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Fig.1 The flow chart of the software for celestial sphere positioning and visualization of FITS format
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Fig.2 The identification process for matching astronomical pictures
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Fig.3 Star subgraph
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Fig.4 A template with (2n + 1) X (2n + 1) pixel
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13.50 736.871 763.415
13.59  959.807 978.055
13.78 283.513 620. 041
13.88  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
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Fig.5 Stars subpixel extraction. The left panel is a test image and the right panel is the subpixel
coordinates data by extracting; The second column on the right panel is the relative magnitude of the

stars, and the third and fourth columns are the x and y subpixel coordinates, respectively.
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Table 1 Comparison of the subpixel coordinates

Two-dimensional modified

Number moment centering algorithm SExtractor
x/pixel y/pixel x/pixel y/pixel
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
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HENZEN, T B HEARERAITIEIE.
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Fig.6 The schematic diagram of astronomical photographic image recognition
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Fig.7 The matching principle diagram of observed (left) and star (right) triangles
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I = A 200300320 DG e B350 Ak G db AT DR L, 25 S8k, A B I DT Bt 4
P AR A7 3] . match ) SCA

1 13.38 660.827 660.970 243.9556589 31. 4450436
2 13.50 736.871 763.415 243.9398367 31.4633060
3 13.78 283.513 620.041 244.0347748 31.4376518
4 13.96 209.344 861.158 244.0510993 31. 4819979
5 14.13 947.731 475.562 243.8953813 31. 4118855
6 14.75 899.576 395.942 243.9054233 31. 3976786
7 14.81 817.051 653.238 243.9228622 31. 4436736
8 14.88 588.718 526.393 243.9706875 31.4209918
9 14.92  229.513 196.166 244.0458294 31. 3618259

K8 =SB UUNITECE M RBRS RAAAR. Aoy A7 5 500k UG I RC 2 (%) B bR AR N 80E . AR EE5. 63140
FRG RS .

Fig.8 Matching to the celestial coordinates by triangle recognition. The left and right panels are the
image matches to the target objects (left) and the corresponding data (right), respectively. The columns

5, 6 are the right ascension and declination, respectively.
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WOCSAE bR Z [P =B AN 2 (1) 18 25 1~ 11 A2 b 58 30 1 538 A8 b 5% i 8 ) AJA
b 22 (BU B P 1) () e 4t (2)1H AR bR R 2R BRAA bR R I 3 4, 01X —He 4 d AR I 77
N7 — ok P PR AR bR FR B A HBR [T AR FR R (native spherical coordinates), LA ¥4 BT
AR AR 5 R ERAR AR TG R, AR bR R AR WO, B iyt AR BRI R 51 AR
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1 DLCRPIXGR IR, my 2 —A x § (i = §) PR AR, DIPCi jRKoR; s, MR &R
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KREK(native celestial) bR R FHIIREIRES; (o, §) N SEFRRERMFR R N IRIREIRE; (¢,
00) 127 ALK RIRA R RIGARE IR, 73 WILAPVi 1, PVi2KIR; (o, o) HZH R
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linear transformation CRPIXjs Ty linear transformation: CRPIXja Ty
: PCi_js translation, rotation PCi_ja m;;
matrix rotates, skews, e ’ ’ o j
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1
1
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COORDINATES COORDINATES ! ’
| 1
I i I 1
1 z -
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units ‘L projection PVi ma I Table 13
1
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Fig.9 The flow chart of coordinate transformation by WCS[12-13]
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fER Sk HAZPESY. e 52 J7 s # LM E A CTYPE R34 7715, AL
AETANELE, WIE10PR.
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Fig. 10 The schematic diagram of TAN projection (left) and renderings of projection plane (right) (u = 0)
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§ = sin~'[sin @sin §,, + cos O cos 5, cos(p — ¢p)]
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CD2.2. CRPIX1. CRPIX2. CRVALIl. CRVAL2, ¥ &% VR 5] (11941 K4 AN bk
K, Horh, (py, po) Xt AR Z 1 A bR (0, y), (o, O)FF N [R) 2 3088 1K R 4 R 2. B4 %
X 2N 2 U R BT B, A RSLL T R A TR R, BRI E, AR E
TR, HEAT BN eV ZE Sk A, IR SRAFSA RS L F ILARAT B wes ) SCA R,
Wz E B, BEn, EEs LESWCSAE bR 2 B0 iR 5 2 Rk F fefig se Bl &
A westoolsHimwesti B, Astrometry.netZ¥, 114 Kk Astrometry.netsk BUWCSH)
g
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) testx@0maw.wcs - iBHH
XA SEE B0 BBV #EH) @y = s

CRPIX1 - 514. 547 P
CRPIX2 = 512. 293 i

RA =’ 16:15:56. 745" o

DEC = ”31:25:06. 83 e

EQUINOX = 2000 woicsrse s

EPOCH = 2000 CIVFEL = “RA—TAN
RADECSYS= ’ ICRS’ il
CTYPE1l = ’RA—-TAN e -

CTYPE2Z = ’DEC——TAN o -

CRVALL = 243. 986435732 o2

CRVALZ = 31. 418563763 a2

cD1_1 = -0. 000178991 w2

1Lz = 0. 000000681 e -
21 = 0. 000000289

22 = 0. 000178771 e

Bl 11 AX(A) 5 Astrometry.net (A7) R WCSAAR S5l Fxt b

Fig.11 Comparison parameters of WCS coordinates by this article (left) and Astrometry.net (right)

4 FITSE&1&NEE 1% K AVMEL iR
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BHRER T RE R, S TFITSH RIS, WCSAFRSEOR A . it
T B FITS SO Sk b (45 AR ECH ke, AV MR HEAL 1 TCE0HE bR 25 0E AT 85 e, FH7R 0
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4.1 FITSHR5EPNG (JPEG)IER A451%

FITSE % &5 S5 32 10 K 3 Gl AR R (T2 AT 8hL. 16670, 3267, 6447,
—3247), 1M H AT 3R AR G0 H L AE 2564 1 K FE S B0 p o A K B ) AR
3G R 4 0-255. R4 )76 2 B, g v A e, ) #0843l ik DA
By g s B RSFYEFIL/3m x 1/3n (ma n 3 9 ES my 58), 78 0k
W 5 3R R SR A BUE N Bt 2 R MBS Kl R AR
L EE 50 1, 0 B M O 055 R RIS AT . AU, XYFITSHE R A7 3,
fEjavaxfimageioE A X PNGIF 52 5 #:4E, 4453 2 UG 20 )5 1R 25 5 7 BIPNGA% 5
TR FIPEGHS X, W K R4 5 5, AR S X T writeJPEG R £ (Image img, float
qual, boolean RGB, OutputStream os)Xf HFEAT H#4E. fERFITSSCA I #4118
T fits.jarfd. Xp7037g0072_1_bqz60.fit KGRI TPNGHE e, WiE12F7R.
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12 FITSKA (L) 5PNGIX(T) BB AR ES X

Fig.12 Different viewing methods of FITS (top panel) and PNG (bottom panel) format images
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I B G 0 Bt B R N BEG SR oo Bl 1) 7 vEDSL XMPRIVE IR T — R iz
FAAE G A N IR PE o Bl (19 75 v, 5 — 26 0m H EG% X (WIJPEG. TIFF. PNG.
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45 52 ; Spatial. ReferenceDimension#fiid B4 ), HINAXISI%; %2 ; Spatial. ReferencePixel ]
KA IR S F A% R A AL FR, HCRPIXi%: %E; Spatial.ReferenceValueH] K i i& 2 % i
KERALFE, HCRVAL4: iE; Spatial.ScaleH] >k i id % o #) 2 R ~), tHCDELT4 o€
AL HE T A — e A AR R A B AL A SO i javad B2 SE U FITS SC A4 3k IIWCSTH
SV 0 Dy AV MR #E AL 70 B4l LXMPA 2R A7 (41 13T 715 testx90maw. xmp), 51
Hexiv2.exeft P IR A ZIPNG (JPEG) .

avm:MetadataDate="2016-08-03T14:38: 37"
avm:MetadataVersion="1.2"
avm:Spatial. CoordinateFrane="ICRES"
avm:Spatial. CoordsyetenProjection="TaN"
avm:Spatial. Equinex="2000, 07
avm:Spatial. Quality="Full”
avm:Spatial. Rotation="—-0. 15535521 3277946567 >
{avm:Spatial. Referencelimension?
{rdf:Seq>
<rdf:1i>1024¢/rdf: 11>
{rdf:1i>1024¢/rdf: 11>
<frdf :Seq
(favm:Spatial. ReferenceDimension>
{avm:Spatial. ReferencePixel >
{rdf:Seq>
<rdf:11i>514. 5489¢/rdf:1i>
<rdf:1i»512. 2026¢/rdf ;11>
<frdf :Seqd
favm:Spatial. ReferencePixel>
{avm:Spatial. ReferenceValue>
{rdf:Seq>
<rdf:11>243, 986435732¢ /rdf : 11>
Crdf:li»El. 418563763 /rdf : 11>
<frdf :Seg
favm:Spatial. ReferenceValue>
<avm:Spatial. Scale>
{rdf:Seq>
Crdf:lir-1. B128629799739029E—4</rdf : 11>
Crdf:lirl. 8094923866T09915E-4¢ /rdf : 11>
{frdf:Seq>
(favm:Spatial. Scale>
Cfrdf:Description>
{frdf :RDF>

13 WCSIoHs

Fig.13 WCS metadata
i ZE RS CROTAMERSCHIFRA S 515, g M T CDi_j, AVMARH#EH
HIAT IR CDi_j IFRAE, T ARG R (9) AT 38 2 18] i B e
CROTAL = (180° /) arctan [—1(CD1.1 x CDELT1)/(CD1.2 x CDELT?2)]

CROTA2 = (180° /) arctan [—1(CD2.1 x CDELT2)/(CD2.2 x CDELT1)] . (9)
CROTA = (CROTA1 + CROTA2)/2

5 HEFWWTH R 4L
B E A WOSTTHUR IPNG (SIPEC) Kbt R S0 BIE, 7538 JLAN AP
ETEIR, WA A WOSH e S 7 HM R 15 testx90m. fits, LWLz /N T0.77, F 8
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Fig.14 Solution of WCS parameters by Astrometry.net
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Fig.15 AVM Toolkit adds the WCS parameters
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4 b e

Kl 16 AT WCSILEE PN G EHGAEW W TH (¥ a B I, L B e W W T bS50k R b IR X () T REAL B,
KA WCSTE B RPNGERIBEWW T B 2 5E AL

Fig. 16 The visualization test of PNG image with WCS metadata in WWT. The upper panel is the test
picture corresponding to the area of visual data, and the lower panel is the autonomous positioning of
PNG image with WCS information.
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Review on the Celestial Sphere Positioning of FITS
Format Image Based on WCS and Research on
General Visualization

SONG Wen-ming’?  FAN Dong-wei?  SU Li-ying! ~ CUI Chen-zhou?

(1 College of Mechanical Engineering and Application Electronic Technology, Beijing University of
Technology, Beijing 100124)
(2 National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012)

Asstract Calculating the coordinate parameters recorded in the form of key/value
pairs in FITS (Flexible Image Transport System) header is the key to determine FITS
images’ position in the celestial system. As a result, it has great significance in research-
ing the general process of calculating the coordinate parameters. By combining CCD
related parameters of astronomical telescope (such as field, focal length, and celestial
coordinates in optical axis, etc.), astronomical images recognition algorithm, and WCS
(World Coordinate System) theory, the parameters can be calculated effectively. CCD
parameters determine the scope of star catalogue, so that they can be used to build a
reference star catalogue by the corresponding celestial region of astronomical images;
Star pattern recognition completes the matching between the astronomical image and
reference star catalogue, and obtains a table with a certain number of stars between
CCD plane coordinates and their celestial coordinates for comparison; According to d-
ifferent projection of the sphere to the plane, WCS can build different transfer functions
between these two coordinates, and the astronomical position of image pixels can be
determined by the table’s data we have worked before.

FITS images are used to carry out scientific data transmission and analyze as a
kind of mainstream data format, but only to be viewed, edited, and analyzed in the
professional astronomy software. It decides the limitation of popular science education
in astronomy. The realization of 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 viewing and analyzing astronomical
images in the non-astronomical software platform. The overall design flow is realized
through the java program and tested by SExtractor, WorldWide Telescope, picture
viewer, and other software.

Key words astrometry, celestial ephemeris, techniques: image processing
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