Design of the optical model

An optical model should be designed to study the non-uniformity of
the radiant flux responded by the sphere detector during the
measurement process. An auxiliary beam could be introduced into
the sphere detector by another input port to measure the relative
changes of radiant flux with changing the position of the main
aperture.
Fig. 2 Optical model of the real measurement in different visual angles
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First, an optical model is designed in TracePro program which
describes the original position of the laser beam, the measured
main aperture, and the input port (A) of the integrating sphere
detector during the real measurement situation. The optical model
is shown in Fig. 2. The laser beam (measurement beam) comes
into the integrating sphere through the input port (A) of the sphere
detector, perpendicularly.

Second, another input port (B) and another laser beam (reference
beam) are designed in the optical model additionally. The reference
beam comes into the sphere detector through the input port (B). The
area of the input port (B) is about the same size as the main aperture
area. The reference beam is the same as the measurement beam
except the spread direction. The measurement beam and reference
beam come into the integrating sphere, and then hit the wall of the
integrating sphere detector at the same position through the two
input ports (A and B). The position of the input port (B) should
be near the input port (A). The input port (B) with 12 different
positions is designed in one side of the input port (A) which is
shown in Fig. 3.

Finally, there are five situations that the distance between the
measured main aperture and the input port (A) of the integrating
sphere detector is 0, 0.75, 1, 1.25, and 1.5 mm. For each situation,
we simulated the radiant flux responded by the integrating sphere
detector with the 12 different positions of input port (B).

The radiant fluxes are recorded during the different situation
simulations made in TracePro programs. The radiant flux
responded by the integrating sphere detector is Pm when the
measurement beam comes into the sphere. Moreover, the radiant
flux responded by the integrating sphere detector is Pr when the
reference beam comes into the sphere. After simulations, we study
the differences between the recorded radiant fluxes. For each
position of input (B), the relative change of the radiant flux is
defined as r = |Pm−Pr|/Pm. The curves of the relative change about
the radiant fluxes responded by the integrating sphere detector are
given, which are shown in Fig. 4.

On the basis of the curve, we found that the relative change of
radiant flux (r) is the lowest when the input port (B) is in the
position of 7. In our corrective optical model, the input port (B) is
designed in position 7.
4 Corrective optical model

4.1 Process of the correction

The corrective optical model is shown in Fig. 5. The reference beam
comes into the sphere through the input port (B). Moreover, the
measurement beam does not come into the sphere. During the
simulation process, the distance between the measured main
aperture and the input port (A) of the integrating sphere is 1 mm.
The aperture is scanned over the measurement area size of (2nx + 1)
(2ny+ 1) with constant step lengths. A radiant flux responded by
the integrating sphere detector is recorded at every position.
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Fig. 4 Curves of the relative change about the radiant flux

Fig. 3 Input port B with different positions

Fig. 5 Corrective optical model

Fig. 6 Radiant flux curve of the total measurement position

Fig. 7 Curve of the relative change about the radiant flux
The specific correction course is as follows:

(i) The reference beam should be passed through the input port (B)
entirely and hit the integrating sphere wall at the same place like the
measurement beam.
(ii) Fix the reference beam and move the measured main aperture
step by step. Record the radiant flux (P∗

i,j) responded by the
integrating sphere detector at every position and give the curve of
radiant flux covered with the total measurement position of (2nx + 1)
× (2ny + 1). The radiant flux curve is shown in Fig. 6. The radiant
flux is P∗

0,0,−1 when the measured main aperture is in the centre.
The average of the radiant flux is (P∗).
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(iii) We define that the relative change of the radiant flux isMi,j, and
it can be calculated by the equation

Mi,j =
P∗
i,j − P∗

0,0,−1

P∗ (5)

(iv) The curve of the relative change about the radiant flux
responded by the sphere detector is shown in Fig. 7.
(v) The original experiment measurement data of the radiant flux is
Po

i,j and the correction data of the radiant flux can be calculated by the
equation

Pc
i,j = Po

i,j(1−Mi,j) (6)
4.2 Corrections of the measurement results

A named 5 mm diameter main aperture is calibrated by a Universal
Tool Measuring Microscope with a type of 19JA840087. The
calibrated main aperture area is 21.12704 mm2. Then the aperture
is tested for seven times in effective area method and the aperture
areas are calculated by using the original experiment measurement
data and the correction data. The results are shown in Table 1. The
repeatability of the uncorrected results and the corrected results
within a series of repeated measurements are typically 7 × 10−5

(n = 7), which are calculated by the standard deviation. The
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Table 1 Results of main aperture area measurement

Aperture area Calibrated
result

Original data
result

Correction data
result

average value, mm2 21.12704 21.12843 21.12435
repeatability (n = 7) – 7 × 10−5 7 × 10−5
relative difference between the calibrated main aperture area result
and the correction main aperture area result is 6.37 × 10−5.
5 Conclusions

The corrective optical model is designed based on the real
measurement optical model. Using the corrective optical model,
the curve of the relative change about the radiant flux responded
by the integrating sphere detector is given and the experiment
measurement data are corrected. On the basis of corrective data,
the corrected main aperture areas are calculated. The corrected and
uncorrected main aperture area measurement results are accordant.
The results prove that the optical model is a good way to correct
the effect brought by the rear of the aperture serving as a part of
the integrating sphere wall in effective method. The relative
uncertainty of the differences between the raw results and
corrected results is 9.65 × 10−5.

The correction method is valid to improve the main aperture area
measurement results. However, some deficiencies still exist in this
method. The curve of the relative changes that is given by us can
only correct one constant step-length aperture area measurement. If
the constant step-length changed, the correction curve should be
changed accordingly. To make this method more convenient with
different step lengths, the relationship between the variable step
length and the correction curve should be established and a lot of
simulations and experiments should be carried out to justify the
feasibility of the relationship and enhance the accuracy of the
relationship in the future.
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