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THE NEW HIGH-SPEED H� IMAGING SYSTEM ATKANZELH�OHE SOLAR OBSERVATORYW. OTRUBA and W. P�OTZISonnenobservatorium Kanzelh�ohe, Universit�at Graz,A{9521 Tre�en, AustriaUDC 523.985:520.245Conference paper

Abstract. The Kanzelh�ohe Solar Observatory upgraded its digital full disk H� telescopesystem. Increased image acquisition rate up to 1 image per 2 sec and the ability to tunethe H� �lter for optional images in the line wings boost its capabilities. Script controlledoperation modes allow to run observation programs which can depend on the actual Solaractivity. In order to handle the huge number of images automatic image selection toolswere developed to keep high temporal resolution during increased Solar activity but havestandard archives for other periods.Key words: Solar instrumentation - H� observations - image acquisition1. IntroductionThe Solar physics division of the Institute of Geophysics, Astrophysics andMeteorology University of Graz, Austria studies the dynamics of the So-lar atmosphere and Solar activity. Science objectives of recent projects arestatistical properties of Solar activity features, pre-
are mechanisms andheating processes as well as propagation of disturbances in the Solar atmo-sphere (wave phenomena) and Solar drivers of space weather like CMEs.Observations in H� can be quoted as the standard tool for all these studies,accomplished by radio and X-ray observations supplied by collaboratingteams or satellites.Kanzelh�ohe Solar Observatory has a long tradition in observing the Sunin H�, so requests from satellite groups and international collaborations likeMax Millenium were made to support their work with full disk H� obser-vations with high temporal resolution and to adapt the instrumentation toHvar Obs. Bull. 27 (2003) 1, 189{195 189



W. OTRUBA AND W. P �OTZI: HIGH-SPEED H� IMAGING SYSTEM
state-of-the-art. Kanzelh�ohe Solar Observatory is one of three base stationsof the Global H� Network (Steinegger et al., 2000).

2. InstrumentationThe Solar surveillance program at Kanzelh�ohe Solar Observatory containsmulti-spectral full disk observations. The so-called Patrol Instrument is a4 telescope system on a common mounting for white-light, Na-D and H�observations.A digital image acquisition system for H� was introduced in 1997 andis operated since 2000 on a regular schedule and was described in Otruba(1999). The high resolution camera for the Global H� Network was imple-mented in 2000. Recent improvements comprise frame selection, automaticexposure time control, increased image acquisition rate and a H� �ltertuning unit to observe optional in the line wings of the H� spectral line.The upgrade from the 8-bit camera to a 10-bit camera is in progress. Theschematic design of the H� telescope is shown in Figure 1.The Solar disk is imaged by a d/f=100/2000 lens. A 10 nm bandpass�lter prevents the system from thermal stress. A step motor controlled bya PC-based �lter tuning unit rotates the polarizers of the 0.7 �A Lyot�lter to shift its pass-band. A software daemon listens to the �lter movingcommands from the master image acquisition software and drives the stepmotor accordingly. It can be extracted from all other slave image acquisitionsystems to know the actual �lter position. A beam-splitter cube splits thelight and lenses adapt the image size and focus the Solar images to theCCD cameras.The high-speed CCD camera, a Pulnix TM-1010, delivers up to 15frames/sec which are grabbed by the PC-based instrument controller. Thesoftware uses a simple frame selection method based on the standard de-viation of the pixel counts in a subimage. Transfer time to the local HDDfor the succeeding frame is the limiting parameter for the image acquisi-tion rate of 1 image per 2 sec. Exposure time is automatically adjustedaccording to the sky transparency to exploit the dynamic range. The soft-ware features also a script controlled mode to run observing sequences withadjustable acquisition rate, frame number and �lter position. Therefore weuse this camera system as the master image acquisition instrument.The low-speed CCD camera of the Global H� Network, an Apogee KX4,190 Hvar Obs. Bull. 27 (2003) 1, 189{195
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Figure 1: Schematic Layout of the H� telescope at Kanzelh�ohe. The 
exible shaft fromthe stepping motor rotates both outer polarizers of the Lyot �lter coupled by a gear.Each frame grabber/instrument controller as well as the �lter tuning controller and thearchives are based on standard PCs. The PC for the high-speed CCD cam is operatedunder Windows, all others use Linux which is much more 
exible for remote operation.The preselect archives have 240 GB RAID capacity, the main KEAS archives server morethan 1.1 TB. See text for a complete system description.
has a very high resolution of 2kx2k and 14-bit but the disadvantage of avery slow read-out of 5 sec per frame which is the limiting parameter andrestricts the frame selection mode. The software driving this camera will beadapted to listen also to the �lter tuning daemon as a slave system and tonote the actual �lter position in the image �les, but the image acquisitionis time controlled and there is no scripting capability.Hvar Obs. Bull. 27 (2003) 1, 189{195 191
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All image acquisition systems bu�er their data locally for at least oneday and can be operated stand-alone except the �lter tuning mode toachieve some redundancy in case of system faults. After passing a localprimary quality check, the data are transferred to the archives system viaethernet. Due to the huge amount of images per day of the high-speedsystem (up 14 000 images) this check is performed on an extra pre-selectarchives system which is connected to the image acquisition system bya fast-ethernet link. The communication between �lter tuning controllerand image acquisition systems uses the existing ethernet links for the datatransfer.

3. Filter CharacteristicsThe H� �lter used at Kanzelh�ohe Solar Observatory is a ZEISS Lyot �lterbuilt in 1960 with FWHM = 0.7 �A which is precisely temperature con-trolled. A limited shift of the pass-band is possible by rotating the outerpolarizers. However, tuning the �lter o�-H� line center rises transmissionat unwanted wavelengths due to side lobes in the �lter transmission curve.Therefore the shift is restricted from approx. �0:35 to +0.45 �A and certainpolarizer positions cannot be used. The transmission at �1.7 �A results fromthe domination of such a side lobe.
4. Operation ModesIn order to study the fast temporal evolution of explosive phenomena andunderlying rapid changes in the Solar chromosphere, highest possible im-age acquisition rates and optimum image quality by application of frameselection methods are desirable. Limiting parameters are the max framerate of the CCD camera and frame grabber, frame selection processing anddata transfer to a HDD and the HDD capacity itself or the transfer rate toarchives media. One extra concern is also material fatigue of components bymechanical movements, e. g. rotation of polarizers or mechanical shutters.

4.1. Low-speed CCD cameraWith respect to the scienti�c goals of the Global H� Network this camerais currently operated with an acquisition rate of 1 image per min regardless192 Hvar Obs. Bull. 27 (2003) 1, 189{195



W. OTRUBA AND W. P �OTZI: HIGH-SPEED H� IMAGING SYSTEM
to the actual Solar activity. Read-out time and lifetime of the mechanicalshutter do not permit much higher acquisition rates. All images which passthe automatic quality check are archived.
4.2. High-speed CCD cameraAbsence of a mechanical camera shutter and a frame rate up to 15 framesper sec yields a limitation of the acquisition rate by the transfer of the datato the local HDD and the time needed to poll the �lter tuning daemon.If one abandons the option to tune the �lter in a High-speed Modethe max acquisition rate of 1 image per 2 sec is achieved, otherwise inthe more 
exible Script Mode a max rate of 1 image per 5 sec is the top.It is a customary cyclic operation mode with selectable �lter positions byprocessing a con�guration �le of the master image acquisition system. Thecon�guration �le is a simple text �le which may be altered by externalresources, e.g. Solar activity parameters, so that the observation programcan react to the actual Solar activity. Currently we process the GOES X-ray data, which are published in almost real-time, to control the contentsof the con�guration �le and therefore the observation program.As a standard we run the Script Mode with the rate mentioned above.During quiet times we observe only in line center to prevent the mechanicalcomponents of the Lyot �lter i.e. the polarizers to be damaged by materialfatigue. When the Solar activity rises the �lter is tuned to the blue and redline wing of the H� line once per minute and we replace single images ofthe time series by o�-line-center images (-0.3 �A, +0.4 �A and +1.7 �A whichlooks like a continuum image). From these periods we archive all images toachieve the full temporal resolution for higher Solar activity.After �nishing observations in the evening, all images are transferredto the intermediate archives system which stores the data for at least oneweek. An automatic image selection system based on GOES X-ray levelsand Solar activity reports, but with human supervision, selects data to bearchived and to be dismissed. For quiet periods we select one good imageper minute from the time series by applying the optimal window method(Giammanco, 2000). During higher Solar activity we keep all images toachieve the full temporal resolution of rapid changing phenomena and weprepare archives according to running projects or on request. A standardtime series of one image per minute is archived on our main archives serverHvar Obs. Bull. 27 (2003) 1, 189{195 193



W. OTRUBA AND W. P �OTZI: HIGH-SPEED H� IMAGING SYSTEM
for all periods. 5. Example of an ObservationFor demonstration of the capabilities of the upgraded instrument we showan observation of an Imp 1 F 
are from Sept. 17, 2002. The event wasobserved during the whole 
aring phase from 6:20 UT to 10:00 UT in theline center with a resolution of 1 image per 5 sec. Processing GOES data,the observations in the lings wings with a rate of 1 image per min (in eachwing) were automatically started at 6:40 UT. Figure 2 shows the activeregion close to 
are max in the line wings and line center.

Figure 2: Imp 1 F 
are from Sept. 17, 2002 at 6:47 UT observed with the high-speed1kx1k 8-bit CCD cam in Script Mode. Left observation in the blue line wing, right in thered, center in H� line center. The images are cropped from the full disk images. Actualobservations published in almost real-time can be found under http://www.kso.ac.at
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NOVI SUSTAV ZA BRZO SNIMANJE SUNCA U LINIJIH� NA SOLARNOM OPSERVATORIJU KANZELH�OHEW. OTRUBA i W. P�OTZISonnenobservatorium Kanzelh�ohe, Universit�at Graz,A{9521 Tre�en, AustriaUDK 523.985:520.245Izlaganje sa znanstvenog skupa
Sa�zetak. Na Solarnom opservatoriju Kanzelh�ohe pobolj�san je digitalni sustav za sni-manje cijelog diska Sunca u vodikovoj liniji H�. Omogu�ceno je snimanje Sunca jednom udvije sekunde kao i pode�savanje H� �ltra za opa�zanja i u krilima linije. Ovisno o trenutnojaktivnosti Sunca mogu se odabrati posebni programi opa�zanja. Da bi se ovladalo velikimbrojem opa�za�ckih podataka, razvijena je automatska metoda arhiviranja snimamka: s vi-sokim vremenskim razlu�civanjem tijekom poja�cane aktivnosti i standardnom sekvencijomza razdoblja niske aktivnosti Sunca.Klju�cne rije�ci: Solarni instrumenti - H� opa�zanja - prikupljanje snimaka
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