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Abstract

Abstract

Astronomy is a science that studies the structure and evolution of celestial bodies
and the universe, and the development for it cannot be achieved without the
astronomical observations. The scientific studies of astronomy are rely on the
observational data obtained by astronomical observations. The output results of these
studies are affected by the quality of the observational data directly. The invention of
telescope, the invention and application of photographic film and CCD chips, the
construction of large telescopes and precision observational instruments, are all trying
to improve the quality of astronomical observation and to obtain observational data with
better quality. The diameter of the telescope is increasing continues, and the
performance of the observational instruments is also improved continues, which result
in more and more targets that can be observed. The observational time of the telescope
become more and more valuable, too. How to schedule the observational resources,
such as telescope, observational instruments and the targets to be observed more
effectively through the observatory control system, and then make full use of the limited
observational time of the telescope to obtain more observational data with better quality,
has become an urgent problem need to be studied now.

Lijiang 2.4-meter telescope, the largest general-purpose optical telescope in China,
has been applied to the worldwide astronomers since 2008. It has become one of the
most important astronomical observation and research platforms in China. In this paper,
the key technologies such as intelligent control of telescope control system, unified
control of instruments based on information fusion technology, data flow of
observational data processing and responding of the observatory control system has
been studied based on the Lijiang 2.4-meter telescope. After that, these technologies
were applied into the studying and developing procedure of the observatory control
system for Lijiang 2.4-meter telescope. All the works that have been completed are
summarized as follows:

1) Study on the basic frame structure of observatory control system for Lijiang 2.4-
meter telescope. Based on the study on the observatory control system of telescopes at
home and abroad, formed the basic frame structure of the observatory control system
for Lijiang 2.4-meter telescope. The function of each part of this system was also
analyzed in details. Then, all the relevant works need to be completed in order to
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construct the observatory control system for Lijiang 2.4-meter telescope are described.

2) Study on the integration of telescope control system. On the premise that there
has no source code of the telescope control system for Lijiang 2.4-meter telescope, the
telescope network communication interface (TNT in short) was upgraded completely,
and the status database of this telescope was reconstructed, too. Based on the sequencer
control pattern, the control command set of the telescope control system was
redeveloped. A set of sequencer control command was developed for this telescope, and
then was applied into the autonomous photometric observation task. Through the works
completed, a basis for realizing the unified control and scheduling of the telescope
control system by the observatory control system has been achieved.

3) Study and implement of the instrument control system. Based on the study of
the major instruments and their control system of Lijiang 2.4-meter telescope, we
proposed an instrument control system suitable for this telescope under the sequencer
control pattern. After that, the control system of two instruments was developed by
using the idea of sequencer control used by YFOSC, which is PI CCD and HIiRES
respectively. Thus, the unified control and dispatching of these three major observation
instruments by observatory control system is realized. In addition, in order to realize
the unified management of observation data, we defined three standards for the
instrument control system while producing the observational data. They are the uniform
standard of observation data file name, the uniform standard of telescope information
in FITS header information and the standard of WCS information in FITS header. All
of these standards have been utilized in the instrument control system, which will be
controlled by the observatory control system.

4) Study and implement of the data management system. The framework of the
data management system with seven modules, including storage, backup, preview,
inspection, preprocessing, archiving and release of the data, has been established for
the Lijiang 2.4-m telescope. According to the different geographical distribution, the
data management system is divided into the on-site system and the off-site system to
responsible for different work. A complete process of observational data archiving is
also established. The off-site backup of observational data is realized through the
transport across different networks. In addition, an online preview and inspection
system for the observational data, as well as an offline inspection system, has been
established to conduct timely inspection of observational data in order to provide

feedback to observatory control system.
vV



Abstract

5) System integration and unified scheduling. Based on the analysis of the key
factors related to observation scheduling, a series of observation and scheduling
auxiliary systems have been developed, which provides a good basis for the integration
of several subsystems with the observatory control system. Based on this, a complete
observation scheduling model is established for the follow-up observation of
gravitational wave events, which can respond to gravitational wave events in as soon
as possible.

Several works related to the observatory control system of Lijiang 2.4-meter
telescope have been completed, such as the telescope control system, the instrument
control system and data management system. All of the works finished have been
applied during the astronomical observation. In the future, we will continue to complete
the unfinished work, and improve the observation efficiency of the Lijiang 2.4-meter

telescope finally.

Key Words: Observatory Control System, Telescope Control System, Instrument

Control System, Data Management System
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Figure 1.2 Basic structure of observatory control system for LAMOST
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FEHIRE P offby SRSEILBHIZE IO, RASKHUR BRI A BRSO AL E
H o AN H RGN A SElg M Han e, X — 20 TR E A
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AT 2.4 KL GEUL I F i) 38 G R B BRI 7T

AT RASCRE 2805 18] FFAE Jy s 7 v 5 S R 42 ) R G (AR M 4, EATHE 4R
D RIBATIRES AL o AESEHEAE F ST T AR i) ST GRS HR (5 B %, vl
IR B AR AL s B BUIRAS, JuWLINZE ] R ST Is AT SRt ak Al . Oy 1 SEI B
BB RGN e, e B B Rl AT T OO0 R, BER T RES
WL ) RGEHEAT R & B FZ R TR %o RS IX L TARZ 5, BT B &
GE K 1 38 3 R G 0 GCR HARRE P I I A & R 4t REIE I e P 4R 4
5 HL2H A SN B B % ) A 4 1 R e AL A

#!/bin/tcsh|

# Point to a target

tcs.gocat f£20+15 | E.EJ E -m—:
tcs.mirr open
sleep 30

# Start movement of all wheels & mirror at the backgrand
# Need to 'waic_yfosc_ready' for all movements
yfosc.yfub 0 &

yfosc.aperture 0 &

yfosc.filter O &

vfosc.grism 0 &

yfosc.mirror 0 &

wait_yfosc_ready

yfosc.cbject "f20_JB" # Please add object_name
yfosc.yfua 2 £ JB8

wait_yfosc_ready

yfosc.mexpose 1 3 # Used for multi-expose: mexpose exptime counts

|
S

ik
>
R

yfosc.object "f20_JV" § Please add object_name

yfosc.yfua 3 $§ JV

wait_yfosc ready

yfosc.mexpose 1 3 # Used for multi-expose: mexpose exptime counts

yfosc.object "f£20_JI" #Please add object_name B ﬂfﬂﬂ“i‘ﬁgﬂ?ﬂ“
yfosc.yfua 4 $§ JI

wait_yfosc_ready

yfosc.mexpose 1 5 §# Used for multi-expose: mexpose exptime counts

yfosc.object "f£20_JR" #Please add object_name

yifosc.yfua 0

yfosc.filter 1 # JR

wax:_yroscwready

yviosc.mexpose 1 5 # Used for multi-expose: mexpose exptime counts

# Point to another target
tcs.goto s1 21 20 30 15 25 35 32000

sleep 30 . o
> - AR E R
# Point to another target

tcs.goto s2 22 00 31 16 26 36 32000
sleep 30

$ End of the demostration
tcs.park_zen - z’fﬂ:?\ﬂj{[’mu
tcs.az 0
tcs.rot_mount 123
tes.mirr close
$tcs.opera_off

3.8 HZhDLHARE Y

Figure 3.8 Script for auto photometry observation
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Figure 4.1 Schematic diagram for the installation postion of the instruments on the telescope

4.2.1YFOSC

YFOSC [t 4z il 2 3 TCL/TKISIRT SOAPESSTIE K TF K 11y, @il 48—
FH P FRIHL A 5 s U A AR LR AT 32 o BT 6 2 e AR I BSOS N
B (P B SO, BT OGS TERT CCD PR SE B AE B vh, £

WS AR AN, 2R 8o A ) B30 22 O PP B2 BT 75 ZE 15 B SR BN Bl 41

WL BHE ) FITS Sk fFr

YFOSC M Hl 8474 Linux R4, XM Ubuntul0.01, il
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Unix / i RS232
64 3
- J LAY B
ARG 1 EHER? i
AL ! RS (TEER &S
Kl 4.2 YFOSC fFp 71 il i3 & F Fr 45 44 €]
Figure 4.2 Structure of the Sequencer control system for YFOSC
4.2.2P1 CCD
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AL R A, BOGIRAS I B r WR B ORAE K FITS A& . E e 44 1 vyl
1, A LLiEIE Windows £ 48N #9 MaximDL #oxd HesbAT#58), 00 LUK g A
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Figure 4.3 Structure of HIRES control system
4.2.4 LIJET
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Figure 4.4 Structure of LiJET control system
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Figure 4.5 Frame for the instrument control system
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Figure 4.6 Sequence chart for instrument control system
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Figure 4.8 Flow chart of PI CCD control system
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Figure 4.9 Structure of HIRES CCD control system
# 4.1 HIRES JF oI HlHE 251 3&
Table 4.1 Sequencer control command list for HIRES

iy Ca S Ih&EL B
HiRes abort T —RERE
HiRes  addtime t, 0<t<9999.99 FERR Y RYIT AR AP 1S INRR FE A 8]

: : 2" fytETi% B CCD B #Ig It iTiE
HiRes  bin 0.1.2 0 - binning 1, 1 - binning 2, 2 - binning 4
HiRes  cover N Set up the column over scan to n for ccd image.

FE—MRRCAS (A0 t ARMESEEE, =0 B2
. ¥
HiRes  dark t, 0<t<9999.99 MRS A (8 B9 A 472 0.01s
RENINGE, BANEBSERFARELET
KE—IRECAS(E) 4 t BN £
HiRes exposure t, 0<t<9999.99 Bt El gy B A2 0.01s
REMNE, BANEBSERFAAALER
HiRes  gain 0,1,2 %8 CCD pyiEs{E
HiRes  mdark t,n KXEZRBEICHT 8] 4 t FIAE/AE S AR
HiRes mexposure t, n KEZIRBE AT A t AYXNLN EE
HiRes  object Text 35 FITS LAy OBJECT EEF VB H<text>
HiRes readspeed  Fast:Medium:Slow %% CCD HyiHEEE
HiRes  readout T EIRROE, %7 CCD Ay FF it £
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* 4.1 HIRES 7oz fs 251K (42)

Table 4.1 Sequencer control command list for HIRES (Continued)

i E% S Ih&EL BA
% CCD WS TEIR, SFEFENEIE NN
HiRes  resetxy 11, BEMNERABRIANN O, BEAKNEEANRK

MEOX), BORRVERENRIME

HiRes  rover n 1% & CCD E1& % Ak{EH overscan FY1T54 n
HiRes  xbeg n RE X FREEMEA N
HiRes  xsize n BE X AEMEAXRNAN
HiRes  ybeg n WEY FRIEHRMNEA n
HiRes  ysize n REY ARINEDQKRNAN

4.5 KimiEHIRGRIRELER

N T SEBDRLIN ) 22 48 P T WLl B e FITS SKOCA R ge—, 40
Hl & H AR GO LI B HEAT SE AT A B, W B B U RS R A AT Bt 7 18
FRAT et I 28 g A RO I B BEAT T — b AL RS R AR o E S
B g — a2, IR S — 1 FITS kA& SAUIEEE WCS 15 B AR
o P HHIR AR .
1 WLINEHE gt — w42 H

FEAR 2 18 T b A R I 28 S 10 42 A 0 b 30 e R 00 28 g 1 00 00 K50 114 i
27 SARAER B 9 T HEAT 44, QERAEFHUEIE P, PRI Ao AR N S 44 1
JREGHAT A A o AERXRhar 207N, WA FEDW I BOWIAT R B AR, 7 AR 0
MEHE RS A= B, ORI ) e BT AL BRARE K 1 2 A, JTI
T E B SRR R DL N SE AN TS (8 o AT SR LI 24 i R FH R UL I Ko B o
RIS 2 E SO AT di 44, IR REWS DRUEALINEIH fiy 44 IO ME—PE, (ESZAESCAF
LA B S VA ERE Windows N B, R 45 VI B A EE A
b B 3G R AE

N T AE T XA AR ) 48— & B, A8 a2 2R 48 oL s 1) S 44 R
T Ge—n AN, S8 SO A2 BT Sk AR AN B DX AN R RO 24 i, 46
ML — R, B 2 807 3R0R, f)a 4 A3 Wi g%
5, B

At Q P FH) + B (PR + PR + H BT
+ 95 (4 (/7D fits
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VL 2.4 KRGt G LI ) 28 0 o0 B BRI 9

I: YFAa010001 fits F& A2 f# ] YFOSC 7F 2017 4E 1 A 1 HIMIZE— gL
/o

FEM AR RN, S0 B BT MO 2 i T AR 38 AT A T 46
SUE R, IR 26 MoesC R ab,c. A BCLIIT B A3EHN, T LACRIE AL I £ ity
IBAT 52 FFM S A ILE S o H 4 1 B m 5 W a FF4R, AN H B 3 in,
A 12 NERE, ASHIES .. H AR 480 B 3 U A 27647 9w
T, WASHIES ., WA BE, WaTUCRAKRS FRERABRgS, A
ST DRI W 2856 FEAT 52 FEI A IR I E S . X Ry 4 07 2UBE g
PRUE ML I SR 24 (R ME— 1, 58 4 Be 8 78 5 AL 24 o 4] A= i J&1 341

44 VA B B AR SEIL AN s -
Begin

SV LT
SF 2T )56 B 15 PRI T ] TM
M E XA 25 B R G I AT 4 - prefix
IF TM->tm_hour < 4
Tt -= 4*60*60;
TM = gmtime(&Tt);
Tt +=4*60*60;
# T IRUEXIN B I I E e iy 5 HI 58— 72 79F 12 65 TR B (/17 AT —
KHIH G5 LRI SRR RG T RT TEIRZE 8 DI KU 77 2 2 & D
END IF
# IR EE AT Tt year A2 2L 1900 AEE TR, 472000 ZE/47tm_year
1677100, M5 42 2010 41T, WATFLaE 1T /IR 1] 77 % 110, &
17726 1E /7 IHEGAE 2036 £, tm_year /2 #7136,
IF TM->tm_year < 136
1 H H %45 pre = (‘&' + TM->tm_year — 110) + (‘a’' + TM->tm_mon) + ('0’
+(TM->tm_mday / 10)) + (‘0" + (TM->tm_mday % 10));
ELSE
4 /] 475 pre = (A + TM->tm_year — 136) + (‘a’ + TM->tm_mon) + (‘0"
+(TM->tm_mday / 10)) + ('0' + (TM->tm_mday % 10));

T — I EHT45 5 fileno;
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P2FRA R MF % - filename = prefix + pre + fileno;

END

EMM A 2 d R g T, CH&mKAE AT 74—, Hd YR E£or
YFOSC, Pl %7~ PICCD, HR %7~ HIRES. 471, %4 7 :NE44E YFOSC Al
PI CCD 1S 2SI, I 3% A2 I 3] 2% 45 1] 28 8 1) L AODE I £ 3y v
2. MMBHES—K FITS K58

T AERLINE S ) FITS Skrh Bos R B E S, Bt IF R 74— e
WHERS(E S FITS kg, Eis 7 Em SRS 8 RS & LR FEN
MR 25 28, F BB (S B AT hRAEAL, SRIGFRMELS &N A & 1E SR A B I 2%
Ui, BB A FITS Sk brEfb B 5ifE B an & 4.10 i

The return info ia:

TELESCOP= '2.4m Teleacope '/ 2.4m Telescope at Gaomeigu

SQURCE =" 51" / Source name

ERL = 135.65635833333334 / BA of the Source in degrees

DEC = +37.162194444444445 / DEC of the Source in degrees

EPOCH = 2000.000 / Same as Equinox

EQUINOY = J2000 / Equinox of position

TELERER = 135.65635861111113 / Telescope RA in degrees

TELEDEC = +37.162191666666665 / Telescope DEC in degrees

FOCOS = 19.6 / Telesocpe Second Mirror Focus (mm)

AZIMUTH = -63.0077 /7 Azimath of Telescope in degrees

ALTITUDE= 50.9681 / Altitude of Telescope in degrees

ROTRENGLE= -57.6144 / Rotator postion

AIRMASS = 1.288147 / RAirmass

AIRTEMF = 7.22 / AIR temperature from WM3 | 8
HUMIDITY= 0.96 / Humidity from WMS 5
PRESSURE= 685.00 / Preasure from WMS

WINDSED = 0.00 / Wind speed from WMS

WINDDIE = 0.00 / Wind direction from WM3

BRlready successfully send info to client!

K 4.10 bt gE R FITS Sk
Figure 4.10 Formalized telescope information for the FITS header

EARMEMBRIZ GRS B rh, S8 TR EZ A ER, 2hlk: 2
GRS W A AREI A FR I H AR R MIRAAE . W A AR pioc. B
SLBRIR A AR ERARAME . BB EE al, T AL E . S AL E L T e
MIALE KA R L — RPN AR R B GIRLEE AR L AU R ATRAD,
HR AR 1 S UOR AT

ELImZE R R gt , #ALG— 1 FITS S5 BEdEE, MRS B8R R b v
R G5 BRI RAE BT R, RO 20 AT SROZ 1 FITS Sk B4k
P, A7 AR I, 28 om i) R G o (R B AR G I B =%, FFXEAS
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AT 2.4 KL GEUL I F i) 38 G R B BRI 7T

P

[7] BBt R (45 S BEAT R, IR B PG SO 1 e B A A2 I £ i P A v

6 FITS Sk tF. %

AR 4.11 R .

YFOSC Py

p FITS
L fE
PICCD ¥ s
o | R

«— HizH
il R
\f% %/

A

K 4.11 FITS kA5 2B BS54
Figure 4.10 Structure of FITS header database

« wheel. Stes Pesitica

wheel. Naze

o wheel THAD filter susber

r wheel. Slot Positisn
en B

Sler sesivion
Xaze
E T filter susber
01 pesition
i

A -
DEC -
RADECSYS=
ALTPOS =
AzmMpos =
IAIRMASE =
|roTPOS =
CBSGEO-X=
OBSGEC-Ym
0BSGEC-2=
TELSTATE=
QCRDATE =
OBJECT =
OBSERVER=
IMAGETYP=
0BS_MODE=
IMAGECAT=
SERRTEMP=
AIRTEMF =
WINDSFD =
PRESSURE
HUMIDITY=
SOURCE =
EQUINCX =
EPOCH =
TCSSTATE=
AZMSTATE=
ALTSTATE=
ROTSTATE=
M2STATE =
MISTATE =
WMSSTATE=
ROTANGLE=
TELFOC =
ROTMODE =
TELRA =
TELDEC =

=

MID
L5ST
DATE

50

' 0z 33 23.300°
'+ 39 40 23.80"
'EKS v
55,5288
58.0364
1.213049
B89.755
5327395.9638
-1719170.4876
3051490.766
"SUSPEND *
'31-07-1969"
'GD71_slitl.8_G3'

6.13

2.50

9.10
685.00
r 0.65
‘54
"J2000
f2000.000°
' OFAY ¥
"TRACKING'
"TRACKING'
'TRACKING"
"TRACKING'
" OFAY L
"ORAY "

360.
19.95
'BEY iy
' 02 33 23.297°
"+ 39 40 08.60"
56270.5036
"8:49:54.0°
'2012-12-23T17:28:34"

Right ascension of cbserving target
Declination of observing target

Altitude Position of Telesocpa
Azimuth Position of Telesocpe
Airmass

Rotator Position of Telesocpe
Cartesian Coordinate X
Cartesian Coordinate Y
Cartesian Coordinate 2
Telescope state

bah

Object name

de Positicn of T
h Pesition of T

Image type

Cbserving mode

Image category

Temperature of serrurier truss
Adr np from h station
Wind speed from weather station
Pressure from weather station
Humidity from weather station
Source name of cbserving target
Egainox of cbserving target
Epoch of cbserving target

TCS Status of Telesocpe

Azimuth Status of Telesocpe
Altitude Status of Telesccpe
Rotator Status of Telesocpe
Secondary Mirror Status
Primary MIrror Status

Weather Monitor Station Status
Rotator Sky position Angle
Secondary Mirror Physical Position (TELFOC)
Rotator Mode

Right ascension of Telescope
Declination of Telescope

§ swrrerier trsis
weazner

Seurce
/ Pgmincm of shserviag target

[ Ezeck of shasrviag target
165 Srmtes of Telesocpe
by tus of Taie

cadary Mirrer i

/! Prisary Mlrrer Siates

/ Seatber Nemiter Sratiss Su
Fatwter $er position dngle

[ Secesdary Mirrer Farsical Positiea (TELFOC)

/ Faimter Node
Bight nsiza of Telesesoe

Modified Julian Date
Local Sidereal Time

Bl 4.12 ANz A5 B S 1) YFOSC M FITS Skf5 2
Figure 4.12 FITS header of YFOSC after add the telescope information



B4R IR RG0S K

S BRI AR, H AT DK R ERASE BRI RS B NE] YFOSC
A1 PI CCD R INEAEN FITS Skcfhrr, WA (S RIS M FITS Skacfan il
4.12 FIE 413 Fin. 1E F— BRI TLAE R, I8 kS0 HAt-5 A SR A
B, s KRG RER B TR FOCEREER, BB E W
PEH) FITS SKOCHAE R, AT 7 (30000 FH el SO DAt ) A B, B e i o S 0
BRI PR EAT RN A, TR D 58 i i 4 ) 2R G AU £ 3 11
FITS Sk IFREAL 1

SINFLE = T / file does confora to FITS standard =~

BITPIX = 16 / mmber of bits per data pixel

HAXIS = 2 / mumber of data axes

HAXISI = 1340 / length of data axis | -
MAXIS2 = 1300 / length of data axis 2 ﬁ
EXTEND T / FITS dataset may contain extensions > R
L'OIIENT FITS (Flexible Image Transport System) format is defined in 'Astronomy =
COMMENT  and Astrophysics’, volume 376, page 350. bibcode: 2001AKA...376..350H J;E:é
BIERD = 32768 / offset data range to that of unslgned. short

BSCALE = 1 / default scaling factor ‘I‘"{:
TIME-5TA= * ]9 56 16.513° / Start time of obzervation.

DATE-STA= " 7-10-27" / Date of cbservation start. >, .
FILENAE= PI20I1ID2TTI‘?56I6 fits H
ACQ_MODE= * NORMAL® / Type of CCD Exposure. g
ATRNASS = 1.076937 / Arrmass &
AIMSTATE= * WARNING' / Azimuth Statuz of Telesocpe

ALTSTATE= ° WARNING' / Altitude Status of Telesocpe %ﬁ
ROT_MODE= * SEY" / Rotator Mode

ROTSTATE= * TRACKING' / Rotator Status of Telesocpe g i
ATMPOS = 64,5235 / Azimuth Position of Telesocpe

ALTPOS = 68,2161 / Altitude Position of Telesocpe

ROTPOS = 47.767 / :5_‘\—'
M2STATE = * TRACKING' / Secondary Mirror Status

MISTATE = * OEAY' / Primary MIrror Status .
AIRTENF = ' 0.00" / Air temperature from weather station X”
|SERRTENP= ° 11.83" / Temperature of serrurier truss )L,
WINDSPD = * 0.00° / Wind speed from weather statiom il
PRESSURE= ' 0.00° f Pressure from weather station fJ J
HUMIDITY= * 0.00° / Humidity from westher statien -
TELSTATE= * VAR / Telescope state *
TCSSTATE= * OKAY" / TCS Status of Telesocpe

WISSTATE= * SUSPEND’ / Weather Nomitor Station Status ﬁ
ROTANGLE= 359,9998 / Rotator Sky position Angle

EQUINOX = * J2000° / Eqainex of observing target

EPOCH =" 2000,000° / Epoch of obulvwl target H
Ly - 58053, 4974 / Modified Julian Date

TELDEC = ° +335766.00° / Declination of Telescope *
TELRA = * 223505. 500" / Right ascension of Telescope aN
L5T - 75626 / Local Sidereal Time J
DATE-0BS= " 2017-10-27 18 55 23 / Date of Observation IJIJJ
SET-TENP= 0 / [C]CCD temperature setpoint <
CCD-TENP= |1n / [CICCD teaperature at start of exposure

GAIN - 2 / Gain of readout in election per ADU

PORT - 0 / CCD readout port

OBSERVER= * hugh’ / Obzerver’ s name

BJECT = ' WGCT318° / Object

FILTER = ' clear” / Filter used when taking image

RDOSPEED= 17.420 / [2]CCD readout speed 7}
X-BEGIN = 0 / Start point of x-axis in CCD 'Li
Y-BEGIN = 0 / Start point of y-axis in CCD

X-SIZE = 1340 / Size in X-axiz of OCD %
Y-SIIE = 1300 / Size in Y-axisz of OCD - e
XBINNING= | / Binning Factore in Width =
TBINNING= | / Binning Factore in Height [=]
EXPOSURE= 30.0 / [ms]Exposure time =]
INSTRUME= “PI VersArray 1300B° / CCD used in Obszervation I
X-MSIZE = 1340 / Max size in x-axis of CCD

Y-MSIZE = 1300 / Max size in y-axiz of CCD

XPINSIIE= 20 / [um]Pixel size of ccd in x-axiz

YPINSIIE= 20 / [um]Pixel size of ccd in y-axis

(COOLMODE= °  Liquid nitrogen’ / CCD cooling method

TIME-END= * 19:57:04.213" / End time of observation (After readout).

END -

Bl 4.13 W InEIE (5 B S 1) PI CCD MIEHE ) FITS k{58
Figure 4.13 FITS header of PI CCD after add the telescope information

3. WMMBHEHAIN WCS 5 8

FERICWEFE A, BT HoAr 2 1 AR FR #8 2 il tH 548 B 2 (World Coordinate
System, WCS) KHEATHRE R, HUIRIE FITS hhix A& LZRES, Wil
Kot bt A AEE i EE AL kR & (Pixel Coordinate System) SRx ¥ Hh it 2 34745
SE XA RS AR LI EE rh 22 10 AR DR AS [ P 00 D0 2 o 1T 22 73l ATt 25
MR HHE 11 Ab B T AR 22 IR

N TR A RO R i R R AR AR AT g — A, TR — ST WCS (B
B R ERMAS NS FITS Sk, ARSI . XA B W] LR Ay
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VL 2.4 KR U BTN ) 2 Gt R B H R BT AL

D A2k & KR —ImE R, ERERNE R 5 SEhrEmrRm, el
ROTOFFSET, H A2l

DU FAZ A I AE X J7 [ ALY J7 1) B EE IR, id 2y SCALEL #1 SCALE2,
ReIEId 2 A7 R RAS B E IR, Bl KT SRR AR R e 1 A 2 (i
AXRQ)FIR) #EATHHET,
206265"  206265"k
f mm)  f(mm)=1000

Horp, fREEBRA A ZWM AN, k& CCD & MG IT KA CRfL
pm), 2026257%F B 1 IREERS N B A FME . X YFOSC 1 &, WYL 2.4 K
Hm AL FI8, YFOSC A Bt — /MLy 0.513 HIAiFEd:, LRa R EIRIE
LS Fra., R BLiTFS/5 8RR f = 2400(mm) * 4.1 = 9840, HR ¥ HA% 7T K/
13.5um A] LAt 515 B)JE A EL il R 2304 0.283" /pixel, H i T 7o X 1Y J5lH)
R SFARIE, (Al SCALEL #1 SCALE2 fI{E AR .

BT FITS Sk ) WCS 15 B RS B2 I ZE R A& K i, BRI i dn b5 vk
AR E RUVRS B2 L R i 2 20K, W RO IR LR, &%
T R & ) IMEATRE T B A R g 200, 4, i6F —Fhis i &
FrBE B PAOUR AT SN B L RO 703072, it 22 A H b 6 Sl i A T
JE A e R g it it 5

3) eI B )R A, RIS R O i AT R, 7R BRI I H R
T TR EIN 2 v P05 b5 i o et I (R AR 30 A 28 sl e O [ 2
¥ Ak KR CRPIX1 Fl CRPIX2;

4) B GRS e, SREOUI H A5 1 7R 2 R AR 26 AR, 1d9: CRVALL
F CRVAL2, FR& 7R A LSRR

5) FESEBRIDULINIE AR A, BHOW I 20 FF 52 {E (Y xbin A1 ybin), lid
N A Q) @) T S BR KR A LU B R AL BR K 228 67 B AT U5, IRIRAE A
X (4)iHE 455 WCS Fr 7% CD1_1,CD1_2,CD2_1 1 CD2_2 X VU MH .

SCALE1 = SCALE1 * xbin

SCALE2 = SCALE2 * ybin 2)

CRPIX1
xbin

tEI R = (" /pixel) (1)

CRPIX1 =
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CRPIX2 = CRPIX2 3
~ ybin ®)

I AR B S AS BRI WCS BT s B, HA S5 A
CD11 = SCALE1 » COS(ROTOFFSET)
CD12 = —SCALE2 * SIN(ROTOFFSET)
CD21 = SCALE1 = SIN(ROTOFFSET)

CD22 = SCALE2 * COS(ROTOFFSET) 4)
B LB BRI EEE R ENE] FITS SKOCPFA,  mtal DAFE SR K A7 4
NERA T WCS {5 B .

HAl, 7& YFOSC MM HE i) FITS ket 2458 1 T WCS 15 S s in T
£ CaniE 4.14), FEgmMRaee it Ew riE, SarE gl hEFHmE
i O B LA S IR 55 o 5 S50 20 0ot B e 5 1) Atk O 2% i 3R 4T WICS 15 S 1

whne
CRVAL1 = 213. / RA at reference point
CRVAL2 = 17.65 / DEC at reference point
CUNIT!I = deg " / Unit of first axis
CUNIT2 = 'deg ’ / Unit of second axis
CRPIX1 = 782.4 / Reference pixel on first axis
CRPIX2 = 915.1 /] Reference pixel on second axis
Chi_1 = -7.916667E-05 / Transformation matrix for primary WCS
chl 2 = -0. / Transformation matrix for primary WCS
ch2_1 = -0. / Transformation matrix for primary WCS
9DZ=2 = ?.QIGGGTE—QS { Trqpsgugmation matrix for primary WCS

4.14 YFOSC f] FITS k3¢ WCS 15 &
Figure 4.14 WCS information in the FITS header of YFOSC

4.6 KENE

Rt 7 ) 2R G0 A WL F2 k) 2R 0 1) EE B AT 4, G L e T A A SR B
5, BmTHESIRN AR L, WIREI554, HEER R, R ZEIT
IR 2SR 2R G SR R 28 i AT Gr— s, SR IR . A rpg dexd
P A 2% B 42 1) 2R 45 00 ML R T BEAT R AT, RN IRV 2.4 KBRS B AT (14 £ 3 15
F B RGGEMIEAT T 0 HT. FEBLIERE 1, XWANTT 2.4 KEEGTHE 10 2 om 5 i &
GEiE AT HEREAE AR B B TR 3 AT, RS YFOSC ZRBL I 5 A4 il s s B % Pl
CCD A1 HIRES 1] CCD %l R Gt e 5HZH R AT K -

BEST S BN INAE (45— RS RIR AT, 8 T =N & s i R 4
T ELEAE E,  EFEII S 2 G — AR, FITS S5 B b (s S
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VL 2.4 KRGt G LI ) 28 0 o0 B BRI 9

14t —prdER FITS Skrpr WCS 5 B bR, HET, 55— MriEfE YFOSC 1 Pl
CCD H & BFI58, 5 A Fr#E{E YFOSC, PICCD 1 LIJET #5327 5281,
F=APRAENAANAE YFOSC Hr A3 B S o 784 A7 87 FR UL 24 i 19 AN L0097 i
RGN FE T, 7 208 X B e SO UL 8 bR i o AN R E 22 %
FROULIN 26 oy 75 22 HL 4% Se BE s il 48 24, HoRg il I W28 AT 4], A AT UR2E
Syl A SEREAT P AR A R R, ITURIRE T 2 256 P 6L o5 Rl 4 380 26 o 2
HARL T,
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BSEF BEEERAZNMRSII

RSO B 2 RSO I B WIS AT IR, 2 R S S AR 98 K S
FRIDCHEIERY, 78 RSO AR AR Sk C 2 E A 48— FITS SCO-RAE LI B
TR RSO A o 7B B A SR — TR BB, SR 1 e 4 R
AR A B U5 100 7 20, o2 B B R G T e S R LA

TR R AR R CEIT S, AR E A FERFE B bRn] Lo A% A
IR BE R FE ) B B B o GOR B B el TR H AR, RSk
RERIUMESE, 1 LAMOST Bimgisi e & H ot R Bim sy, @it rEAEm
FUE ) 4000 HRYELTF, AT AR FREL 4000 S RAKMERE, 45 C&KE T BT
FIFIeE S, B ERTCS KA T 6 WK REHE, HuEREEJLE TB.
R =K 1.6 KZ@EIEK R EILE (Mephisto), HALIAT] 2.6 f£*2.6 [Z,
SANIETE [F RS HE, BROGET IR 20 Fh A A, TR AR 3TB 22 AT (Uil L
Y, —HERLLPEAENT 3PB I i A

1 FH R SR 4 T 7 L R R B AR ELRUT, ARZTH Ny T RESRBOULI H
PREEANBOIE R, AR A AR e (] R, 38 P 284 B e 5 1 0 I 54
PEEAARK, AHZ IS 0SB A Bl 5 U 2R B AN R T AN R o i a7 S
AT LAy e B R TS B WG BEE RO RS B 0 SO RN IEAN R, AR
[Fi] — £ £ 0 T 45 DRI B0 (1) K /NS R o ek, o 38 P B S B AR AR i 4% 2
MWL, BT AR RAENAR — FEOWNEIE ZF 2R B, X758
MRk, MBS —1 . FRlEE R, SRR 1 FEAE S

51 IR EHE ARG

B & RGO IR AT R, SRR R AR B
PR AU B A SR A B R . B N AR £
PR AR, HRAR BT AR WP 5.1 s .

Bs B B AR G WL I3 A SR n] LL2r ok A R SR Sh RGEPA o0 o
uh N AR G0 E B ST B R R A A i BeE T, BoEia . I H
TR SOWL A 70 N P A A DG I LA s il A 28 45 U 3 47 5 00 I EScHts ) S
Mo A7 RIS df A FIUAR B L e U HSctie R VA 5 B AT AN, IR e STl
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B 5.1 B 3 RGBT A5 1 ]

Figure 5.1 Frame structure of the data managment system
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BHE AL EEAR B BSOS W I AR AT I, SRR, T
B AALEE, X6 IR AT f] B A AL 2

B NPERAEL: E B ST EE A A5 BRI AR, K Ha 7
N BT, O JE IR s R AT PRt Al .



5 & HEEH RGNS L

7> BE AT BB ST IR A AT AR, O AR B R R K gt
ITEHE, JFRZEE ST G AT EIE AT
SO WL AT A R B, B A X SRR AT 2 1 S B
L3ty P A AN ] Ak 2 ) 75 SO WL Bt i A (0 %A 8 0 34T A R A B

5.2 JLMBHRAEFINE RS

PTG VIR ANN o 22 G BB 1 B G A7 . &y ANJER =R
MIZIRE. T XS 2.4 KB B AN [RDLIN 28 o 7 A= UL I it 64T 4 — 1O B,
B O A BT FITS Bt AT o dr, R SR A AR R SR AU 3 254
N TC R R BRSO e e s IR R LR AE Al D, R BT B T 1 A
AL R BEAT RS A7 Ak s R UL I AR RO H SR EAT A B, $RIBOTHR AR
Ja BN BIEE O, 8 U s & SEIUOLI B R a4

RIS U145 SN P ) B AR AR a0 B 5.2 P

[ G 80E
2]

K 5.2 WLINECHE AR SN iR
Figure 5.2 Flow chart of observation data archiving
FESE A R GTH A5 AR 4 R ) 56 FOU N Jir s 8008 (1 SEEIRT A A, AE L 5
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MizR— TCS Sequencer $§<%13= & I &EREA

At 356 73 % TCS Sequencer 454 & DI REHEAT VEAN A0 B .
1. adfilter
Thae: WEHETFEIECHHAE.
20 agfilter state
Bk
~fl: agfiter in
ZHL

state: in KHUEIG A A FDGRE T

Out HFIENE i # H tHs

Y. EMEZIR 20, RizC4lid ins 45408 7 iR K 5 3) 3 2

EEN

W
2. agfoc
Die: WEHINTERNERIE.
&2 agfilter position
~f9l: agfoc 12.5
ZH.

position:  7£ 0.00 I 25.00 2 [A] (I fE, FA7 7 mm.

Y. EMEFZIR 20, RizC4lnd ins 459084 7 iR 4K 5 3) 3 2

EEN

WA
3. agrad
Thag: ¥ EHINFETHRSGERINE] —MIE.
#70: agrad [position|centre]
Bk T
~f9l: agrad 23

ZH:
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position: 7F 0.00 %] 93.0 2 [E]I%LHE, A2 mm
Centre: FHOULIN 23 i & IR L o
VLB TEAEHZIE R AT, MixC&Ent ins fe 2k TR EM AN A E
WA
WA A agrad centre, JULKE H 35 2R 8) B H AT A um A KO AL B . iR
FERXRAMELZATEAEN ins 82 E &, MR E—MER. %
centre i ] LUE B TCS A L B ST T 1824
4. alt
Thae: ¥mEaiiR4n e g, e bm
#20: altangle
NN
il alt 80.23
ZH.
angle: 7F = & #l3E Fl 20.00 F) 95.00 2 (Al I%UE, HAEE (0,
Vi BH Q0 SRAE 5 A A0V e b 7E BRER (RN 1% 48 2, W] TCS AT %4
IERE R HiE S Inb )
5. auto
The: BiE SRS H 35 A 1AM IRER DI RE .
%2 auto state
BN
/~il: auto on
ZH.
state: on BiE H 3T A KA ERER D) BE .
off ffHl H 5T 2 KM EREE DI RE -
Y. auto on 5410 HANFEKIE—MER, fEFEMNGNL—RBIEER 2
1T AR
auto off 15444 H 2 3 A IREZ DI RE G, 171 S A .
6. az

The: B s 2R e AL E, IR T AL .
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#20: azimuth angle
BN
~l: az 157.34
ZH.
angle: 7EJ5hi e H-180 $+360 Z AIIHUE, RALEE (°).
VLA Q0 SRAE 5 A ANV e b 7E BRER (P RN 1% 48 2, ] TCS AT 4
IERE R HiE S Inb )
7. calib
Theg: SR MBI b B — 445 1 R
#%: calib solution
#Rik: calib new
~l: calib new
ZH
solution: new AT — RFNAIFESRIAT —IRF IR EFR, 1 new J& T 7
FN_E auto SRAR B IZ R 245 M B 30 S B REEATIR M2 Fr
Pa IR AR .
full 5 R GUERN A R LKA GEE] 400 BO KAEHE AE br,
A AR ) B S A
i calib newauto 544 B 8 — M EH BRI P, KX E R 7 RUE BT ™
&R [ DU B, AT FH ke BB J7 A R v ) G Lty 4 Sk R AL L
[ s 00 7 Ao el A T R 22
8. diff_rates
ifit: HNIRE R IR BRIk ) PR

#20: diff rates rate_in_rarate_in_dec

Bk TE

~: diff_rates 0.02 0.3

ZHL
rate_in_ra: + 100.00[seconds/second]
rate_in_dec: + 100.00[arcseconds/second]

97



VL 2.4 KRGt G LI ) 28 0 o0 B BRI 9

Y 2R — AT MT A B ESAREE HiRBrHRMH, AR 280
R iZiEId source fiE2- M AWM HARKI ARG MR ALYR, fBIMZI6 42 )5
A next 72 R 1ZIR S 2T .

9. dome

Thie: KR shR$REME, T 1LiEg).

#20: dome angle

BN

7~f5l: dome 155.34

ZH

angle: [ TF#E5)117E E 0.00 3 360.00 Z [AI[KHUE, HAZE ().

Y %454 FREE NI TR BN 45 € A &, & R BTSSR S AT i), Wik
G Th A2 ) R GE A 1B TAE, W48 A3 2EMHHAT .

10. encl

Dheg: FRFTIT Bk A 8 THU A K 2

F: encl state

BN

7~ encl open

ZH

state: open 19+
close XMl

Y IR R RAT IO P B TR R &, H B T ) R Ge kAT, QR T g
fil R A 1B TAE, WHZIE 2 A SRR EMHIAT

11. foc

Thag: ¥alBEn BN shEE ERA E, JHE s

#20: foc position

BN

~fl: foc 20.5

ZH

position: FEIEEHLIGTT LAREBNTE A +30.00, AN mm,
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Y EMEZIR AT, SRR RAME R D RESC A

12. gocat

ife: MARGEFREH P EFR PRGSO H bR 2 PR TR R, FF3RBON H F5
HIAARR, HARRR R 45 B i il RSt IH48 713 H A5

#3: gocat name

BN

7~f5: gocat star001

ZH

name: KFEEFE A HARHI A FK, HF4RE R R T HIA TR,

Y FEHHTRRIHE, BRRASTER RERRRGER. RGEERLYE
WHEH R G E ), R T AR [ 2 fag T et A\ B BT R %
I RGEF .

13. goto

Thag: WRTBIRR —HAR, FFEREIZASUI H AR

#3: goto name ra dec equinox

Bk

7~ goto HD12345 12 34 56.78 +34 55 23.34 J2000

240
name: TR ) O H AR BRI E R R, AR 20 NEFES
ra: S H AR AR 248, #8320 ra_h(0-23) ra_m(0-59) ra_s(0.0-59.99).
dec: M H FR ) ARERME, #3(: dec_d(0-89) dec_m(0-59)

dec_s(0.0-59.99).
equinox:  fEEMIM HFFHIALFR REI PTG, WIiLfEJy: B1950, J2000 F1

APPARENT

Yi W : TCS S ARI B Bl I [) () 22 /b ke 3565 i 1 2 s B 45 ) = AN b 2148 72

frE, fRSHIR—E A R

14. include

Thig: MEFRSCHF el —AH 7 B R SC

#%x: include name
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BN BB P B RINERAE, BONSCHY 4 8.CAT.

7~ include user_cat.CAT

ZH.

name: HAKIH T ERIEGIR, AR 132 MFFF

Y. H P REEREREIR B Hm S R t, HER R AHE/RG
SR A ] FR G B SR RS 3

15.ins

Theg: 18 B h R G0 € B 0, 1245 W] LUREE ic & S b (Y
X Ve, R ZE. BB EN S R EATIE.

¥ ins instrument

Bok: &
R~ ins yfosc
S

instrument: 7£ SR8 45 1] R G 1) INS 0 B SO v c 25 A 00 0 24 i PR i s 42
Yo 2 AR INS B B AR — RPVECE X 2 VBT IE, 7R 1%
a4 2 B T LA 2 instrument 7E INS Fic B SO A 5 B RBC E
16. mirr
Theg: FIITEOR M E 8
F&xC: mirr state
BN
7~ mirr open
ZH.
state: open #TJF =i close <[
W
17. next
Dife: RN R AE A HE € BRI H AR, 20 H AR AR source 54 %
Ao
F&x: next
NN
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Al next

ZH:

Y FEPATIZTE 2 AT, 48 M B0 H #5015 B/ Z 24l source 15-2%m

» TNHZAE S AR RPAT

18. offby

Thae: WIS W B s B, M BHE b rEdE taex M) .

#20: offby arc offset_ra offset_dec

Bk T

7~l: offby arc 12.6 -11.2

ZH:

offset_ra:  +3600.00 arcseconds
offset_dec: = 3600.00 arcseconds

Yo - 1% 48 % th AR 2 IR B RS B S0 S 2 AD, FE A F I ik — 2 B =

19. opera

e : JE BN EEA B B A LIS £, BRI 45 TR ) N 5 P B 5 6 Lk N
FramRA

#3: opera state

Bk T

7~f5: opera on

ZH:

state: on JgzhEk off ]

Vi %3842 S TCS [ MCS K% — /MRS KR, 7E404T operaon F&
A, RIUIRE SN Okay 8¢ Warning;  #47 opera off 1§84 J5, RGUIR
#2278 STANDBY .

20. park

Difg: 47 1L Bingiss).

#3: park position

Bk T

7~ park zenith
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ZH
position: zenith (i FERN>N 90 FF, T AN e fh #0448 )
Y g B A B R TG AE TCS HYMC & A i BSOS I 0 .
21. rot mount
Theg: R sh BN E AL E, JHF1biEg).
#20: rot mount angle
BN
7~ rot mount 157.3
ZH
angle: JHEH AT LAFE BN IMVE R : +240.00, AR C ),
Wi B« VR e Y mount Y [ f2-240 B $1+240 JE, £EAEFH B IHR — 2 ZEE R
22. rot sky
Thag: ¥ M iRt ¥s 45 € fME R Sh 2146 E 1Y sky 17 & .
#20: rot sky angle
BN
7~ rot sky 90
ZH.
angle: 7] DA FH ()7 Bl & 0.00 F] 360.00, FAAZE C °).
Yl EALH rot sky 2B, 7 ZEH E T e fr B A il Has AT e
23. rot float
ThRE: THRERhALAE float HAREIC, MTTAT DUMRYE R4 M HEAT IR, I8/ VR el 5
T SHIEE
#: rot float
NN
/~fil: rot float
28 &
W
24. show

Thg: ol R E R RS
102

[ay

o

=



Bk —

#20: show topic

BN

~l: show autoguider

ZH:

topic:

Y Tk

25. source

astrometry i FH P AAE R OR AR B 24, WK AR R
TR 2 55

autoguider WoRMEMEHMEZIRE, REMTME. £55%.

calibrate it/ FE IR 22 . J7 A BiR Z A0 T7 Ar il AR e, BA K
AT AR R HE . R AR 2

catalogue Rt — /RS RTAE P EE.
focal BN HETE B RS R, R A A

instrument S TR LI S Ko N H S 3 A .
mechanisms WoRTE EENMRESE RS ER.

meteorology IR HETHIRRKMER

source R AT EREE I B AR AE R

state TR A TCS MPIRAS AR H i A =
time FAAS A B 24 1 B A4 R

version BR R TCS BIRRAE B

ThRE: HA— U H bR AR OS5 B HcE 21 m] 2 48 1) B0 X3

#70: source name ra_hra_mra_s dec_d dec_m dec_s equinox

NN

fF: source HD123 12 34 56.45 +11 23 45.00 J2000

ZH:
name:
ra_h:
ra_m:

ra_s:

M E RS RR, A 20 AR
0-23, HALLZ /N

0-59, HAN7EMN 7
0.00-59.99, {7 LI Fb
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dec d: +89, HAESE
dec_m: 0-59, HALZM 7
dec_s: 0.00-59.99, A& ffFP

equinox: B1950, J2000 #1 APPARENT
Yl %R A TR A diff_rates F next f8 AT, —MEHITIMTE. &
BAEIREE H R e g A 28
26. stop
Theg: 5 IEREATRE RHUHL .
#5: stop mechanism
NN
7~ stop all
ZH
mechanism: all - A R S RN U A
agfocus - HEMTHMIEZIRERNE S
agprobe - MEIfF AN HBI R E
altitude- = &% 4

azimuth - J7f74h

dome - R0

enclosure - g K&

focus - BB AR K
fold - Pt

rotator - Yk

Y. WRAEH stop all #5%, WIFTA R VFREEE 2 BINUIRES AT i f5 1
27. track met

Thag: JFa s B m R R AR AME

#3U: track met state

Bk TE

7f: track met on

28
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state: on— JTJ5 8L off - S
Yo AR 46 2 J5 ST BT 3 R G AME , 7 B A MU 5= Ik
R =k V@
28. track dome
Theg: I sk b [ TR
#: track dome state
BN
7~f: track dome on
ZH
state: on— JTJ5 8L off - S
Yo B FESR PRI H A5 2 )5t 75 25 S B THUR 7, AT ORAIE 4 T A o 2 5 B
HIAL B AR 2 R — B WOR B TR R 8 b I, 0 75 22 508 5 5
[ TR B o
29. track foc
Theg: JFa sk B 4 i 48 Rz
#: track foc state
BN
7~ track foc on
ZH.
state: on— JTJ5 8L off - S
YO FERLINT 06 2 J5 w5 T J5 FE miAME2, 78 Bz B8 SRR 285 Pk 52 HD I (e
TR =k V@
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ffsk —

fisgR— ELER Gaia 2REZ2 A

M Gaia R PBATER T 2T 17 & (G WBO WA, FHImikl 78 s1%5dE.
FNHNEHE 5 B 44 (SOURCE_ID) < 7748 (RA) « & AnifE % (RA_ERROR) .
R4 (DEC) . i#éditr#E%# (DECERROR) . G WETFHWASE

(PHOT_G_MEAN_MAG) . Z*Jfjju i 2015 (fFEEE) , ZHE 4N ICRS
(International Celestial Reference System) . E AR U1 E .

5%, Xz PR
SOURCE_ID ERRS long
RA TREE double, Angle[deg]
RA ERROR TRAFEE double, Angle[mas]
DEC ANl double, Angle[deg]
DEC_ERROR TRERbRAEZE double, Angle[mas]

PHOT_G_MEAN_MAG G B R4 double, Magnitude[mag]
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ES i}

B

TCIHAET o M ZERIPAE, NI A ARG . [BIARGE H 4 MK E S ETRR,
BT TS 1, SRR 2.4 RBm GO a8 EE, cakd 7+
=k B HEER, TIUEFERKE, TR N — & 2.4 KBIZEZ
B R AN KRNI LB BIm G R 7 R SCU I St . Gfray . . WK,
RTINS A R O 1 5 B AT IS & ISR A LR B RS IS A ik
ARG, A LEIRAE IRl 120, A EAT A, (B9,
BTSSR A A5, BN T ST IE BRIl AR AA7)C o AN W 2%
TN+

FERL 2N R I AR, A8 TR S, AAEEENRESR, Bf
RIFRINM N, BoRA O ET — 37 &, MR, BT ER. HuE
IR 3T E AR, LSRR RN TR B OHT, W
e, PR RIAT FUT R BE SRS, & — IR 5 T IR S
. EZIMAAGARE R R HERIAL, ETHREPER, MEEOR. BEib iR
HZ TN R E SR, ERZIMAE L 4 W A AR LRI A AR
REMEERINIT I, M55 77, At SHIAM A Bk AZ mBE . FZIMRA
RS A FEFAFHS I E I, E22I 5 HRASLF B BT EE ok, AHEIR
£, ARG AR BRI U BRI E B IR B R 1L, HELAIT IR, M
AAd—4.

FENNL S TARRY T JLEE B, I 2 BE 06 18 52 2N 343X A A s (R 4L ™
VRS, Ehat H a7 AR LA, EREETC R B T e TR, s
XL HARAT 2 T WML R SOOI o (1) T b2 2K 1 e WA 9T A o Rl BB 1 < I E 7
1 U — B DR R TAE . 23] ARSI oSO M B . £
20T PXE RN Ad 51 0 SCRF, AEBRCLAF IR 2RI i fth 55 gk, BN Ao 2
Hbsta Bl 77, DA SR A RIS BRI 3 AR AN AN A 70 5
TIER A AR AN, B EABIA B AN 2.4 KB 5 sd)
S8 B YIS 0, S8 73 IR T R SR 00 3 A2 o g T PAY R S AN ) i ) .

pin
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S

=

NG IR 7T 01, URIM 2006 SEIFIRILE, M EmE:. iR,
SR AL, AR CARS GRS B, B BRI AR RS R T IX
FEAD A o AR P S ) AR BN 1 TR/ 2 3 R K ) I e 36 PR TE A SEHF
FEFRATREARSEIL R, K MV UL 3t T 36 3 P9 — I RO LT &5

R O 2= UURIE 7E 5% . RIUE L 03 BRI FC G RRSE R Tkt s,
LW @B I ERRIN. RBRICSE R FHAEB EL IR SR S R 45 T 1
TRFE o

AN E = REA Ak KER. Wl R THE. 5 P8 &
B oA AR5, IERARIIE TR EAAER TR SRR, 46
BRI AERIX 20, FORK . O 2R 2.4 K@ TR %
JethEIm . @I AR BRI, BRAEIT . 5 R AE
W, S URA TR R AR ARG B B, BRI 22 o SN RS 5
i, LEFRENE N —DIIRA

USSR T 01 R SARERT 7T 03, % () BRATT 5 5% AN BEREIEL T 7T D3 7E 1 - 1
A2 T H)— L5955 BUEHERMIBE T 0 Mghse. Hafe ki o 5 4 ¥
RO Bl SR i AT REAULOR SC 5 AR SCARIE 2= 1) ) 5 o R N A X AR S TR
RS> EIRBERI AR R, O B8R . 5 BRI 7 A AR th i fit
15 By

SRR RN — B DRI 2 S AR R SCRe B AR, 5 3% Tl vk
FRhAE, ERERE LA EA R AT UL, AREBIREFAT 0 AT
THHE, ABREKIN B BRI SO RS 2R, R IR K
N, WA BRI IR R R R o B IAIEEERT IERER A S, W5
REANRT ARG R, WRFILTESRA, —HAECRILTIENE, FXE
JLrE A ER, BB A AN .
FEIE, PRI S BT 2 [F AT AR R t 2R
O REHE FHC PR IR SO SN B BB 5K %

20194 6 H
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