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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 enables to carry out the light inputs
measurements of studied star and standard star simultaneously. 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 simultaneous 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 simultaneous 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

— |4 ——
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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 (TSHAO) 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.

- :B—i ________ Lens
| ;
) L :I
a |
1S [l 10
it AU
w | 1
: A
b i. il CCD - camera
T i Tlurret with filters

Diagonal mirror

Figure 1 — Optical scheme of main channel of photometer

Diagona
mirror

microscrew clutch

encoder

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.

MC .
SEP > BED Protection
» ARDU- —— .5 Central PC
" INO- K—> circuit
UNO-R3 >
Manual control U ‘_J
diagram . EMA CD-2 CCD-1
R i
Converter C
EBiicod i onverter
USB — ncoder Converter Converter USB
K——>
r— RS-485 half duplex network =

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 25c¢cm 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

— 1§ ——
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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.

Start, total reset

A

Setting initial conditions

yes
i Movement to 1
Position Start  into ste
into “0"? > ?

“1m9 y

no Time delay

4

step counter

Subprogramme of
setting EMA into “0”
position

A

Counter=0?

l yes

Reset of “Movement”
trigger

yes

Change the
direction bite

Former direction?

Y

Time delay

A

Motion dwell

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.
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'Y IITTBIK FAPBIIITHIK 3epTTeyiep MEH TEXHOJIOTHIIAp OPTaNbIFbl, AnMathl, Kazakcran
2 on-®Dapabu ateiHarsl Kazak ¥YnTTeik YHUBepcuTeTi, Anmarsl, Kazakcran
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EKI MATPUIIAJIBI ®OTOMETP/IIH BACKAPY JKYHECI

Annotanusi. by mMakanaga acTpoHOMUSUTBIK eki Marpunansl Goromerp Oeitnenenren. bip CCD kamepaist
KapamaiieiM (poToMeTpAeH aifblpMambUIbFel, MyHna ekinmi CCD kamepa kommanpuiagbl. Ochel ke3ne Oip yakbITTa
3epPTTENETIH JKYIABI3IBIH KOHE CTaHOAPTTH JKYIABI3IBIH KAPBIK aFbIHAApBIHA eimeyiep Kyprizemi. Exixmmi
KaMepaHBI KOJJaHy alTapibIKTail Jopexeie oJey ToIIIriH JKOFapbUIaTyFa MyMKIHIIIK Oepei xKoHe Oip *KYJIIBI3IBI
OakpUTay Ke3iHAE €Ki ece YakbIT IIBIFBIHBIH a3zaiTanel. bipiHmi skarmail  Gakpiiaymap Oip  yakeITTa
JKYPTi3UIT€HMIKTEeH, 3CPTTEIIHIN OTBIPFaH JKYIABI30CH CTaHAApPTTH Kyiabi3 ymrid JKep armochepacsiHaars
(haykTyanus ocepineH OonaThiH Karemikrep Oipaeit O6omanel. Exi sxynasi3asl Oip yakpiTTa Oakpuiay Kes3iHOe FaHa
YaKbIT HIBIFBIHIAPBIH a3aliTy MYMKIHJIriHE xeTyre 0oJapl.

Makanaga (GOTOMETpIiH ONTHKa-MeXaHWKaIbIK cXemachl KendripinreH. KaObuinay-ripkeynn OJOKTBIH OpbIH
aybICTBIPY MeXaHu3Mi kenTipinreH. OHBIH Heri3i peTiHIe KaAaMbIK KO3FAITKBIIITAH aiHAJIAThIH MHKPOMETPIIIK
18
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BUHT anblHAAbl. MUKpPOMETpIiK BUHTTErT MyQTara OCKIiTUIT€H MaTpHIla OpHAJIACYBIHBIH HAKTHl KOOPIWHATAIAPHI
a0COJIFOTTI MArHUTTIK YHIOKOAEPMEH TYCIpiIeIi.

Exi marpunansl poToMerpain 6ackapy »KyHECiHIH KOJJAHBLUIATBIH AJIEKTPOH/IbI allapaTypachkl OCHHENeHIeH.
Tsup-11lanb acTPOHOMUSIIBIK OOCEPBATOPHACHIHAAFEI 1-METpIIK TENECKOIIKa OpHAThUIFaH (GOoTOMETpAiH Oackapy
KYMBICBIHBIH aJITOPUTMI KENTipUIreH.

Tyiiin ce3nep: xyiiabi3, Teneckor, potomerp, CCD-marpuia, onTHKa-MeXaHUKAIBIK cXeMa, backapy xykeci.
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CHUCTEMA YIIPABJIEHUSA IBYXMATPUYHBIM ®OTOMETPOM

AnHOTanmsi: B naHHOH craThe ONMMCBHIBAETCS acCTPOHOMHYECKHH JIBYXMAaTpuuHBINH (oromerp. OT OOBIYHBIX
toromerpoB ¢ omnoit CCD kamepoil oriamyaercs tem, uto npumensiercss Bropas CCD kamepa. DTo mo3BOJISET
OIHOBPEMEHHO MPOBOJUTH HM3MEPEHMsI CBETOBBIX IIOTOKOB OT MCCIELYyEeMOM 3Be3[bl M 3BE3/bI-CTaHAAPTA.
[TpumeHeHne BTOpOi KaMephl O3BOJISIET CYIIECTBEHHO YBEIMYUTH TOYHOCTh U3MEPEHUH U KaK MUHAMYM B []Ba pasa
YMEHBIIUTH 3aTPaThl BPEMEHH Ha HaOII0eHne OTHON 3Be3/bl. [lepBoe mocTuraercst 3a CHeT TOTO, YTO HaOIIOACHUS
MIPOBOIATCS OAHOBPEMEHHO M OIIMOKH, OOYCIOBIEHHBIE (UIyKTyaleid B 3eMHOH aTtMocdepe OIMHAKOBBI IS
UCCIIELyeMOH 3Be3[bl M 3BE3/AbI-CTaHAApTa. YMEHBIICHHE 3aTpaThl BPEMEHU JIOCTHIAETCS 3a CYET NPOBEACHHMS
OJTHOBPEMEHHBIX HAOIIOICHU 00enX 3BE3 .

B crarbe npHBOAMTCS ONTHKO-MEXaHHYecKas cxema (oroMerpa. OnncaH MEXaHU3M NepeMeIeH s IPUEMHO-
perucrpupyoomero 0jokKa, 3a OCHOBY KOTOPOTO B3SIT MHUKPOMETPUYECKHH BUHT, BpAILQIOLIMKICS OT ILAroBOTO
naBurarens. [loka3aHo, 4YTO TOYHBIE KOOPIMHATHI IIOJIOXKEHUs MAaTpHLBI, IPHKPEIUIGHHOH K My(dTe Ha
MHUKPOMETPHUUYECKOM BUHTE CHUMAIOTCSI AOCOIIOTHBIM MAarHUTHBIM SHKOJIEPOM.

OnwucaHa ucCHoJb3yeMasi 3JIEKTPOHHAsl amnnapaTypa CHUCTEMBbl YIPaBICHUS IBYXMAaTPUUHBIM (DOTOMETPOM.
[MpencraBnen anropuTM ympasieHus paboroll (oTOMeTpa, YCTaHOBJIEHHOro Ha l-MerpoBoM Teieckore TaHb-
[[TarBCKON aCTPOHOMHUYECKOI 00CEepPBATOPHH.

KiioueBbie cioBa: 3Be3ma, Tenmeckor, ¢oromerp, CCD-marpuma, ONTHKO-MEXaHHYecKas CXeMa, CHCTeMa
YTIpaBIICHUS
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