Soft w are Structure and Its P erformance on F OCAS Instrumen t Con trol, a MOS Design, and an Analyzing P ac k age Michitoshi Y oshida a , Y asuhiro Shimizu a , T oshiyuki Sasaki b , George Kosugi b , T adafumi T ak ata b , Kaz Sekiguc hi b , Nobunari Kashik a w a c , Ken taro Aoki d , Ry o Asai e ,Y ouic hi Oh y ama c , Ko ji Ka w abata c , Motok o Inata c , Y oshihik o Saito f , Hirok o T aguc hi g , Nob oru Ebizuk a h , Y asushi Y adoumaru i , T omohik o Oza w a i and Masanori Iy e c a Ok a y ama Astroph ysical Observ atory , National Astronomical Observ atory of Japan, Kamogata, Ok a y ama, 719-0232 Japan b Subaru T elescope, National Astronomical Observ atory of Japan, 650 North A’ohoku Place, Hilo, Ha w aii, 96720 USA c Optical and Infrared Astronomy Division, National Astronomical Observ atory of Japan, 2-21-1 Osa w a, Mitak a, T oky o, 181-8588 Japan d Astronomical Data Analysis Cen ter, National Astronomical Observ atory of Japan, 2-21-1 Osa w a, Mitak a, T oky o, 181-8588 Japan e Systems Engineering Consultan ts, Co., L TD., Shibuy a-ku, T oky o, 150-0031 Japan f Departmen t of Astronom y , The Universit y of T oky o, 7-3-1 Hongo, Bunky o-ku, T oky o, 113-8654 Japan g Department of Astronom y and Earth Sciences, T oky o Gakugei Univ ersit y , Koganei, T oky o, 184-8501 Japan h Communication Research Lab oratory , Koganei, T oky o, 184-8795 Japan i Misato Observ atory , 180 Matsugamine, Misato, W ak a y ama, 640-1366 Japan ABSTRA CT F ain t Ob ject Camera And Sp ectrograph (FOCAS) is completed and no w waiting for a commissioning run on the Subaru T elescop e atop Mauna Kea. W e hav e dev elop ed a softw are system that includes the control of F OCAS instrumen ts, Multiple Ob ject Slits (MOS) design, and an analyzing pack age esp ecially for ev aluating p erformances of F OCAS. The control soft w are system consists of several pro cesses: a net w ork in terface pro cess, user interface pro cess, a cen tral con trol engine pro cess, a command dispatc her pro cess, lo cal con trol units, and a data acquisition system. These pro cesses are m utually controlled b y passing messages of commands and their status each other. The con trol system is also connected to Subaru Observ ation Softw are System to ac hiev e high e�ciency and reliability of observ ations. W e hav e t w o o�-line systems: a MOS design program, MDP , and an analyzing pac k age. The MDP is a utilit y soft w are to select sp ectroscop y targets in the �eld of view of F OCAS easily through its GUI and to design MOS plates e�cien tly . The designed MOS parameters are sen t to a laser cutter to make a desirable MOS plate. A sp ecial pack age enables prompt p erformance c hec k and ev aluation of the F OCAS itself during a commissioning p erio d. W e describ e the o v erall structure of FOCAS softw are with some GUI samples. Keyw ords: Instrumen tation, Subaru telescop e, Sp ectrograph, Softw are design, Con trol soft w are, Analyzing soft- w are, MOS design 1. INTR ODUCTION F OCAS 1 is an optical camera and sp ectrograph to b e attac hed at the Cassegrain fo cus of Subaru telescop e. 2 The main purp ose of this instrumen t is to enable deep optical sp ectroscop y of fain t ob jects: i.e. distant galaxies, quasars, fain t en v elope of galaxies and gas nebulae, outer asteroids of Solar system, etc. F OCAS has three �lter turrets, a Send corresp ondence to M. Y oshida. E-mail: yoshida@optik.m tk.nao.ac.jp

Figure 1. The F OCAS control system o v erview. This �gure presen ts mainly the hardware con�guration of the system. The comp onents shown in left-hand side of the dot-dash line are attac hed to the instrumen t, whereas the comp onen ts in right-hand side are installed in the con trol building of Subaru telescop e. CCD image data are sen t to the OBCP from the CCD controller through a high-sp eed optical �b er channel. grism turret, tw o sliders, t w o rotators for w a v eplates rotation, a XYZ stage of the detector mount, and a sh utter in its main b eam. One of the �lter turrets has a �lter-tilting mec hanism for adjust �lter transmission curve to shorter w a v elength. The m ulti-ob ject slits (MOS) plates exchange system is installed at the Cassegrain fo cal plane of the telescop e. The detector is a mosaic CCD whic h consists of t w o 2048 � 4096 pixel SIT e CCD chips. W e developed not only an instrument con trol softw are of FOCAS, but also t w o o�ine systems: one of which is a MOS design soft w are and the other is a data analysis pack age. The MOS design softw are helps observ er to select sp ectroscop y targets from imaging data and design MOS plates. The outputs from the soft w are are sent to a laser cutting machine. The data analysis pack age is optimized for ev aluating p erformances of F OCAS. W e describ e b elow the ab ov e three softw are systems: the instrumen t con trol soft w are, MOS design softw are, and the data analysis pac k age. 2. F OCAS CONTR OL SOFTW ARE F ALCON 2.1. Ov erview of the F OCAS Con trol System The con�guration of the FOCAS control system 3 is shown in Figure 1. The motor drive units directly driv es the motors of the mov able devices of F OCAS and receives the outputs from the enco ders of the devices. Lo cal control

Figure 2. F ALCON in ternal structure. Commands input from UI or SOSS through NI are transmitted to CE, and CE chec ks the commands and dispatch them to appropriate pro cesses, CD, M3, or UI. units (LCUs), whic h are one-c hip micro-computer b oards, con trol the mo v able devices through the motor drive units. LCUs con trol also the barco de readers installed at the �lter turrets and the p ow ers of the CCDs, the co oler and the insulator v alv e. A VME b oard computer which is installed in a thermal insulation b o x attac hed at F OCAS is the host computer of LCUs. All the LCUs are asynchronously con trolled by the host computer through a multi-port RS232C in terface. The VME b oard computer comm unicates also with the sequencer of the MOS exchange system through one p ort of the multi-port RS232C, and con trols the MOS system. The observ ation con trol computer (OBCP) of F OCAS is in the control building of the Subaru telescop e and the main part of the con trol softw are of FOCAS runs on this mac hine. The CCDs are directly controlled by the OBCP with the Messia I I I system. The CCD data is transferred to the OBCP through a high-sp eed optical �b er channel and are stored in a shared memory of the OBCP . Whole system is netw ork-connected to the Subaru Observ ation Softw are System (SOSS) 4 . 5 2.2. Conceptual Design of F ALCON The instrumen t con trol softw are of FOCAS (F ALCON; F ocas ALlround CONtrol softw are) 3 is designed as a net w ork distributed, m ulti pro cess system. It consists of several internal pro cesses: a net w ork in terface pro cess, user in terface pro cess, a cen tral con trol engine pro cess, a command dispatc her pro cess, lo cal con trol units, and a data acquisition system. The data acquisition system is comp osed of a Messia I I I daemon pro cess and a data FITSing task. One of the adv an tages of this t yp e of thin connected, m ulti-pro cess system is ease of maintenance of the system; i.e. it is v ery to debug a pro cess without stopping the whole system. The structure of F ALCON is sho wn in Figure 2. Eac h pro cess is indep endently runnable and comm unicates each other b y passing command strings using RPC (Remote Pro cedure Call). W e describ e brie y the format of the command strings in the following section. 2.3. F ALCON In ternal Commands and Con trol Ob jects A F ALCON in ternal command (hereafter F ALCON-command) used in comm unication b et w een the in ternal pro cesses of F ALCON is comp osed of a �xed length (69 bytes) header and a command sen tence. The header con tains total length of command, date and time, sequen tial num b er of command, name of command transmitting pro cess, and name of command destination pro cess. Command sentence is v ariable in length. A command sentence is comp osed of v erb, destination pro cess/instrumen t, command ob ject, con trol ob jects, and parameters of the con trol ob jects. The v erbs de�ned are "exec", "require", "send", and "set". The v erb "exec" is mainly used to drive the devices of F OCAS which are indicated as the con trol ob jects. F or example, the following command sentence drives one of the �lter turrets (\Filter1") to a particular p osition (\1"): exec FOCAS object Filter1.Motor=ON Filter1.Select=1 . The verb "require" is to read the status of devices and "send" is to send the status of the devices to other pro cesses. The proto col of F ALCON command sen tence is summarized in T able 1. T able 1. F ALCON command table. Con trol Class Commands Execution Command Execution Command exec PID y Object Par ameters (The format of Par ameters is as follo ws: obje ct.ar gument=value ) System Con trol Commands Emergency Stop exec PID Emergency stop Initialization exec PID Initialize Pro cess T ermination exec PID Exit Pro cess Diagnostics exec PID Diagnose Authentication exec FOCAS Authenticate User=username Mode=[Operation|Maintenance] Status Handling Status T ransmission set CE Status Keyword=[KeywordList|All|Default] Mo de Setting Cycle=[0|n|EVENT] Status Request require PID Status Par ameters (The format of Par ameters is as follo ws: obje ct.ar gument ) Status T ransmission send PID Status Par ameters (The format of Par ameters is the same as Execution Command) Control Priority Manipulation Con trol Priorit y Request require PID Control Priority=[High|Low|None] Priorit y Manipulation exec PID Control Priority=[High|Low|None] Mo de Setting Op eration Mo de Setting set PID Mode Operation=[Simulation|Operation|Maintenance] Con trol Mo de Setting set PID Mode Control=[Local|Remote] En vironmen t Setting set FOCAS Mode Environment=[Telescope|Dome|OptSim|RD] Data Acquisition F rame Num b er Acquisition exec FOCAS FRAME NO Mode=Get F rame Number T ransmission exec FOCAS FRAME NO Mode=Send Frame= F r ameNo. Data T ransmission exec FOCAS OBS DATA Mode=Transfer Frame= F r ameNo. y Ob ject pro cess ID. \F OCAS", \CD", \M3", \FT", \UI", \NI" or \CE’ can b e set as a PID.

2.4. Individual Pro cess 2.4.1. Lo cal Con trol Unit (LCU) LCU is a custom-made one-chip micro computer (H8/3048F-ZT A T) b oard whic h has 8 channel DC motor drivers, 11 I/O p orts (61 bit av ailable), t w o analog I/O p orts and tw o RS232C interfaces. One of the RS232C is used to comm unicate a host computer. LCU built-in soft w are is installed in to the rewritable R OM of the CPU. The soft w are pro vides a simple command proto col (hereafter LCU-command) whic h is used for comm unication b et w een LCUs and host computer. All the mov able elements of F OCAS except for the MOS system can b e monitored and con trolled b y sending LCU-commands to LCUs through RS232C. FOCAS has 10 LCUs. Each of those con trols a few devices sim ultaneously , and monitors the temp erature sensors which are installed at v arious p ositions of FOCAS. 2.4.2. Command Dispatc her (CD) CD lies ab o v e LCU in the F ALCON hierarch y . It is a Ja v a program and runs on the VME b oard computer. CD receiv es F ALCON-commands from CE, analyses them and translates them in to LCU-commands, then dispatc hes the commands to appropriate LCUs. It also main tains execution status of receiv ed F ALCON-commands and status of the devices of FOCAS. In order to implemen t async hronous, parallel execution of commands, w e adopted Jav a multi- thread API as the fundamental structure of CD. The control devices of FOCAS are implemented as ob jects (Jav a classes) each of whic h has translation mec hanism b etw een F ALCON-commands and LCU-commands and main tains the command status and the device status. CD has an in ternal command dispatc her thread, a status managemen t thread, a command execution w atc her, netw ork interface threads, and RS232C in terface threads. Those threads run in parallel and communicate each other through internal command bu�ers. Because the standard Jav a API do es not supp ort RS232C comm unication, we dev elop ed new classes which inv ok e nativ e co des written in C using the Ja v a Native In terface (JNI) API. W e use the \ONC RPC/XDR T oolkit for Jav a" which is a pro duct of Distinct Corp oration � for implementation of the RPC clien t and the RPC serv er of CD. 2.4.3. Messia I I I Daemon (M3) M3 in terfaces the Messia control soft w are 6 with CE. The Messia control soft w are con trols the general-purp ose CCD con trol system, Messia I I I. M3 adds a RPC in terface at the command input gate of the Messia soft w are and receiv es the resp onses from the Messia through pip e. In addition, M3 con trols the CCD exp osure pro cess; i.e. sh utter control, wiping CCD (readout residual electrons from CCD), and CCD readout. 2.4.4. Fitsing T ask (FT) After �nishing a CCD readout, the readout data are stored in a shared memory of the OBCP . FT reads the data in the shared memory and creates a FITS �le with the telescop e and instrument status. The telescop e status is retrieved from SOSS through the control engine pro cess (CE) and the net w ork interface pro cess (NI). The instrument status is obtained from CD through CE. FT constructs FITS header from the status information and sav es the created FITS �le to the lo cal disk of the OBCP . Then FT informs SOSS of the lo cation of the FITS �le through CE and NI. Then SOSS creates a FTP link to the OBCP and transmits the indicated FITS �le to the Subaru data archiv e system. 7 2.4.5. User In terface (UI) UI is written in Jav a (Figure 3). Jav a Swing API is used to construct the graphical in terface. Since the source co de of UI is pure Ja v a, the compiled byte co de of UI can b e run on any platforms whic h supp ort JDK 1.1 or later. UI displa ys all the instrumen t status and the command execution status noti�ed b y CE. All the devices of FOCAS can b e controlled from UI. UI also communicates with F ALCON by RPC (\ONC RPC/XDR T o olkit for Ja v a" is used). This thin connectivity to the main engine of the soft w are, together with the platform indep enden t characteristics of Ja v a, makes UI signi�cantly p ortable. Since UI is not deeply built in the system, it is quite easy to customize its graphical lay out or even to dev elop a thoroughly new UI. 2.4.6. Net w ork In terface (NI) NI interfaces F ALCON with the Subaru Observ ation Softw are System (SOSS). 8 NI consists of the SOSS interface to olkit and a translator b et w een SOSS commands and F ALCON commands. F OCAS is con trolled by command input from SOSS in its normal op eration mo de. NI receives the instrumen t dep enden t commands from SOSS and translate them in to F ALCON commands, then sends them to the Con trol Engine (CE) describ ed b elow. � h ttp://www.distinct.com

Figure 3. The main panel of F ALCON User In terface (UI). 2.4.7. Con trol Engine (CE) CE sup ervises and harmonizes all the pro cesses running in F ALCON. It makes format c hec king and grammatical c hec king of input commands, and dispatc hes them to appropriate pro cesses. It main tains the running status of eac h pro cess and the instrumen t status whic h is rep orted b y CD. In full functional, normal op eration mo de, the pro cesses in F ALCON comm unicate eac h other through CE (see Figure 2). 2.5. Con trol Sequence { Command Flo w in F ALCON The outline of the command ow in F ALCON is as follows. A F ALCON-command input from UI or SOSS is �rst transmitted to CE. CE c hec ks the command format and grammatical error, then c hec ks the v alidit y of the con trol ob jects and their parameters indicated in the command sentence. After chec king the command v alidit y , CE sends the command to appropriate pro cesses. The pro cess receiving the command executes it and returns a completion message to CE when the execution is ended. Then CE noti�es UI and SOSS of the command completion. In normal op eration mo de, FOCAS is controlled from SOSS. In order to achiev e high observ ation e�ciency , \observ ation abstract commands" 4 can b e de�ned by instrument developer or user in SOSS. An abstract command is a macro command represen ting an observ ation sequence. In actual implemen tation, an abstract command is comp osed of a sequence of \instrumen t dep endent commands". An instrument dep endent command corresp onds a con trol step of the instrumen t. In SOSS an abstract command is deco ded in to a sequence of instrumen t dep enden t commands, then the instrumen t dep endent commands are sen t to the instrumen t through the SOSS in terface to olkit.

As describ ed in the section 2.4.4, CCD data obtained b y the Messia I I I system is transmitted to shared memory of the OBCP by M3, and is formatted in FITS by FT. Afterwards, SOSS transmits the FITS �le to the Subaru data arc hiv e system. 2.6. P erformance of F ALCON F ALCON was almost completed in late 1999 and has b een tested in test runs at Mitak a campus of NAOJ and at Hilo base of Subaru telescop e. W e hav e con�rmed that all the fundamental commands including optical elements driv e, CCD driv e, status handling, and data transfer work well. Comm unication with SOSS including data transfer to the Subaru arc hiv e system also has no problem. Th us, F OCAS can no w b e con trolled using F ALCON thoroughly from its lo cal user interface (UI) and SOSS. The command resp onse time of F ALCON is t ypically an order of 0.1 seconds. It dep ends mainly on the p erio d of timer in terruption of CE. T o av oid hea vy load on the OBCP , CE manipulates command messages within time in terv al of 50 msec. F urther, ov erhead on the synchronization of m ulti threads of Jav a ma y a�ect the resp onse of CD. Although the amount of this o v erhead cannot b e estimated precisely , it should not b e ov er a few tens msec. The build-in softw are in LCUs also uses a 40 msec timer in terruption in itself. Ignoring netw ork dela y of RPC, we thus estimate the total command resp onse time of F ALCON is at most 100 - 200 msec. This estimate is con�rmed in the test runs. This resp onse is su�cien tly fast to con trol FOCAS whose time constant is c hie y determined b y the slow readout time { 2 min utes in typical { of its detector. The shutter control is the most time critical for F OCAS. In F ALCON, one LCU is allo cated to con trol the sh utter exclusiv ely and make a time con trol by using in ternal timer. Because the time control is made in the LCU lo cally , the accuracy of time of an exp osure dep ends solely on the in ternal timer of the LCU. As describ ed ab o v e, since the maxim um time delay of execution of the built-in softw are in LCU is 40 msec, a time coun ting error of at most 80 msec may o ccur in the time control. This v alue is su�ciently shorter than the shortest drive time ( � 0 : 3 sec) of the sh utter hardw are. 3. MUL TI-OBJECT SLIT PLA TE DESIGN PR OGRAM, MDP 3.1. MOS Data Flo w The pro cedure of making a m ulti-slit plate is as follo ws (see Figure 4). First an image of the target region is obtained in FOCAS imaging mo de. The image is then reduced and all the astronomical ob jects in the image are automatically detected using an automatic ob ject detection soft w are, SExtractor. 9 The original image and the ob ject list �le output from SExtractor are input to the m ulti-ob ject slit plate design program, MDP , to select sp ectroscopy target ob jects and to design MOS plates. MDP creates text �les in which the p ositions and the shap es of slits are written in CCD co ordinate (in pixel units). Each text �le corresp onds a MOS plate. Then, a co ordinate transformation including image distortion correction is made for the slit p ositions and shap es to obtain those in the telescop e Cassegrain fo cal plane co ordinate (in millimeters). The resultan t data are used to make MOS plates with the laser cutting mac hine, and are also used b y FT in F ALCON to construct FITS �le. T ypically , it tak es ab out 1 - 2 hours to p erform the ab o v e pro cedure and mak e slit p osition data. The laser cutting mac hine is able to cut 50 slits eac h of whic h hav e a length of 10 arcsec and a width of 0.5 arcsec in one hour. Th us, the total time to create one MOS plate is ab out 2 - 3 hours in typical case. 3.2. MDP MDP is a utility softw are to make it easy to select sev eral tens of sp ectroscopy targets in an imaging data and to design MOS plates. MDP is written in Ja v a. MDP reads an imaging data and an ob ject list �le output b y SExtractor, and display them. The ob ject list �le is display ed as a text table and is also ov erlaid on the imaging data (see Figure 5). User can set several design parameters suc h as slit length, slit width, ob ject brigh tness range, ob ject size range, or galaxyness parameter, etc. in selecting sp ectroscopy targets and determining slit p ositions and shap es. Two design mo des are prepared in MDP: automatic design mo de and in teractiv e design mo de. In automatic mo de, MDP selects targets based of the design parameters set b y user automatically . When ov erlapping of slits is o ccurred, o v erlapped slits are la y out to other MOS plates. MDP can design at most 10 MOS plates simultaneously from one imaging data. In interactiv e mo de, user can design MOS plates using mouse.

Figure 4. MOS plate design pro cedure. 4. D A T A REDUCTION P A CKA GE FOR SETUP AND PERF ORMANCE VERIFICA TION OF F OCAS The data reduction pack age mainly used for FOCAS p erformance veri�cation is dev elop ed on the image pro cessing soft w are IDL (Figure 6). The pack age pro vides several tasks to mak e a quic k reduction of F OCAS data and to feedbac k to the instrumen t. The following tasks are currently av ailable: � Hartmann T est: This task measures automatically the center p ositions of slit images in t w o CCD frames and obtains the p osition di�erence b etw een the slit images. This is useful to make a Hartmann test in fo cussing the instrumen t camera. � Slit Alignmen t: This task traces automatically the cen ter p osition of a long slit image along the direction of the slit length and calculates its tilt angle relativ e to the CCD row. � Grism Alignmen t: F undamen tal function of this task is the same as the \Slit Alignmen t" task, but the tracing direction is p erp endicular. This task is used to measure the tilt angle of con tin uum sp ectrum image of a p oint source relativ e to the CCD column. � T elescop e F ocussing: After fo cussing the instrument camera using Hartmann test, fo cussing the telescop e is made b y a m ultiple exp osure tec hnique. This task makes t w o dimensional Gaussian �tting for star images and obtains the minimum of the FWHMs of the images. � Image Distortion: In order to measure the image distortion of F OCAS, w e put a square grid pattern mask plate on the entrance fo cal plane and obtain its image. This task measures automatically the p ositions of the grid pattern pro jected on the CCDs and �ts t w o-dimensional p olynominal function to the data for obtaining the image distortion function of F OCAS (see Figure 6).

Figure 5. The user in terface of MDP . The original imaging data is display ed at the center and the p ositions and sizes of the ob jects detected by SExtractor are ov erlaid as n um bered circles. Long narrow rectangles indicate slits la y out by user. 5. SUMMAR Y The control soft w are of F OCAS, F ALCON, has b een almost completed. It is designed as a netw ork distributed, m ulti pro cess system to achiev e an asynchronous op eration of the instrument. Since eac h pro cess can b e run indep endently and connects to eac h other with rather simple command interface using RPC, it is v ery easy to debug a pro cess without stopping the whole system. This structure has the adv an tage of b eing relativ ely robust to bugs. The system will b e tested in commissioning run of F OCAS. Other than F ALCON, we dev elop ed t w o o�-line soft w are systems, a multi-ob ject slit plate design softw are, MDP , and a data reduction pac k age for FOCAS p erformance v eri�cation. A CKNO WLEDGMENTS W e thank T. Ezaki, S. Tsuda, T. Nishiok a, K. Obata, A. Hirota, E. Miy ano, K. Muk ai, K. Ishibashi and A. Shiki of NIKON Co., Y. Komine and A. T okuda of KNT Co., H. Nita and M. Sugita of Japan Laser Co. for developing the instrumen t. W e also thank follo wing NA OJ collab orators, T. Usuda, K. Omata, T. Nishim ura, T. Noguc hi, M. Y utani and R. Ogasa w ara. M. Y. are grateful to H. Maehara for his con tin uos encouragemen t. This pro ject w as supp orted in part b y the Ministry of Education, Science and Culture of Japan through Grant-in-Aid 11691140. REFERENCES 1. N. Kashik a w a, M. Inata, M. Iye, K. Kaw abata, K. Okita, G. Kosugi, Y. Ohy ama, T. Sasaki, K. Sekiguc hi, T. T ak ata, Y. Shimizu, M. Y oshida, K. Aoki, Y. Saito, R. Asai, H. T aguc hi, N. Ebizuk a, T. Oza w a, and

Figure 6. A sample display of the data reduction pac k age for FOCAS p erformance v eri�cation. \Image Distortion" task is executing. Y. Y adoumaru, \T est results of the subaru fain t ob ject camera and sp ectrograph fo cas," in Astr onomic al T ele- sc op es and Instrumentation 2000 , Pr o c. SPIE 4008-11 , 2000. 2. N. Kaifu, \Subaru telescop e," in A dvanc e d T e chnolo gy Optic al/IR T elesc op es VI , L. M. Stepp, ed., Pr o c. SPIE 3352 , pp. 14{22, 1998. 3. T. Sasaki, M. Y oshida, Y. Shimizu, G. Kosugi, N. Kashik a w a, Y. Y adoumaru, T. T ak ata, and M. Iy e, \Constrol system of the fo cas instrumen ts for the subaru telescop e," in T elesc op e Contr ol Systems II , H. Lewis, ed., Pr o c. SPIE 3112 , pp. 267{274, 1997. 4. G. Kosugi, T. Sasaki, T. Aoki, J. A. Kaw ai, N. Koura, and T. Kusumoto, \Subaru observ ation control system," in T elesc op e Contr ol Systems II , H. Lewis, ed., Pr o c. SPIE 3112 , pp. 284{291, 1997. 5. T. Sasaki, G. Kosugi, J. Noumaru, T. T ak ata, Y. Mizumoto, R. Ogasaw ara, Y. Chik ada, W. T anak a, and J. A. Ka w ai, \Observ ation control system for the subaru telescop e and its user in terface," in Observatory Op er ations to Optimize Scienti�c R eturn , P . J. Quinn, ed., Pr o c. SPIE 3349 , pp. 427{434, 1998. 6. M. Sekiguc hi, H. Nak a y a, H. Kataza, and S. Miy azaki, \High-sp eed data acquisition system messia for subaru," Exp erimental Astr onomy 8 , pp. 51{58, 1998. 7. T. T ak ata, R. Ogasa w ara, K. Ka w arai, and T. Y amamoto, \Data arc hiv e and database system of the subaru telescop e," in Observatory Op er ations to Optimize Scienti�c R eturn , P . J. Quinn, ed., Pr o c. SPIE 3349 , pp. 247{ 254, 1998. 8. G. Kosugi, T. Sasaki, Y. Mizumoto, T. T ak ata, J. A. Kaw ai, and Y. Ishihara, \Observ ation data set of the subaru observ ation soft w are system," in Observatory Op er ations to Optimize Scienti�c R eturn , P . J. Quinn, ed., Pr o c. SPIE 3349 , pp. 421{426, 1998. 9. E. Bertin and S. Arnouts, \Sextractor: Soft w are for source extraction.," Astr on. and Astr ophys. Supple. 117 , pp. 393{404, 1996.