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TWO-MATRIX PHOTOMETER CONTROL SYSTEM

Abstract: In this paper astronomical two-matrix photometer is described. It differs from common one CCD
camera photometers with application of the second CCD camera. It ecnables to carry out the light inputs
measurements of studied star and standard star simultancously. The second camera application enables to
significantly increase measurements accuracy and to decrease of one star observation time at least twice. The
increase of measurements accuracy is reached by carrying out simultancous observations, and errors caused by the
Earth atmosphere fluctuation are the same for both studied star and standard star. Time decrease is reached by
carrying out both stars’ observation simultaneously.

In this paper photometer’s optical mechanics scheme is given. The motion mechanism of receiving and
recording block with micrometer screw rotated by stepping motor is described. It is demonstrated that exact
coordinates of matrix position attached to clutch on micrometer screw are shoot by absolute magnetic encoder.

The applied electronic equipment of two-matrix photometer control system is described. The algorithm of
photometer operation control installed on 1-meter Tien-Shan Astronomical Observatory telescope is presented.

Keywords: star, telescope, photometer, CCD-matrix, optical mechanics scheme, control system.

Introduction. During the astronomical photometry observations it is important to measure the
studied stars and standard stars at the same time. But standard star is at far distance from the studied star,
even by using CCD-camera with maximum dimensions (50x50 mm), it does not come in view of the
radiation detector (matrix). All known photometers (e.g. [1]) use a matrix. Therefore we have to observe
stars separately. Separate measurement, firstly, leads to deterioration the measurement accuracy due to all
possible time fluctuations in the Earth's atmosphere, and secondly, increases the costs for photometry
observation time for each of the studied object. These disadvantages can be eliminated only by
simultaneous measurement of the studied stars and standard stars, and then the effects of atmospheric
fluctuations will be the same on both stars.

In addition, astrophysics has urgent tasks that are impossible or difficult to solve with existing
photometers. For example, during astrological and seismological observations of faint objects, searching
for extrasolar planets and other problems, where changes (fluctuations) in stellar brightness are low and
fluctuations in the Earth's atmosphere do not allow the measurement or heavily distort them. In order to
detect such changes in stellar brightness, series of observations using a complex mathematical analysis
(e.g. Fourier analysis) are carried out. However, many of these problems cannot be solved by using one-
matrix photometers and simply cannot be solved. In the one-matrix photometers these fluctuations in
brightness "sink" in the noise of atmospheric fluctuations.

Thus, the development of two-matrix photometer and its introduction into astronomical observation
will enable to:

1. significantly increase the accuracy of photometric measurements by simultancous observations of
the studied stars and standard star;

2. halve the time of observation, and thus improve the effectiveness of observing time on telescope
more than twice;

3. solve a number of tasks that impossible to produce using a photometer-matrix and expand the
range of the studied objects.

1. The equipment structure and control algorithms
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In order to create two-matrix astronomical photometer, it was necessary to develop, manufacture and
debugging of its optical and mechanical assembly, electronics control and software.

Two 1-meter telescopes of Tien-Shan Astronomical Observatory (TSHAQ) have Ritchey-Chriitien
system, which allows creating a large undistorted field in the focus of the telescope, and provides
additional benefits for the two-matrix photometer application.

One of the CCDs (main) is set on the main optical axis of the telescope. It helps to measure the
studied star. Light input from the standard star with the help of the diagonal mirror is "displayed" on the
side surface of the photometer with rotation of 90 degrees. The assembly of single optical unit consists of
diagonal mirror, filters and CCD-matrix is assembled is movable in the focal plane of the telescope in one
of the coordinates. Moving on the second coordinate is carried out by rotating the photometer on telescope
wheel. This is because the standard stars may be located at different distances and angles from the studied
star. By moving the second CCD-matrix in two directions, we can almost always bring coordinates on
standard star.

Optical scheme of the main channel of the photometer (for observations of studied star) with CCD-
camera Apogee U10 is given in Figure 1.
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Figure 1 — Optical scheme of main channel of photometer
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Figure 2 — Optical and mechanical scheme of the second channel of photometer
In the second channel we can use a simple matrix without refrigeration. As brightness of standard
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star is always higher, it is possible to use less sensitive, small and lightweight CCD receivers. Small size
and weight are significant, because the optical unit with matrix has to move within photometer. The
principle of operation of transfer mechanism of the second channel matrix is as follows: with the help of
the microscrews which have a worm gear and rotate by the stepping motor (SM), we move the optical unit
with diagonal mirror, filters and CCD-matrix in one direction till 14 cm with the possibility of intersection
with the main optical axis (MOA) of the telescope. During crossing of telescope MOA, it is possible to
test both matrixes and identify instrumental corrections. The exact coordinates of the position of the
optical unit are determined by absolute magnetic encoder, which is connected to the microscrew.

2. Electronic equipment of control system of two-matrix photometer

Figure 3 shows structural scheme of control system of two-matrix photometer.
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Figure 3 — Structure of control system of two-matrix photometer

The structure of the hardware of two-matrix photometer includes the following components:

1. The central control element is the type of microcontroller platform ARDUINO UNO [2], which is
called microcontroller (MC). Module Arduino Uno is a device based on ATmega328 microcontroller. The
microcontroller ATmegal6U2 provides signals of transreceiver with computer USB-port, and when
connected to a PC allows Arduino to define as a virtual COM-port. Upgrade of 16U2 chip uses standard
USB-COM driver that is why installation of external drivers are not required. On the Windows platform
only the appropriate .inf-file is necessary.

2. Electromechanical assembly (EMA) consists of 25¢m long microscrew, which moves the optical
unit, which comprises the diagonal mirror, turrets with filters and two CCD-matrixes. Moving is carried
out by stepper motor (SM), which rotates microscrew and moves the optical unit with the second matrix
with accuracy of 0.05 um. SM management [3] is carried out by the driver A3967 EasyDriver V4.4,
Driver management is carried out by a controller Arduino, with the help of special programmes.

3. As all electronic assemblies of the telescope are connected by distributed network and are located
at a considerable distance, all the assemblies are connected by converters RS-485 [4]. We chose RS-485,
as it may lead to 32 receivers with data speed specification till 10 Mbaud/sec over a distance of 1200 m.

4. In control system of two-matrix photometer we applied angle sensor of microscrews (encoder) for
the correct positioning of the system and control the movement of the optical unit with the second matrix.
As the angle sensor we used absolute magnetic encoder Baumer Electric CH-8501, which unique feature
is data storage of angle sensor in the fall or failure of voltage, or when the computer restarts. If the shaft
encoder has been turned at a certain angle, then when a voltage occurs, the encoder immediately will issue
new, the actual angular position of the shaft and the actual turnover number. Due to this process, we will
not have to produce the movement of mechanical parts of the machine to the start position, which is a
huge advantage of absolute encoders.

5. The protection circuit includes a mechanism of limit switches at both boundaries of optical unit
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moving on microscrews which prevents mechanical breakdown and produces a signal MC on achieving
moving boundaries.

6. Manual control diagram allows conducting the button reset to the initial position, sets the
command to move and select of motion direction in the test mode.
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Figure 4 — The control algorithm of the movement of the diagonal from MC
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3. The control algorithm of the movement of the diagonal mirror from MC

The development of software is based on the Arduino development environment [5], and contains the
following main elements, such as a text editor for code writing, an area for displaying messages, text
console, instrument panel with traditional buttons and the main menu. This software allows the computer
to communicate with the Arduino for data transmission and for code firmware in the controller.

Figure 4 shows a flowchart of the control algorithm of movement of the diagonal mirror from MC.
The value of encoder code and limit switches is used for feedback, the movement of the optical unit of the
second matrix is carried out in discrete steps, which are interspersed with long periods of removal of the
photometric information about stellar objects. Motion control depends on the trigger values "Movement"
and "Direction", and the discrete step is split into discrete microsteps, which number is defined by
software down counter and determined by the necessary accuracy of movement.

Conclusion

Designed two-matrix photometer is an astronomical measuring instrument used for photometric
observations. A distinctive feature of the device is that it can conduct simultaneous measurements of the
light input of the studied star and standard star, with an increase in the measurement accuracy and
decrease in time expenditure.

The use of two-matrix photometer is beneficial for astronomy, to study natural and artificial celestial
objects.

REFERENCES

[1] Liutyi V. M., Abdullaev B. 1., Alekperov 1. A., Giul'maliev N. 1., Mikailov Kh. M., Rustamov B. N. I. Reconciliation
CCD photometer with Zeiss optics 600, Azerbaijani astronomical journal, 2009. Vol. 3-4, pp. 36-41. (in Russ.).

[2] Petin V.A. Projects using Arduino controller, SPb: BKhV-Peterburg, 2015, 464 p. (in Russ.).

[3] Kenio T. Stepper motors and microprocessor control systems, Per.s angl. M.: Energoatomizdat, 1987, 200 p. (in Russ.).

[4] RS-4835 interface and description of connection, www.radiomedtech.ucoz.ru//RS-485 pdf. (in Russ.).

[5] Sommer U. Programming microcontroller board Arduino/Freeduino, SPb. BKhV-Peterburg, 2015, 256 p. (in Russ.).

JUTEPATYPA

[1] Jroteit B. M., AGxymnaee b. U., Aneknepo U. A., I'omsmamme H. Y., MukamnoB X. M., PycramoB b. H. 1.
Cornacopanms [13C-poTtometpa ¢ orrrukoit [leticc-600 // Azerbaijani astronomical journal. — 2009. — Ne 3-4. — C. 36-41.

[2] Hetun B.A. TIpoekTs! ¢ ucnonbzoBarmeM koHTpoiniepa Arduino. — CII6: BXB-IletepSypr, 2015. — 464 c.

[3] Kenuo T. ITlaroBsle JBUraTelId U UX MUKPOIIPOIIECCOPHBIE CUCTEMBI yIIpaBieHus. [lep.c anri. M.: DHeproatoMusar,
1987. -200 c.

[4] Nutepdeiic RS-485: omicanue, noamodeHre. — www.radiomedtech.ucoz. ru//RS-485 . pdf

[5] Commep V. TlporpammvupoBaHre MUKPOKOHTpoUIepHBIX mraT Arduino/Freeduino. — CIIG. BXB-IletepGypr, 2015. —
256 c.

JK.IIL Kanraes', K.C. Kyparos™*?, A.M. Ceiirumberon®, A.T. Maiiisioaes'?,
H.IIL Annvrasurosa'?, A.B. Manan6aesa’, A.K. Kyparosa'?, H.T. Hsrieyon”

' YITTBIK FAPBIIITEIK 3epTTEYIEp MEH TEXHOJOTHAIAP OPTAIBbIFSL, Amvarer, KajakcTan
2 on-Dapabu aremmarsr Kazak ¥ourreik Yausepcnreri, Anvatsr, Kajakcran
’B.I'. DeceHKOB ATHIHAAFEI ACTPO(H3HKA HHCTHTYTHI, ATMarhl, Kazakcran

EKI MATPHITAJIBEI ®OTOMETPAIH BACKAPY )KYHECI

Annoranua. Bynm Makamana acTpOHOMISUTHIK €Ki Marpuuansl Gpotomerp OctinemeHreH. bip CCD kamepans
KapamaieiM (pOTOMCTPACH aHsIpMammbLIbEel, MyHa ekinmmi CCD kamepa xonmawsuiagsl. OcCel ke3ae Oip yakbITTa
3EPTTENCTIH JKYIABI3ABIH >KOHE CTAHJAPTTHI SKYJIABI3IABIH JKAPBIK AFBIHAAPBIHA OJIICyJiep JKyprizemi. Exinmm
KaMepaHbl KOJIAAHY alTapibIKTai Jopeskesie oMIIey JONAITIH KOFAPhIIIATYFa MYMKIHIIK Oepei skoHe OIp MKyJIABI3IbI
Oakpulay KeE3iHAC €Ki ece VaKpIT MIBIFBIHBIH a3aiirampl. bipiHmi oxarmaii  Oakpuraymap Oip  yakeITTa
SKYPTI3UITCHAIKTEH, 3EPTTEIIHIN OTHIPFAH J>KYIABI30CH CTAaHJAPTTHI Kyuapl3 ymriH JKep armocdepachlHAarbI
(aykryanus ocepineH O0naThiH Kartemikrep Oipacht Oomamasl. Exi »ymaprapl Oip yakeITTa OakplIay Ke3iHAE FaHA
VaKbIT IBIFBIHAAPBIH A3aUTY MYMKIHZIITIHE JKeTyTe OOIabl.

Maxkanaga (oTOMETpAiH ONTHKA-MEXAHUKAIBIK CXEMachl KenTipinreH. KaObuimay-Tipkeyni OJIOKTBIH OPBIH
ayBICTHIPY MCXaHH3MI KenTipiareH. OHBIH HETI31 PETIHAC KaZAMIBIK KOSFANTKBIIITAH AHHAIATHIH MHKPOMCTPIIK
18
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BUHT aibIHAABL. MHUKPOMETPIIK BHHTTETL My(rara OCKITINTCH MATPHLA OPHATACYBIHBIH HAKTHI KOOPAWHATAIAPBI
abCOFOTTI MATHUTTIK 3HAOKOACPMEH TYCIPIJIC].

Exi marpunamnst (oTtoMeTpaid Oackapy »KyHECIHIH KOJIIAHBUIATHIH 3JICKTPOHABI allapaTtypackl OCHHEICHICH.
Taup-1llaHe aCTPOHOMUATBIK 00CCPBATOPHACHIHAAFEI |-MCTPIIK TCICCKONKA OPHATHUFAH (DOTOMCTPAIH OacKapy
SKYMBICBIHBIH AJTOPUTMI KENTIpLIreH.

Tyiiin ce3aep: >kyap3, Teneckorn, oromerp, CCD-MaTpuna, ONTHKA-MCXaHHKAIBIK CXeMa, 0acKapy >Kyteci.
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CHUCTEMA YIIPABJIEHHUA IBYXMATPHYHBIM ®OTOMETPOM

AnHoTanusi: B JaHHOH CTaThe OMMCHIBACTCH ACTPOHOMHYECKHMH IBYXMATPHUHBIN (oroMerp. OT OOBIMHBIX
(otomerpos ¢ omHoit CCD kamepoi orimuaercs TeM, uto mpuMensercs sropat CCD kamepa. 310 HO3BOISET
OJHOBPEMCHHO TIPOBOAMTH H3MEPCHHS CBETOBBIX IOTOKOB OT HCCICAYEMOH 3BE3Abl H 3BE3ABI-CTAHAAPTA.
ITpumeHeHne BTOPOH KaMEPHI MO3BOJIACT CYLICCTBEHHO YBEIMYUTh TOYHOCTh H3MEPCHHN H KAK MHHUMYM B J1BA Pasa
VMCHBIINTH 3aTPAThl BPEMEHU HA HAOIFOICHWE OTHOM 3Be3xbl. IlepBoe AOCTHraeTCst 3a CUET TOTO, YTO HAOIFOACHHUS
MPOBOIATCS OJHOBPEMEHHO W OMMOKWM, 0OycrIoBicHHbIC (ykryaumeidl B 3eMHOH arMoc(epe OJMHAKOBBI I
HCCIECAYEMOH 3BE3IBI M 3BE3AbI-CTAHAAPTA. YMCHBIICHHE 3aTPaThl BPEMEHH JOCTHTACTCS 3a CUET IPOBEACHH
OTHOBPCMCHHBIX HAOTIOACHHH 00CHX 3BC3.

B crarse puBOAMTCS ONTHKO-MEXaHHYECKAs cxeMma (potomerpa. OnucaH MEXaHU3M MEPEMEHICHHS PHEMHO-
PETHCTPUPYIOMETO OJOKA, 32 OCHOBY KOTOPOTO B3IT MHKDPOMETPHUYCCKHHA BHHT, BPAINAFOIIMKCSA OT IIAroBOTO
meuratend. [IoKa3aHO, YTO TOYHBIC KOOPAMHATHI TIOJOKCHHS MATPHIBI, NPHKPCIUICHHOH K My(Te Ha
MHUKPOMCTPHICCKOM BHHTC CHUMAKOTCS a0COMFOTHBIM MATHHTHBIM OHKOACPOM.

Onmcana wWCHonb3yeMas 3JICKTPOHHAS ammaparypa CHCTEMBI VIIPABICHHS JBYXMATPUYHBIM (POTOMETpPOM.
[IpeacrasneH aaroput™ ympaeicHusS padoToil (GoTroMeTpa, YCTAHOBICHHOTO HAa 1-MeTpoBOM Teneckome TaHb-
[TaABCKOM aCTPOHOMHUCCKOH 00CCPBATOPHH.

Kmrouernie cioBa: 3Be3aa, temeckom, (oromerp, CCD-marpmma, ONTHKO-MCXAHHUYCCKAS CXEMa, CHCTEMA
yIpaBJIcHUS




