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Fig.1 Ground-based experimental observation platform of FMG payload

ARSI T RAT RGO RINEIR L. H3E N A T AT RGBT 1
vk SBARRG AT T AES) AT IR SRR N BIERESR . FMGIT B BAR I K
PR B B R A5 4G

2 FRRE

FEFMGHI BT 77 Ze b, AR T R AR 70 W0, 5 B R 30 s SR AR B 2 1 18]
BEINAE R, B 2 G RFEE ZR A, O 1258 75 22 OR 35 R BHAR A7 B AH X A2, Be4t,
FMGIEA HR A, 75 218 minRK A EURHEAT AR 7 A PR ] FH A I 1] ) 22 it 28 Jin 45t
Bty RS R4 &, IR 2ok BRae B A WL NP o 2R A I T) . ARE . mks I H )
PRI BE /1)

FMG £ 4t AASO-STEE NV, TREMBEZM. 5 FASE DL BRI R # 2=
XF ZR G SRS E ML P A ARSI AR 7S b TP 6 BRTH R RS B2 0590.01°, 48 1)
A E JEH0.0005° /5. 4545 k37 iU D F) SE e 8 A1 65 1) SE B 0, e T 100 I
FREFFEFERMS (Root Mean Square)¥g45 41" /30 min.

E 5] R 7 A 48 7 1 =X B R ) 7R 0 il T DA I 505 B B R A2 DR M R A T AR
R AR 2 30 A AT e 5 1 e e s s SE K PR 7. BRI A R IR E 25
Wi 1E 2y R RS 2, 8 ) RSB AR R AR B 2 A, FRATTIA Dy B TR B R B o LAY 2 Ah 37
M) 5 2, T AT =R B 3T

BRICH) 3 R TT5 5 R SAT I A AT X ). FERCRSCH |33 25k, B

36-2



61 & Wrale 4 FMGH A7 SO AT BRER R GER B0 5 583 4

P B R SR IR R R BT B AL AR SR B IR, H b AR R R RS B2 R BT O AR AR (R T ROKS
JENs BB B i T RS FE ). A 2 2 vh i AR 8 e R G0 S 7E AR L LB TE
B ACIROGBE, SURIEEE B AR II4H 5 28 7 7 15 2 B oy N BT K BRI T i i K200, 2
s E PR S bR R Er EUR A EE 1) s B AL E AR T SRR S A TE
B 5 B RCIROGTEAS[F), R BHOR SR IEAR, BRI S B ITETCIER M. KR S4T
(S BE 0 TR 0 K FH B AS Bl AT vk FEAS N, — R o e T Y% A0 A B 8 v 50
. TR R4 B 2 bR §8 Wi br 2 KPHIZ/ECCD (Charge Coupled Device) 47 &,
IR E L, XA Hy BT RS K BHAR 1 0 B R R PR R (B (81,

KPHSATA VY GRBRRM ., BRI 34T TR 2% AT 55 70101 B KR
~PCODAHBLRHE ANt SN LI BE R FRTT, 4 I 1] R S b B IZ 8 B v AT K B2 1)
AT FBZ —. AEFMGH O~ &, % Jeifid 4 H i S47 5K RSP CCDAH
BUSRICRT W4 H AR, e OR] S sk ok 54 H R i B0 A B, AR 5t 5 2
{HE PR o O ) i 7 4% ) SRl 8 03B 3, e SR IR [A] ok FE R . 122 47 &
Gz, BRI MY, CCDAMLR R B 5k KRG TH 550 v R vl FH
AT B A m WU CCDAINIIR 4 H T, iid GigE (Gigabit Ethernet)$% 1 &y id (L i 4h
AL B ALHLSE I TR BRI ORBA BT, JF 5 Rk EHR 0 B0 EE AL, 15 3 LG AE SR
2. JREE T IR R R AS ;MRS SR OE B SR AT REAT F5E, R R S, i TCP /TP
(Transmission Control Protocol/Internet Protocol) 5% il 2%l (5; 45 KikI5 55
FIIRBha%, KB AR k2 B AR K55 2 ARk LT A IE.

Deviations Interference
) a of the solar Command Pulse Moment of
Solar centroi ) ; force . .
of the reference . centroid signal signal Real-time tracking
image AV . Servo of the solar
e { £+ Controller ——— Driver > Telescope »
N/ motor
N
1

Solar centroid

of the current "Im aigc Full disk solar
image Upper samplng CCD image
P ——
computer High-speed camera

transmission

2 T RGHEHRER

Fig.2 Control flowchart of the guiding system

3 It

R TFMGHNH MR FAT KRR, 245G LRI O 76 B ¢ AR e Y. %
TER R TAE, HR AR St NI, 0 R~ 5 45 & S 34T D RE.
3.1 Mgt

ASCH AT 258 3 BARFE LT 4 T Ji I s

(1) ZRTEAX

FRIEACE F H A PG 4 #1385 BT FONH-HR-02 X 3 B A 7R I8 A, e R g0 bliE i

36-3



61 & X X %= K 4

5E il T & i Master of Telescopefe /7, ik _EALAL AT LASLEL K RH #8 M AIE B BR R, Foik
THE AR R RS FE 107 (RMS) (B FE> 20°), 17 H 3 17 2% B 1 BR RS FE 5" /10 min
(RMS) (%= 30°).

(2)&HTH 3475

SATH R A Vixen® it 85, F 85 4 142 100 mm, =8 4% N105 mm, £ KN
1000 mm, FECAF9.5. N T T A%, SR G 7 b2k 7 a8 HE 8 10 L% B, 1
50 mm, FEEE100 mm, 3P AE S TR, SR, B OR fF R
N1.273, A FERE 1273 mm.

(3) CCDHHML

K FHIMPERX 2 & % 5 AJGEV-B2020 M AL, iZAHHUAR N, B8R, a1t
2048 pixelx2048 pixel I B4 73 ¥ %, 01 R ~F 915.15 mmx 15.15 mm, b #E W 2 Ky
16 fps, B & R ~F 7.4 pmx7.4 um. 430X 4 H 1 K BH A& R SF 29 291600 pixel x
1600 pixel, % AH LI 2 9256 23Kk, (F HGigE#: 1, i@ W 4% 55 6 1% 120 MB
3.2 EAEWmMERIt

A HUAR P AE Visual Studio 2010°F & T4 A I A6 R W C++15 5 AT K. Hi%
HREE T I 2O VA B A8 A5 E I UG A BT G AN [ O B2 AT
FHERIRE AN K O2] AR AT R FH Y 5 s V2.

WA GE T AN JEDTTIE, me 29N TG REE, &A% %
RS, ), WHEE 53, ) AR B g (i, §) A

gig) = TEN>T M
0, f(i,j)<T

T 2 2 AF A0 4 H TR BHAR, B el KR B8 BMA T, 285l (1) 508 R — (i AL.
BEEME R A B0 A (o, yo), —AEAGSE AT EMER BT O B (2, ) PTERL 0T O3t 5

{.’I; _ E;L:1 Dot g9(i.g) xi

Z;'l:1 2ot 9(ig) (2)
_ Z;:1 27:1 9(i,5) %3
by =S srmeta

R B da. dy A

dz =z9—x,
{ (3)

dy =yo—vy.
SEN SRR B day dy, PR AL D9 HI48 &, mlBESEBL 47, ZRTE DU AT DR E 4k
PR gt PR R 5 2 1) O A T B 4 1 SR SR B b B2 47, Ay, A A 7 Sl Aoy
P ADT-8860% il #5 I N\ 1 H 14 4k i 25 TR A, A0 v 22 28 326 AH B ik e 3iX 2l FELATL
A7 ORI R AL E, XFEREARG R A, BN . yseBlss B 24T, 5
HHFEPCI-1761450 7 (10 (Input/Output) R, B A& — AN 8% 4k HL 35 i th A8 4k i 35

36-4



61 & PR A 45 FMG R i O I AT BRER R G it 5 S 4

k& S5 ATHPCI (Peripheral Component Interconnect) &, 5 AIO-RJG L T R4, &5
TARETE.

EFAT RS, TESFENR I RER RGAHI A, 5500 2 ik E5 Nig3)
Pl 22 Gu 10 1F Bk b gk A7 il ZR 4 1) () D7 VR AN [R (U0 1810 R vk 4Tl it i B o ik
PR AT F ], 7 FATLIR 7R 20 1 Sl 5 ) it SR P I ostonkt 5 i . e v B R
V% ZHSpAdjust, RAE ML Edx, 7 LK S HTE L % A SpeedX = raPerpetualSpeed
+dzxSpAdjust, HHiraPerpetualSpeed MR EEFEE. Hda/N T W EMRE ), 518
THORE VRS IR R U R R BSpAdjust ALE, BT LLSEILAE AL R YE LN, A [ B AR
% 5 DAAS R ()0 B g AT R . (S IX Mo v2:, ARE 7 R B AR 44 K10 (W E R IAPE N
1EJ7 1)), BB RE R4 E AR R P IRAE 3)), AT AR SATURS) Hh i B g sz . SR s A GE
Bkt s AT R, R BRI RIS 3 2 W] 2 B2 B BRI, K RS0 5E 3 5 %
RS . ARERfh yr ARV B o —23°27—4-23°27', 7E1 AP IR EE IR BN, BEAh IR
S W B EZ), A e SRR AT AR, R AR I I o R e R RS

K3 FMGI MM FAT RS S, S A o] DLA B2 3G 25, AR, WG [|] 55
AAMLZEL, R AT DL B A7 B (R B A g 4. A R 07 A2 AT R fil A, &
thiLocation% £l A DLARATFE KM, s Adjust)a 3 S4TIhRE, B 30T DUR #5 K4
AT AR, TR DO R R RE AT R . AP St b7 AT DL
FATZE: RA LW E R TH R BRE A AT SATERAE, 7T 50 50 i A2 fid & 154,
BB E R EES AR, Bl Kem RATREE, Wil NEZ ol R R, T %
JoT O R Al A2 B B e B iR 4 A, A AH &0 R R i 7 () ZEAEL /N T 11 BG BRMEL A 1HEAT AT H
1B, — Rk Hoik e A L IE A RS K EE. SATE A2 $8 2 AT — IR SAT R0 A1
BOBOE NG I RATING, IR R G AR, BARSOUT, & HIK PR T 1k
[, FH [ 26 AR 2 I BB 5 R IR, — ok ke 81.1-1.3. B Kz b Tk
SEAAN, EUREEE T B (FE 2 oN1) A Be AT SATERAE, IXAF AT LLEE S R BHAZ i 25 A 3%
BRI 52 B R I BE e B R A . 0 P A s R 2 A A e B ST 3 K T 35
130%, KT8 e 152 B2 BB, o BRI EAME 25 1E 34T AR ) S bt il
WE G ZH, o] LB R IR 2 2, IRIERAT REN M. @A S
HIVEE, 45 AT RGBS W N5 FE R RS E TR B T RITRGH
FRUF IR REAE I, XA e A e

4 MRS
FESPSAIIN 6], A TEAREN R AT PR 1, et T HIBLRGERY 4 H A 1%,

BEAT RS EEIF T SERERRE BE. BEAh, RFEE T PRI 26 AF R FMG T S8 Bois oW Il ) K FH A 17
TG, 3 BT BRERRG BENS TR Pl 2 18] 70 R R 2.

41 FRRES TOREHE
S0 (730 min WU ROBRE, LAL /3K ML B QORRE, J5— 50 Rk

36-5



61 % A - R 4

BRI B0 ARKR. IRE (FRER) I BRI 1R ZZRMSEITE Jy:
N 2
TE — W (4)

o a; RFEE BRI RO IR E (ARG AAFR, WA BT A SREE U I 50 AR & (TR 4 ) Ak
bR, NANREERG I EE. XRG4 IR BEARZN15958 70, 24K KK AR
B N31'33.78", Frbl4 H g 114 0~1.187322".

1 GEVPlayer (£S5 BB =

File Tools Help

» SHeung
Play dy(FE) (TR
FERBFMIFE : 08
TR RN
- i 5
-
BLERE:
Rmam:
SRR
FERERY:
wi [ FERERY:
mE: [

s (BN

TRIER: 1

K3 FMGBEUWIN ST KRG

Fig.3 Guiding system interface for experimental observations of FMG

A5 Bl KA R BT Lo AR 2 AR AR,y R AR R R 0o AR 26 AR, e ATy, 20530
KRB UL AR ZE, e bR, WA ER ER IR ZRMSEI TTE:

T i)+ (- )’
TTE = \/ 5 .

(5)

KI409 7T JR 1B 3030 min N KRB BLCAEIR 2, 7475 18 AL AR B R AZ 16 L. AR
T3 T B BRER AR 22 20 N8.5747", BB — € IR MEARAL. JRERTT 1 (¥ 22 32 B A TR AE P A
BICAN, BRIEZIR ZE 21 0N1.7538", iR 221K $118.7522" . AE WL 22 B F AT 1H 5l i 7
FEREHEAT 1 2 PP A, TEBNERER BRI N10", R, JRAi RERKE BE WS BUR, A
AEFMGHE T BOUL I R 25K

KI5 IT IR AT IR BH B AE ARG R4 5 1R LSRR S S 0L, ARee. ks
77 Tr] B ER RS FE AR T 17, A B 1 . RURZEZ°50.792017, R FAT RGUIRER
FEEEIL 217 /30 min (RMS)HIBEHHRFR, 7T L 2 F MG iU ) 75 K.

i 1A B A AT ERER G EE, SR SR AN A 4B B R B 0 10 2 bW N 7 5K, n b
FATIRERJSIE B T IR AR EOR. D8 T IRAIE R G (8] AR AR E M, BI6 TR 247210
minA FRBHBUOAEIRZE, ARG 7 0] DL SRS 1 0. FR2es 2R 1) BRI ] R
B EEAL T17, AR ZEME KT, IEW] T AT R 4R BOVFMGIRI R i Fs e iR
S

36-6



61 & Wrale 4 FMGH A7 SO AT BRER R GER B0 5 583 4

The tracking error of right ascension direction is about 8.5747"(RMS)
T T T T T T T T

5 101

=

k3

o 0 )

s

.g -10 Right ascension | |

3 Smoothed offset
20 L L L L L L L

| |
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time /s
The tracking error of declination direction is about 1.7538"(RMS)
T T T T T T T T

Deviations /pixel
o

Declination
Smoothed offset
I I I I I I I T T
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time /s

The total tracking error is about 8.7522"(RMS)
T T T T T T

_ 15 i
9]

X

S

510 1
5

‘5 5 Total deviations | |
8 Smoothed offset

. . . . N

0 . h .
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time /s

K4 FREIMESN30 minky, KEHBLOIEIRE. HRETT A B SRR &, EEIRE T M WA, AR5
i, TEDDSIREI . R SRR BRI, LLRITREIE T f 5 BEL.

Fig.4 During the perpetual motion in 30 minutes, deviations of the solar centroid in right ascension,
declination directions, and the total deviations. The top panel shows the deviations in the right ascension
direction. The middle panel shows the deviations in the declination direction. The bottom panel is the

total deviations. The blue line indicates actual offset. The red line indicates smoothed offset.
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Fig.5 During the guiding in 30 minutes, deviations of the solar centroid in right ascension, declination

directions, and the total deviations. The top panel shows the deviations in the right ascension direction.

The middle panel shows the deviations in the declination direction. The bottom panel is the total

deviations. The blue line indicates actual offset. The red line indicates smoothed offset.
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Fig.6 During the guiding in 210 minutes, deviations of the solar centroid in right ascension, declination
directions, and the total deviations. The top panel shows the deviations in the right ascension direction.
The middle panel shows the deviations in the declination direction. The bottom panel is the total

deviations. The blue line indicates actual offset. The red line indicates smoothed offset.
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Fig.7 The comparison of the magnetograms before and after 30 minutes of enabling the perpetual
motion. The picture on the left is the magnetogram when the perpetual motion is just turned on. The
picture on the right is the magnetogram after 30 minutes of perpetual motion. The red circle area is the
feature point.
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Fig.8 The comparison of the magnetograms before and after 30 minutes of enabling the guiding. The
picture on the left is the magnetogram when the guiding is just turned on. The picture on the right is the

magnetogram after 30 minutes of guiding. The red circle area is the feature point.
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Design and Implementation of Guiding and Tracking
System for Ground-based Experimental Observation
of FMG Payload

CHEN Chui-yu?  LIN Jia-ben! BAI Xian-yong’? DENG Yuan-yong!'?
HUANG Yu® GUO Jing-jing!?
(1 Key Laboratory of Solar Activity, National Astronomical Observatories, Chinese Academy of
Sciences, Beijing 100101)
(2 University of Chinese Academy of Sciences, Beijing 100049)
(8 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)

Asstract The Full-disk vector MagnetoGraph (FMG) is one of the three main pay-
loads of the Advanced Space-based Solar Observatory (ASO-S). In order to conduct the
overall system performance testing and the calibration experiment of FMG, a ground-
based experimental observation platform of FMG payload was established. We use this
platform to mimic the tracking states on orbit of the FMG working platform, and we
developed a tracking system based on the full-disk solar image processing. The system
realizes tracking accuracy better than 1”/30 min RMS (Root Mean Square) by using a
large-area array CCD (Charge Coupled Device) to collect solar images, to judge mul-
tiple logic conditions, to fine-tune the perpetual motion speed, and to complete the
offset correction and other strategies. By comparing and analyzing the solar longitu-
dinal 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, which improves the spatial resolution of the mag-
netic field images. The system achieved the design target and worked stably during
the experimental observation, which provides a robust technical support for FMG test
observations.

Key words telescope tracking system, tracking error, payload: Full-disk vector Mag-
netoGraph (FMG), Sun: magnetic fields, methods: data analysis
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