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Записка
Dear participants of conference! Let me introduce myself. My name is Pochufarov Anton. I am Phd student of the first year of institute of atmospheric optics. Sergey Sakerin is my scientific adviser.   The topic of my presentation is “Development and test results of Sun Sensor for solar photometers”. 
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Записка
The SP-9 automated solar photometers include a Sun Sensor (SS) that instrumentally detects situations when the Sun is not covered by clouds and sends a command to activate the photometer's guidance/tracking system.
In this talk, I will tell you about the development of a new Sun Sensor. 



Purpose and objectives

Purpose - development and testing of a sun sensor, for the automated

operation of solar photometers in variable cloud conditions and
automatic determination of the sunshine duration

Objectives :

>

>

>

To verify an experimental model with requirements;

To verify and calibrate a photosensor;

To select a diffuser;

To select the schematic diagram and components of the sun sensor;
To implement the microcontroller operation algorithm;

To test the experimental model;

To integrate the sun sensor into the SP-9 system.
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The previous version of the Sun sensor had an imperfect mechanical part. In the new version of the sensor it was decided to get rid of the presence of a mechanical part.
And we have a Purpose to develop and to test the new SS, which will also be able to work in the sunshine recorder  mode. A sunshine recorder is a device that records the amount of sunshine at a given location or region at any time.
To achieve this Purpose, we need to solve the objectives that are shown on the slide.



Sun Sensor Requirements

» The field of view of the sun sensor should
cover the entire trajectory of the sun

» From the total radiation entering the sensor
a component of direct solar radiation should
be distinguished;

» The solar sensor must recalculate the
threshold level based on the position of the
sun;
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During the development, the following requirements were formulated. 
The field of view of the sun sensor should cover the entire trajectory of the sun in the sky during the day in different months of the year. It is achieved due to the fact that the photo sensors are located horizontally. 
The second point is due to the shadow screen. 
All calculations will be made by the microcontroller. This will be described in more detail later. The slide shows a image of the model.
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A functional diagram is presented on the slide to explain the principle of the operation. As you can see, the SS structure will also include a GPS module. The microcontroller makes all the necessary calculations. GPS module receives coordinates and time, which will later be used to calculate the cosine of the Zenith angle of the Sun. This value will then be needed for calculating the threshold value based on the atmospheric visibility (ФП2). 
This threshold value is equal to the value of the solar radiation flux at moments when the sun is not covered by clouds. It is necessary for correct measurement of solar radiation by a solar photometer. After this threshold value will compare with received value of the direct radiation. If the value of the direct radiation is more, then launch of the photometer.
The another threshold value (ФП1) is the threshold for operation in the sunshine recorder mode. This threshold value has a specific value that is equal to the energy of sunlight that can burn through paper. This value appeared because of the operation concept of the Campbell–Stokes sunshine recorder. We will also will compare this value with the received value of the direct radiation  for starts the recording of duration of sunshine.


Formulas

Calculation of the zenith angle cosine based on data received from the GPS module:

cosZ = sing -sind + sin¢g - sinéd - sint,
@ — latitude value; 6 — declination by date; t — solar time.

Recalculation of the set threshold value for determining sunshine duration:

@' | —assigned threshold value for a photodetector located
perpendicular to the direction of the sun;

®t = coszZ - oM ;

Calculation of a threshold value based on atmospheric transparency:

(DHZJ_ — CDD ] e—:ﬂ:n{{:ﬂsz;

Oy — value of the flux outside the atmosphere;
T — assigned threshold optical depth.

®12 = cos 7 - d"2 ;
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This slide shows the formulas that are used in the microcontroller's algorithm for calculations


Azimuthal dependences of the photosensor
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The azimuthal dependence is the dependence of the signal magnitude on the azimuthal angle of the
radiation source with its constant zenith angle.

Sensor imperfection is the reason for this dependence.
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The main drawback of the photo sensors, which we selected, is that they have an azimuthal dependence. To eliminate the azimuthal characteristic, we decide added a diffuser. The diffuser will remove the azimuthal dependence of the diode, and will also serve as a protection for photo sensors from the external environment.


Material selection for diffuser
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Based on the data obtained, it was decided to use fluoroplastic as a material for the diffuser.

This material has a small own azimuth dependence, is easy to process, and quite durable.
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Several materials were suggested: Glass, frosted plexiglass, plexiglass, fluoroplastic. It is necessary that the azimuthal dependence has the form of a straight line.
As you can see, the most optimal choice is fluoroplast.



Diffuser thickness selection
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photosensor, reduces the illumination of the photosensor, which will not allow you to get too large a

signal in bright sun.
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Then it was decided to choose the thickness of the lens itself. A fluoroplastic diffuser with a thickness of 2.5 mm was chosen. It completely suppresses the dependence of the photosensor, reduces the illumination of the photosensor, which will not allow to get too large signal in the bright sun.


Sensor signal in nominal unit
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The selected diffuser has shown satisfactory data even in experiments in actual environment


Zenith dependences
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A more complete study of this parameter is needed.
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We also attempted to obtain the Zenith dependence of our lens. However, due to the small number of experiments, no reliable data were obtained.


Signal extraction of the direct sunlight
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This slide show the example of how a direct radiation signal is extraction from a set of signals from photosensors. The total radiation signal is equal to the maximum value of the signal from all the signals from the photosensors, and the scattered radiation signal is equal to the minimum value on all the photosensors. The left graph shows a set of signals from photosensors, the right graph shows the extraction of a direct signal.


Conclusion

The experimental model of photosensor and amplifier was built.
The algorithm of the device operation is developed and tested.

Electric circuit diagram of the entire device is under development.
Also, the experimental model with a microcontroller will be
assembled soon.
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To the conclusion presented on the slide, I would like to add that this development is ongoing and is far from complete.


Thank you
for your
attention!






