
NICFPS reductions with IRAF

These instructions assume that observations were collected with an “on-off” dither pattern.  If there are 
no “off” frames, then median-combining various dithered “on” images (assuming there are no spatially-
extended sources) should also work to provide an “off” image.

1) Put the names of all the dark frames with matching exposure times in a list, and then combine with 
“darkcombine”.  If there are multiple sets of darks to match multiple exposure times, darkcombine each 
set separately.  The readnoise below assumes 

darkcombine
        input = "@dark25.lst"   List of dark images to combine
      (output = "dark25.fits")  Output dark image root name
     (combine = "median")       Type of combine operation
      (reject = "minmax")       Type of rejection
     (ccdtype = " ")            CCD image type to combine
     (process = no)             Process images before combining?
      (delete = no)             Delete input images after combining?
     (clobber = no)             Clobber existing output image?
       (scale = "median")       Image scaling
     (statsec = "")             Image section for computing statistics
        (nlow = 0)              minmax: Number of low pixels to reject
       (nhigh = 2)              minmax: Number of high pixels to reject
       (nkeep = 1)              Minimum to keep (pos) or maximum to reject (neg)
       (mclip = yes)            Use median in sigma clipping algorithms?
      (lsigma = 3.)             Lower sigma clipping factor
      (hsigma = 3.)             Upper sigma clipping factor
     (rdnoise = "30")           ccdclip: CCD readout noise (electrons)
        (gain = "2.94")         ccdclip: CCD gain (electrons/DN)
      (snoise = "0.")           ccdclip: Sensitivity noise (fraction)
       (pclip = -0.5)           pclip: Percentile clipping parameter
       (blank = 0.)             Value if there are no pixels
        (mode = "ql")           

2) Then correct all the frames with a certain exposure time for the dark current collected during that 
exposure time.  Again, if there were multiple exposure times used for the observations, each set will need 
to be corrected with the matching master dark frame separately.

ccdproc
       images = "@im.lst"       List of CCD images to correct
      (output = "d_//@im.lst")   List of output CCD images
     (ccdtype = " ")            CCD image type to correct
   (max_cache = 0)              Maximum image caching memory (in Mbytes)
      (noproc = no)             List processing steps only?\n
      (fixpix = no)             Fix bad CCD lines and columns?
    (overscan = no)             Apply overscan strip correction?
        (trim = no)             Trim the image?
     (zerocor = no)             Apply zero level correction?
     (darkcor = yes)            Apply dark count correction?
     (flatcor = no)             Apply flat field correction?
    (illumcor = no)             Apply illumination correction?
   (fringecor = no)             Apply fringe correction?
     (readcor = no)             Convert zero level image to readout correction?
     (scancor = no)             Convert flat field image to scan correction?\n
    (readaxis = "line")         Read out axis (column|line)



     (fixfile = "")             File describing the bad lines and columns
     (biassec = "")             Overscan strip image section
     (trimsec = "")             Trim data section
        (zero = "")             Zero level calibration image
        (dark = "dark25.fits")  Dark count calibration image
        (flat = " ")            Flat field images
       (illum = "")             Illumination correction images
      (fringe = "")             Fringe correction images
  (minreplace = 1.)             Minimum flat field value
    (scantype = "shortscan")    Scan type (shortscan|longscan)
       (nscan = 1)              Number of short scan lines\n
 (interactive = yes)            Fit overscan interactively?
    (function = "legendre")     Fitting function
       (order = 1)              Number of polynomial terms or spline pieces
      (sample = "*")            Sample points to fit
    (naverage = 1)              Number of sample points to combine
    (niterate = 1)              Number of rejection iterations
  (low_reject = 3.)             Low sigma rejection factor
 (high_reject = 3.)             High sigma rejection factor
        (grow = 0.)             Rejection growing radius
        (mode = "ql")        

3) We have found that in H, the sky is variable enough that a master flat field image created from all the 
“off” images taken during the night will not provide a very good correction.  Better results are obtained 
from creating multiple flats -- each one the combination of ~5 “off” images -- and then using each one to 
flatten the corresponding “on” frames.

flatcombine
        input = "@off1.lst"     List of flat field images to combine
      (output = "hflat1.fits")  Output flat field root name
     (combine = "median")       Type of combine operation
      (reject = "minmax")       Type of rejection
     (ccdtype = " ")            CCD image type to combine
     (process = no)             Process images before combining?
     (subsets = no)             Combine images by subset parameter?
      (delete = no)             Delete input images after combining?
     (clobber = no)             Clobber existing output image?
       (scale = "median")       Image scaling
     (statsec = "")             Image section for computing statistics
        (nlow = 1)              minmax: Number of low pixels to reject
       (nhigh = 1)              minmax: Number of high pixels to reject
       (nkeep = 1)              Minimum to keep (pos) or maximum to reject (neg
       (mclip = yes)            Use median in sigma clipping algorithms?
      (lsigma = 3.)             Lower sigma clipping factor
      (hsigma = 3.)             Upper sigma clipping factor
     (rdnoise = "30")           ccdclip: CCD readout noise (electrons)
        (gain = "2.94")         ccdclip: CCD gain (electrons/DN)
      (snoise = "0.")           ccdclip: Sensitivity noise (fraction)
       (pclip = -0.5)           pclip: Percentile clipping parameter
       (blank = 1.)             Value if there are no pixels
        (mode = "al")           



ccdproc
       images = "d_//@im1.lst"     List of CCD images to correct
      (output = "fd_//@im1.lst")   List of output CCD images
     (ccdtype = " ")            CCD image type to correct
   (max_cache = 0)              Maximum image caching memory (in Mbytes)
      (noproc = no)             List processing steps only?\n
      (fixpix = no)             Fix bad CCD lines and columns?
    (overscan = no)             Apply overscan strip correction?
        (trim = yes)            Trim the image?
     (zerocor = no)             Apply zero level correction?
     (darkcor = yes)            Apply dark count correction?
     (flatcor = yes)            Apply flat field correction?
    (illumcor = no)             Apply illumination correction?
   (fringecor = no)             Apply fringe correction?
     (readcor = no)             Convert zero level image to readout correction?
     (scancor = no)             Convert flat field image to scan correction?\n
    (readaxis = "line")         Read out axis (column|line)
     (fixfile = "")             File describing the bad lines and columns
     (biassec = "")             Overscan strip image section
     (trimsec = "[65:945,65:975]")             Trim data section
        (zero = "")             Zero level calibration image
        (dark = "dark25.fits")  Dark count calibration image
        (flat = "hflat1.fits")  Flat field images
       (illum = "")             Illumination correction images
      (fringe = "")             Fringe correction images
  (minreplace = 1.)             Minimum flat field value
    (scantype = "shortscan")    Scan type (shortscan|longscan)
       (nscan = 1)              Number of short scan lines\n
 (interactive = yes)            Fit overscan interactively?
    (function = "legendre")     Fitting function
       (order = 1)              Number of polynomial terms or spline pieces
      (sample = "*")            Sample points to fit
    (naverage = 1)              Number of sample points to combine
    (niterate = 1)              Number of rejection iterations
  (low_reject = 3.)             Low sigma rejection factor
 (high_reject = 3.)             High sigma rejection factor
        (grow = 0.)             Rejection growing radius
        (mode = "ql")        

4) Correct each frame for cosmic rays using a moving average filter  (IRAF task “craverage”; we find the 
default usage works well)

5) Measure the location of the target or a field star in every frame and calculate x,y shifts for each 
flattened, dark-corrected “on” image of a particular target.    The shifts are defined such that Xout = Xin + 
Xshift and Yout = Yin + Yshift (definition from “imshift”).  The steps below assume a large dither pattern 
with a corresponding “mosaic” image as the final product.  With a tight dither pattern, the process can be 
shortened and simplified.

Create the following files:
 Offsets1.txt -- fractional XY offsets for each image
 Offsets2.txt -- truncated integer XY offsets for each image
  (Offsets1 + Offsets2 = full shift for each image)



6) Apply the fractional pixel shifts to the flattened, dark-corrected “on” images of the target.

 imshift("c_//@n5273.lst","sc_//@n5273.lst",shifts="offsets1.txt")

7) Subtract the average sky value (estimated here as the mean pixel value) from the flattened, dark-
corrected “on” images of the target.  These commands can be put in a text file and then executed as a 
script by typing “cl < script.cl”  (assuming the name of the file with the commands is script.cl) 

 y=0
 z=0
 list="shifted.lst"
 while (fscan(list,s1) != EOF) {
    imstat(s1)
    imstat(s1) | fields("",3,line=2) | scan(x)
    print(x)
    imarith(s1,"-",x,"s"//s1)
    y=y+x
    z=z+1
 }
 x=y/z
 print(x)

8) Mosaic the flattened, dark-corrected, partially shifted, sky-subtracted “on” images together, applying 
the integer shifts in the process and allowing the final image to be larger than the input images.

 imcomb("s//@shifted.lst","ngc5273.comb.fits",offsets="offsets2.txt",
      combine="median",reject="minmax",scale="",weight="",blank=-100,
      lthres=-10,hthresh=INDEF,nlow=1,nhigh=1)

9) Add back the average sky value, if you wish, and update the header keywords with any information 
that might be needed.

 imarith("ngc5273.comb.fits","+",x,"ngc5273.h.fits")

 hedit("ngc5273.h.fits","gain",2.94,add+,addonly+,delete-,verify-)

10) Repeat steps 5 - 9 for any additional targets.
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