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Abstract

Abstract

The positioning recognition and visualization of target stars in astronomical
images have important research value in astronomical observation and astrometry.
This paper mainly focuses the analysis of star image, which is taken by high-
precision CCD camera. Relevant algorithms have been designed and implemented, the
stellar location and identification and visualization in observation star image have
been developed, which support the solution of celestial location information.

Based on exploring the principle of celestial location method, the requirements
of star identification and visualization are analyzed, and an overall scheme including
the preprocessing of star image,the positioning of stellar target and star identification,
and the visualization, is designed.

First of all, the preprocessing of star image is achieved via the analysis of image
noise and the implement of gray correction and image enhancement. Though the
analysis of image histogram, an algorithm of background segmentation based on the
estimation of noise characteristics is designed, and combining with connected domain
stellar target extraction is realized. By comparing the accuracy of different sub-pixel
localization algorithms and combining with the characteristics of FITS image data, the
sub-pixel localization of star target is realized by two-dimensional Gaussian fitting
and two-dimensional Modified Moment method. Based on the analysis of the existing
triangle matching algorithm, according to the actual characteristics of the system, the
efficient and highly robust triangular edge matching algorithm is adopted to improve
the recognition speed of stars in the observation star.

Then, this paper select the WCS (World Coordinate System) theory by analyzing
the algorithm of coordinate parameters recorded in the form of key/value pairs in
FITS image files, establish conversion function of the image coordinate system and
celestial equatorial coordinate system according to different projection methods of
spherical to plane. This method can calculate WCS parameters of this conversion
function to determine the image pixel and its corresponding celestial coordinates and
to complete the positioning.

Finally, FITS images are used to carry out scientific data transmission and
analysis as a kind of mainstream data format, but its high flexibility also decides the
limitation of popular science education in astronomy. Researching a general image
visualization method is significant. FITS is converted to PNG or JPEG images firstly.
The coordinate parameters in the FITS header are converted to metadata in the form
of AVM (Astronomy Visualization Metadata), and then the metadata is added to the

PNG or JPEG header. This method can meet amateur astronomers’ general needs of
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viewing and analyzing astronomical images under non-astronomical software
platform.

The overall design flow is realized through java program and tested by Aladin,
WWT, picture viewer and other software.The star subdivided positioning and stellar
automatic identification is realized in this paper, which have made a foundation for
the celestial location system. The result is practical and referential meaning for

astronomical image processing.

Keywords: Star pattern recognition, WCS, FITS format conversion , AVM, System
design
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Fig.2-1 The process of astronomical picture matching
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a) M7 AT b) WAL )5
a) Dark field before correction b) Dark field after correction

K 2-2 IR IR E A
Fig.2-2 Illustration of dark field correction

2.2.2 FIHIIE
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Pl(x,y) = P?{W

JERT S i W AR A [R] A b o7 B 1) X3 B3R AT T3k, 45 R &
2-3 fow, Al RAUREL, B g L IR

><I+§ (2-2)

a) “FRILRT b) FHRIEE
a) Flat field before correction b) Flat field after correction

Kl 2-3 W R E
Fig.2-3 Illustration of dark field correction
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a) 3%3 = AR b) 5x5 i AR
a) Gaussian template of 3x3 b) Gaussian template of 5x5
Bl 2-4 3x3 J& 5%5 [ SR
Fig.2-4 Gaussian template of 3%3 and 5x5
H MR AR, R T T PRI AR AR, I I A R B R A SRR
FERE— R, p)ASEARESE SCRIM RN R BOIEAT I 5. BR300 PR B K]
G BARB K AR BIF AT IR AL B . nsX(2-4) BT
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b g—IRBJa B
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f—IEER;
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a) 4k TIE T b) 4k HTIEE R
a) Two-dimensional gaussian filtering before ~ b) After two-dimensional gaussian filtering
2-5 Yk m IR B A

Fig.2-5 The illustration of two-dimensional gaussian filtering
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2.3 EFBREM
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Fig.2-6 Gray-level histogram distribution
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Fig.2-7 Pixels of connected domain
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Fig.2-8 Split 4 connected area
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Fig.2-9 Astral subgraph
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MRS BE o 5 FH G 4k e O Bk R 80 A m i A Z4u B IR 7. B e
R3], 4G R R, HEATEERE: 4 R O BRAR
ANINHETEE, (R AT P B DUARSON P R A E T I R R 456 0 s dkAT 1 kit
2321 /s ik
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1
I(x,y)=B+ z xexp{

27R R \1-p’
(2-8)

(x=x)" 2p(x-x)y-y) (=)
R’ R.R, R’

X y

FIB UG REY, ATRUAN xv y RBMSLI BN R, Mifip = 0,
40 B2 R AE BB 0 73 A i) AV R R I FR I, fRifb_EIR RN

2 2
_(x_xc)z_;gy_yc) } (2-9)

I(X,y)=B+erxp{

X H

T 34 R R VA ?922—”; A v 3 it P R B KA S B IME T S

ZERFIR;
B—— Rt R

R——r@lbie, HRAFMFHEFIRAE K
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— RYNENME /N e I RIE AR AR . X AT — B B B ke

ol

: ol ol ol ol
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Fig.2-10 Astral calculating background region
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e R R P R AR R BRE FE R, T R Bk A 1 T SR = K
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13.38 660. 827 660. 970
13.50 736.871 763.415
13.59  959.807 978. 055
13.78  283. 513 620. 041
2 528.743 33.235
13.96  209. 344 861. 158
14. 13  947.731 475. 562
14. 46  30. 036 921. 549
14.75  899. 576 395. 942
10 14. 81 817. 0501 653. 238
11 14.88 588.718 526.393
12 14.92  229.513 196. 166
13 15.07 18. 433 666. 443
14 15.20 606.881 772.907
15 15.27 985.995 507.088
16 15.82  866.456 236.266

LN~
[
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2]

a) MWL EIG b) SEHUITLAR 2 AL b K
a) Test image b) Pixel coordinates data by extracting

K 2-10 EATAAREE (b BFEE 2 FIREEMAR 25, 3. 4512 x. y WREBIRD
Fig.2-10 Astral subpixel extraction(The second column on the right is the relative magnitude
of the stars, and the third and fourth columns are the x, y subpixel coordinates)

R 2-1 WARZ AR AR

Table2-1 Subpixel coordinates comparison

ZYHE IR SExtractor
Iz x ALFR y A8HR X AAFR y Ak
1 660.827 660.970 660.784 660.996
2 736.871 763.415 736.857 763.457
3 959.807 978.055 959.809 978.114
4 283.513 620.041 283.496 620.094
5 528.743 33.235 528.730 33.254
6 209.344 861.158 209.324 861.208
7 947.731 475.562 947.733 475.568
8 30.036 921.549 30.135 921.530
9 899.576 395.942 899.564 395.918
10 817.051 653.238 817.016 653.281
11 588.718 526.393 588.697 526.388
12 229.513 196.166 229.613 196.072
13 18.433 666.443 18.391 666.453
14 606.881 772.907 606.844 772.879
15 985.995 507.088 985.976 507.093
16 866.456 236.266 866.414 236.193

B 2-10 47, a)E—El 1024x1024 [ 16 17 FITS K1%,b) A M a) 2 B 2 44
FHOCAAFR A o 83 SExtractor YRHEHUAS 1) BRI B SO HZ BT B AR TR
HY, A SR 16 WUE 5 A SCERSAT X b, Wisk 2-1 fow, @it s i ml DUk
WAE x T, ZFEZ AR ZELE 0.1 MEOTLA R, £y TR ZLE 0.2 ME Tt
LR, WEAR TR
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24FITS HBIRAESEERIEE

W H AL CCD ML — ik R BB, =15 2B I BT R X )
Oy RERAARR, A — A RRAE CLAABL I AL K ol LR S e — 2R 5
FITS BEXT N 1 AKMS B AL B ol S E . 25 ERPNEERINSH
B, 5HMKHSMESORRESE. RE. SREEHZ DN Ml RSN
FoAT 2 B R SCIEAR B v R A e B AR Oy H s i I 2 . FITS BRI AR
A H 2 S L RENRILE, RGN RMEEZ S S H 2R
TR CREEBATILES, #0€ Hir 2 525 B2 IR R, MIMIRFEET R
PR TR I E RS S, Wi 2-11 Fizsch FITS EGRR

e pE-d-E 3

A
Wk | @ © °®
= E . »
o
® N
’f

//%J -
= P vy

B 2-11 FITS EUG A E P K

Fig.2-11 Schematic of star pattern recognition
R UM I ILEC RS (AR EE ., s Sk VLR 0555 iR,
=SMIBILECTR 5 528, 2 B A EEEH L. £=MAEILKT, £5F 5
R ERMEMEN =ML NER =/, W&+ B s 2EaEn=»mamnN
W = F 00 N 1 el s = RO AE it 25 18], A RCR B I IE 2 L =
IR, g B E N 2R, NS R R PE R N AL B, Fr
PAZ 5 i A A TR AL B B m W TE AR BEAT UL S . T34, A0 =R ILEC Y
AIRE =2 FILACH ), 75 2 AR = AR LR _E 2R = A

MTILRBER=MIEZ T 1 DW= AL BT & 5.

h J

241 BEERWEN

SHERRRLRA S TR (WMBEENSHRE. BRAE. HENEEE
) E I i ide I — SRR, SRR LR e JVATE S UL FC i S48 A AR AE
FHZ I —E A7 AR T IR AT ) o X 8 3 A AT 1 A ST 2 I 345 4
EREMEREE, H2ERREMIZEIER b TIE RN TEIE, XS —E R
Py n] LS AT 1. 8%, EREIEEREME X ARKERE, —4
BT AR 2 S AR e W XA B2 P P B 35 O 2 R i 2 . Oy T8
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52 F KRB RAIRAH EF R

THEEE RSB AE, JLFITA R ER A TI1EE B1TE B HEAR R SRR
AN ER ZI A B AR B, XA BRSO Bl nT DA (8 i v S H TE A
SEBRALE . Ak, B AT DU 2 AR B R SRS AN [F] AR AR R T E A B A B AR
b, J8H R R P05 2 P A bs R A B AR BT (AN A 75 TS5 R AR
HEER. WHPRCERTFEMR SAO 2% . NASA B £, Hipparcos £ K% .
e 2-207S8IF T R AR R AR

AP Hipparcos ERIE NS HEER, HPEH 118218 MEEMIRE . v
. BHiT. FEZEE, BAES08MB. HTAEERPEEELR, WA
THEAAE AR G, R P A A KRR SR Z R
ZlE, MHATTFREENEZ, SRR <RI, ik, FR
KBRS HERR AT, DA ERIEATHRE, BR2SHE. AR
BB K CCD [BG 24, BRI TT AL bR 5 WINARIA KA, F B R TE R 48 />
FI AL D LR X A7 B o 18I a2 SEIN R R R R R AR 1 ndk, RS
EJUT =M.

% 2-2 W HER A EEARRHE

Table2-2 The basic characteristics of commonly used catalogs

BaGT  RRLH %%ﬁmi REFE BEN iﬁﬁf Sgﬁﬁi
1/149 FK5 Fricke/1988 J2000.0 1535 0.02 0.037
I/131A SAO SAOStaff/1995 J2000.0 258977 1.0 6.267
1271 CSC2.2 Stscl/2001 J2000.0 455851237 03 1031.060
1/239 Hipparcos ESA/1997 J2000.0 118218 0.0008 2.861
1/259 Tychor2 Hog/2000 J2000.0 2539913 0.007 61.463

AER AT B S B R, WHRENERERPRIUEENMERER .
Hipparcos /&R A7 2 THEEARHEN T (J2000) [SF/RIEALE, 11 CCD ¥
AT SE A R R R AL B, A SRR EAE AL B AR e SR E
EXFRFME FAELHE ABEL.
L szeam
| muprraE Frewss A@E |
[ =,

| muprEGE EfEsisg ARG

N

U +REE BT E
[ mmpmmomE Enswirz o

U +HBME+A BT E
+ R A
[ mmprectus arserz 2o |
Kl 2-12 fE R A B T RS
Fig.2-12 Flow diagram of star apparent position calculation
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AFIRRFIFRAEFERL

BTz, “Tma. “BATERNRZAm, [5EKWALE MOl E A K
KZER, FFEARARRIATEIE . XANLFEE 2 M7 0] DLSE i — i i
n EE 2-12 Frss

242 =AMLEEES TS

=MV ULEL R 2 =M%, B =M ER =M N EE =M,
WA AP A BLULED . e A = ME 25T 0 —ia—d, —m—ia,
fA—0—M, fA—M—i8. RCRH“G—h—WILEL 7%, i 2-13 B,
TR = AT = 20 F0 R 3R = A TE I = 2000 — & R 22 V6 Bl R A & WA N IIT
FCRRTh o B (346 R 2 R A, RIERTH AL bR & ot B R IR IR o hert?
rUBFr23 M = M IR =410, W r(s j)s G A rG, HNER=MAEF
=2k, =Ml B BARAE 5 R

1 i

g2 13 r(ij) r(i,k)

* 23 * r(j,k) k

2 J 3 )
a) WM =% b) BEEX =M
a) Observed triangle b) Star triangle

Bl 2-13 =R UL R s 2
Fig.2-13 The principle diagram of triangle matching

(D _‘L& (xl, yl)‘ (.X'z,y yz)\ (.X'3y Y3) ﬁj\%uyﬂ CCD Xﬂ?ﬂu@’f%qu:ﬁﬁ—
B PAT R =R PG 3 AR o B AR 9% B AT AR IR AR (rt2 13 r23)
PN il PSE

2 2 2
r'? =arccos(R10 Ry = Ry )
2R10R20
5 R, +R, -R,
r = arccos(—< 30 By (2-17)
2R10R30
s R, +R, —R),
r* = arccos(—22 30 B
2R20R30

T A BRBRER O EE RS, Hdr, CCD Hy CCD
RV A, REREAR N BRALKE

(Ri2v Risv R2p) ——=RURHE R PRUR 2 [ 2R

(2) & (apy 6+ (ajs 6 (ayy 8 HNERFPATER—HEHL MR

A HF (R0 R0+ R30)
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52 F KRB RAIRAH EF R

ZRUR AR TSR . THREOTIEFE BRI B = AT, 53R R =M =140
BEX A R
r(i, j) = arccos(cos 6, cos §; cos(; — ;) +sin g, sin o)
r(i, k) = arccos(cos 0, cos 0, cos(a;, —a, ) +sind, sin o,) (2-18)
r(J,k) = arccos(cos o, cos 5, cos(a; — ;) +sin o, sin J,)

FE M = A IG UL R D7 ik S B Bl b, ASCBOH AR Se B AR a0

COARE M R X =R Lo Fi 1) S WA (K 7IN B Hipparcos 3245 2L
TRIXCE B BN B R 22 B R L

(2) BYSHEREX =M. MHN (2-18) HHEER=MILML>, Ha
SNERZMIEAEEE, MNTMEG AT rG j)s v k- rG, HELK
Ca; 8~ Cajy 6O Cayy 6, HA dG, k)=d(, j)=d(is k). FFABIIIEE
H R = ML LI A 2 18], PR R i) R R = A TBARSE 1y I R/IMZ M
REVINIIF BEAT HEF o

(3) @M =AM R (2-17) T = A1 =K If A7
W = F (45 S, SRS = A0 M5 B2 or B r3 DU (1, p1)
(2, ¥2) ~ (X3, ¥3)o [FFE, XTI =MAIEAE B EEF I A =M TEARIE A = A
TR Y218 KN MR BN HES . S 7 3R THULRC R R, SR RO
KGR AR B S BE RT n BURESLI R, tkdd, n /N T5ET 20,

(4) KR = A5 2 o B = AR OO B3R = M A5 S B b s =
JEHEATILHAS, 2P = ITARARSE I WA VL EC B L)y o R 1T S I N P 4 2 52 3]
FRE R REE, A [F] =JBUR 1225 B R = A A = M P =251 A REA 58
AR P DL N = 25 I 2R AR /N T Ya I R AT A = M =25 1A
B4 2| d(, k) —d¥?| <e. |d(i, j)—d*®| <e. |d(i, k) —d?3| < eMIANIT
FC R o

LATE— DM =MIEH 24 BR=MILIIVLE R, W& iz 00 =
HIVLECES R X TULECER N =8, 70 mhdskiz =Mk = BiE 2 1) EHR AL FR AT
RIRIRTE AR 6

R ER BRI ATRE Y YRS MatchStars 28, FI| F = f 2 UG fic 5092 8 7 00 14
B e A7 B s B AR A O BRI AGR 3 A AR 5 R IR 7R TE AL BR R0 B 35« 35
XA AT UL S, 45 R AP 2-14 Bros. B b) UL AC 2 19 K08 P/ 47 1 match
{1 NG L
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13.38  660. 827 660.970 243.9556589 31. 4450436
13. 50 736.871 763.415 243.9398367 31. 4633060
13.78 283.513 620.041 244, 0347748 31. 4376518
13.96  209.344 861. 158 244.0510993 31. 4819979
14. 13  947.731 475.562 243.8953813 31. 4118855
14.75  899.576 395.942 243.9054233 31. 3976786
14.81 817.051 653.238 243.9228622 31. 4436736
14. 88 588. 718 526. 393 243. 9706875 31. 4209918
14. 92 229.513 196.166 244. 0458294 31. 3618259

1
2
3
4
2
6
T
8
9

a) KIERULACHI B bs 2448 b) MR ULHEC S xS B E

a) Image matching to the target object b) Image matching to the corresponding data

Kl 2-14 =T R ULRC B R IR LA bR (5. 6 B2 AREe. ARER)
Fig.2-14 Matching to the celestial coordinates by triangle recognition(column 5. 6 is the

right ascension and declination)
2.5 KEE

ARFE SR FITS BHRHHT TG IR KB, JHRRME R L&
TeA—BO EBE RRFEN, JFEIETT T AR B AR R S B S M 2 T A
BAEL 7 FVE A AL B A ) FITS BB EEAT RIS A 50 %1, JFiEE 4 E@iEibeid
AR B AR, BEAL T 4G A 4R IR PG, IS S A A
AT T WAR 2 g A, it 5 SExtractor R HEHUES IR LLECISUE 1 58 O B HERA PE
EFRKERERENSFERRE, Kl CCD XS HH € 5 R AL B X I3AH 5%
IR, JFX i AR RR S BREAT T2 IE, I8 = MBI b UL EC IR 5
SR SL AR R Z AR 5 R ERARAR (R0 N3 5 DA Jim 465 A A2 o -4 o B 1) S S A A
EBERE

-26-



¥ 3% EF WCS W RIRZENATAEN

F3E BT WCS BIRIKEN 53 #7 X LI

3.15|8

RERE N FELR N TR a3 2 BUE Fs2 5, HR X s 2 7E BRI
RANR(ps, p2), ERICEG VUG, FEIXEETESEBERPIXTNIER, PLKE
EATRRIRALTR . 153 T A AAER R AR TR AR (p1, p2) PN R R IR AL R (a0 6)o
AT WCS THE, AT DA BIPRANAR bR R 2 0] (R AR i e bR B, aE— 2D RIAT
CCD B I — SR R ARARFE BN RBRAAR, S8 A G AT H AR R
BRENL . EAKE LRSS, — 7 e T AR R e DR FE 53— T TR T A4 FR
TR PRI

H 80 FITS BUE STk, P AR ZR AL AR 1) R BR A BR 3 48t (1) S B 43 3ol A
CRPIXj (j#iZ% fifg & ALbR) - CRVALI (i 5B 5 RERMFR) . CTYPEI (i
B RIRA AR R R 55 7 %) « CDELTI (55 i il A% o Ia) i BEAB AR AT RG D
PCi j (G E AR B ER AL AR EREAERE) - CROTA] C5f j MNER AR bR GhAR XS T
GICAARI IR L M) o MR, A RS Et S 58] T E R
Y, HEZHCTE LR 3-1 PR,

F 3-1 TR RERAAAR I B E AR B S

Table 3-1 The summary of important variables for calculating celestial coordinates

A £ WCS et
i A AR R 51 AR i
J SN G E
p; BE AR
T RS U CRPIXj
m; LM R CDi_j 8% PCi_j
s; ARFR R CDELTi
x; Tk ORI T SR A AR R
(s ») Ei's- ALY
@, 0) AHKIK (native celestial) Ahbr R N H/RE R4
(a; 8) bR RIRAAT R T IR E AR S
(@o> 60) S RUAEAR R ER AR R I IR 22 AR 2 PVi_1,PVi 2
(a9, 8o) S pUAE PR RER AR R I IR 22 AR 2 CRVALI
@y 6p) RIRIR SR AR BRALAR R I IR E AR LONPOLE,LATPOLE
(ap, 8p) AR R BR A 557 7E S PR RERALAR R (1 77 2 7
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3.2 RIKT R E A LR R R

BRERTH AL AR R AP, &Tuﬁ% S [F) LA ARAR 2R o 2 A A A AR AR IR DR it 2
RERIIH O, HILERAEER, @5 RAEROEH O (BURFERG) « FHE
AR R UTHESE (xy ys z) TUARERIEEAR S, BECRAE K. RHEM
AARR RIUF AL A s RARTEAS R AL AR R (7 B 4, 80 R F R A R I 4 5 %,
TP 7k PO B W T EA T L R PRAEAS B2, G T WIS 2 P 2 e A R 1 1 5
NURIR A, 7 B B A AR R AR ZE I R 2 .

FITS E& 1AL bR RN R B /R IE AR R(RA, DEC). 34445 R (ELON,
ELAT). 4R kR R(GLON, GLAT), A HTA i+ HARRERERIRELFRR T
AT o

321 FREEBSIRR

HURERH O O =S [0 B A ALER R R A, B Z BB dgm b R P, B X Fl
R RERS S r, BX SSE RARE A e 9017~ Y 4l FRk
A e LA AL bR R 3-1.

K 3-1 718 B A AR &
Fig.3-1 Equatorial system of coordinates

FMoE T AR EE AR RN ER (x, v, 2) BIE.
6] — B ZI [ — RAR P B (B B A AR E A (o y, 2) SEREAAEALE (a, §)
IR RNA:

X

y

P COSO cos

=| pcososina (3-1)
psind

a,’

P p——RAKEEARSR & R RIS
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322 FEEALIRRARNER

Kiko, (EZBEMMAN RIILE, B ER REHE] 5 — b 2T
RLAR bR A R FEAS 2, 10 AR AR AR (1 J5E e 2 P AR SRR CBRORR e e REF ) Rt

XN
K 4-2 Aety R foR =K

Fig.4-2 The diagram of Coordinate system transformation

K 4-2 1, &8 X A5, ZOY PSS X WA e — NAEe, MG ALFR
ZO0—-XYZ. HENIUTHER, ATE (o p, 2 M (x , y , z) KISEREE

AR AR

1 0 0
0 cos@ sind
0 —sin@ cos@

x
y (3-2)

X
y|=
z z

LK OV LR =R . [FIFE, XZ FiHSe Y flidi i 4 e o /f (1 A8
BEAN XY P15 Z il s £ e e £ i AR HUE O -

[cos® 0 —sinf]
K (@)= 0 1 0 (3-3)
_sin@ 0 cosd |
[ cos® sind 0]
K. (0)=|—-sinf cos@ 0 (3-4)
i 0 0 1]
JUAN B A Z A0 K, () Ky (BK, (V) EATTIE (R & AN e ARy, Foit
HEERARIRMA B TE R Ky(0) Ky (B)K, (V) Koo Xt IR R 4t z Hliedy fr, 2RJa

XERE Ty RGN y B, SREEREpA, IR )5 B AR OURES R I R S0 x B,
SEILhEH — o, SIIXRRIEREA AR B HR R S
et ok 22 29 R T IR A e S )
(1) BB IR R 1 Z i, WARAEYese Z Miehe e 7 4, 0% 58
Y B, MRS ZYXo BRI Z Rl R ER A bR 28 A SR A
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AT T RF M54t L

(2) T OIS 5 bR R TR JFNE , B Zc BN 41D 1k, A e it
oML,

3.3 WCS 2 frsE i B L 54

WCS ALFR R L FEE AN EE o> 3B — . ARFRFHARSR R B AL FR &R
B EMAAAR R (RIFZRZPTHD E’J%?ﬁ% 5 HEAARER R B R ERAAAR R I e 4k
FEIX — ¥ i AR I8 T @ 3L — L JEPEARBR R ST, FR A Hb K BR AR A5 52 (Native
Spherical Coordinates), LX) B[ ALR 5 RERABFR LB R . AATR R ST
MAZIE 3-3 Frs o

PIXEL
COORDINATES

linear transformation CRPIX]=

matrix rotates, skews, < PCi_3s

d tionall 1 or
and (optionally) scales cDi_js

PIXEL P
COORDINATES /

linear transformation: CRPIXja T
translation, rotation, PCJ-_J? mij
skewness, scale CDELTia Si

| PROJECTION PLANE

COORDINATES

| INTERMEDIATE PIX:EI.I

COORDINATES
. . spherical CTYPEia (¢, 6p)
rescale tc?tthSJ.cal CDELTis projection PVi ma Table 13
units = \L

NATIVE SPHERICAL
COORDINATES

I% ) He :'; N H

| INTERMEDIATE WORLD l

COORDINATES
CTYPE: spherical CRVALia (@, do)
i i = i LONPOLEaj| ¢
coordinate computation E coord:u:late p
per agreement S‘F;ZAi;S ! rotation LATPOLEa| d,
- v
CELESTIAL SPHERICAL 3
e |
COORDINATES i CCfC_)RDINMi}f N

& 3-3 WCS Aehr s Heifide >
Fig.3-3 The flow chart of coordinate transformation by WCS

33.1 BETRLFRASHFLIRRNERSH

HE 3-3 () FTLUE H, RGP B FAPR ot B R & 7 7 iR
. HARG R E A5 24P (intermediate pixel coordinate) HF44t .

N
:Zm,.j(pj—rj) (3-5)
=

Al iSRRI KT A
R AFE B AR

AN

T YE FITS

K, N R 2
5 AR RS % SR AR, IR CRPIXj(=12,.. )4
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ERNF R FISHEGRAE TR AR N — AN SEFR 14 G,
U1 129.5 5-3 MIE 2 AT LA RZ 115
ixj Gi=) PJAEAF AR RE, PI, HOCEE PCij 44, B4 {E PCi_j=1
(i=j) , PCi_j=0 (i!=j) ;
q—— G AR B G R AR — MR R E, R TLEN
R = I,
FLURA MG 22 A b B AR AR R e 1 5
X, =84, (3-6)
s HI %4 Y CDELTi ¢, RoRER 1 fll HE R EEAL AR (I B, B2 4B
ARPRIIE B, WnfR] FORTRAN H L 1 &, WA dEFE . IR E
X LG 3R ) AE IS 21 (] T AL bR ) By (=1,2...) o
BAaAR (3-5) . (3-6) :

}: (s;m,)(p; -7, (3-7)

simy AR FEROR I FARBRAE x, y BIMARERENTT R AR R R A, TRLE
B CDi j (530 Ketrgs i, CDij MR IER S B arid. it
HEERRZ, 78 FITS BGoUH-kHARERIB A77E CDi_j f1 PCi_j KB

5 =B S SR BR F R FE B T CTYPEn. X T 455 T~ 1 o a7 B (R 26 PR
X, WlE AW ERBEEZEE % AR ERN, XRS5 G852 H
CRVALn KH#FLH . M T AL RS, CTYPEn & X | —Hx;« CRVALn
e AR ZH R 1Y) R B RO ] S AR BEA T U 3, X R R C 48k AIPS
BB FE ALY RIS, AT Ab B ) FITS B — 4k, tbib¥ss;m;; L CDIi_j o,
MR 2R AL BRI TH FHARBR 1 55 3 WCS KRBT RIs A :

x\ (CDpl_1 CD1_2Y p,—CRPIX] 15)
y) \cp2 1 ¢cDp2 2\ p,—CRPIX2 )
332 R LIRR SRR RAVEE IR SR

LS — A T, XTI b R B At Bl AT DASRASR R S AR
AFR, T TAEZME AP R R G, WRETHE R R L A AR R . BT ORE REF]
M ChED PR R BR AR bR .l ] 3-3 () FTRLEH, WX Ak
bR 5 Z B B e 0] LRI AN PR 56— #2111 AL bR (projection plane
coordinate) E A i K BRAL B (native spherical coordinate) FIFE it 5, o8 . AR
B AL bR e 5 (rotation) B K Bk AL A5 (celestial spherical coordinate) H#5 #11-5 . AL,
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AR R BRALR A —Fi E 5 SR BRERETALBR , B 5 R ERAL bR 15645 v DB AR
AN R BR S [A] A b 28 ) PR T e B A

W 3-4 fivR, O-xyz ARIRIFEAAR R, O-XYZ A H T LHIAHL R BRER T
AR R, PI NPT, OZ vl LAEAEZ CCD ML EtH.

] 3-4 AL BR S R BRAR bR s 2

Fig.3-4 The transformation between world coordinate and celestial spherical coordinate

N TRV T 5 AR H BRI AR B BRI C R, 7T LU H s m) B £ % RER
JRIEAAR 2 (i CTYPEI A 4 N FAFARC, X HLE RA M DEC) N A —He X ik

(a: 6h-Th, &: 30-40 [£) , BEWIZH rihirie (a,: 6.5h, §,: 357 ) AL

M CRVALI, CRVAL2 318 (41& 1) o N THRIFHERE, 2T A
b AR R ER T AL BR &, BRI AN AR R ALK SRR T X IR 2
(Qy,0y)o XN, FEFRIEAADR R T B PR T A ER T AL BR 2 T AR Bt
IR — X3, HOA M BR AR bR &R B b Bl S AR AR TE AR AR R T B AR AR
(a,,8,)=(a,,0,), 2% RAEARMERINARSR R P NLE L 6,=90° #w] LI 2. W45
HUERFE SR, 0 T A BR T AL BR ZR AR B I K X3, SZAR SRS 21 (11 1 ] i
AR /N, B J5 AL X 5 (Zenithal (azimuthal) projections) F [ 77 A7 1% ML 4% 5
(Zenithal perspective)(4 & 3-5), #5277 :UH CTYPEI s 4] 3 M FRibnid. £
BRI L RORAAAR &R, SRS S AR PR(xy) CLSERLR B — & &
K E B H FAFRD .

X P TT 20, AT LTS LRS- T AL AR 2 At BR T AL AR I e 4, 2
(s Y)EEHONARKIRI AP A E SR (¢, 0)o Forb it F 21 4% 4 bR SO T
CTYPEi I I7%, ARIBHE T H 2 S H A E .

PRS- THT AR AR 21 AR R R IR 1T AR R B % v A58 08 S BEAE T BR T 2819 1D 1) 4%
5277 WCS FE 5277 N HET7 6 25 (Zenithal projections).  [AIAE#5
(Cylindrical projections). 45 (Conic projections) ",
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¥
Rg
3 1
; . P x /
sinB | v ol ¢=90°
®
Ry
e
a) JTALEMAR Y b) BT RCR
a) Azimuth perspective projection b) Renderings of projection plane

Kl 3-5 TG ALEMAE s B K
Fig.3-5 Illustration azimuth perspective projection

3.3.2.1 754%4%%( Zenithal projections)

JINE B A R A BRI AR A 28 G (1 B e 3 B SO T Tl BRI 255 L, 3065
1 S R AT A DI T AR, X B RS RS DTS DL . ASHBER T A 265050
BIPPIE A [R) o , 20 2 AT  8] B AR 3] £ 1 R A O S 2 o AR SE 28 b 1 5
R R ARAEALR SRR AN, BT PR T L 0 A ER DR (TAN) |
BRI (SIG) s IESHREL(SIN AR o ARHE 5 5 $R 501 THI ) — L84 5, AN
24 8] 1) R B AH A5 R S B T LB (ARC), A% RS (1 THI AR AR &5 9 S5 AR 7 L #55
(ZEA)ZEE . {£ FITS E&H, UBOLBEEEAFER (WE 3-6) .
TAN:

STG+
SIN-

R

24

a) TAN #5 b) P IHBCR E
a) TAN projection b) Renderings of projection plane

K 3-6 TAN #5275 K (u=0)
Fig.3-6 The schematic diagram of TAN projection(u=0)

TAN B2 EZN T Al WO HEEE EB,  w=0. TR 5 A BE #2 L
AR HUER T A AR il 25 1 T MR 2 2% SR Y, BRI AT AGE— B BB 25
TEA IR AARE 2R IR (8,,60) cnina=(07,907) o
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B R — S B BO R EE R BONEAE R, XL AT LUESL( 4, 0) 5 (x,
j/)EK]fﬁéjgé:

X=R,sing (3.9)
y=R,cos¢
UBeSCANIPNGE
¢ = arctan(—y, x) (3-10)
R, =x*+)’ (3-1D
R9=180 (u+1)cosd (3-12)

T u+siné
24 1 =0 FIRHE (TAN BROHRS)
¢ = arctan(—y, x)
R,=180" /7 cot® (3-13)
0 =tan"' (180" /(7R,))

L (¢, ) —AKHRIRA R

(Y —ZF TSR (HFARFR)

R,— B F I IR 1%

S F AN o AE XS N 5 3 4m SIG. SIN, KA AN AR (3-13) [FFEAT
LIG2l(h. 0)-

3.3.2.2 A 4% %%} (Cylindrical projections)

AR — AN EAE 5 RBRAEVISEE], DU I 5e 1, BT R4 5 R BR
W E S, KER ER@G S 2B B i 3-7) o A NBREFER RS R
B, p NPLREIEROIEE R R R IEE A E RS T, R R G A4
NPATES, KL ITEHEL, MHEEGLEL. FEREHEGAH T FITS
PG T A s BR TR 7R T8 BT IR X33, PR AE ZR 8 B i B AR R /N o AR SRR
P& A N p WHERIAFEI AT 0 BB CYP, ZfREH52 CEA, Plate carr’ee

52 CAR, B RFEHF MER 5. 4 T B ERAR B R0 82  ABRR e i 1 R R,
LA CAR K CYP #2529 BIdEAT ULBE (nl&l 3-8)

e BRI R, A T R R E SRR, FTRLBOE BUE S REAR

IR AR R ARBR N A LR RN 0, Rl (g,,6,) = (0, 0) . &EH

v 3-8 KRAERGZE W AT LIS 2

cylindrical

234-


http://baike.so.com/doc/5362907.html
http://baike.so.com/doc/2315349.html
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¥ 3% EF WCS W RIRZENATAEN

x=A¢

y:180 U+ A “ino (3-14)
T u+cosé

£y
N

DR A —
Y

Ak
M

K 3-7 RGN S
Fig.3-7 Cylindrical projection diagram

K— < —)

90

90

60
3p

30 o s e = e B e =S92 E

Ml Al | ] le] | [o]0lm] (e (o] e [ e
ENEREREREREFAERERERERERE

g0

-30
B0

-60

-9 =By

a) CAR #5271 b) CYP #5%F1H
a) CAR projection plane b) CYP projection plane
P 3-8 [l AL BT 1 AR &
Fig.3-8 Renderings of cylindrical projection plane
WHE R LT3
X
¢= 2
nu (3-15)
0 = arctan(l,77) +sin ' ( )
n°+1
4 Y
Xfnp———= o
T 180 w4 A

AR g FMEICTAE PVi_la, AMMEICRAE PVi 2a v, 7EBVE BN T A
1. PVi_la, PVi 2a fEANFE MR U F BT RIEM & SURE, XTI i
WE (4,,6,) MITEH T, PVi_la, PVi 2aic3t M52 (¢,,0,) HMIME, ERFBF AT
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RIBHZAM g K. PR T — SR AR KR HBIAF B ZE, PVi_la,
PVi 2a fi R ICFKRES UM H PP KT WT CYP &, —Mu=1,
=272, WNF| ERA XA LS

x:¢/\/5
° (3-16)
T 2 2
%+ CAR 5
{x:(p (3-17)
y=0

RER$E 5 T7 AA B UG R R A S 352 16 HoAth— 26 b an R HE 52
(conic projections ), A [EFF & #H 5 ¥ 5% (pseudocylindrical and related projections)
5. NEMMERITE, BME L, ASCEMT S WA R ARYE FITS S0
TR B A5 B I T B~ T A AR 1 ANl R T A B IR A e

277 PG FRYE CCD AL A2 I R BRER G, DAL 5 da 4
RERBRTE A B2 SRR E 4 CCD AHMLAR Sl R BRER 0 B 2 BT 5 BRI A
VI, AT LAE$E TAN #5%, X2 H AT 240 CCD Bhm B it e ik £ .
FERH TA 8 A Bk FE A7 BN, 2 TR AHALAR -5 M Bk BK T A7 AE I A m] ke
AZP 5.

e T Ua, AT UURME S S8 CTYPEL. @ FHUE VG2 M 1 2 44FR
HHEECE n, 20 AR E R AR PREN H e, R A5 8 v <4-37. Bl 4 A
TR 3 AT, RAH &R, HPRAS, HfM. BT 4 AR e AR
PREISRAY, 5 3 iR R T . HilandE SDSS $RHIEI FITS ElgH, BB
NG, HEESG 62 N“TAN?, AAFR%—A RA, AAFR%H— A DEC. B
CTYPE1 =‘RA---TAN’, CTYPE2 =‘DEC---TAN’.

RERAANS R AFE P IS A S 2R TE AN BB AR PR R, A SO R ERFRTE A8 A5 &R
P IE CTYPE AT 4 N . AHERIIALER (@, 0) BIREKMbR(a, 8)HIFE
i — DI E, IR SE K 4-4. B A HUERTH AL bR -5 R ER AL AR T 4
KARMSEFR T ERBE (g, 0) A, B FEEARHIBREM A RIRAFR R )
SZIEMAE (o, 6,) (BIAARMERTEAR il — A TPl by, WTLME RS
o RS € CRVALI B  AHWERTIABARIEHE (4, » 6,) (FETTIH
FHZEERIAN N ¢,=0, 6,=90") . RERAIRIEME S (ag, 8o (TTRifss
Qg = a,,00 = 6,) N RIKW GAAMIRT BRI RZTHEE g, . ¢, A%
LONPOLEa (=PVi 3a) . W 8,>=0,, LONPOLEa HIE&E N 0, 75y 180°.
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A 6T 75 A2 3552 LONPOLEa [1E A 2 180°,
R FH 2% ) B AR R OR R, A ZXZ WS R B AN (o, + 907, 907 —
8,0 @, +90°), TFIFFAHIRTALAR R 5 RERALAT R4 0 3

a =a, +arctan(sin @ cos 6, —cosfsin o, cos(p— ¢, ), —cosOsin(¢p—¢,)) (3-18)
S =sin™ (sin@sind, +cos@cosd, cos(p—¢,)) )
EEE AR
¢ =¢,+arg(sindcosd, —cososind, cos(a —a,),—cososin(a —a,)) (3.19)
0 =sin"'(sin 8 sin 6,+cosocosd, cos(a—a,)) )
MR 4-18 TR 4-19 7T LA 2] — 2 H (56 R 5
cosocos(a—a,)=sinflcosd, —cosdsind, cos(Pp—¢,) (320
cososin(a—a,)=—cos@sin(¢—¢,) )
(3-21)

{cos0c05(¢—¢p) =sindcosd, —cosdsind, cos(x —a,)

cos Osin(¢p—¢,) =—cosSsin(a —a,)

N3-18 F13-19 REECHI(ar,» S,)MEBL NN, Blan s i, T
T R R MR, ET0(4,, 6,)#(0,90° ),  RREME(a,,d, MH,
AT AR (@, 6,)KSKREL, ARHE A2 4-20 F1 4-21 7715

sin o,

6, = arg(cosG,cos(¢, - 4,),sin6,) + cos™'( )y (3-22)
J1-cos® 6,sin* (¢, - ¢y
sin(@, —a,) =sin(@, — ¢,)cos b, / cos J, (3-23)
inf, —sind, sin g,
cos(a, —a,) = b~ Mo, S % (3-24)

cosd, €08,

g (3-7). (3-13). (3-18), RKHrAsmyfH CDi_j &Kx. RIS
CD1 1. CD1 2. CD2 1. CD2 2. CRPIX]. CRPIX2. CRVALI. CRVAL2 /\}
28, ¥ FITS BGIRAILEC 2 9 HEARAN K EL, K Cp,, p,) MNAEAER
IR AR, (a0 SR NIFIHBHR I RIRIRE . Andhie R N2
JCRAEUTRE, AR I8 AR, N T IREHE. HRRE, THRIRETE
3 AT IR/ 3P U7 225Kk, BRI )\ RENSH. 45 RARAF B .wes TR,
WK 3-9a)Fr~. HAT, EPFR EEXT WCS PR B RIfEH A 2 M4 ge e Se i,
F 2 westools [ imwes BEE . Astrometry.net 5%, 3-9b)’4 Astrometry.net K HX
WCS 4558 . Xf Rl — Mgl BE, k=3 IS WCS SERN BT SO @z i AR
Pr R LA R A, R VLTG0 1) A B AR AR AR BR R AF RBRARFR, FEXT
HAT IO, 3R 3-2 . HRPEERTTLLE 1, A7 iEAS 3 1 R BRAAAR AR
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2 FINRZE 0.75 002 LA, 754677 ) ERIRZEAE 0.003 FELAPY, 5 A SRS
BR . B e fitsjar £ Header ZEHAH OSBRI ECK WCS {5 B2 FITS LR
S

NI EE, BB RS A SE CRPIX et TR E, FH NEHB
FL G R ALPE (NAXIS1/2, NAXIS2/2) , IXFERUKFBE SR K )\ REEES] T
AN, BERSIR BT B4 A AT R R

7 testx@0mawwes - BEE
B REE B0 BEV EEHH

& FITS header

CRPIX1
CRPIX2

514. 5439
512. 2926

CRPIXI = 514. 5470 W

CRPIX2 = 512. 2934 IEC =’ +31:25:06.8%

RA = ’16:15:56. 745’ rauruog = 2000

DEC = ’31:25:06.83’ Ll s

BOUINOX - 2000 s

EPOCH = 2000 s g

RADECSYS: i FK5’ ()I;:Li = e T::S 936435732

CTYPEI =" RA___TAN, CRVAL2 = 31 418583763

CTYPE2 = 'DEC--TAN' iy = -0.000179103

CRVAL1 = 243. 986463552 iz - 0. 000000678

CRVALZ = 31. 418553672 21 = 0.000000291

ch11 = -0. 000178991 2 = 0.000178770

CD1_2 = 0_ 000000681 IMFCs ='2.6, 9 March 1999, Doug Mink, Sap’

ch2_.1 = 0. 000000289

ch2 2 = 0.000178771 Search i -

a) AR WCS SHUR LA b) Astrometry.net >Kfift WCS &
a) The WCS parameter is the result of this article b) WCS result by Astrometry.net

Kl 3-9 WCS Apr 2 HOR IS Foxf Lt
Fig.3-9 Comparing parameter of WCS coordinate by calculating
* 3-2 th WCS Wz HAT 2 RERA bR X LR

Table3-2 The celestial coordinate comparison table obtained by WCS inverse

AR RE R Astrometry.net

BFE AR KERAFR/deg RERAAFR/deg
(660.827, 660.970) (243.9556589, 31.4450436) (243.9553537, 31.4456831)
(736.871, 763.415) (243.9398367, 31.4633060) (243.9389426, 31.4650278)
(283.513,620.041) (244.0347748, 31.4376518) (244.0356479, 31.4450642)
(209.344, 861.158) (244.0510993, 31.4819979) (244.0528799, 31.4820644)
(947.731, 475.562) (243.8953813, 31.4118855) (243.9086789, 31.4114531)
(899.576, 395.942) (243.9054233, 31.3976786) (243.9087731, 31.3935043)
(817.051, 653.238) (243.9228622, 31.4436736) (243.9254565, 31.4453404)
(588.718, 526.393) (243.9706875, 31.4209918) (243.9745563, 31.4240458)
(229.513, 196.166) (244.0458294, 31.3618259) (244.0465689, 31.3608043)

3.4 KENG

AETEHIT T WCS WS, K FITS EHR A H s B R AR br 2 SLbr
RERIRTE AR AR 73 1 AP BL. T Se AR A5 2 A bn B 5 AR BR (T A A ) 9
Fetge, FIRIARE WCS S8 8 Z [ (R Bl R FARBR 21 R BRIk
TEARKR 3 e, fEASE T 12 X — B B Rl BEARE P £ R SC IR 1 s i S K 1 1)
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P RIBOE T I IR T B ] R A R ERAMAR R, L SR AR
SRR BRASER (1 R < AR T, PR FH 2 8] AR AR 2R 2 18] PR 5 46 J5 BE 4 N7 A 1t R Bk
ARBR S S PR R BR IR TE AR BRI 9% 28 o R 1T S =TI T0 TR VL BC A5 21 A Ar 2 AR R
ARBR G R ERAA PR B B 5 AN WCS LI ek B, d3EAT B/ 3P U7 Z2 5K A
RGN\ RASE . FIX A WCS SHNINE] FITS BRI Sk, A
Ja 1 TAR SR LA S 4%
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% 4% FITS BAZA& X 4#H B AVM T 7

% 4 E FITS EHEAFHRRE AVM AL

415|5

FITS & — M RGN B G ik a0, EEM TR R . miX s
1% SO XS T RACK U, 2 LU PEAE . RICHEFE N D1ARS B AR RS 56 IR
A A AR SRR, — B ASRETIX L R LA FITS s s L th 2% . IXat i 22
BEAT B G 2 ok A5 21 K A% B I I8 b P 285 75 11 A 75 22 ks 8 A s 20 (i
PNG 5 JPEG) . M HidUa EBREZER T BRER, mEK T FITS
SRS H . WCS RS HEEE R . AT 2R FITS SOk {5 B4R
ok, H AVM AREAL I e BE AR 2 b AT e 4, RSN E] PNG B JPEG 1) 3C
ke

BRZRFHIPNGEIPEGH N E R, AMUZHBREE, mMHAS 78S
HUEE . AMEBEW I E — B2 LT, EXRRE B E AR k. K
ARA] DAL F (0 B B 2 R ROCER, AR eSO AVMBRHE (1 P ol i
T Ak bR RO i DL EER B B RS 3 9 5 L B L FTE R X, 45 N DL B
ML AT o

4.2 FITS BE1&I8 N AnE

AT CCD ML B2 aze e 4 e R A7 (1) B 8% AR FITS #% X, FITS 72
ZAEKITH], —A FITS U &R EZEHA 5%, —A FITS XHRIZHE
LSRR N 23040bits(2880 7)), AL USREHILKIT UG, bl fl B G
HAE— DS AT B IS . —A FITS A& =R 330k %
#H.70(HDU). ¥ & (Exten Extention) MIHF5K 10 5% (Special Record), & P % #2& Al ik
(17, BRI T FITS #Np RG-S T e ik .

FITS #r@ Fl ASCIL t5 448 iR — N ITAa F—A> 8 “F 47 i < Bt 7] (keyword) i
SAGBIEA(B0 1) bRt VL N: keyword = value/comment. &E—4
S b2 R & 4 SIMPLE. BITPIX. NAXIS. NAXISn F1 END /> 5% 4
RO A SR, BRI T G REARE R

SIMPLE: ##{H, RAEerEI kA, T Rz & FITS X, &
WA Fo

BITPIX: B¥({H, £on—MEEPSHIAE. HAEFA 8. 164 32, -32,
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-64, FoRBEGEARIALITE, 8 Row T AT B BB S AL 164 32 7l
75 16 BT 32 AL NS R, 232, -64 43 JHIFR I IEEE SR RIRURS FE 7 1
.

NAXIS: BHfE, BUETEEN 0~999, FoREEMmrEr4EE, 0 Fomkott
Ja B B X

NAXISn: RonHHEFAERE /N n HERERADHL 5 NAXIS B9 0, W%
A X KA .

END: SKICPFERARIE, 1 9~80 A2

KA JE B A I AT ORI A7 T B HE . L FORTRAN-77 #)
WA, =y e )e . X BB GEEE T Oy S IR AR — 2 AN . 5 G EdE
A2 2880 HIFEEL, U] O 13RI .«

FERHE T NAXISn A END 2 [A] U m] DL A LAl oG85, HIRAC S R AR
S fs BT E S HETT . & AT DS W H ) (DATE_OBS) B )6 I 1]
(EXPTIME). iz 5 % #R(TELNAME). 2 (FOCAL) i 54 (VIEW).
EHE R AR 2 MERA) BB R RG{E(DEC)SEE B, X5 B2 8K
WUIIULHEC Sz WCS AAARF et S LAl I T 5505 (9 WCS SR S B - th AT 4
NBISCEk . Bl R FITS k2RGSO S R

SIMPLE=T  //f5#E FITS # 2 3CfF

BITPIX = 16 /8 unsigned int, 16 & 32 int, -32 & -64 real /16 £ % J& K14

NAXIS = 2 /number of axes //2 4 K14

NAXIS1 = 4096 /fastest changing axis

NAXIS2 = 4096 /next to fastest changing axis //E& K/INA - 4096x4096

BSCALE = 1.0000000000000000 /physical = BZERO + BSCALE*array_value

BZERO = 32768.000000000000 /physical = BZERO + BSCALE*array value

DATE-OBS = "2010-08-31T13:15:12"/YYYY-MM-DDThh:mm:ss observation
start, UT /W80 Bsf []

EXPTIME = 1.0000000000000000 /Exposure time in seconds /B H} 8]

TELNAME = yunnanlm / Telescope name

FOCAL = 13000 / Telescope focal length // .47 mm

VIEW =45 / telescope field of view // ¥4 (f4))

RA = 8:41:48.31 //7" &

DEC = 23:24:11.8 //754F;

END

PRI E AT LSRG ZFE S 1 FITS SCHFELE SCHFE, Bl JAVA. C/CH,
Fortran, MATLAB %5ifi 5, £ 2 BBOCHEMEROCIHE B R B o2t 5 it

4D



% 4% FITS BAZA& X 4#H B AVM T 7

1 MATLAB ¥ A ST JAVA i 5 1 EIMGE AL & TAAL R 48, A fits jar
B FITS BB BEAT IS A .

4.3 FITS &L 4T

FITS BUE PR ME R EVE BIEF IR K (B2 A 80, 16 iz, 32 7. 64
fr -32 fr), T H ATEAE RG0E F R BEE R 256 G IR FEE [ 00, A AR EE
[RIARAL YO R 46 9 0~255. FRAET715A 20, gt . R g on, 4k
¥ (AR MNEARH AT

(1) ZEAR .
0, f(x)<m
255*(x—=m)/(M —m),m< f(x)<M (4-1)
255, f(x)= M

fx)=

(2> (HZR) WHARH.

0,f(x)<m
f(x){255*(x—m)/(M—m),m< fx)<M (4-2)
255, f(x)> M

SRR TN SR
P8 i s B BN AR BE AR

SR TG IR R A AR #7775, # i s B B2k, 52 m i B E B B
R . AR TR S B ER, SRt TARR RAME . Bl 72 &
A B XU B R I 55

A PLE G A 0o 5 s RS TE R 1/3m>1/3n(ms n NEUE S 58),
FE YO N 3 PR R R SR AE — € BIME T R R 2 MR R e/ IME M KAE, FA)]
&M R i o . RefS BT RS BIF Mg /T8 Z . BEJS, X FITS #%
AHEATHAR, 7E javax [ imageio ZEH A X PNG HIIL 5 EE, 1153 EIG AR5
REIR 2 2 % 8 PNG #6101 JPEG, W R T R4 77, AR3E LT
writeJPEG(Image img,float qual,boolean RGB,OutputStream os) 2 % %} H i3t 17 5 #
Y. FEXF FITS SCAFRIERVEFR I T fits.jar . XJ p7037g0072_1 bqz60.fit K%
AT PNG # U B ] 4-1 s

X M

m
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b) PNG KB (AEES
a) FITS format image(Aladin) b) PNG format image(Photo Viewer)
4-1 FITS 5 PNG #% =BG A F & E T5 5
Fig.4-1 Different viewing methods of FITS and PNG format images

4.4 BT AVM £ PNG (JPEG) E&HI WCS [EE7R1n

RICATHAL O (B AVMD BRifErT DL — 1 36 R 2 0 B 5
(span) B —RIZARMIEE . XAFRiE R VFEN N BHE ST id s AT 38 &= 115
&, 'Es& VAMP(Virtual Astronomy Multimedia Project) i H (1€ JZM 2 . 1ZAnE
#&LL XMP (Extensible Metadata Platform) #rifE AR KK, A TH RE
oo AR AR A BE ST e S 1 7 k02180,

XMP FTUHEIR T — M2 B AE EUR i N R 1 e s 1 777, AR — 2
A g% R (i JPEG, TIFE, PNG, GIF, PSD) SOk b DIFRES (tags) AT
W UG B AT FRAE BEAT AN, T Ak R AR 25 8l 2 o 28080 1) — Bl s 77 =X, 22 XML
(Extensible Markup Language) AMRMEE S . HAET, XMP brifEfE SR A& Hi
ATz o R AL AT Fa T, MR, B, RO 2 He |
BN XMP FRifE R 7 R 4 o BE IR A B Bt & b

RIXE G AE R 7T 288 E TEE. 4. ddE. RiFEm
BHEFRETE BN AN R B R K& AME, S EHRE RS BB o H83E s
I BN, R EIERE ZEE, K T x #4. AT R
VA SR EALIFABFRE B, DA ARSI XORFIR IR L5 2, AVM bR sr 1
IREFHIMLA] . ST AT FIT ], Al R 25 R ARARAE B PR A ST

X RCENR I E AL, TVOA fa 5 R U5 il MG kA (Simple Image Access
Specification Version) #37. J — %] World Coordinate System(WCS)#5 %25 LA
WEBIIALE S T7 1 RSPEEE B Hod FEZARZEA Spatial. CoordsystemProjection
F R fid #5270, B CTYPE: J5 3 MF1145€; Spatial.Rotation F KA IA K%
fERIX# 1, H CROTAI 4535 ; Spatial.ReferenceDimension fifiid B X ~f,

44-



% 4 3 FITS B X338 AVM TTALALH 2

NAXISi 45 7€ ; Spatial.Reference Pixel ##iid S %14 & fiAk#r, H CRPIXi 45 i€
Spatial.ReferencePixel H KA S5 SR EKALAR, H CRVALI 25 5€; Spatial.Scale
FRHA R e RS), H CDELTI 45 0€; b3 HAl — Lo A FRAE B 55
A JAVA i feSSHURs FITS AL WCS 5 B Hiy AVM britEfe okl
P PA XMP #U0RAE (sl 4-2) , B exiv2.exe T2 7R JCEUE ik A\ 2 PNG
A

avm:MetadataDate="2016-06—-03T14:38:37"
avm:MetadataVersion="1.2"
avm:Spatial. CoordinateFrame="ICRES"
avm:Spatial. CoordsvstemProjection="TaN"
avm:Spatial. Eoquinex="2000, 07
avm:Spatial. Quality="Full”
avm:Spatial. Rotation="—-0. 15535521 8277946967
{avm:Spatial. Referencelimension?
<rdf:Seq>
{rdf:1i>1024<¢/rdf:1i>
(rdf:11>1024</rdf ;11>
<frdf:Seg>
favm:Spatial. ReferenceDimension>
{avm:Spatial.ReferencePizel >
<rdf:Seq>
<rdf:1i>514. 5489</rdf:1i>
<rdf:1i»512. 2926¢,/rdf: 11>
{frdf:Seq>
<favm:Spatial. ReferencePixel >
{avm:Spatial. ReferenceValue>
{rdf:Seq>
Crdf:1i>243. 986435732¢/rdf : 11>
Crdf:1i>31. 418563763¢//rdf : 11>
<frdf:Seg
{favm:Spatial. ReferenceValue?
{avm:Spatial. Scale>
<{rdf:Seq>
Crdf:1ir-1. 8128629799739029E—4</rdf : 11>
Crdf:1i>l. 8094923866T09915E—4¢ /rdf : 11>
<frdf:Seg
<favm:Spatial. Scale>
frdf :Descriptiony
{/rdf :RDF>

Kl 4-2 WCS Juidls (testx90maw.xmp)
Fig.4-2 WCS metadata(testx90maw.xmp)

4.5 RERMALSEIR A SEBIXTEE 54

— MBS 2)H A WCS B PNG (8¢ JPEG) ##NAR K, FEJL
ANEAE B PME R TE . WA SCAR S WCS 56 52 7 1 IR . testx90m. fits
HAM7/NT 0.7 5, 75 8A1E Astrometry.net 4T WCS SHOKR M (anl& 4-3), ¥
FRASHHT FITS K F] A Aladin #E47 JPEG BR824, 42 B testx90maw.jpg
%, ¥t %@ AVM Toolkit #E1T WCS JoHdE # # H4 Hilk N\ testx90maw.jpg
BUE F . s Ab 75 ZEX I FITS SOk A 1) WCS S8 7 F 3l AN AR CE s, Wi
4-4 Ffi7N o

_45.
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Hlstrumelrg.net
Home Explore Upload AP Support | Search |

Images = testx90m.fits

Submitted by anonymous (1)
on 2017-05-04T00:01:06Z
as " testa0m.fits * (Submission
1565032)
under Aftribution 3.0 Unported

Job Status

Job 2058455:

Calibration
Center (RA, Dec): (243987, 31 419)
Center (R4, hms): 15N 15™ 56 8255

Center (Dec, +31% 25 0B.TET"
dms): i

Size: 11 %11 arcmin
Radius: 0.129 deg
Pixel scale: 0.544 arcsecipixel

- Up is 0.147 degrees
Origntation: EofN

WCS file: wes fits

New FITS image: new-image fits
Reference stars

nearby (RADec  rdis fits

table):

Slars detected in

yourimages (xy axy.fits

table):
Correspondences
between image
and reference

K 4-3 Astrometry.net %f WCS S ¥R fif
Fig.4-3 Solution of WCS parameters by Astrometry.net

corr fits

-~

- N -
Z ey @ catech § @

iavm
Images Templates Uploads About Settings Logout

A

-

testx90maw.jpg
AVM Creator AVM Content AVM Observation AVM Coordinate AVM Publisher Clear Tab
Spatial.CoordinateFrame: Spatial.Rotation:
undefined G
Spatial.CoordsystemProjection: Spatial.Quality:
undefined v undefined

Spatial Spatial i i Spatial, ixel Spatial.Scale
x value

y value

Spatial.Notes:

Spatial.FIT Sheader:

& 4-4 AVM Toolkit X WCS Z %75
Fig.4-4 AVM Toolkit adds the WCS parameters
MASCE 3T WCS 1) FITS EHG R ER @ A7 S TR RGN 255 LA E 28

%, et R AENEATFENEEG. @i WWT (WorldWide Telescope) i,
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Fig.4-5 The visualization of PNG format image with WCS metadata in WWT
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Fig.5-1 The overall structure of the software system
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Fig.5-2 Interface FITS image celestial positioning visualization software based on WCS
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Fig.5-3 FITS image celestial positioning visualization software working flow chart
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Fig.5-5 The process flat field and dark field correction and Gaussian filtering
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Fig.5-6 Subpixel location data of the test image test80maw.fits
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Fig.5-7 Stellar identification flow chart
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Fig.5-8 Hipparcos’ area catalog
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Fig.5-9 The rendering of FITS image matching
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Fig.5-10 Data by FITS image matching
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Fig.5-11 WCS parameter results of the test image
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Fig.5-13 PNG format of the test image
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Fig.5-14 The step of AVM operation
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Fig.5-15 The auxiliary tool draws the line, moves, enlarges, and labels the image

| £/ Fits Header

>

ORIGIN ="KPNO-IRAF
DATE ='16-04-98"

TDEC ='31.26:07"
[TEPOCH = 199
HA  ='03:11.047
DATE-OBS="03/06/95"
UT  ="10:04:50"
UTOPEN ="10:00:49"

BITPIX = 16 / FITS BITS/PIXEL

MNAXIS = 2 /NUMBER OF AXES

MAXIST = 1024

MNAXISZ = 1024

BSCALE =  1.0000000000E0/ REAL = TAPE*BSCALE + BZERO
BZERC =  0.0000000000E0

IRAFMNAME="0137 16139p3131R" / NAME OF IRAF IMAGE FILE

IRAF-MAX= 0.000000ED / DATA MAX
IRAF-MIN= 0.000000E0 / DATA MIN
IRAF-BFX= 32 1 DATA BITSIPIXEL
IRAFTYPE="REAL ' I PIXEL TYPE

OBJECT ="16139p3131R'  /SET BY COMMENT FILE
WRA  ="16:15:56" I MEAN RA

WDEC ='312510" IMEAM DEC

WEPOCH = 2000 / MEAN EPOCH

RRA  ="16:15:30.0" /REQUESTED RA
RDEC ="31:19.00" /REQUESTED DEC
REPOCH = 2000.0/ REQUESTED EPOCH
TRA  ="16:15:43.00 ITRABY TELESCOPE

IDEC BY TELESCOPE
5.0 /EPOCH BY TELESCOPE
ITHABY TELESCOPE
JUT DDIMMIYY AT END OF EXPOSURE
JUT HH:MM:SS AT END OF EXPOSURE
JUT HH:MM:SS AT BEGINNING OF EXPOSURE

AIRMASS = 1.311/AIR MASS BY TELESCOPE

ST ="10:26:48" I TELESCOPE SIDEREAL TIME AT END
[TELFOCUS= 10710/ TELESCOPE FOCUS

FIL TER =R - ITEIL ESCOPE FILTER

l

[T»]

B 5-16 3KELFITS &1k SCAF
Fig.5-16 Gets the header file for the FITS image
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Fig.5-17 Text area display interface
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