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提 纲 

‣ 天文数据源流 

‣ 普适图像传输系统标准（FITS） 

‣ 虚拟天文台表格 （VOTable） 

‣ 文本型数据（TXT、CSV等）



天文数据源流























普适图像传输系统（FITS）

Flexible Image Transport System





版本历史



FITS文件结构

‣ Primary header and data unit (HDU). 

‣ Conforming Extensions (optional). 

‣ Other special records (optional, restricted).



FITS 类型

‣ SIF （Single Image FITS） 

‣ MEF（Multi-Extension FITS）



FITS BLOCKS

‣ 每个FITS文件都是由若干BLOCKS组成的，而每个块的固定大
小是 2880 字节（23040位） 

‣ 2880 = 80 x 36 



头信息（Header）

‣ ASCII字符（0x20-0x7E） 

‣ 2880 = 80 x 36 

‣ 结构： 

‣ 1-8 字节：关键字 

‣ 9-10 字节：=    

‣ 11-80 字节：值和注释，注释以 / 开头 

‣ END结尾头信息，之后如不足2880，以空格填充。

SIMPLE  =                    T /FITS STANDARD



‣ CARD 

‣ RECORD 

‣ KEY 

‣ VALUE 

‣ COMMENT



头信息—值（字符型）

‣ 单记录字符型 

‣ 长字符型



头信息—值（逻辑型）

‣ T （True） 

‣ F （False）



头信息—值（整数型）

‣ 11-30字节：右对齐 

‣ 正数的 '+' 可忽略   



头信息—值（浮点数型）

‣ 11-30字节：右对齐 

‣ 指数’E’’D’需要大写  



头信息—值（复数型）

‣ 整形复数   (12, 34) 

‣ 浮点型复数  (12.234, 34.5678)



头信息—值（日期型）

‣ ISO-8601格式   (YYYY-MM-DDThh:mm:ss[.sss]) 

‣ DATE 关键字 

‣ JD、MJD等格式  (2345675.22222, 23456.234)



单位





单位



头结构



BITPIX (Bits/Pixel)



NAXIS

•数据轴 

•NAXIS 轴数目 

•NAXIS1 第一个轴的数量 

•… 

•NAXISn 第n个轴的数量

SIMPLE  =                    T /FITS STANDARD 
BITPIX  =                   16 /FITS BITS/PIXEL 
NAXIS   =                    2 /NUMBER OF AXES 
NAXIS1  =                14400 / 
NAXIS2  =                14400 /



观测类关键字

‣ DATE-OBS 

‣ TELESCOP 

‣ INSTRUME 

‣ OBSERVER 

‣ OBJECT 

‣ EQUINOX



‣ ORIGIN （机构、单位） 

‣ AUTHOR  

‣ REFERENC (bibcode / doi)



注释类关键字

‣ HISTORY 

‣ COMMENT 

‣ 0-10字段留空

COMMENT   FITS (Flexible Image Transport System) format is defined in 'Astronomy 
COMMENT   and Astrophysics', volume 376, page 359; bibcode: 2001A&A...376..359H

COMMENT   FITS (Flexible Image Transport System) format is defined in 'Astronomy 
COMMENT   and Astrophysics', volume 376, page 359; bibcode: 2001A&A...376..359H



数据类关键字（IMAGE）

‣ BSCALE 

‣ BZERO 

‣ BUNIT 

‣ BLANK 

‣ DATAMAX



扩展类关键字

‣ EXTEND (T/F) 

‣ EXTNAME  

‣ EXTVER 同名的扩展可以以此整数值进行标注 

‣ EXTLEVEL 层次性数据的标注（整数）



扩展（XTENSION）

‣ IMAGE  图像  

‣ TABLE 文本表格 

‣ BINTABLE 二进制表格



XTENSION-IMAGE



IMAGE—关键字

‣ BIXPIX 

‣ NAXIS 

‣ NAXISn 

‣ PCOUNT 0 

‣ GCOUNT 1 

‣ END



XTENSION-TABLE



TABLE-KEYWORDS

‣ BITPIX 8 

‣ NAXIS1 表格的列长度，每行记录的字节长度 

‣ NAXIS2 表格的行数 

‣ PCOUNT 0 

‣ GCOUNT 1 单表 

‣ TFIELDS 列数 0-999 支持最多999列



TABLE-字段KEYWORDS

‣ TTYPEn 字段名 （推荐），注意，此值大小写不敏感，推荐
大写 

‣ TBCOLn 列序号，从1～TFIELDS （必选） 

‣ TFORMn  格式 （必选）



TABLE-字段KEYWORDS（续）

‣ TUNITn 单位  

‣ TSCALn 比例因子 

‣ TZEROn 零值 

‣ TNULLn 空值 

‣ TDISPn 显示格式（详见下页）





TABLE 数据顺序

‣ 二维表格的行列是严格确定的，每行的字符数和行数 

‣ 按行存储



XTENSION-BINTABLE



BINTABLE-KEYWORDS

‣ BITPIX 8 

‣ NAXIS 2 

‣ NAXIS1 每行的字节数（8位字节） 

‣ NAXIS2 行数 

‣ PCOUNT heap 

‣ GCOUNT 1 

‣ TFIELDS 列数



BINTABLE-KEYWORDS

‣ TTYPEn 字段名 （推荐），注意，此值大小写不敏感，推荐
大写 

‣ TFORMn  格式 （必选）





BINTABLE-字段KEYWORDS（续）

‣ TUNITn 单位  

‣ TSCALn 比例因子 

‣ TZEROn 零值 

‣ TNULLn 空值 

‣ TDISPn 显示格式（详见下页）





时间关键字

‣ ISO8601 格式 

‣ DATE-xxxx   CCYY-MM-DD[Thh:mm:ss[.s…]]  字符格式 
                      [±C]CCYY-MM-DD[Thh:mm:ss[.s…]]



时间关键字— TIMESYS

‣ TIMESYS 时标，默认 UTC



时间关键字—时间参考值

‣ MJDREF 默认0.0 

‣ MJDREFI 0 

‣ MJDREFF 0.0 

‣ JDREF 默认none 

‣ JDREFI 0 

‣ JDREFF 0.0 

‣ DATEREF 默认none



时间关键字—TREFPOS

‣ TREFPOS 默认 TOPOCENTER



时间单位



全局时间关键字总结

‣ DATE HDU产生日期[时间] 

‣ YYYY-MM-DD 

‣ YYYY-MMDDThh:mm:ss[.ss] 

‣ DATE-OBS 观测的日期[时间] YYYY-MMDDThh:mm:ss[.ss] 

‣ DATE-BEG 观测开始日期时间  YYYY-MMDDThh:mm:ss[.ss] 

‣ DATE-AVG 观测中点时间 YYYY-MMDDThh:mm:ss[.ss] 

‣ DATE-END 观测结束时间 YYYY-MMDDThh:mm:ss[.ss]



‣ MJD-OBS 观测时间 

‣ MJD-BEG 观测开始时间 

‣ MJD-AVG 观测中点时间 

‣ MJD-END 观测结束时间



数据校验

‣ DATASUM  （推荐）HDU的数据体的校验码，值为一个32位的
无符号整数，左对齐 

‣ 2880 = 720 x 4  

‣ CHECKSUM  （推荐）HDU的校验码，值为16位字符串，左对
齐



void checksum ( 
   unsigned char *buf,  /* Input array of bytes to be checksummed */ 
                        /*  (interpret as 4-byte unsigned ints)   */ 
   int length,          /* Length of buf array, in bytes          */ 
                        /*  (must be multiple of 4)               */ 
   unsigned int *sum32) /* 32-bit checksum                        */ 
{ 
/* 
   Increment the input value of sum32 with the 1's complement sum  
   accumulated over the input buf array.         
*/ 
   unsigned int hi, lo, hicarry, locarry, i; 

   /*  Accumulate the sum of the high-order 16 bits and the */ 
   /*  low-order 16 bits of each 32-bit word, separately.  */ 
   /*  The first byte in each pair is the most significant. */ 
   /*  This algorithm works on both big and little endian machines.*/ 
   hi = (*sum32 >> 16); 
   lo = *sum32 & 0xFFFF; 
   for (i=0; i < length; i+=4) { 
       hi += ((buf[i]   << 8) + buf[i+1]);   
       lo += ((buf[i+2] << 8) + buf[i+3]); 
   } 

   /* fold carry bits from each 16 bit sum into the other sum */ 
   hicarry = hi >> 16;  
   locarry = lo >> 16; 
   while (hicarry || locarry) { 
       hi = (hi & 0xFFFF) + locarry; 
       lo = (lo & 0xFFFF) + hicarry; 
       hicarry = hi >> 16; 
       locarry = lo >> 16; 
   } 

   /* concatenate the full 32-bit value from the 2 halves */ 
   *sum32 = (hi << 16) + lo; 
}



unsigned int exclude[13] = {0x3a, 0x3b, 0x3c, 0x3d, 0x3e, 0x3f, 0x40, 
                            0x5b, 0x5c, 0x5d, 0x5e, 0x5f, 0x60 }; 

int offset = 0x30;                         /* ASCII 0 (zero) */ 
unsigned long mask[4] = { 0xff000000, 0xff0000, 0xff00, 0xff }; 

void char_encode ( 
  unsigned int value, /* 1's complement of the checksum     */ 
                      /*     value to be encoded            */ 
  char *ascii)        /* Output 16-character encoded string */ 
{ 
   int byte, quotient, remainder, ch[4], check, i, j, k; 
   char asc[32]; 

   for (i=0; i < 4; i++) { 
       /* each byte becomes four */ 
       byte = (value & mask[i]) >> ((3 - i) * 8); 
       quotient = byte / 4 + offset; 
       remainder = byte % 4; 
       for (j=0; j < 4; j++) 
           ch[j] = quotient; 

       ch[0] += remainder; 

       for (check=1; check;)     /* avoid ASCII punctuation */ 
          for (check=0, k=0; k < 13; k++) 
             for (j=0; j < 4; j+=2) 
                 if (ch[j]==exclude[k] || ch[j+1]==exclude[k]) { 
                     ch[j]++; 
                     ch[j+1]--; 
                     check++; 
                  } 

        for (j=0; j < 4; j++)     /* assign the bytes */ 
            asc[4*j+i] = ch[j]; 
    } 

    for (i=0; i < 16; i++)       /* permute the bytes for FITS */ 
       ascii[i] = asc[(i+15)%16]; 

    ascii[16] = 0;               /* terminate the string */ 
}



关键字总结

http://heasarc.gsfc.nasa.gov/docs/fcg/standard_dict.html







FITS程序库



CFITSIO/FITSIO

‣ 官方版本 

‣ C/Fortran 

‣ 多平台支持（Unix、Linux、Windows、macOS、Android等）

https://heasarc.gsfc.nasa.gov/docs/software/fitsio/fitsio.html



一个例子



程序

‣ 打开FITS文件 

‣ 读写HDU头信息 

‣ 读写HDU数据体 

‣ 关闭文件



短名称函数



短名称函数

    Long      Short  Data 
    Names     Names  Type 
    -----     -----  ---- 
    _bit        x    bit 
    _byt        b    unsigned byte 
    _sbyt       sb   signed byte 
    _sht        i    short integer 
    _lng        j    long integer 
    _lnglng     jj   8-byte LONGLONG integer (see note below) 
    _usht       ui   unsigned short integer 
    _ulng       uj   unsigned long integer 
    _ulnglng    ujj  unsigned long long integer 
    _uint       uk   unsigned int integer 
    _int        k    int integer 
    _flt        e    real exponential floating point (float) 
    _fixflt     f    real fixed-decimal format floating point (float) 
    _dbl        d    double precision real floating-point (double) 
    _fixdbl     g    double precision fixed-format floating point (double) 
    _cmp        c    complex reals (pairs of float values) 
    _fixcmp     fc   complex reals, fixed-format floating point 
    _dblcmp     m    double precision complex (pairs of double values) 
    _fixdblcmp  fm   double precision complex, fixed-format floating point 
    _log        l    logical (int) 
    _str        s    character string

longnam.h



FITS Tools: Handy FITS Utilities that illustrate how to use CFITSIO

‣ fitscopy - copy a file with optional filtering 

‣ listhead - list header keywords 

‣ liststruc - list the structure of a FITS file. 

‣ modhead - write or modify a header keyword 

‣ imcopy - copy an image with optional compression/decompression 

‣ imarith - add, subtract, multiply, or divide an image by a constant or another image 

‣ imlist - list pixel values in an image 

‣ imstat - compute statistics of image pixels 

‣ tablist - display the contents of a FITS table 

‣ tabcalc - general table calculator 

‣ tabmerge - merge rows from one table with another table. 

‣ cookbook - additional example routines.

https://heasarc.gsfc.nasa.gov/docs/software/fitsio/cexamples.html



DEMO



FITSVERIFY - A FITS File Format-Verification Tool

‣ fitsverify -l filename.fits (list all header keywords when verifying 
each file) 

‣ fitsverify -q *.fits (Verify all *.fits files in the current 
directory in 'quiet' mode. This suppresses the detailed verification 
report and only writes a 1-line pass/fail message for each file) 

‣ fitsverify -e filename.fits (only check for errors, ignore warnings) 

‣ fitsverify @textfile (verify the FITS files listed in the text file, 
1 file name per line) 

‣ fitsverify -h (for complete help listing)

https://heasarc.gsfc.nasa.gov/docs/software/ftools/fitsverify/



DEMO



FUNTOOLS 

‣ funcalc [-n] [-a argstr] [-e expr] [-f file] [-l link] [-p prog] [-u] <iname> [oname [columns]] 

‣ funcen [-i] [-n iter] [-t tol] [-v lev] <iname> <region> 

‣ funcnts [switches] <source_file> [source_region] [bkgd_file] [bkgd_region|bkgd_cnts] 

‣ funcone [-n] [-x|-X|-j|-J] [[-l|-L] list] [-r ra_col] [-d dec_col] <iname> <oname> <ra[hdr]> <dec[hdr]> 
<radius[dr’"]> [columns] fundisp [-f format] [-l] [-n] [-T] <iname> [columns|bitpix=n] 

‣ funhead [-a] [-l] [-s] [-t] [-L] <iname> [oname ename] 

‣ funhist [-n|-w|-T] <iname> [column] [[lo_edge:hi_edge:]bins] funimage [-a] [-l] [-p x|y] <iname> <oname> 
[bitpix=n] funindex <iname> <key> [oname] 

‣ funjoin [switches] <ifile1> <ifile2> ... <ifilen> <ofile> funmerge <iname1> <iname2> ... <oname> 

‣ funsky [switches] <iname1> [<lname2> <col1> <col2>] 

‣ funtable [-a] [-i|-z] [-m] [-s cols] <iname> <oname> [columns] funt 

‣ funtbl [-c cols] [-h] [-n table] [-p prog] [-s sep] [-T] <iname>f

https://github.com/ericmandel/funtools



DEMO



AstroPY—astropy.io.fits

‣ Python FITS读写库（底层基于cfitsio） 

‣ DEMO



虚拟天文台表格（VOTable）









AstroPY-astropy.io.votable

‣ Python 

‣  DEMO



文本型数据

‣ CSV 

‣ ECSV 

‣ CDS 

‣ 其他 

‣ 参考： http://docs.astropy.org/en/stable/io/ascii/index.html



CSV

num,ra,dec,radius,mag 
1,32.23222,10.1211,0.8,18.1 
2,38.12321,-88.1321,2.2,17.0



ECSV

# %ECSV 0.9 
# --- 
# datatype: 
# - {name: a, unit: m / s, datatype: int64, format: '%03d'} 
# - {name: b, unit: km, datatype: int64, description: This is column b} 
a b 
001 2 
004 3

Enhanced Character Separated Values



CDS

http://vizier.china-vo.org/ftp/cats/V/153/ReadMe

http://vizier.china-vo.org/ftp/cats/V/53A/ReadMe

http://vizier.china-vo.org/ftp/cats/V/153/ReadMe
http://vizier.china-vo.org/ftp/cats/V/53A/ReadMe


IPAC

\keyword = value                                                  # Keywords (optional) 
\ Comment                                                         # Comments (optional) 
|  name1    |  name2    | name3   |  name4   |     name5        | # Column Names (required) 
|   double  |   double  |   int   |   real   |     char         | # Data Types (standard) 
|   unit    |   unit    |   unit  |   unit   |     unit         | # Data Units (optional) 
|   null    |   null    |   null  |   null   |     null         | # Null Values (optional) 
  165.466279  -34.704730      5      11.27      A string value    # Data Rows (1 required) 
  160.1231     -4.7           3       2.3          value          # Data Rows (1 required)



DEMO



谢  谢


