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Abstract

Abstract

An outstanding large optical astronomical telescope constitutes a complex inte-
grated system, which encompasses not only an ideal observation site but also an optical
system with high imaging quality and efficiency, robust and precise mechanical system,
intelligent scheduling and swift response Master Control System (MCS), as well as a
scientific data processing system. Within this framework, the MCS akin to the neural
center, playing a pivotal role. It not only orchestrates the overall operation of the tele-
scope but also finely tunes the coordination among subsystems, is the cornerstone to

ensure the telescope can effectively acquire high-quality observational data.

The "An Infrared System for the Accurate Measearment of Solar Magnetic Field"
(AIMS) is a National Major Scientific Instrument Development Project supported by the
National Natural Science Foundation of China. Its primary objective is to solar magnetic
field measurements from indirect methods to direct ones, marking it as the world’s
first mid-infrared solar magnetic field observation device and China’s pioneering mid-
infrared astronomical observation system. AIMS consists of optical system, mechanical
system, MCS, and scientific application system. Among them, the MCS, as the brain

for observing operation, is an important part of AIMS development.

This research delves deeply into various aspects of the MCS of AIMS, including re-
quirement modeling, standard formulation, system design, key technology development,

and system applications.

Firstly, we extensively examine crucial factors affecting the MCS requirements: the
need for remote autonomous operation at high-altitude sites, loose coupling and high
cohesion among continuously integrated components, flexible coordination for complex
observation modes, and customized demands for environmental and instrument data by
different users. This leads to the definition of a MCS that must be highly stable,
scalable, and capable of evolving towards automation, autonomy, and intelligence,

ensuring effective management under both normal and exceptional circumstances.

Secondly, following an analysis of existing telescope automation grading standards’
applicability, we propose a novel telescope automation classification scheme drawing
on similar fields. Based on this, we develop a three-tier framework of perception-
decision-action: The lower layer consists of the Telescope Control Subsystem (TCS),
Focal Plane Instrument Control Subsystem (ICS), and Observation Control Subsystem
(OCS), all contributing to precise hardware control of the telescope. The middle layer,
known as the Autonomous Support Subsystem, focuses on providing decision-making
context through the Communication Control Subsystem (CCS), Power Management

Subsystem (PMS), Environmental Perception Subsystem (EPS), Observation Interaction

I



Research and Application of the Master Control System of AIMS

Subsystem (OIS), and a Model Evolution System that uses collected data analyzed via
big data models to refine and evolve decision strategies. The top-tier Central Decision
Subsystem consolidates diverse decision information from the Autonomous Support
Subsystem, engages OIS-provided observation sequences, and executes tasks based
on these decisions by controlling corresponding functionalities within the lower-layer
devices, thereby realizing high-level autonomous operation of the telescope. To achieve
this goal, we adopt a microservices architecture grounded in principles of loose coupling
and high cohesion in software system design, incorporating comprehensive control
strategies and stringent system security measures to ensure the stability, reliability, and
efficiency of the MCS.

Additionally, we overcome critical technical challenges in autonomous observation,
such as automatic pointing and tracking, autofocus, auto-exposure gain control, cloud
obscuration analysis, and lossless data compression, thereby enabling full automation

throughout the observation process.

Through practical validation on AIMS, the solar magnetic field telescope at Xin-
jiang WenQuan, and the Solar Full-disk Multi-layer Magnetograph (SFMM), we demon-
strated the feasibility and effectiveness of the AIMS control system’s design philosophy.
Specifically, during the continuous integration and debugging phase of AIMS, Level 1
polarization calibration automation and conditional scientific observation automation
were achieved; for the business needs of the solar magnetic field telescope at Xinjiang
WenQuan telescope, we simplified the system framework and realized partial Level 2
automation; and on SFMM, pursuing a higher level of autonomy, we streamlined the

MES of the MCS framework, achieving partial Level 3 automation.

These validations substantiate much of the MCS’s design concepts, proving its
feasibility and stability. They also provide innovative ideas and practical examples for

the autonomous design of large-scale telescope MCSs.

Key Words: Solar magnetic field, Telescope, Master Control System, Autonomous
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KRR 2 W FER A A28 — M B R (BT 55 4%, 2020). A BRI £ B K FH
WHBEN 5 SRR K AR PR BE 55 5 T 0 A Al BRI F €8, B OB FE AN HE
) 7 AR EAR B, T DR B SR S RHEOR AN AR T 2 A A B
FIN A BHME . By



AIMS B35 R G0 5 5 N
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MENEAT Y, i HE iR (A AR E) MYEERE— IR
N CHGIAN R o BB R AR TR, TR I REA AN H A 5B 2% (1 1
Wi, XSRS T R A AR R

MAEAT B PR s [R5 5 25 R R KBRS A 22 K BH R 1 R =2 a], T
AT BBk, e 5] 3 KB X R B KL TR s, RmAT R R AT R
25 AR BRIE B0 51 R A ZR N, KEAWEZ L sl ol 3 BUh BRI Z P80 RO R
PARGEE A SHUAR G T-IE,  RHYTR #8220 BB o

X FHEERSARALAL I SCHR: JEER, ORI 2 (I 8 2 W K P9 31 55 Hh sk
AR Z AR MR G R R REERFRRRMIER, [HAKMB 0L
A REAE L S T A 2R BB ER R T B R R I R A BRI AR A SE
Ji AR R R 5

WA, FERFEAT LS BORN A F: KIS R0 sefedt 1S aiPrE < i &
J&, JUHIEAERERUAR J) A U i) BEAR AR A AUE U BRI D . RIS, g
AN K BH 537 H AR A T 0 KA U A R R Ak R G B R B, X T3
REGARA WA AP 2% . PEEAE. GPSEN LA AN RAT S5 1) %
BT AAEEE

1.1.3 XPEHEIANENARESE

19084, ZEE K LKA /R (George Ellery Hale) 1 BT %€ = 3 W
(Zeeman effect) 1X—7F}2% 5 ¥ (Hale, 1908b), X AFHHE 73T TIRNKET, It
SER T NPT S YO K BE R 3 U £ (Hale, 1908a, 1909), AT A& AL K FH
Wi eI I T Wi 2

FE B RNLEFE Y CIRAL TR A B, R A B — ) i i 2k 2 kAR oy
W2 B LN G . X ER NSRRI R i, AR —FEH
PV BRI = A /N R B 22, HE T A4S IR B S s+ Re s IR AL,
PAE G At R is i 2L

W R AR SR UE | 5K MH B 1 XN R R LY, X — RIMAGER T K
FH E AW EAE, HBUREBIHERRES), WEF. B, HESEHRH
R BAEH o /R IX — BT ERTT SR TR B R 2 7L, FH30E T
Ja8i— N2 ALk, B AT & P ER T B R BHRE 37 384T B 42 5l R %
B AL . R B IE DTVE O, RIS IR E B AT R T
X IR B 1 3 DN B AR K T R R (1) R e T A
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19534F, SEE R FKHD.EATF 5 (Harold Delos Babeock) il 17K
FH Yt EL G154 (photoelectric solar magnetograph ), 1X & —/> ELFRAE XA et b
HAE NBAE R BHRE I S HOR T7 38 11 g 14 1 — 22 (Babeock, 1953).

E2 A A T () K FH Y AR A S T e i B 2 HoR, 3 2 A8 SRS A th A
W2 K PR T 55 MG B 5 o X ITEOR I N 2 35 38 0 1 L7 500 K BRI 37
GER . AN BNA AR ER AR, 0F T R BH A B 27 R0 2 8] R A TR S5 U K
R TR . Il XM, RICE KRR T UG 2 i K BH 2R 1 1k i
F R BHIE BN A ORPHMESE.  H Y Bl 5 5535 31 5 1 37 < 18] 1) 25 1) 9%
Ao

TE19624, TRERR LK) & Je iR An s 4E 73 - ZE 31 /K JE (Leonid Abramovich
Severny) Attt ) [ DA 75 I FH R 37 0 5 40 3k B A5 1 25 K SR, Ad AT e vk s 2
&= [ KR E/Y, AL R T2 850 Br e SRR AL 17 1% 3% 77 7 (Severny,
1962),

TEHZ BT, BHEEZATERIR ORI 1 W Zeeman 0 55 = Bt PR I 212K FH
W8 8, (HHTHEORRS, @5 R el &2 577 mF47 (BRI
Wl . SR, Wit =4EmRE, UREmAIEREM PN EESE
T HERTT 1)) o 24 T PR AR FA W37 (1) 52 2% S 4 S HAE R BRIE S AR, 31
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K PGS R A& B a5 S, 3E T B A K BH SR 37 1) — 4k 2k PR ot
X — B 2 K BH) B 7T s B — Re s B AR, MO AES) 1 K BHE Y 4
K N Z)) 735 B R AN T

7E201 40 J5 #, Beckers(Beckers, 1968; Beckers et al., 1975a,b) fIRamsey(Ramsey
etal., 19795 R ARG |, $-H T R AT 59 38 2% J B 7E B AN B S
X A3 B B AG I A & o AT BT 2 A AE T, T 7 — PR A % B
BAL, ZRA BRIETE — NI 58 IO 1 4 B B b SN SJRH i b K FH 2 T 1 3 (1)
REAGE, BN SRR T M X PP R B AR A I3 AE T Re 8 i 2
SN Hb AR SOR BA G S BRSO = 1 LN Ak R B s SR AR T, R T
FUOK H 5 B X PR A5 A A N K BH R B 55 R S SR e 3 20 ) 2 d B R A R
o

s, AR B R AR A B B TG AR 2] 73 AT, WRE] T AR
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3] 1 K B3 220 2 (R R Sk e a2
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et al., 1976) SEH A FEERINZS, @k e BBk sE iR E 4 MR, HIRkse
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LT R BAE B G I . ZRFEER I ZS  (Line-scanning Detector) & — i BEME Y
LR AR AR, BSOS, wr Rl A sk sE i 1k K
FHOG IS — MK RN O, IBATHEIORBHER T, R 5 A0 B 1K FE
AT 8T
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WA L I B 2%, AT TERAETE B B B R BRYE . 68 2Y (1 mT DS I PRk Al
%, (HIRTFIRGIEE BB —; MBI & REEE RIS ELR, H
M N NBEEENAE R, T2 AMSAE, FERH(Stx, 2002).

X BH A B 27 55— T Ay B2 [ I 35 A2 BT R A8 R i (1) 3 W B i A e A, 138
W& R BRGNS, (BB . Wik E 2 E Meinff) « 22 38 18 FH kX X0E
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e
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TR TR B T VE TR AR e M, X N MR AR KRR B PR T
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KB 73 Ak DL R H 88 0 AR ) 25 i v A 9 LR R ) B A S T AE S, B, T
REMRES . AL TR RGN R, CRCAIR BA Y H 225 50 iR ff
UGS 2 — B B B ES FIBE AR TR R, 058 v 2 R 1 R 1k
BN T S gk (50 7 A 732, BHIEN IR W 8% 7 v X e gk i, DARATE 4
M 7R K PH RGBS, FFARSS TR 25 R A TR AN N A R 3 3 1) %2 4 R P

1.1.4  KPAHIAEEIZ IR TR

1908 4F Hale 1 X SEPUK FHRE I B ISR, 32— T RN FERR FHATR
EHEHWVGR T EA . HIEAR, IS T ERI#EE. (HRHATNIE, KB
T 32 D B P AT SR A AE — S8t 200U ANATE 78 (AN & 2 Ak

125 N1k, HRKBEMIA AT SEN & 15 72 3T Zeeman RO M SLBLAT, BT
Zeeman R FE S5 BE R, 10— Ok UK FE B 1S 2811 %6 B CEDoppler
LR B AN S R E ) HEK ) — R B, RIE R 4L B, Zeeman

AIMS
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SBONE 5| S PRV 2 70 ARG T 2 A B (R 58 FE AR W, b AT L, TR Ah i B
A IR B ENE Zeeman REEHIHLS, W ATRAL SRR, « 3 & " KR
B CENE”, KRS INE . R R R R . X TTER
AR T RS R, WAAEAEYN, RO R BB RAT R . [, iR
A% 58 1A I 5 2 0 5 e A O i I 8 B ) 5 S 0, SR O R B 5 S 0 oK 14
SOMEDRE RORPRAR, T 2 2 4 v W 2 DM G 2

B I by e S S e s VI R R N E R 72 77h b D R A IR
28” (An Infrared System for the Accurate Measearment of Solar Magnetic Field,
AIMS), BIAIH R ZLAM g B Zeeman RUNIAL TR WOy UEZLAMBBURT =, B BER
JHI P 21 A B A K B R ) B 45

AIMSSE [E 5% B RR Ak 2 2 53 B ) B X RR R IR I H - Gl
HEFED o FLAUWHRI [ b B 25— & TR 204N KBRS WL e, R Fr 205N A
o SRR P S R R, SCHUK PRI N TRERINE B R
MBSO g, R BUA RO RS P — N, e h i W R AR 3 1 1
Rl SRS LR B s R R R L R 5 0 A S5 i 3 QT ) B
FFRZE H AT 2 E D (i ZLAME B 2 5 R O RHE A P LIS . [, AIMS(H
TR AR K HES  ZEAM B DA KPR B . mflkl &, e Foeil . stk
RETRIN &8 S AH K AT BOR IR

1-1 AIMSEZESHMAGIRE
Figure 1-1 AIMS Optical and Mechanical System Models

AIMS 2 BA R R R MMM E s, m—MUSM R EmEERR 1uh
W2, HEEHANE M IS G55/, B35 RS0 (the Master
Control System, MCS). F}AEEAIE RS0, K305 2 8B R 5% SO BT .
HpRE ARG 2t hilEImE & Mieh, (REETE SRR IESR T
1E, &I RGN B

WG] HBAIMS, AIMS B 4% R Gue e A Bim i s R g, DU A
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AIMS B35 R G0 5 5 N

BRI B, S TR R A B R AR RS, Him iR, it
BRI bR AL L B BEAE — R A A M A

1.1.5 AIMSHYBHIEKR—RIZRYG

B RGEAIMSIME X, HATTRRRFSA W RET, FRR
PRSI 34T, PATA FE FDWINZHE, & AIMS A i) > [ — 43

WML RE K : T AIMSHLI 3 BOAH LA B (8 14um), X T8 14umi
BBy b 255 K BH B8 378 5 O 00 P 5 5 B2 FEOU I sy ik o R 4T A B R R, s
AWK S &, WIS hE L T B . WRE 2ok B e, Bl
FAIMSIENEE N 2, A MR S E X i i th X gk s, 2E
AT I R D DRI AR or LI T B2 R s B 21 1 DN s HL v B BB X Hb ik
WRRKRE g, & RRE A%, WEZmEEd], EFEOmP0m, FIbHETES
KRG BINBOAR G- (HBE 2 Tk ) 1) 82 A 7827 2 1) i B R AN E A Rtk E A
ORI ST B AT H I, R R E - E LR RGeS I AT
KE R E G AR, AW R8BI S TR

RGHMFHZR: AIMSIE A E P — B R BRE S i E g, Holig T
2ot mE e, NI E N 2 ZEB BT BT ECE AR Iz B m R A, S A B B
FIAIMSHIZ B AR R HAE, HRZICRER. Hh A HE RS R b 5 A
ANENPRRREA 2 G i AL ] . BRI B 40 . FTIRES #1155, HARATX 4K
B AG—: B0, MO, PEANHFREERZ2FNED . K
IR 2035 RGeS SN S AR 4], S 2 i AR AL AT B4k o

MR AE AT AIMSEERA S HM AR 2 MR RKRES, KX+
BHEHIR A RGN S, SERGMEIE 7 HIA M TR 22 R
R AL TR RE 15 R AL B T AIMS B R 2 T TR, ¥ F
FIThREMAEE 24, Rk, AIMSTE 245 R G S RIS 38R AW ATE 55 .

S B A AR ) B B ) T e 7 R

@I G & A FR GonT 5 L e B2 (1) AN 35 20 M)

Q.MMM Gl & e KN RS, RERAR)

QXA E R SN CLLAMSZALES RS see i P25, 5 m) H il %
CIRVNf=2E T NG W=

@ .FTIRF 837 AGAHHLI AT AL B . R br e G & 58 77 AR A FTIR %L
Pz e JURALE FIAED

b WA =) BRI AR ) T e 7 R

OJANH A R, B3R RTEs) X D6

Qw1 1 Th e

Q. HERMFGIIRE (RGNS AR I 3% b 20O

@.H e RE



FlE i

O ML fE

©. BTG AHPLEFTIR AL B 2, BB SO Edsiga. G 55 Dl fe

ORIIWIEIE =S G P & C il =

@ AFIR ST SIS WERL,  PAAT RS BE 774 i

gi bprid, BIERAIMSSEHURLE m RO I H AR B A ANTT g3 7y, HAE R
IERGIEEIBTT, my ettt B EMSAERmEER.

12 BEARZHEAIN RIVIK
121 AEETFEHNEEFR

ETHEHETHERS BN Bing R, Hou, HUMA B 730k A £E
Z5t, MEUCKIA —mbsE izt S RS, B, AREEHENSERSGZ
& E R R

(D. Automatic Imaging Telescope (AIT) 545 R4

TEf & 51 K& KL E (Perugia University Observatory, PUO) Hf & FJAIT3: T
— 6 OA MO0AKA SO B s T, ZBITEI S NERE, ST
— AN E 01K B, IFEH T CCDAEMLEL K Johnson-Cousins BVRI(C)
WA ATOCEME . N TSI B SR AE, BRI AT Bt 7 B T
ghfy CanEEamBE. [BATHEE) BIHRF A BLACA R A U5 BR il (Tosti et al., 1996).

Perugia X 2%k 3 & ) Automatic Imaging Telescope (AIT) 42 75 SR IR T % 48
PR IEAT RO I MAE 55 )Pkl . XK TAEMONE =, {2 5 H w5 -
WEBERRZ MBS H . AT RSB RERNEE . 3G m T H 5 1)
B, IR R RL G EEEPATRMES, JER 17 EE e Bl
HURICCDYE 27 & T i it

BAAIT RGN KRB T SR N B ST T BE 4 | iz, adh: ditkH
Bl E BITHAR [THIIT S 50 MO FI & g £ H bR, BOE IF 8 i 5 4s
] LU H ARAr TR G SREUT R CCDIR G IS, BLRAEML I 45 PR 5 H 34k
MR A, RGENE T RIKS R A, 7 AR g T AT
B

AITERI RGOS WA FEZ DRt B M R4t (Telescope Mount
Control System, TMCS) . [Tz #| 2% HIIFE RS (Autoguider), PLLKLCCDJK
B ARG HATMCSKH XUz 6] &5, i PCHE 49X 5 B 54 1 L, H)
FXG A7 B g s R S 5 B, R B B3 RE % A2 RS kS AR 2 A 21 H Fr
wZ/NT1 RMS. [AIl, 23 Ruq i RREME D, kT —8W
TR ERAE 22 vk,  DMETAER AT VRIS B0 & B T S B TP 17

BPSR L,  AITE S RS B B K2 = B B S S A vl 4%, iR Eim
BLREE L N TS O N 58— R VR R I MMAE S5, e Al 2 & 0 FE AR o
302 MBASAR AT 1 KB TR 625 6 B M I o 388 R /0o e T R A A A R A 2R A
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SEHL TN B ARG BRI R IR BB S A BRI A B A TRAE, AT R A
TN RN H A =

@. Gemini LB 1K X E 16| R SLOCS (Observatory Control System)

X F-FEEE L8 (Gemini Observatory) & HH [ s I [ 5% Bl i A 8K 2 2
AL AN, AL TR ER I B B = A 5 I 1L T (Gemini North) H1Eg
FERIEFIBRIAEE 1L TR (Gemini South) o X AN B3t [ — N A PR 2
BN EATRER T B AL BRE BRME, LR R T — AN A BRI R SOOI R 2%,
NIRRT 2RI 2 .

LT P B T i BT 2% 1 A v FRODR U 4 £ AR i R 4, A0 St 1) | ol NG
REGE, BeRAE IR RN BB BRI, S il < 2 (R B B o 1K) 7 E
#, OCS (Observatory Control System) K3 & 51l & 4t & Gemini 5 % L
BT BB i L B v 1 B e, BRSBTS IR EE . AR
. WM AVE L, Hds REAES I HE AR (Gllies et al., 1996).

Gemini L HiOCS 1) 75 =K £ ELALHE:

SCRFZ MO IS

2 g B O MBS ARk S B SER R sk . BABI SN W& 35 4
R H MR 250k i, HRCE TAE N AT . RIGHE: R A SR
W S5 AP ARAWAE A RIRE P R ) 4 o R U5 1) AT I 260000 P 32 43k — 5 15 2 F i
FE 7 a) A0 0 e

EZVE IR e

A~ Gemini I 48E n] SCREVUMXAS . $5 1) R G077 PRIEIX £ 4% B [F] I LA
HEATH. ATREAAAE — PSS AR HE R, 5y —Mde AT AU R 175 400

P,

FOVFEL— W82 01 (RN AT 2 T — T INATE 55 . 5 dn,  BEa 45 ] e 7E 132 HL
UL PRI 2R s AN R sh 2= — HARAr B . WIME S M E 2 2 TR,
BARSZILE RT3 TAEN 51 o

TAEN G HR ST A

MBI IR A A TAE N RAAEY . RGRAE R s Bin i LA R R G
& R IEHI DA Bl SR it B B ) — 2P AT 30,

- H A A e A

Gemini Y & MBI G RGE A%, FIRETR ZOUEE A6 2 K E I (A EAT 28
HECE . SO0 s e v, BILH N A )i B A Thae. 78
R B AWM, B FR G0 R BTS2 DOV S UL 3 AH S e B AR A

Zi bprk, OCS MKk /L. ZAGRE R, R, ARk
TAREFCE ST, BERM— A mik. AI5EH 5 T s 248 .

®). Atacama Submillimeter Telescope Experiment (ASTE) ) 245 R4



FlE i

ASTEW H 42 1] 22 40 75 SRV FLAE B A 35 R S v Enifg X (4,8000K)
BAE— B 10K 2K i B B I PR AR AT 55 . T O B % 25 Hoe 28 H oA
VR L, RTiE AT B R I R B AE T S I — 4G € M 4% 1 2R St (Ezawa
et al., 2004; Kamazaki et al., 2005).

BT RAAE

WAEWLNBE T ARG AL & T R R BT 38T R A B FN-COSMOS3,
AR R AE AT 58 A PR (56-64kbps) 1 T N 48 A 55 N tH e AT Sy A A R iz
ESUIRIEEGE

W 2B da e e ST AT RER R N i, DO Sr B 5 AL T R A
NGRS E IR Y (FKk2,4000K) HUHRAERI N H AR 2SS EN IR IR,
i DRSS A% A R iy 75 1] B A T A B K

W28 BB AL N-COSMOS3 54t B & I 452 M 45 1B BRI Th g, 5 1E
fREM KA (FIn600Fs ) ARWCEImN, 2> B 35 1 2 w17 IEAESEAT W, BA
157 A1 194 5% i) 0 3850 ) et 25 R B o iR 1R

PRI IR A BE . )8 2 1) &, B DR AT AT P2 A PR ooty et ik oty 2 5
PR Y, [FIB BT A DGk SR REREAT ST I . WL A7) 1 3% A2 COSMOS 3%
PRES, XRE R AEAE ) 25 52 42 B I rh B A1 O T 8 BE ORAIE B0 455 42 JE TUE T R A
AT AL

ARGV EEME G BT CHTHAZLE RN HERCE (NRO) 45K EITH
MZKFES] (NMA) FICOSMOS3RSEREAT I A, IR LAl B30 1 15 2 AR
v MERLEIRE, ARG HEINE, BEWAE TR KB M 45 & s T
Phfe I ® TAE.

MR BRI RS RS, WATATLUE L, AITHEIZE RG EEY 1 SLH
RGN A H U Gemini B 5 1S 1% 5 Gt 58U = - W B0 N SZOW s
TEHIA I ASTE, H S8 KRN i H| Dige; A 4h, Big Bear Solar
Observatory (BBSO) [fJGoode Solar Telescope (GST)Hi H 1, HTCS¥ i I 5 {5
i) 5 1A R 14 (Yang et al., 2006). B4k, IX U8 S5 2R GEid 75 e B BT 15 4% 1
FHAME, LAMOSTE I k2 Koy 75 3K, 0 HE % 2 4t 1 M 42 ) &
4347 T EH(Tian et al., 2018).

122 SBERGHEMSIIGE

NTAETIEEIT R, Bl S g TR 1 3 A AR B2 a2 B 42 1) A A B v
I IE S 15 R I R . .

(D. INDI (Instrument Neutral Distributed Interface) & —/NH IR PAF4E 1 RE

W, W TRk & B3 E ] . E /& HEugenio J. Delgado Ruz ( X 4 Gabriel
Diaz Moralejo) fE20034FEKEHTH, HAr2E e, P omtn

thttp://www.indilib.org/.




AIMS B35 R G0 5 5 N

RO SR B, V& AR SCEZ 5E . CCDAHML. 3 2 8% LA AR AH
K REVG B F8— % D AT A

INDIf %O B AE T

ACEE AL INDIAMAEAT AR 4 8 R ) R SO s i v, e fe it — 20l
FIEIBRE, AEASRT R AR B GRS RE 08 AR X — AR SE IS AR 7, AT A3
A5 RT DLE S A — 32 T R 4% 2 X A%

DATREN . SCRFMBALERE, SR AT IR A B R T H 5L B AT, JF
W R IE AT IS . XERE R AT K 2 A AR AL E, E
ISR REMS B i R [R5 AT R A

BT AU A X B I INDIIR S AR 7, X B IR B FE 5 £ 57 S5
PEAE H I FIINDIAR 55 28 45 RS SRR 2. RN, 20 7 m BN AR 7 (R 3
B ATLGESINDIM S I 55 de 52 B, FRENSE N B JF As 42 ] i &

TFBCRACHS . INDIEEYE K HVF 22 Be 8 I AKEIRE P A 2 TR, it X 2
SIFRAEE, ARHE T RICRAEFEHI BRI R e A L o

WITINDIE 1, RO G R AT 78 N 53 e AE A ATT B0 00 ol B 5 22
PRI B, SRBIBE Dy v R8ONT R B B Sh AL is . F AT, INDICZed)
2R AT SRR BB, BHEKStars/Ekos. MaxIm DL+ PHD Guiding%%

@. RTS2 (Remote Telescope System, 2nd Version) 2;& 5 (R E L R
gt, XL ESME RSO BT B AFHESR . RTS2 SRR — &4
AR T 5, PASEBILOR SCBR G G M A 58 R SC i & R A2 il . s AE
AR 1) 2 (Kubdnek et al., 2008).

RTS2 ) 3 ZL4F i A Th fig

H s A -

RTS2 VR B B 4% I ORI T+ &) 30 TAE, BdEFHRE R, BRER.
Bt B RES —RIPIR, AT EN TR R

BER AR

ERWERMEZ MR ICUM %, meEmsgi. CCOMAL. itk FAEMIL.
AR R G, LI R G o g ]

TR

RTS2$ AL 1 9 KRR U5 i) A §E 70, R 305 5 AT ATE T ST A 1 7 8
o B R B e A RTS2 R GE IR A AT IR o

TN SRS -

RGN A B REULRALE], LRGSR KA B IRS NI 5K B 30
R HE LI T S R0 SRS

EEREIERET o8

2http://rts2.org/.
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FlE i

RTS2 K A AL &1, Z T EAE R, LAERN A R E P RS
Wiiti. [FIEF, ©rLAE Z M EE IO, BA RIS

TR A

RTS2IEF 2RI H , X BERFE 2 ERI R SO L5 M2 i35 #nT UL 2 5 2|
Hok A AR, S [F]HEE R SO IR (k5

EHFERICA, RTS28 ZNHT 2R Gl JTHEERHEEERE
R EEARM KRS AT R T EEEM. g 70 B PRif T <M R
AWK, B R B 25 7 R S0 6 SEHLA A BT HESIRTS 28 AR AE B 4 (1) 3 FH A1 41
o

3). ASCOM (Astronomy Common Object Model) 3/& — & Al 4 F1 %5k K
SCAI B T I FR A DB . B H— A AT A DO TE R R, VPR
SCERA 5 R SRR A 1 £ 2 AR AT A AR I S s . ASCOM B 7R i3E R S A
PR 8 5 R SCEE IR AR 2 A B BRI, 515 TF 38 SE 25 55 AN [A) b R P et A
B INFEF, R R CZIFENB KRN85 — V6 LEEL
Fh % £ (George et al., 2001).

ASCOM = ZHf pi A0 4 :

FEbRE: ASCOM 2 LIHTE 2 AF R, FEHEREE B4 AT H . X
TV 1) 3 R A AR AR T R IR BHAE T, T AN AR R ST A B 9 'S5 5%
M,

P56 3R R ASCOM 15T Windows “F &K, HIEHAH =
7758 T 7E Linux 1 macOS _EHIEE 7 e S5 1.

TS BRSO B — > ASCOM BXBNFE 7, XL IXANFE 7
SEHL T —dH R R 7R, DU RSO bR v T B R RS . Kk
3 il iy 2 B ORI S

ZiEE R BT T Microsoft 1] COM R, ASCOM 3% £ Fi it kit
&, HLFE Visual Basic. C#. C++ fl Python &5, J7{HEIF &k F R ZIEBAER
AR S g 5 N H AT

JZ R ASCOM SCRF) Z BRI &RM, mBmts, SEKE. KA
WA BEREHEE . RS, RORHL A T R SOUIN A £ 0 5 Rk £ Rl A4 il

FEIX IR ASCOM #EIXEER, JFRF R CZEHFFHNLZTIE . S
B, FRRREA ARG B ASCOM FRAEI T RE -

i ASCOM, R % T34 L MBI 583 i) LR A AR Rl 428 i) 22 Fft oK S
BEAE, RO, Wb RO & AR A SBUNE RMEM R R [FR,
XA Bl 1A ) e A B NSl S AN 2 B, 2B HESh TR SO
REK &

3http://ascom-standards.org/.
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@. KL EEH S KL (Observatory Control and Astronomical Anal-
ysis Software, OCAAS) : OCAASZ L ['TH T HI R Gk & (nEims:. F
BERG. CCOMNLE) FHAT RCHIBWE S WL g EHERIE RS, X
KR T R E HbdEs] W R <. WA SEOLE . SentEdE 3k
B BEUR AL, RARN &5 2 FhDiRe, (615 H 7 geff iz FE sl m akcihadi 47 R
SCULANRL S 8F 5T (Downey et al., 1996).

SR, IXEEHRE SHELE S AR : OCAASTE N — KB N IH 4T 4,
Al BETCIE TR/ IE FCH I % 4% ;. ASCOM B AR 12 N, (B ZE TG X ) 1) 56 3
IHFSIRERTEE ETImE PR 2 TRTS25INDL,  WIAAAEAS [RIR2 FE () A B
AMAMER B, F, B FIRXEEFRAEEAESE, IEAEAE — Lo Ath T A S 1) I
RFRAEBAESE .

1.3 WMREXFAR

MRIEHTSCAIHT, AIMSEIE RG] A, SR A B B RN H bR & A
HIFEL, HHEETRESAME, ks R B_seil, mAIMSH RS
FETEE T T B A R R — RN &R, AR RFREEATRE, il
SEREIETE R R L ANTT D 1

MAIMS S FE R E 2R H LR LA 51 -

OFWNESE: I

AIMS 22378 53 Hb A izt 1) P AL = TR (G A Y VA I 384T B LD . A5 4%
PEERT WL, Hik i T B R R WA Dl A\ R BB W I DL R K i ) Fa
€ TAE, XESRERE ARG R 24 H EisiT.

Q. FFA. -

L0 R 1] 2 52 5 R R YR, 0 X T AIMSIX 26 K AR B 0 53 171 5
H =45 ) o] DA S IR e R AR A R SO (AR BEAR 55D, DLEARIE R AR
Bl HREZHE (ERREER R AT RN AR, IR SOUm A

Q. E AT 5 AT

AIMSHI 5t FHHAT— RYVE AR BEAE, BREFRMERE. 5. HEER
ORI HIE . [ IR G RE 4% IR TSERE e 3k Bh 78 R 58 B b 4
B, EHRANITAN

@K W ) 50 N

e T 1) SR T B 4 ) R 8 RS WS ME B RS AE T (R AR 22, AME K AR S
EHEFRH NEERNYE), PAR NSRRI AR Eish. KT E
). R REAEHING, o5 O BRI A TIAR Y, W Se RS HE B A )
B BAYE,

ORI oEST/S=F
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B ARG RET SCI W B s A BEIR DL, S A B2 Wi e i, 0 22
KIE BRI EUR 3% M A28 HREEGE KRR EIET.

OREEZTFIWIES SIF

A B R B A ST M R REBOR, B 4% AR Gk K B 3l i 7 2 LR
AR BTN AT RE A AR B2, =4 IO A AR B 3 H B, PR 5 o7 -4 3%
FHRHE -

g bRk, AIMSHint B FALIE SR DK ORI & e ks, EA
G 1IN et iR R, AR T as AT ilAs, AR R bfESh 1 R SCHiE FE Y
. BEEREED, B ME R AR =, BB RESC L
A TN, CRAERMREE EBEAT “RHEEMIM 7, NRCAFRMENFE
AR HE 1) 08 SCHF -

1.4 R3CEA

RICH B R TN T AIMS IR RGN (TR AERL A FHAIMS
12 ) 2% O 3R DA 0 B A 4 A 2 40 L B AR e 2 e, o
SR B

S B R T AIMS B R G0 AR, T B By
ORI, ATMS IS R RGHESE, HRPRAEN, 0 0 DA K 22 4 s )
it

SEDN A EAA T AIMS 845 R 55 1 AR S S SR T % [ Zh
JHA, B, BRI, RN, DRSO .

B S EAG T AIMS H LU RGBS, WAIMS £ 11
AN R P, IR AR S 1 E (LSRR T, LU T4 TR
T A T 4 T 2K B (R A 0 3 A

N R T A 0045 B BN RO TR PR .
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25 AIMSEEE RGN H A it R AT EA

F2E AIMSEFERGHEEUTRMEE

TEIRANIR TS H 3658 REALH AR TEAIMS H RN L A B2 /i, o
EOD PRGN AIMS IR EAR B BT REAT RN X — il A i
#i L 2RI, CISAIMSH ISR R . AIMSRASMAMF N R, B2
MM ER, LA Bl A R 5

R AT R AT, FTLAMI B AIMS B 2 B D e i e . BRER R i
PRRCE LA SGEAS ZA ST T I EE5R, B ORPTA I 1) B 24K R SE RS 1 T /5 BLAY
M N TP OL T mRoslE, 2 BE 1 H AR AR

I, 7870 BEARAIMS 22 48 & 32 4% BRAF I 25 (a0 J=y o 0B SQIRAE DL R AR B
A E BA R R B . IX /G X RGUAEAT 0 AR, RS T R4
MDhResE 0 50 A TAERLH], JEEE T e sl e R e LIERE, aREH
Bl IEBE L P A S AR 2 B R R IR A e R A (I R A B AT
N

XF ARG R TTRIEF B TR E R RGN NAERZE, 83 %6
MISREE ST R, PAKCAT REAAAE RSN TR 3R, BE I 9 et BE e PR UE 3R 2%
R L SCRE S = B2 H EALIAIMS 6l 4% R BOE | RSL BB IR IR .
Ab, AR AT IR X L TAR AR, I REA BOCP A AT OLAL B EAL BT R,
i DR L SR E 1) B L2 H Ax, I E S Br B A 2R3 S0 ) R e ATl 5
M.

2.1 AIMSEZEHEK

I HrAIMSEE HE RS R 3. AIMS R G AR 5. R0 2
DA A BB R 2, FRATT ] DAHEWT JL B 4% RGN % B & 1 — MM E R R 1, A
MAERITZEERGR, MWRFHEL, AWM, @EHR, s, 5iE
A8 5 AT S 7 TH AT R IRAL BT E s SEE XTI RS M, MSERR R
TR 22 G 0 Hb T S FH M 1)

2.1.1 ErERuGHmiE B £ K

FEBCTH S SEEAIMS T H I, 25 18 2 UL ¢ B AL T A 204 X3 (8 1473
KD, AT RN TE I 4 T PPy 1 35 I B B3 858 7 T — ey 5 W BT s F A 5
Pk, U KU L AN S A WSO B RO T 2 AN B i T R KR
AN A A S T IR T 1) SR BRI, 3 BOOLII A5 5 o A = BRI (i s i 4,
2002),

HLLAN BB R SAR R B E SON3ESTHR 58 E 15K 28], HE
BUFE T SC2.5 25 WOK VI D 3 2252 3K RSORT BSR4 7 T PR 3R PR A 240
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@ RS

1) KRR AKIRAE R 2040 B R 0 A o I R SRR, RSl R TR 6K
F2FOK BT s S o KPR B Tl R AR B AR Ak, T2 5 i 8 B A
() 2 ST VR FE AR 282 I RE &

2) WAL BrAVRAL, ESMAEW AR (CO2) AMHE (CH4)
TEHRLLA X ARG R e PR SO TE Ze A IR 25 40, A S ek B IS e 55, RLFE
R P AT 2= 5 W2 R

Q. RAB N

1) BRI R 5 R B 7E 2D B RS A B, BT R
BRI R R, BRI E — 5 1.

2) KIKHUS: RAPRKER CAnSERR T =MAKED 51 EFKIK
U 7E R 20 A B EROAS B mT WG B aR g, AT R A K 0 K ) 40 A A
VER, e R R SR IR 1520 5 B 2

3) WIT RN : FELLAME AU, RAHUT S E AR AT 2. R
HLL AR B U 59, (EATI AR 2 508 G 0T B A A S A T i AR s T, 91 o
F G 30 AR RN AH AR A5 2% 0] e fvai
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Figure 3-3 Vertical architecture of subsystems
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Figure 3-4 The content contained in a brief instruction
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322 ®EITHIRSG

WRERIRT REM AL T AN D RGN, EITEEX N T E 5%
OUIREMIEEESEAR, WA RS, FRM SR RS, FHEES., XU TREA
IO B B A AT RS A, RIMEAE A X s A B E R B SRRSO
e T3 B 3077 AU B s, W EshiREs. BEARE
[ 475 ) R0 57 B SR BOUL I 3 21 (R AT
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TrE R, ETEREEER RS, BERERS. AR ARYE, 5L
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BT B 45 1) 5 0 A2 R SO 8 It ) A% O LR 70, e = BT RE AR T S BT
s AR R E R CanlR T RS s A E I, DU IR B 5 R e A
MR SO 25 A T #EAT M . e AR E BT -

— AR, B Ry R AU B A P 12U I A (Berry et al., 2005):

FRIENEIZEEE (Equatorial Mounts) : 7378 2B 5% 37 20 02 — MR L s BR B

RO E, R SR — N RECTAT TR B A, XA AR AR &
Hh (Right Ascension Axis). F— /MR T /&M, MIR4iH (Declination
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BRI ENC AR ZEE RS R RE 223, Py H R K502
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P B DL 20 e R B B By S s, e

@& SR X TR R AT 5%, a0 =S OR BHALI . i Hb ) 448 R
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Ho R R ) O M R R I RE 1R H
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JCHGEX TR R AR B g, B 5 P AR ) 22 e e MR SR ] e B A b
it
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R ) A 6o T 00 T R W N S i AT 55 ) B T R
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PIANEARE B, 2HR2 A (Azimuth) FIEEMA (AltitudesiElevation) .

T (Azimuth) s X B 5 G654 1 BT HiER SR 100 1 3h 28 BT i) 7K - Jie
AR, G R AL SO BT R 2 R B 4 S Y Hh T A 4 2 ] )
o

F A (AltitudeE(Elevation) : 1% /& 2 0 B3 ML 28 5 24 Hh 7K P 1T 2 8] 1) & A
BUH UL, A IR TR W ORI R A A .

EfR sl AR, Em Bt R G0 S EAR R WL B bR i AR & R 2 Ak
Prit E TR AL A S B A A, B SR R RIS RS, IKEhE
TG 55 PRI ATLBR 455 R RS 1t e e 2803 e 8 I A S
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W 5 2, ERMEREEIEGIh,  $26] R GAN W AR I8 4% 2688 S 15t 1) SE IR
BT R, R B B IS N AE, TR S OB 2 1w 22 1 PR
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Mt FEr, BEME RSB ER B R AR, HRVH HhEK B 3 T SHam Ba 48 Ml 52, AT 3R
2iEmW. FRE R E G .

AT RS LAE IR 3R 2 iR o 4

D) FATARRRS: B RA AN EIR GRS RITE, M —A s RS
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BB RGEAMR AV RS . At 2] FAT W s BARALE B, [ ik AR
MRE S 155 B B B B I IR S Pl B AR ARl T DR B R AR ZORE A IR R H AR R
X
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DL AR B 2y B milh CRIOT A A A1), A2 ARiE AR R GREMIRAD,
FrUAAE R B 3k A b, BBl o K BT, X — IR AL e i
(Field Rotation) » PRIz lie % 2 R (iR S 552 ) 18 5™ 5 1 7 52
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N T T 3B R A L I TR BRI AL e A 0 ) R, 38 2 51NV i
(Field De-rotation) LS FIFIA . HIER S BITE H /2 BR R T 3thek
B G R e, W IR R AR RO IO BT B RS ARD T 1

JURRH LA -~ 2B I 5 7 e 7 A B4 -
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2) WP e: R BRI By, i sk AN d RARAE R E A &
ARA, SRJEAE R AL BRI S 1) e e R, DRI AL e e s . XA T e
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AMCEE I PR 5 LA WU, BEREAT BT — e s L I TRI RGN o
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ST GRS R, MR RACESTR RE AN TR TR Rk A
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i Epng, WEEH ARG H EUSHE T ARG AL T EIE AR L1
R AR, IRIRAE T RS B R 2% A BRI NS BE AT, AT 9 1R
RGN H EVES R REAKT

45



AIMS B35 R G0 5 5 N

3.2.3.2 BERMSISZRYG:

ReJR N H% 248 (Power Monitoring System, PMS) &R KRG — N EKH
BT RGBT S IR AR A B 0 B Rt 1 R RV AR IS L, R ORAE
VREE M, TR SCRF B i AR R & I IE W Is AT . Reli i RaadE
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OFRE: lEhERFEIMEESONE AR, e REEL
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i, eSS,
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TR, PAR AT B S H AW R
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@. B & NS R SR T AW AL R, SR R GRS 5L
BUSE IR VAN RER B 3G N, UnE R RIS T B SN S 4, S OE
FUIRETEEAE 7] L, DLSAE K BGOSR L R0 S o

O KIAVEREVPAL itk AR TE AR GE AR L UOWIIME 55 IRCR, ik
BT MKz R T B m G ) B AR VR R . el R R KT e, Fr8ar
Al ADC A UL SR, i D B2 020 5 1E 8 L N0 2% A #S RE DR A v 8RR 2 ) AR R
A&, JFREERHEABOR S M R 103240, B B 2 G 2h REAN Ik Be 1 2k
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TR R R G R BIERGIILLE Y, BTN RGNS G RN E
TRE, Wl IR BB m B RENE AL S RN 26 F Rk, MERM AT WIAEST . KR
KAGWES D&M T REMA EUHE T RENEL, BEERNEE
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O FESBEELME: PRXRERGRIORB ST RGN SE i, i
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%
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ZiLpng, PHXRE ARG ESER G R, @R EE RS
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IR U A
Hep B5 3 HH e A

5

HBKk, RRREYE - - I‘

IR O S PR S
SR HEEAEE
EREED, TEISMEN
HREE, SRR

I ERPHIEER

SR B IE S 3k
S &k A FEH A

< —HEERNIET—

3-13 HEBEHEHAR

Figure 3-13 Implementation method of subcontracting communication
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3.5.12 HESSEM

JETCP/IPIEAS P I8 e 5 R R AR PR P SE PR T 52 8%, AR A SR
AT, MR TCIE e A e MBI &R S E RS B R E. —HK
AWHBRE, BXNEERGNIEEETHR - RIZERE. B, hiREE
{E R b SCIH B R LA S, DL SAE S Xt 1 B ) S8 BV AT PR SR IE
XU s s i R e A R OC

RO BTG R LSRR, YR CAFAE TS 2 AT BRAENE, RS
A1 (Checksum). A TUREL (CRC, Cyclic Redundancy Check). ¥H 2.4 %
(Message Digests) %,

D5 (Checksum) & —Fh ] B (1) 5 R AT AL G, FEH T WG
A a7 b i IR B R 10 2 B . eIl — H R AT M A B e B
I 5 2 0 s (138 719 BUR PR EAT s Bl B 1), ARl — AN e KR
IR SAE, XA ELIRAE BE SR A s — B R IR B i . AR, [RIRE U 21 i %k
TPATHEIRTHE, IR H 45 R SRR AR AT AT XL, W SR A A
MBI R P A KA R B E R WERAR, AT R A7 e £ a5
o

RIGFNEEA Z Mk, .

1) f7 5 B AR B

XTEE A — N (B R E T s 2 A5 #0447 B, R
J P B 2 AT e 8 A B (LU AN B BB ANEMED , 13 2RI A

XM T % fe B PR, R A R RS ) B e i R A T e A PR, R D B
AR I “HEae” IR CHAEEIL T L8 Be 8 R B R E D

2) TCP/IPRZ %A1 -

FETCPAPHIMAR Y, RIS i 1 IPHR Sk AN TCPEUDPHR 3B, B 1
o CEEEAE FIPHibE . PSRRI BR IR TS .

THELIN T S AR L6 B AT AMG SR A GEALINE), 2 JF R A 1667 S i
VE RIS P L o I AR 1 O0H A8 S i 1% X i A D ABE 26

3) TEM LRI (CRC) R FIRSL A

ERLE T, AlReS et H — MR RIS AR AW P R R, B S
PN BRI CRCIR S, DAHE & B e BV DRUERR B2

4) | [ A SR A

RIS AR 2R b e hg sk Ay 7 3G, B SR o — &5 ik
HECGHAT RN, SR X S A AN HEAT DU R R 1S 2R 58 0

HARSZEL b, RIEAEET el L UUT LA 3R

PR BEAT AL R, A5 A A A A b1 s K R O R e A A

PR R BEAT B A BOR T I R s .
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3% HEAMAIMSBE RS RTT

AbERVE 9 AT HEA A BRI

I fa it RN BT R E A e (AR AR R B A

JE RIS A RE A AR iR o s Ak, (HE IR ARM IR A e /1, H
TR R ECE SRR, HA R e XSS . N T A %
2k, BAEE R R A SR A R A AN A TEML, W E T B2 2 [ CRCEL
R RN 2 H A

QJEATCABLH: (Cyclic Redundancy Check, CRC) J&—F) vz N H Ti@ {5
FAEAE 2 Ge 1 8 52 B 46 ) 7 ¥ (Peterson et al., 1961). ‘B 3% T2 1 5 A2 4F
A Fds (LFSR) [JERBE, I8 — MR LT BRIk M s ok AL il — AN [ 8 KR AR
s (FRNCRCHSERCRCARED , XK I0 0GB f= I 21 R a6 e . i R —
[F) R & B A7 T FE e B R i BT AT CRCIT &R, FF ELEUTH A5 2 1)
RIS 2 1 5 B IR B A — B, DALk ) i B s 78 A% i B A 2 15 HH B A
o

CRCL{EJF 2

1) EFAERZ A CRCHIMZ LR EF— M TE S k) A8 i 2 ik,
T UK A — N, ICRC-8% M (2 8 L AR 2 113K, 1 CRC-3211)
PR32 R 2 T XA 22 TR E T CRCIME BRI iR A I e

2) Wiga AL FETHECRC, B eVt — 2 ff 48 (CRCAHfE4)
F—APRHHERE (INIT) . #38, 8l o B BN m b BRALAR U m) 22
AAFEE o

3) FEsH: BALEEY, FAESTRREM (MSB) 542 I i
I REGHAT REBUS B, 45 R R B AR A R A AT S

4) ECRCKR Iatd: M ¥ bRl T & fray, &Jo HIEF7am
T AR 7 91 CROAR BT o XA 2 i A 42 24 5 ) A 8 v o 380 50 40 0 1) 2
&

5) ARH AN I T K A CROI 36 b5 ) i 0 & ik 2, U7 1E
W 20 B J5 I 2 H CRCOE 3005, (7] B X 422 WA 1) 5040 358 0 75 IR AT [ FE ICRC
o

6) FEIRKEI: W BB T I CRC S #2UR B CRCHATF], A L&
PR W B R AR AR i R TR A K AR R . IR RS RAE], R AR IR
ATREH I T 1R

CRCHIML .2

CRCH] DA ey 25 AS: M 21K 22 BOR & e, JUHE B R R R A — 2 K )
R R

BT DU I A R A e 22 T R A [ ) e ZE AR K R K

CRCUHE AT LA A AF S, 3 B P H ARG

SR, CRCEAIFE SRtk ISR G TR Se LR A, AR M E S
i WEREIRBES . USB. LUK, ol G hrdESE s b3 2] 17T 2 M.
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Q). H B E (Message Digests) s& —Fh #0222, 2 H T 40ds se B R
AR A E I A (Blahut, 2014) . & A& —FRH [ 51 5K % (One-Way Hash Func-
tion) BUFRAG AT ER%L (Hash Function) WU A, BEWERHAT R B I9H B i s
WS S ] 5 KBS RN R B, X AN A SR RO CUE AT R R
“YRal” .

B -

D) e JHEMERTEATER, B EIC R BB E R m 5.
XEWE —H— /MRS MER R, Wil IFEEL MR ER S E
MFEGE R

2) ME—HE: XTI ER, T —ANEEHE R e K E
WE., WAERAAFRAEERAEMNER, ENPNHERSEEARR. B,
TH S EL ] DU SRR R AT AR 1k

3) M Ve (R — 43 S A0 R A [ 40 22 vk s P AR A R A 22 AN TS
fartth, HERAAMIE, HH e e AER.

4) Pt P75 B E RN % B A R ek s e, R U,
BN PA R T BT BT A A R 4 2 B R R R .

JDAEERZ75 =

Hm e A Al TR B, BT AT DUGE B B B s S O
LA B — 8, TR IA SR AL i R rh o 5 1 B2

Hrssd. EHFEAT, HEMEWATHREIE M ESLr. KiEhk
S R AEHYE AL A, AR A B ORI R R BB AT N T s 4L, RO
ARSI 5 E O R E AT, DA IEB0E & ok B ol Lk s k5 1
FERRIIRIES -

FAAEE . REAMEE, HE SRR Z2RG , HP %A 2
R B RE S AR R R, ARG R IG5 . Y - 8k,
RG> HEFHE LSS BB R IR S AR R EE XS b, (HIX R T AR
IR R Yy, I ST AR A0 0 3 ma 7 55 5 2 2 7 v

(B NOMEDSE N AR

MD5: Message-Digest Algorithm 5, 412807 (167715) K%, IAEH
Tt EFH OAFHEER THRN S .

SHA-1: Secure Hash Algorithm 1, F=4216017 (20775) HIMZE, HATth
WAFE R R, JTHRER 2 .

SHA-2: fJ1ESHA-256. SHA-384F1SHA-51255735 14, $24L 1 8 = o B f 4
B, T N T AR SR 2R S

SHA-3: {EASHA-2 RS G4k &, SHA-3FIGESRAE T — R a3 i T HiE
ZeKeccak, JF9Eft T ZMEHKE, fEm T IiE I EBER R

CREFHIERISA, JEIRTUARRIS DA B E R, FRATRI, B
(VR AR R A AR 55, B PR TU AR AR IS S s A2, AT 5 Y 247 7 7%
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3% HEAMAIMSBE RS RTT

R, ME—, FLALE G A AIMSEERIEE R, Bk, RATESE 17 H B
TR, Rz, FTARE R B Y SHA-S 124F 9 fRIE 1 870 2% IR BOAIE 5092 o

3513 HEZRSM

FEEE RGO AT RO R IEAE IR T, N TPk B, AhEEE
MR ss, ATAEERG I 7 s s yla, 15 R0 B S Rr i ok ik
BT, TR R R E S HI AN P, AR DU T AR AT A S D RE )
Vil HAr:

% (Encryption): JN% 2484 3L (plaintext), BIFRATHIEE, @idF:
5 SRV M e HE DR B[ %5 S (ciphertext) ,  Bfi R R AT F5 A 15 B 25 0 1 3 BL %
s A e E R . X — IR B 7E M IE R A BB S = 5 SRR 25 B 1IN
o

fi#% (Decryption): %% W 2 nE ik FE R4, RIS % S8 5 N R 4R 1)
BISOE S, R AN TE A B2 B I SRR UCE A Re AT X — 1 4E

DU R X 43, AT InE a2y XPFRIN# (Symmetric Cryptography) «
EXFFRINE (Asymmetric Cryptography) LA VRS 1% (Hybrid Cryptosystems) o

PRI A — M G R INE 773, MR R RnE R —, ERZ O
RN AR AT A2 R — N (B8R RS« X EWE TIN5
I 155 BH 5 R 52 D 66 54 ) % R AR TR Y, B 22 /0w DIl o 5 b g 1 1)
EAEM EHERAS .

FEXF BRI A AR A, R T A8 — > T 5 1R 85 BT A% A A S 2R AT
%, IRERE SCRIEG T . BT R SR, A8 AR [R5 H X 1% S
BEATRRS, NP R A6 S

X MR s SR ) o R

e PR IN R SRS T AR RN A SRR, F N A T R
P, JCHGE T R BRI 5

WIE R RO RE A, B DL Ji O 55 A A8 Ak 7 BT
A AL B . RIS RS, WA #S HAR A
P LA, HHE SR NE 2.

W LB RN % 5% DES (Data Encryption Standard) « 3DES (Triple DES) .
AES (Advanced Encryption Standard) 552 V2 A FH B0 FRomas &k, Hd, AESTC
2N S B AR N & b, OB T 2 MK H gl Mk 1)
224X (Blahut, 2014).

TAERE A X ARODD B SR AE S B B b R LS & B TAERE X, WECB
(Electronic Codebook Mode) . CBC (Cipher Block Chaining Mode ). CFB (Cipher
Feedback Mode) . OFB (Output Feedback Mode) FICTR (Counter Mode) %%, iX
SRR QR IE 1 fe] b R SR (R H A e, DABEG 9 0 1 22 4 12k
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SR, REXNRINEAENE EARS, (AR HEEMN e FAAE
PRk, JCHIE T KB BR 5 (155 80 70 o

AEXTFR N2 AR A% (Public-Key Cryptography), & — 5t T 2% 4
R IR B AR, AL R s I AR A — s A SR B35 5H, 20 PR
~%H (Public Key) FIFAEH (Private Key) . AFHTLLE HAAR, 1AL D244
1% (Blahut, 2014).

A R

FEAEXSFRINES RGirh, BT R g SRR A B, R T R G R
7 il A (CAIRSASE) B HOW £ A @ (WDiffie-Hellman. ElGamal. #fi
(53] fh 4 85 B8 o

AN TR AN T R E AN BE T AT Y, B s A B ek A
SRR, R TRIR

s 5 g AR

. RIETTAE R BEBOTT A S BTN, X R A A X MALH
RRWOT A REfd 15 B

fil s BWOTWERNE SR, A A ORI T R, AR R R 46
HE.

3‘5%%%:

At BT AAMBHPAXFRYE, RUEAHEM L EATFERE, WA
MRV 22, DRI R o 173 B 93 K R

W72 FVATEE T URHRAHE B#r &4, BlilcEdEd AHE
UERE 44 AR 2R IR I At Al BoR B B

i L FRT R SO A AR

RSA (Rivest-Shamir-Adleman) ECC (Elliptic Curve Cryptography) DSA
(Digital Signature Algorithm) ElGamalfjll % #.7%

ERTFR AN B BT E IR ECR, ANEA % R ELE, (HARCHE

i 12 e A AT G, DA A 2 A SR 22 2 U AN T B 1 i il T
H

W& IN% (Hybrid Cryptosystems) 72 454G 7 FIN% (Symmetric Cryp-
tography) S5IEXIFRMNE (Asymmetric Cryptography) PRI 7 AR A BN
RGN, ERROETR 18— 0 AE R 2 4 B R IR .

TR AN B AR R B VRS I8 R O 8 AR R A F R R 2 S0 B L
B ESERNESTSVIIE PN/ € P LRI R i) IE S REN R P I LE=E Fin N
TR ). FARRAZ LT

RIETT B S RBEEBOT A, X8 — A )5 AR I B 5 A B Rl
Bite (PKD FERT
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X R 2 B A

KIETTHE R — A BENL X FR %4 (Session Key), XN R TFAKRS
T, FHA IR .

X R N -

R TTAE T B A XS IZ R RR B AR HEAT IS, 1Ok R A U7 e el
H B CHFAHAR A3 X MR EH .

o

ROk, Rk T A FH NI A A B R) 5 R 2 BH R SI B A% i 1) B 0 3R AT
HARm, EEnE KRS8

A TR

R TT NG TN i O A 5 B RS FE oS 85 BN 2 Jia i s — AR R IR 2 IR
J7 o

A Ey T

BT EER S, B B QRS BRRE . BT XA
HH R FR o0 R B8 B 2 g 85 S AN 1A o 25 s

ek

PERE B2 10 I X BRI S SR A B R, T G T R R S A B
K B AR ST PR 38 R R 2

watEE: @I AR FR AN R LR PR A, OR B PR 2 A A
MGk, WA E S s, DONBGEERE WA M AL .

FHEEN: UHFReM K AH, Tom 5 RS IGRE AR 24 0 Ko
RIS R B

B

AESHLEH
6 % ' @ @

M HE HE Y
frfr ffE . R K
—_—
TCP TCP

3-14 AIMSHIZ$A3C#R
Figure 3-14 Key Exchange in AIMS
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s sv

3-15 AIMSHHSMERRE
Figure 3-15 Message encryption and decryption in AIMS

TR n s BEORAIE T Bl I () 2e Ak, SR T SehReR iR, i,
ATMS & #5335 56 T RSA T U AR FR a7 ARAS e 9, i LAAES BXE Rk
7 AT B R R, ke 3-14L0 K 3-15.

3.5.1.4 AER

FEXF AN R, T %25 P R A a8 5, AT T e R
SRR BIREAE R 2 5. B, BHEEA 18 H SN oSE I 7 st &
FRT R AR POREHERE s M, TARIMATT I 3R AR T S 30 45 M AN s 1 S BRig AT
ROLs AR — S ER AR B 53, ) 5 A6 ) % U0 93 LIIMAE: 45 1) B AR B AT 48
o AR, KT BURSTIE B 2 AN DhRE IR, P AR AR R = RN B A R 2SR
2R, Xt FEUEERES R R R Y, TSR RGN BRI
], ANNRT et B2 R0 Ak e, T 2 AT BRI R SR I A A

AT IR R E R R, AR T —E5T M ARV %
il 24t (Role-Based Access Control, RBAC) . X — MLl RAEALH P R 8V in) It
PAT 5 HRRE M O AH VL A PR VG Bl N (R Dhse, AT+ T B R R AR 1 %
WACFEFE A A, W 3-16.

BT A A BUBR Ui e 32 1) 3 G — M ke B T oE SR 2 4 AU U i)
AR, HR OB A AR AR R 23 BE R S BRI U5 R AR
RBACHY [ H ()2 AR PR E B fem RA =M. fram/MURIEN, FFE
HEH GRS RERBR R -

RBACH) 3= 20 8 70 A0 LA B 40T

@.ffith (Roles): it ARG E X —HABIRES, ETRGHE
— R B P B A ST AIRE . BN, ERSOWINEIZE RS, WS
A CRHEER RO W6 St B OEE 45 2 PET
KEIBLER -
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7 ET R antPRif a)#=H](Role-Based Access Control , RBAC) A\

| AR |<m)ﬂﬁéﬁ>| pe® |<ﬁ@msﬁﬁ)| R |

3-16 AIMSH) RBACK &R
Figure 3-16 The Relationship in RBAC of AIMS

@.MBR (Permissions): ALFR A& R G Y5 0 1) BHARATEIF ], WER. &
B PATERAE. ERERST, PURFTREAIESIEMM TR R RS
EEWNEE . BRRAWRES.

Q.H P 5t (User-Role Assignment): F 70K ik — ek 2 4
fth, F P ORISR B . B, 2—A6r “BH#EK” AP
Mogh “RH2R” Mta, MRtaet AT M e SCHI T A AR AR

@®.fata kA (Role Inheritance): RBACHETIH, £ €8 8] 0] DLAFAE ZE K R
o ERMOTTUEE T RMOMPITARIR, XFERURT DOl A )= RS i
AR E ., BN, “mEAFHFR” A aedR T “BHER” mEampram
PR, FFRA MR .

QAR B G R A O RS AR, BRSO A % A
G AP ATRRAS S . X, MRS R AR & R, HFEE
FOFTAH O A SR AL &, T o 7538 A FH - i A AR

©. /MR IR . RBACTHE M e /MR JE I, - RIAEAS P K 5 B A A
BT AT IR ST T A V)RR, 2 REBRAEIR T, AT FEAS 7 AR i
BUCEE R AR AR 7 R B XU o

Zr BT, BT MamBRRYRER RS (RBAC) B HR S M (o
BE, K P AR B A N BB R B, i TR R ISR, HeE
T RGN, IFReRIEH LM R R AT, SEILTE R RS 2 42 iR RR
. fERSOWM S 4E 24, RBACH UARAFRMEH APir5 85 S
A EARCRCFERAE, MTIREE RFTIEAERIE M. ZafEH.
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352 BITRERRE

fERIE ARG LPREATH, R TR SR AR 2 AT RGN IR L
&, BUE R GUBAT IR RS B DAl 5 SR 2 Wi i B R Bk 9 TR IR R AT
P € AT EEIEAT,  FRATTUR KR S ™ 2 1) R GRS B BRI AT H B L L], IFR
PRI A R A T — B RGUIRS MR AR, W 3-17. @ sembR &
GUIRHE WS BN IR , BAT S SEEL 1 A Gt 45 A AR IR A 4% ARG
R Rsi2 W Thse -

3-17 AIMSHYIRZS I
Figure 3-17 The Status Monitoring Tree of AIMS

DS M T RGN R ITA BT S SERH S s, 45 R LHE1E
0 113815 DA K [0 48 3 15 5 25 Rl A5 T A I Bl k. RIEIEE WA RISEH], W
BEABRAEIR . B RBUE S BEich BEEHAT A 7 IR E i, JFEL
FPIRAS B TR s 2 3. — B & B AEH B W A RE, R LER
MIEE T HWE™ TR RERE, RIUH EE RIS, Feir Rk
EfRSMBE R L l, JFRINIRE, DB G £ R R IR X B A iG i 3
BFE

T 28 48 AT AE H A 25 S R, AT Al o A TR ATL ) AN FE B 5 o7
[, GRS T RANT AR R T 5, AR LENLAR B Zh AL BB R M
T O o B b B 10 B AR SRS ) 73 K TT Tl 5 PR Sk s R R 2
XA FRT RS N CUn AT P RIRES MR TR DL A o s 1R
AT ERIEHE A 8 MR i A B e, 3l A L R 2 A AL A A
JIR 55 B R s, B KRR P b/ i Reoxh R GRS AT IS

FEMM ARG B2 HT, RGP NEN B 1A —JE A AR RS .
I R AN, R AL P AR e e TR U R BUE [l A, I ) TR
WAL TS SR, REUE TG T T BB R . A iR eikE i B st
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3% HEAMAIMSBE RS RTT

)] AVs IR T
BAEENR

ENETRE
L — ’| #5AmkE
Jilgos v s
A | AsENEE il
AREE iR M e B
%7 Gk 7S
il T, Fum
REBELHE B
A 5L 12 !
AR ISR
! B ST R
IR i | )
Hig BIE v
L5

3-18 AIMSHYIRZS
Figure 3-18 The Status Monitoring of AIMS

s e

R4 Ll 4 2
HEAT BBE E fi

'

53T IR R AR
ERRE, B
SEF KA BR

'

WIBRTIHER
B = A K% -
FIA-IUR

'

R A B X 5 pE
T

IRIE 0% = 56 j

iR s AL 1R
IR PEXT d fE
HITAEES

l

BHEERM
NE S RTE
e RE. &
SEFN A PR

l

BREELE
JRE. 20,
W38 753EF

3-19 AIMSHIEFELLIE
Figure 3-19 Error handling of AIMS
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FBURI, RG R iR R AN SR s g N i 2%, DR
PRI IEH 817 IRES

3.6 IhNE

FESR B, RATRGEAREE 1 I H X S8 RGNS AR KR, H
FERANR I I g8 B s AL LA 2 Bk R, R DBUE bR Lo =, HE L
RN REAIMS BE RGBT YR L, 785 = 5 T AT X R S AR 1
I PARERATIRA LB T )G, QU TERBAR Y T — SR B A sh e 07
%, BEANAIMS E4% RGBS LR I ST K48 25 17 .

RHRIX — W Ry R AE N, IR LS AIMS BB R G NAERT K, ATE %
AT D =HARGHELRE: B2 BRIEH] T R R R, Ll RS
HEWMSET RS, BHTRKRETRERTE - DRANRE. £ =E450
T, B T R G ST I B R T R AR B ECSCE T RUUER
M7 — RIVRSKPT AT FAE S, PR ARG EAE, RYEIX L
AT LR B B B S, P R C & S R B ] 7 R g, DU R IT 5
e B B AL H br .

FESCHIX — HAsHd A, M. A R R E 2,
T, BATER TET RS w A R IR NGRS SR R B AT T R B, X
RTINS T RGERRIRIE S R BeAh, RATEMAN T BEISEREIRE 2.
PRBEIE N OLIIAE 55 T ) AR e a6 DR 00 N0 55 22 5 T 0 425 1R SR, e DA™
MM R LR, SEMREDSSERGREECIRE. 5. SR
BT
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AT AIMSEFE RS H AR AR B

FAE AMSEFERG B XRBEBRARIK

FESE RS =B IERAR T, AR FIMN T AIMS B R 481 2 ootk
ok, LA AL, MW RGAESLBL T A AR A A A A5 ) S S 22
EORPESE AR, M T —BEaimE BN SRR R,

SR, EANRSEILARSEN B EAIEE, H B — R R S S A B
AR RSB ThREESS, Hrh Qds. Bt AR AR EROR, M1
B R Be B SN, LI R S ) E SO at R, PR R =
JEIEAIROL T REFI A, LK ] iy Rt S I 24 S s (0 A A7 A 55 % 5

Pk, BExF B MR, SATRIIT E mw s, 1R IFIRIE 17— RIIISE
AT T %, BAER IR REERENS H IR L ESEI e M 4 B EIEAT.

4.1 BaiEESRER

ZLPEAE RGN B BB AT, B EATHREZ GRS HRERN B
IR A SEREARE ). A T B IR ME R I SO T RR LU K H b, iRl
Jo Y AR R B A, S B — DI B 346 ) 2 BEAR B B AL SRS AR 22
T o

4.1.1 BEzmhEME

H zh 5 7 B m Be i ) R RIS B b8 o K PHI 2, fEizadfed, =
T 12 R G ACE S RS A I TH R BHAE R X B B, 38 75 KB AH R B pR
IR EITGE IR XA E, R RGE R R EBA IR E EARA B, AL
Pl A TAR(BREEHE 25, 2020).

B, RBHBIAEAS B2 LR S AR HEAL bR R SRR IR IR, 385 45 1)
FEHLER AL bR R 74 (Right Ascension, RA) Fll7R4fi (Declination, Dec) A&
bR, BREEHCFALER R (Azimuth) FIIIM (Elevation) ABFR, 15
MITEARZ, AR Z, WEREKVSOP874T & B iR gt T 1HE MWL
H,2011). BEAKRNA:

ORI EEILNEE /¢

e T B Y R I H AR [A] GEE DU R UTC R AE) , AFEF
Hy By B 40 By 28, —RUSRERR 5 R 545 8 itk

@.f# F {7 #% H (Julian Date, JD):

¥ 240 H B 3o R B, S H 2 — Pl S [l v & i hn, 7 it
AT RO R AR 245 i B BAANe [a]oH 5 (R s H 50D

thttp://www.iausofa.org/
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JDN = [365.25 x (Y +4716) ] + |30.6001 x (M +1)| + D

P ()| || reee)
4 100

400
+(H—12)+(Mi)+( Se )
24 1440/ ~ | 86400
A, IDNFEIT R BRI H, Y M. DA REATIER HE R,
H. Mi. Sesr il AR A PRI FI{E o
QIR SH:
THHRMERE ARG LR E, BRI WASSH.

+

(4-1)

T = (Jp — 2451545) /365250
U'= o+ LT+ Lt?+ 7% + Lot +157°) /108
b’ = (by+b7)/10
r=(ro+ T+t +r7 +r47) /108
[=1+Al
b=0b"+Ab
Forb, T N 4RTMER HEEES J2000. 0 (TR0 12 HIRP S, 1R
WY, DEMIREES, bRMIREL, r AHOHEE; Iy Ly by Ly Ly Iss
bos by~ To~ i~ o~ F3~ 1 VSOPST7 AT R B T [ HER B HH I R 20
@. KMHiazh 24
RAE IR IZ B S EHONRIHEFOE R EA B, T B ORARE R,

(4-2)

sin(/) cos(e) — tan(b) cos(e)
cos(/) (4-3)
6 = asin(sin(b) cos(e) + cos(b) sin(e) sin(l))

Hrb, e RFRZH, ot O, 2 H LR

©. TR RBH R H~F AL FR -

A TR HORERS G, BRAMEMEAE (BEMSEE) DA
M PRI TB) CRATE 550 H R 3t 7 I s AR JE VR P I 9D o mIARFE an R 22 ST S
ft:
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Figure 4-1 Multiple results of pointing in WenQuan
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Figure 4-2 The result of Optimized Guide in SFMM
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Figure 4-3 Power spectral ratio results at different positions during autofocus process
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Figure 4-5 Automatic exposure and gain process
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Figure 4-7 Cloud recognition rendering
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Figure 5-14 State transition of SFMM
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Figure 5-16 The MCS of SFMM
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