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Abstract

Abstract

In astronomical observations, telescopes are required to quickly and accurately
point the target celestial bodies and to track them steadily. High-precision pointing and
tracking is one of the indispensable technologies to ensure high-quality astronomical
observation. Compared with the early way of relying on the manual switching of
observers, the precise target pointing and tracking technology can achieve fast
switching observation of different targets, which can greatly improve the observation
efficiency. The measurement of solar magnetic field needs to obtain high-sensitivity
magnetic field data through deep integration observation, so high-precision pointing
and tracking system is the inevitable requirement of high-resolution solar magnetic field
observation.

This topic includes two main tasks:

First of all, this subject carries out research work on the telescope shaft motion
system of Huairou Solar Observing Station (HSOS), we using a 23 bit high-precision
absolute encoder on the axis of servo motor is used as the absolute position detection
sensor to upgrade the hardware and software of the axis control system. The VSOP87
planetary theory is used to calculate the center position of the solar in real time. The
present method using a high-precision guiding system based on a large area CCD to
continuously track the solar and record the position of the solar, and using a least square
method to fit the real-time position of the solar and the value of the absolute encoder.
Finally, the pointing algorithm is established and the solar center pointing is realized.
On this basis, we upgrade the Solar Magnetism and Activity Telescope (SMAT).

The SMAT telescope originally did not have an automatic pointing function,
requiring observers to manually control the telescope to point to the sun by virtue of
experience. This subject realized the automatic pointing function of SMAT telescope.
It was measured that the pointing error of the telescope's right ascension direction is

about 36.69 ", and that of declination direction is about 21.49 ", reaching the designing
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Abstract

index of the SMAT telescope. This method has low cost and high compatibility, and can
be realized without major changes to the mechanical structure of the telescope. It has
reference significance for the upgrading of other equatorial telescopes.

Secondly, this subject also conducted research work on the Full-disk solar vector
MagnetoGraph (FMG) ground-based experimental observation tracking system, and
completed the design of the Ground-based Experimental Observation of FMG Payload
guiding tracking system. The guiding system works cooperatively with the shafting
system of the equatorial telescope, and is tested on the ground-based experimental
observation platform.

The guiding tracking system achieves tracking accuracy better than 1” / 30 min
(RMS) by using a large-area array CCD acquisition of solar images, multiple logic
condition determination, fine-tuning the perpetual motion speed to complete the offset
correction, etc. By comparing and analyzing the solar longitudinal magnetograms
during the experimental observation of the planning phase, the deviation of the feature
point in the right ascension direction is 17.5"” less than that under perpetual motion
condition after 30 minutes of enabling the guiding, which improves the spatial
resolution of the magnetograms.

In summary, this article mainly studies the pointing and tracking control methods,
and has carried out long-term experiments on the equipment of Huairou Solar
Observing Station, HSOS. This experiment achieved a pointing accuracy of better than
1" on the SMAT telescope, and achieved the pointing requirement of the SMAT
telescope. It has been put into actual testing for more than 3 months; it has achieved a
tracking accuracy better than 1"/ 30 min on the ground-based experimental observation
of FMG Payload platform, which meets the requirements of FMG ground test
observations for guiding tracking, and provides technical support for FMG load field
experimental observations. The research carried out in this project has accumulated a
lot of pre-engineering data and technical experience for the algorithm design and system

debugging of the pointing tracking system of AIMS (An Infrared System for Accurate
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Measurement of the Solar Magnetic Field).

Key Words: Pointing Control, Guide Tracking, Solar Observation, Shafting upgrade,

Solar Telescope
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K 4.9 SMFT Hiz#i 2019 4 6 A 11 HRrMk
K 4.9 ARG, MR 3.75'%5.45', N T T8 B FE 7R 48 I RCR
SRR BN KR I e B gk 2455, 6 H 11 B h IR ks L4 82" .
K2y SMFT Bt U@ R 30 Z4F, B R BARRPIRI A, 1E SMFT Lk F|# 7
REEERIAR R fe,  vh i I I 32 B4 SMAT B FIT e .

4.4 SMAT Binikig e

2019 4F 7 HAJE, FEZELL SMAT B edam i, SMAT J& T75E
B s, Bt I OGN RS B E BRI o, BT TR A R T A
AL B IR IR IR R GE. 2012 4%, 548 R AR W G v R FH L ik 4 B e 5 1 R
BRFAT . ZHEIT BT A BRI ThRE, B 5 A 00 18 I R o B B A
OKPBH, 48 AR FEAS s HSRAR. B BB B se bRt i, SMAT B4 a1 kS BE 19
Wit N 1 .
4.4.1 SMAT BIEHAEAL

HSEEHXT SMAT BT T HIURTESL, B mokh BE (1l b g 455 5 A G i A
B, DA RRAS AR SEI R B A AT . 7E & FH AT, SMAT {8 Fl i & 2
5y HC-SFS52 [ =35 ML, FEIhz 750W, A 17 i sgmidds, %
N 131072 plreve N T SEHLTE bk FE A7 B AS DN AN N7 AR I B B AL b, K P
HUE 42 A7 5 MSMFO82L1U2M FIFA T A6 fal i FLHL, JXEh 2% %15 MCDLT35SF .
ZHNLA 23 A7l % X gmidas, 53 HRiA %] 8388608 p/reve

TR R RGEHIRT, TEH SR AP ADT-8860 W] 4w A% %5
B ST AR FELPL A s 1), PTG D S O, T o 1 4 R % B R BB R AT
FAATEHI SR O, AT DUORE I 80 st R S IR B (9 Th g
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SMAT Hizsilh RIEH REZTE VS2010 HIFFE &, # i m5t %1
CHHET RN 1EEA MR H RGN AR b, SCOL T SERHERO BoR AR & 5
Chymites R/ 2 BEUE. WNT AR “mERR IR SRR, S H
O SERTHR R, HERTIE IR L SRR S S ITE BRI il AR S VG A
fam (B 4.10 AT HES ).
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I ERET i
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P 4.10 SMAT $Hix4i s [ DhEe A

442 FEI SMAT BimEAIRR

) FH B 5 A 10 20 PSRN = R A, ) e ) S UM S B e S B AL
LSRR 4.3, K 4.4, ZREEEE VR WBI%, BIRUES: T LB R
TE LIRS 5 B0 3 B (23 AL 73 R 3, A 2 B3 4 43 D9 8388608 /M ED
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R 4.3 BmBiE R A RN X B A g D S 40

IS £ A M dhe e kicn IREETT I i e 2
06:00 5639173 64118 537866406917
08:00 6374936 64586 541793011224
10:00 2614303 65063 545790616607
12:00 4478367 65543 549819012511
14:00 5799792 66020 553821699952
16:00 3612120 66500 557846044120
18:00 6809296 66961 561716389584

Kt AL R (BLIER 00, MBI IE), I A 5% R R R4
[F1) o P S AT 2R VE AU, B AT AR 200 R 58 AR
Y sz = kix + by
Hirbk,=132960829.93 N 7RZ -l Bk e 54, by =525874647886.86 7 511K
HIZALARSCHIBEE, A a8 RER?= 0.99998812.
&K 4.4 BnGAa R A RIFRGR R AR HUE

IRE P A A % Bl IR T A FE
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ya—]l:_g%— = kzx + bz

Horbk,=-398882489.78 N 7R 4hi- Pl B ik %4, b,=549807597273.57 HikHK
MEAAEOR, A G AR RER?= 099998812,

443 BIEIRRAIRR G AN

ERIARR A, RATRIE T SMAT B8 A S A 1w /iR %, R TH%
VA B RS, D B AR AT LA A S A O R N T
—IPRRFHR IS RE, SRS SR B AT NEIE BRI U E T, B AT R SR
PRI R PH 0 35— AP K BH SE I A7 BRI Gm g2 5U(E . 478 B T OB 2 A R4,
R LA AT J5 224 A BH BN 73l A2 244 T B S 5 T B 7 A A

2019 4 12 H 31 HAE SMAT Szl E 2R FATHES, MITHLUES) (8:
45) HEMER (16: 00, FREGEIT 25000 AN HH a5 AR HEEHE 200 7 A6 HL
B ORBER AN 4 B R BN RIS B A KR R

kix + by 90° < x < 150°

) kxx+ b, 150° < x < 180°
Y427 ) kax + by 180° < x < 210°
kyx + by 210° < x < 270°

HA, ko NRZ-BE R, by SEAAMRNERE. 230G 552

k, = 133989396.03 by = 525635679475.37
k, = 134119324.64 b, = 525616255916.98
k; = 134096567.09 b; = 525621311109.30
ks, = 133934683.68 b, = 525656405631.19

RIS RO A, PR SATHOR 5 B A OHT /TR b 4.4.2 509900
HI R AT T A MR
R? = 0.99999950
R% = 0.99999988

R% = 0.99999962
RZ = 0.99999935
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444 SKIEMRAEER

2020 F 1 F 4 H, 1E SMAT Bt 748 M DhRe i LRk ke
FAEER (& 410, AR L 8:55 BI'RF 15:55, WIFEERE 15 o hdtirdam,
B A 04 H i Ho KPR, 1B 4.12 AEERE 60 20 8h 45 A5 i Ho KB .
BT T Hough ARH oK BH EUEUS O 5 2B AR A I SR B AT 2 by, FR 2
HEEG L m s . B R miRR, 53K 4.5:
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4.11 1 1 pixel = 0.849959"
% 4.5 2020 5 1 A 4 HERE R ERE

FlOARGS  REWEE  EOREE  AGRBE PRKE

I [h) o : o : .
Fr/pixel /pixel Fr/pixel /pixel /pixel
08:55 1239 32 1207 -4 1147.2
09:10 1241 34 1213 2 1146.6
09:25 1257 50 1207 -4 1146.2
09:40 1279 72 1203 -8 1146.6
09:55 1287 80 1185 -26 1147.2
10:10 1247 40 1201 -10 1149.4
10:25 1247 40 1193 -18 1148.4
10:40 1241 34 1193 -18 1148.8
10:55 1235 28 1185 -26 1149.6
11:10 1231 24 1215 4 1146.2
11:25 1259 52 1195 -16 1147.4
11:40 1267 60 1195 -16 1150.4
11:55 1243 36 1215 4 1146.2
12:10 1231 24 1201 -10 1148.8
12:25 1249 42 1195 -16 1147.8
12:40 1271 64 1189 -22 1148.4
12:55 1259 52 1189 -22 1150.6
13:10 1257 50 1191 -20 1149.2
13:25 1269 62 1187 -24 1150.2
13:40 1235 28 1187 -24 1146.2
13:55 1231 24 1197 -14 1151.6
14:10 1213 6 1193 -18 1150.0
14:25 1229 22 1203 -8 1149.2
14:40 1205 -2 1209 -2 1149.2
14:55 1217 10 1211 0 1150.2
15:10 1235 28 1239 28 1148.8
15:25 1195 -12 1263 52 1145.8
15:40 1265 58 1293 82 1144.8
15:55 1259 52 1257 46 1149.6

4.13 NAREG IRA 5 R EHR 145 ) w22 CCME EON SRAD FIH A 4.1,
Al ER A PR HEIR 7, Spa = 43.16927388 pixels, Spr = 25.28185938 pixels.
%1 1 pixel = 0.849959" , P LLARETT MR MR ZE L4 36.69" , FR&hJ7 A1)
FRIMRZEL N 21.49" , $BRIAIRZELN 42.52" o FEFRBEMRT 17, WafEn
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I S8 B 35 RUOK R PRI I 5 (SMFT) FJF 8, 38 i 6t %0 45
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bR FRo I SEPRI, 75 SMFT I& R 4 0 i Fa 170k B

i SR 3 A A H 3% 505 20 B S i85 (SMAT) @ FF . &1 X% SMAT
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Ariddit; JEid VSOP87 47 R BIRSEA THE AT O AL E . 32 A LT KT RE
CCD [0k B2 AT & Go AN (R B PR B K BH il R B B, ) FH e/ i oy Bt
P K BH SR B 5 26000 (E 2 A5 258 BB I 76, S48 M B Se B H i 048
). 2252, FRETT IR AR ZE LN 36.69 ", R T TR FR LN 21497,
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BSE REAFZNEIESMK

R F R B 1 P 5 2 2 T PR SO ZE RSE, veihss FEE PR R B DRAIE B I RR AR RE 1
K. T ERESE L EOR R, JRIEAE A R ER R 48 R RE M) I R R, 8RR
ZNEBFN RS FREACTCIE 2 K7 B R ER AR B, — W 1T
R R, PR AT RS

PRER AT RS T RE 2 LI BREK RS, PRUEKFRRAENLI7 T 1 s &/ T
TEARME, AT DRUERE S VLI 8] ) v 23 (8] ) R . AT R GU R Bl B IR BRI
ISR, R 3RAT i R I R B R ) B LR . AR DR ) AT VR A
—ANRST AT BRI 2 4 H RS, @I TS H i = IR B S,
1R LA B, DRI R O AR E

51 BiTREMNAES

AR L4 H I < B %X (Full-disk solar vector MagnetoGraph, FMG) 7E
PSR LI e 3th T Fe TR OW I A AL, 588 1 FMG 28 fir 3 [ aO00 I 547 R
ERRGIBELE, FREHMTE AR & TF R 56 UE AR .

FMG /& ASOS PR =E#Hm 2 —, ASO-S TR & [E R} 2Bt 23 (i R0
BE PR SR T IR S e R SR TR —, PREBUEREN 720 A
B, Bt AR 4 4. ASO-S TR BTELURBHYEEN5H 25 JAIEE NIy Ra 1,
DA A BH 1 1 25 g5 Jo 20 0 498 J 0 S — B B R ) B8 o 3 DA % 7 A e AT
MEEMVEN R bR, WoRmiaiEi. MBRA . HEY TS =& 2 HK
KFR, fRIR—HEWE, TER AN TR BH I AL B R RIS, 025 ) R A TR
PR E IR FEAISY . FMG H br & sc U B RL S B bR i —RE, B skE A
H i % W3 50 .

97X FMG #4742 RS PEREMNAA E FRilde, PRI PRI St i 2 1 H
T FMG SR IR H a0~ &, ail 5.1 Fros. ok FE R R R A S s 43
HERL I A2, OO~ & 75 B — 22 = BRI R G IRl DG A Bt
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FITFRE . ASBlmkE FEERERRBH, 456 FMG J7 2B BoiaOuLil i 2= A% 150 AT
fabR, AEHTE W 6 _EJT R 1 34T ERER R LRI .

K 5.1 FMG TR r &

52 BTRGEKRSH

£ FMG 375 &, H R SRR 0, g & 30 Bk
EM 2R R SRR B 2 BURCRFE R 41, Il #2075 BARFF R PR R AL B
XA, Bb4h, FMG ARG R, T 18 /bR BHRHAT R A B
) FE A AR B ] ) 22 ot 2 e BRI, 7 SR 0 PO o, K gl R B 45 1 UL DU e 23
HAAKI] . 8 mokE B E R iR e P,

FMG £%4iLL ASO-S LENF 6, PEMZELM. Fa1aks &L ERSH
AN R G HE SRR E W = AR AR5 o FE K25 T TR ST & BB TH R 10 2
<0.01° , FEMFEE<0.0005° /s. 256 iU I S Fr 7 ZE AT & 1)
SEBRTG L, FATTHE M T O I A PR AR FE AR € N 17 /30 min(RMS).  H BT 1EAE
B AIMS FEBRUT T R IR ER ARG RS AR <17 /30 438,
NIBBE<0.3" /30 4%, TEEARMG RGNS G0 MO0 I ) BRI HRS i i
isRaREgiilip

53 BB
T FMG GO AT ERER R GE, 75 E 45 & L PR Ts L 56 Bk o< i i F
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WA 2 MRS AR, IR SR S SR, I BT 5 45 A sk
BLATIhRE

53.1 MEHEIT
FESRE T, PAT R G0 BTG LU R S5 -
(1) JRIEAX
FRIE AR H AU A 113 BT ) NH-HR-02 XX 53 AR A0, #Eishl 240N
il & 7 5 il JF R 1) Master of Telescope F2/7, 3@ i FAZHL AT LASZIL A BHFg 1] R
ENEREE . HBHHEAR R IR RS E N 107 (RMS) (FE=20° ), HHEISARE
HIPREEREE N 5" /10 min (FRIFE=30° ).,
(2) AHmFTE
SATHR A Vixen B fE, EHERE N4 100mm, FEH 4N 105mm, £
¥4 1000mm, £EEEA F9.5. A TIET %, REH NI TR KT
W, 4% 50mm, £EPE 100mm, Ze3eid FE @ Fai M. SehRid, ©
RO EN 1,273, A RERRA 1273mm.
(3) CCD il
K H IMPERX /A @ 4554 GEV-B2020M FIAHML, ZMHUARVN, HEER,
AL 2048 pixel X 2048 pixel FJEB 3 HE2, B SA 15.15mm X 15.15mm,
PRAEMIZN 16 fps, BENTN 7.4umX 7.4um. LR 4 H KGR SF 210k
1600 pixel X 1600 pixel, ZABALI B LI ER . {4 GigE #:1, #id CatSe B3
Cat6 ML BERD AEAL ST 120MB ¥ .
532 HiEER#HEIT
FAIHUFEFAE VS2010 P& A FH A6 R CHif 5 BT R« BIEHR X
SE T HRE AR, U R U S I R A v BT o AN [ 18 BT 0 SRV
AT ITIE I SE MR AN K081, AR K7 58 R P T35 5 RE IRMELZ: o 9 2 2% AR 1 42 H TR BAAR
Sl OTSU Bk BME 20 5.1 K BIHE —{E Ak
B HI ARG A — B R E S (), B BETHEAT 75
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L L fap>T
g@ﬂ_(lf@DST .. (5.1)

2ot “AHAR AL ER JE B B AT IE R ORI O B . RS i N
W, m, n A, j TR R SR, G580 DMIKEE g, ), BiIE
Ji o BT AR K (e, y) AT 2 5.2 #EAT TR

_ D=1 2i=1 9 ) X i
B Z;‘lzl Z:il g(l,])

Z?:l Zﬁl g(l;]) Xj
S ICN)

BEHEHE PR 0 (o, o). AT 0B B N e, ), RS BEAIER 5.3
i

dx = xo — X
dy =yo—Yy
TR, SEREREUEE RO RS R dx. dy BRI MR RITE 4,
FLRE S AT o ARG A AT DR 5 4K P25 IR A4 1 79 A T B 2 11 SRS rm i P2 5
7. AT, AR5 2RI A ADT-8860 F25 i 2% 0f 4k HL 28 EAT IR &
], AR O 22 SR S I AR LK 3R AL 7 ORI B e hr B, XM SR
4253 % B LI ) O 1 SR THIRERKE B2, 5 S N4 PCI-1761 (7= 10 F,
FINIO RIGIRF T RGARENE, WK T HIERE
fE AT RE T, FESRENHREH REME S . SR O ME R
SNIE B4 ) FR G ) TE 57 ke B AT B R A 0 7 IR AR [RIBOST), AR YR AT R S
P 5 O Bk A AT 4 ], TE FRALI R ME Bl B A B b, SR IR0 58 AR
RS 1 B R R A SpAdjust, FRIERAL R dx, AT LLKE S HI I E TN
SpeedX = raPerpetualSpeed + dx*SpAdjust, ' raPerpetualSpeed N 7R41H 5 i#
FE. 2 dx NT e RIS G, (5 s R R . Sl U R4 SpAdjust O
5T, T LASEILTE (R R% ARG A, A ) (R s B AN [ o B8 AT R 8 . A P I
MITIE, FRETT IR BEEEIRART 0 (B E R AP NIETT R, BB Re fRie B 2R
A PG B3l , ARG SR T G BRI o G S8 R TE bk e 2 gk AT R B
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HImBAEE R Is 2 (8] 2 HIESZ B BREN, IR R SR R R . R4
H— R ARTEE —23° 27'~423° 27, fE— R RBITEER N, bR

b5 e BRSNS R A I

HfEm L 7 bk BRI

Gt GEVPlayer
File Tools Help
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[ ]
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SHTSHIEE

R 8]:
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i 1
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\20181228 DEC-
eEEaRE (W73 BHRE
-1.159984 0.931747 1

5.2 FMG WM S4T R G 5 i

Kl 5.2 J& FMG W 34T RGH S, S AT ARG a5, iRAE. B2
JEIF RN SEAHILZ A, RIS AT LS B AR A (R R AN BR A o SR IHA I T 77 2 AT REGE )
PEHI A, iy Location #4281 AT MRAFHEAE R, ridh Adjust B3 #ATIIRE, H
B EE T DURYE BUR AT 3£, T8 aT DA 3l R RS AT sl g H
AL G A by AT B AT S8 R O A R T IR B E A AT 34T
AR, W G N AR i A R AT, WO B R B B, BB KR AT
VOB /NG 5y SR R IRB) . T A SO R IE RS N I B iR R, A AHAR
PO B ZEAE /N T ()R8 BB A HEAT AT AR, — ok B  EE A IE AR g K
M . AT AR 18 2 AT — I AT R A A, W€ v B 34T I [A],
B R G IR o BARTE LT, 4 H DR BHAR G T 1R B, B0 22 3 4
WrEg 2 SN IER, — ok e N 1.1~1.3. JKA Rz /N T 3oEEn, BB
Pk FIERE (FEFROY 1) A REEAT SATERAE, R TT DLk G K BRI AR (i 25 HE AL B
W37 5% BILEA IN BEm AR VR PR AT o S R BRMEL & WL 5 A 5 e I R AR 3R K P
BB 30%, (KT W€ K BER, o EBUR S A E 1L 34T R0
DFR SEFR G L BOE SIS H, A DLBE R R R E IR T 2 21, RIE AT RG]
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FEVE. B ISR, (615347 RGUERTE N 18] A5 7R E AR Bl R R G
Al LAE. R T AT RS SRS AT A, XHREAF e =

54 M55

2019 ¢ 5 HAESMNZ WA, FAVEESIA AT PIMEAE T, 03 7 AL
KA A HHORBHAR, AT LT SRR RS B . A, WXTEL T WiF &4
FMG 77 %W Boalo WL R R BRI g B, b SRR RS 0T T 1k L 23 ) 3 % 22 1 5
1 o

541 AERERFH THIREEE

FESI AT 30 23 Bh NIRRT IERER, LA 1 b/ ISR AT BIBCRAT, 1B —
HECRFERG RO RS, B R 5.4 HHAL GRS HIERESE RMS.

fEX 5.4 0, a WRFERGRIR OIS GRED AR, whFTE REERIE KT
BFLLARE R4 Abs, NARREEGIERE. EREERGY, 2HIENE
LR 1595870, JRIKEMER N 31" 33.78" , Bl HmE Y 1 Bt~
1.187322"

B R BRI PO IR AR,y ARFEEE I T ARG AR, e Flpy,
SRR FEEG IO IIAREG . ARdidbbs, WERZER) RMS mlEid = 5.5 i
B

_ |2 (e — w)? .. (54
RMS = T (54)
N 2
:E:, G — )2+ (i — wy) ... (5.5)
RMS = |=—=L N
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