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A correction method is described in which an
astronomical image captured using charge
coupled device (CCD) can be corrected for
common defects. Thesedefectsariseboth due
to the optical path and detection process
involved. Digital image processingwascarried
out using the Mira AP softwar e package and
involved correction using dark and flat field
images. The method outlined vyielded
significantly corrected images but the
techniquesrequiremoreinvestigation toyield
optimal results.

INTRODUCTION

The field of opticd astronomy has undergone
a revolution with the deveopment photosenstive
arays cdled Charged Coupled Devices (CCD).
These deectors have replaced traditiond
methods of agtronomicd imaging such  as
photographic plates due to ther inherent
advantages. These advantages include the lack of
reciprocity  falure, high quantum efficiency,
broad spectrd response, increased sgnd to noise
raio and the effidency of digitd imege
processing’.

The man principle of CCD operation
involves the formaion of an dectron hole par
within a dlicon (ptype) semi-conductor by
incident photons. The eectron hole pairs tha are
crested are atracted to a podtive eectrode on
the surface of the CCD chip and are sored
within a potentid well during an exposure®. This
exposure process is depicted bdow in figure 1
and shows three pixels within aCCD array.
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Figure 1: A schemdic outline of the CCD
EXOoSUIre Process.

The accumulated eectrons sored in these
potentid wels of each pixd ae ‘reed off the
aray udng changing potentid gradients across
the pixes in the chage transfer stage. The
resulting andogue dectricd dgnd  from each
pixel is converted to a digitised format and
downloaded to a computer.

Obtaining accurete astronomical images from
the digitd output of a CCD involves severd
corrections using digitd imege processng. These
corrections are necessary due to dterations of the
image both within the light path and within the
detection procedure itself®. The process by which
these corrections are caried out involves the
acquistion of severd reference images and ther
goplication to the ‘raw’ image A suitable
procedure genegdly involves the removd of
image defects or varidions in the opposte order
to which they were introduced”. Such a process
is depicted by Equation 1 and represents the
method undertaken within this experiment.

Raw Image - Dark Field

Final Image = -
Flat Field

The dak fidd is an image teken when Al
light is excduded from the opticd sysem. This
exposure corrects for effects within the CCD
itsdf, known as dak current and bias. Dark
current is the therma noise generated within the
CCD and is proportiona to a power law of CCD
temperature®. The bias within an image results
from an intentiond dgnd introduction to ensure
negative vaues are not processed in the andogue
to digitd converson. Both these effects ae
removed by the subtraction of the dark fidd from
the raw image™.

Ha fidds ae images of a uniformly
illuminated source such as the twilight sky.
These images remove two types of image
artefacts that affect the image in mathematicaly
diginct ways®. The first of these is vignetting
and other effects introduced into the image from
the opticd pah tha rest in  vaying
illumination paiterns. Ha fidds are dso adle to



correct for sengtivity varidions both a a
function of pogtion and wavdength throughout
the CCD pixe aray. The deviaions from
‘flainess are due to pixeHto-pixd vaiaions in
quantum efficiency or blocked columns™®.

It is evident that through a st of very basic
procedures it is posshble to correct CCD images
for a number of effects Through the use of
image processing Software it is the am of this
experiment to produce representative
adronomicd  images by  coleion and
gpplication of correction imeges.

EXPERIMENTAL SECTION

I nstrumentation and appar atus:

Images were taken using a 16-inch Meede
LX-200 Schmidt-Cassegrain  telescope  coupled
with a Meade Pictor 1616 CCD camera The
CCD imager was equipped with a Pdtier cooler
and for the purpose of imaging the CCD was
cooledto 0°C.

Image processng was caried out usng the
Mira AP Version 6 software package on an IBM
compatible computer.

Procedures:

Severd Raw images were taken on October
29" 2001 a& approximately 10pm of the globular
cluster 47 Tucanee (NGC 104) and the emisson
nebula 30 Doradus (NGC 2070). The cdibration
images were acquired on October 31% 2001,
induding dak fidd and fla fidd cdibraion
images. Manipulation of the raw images to yidd
the corrected images involved  directly
aubtracting the dark fiedd and then subsequent
divison by the median dacked normdised flat
fidd.

Imege information for both nights observing
is summarised below in table 1. Hat fidd B was
condructed from ten 200ms flat fidd exposures
usng median dacking and the reslting imege
was multiplied by five Following normalisation
these processes yidded a median sacked
normdised fla with an eguivdent integration
time of ten seconds.

Table 1 Image Information
. Position Exposure
Object (RA, Dec.) Length (s)
47 Tucanae  00"24" -72°04' 10
30 Doradus  05"38™ -69°04’ 10
Dark Current Aperture Cover 10
Flat Field A Southern Sky 10
Flat Field B
(Composite) Eastern Sky 10

RESULTS AND DISCUSSION

The generd trend in results for both the raw
images were identicd and these trends are
discussed beow in tems of the data for the
image of 30 Doradus. All gragphicd plots and
datisticd data were gathered over exactly the
same region of the imeges Statigics for the
image of 30 Doradus are summarised below in
table2.

Table 2 30 Doradus Image Statistics
Image Standard FWHM Pixel Value
Deviation Range
Raw 50.2 0.74 2751-4749
Raw — Dark 40.2 0.002 131-1391
(Raw — Dark)
423 0.03 125-1407
, Hat
D e-speckled 357 25 456-1231

The gathering of flat and dark fidds was not
carried out on the same night as the raw images.
Correction images such as dark and flat fidds
shoud nomdly be interspersed throughout the
acquigtion of raw images. This is done in order
to account for the tempord variation of image
defects. In this case errors have most likely been
introduced through the use of thee two
temporally separated sets of images.

Upon ingpection of the images obtained over
the two nights of observing a marked darkening
of the upper sixth of the image was noticed and
even dfter cropping it can be seen infigure 2



Figure 2: Intengty dices of the median
stacked normalised flat image.

The darkened region seen above was not
obsarved in the dark fidd, which is represented
by theintengty dice plot below in figure 3.

Figure 3: Intendty dices of the dark field

image.

The dak frame exhibits an approximatey
uniform didribution themd noise, with the
exception of the bottom of the image This
region does not correpond to the darkened
region mentioned above and indicates that the
cauxe of this dark region originates from poor
opticd dignment or opticd pah obstruction.
Upon gpplication of the correction images it was
seen that the corrections did not account for this
darkened region in the images. The remnants of
this defect can be seen in the top left corner of
the inverted image 1 below, as alight region.

Image 1: Uncorrected and cropped raw image
of 30 Doradus.

Upon dose ingpection of image 1 it is
posshle to se a lage number of ‘hot’ pixds,
which are black in this inverted image. These
may be caused by defective pixes, excessve
theema noise, cosmic ray drikes or radioaective
decay’®. What appears to be an intermittent fauilt
in one of the pixes is indicated between two
arows in image 1. This hot pixd has lead to
excess charge being introduced into each pixd’s
chage tha moved through it in the chage
transfer stage of the CCD’s operation®. This can

be seen as a verticd dresk extending from this
pixe to the bottom of the image. This effect was
only observed on this image and indicates that it
isan intermittent fault.

The intengty profile of the raw 30 Doradus
image is shown below in figure 4.

Figure 4. Intendty dices of the raw image of
30 Doradus.



Upon aubtraction of the dak fidd from the
raw image dgnificant decreases in the dandard
deviation, FWHM and pixd vaues can be seen
in table 2. The ful width a hdf maximum
(FWHM) measurements give a measure of the
sky limited resolution® or ‘sedng. Resolution
increases when the sgnd to noise ratio increases
and can be seen as a corresponding decrease in
the FWHM. The observed decrease in FWHM
indicates that the resolution and sgnd to noise
ratio of the image has increesed due to the
removad of dark current and bias. The image
resulting from the dark fidd subtraction is shown
below inimage 2.

Image 2: Dark subtracted image of 30 Doradus.

Severd hot and cold pixds can be seen in
image 2, indicating that these are due to random
errors and may be due to cosmic ray drikes or
radioactive decay. The mgority of these hot
pixels seen in image 1 were removed by the dark
ubtrection and  indicates that they were
sysematic erors and therefore able to be
corrected. The dak subtraction process and
resulting rescaing of the intendgties in the image
resulted in a vishle increese in the nebulosty
within the image. This demondrates a quditative
obsarvation of an increese in image qudity due
to the correction for dark current and bias.

Following this dark aubtraction the divison
of the reaulting image by the median Sacked
normdised fla fidd image yidded the imege
shown beow as image 3. The effect of this
operation can be seen through an increase in the
dandard devigtion, FWHM and pixd vdues in
table 2. This effectivdly equates to a dight loss
of reolution and therefore a drop in the sgnd to
noise raio.

Image 3: The dark subtracted and median
stacked normdised flat field divided image of 30
Doradiis

In comparison with figure 4, the rdative
correction of the image to sendtivity and
illumingtion variations due to fla fidd correction
can be observed below in figure 5.

Figure 5: Intengity dices of the flat corrected
image 3.

The rdativdy smal decreases in dgnd to
noise in images following processng with
combined images are due to the nature of noise
sgnds’. Noise is random and therefore over a
large number of images will tend to cancd.
Upon cdose ingpection of image 3, the indication
from the data in table 2 is of a loss of resolution
is oObsavable a a dight degaddion of
resolution of the fine nebulodty. Median flats are
a good tradeoff between processng complexity
and loss of dgnd to noise as other methods
would have leed to a more severdy degraded
image*.

Outliers in the radid plot (Figure 6) illudrate
the hot and cold pixds present in the images
relative to the point spread function (PSF) from



the source selected. These can be removed by
taking saverd images of an object and median
combining them.

Figure 6: A radid plot around aselected
source in image 3 shows outliers il present.

Some of the resdud image atifacts in the
find image would be due to the fact that the
cdibration images were teken on a different
night to the images themsaves. Since a CCD
temperature difference of as little as 0.2°C could
leed to a gatidicdly Sgnificant variaion in dark
count®, It is therefore important that dark counts
be caried out a regular intervas throughout
imaging. Upon dose ingpection this can be
obsarved as outlier, bright and dark pixds which
are removed upon peforming a de-speckle filter.
The de-gpeckle function leads to rgection of
outliers and therefore removes hot and cold
pixds not removed by preceding corrections®.
This filter was seen to visudly improve the
image of 30 Doradus (imege 4) but degrade the
image of 47 Tucanae and therefore was not
goplied to the latter.

Image 4: The de-speckled filtered image of 30
Doradus.

Scding effects due to the remova of outliers
leed to an increese in visble nebulogty in imege

4. The actuad angular resolution is however much
worse and this can be seen dso in the FWHM
dataintable 2.

Further improvements in image qudity can
be ganed through further experimentation with
correction images and their gpplication®. Since
each combination of optical sysem and CCD are
unique it requires expeimentation to achieve the
best qudity images through specific corrections.
As noted ealier, dgnificant gains in dgnd to
noise raio can be made by dacking multiple
exposures. Further gains would be made by
filtering of light pollution from dty lights and
would require  longer  exposures,  which
inherently increeses the dgnd to moise rdio
itdf. Invedigation into the source of the
darkening a the top of the gahered images
would leed to dthe enabling an adequae
correction or completely removing the effect.

The raw (Image 5) and median stacked flat
corrected (Image 6) images for 47 Tucanee are
shown below.

Image 5: The raw image of 47 Tucanee.
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Image 6: The median stacked flat corrected
image of 47 Tucanee.



These images exhibit smilar features as
those of 30 Doradus and result in the same image
modifications throughout the experiment.

CONCLUSION

The techniques usad in this experiment have
illugrated the vaue tha CCD imaging and
image processng can bring to astronomy. For
exanple the opticd pah effects within a
telescopic system would not have been able to be
corrected usng photographic  techniques  and
therein lays a dgnificant advantage. The use of
image processing <oftware dlowed successful
correction of adronomica images was achieved
for severd common imeging artefects. The
aubtraction of dark fields and the divison by fla
fidds dlowed corrections for dark current, bias
and non-unifoom CCD regponse.  These
techniques, dthough yidding sgnificant
improvement, dill reguire more invedigation to
yield optimd results
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