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Abstract. We present optical observations of a sample of 57 spiral galaxies and describe the procedures followed to reduce
the data. We have obtained images in the optical B and I broad bands, as well as in Hα, with moderate spatial resolution and
across wide enough fields to image the complete disks of the galaxies. In addition, we observed 55 of our sample galaxies in
the R and eight in the V band, and imaged a subset through a dedicated narrow continuum filter for the Hα line. We describe the
data reduction procedures we developed in the course of this work to register, combine and photometrically calibrate each set
of images for an individual galaxy. We describe in some detail the procedure used to subtract the continuum emission from our
Hα images. In companion papers, we describe near-infrared imaging of the galaxy sample, and present analyses of disk scale
lengths, and of properties of bars, rings, and H  regions in the sample galaxies. The images described here are available for use
by other researchers.
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1. Introduction

The structure of disk galaxies has been studied in a quantita-
tive way for decades now (e.g., de Vaucouleurs 1948; Freeman
1970) and although the field has much advanced since the early
days of photographic plates, several old problems have not yet
been solved, and new problems have appeared. Among the
most important of such problems are the nature of the exponen-
tial disk, the evolution of bulges, the origin of spiral structure
and its influence on star formation, the life cycle of bars, and
the origin and influence of dark matter. Imaging of disk galax-
ies has evolved from the early days, when Hubble (e.g., 1926)
used the largest telescopes available at the time to photograph
galaxies, to fully automated all-sky surveys in the near-IR (e.g.,
2MASS: Jarrett et al. 2003).

In planning the programme of which the results described
here form part, we identified the need for a technically uni-
form set of images covering the complete disks of a well-
defined sample of spiral galaxies. One of the main aims of
this overall programme is the study of the distribution of scale
lengths in different classes of spiral galaxies, and specifically to
study possible differences between arm and interarm regions.
This drove us to develop a significant imaging programme,

� FITS images are available in electronic form at the CDS via
anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/426/1135

of near-IR Ks-band imaging on the one hand (described by
Knapen et al. 2003, hereafter Paper I), and more conventional
optical broad- and Hα narrow-band imaging on the other (this
paper). Our sample consists of 57 nearby and not highly in-
clined spiral galaxies of all types, and since it contains a large
number of galaxies which continue to attract significant atten-
tion from researchers (e.g., M 74, M 77, M 95, M 100) the im-
portance of the currently presented set of images, along with
those of Paper I, goes beyond our immediate research aims,
which will be explored in a number of subsequent papers. The
combination of these factors justifies the current publication
of the details of the data collection and reduction. Workers in
the field are welcome to peruse our images, through the CDS,
and/or reduction scripts.

After briefly summarising the sample selection in Sect. 2
of this paper, we describe the observations and the reduction
of the data in Sects. 3 and 4, respectively. The description of
the final data set, in Sect. 5, is followed by a short concluding
section (Sect. 6).

2. Sample

The selection criteria for the sample observed, as well as
some of its statistical properties, have been described in de-
tail in Paper I, and we only summarise the main points here.
We selected all galaxies which are larger than 4.2 arcmin in
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diameter, of spiral type, inclined less than 50◦, and visible from
the Northern hemisphere (δ > −20◦). The resulting sample
contains spiral galaxies of all morphological spiral types, with
and without bars, with and without nuclear activity of Seyfert,
LINER, or starburst type, and of all spiral arm classes (cf.
Elmegreen & Elmegreen 1987). All sample galaxies are rela-
tively nearby, with an upper limit in systemic velocity of close
to 2500 km s−1. Apart from the optical observations described
in the present paper, we also obtained images of all sample
galaxies in the near-IR Ks-band. As described in Paper I, the
latter images cover the complete disk of the galaxy in most
cases, and most of the disk for all galaxies, and are almost all
of sub-arcsec spatial resolution.

3. Observations

We present a complete set of images in the broad Harris
B and I bands and in the narrow Hα band of our sample
of 57 galaxies, and in addition R-band images of 55 of our
57 sample galaxies. Most of these images were obtained on
the 1-m Jacobus Kapteyn Telescope (JKT) on La Palma, dur-
ing a number of observing runs from 1999–2003. We also ob-
tained images from the JKT through the service programme,
where observatory staff performed the observations. A num-
ber of images, especially of the larger galaxies in our sample,
were obtained with the 2.5-m Isaac Newton Telescope (INT)
on La Palma (B: NGC 628, NGC 1073, NGC 3368, NGC 4254,
NGC 4321, NGC 4395, NGC 4535, NGC 4725, NGC 4736; R:
NGC 4321, NGC 5248; I: NGC 628, NGC 4321, NGC 4395,
NGC 4535, NGC 4725, NGC 4736, 5457; Hα: NGC 4314,
NGC 4395, NGC 5457). In addition to these new observa-
tions, we also made extensive use of the Isaac Newton Group
(ING) data archive. After discarding a significant fraction of
the images we originally found in the archive, about 15% of
our final images were obtained from there. Reasons for dis-
carding images, and repeating the observations, range from
too old observations with too small a field of view (FOV), to
lack of documentation on, e.g., the filters used. For NGC 3631
and NGC 4321, we used Hα images from the literature (see
Sect. 4.4), while the broad-band images of NGC 4321 date back
to Knapen et al. (1993a). The R-band image of NGC 5248 has
been described in detail by Jogee et al. (2002).

A considerable variety of cameras and CCD detectors was
used, but the principal ones were the camera on the JKT, imag-
ing onto a SITe2 CCD with 2048 × 2048 pixels of a projected
size of 0.331 arcsec each, and the wide field camera (WFC) on
the INT. The latter has four EEV CCDs of 2048× 4096 pixels,
also with a projected pixel size of 0.331 arcsec. The unvi-
gnetted FOV of the JKT camera is ∼10 arcmin, that of each of
the four WFC CCDs is 11× 22 arcmin. We used a set of Hα fil-
ters with central wavelengths matched to the recession veloc-
ities of the galaxies, and width in most cases around 50 Å, as
listed in Table 1. Seeing conditions varied during the course of
our observational campaigns and the seeing as measured from
the final images ranges from 0.8 to 3.7 arcsec, with a median
of 1.64, 1.39, 1.45 and 1.53 arcsec FWHM for the B, R, I and
Hα images, respectively. Seeing values for the individual im-
ages are listed in Table 1.

All observations were accompanied by a sufficient number
of bias and dusk or dawn sky flat fields for calibration (lack of
such exposures was one possible reason for discarding archive
images). On photometric nights, a number of Landolt (1992)
standard stars and spectrophotometric standards were observed
in order to provide the necessary photometric zero points (see
Sect. 4.5).

4. Data reduction

The main problem we faced during the reduction of the large
amounts of data we collected was the combination of images
taken on different nights, under different conditions, and often
with different cameras, pixel sizes, FOV, or orientation of the
images on the sky. To manage this problem, we wrote a set of
scripts in IRAF1, aimed to handle the complete data reduction,
including bias subtraction, flatfielding, and sky subtraction. We
use a combination of IDL and IRAF scripts to subtract a scaled
continuum from the Hα images. Each interactive script handles
a specific aspect of the data reduction pipeline providing the ad-
vantages of increased efficiency and data quality control at each
step without committing to the whole data reduction process in
one go. We will describe some of these scripts in more detail
below, but give a complete list with short descriptions here.

– bias.cl – Calculate the mean bias level as a constant from
a set of bias frames.

– flat.cl – Create a mean flat field frame from a set of flat
field frames and using a constant as the bias level.

– reduce.cl – Subtract the bias level as a constant from a
set of science frames and flat field them all using a specified
flat field frame.

– meanimcombine.cl – Combine a set of images of one ob-
ject in a single waveband by averaging the images weighted
by their exposure times, and performing the required scal-
ing, rotation, and translation. The output image is scaled
to an exposure time of one second and an option exists to
align it to a Digitized Sky Survey (DSS) image.

– medianimcombine.cl – As meanimcombine.cl but us-
ing the weighted median rather than the weighted mean of
the input images.

– background.cl – Subtract a constant sky background
level from the image after determining the correct value by
iteratively averaging and 3 sigma clipping across a user-
defined area of background.

– lineup.cl – Lines up images of the same galaxy in dif-
ferent wavebands, scaling the images and changing their
canvas size so that no data are lost in the process.

– aminusb.cl – Creates an A − B image which maps the
colour differences across the image, in magnitudes. The
output image is produced after smoothing the image with
the best seeing to match the seeing of the other by convolv-
ing it with the required normalised 2D Gaussian function.

1 IRAF is distributed by the National Optical Astronomy
Observatories, which is operated by the Association of Universities
for Research in Astronomy, Inc. (AURA) under cooperative agree-
ment with the National Science Foundation.
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Table 1. Details of the images obtained for our sample galaxies: total on-source exposure time in minutes (Cols. 3–6); seeing in arcsec as
measured on the reduced images (Cols. 7–10); filter used for the Hα line, where λ/∆λ is the central wavelength and filter width, in Å (Col. 11)
and continuum (Col. 12) imaging; scale factor used to subtract the continuum from Hα (Col. 13); and size of the final image set in arcmin
(Col. 14). Where only one number is given the image is approximately square. Notes: 1 see Sect. 4.4; 2 B-band and Hα images are only
8.0 × 8.0 arcmin.

Galaxy Exposure time (min.) Seeing (arcsec) Hα filter Cont. filter Scale Image size
NGC Messier B R I Hα B R I Hα λ/∆λ factor (arcmin)
210 20 15 40 40 1.6 1.6 1.4 1.3 6594/44 6470/115 0.516 8.1
337A 50 10 30 60 1.9 1.4 1.3 1.3 6594/44 R 0.026 8.1
488 35 10 10 60 1.5 1.5 1.9 1.5 6607/50 R 0.031 8.1
628 74 36 30 20 40 1.4 1.8 1.2 1.0 6570/55 I N/A 11.2 × 22.62

864 35 30 35 120 1.6 1.1 1.6 1.4 6594/44 R 0.062 6.9
1042 20 10 25 90 1.4 1.7 1.4 1.5 6594/44 R 0.021 8.1
1068 77 35 10 30 40 2.4 2.2 1.4 2.0 6594/44 R 0.019 9.5
1073 20 15 10 60 3.7 1.2 1.3 1.4 6594/44 R 0.018 8.9
1169 30 15 20 60 1.4 1.2 1.2 1.8 6626/44 R 0.019 8.1
1179 20 10 20 80 2.1 2.2 1.8 1.9 6594/44 R 0.018 6.5
1300 30 – 30 40 2.7 – 2.3 1.6 6594/44 I 0.012 6.1
2775 15 15 10 100 1.4 1.8 1.4 1.9 6594/44 R 0.044 5.6
2805 15 15 20 120 1.3 1.4 1.1 1.7 6594/44 R 0.048 6.5
2985 45 15 10 60 1.8 1.4 1.8 1.8 6594/44 R 0.045 6.1
3184 30 12 40 80 1.7 1.7 1.4 1.7 6570/55 R 0.024 8.1
3227 60 15 20 80 1.9 1.4 1.7 1.2 6594/44 R 0.020 7.3
3344 15 15 10 20 1.2 1.4 1.4 1.1 6570/55 R 0.025 8.9
3351 95 30 30 10 60 1.7 1.9 1.6 1.6 6570/55 6470/115 0.500 6.5
3368 96 60 15 20 20 2.3 1.1 1.6 1.7 6594/44 R 0.054 9.3
3486 15 15 20 60 1.2 1.3 1.3 1.3 6570/55 R 0.057 6.05
3631 45 10 30 30 1.6 2.2 1.3 1.3 6589/15 6565/15 N/A1 5.6
3726 15 15 30 60 1.2 1.4 1.5 1.3 6570/44 R 0.023 6.5
3810 15 10 10 100 1.2 1.4 1.2 1.3 6594/44 6470/115 0.425 7.3
4030 30 15 10 60 1.7 1.6 1.8 1.5 6594/44 R 0.024 6.9
4051 30 10 20 60 1.4 1.7 1.4 1.5 6570/55 6470/115 0.436 7.7
4123 30 15 20 60 2.3 1.3 1.4 1.3 6594/44 R 0.020 7.7
4145 15 20 20 40 2.5 1.4 2.5 2.7 6594/44 R 0.025 6.1
4151 15 15 10 60 1.9 1.5 1.4 1.4 6594/44 R 0.022 6.9
4242 15 15 10 60 1.4 1.2 1.6 3.2 6570/55 R 0.050 8.7
4254 99 15 15 10 40 2.1 1.1 1.2 1.5 6626/44 R 0.055 10.2
4303 61 30 15 50 60 1.6 1.3 1.7 1.4 6594/44 R 0.042 8.5
4314 15 15 10 20 1.4 1.8 1.3 1.3 6594/44 R 0.240 7.8
4321 100 10 5 5 20 1.9 2.1 1.9 1.0 6601/15 6565/15, 6577/15 N/A1 10.1
4395 15 20 9 30 1.9 1.2 1.6 1.8 6568/95 R 0.660 11.4
4450 15 15 10 60 1.6 0.8 1.5 0.9 6607/50 R 0.025 6.5
4487 15 15 10 60 3.2 1.2 2.9 2.0 6594/44 R 0.047 6.2
4535 30 15 10 60 1.9 1.6 1.7 1.9 6594/44 R 0.042 9.9
4548 91 30 10 20 60 1.5 1.7 1.4 1.7 6594/44 6470/115 0.418 8.2
4579 58 30 15 20 60 1.6 1.1 1.8 1.6 6594/44 R 0.050 8.6
4618 15 15 10 60 1.5 0.8 1.5 1.3 6570/55 R 0.025 7.9
4689 45 15 10 60 1.9 0.8 1.5 1.8 6594/44 R 0.038 8.6
4725 30 15 10 40 2.2 1.2 2.1 2.3 6594/44 R 0.038 11.4
4736 94 10 27 9 60 1.9 1.3 2.2 1.4 6570/55 R 0.043 11.4
5247 15 15 10 60 2.6 2.3 2.4 2.3 6594/44 R 0.018 8.5
5248 15 30 10 60 2.2 1.3 2.0 1.4 6594/44 R 0.005 8.5
5334 15 15 30 60 1.6 1.4 2.3 1.8 6594/44 R 0.020 8.5
5371 15 15 10 60 1.4 1.1 1.2 1.3 6626/44 R 0.040 8.1
5457 101 15 15 9 60 3.0 1.3 2.3 2.4 6570/55 R 0.250 11.5 × 22.92

5474 15 15 10 60 1.3 1.2 1.3 1.2 6570/55 R 0.047 8.4
5850 15 15 10 60 1.4 1.6 1.3 1.5 6626/44 R 0.019 8.5
5921 15 15 10 40 1.4 1.3 1.4 1.2 6594/44 R 0.088 8.5
5964 15 15 20 80 1.8 1.3 1.3 1.8 6594/44 R 0.048 8.5
6140 45 10 30 60 1.5 2.0 1.2 1.4 6594/44 I 0.020 7.9
6384 30 15 40 60 1.7 1.7 1.4 1.8 6594/44 R 0.040 8.1
6946 15 15 20 60 1.4 1.5 1.2 1.4 6570/55 R 0.045 11.5
7727 15 – 30 60 1.7 – 1.4 1.7 6594/44 6470/115 0.520 7.3
7741 15 10 30 80 1.6 1.4 1.5 1.5 6570/55 R 0.023 8.1
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– smooth.cl – Smooths image with the best seeing to match
the seeing of the other by convolving it with the required
normalised 2D Gaussian function.

– contsub.pro – An IDL program that aids in determining
the correct scaling factor for the continuum images for pro-
ducing the continuum subtracted Hα maps by plotting the
continuum counts versus the Hα counts for each pixel and
measuring the gradient.

4.1. Bias subtraction and flat fielding

All bias and sky flat field frames were inspected for quality and
those with very low or high (non-linear or saturated) counts, or
with abnormal structure or read out noise, were removed. Since
for all the CCDs used for this project the structure in the bias
frames is negligible, we subtracted a constant bias level from
all images. The SITe2 chip on the JKT has a typical bias level
of ∼625 ADU in the “quick” mode that was used, and a read out
noise of ∼5.3 ADU. With an average of nine bias frames taken
per night, this leads to an uncertainty of ∼2 ADU, or ∼0.3%, in
the bias level.

After checking the internal consistency of the flat field
frames for each filter and each night, they were entered into the
flat.cl script, which we used to create a normalised master
flat, one per night per filter. Assuming typical numbers for bias
level and gain, the uncertainty in a typical normalised master
flat is of order of 0.35%.

We next used the script reduce.cl to bias-subtract and flat
field all images taken through a certain filter in a certain night.
After removing the outer areas of the chip, the reduced science
frames are passed once through the  task in IRAF to
remove in an automated way the majority of hot pixel events.

4.2. Image combination

At this point in the data reduction procedure there is usually
more than one image per filter per object. This is an advantage
because if these images are of comparable quality they may be
combined to produce an image with a greater signal to noise
ratio. The images may be oriented differently, however, have a
different FOV, and may have been obtained with different in-
struments, and under different conditions. After renaming the
multiple individual images appropriately, they are entered into
the script meanimcombine.cl, along with a DSS image if re-
quired. The script does the following:

1 Divide each image by its exposure time in seconds, as ob-
tained from the header.

2 Ask the user to mark interactively three stars common to all
the images (and two of these common to the DSS image).

3 Map each image onto the image with the smallest pixels
(which is effectively the most detailed image) while pre-
serving flux, and using parameters for geometric scaling,
rotation and translation as determined from the fits to the
star positions. This can lead to some loss of information if
the FOV of the most detailed image is smaller than that of
one or more of the other images, an effect that we prevent
by manually copying the former image onto a larger pixel

grid. This script may also lead to blank areas on some im-
ages where data does not exist.

4 Combine the images by averaging the pixel values,
weighted by the exposure times of the images, and ignoring
blank pixels, to produce a combined output image. We have
a second version of the script (medianimcombine.cl)
which combines images by using the median value of the
pixels, in the process removing most of the cosmic ray hits
or otherwise bad pixels. This latter script is used only on
images which are virtually identical, because for instance
a different background or higher counts level in one of
three images can lead to an unacceptable loss of informa-
tion when median combination is used.

5 Using the two common stars marked in the DSS image, the
script rotates the output image in order to line it up to the
DSS image. This results in an output image where North is
up, and East to the left, to an accuracy of better than 1◦.

The combined output image has an effective exposure time
of 1 s which is represented in its header by the keyword
EXPTIME = 1. The image represents a total exposure time,
however, equal to the sum of all the individual exposure times
of the images used in the combination algorithm. We include
this total exposure time, in minutes, in Table 1. At this point,
there is only one image per filter per object.

4.3. Sky background subtraction and image
registration

The script background.cl allows the user to mark interac-
tively an area of approximately flat sky background, ideally far
removed from the galaxy being imaged. Since this area may
well include a couple of stars or cosmic rays, the script in-
corporates an interactive 3σ clip algorithm with a tolerance
of 0.02% to derive the underlying background level. This level
is then subtracted as a constant from the whole image. The
method works well when the image has a flat background, and
large areas without galaxy emission. It delivers merely an ap-
proximation, however, when the image has no areas free of
galaxy emission, or when it shows a background with struc-
ture, e.g., due to non-perfect flat fielding. In these cases, the
script background.cl was used to estimate the background
level by running it on the flattest areas with the lowest counts
available in the image.

To register the sets of images associated with a particular
galaxy, all the images in that set (at least B, I, Ks, and Hα)
are entered into the script lineup.cl. This script uses part of
the functionality of the meanimcombine.cl script (see above),
and again requires a common set of three stars to be marked in
each image. The script identifies the image with the smallest
pixels (i.e., the most detailed image) and re-grids all other im-
ages so these will have the same pixel scale as the most detailed
image. The script then maps all images onto the image with the
largest FOV, thus ensuring that no information is lost. Any ar-
eas in the images that lack data are marked as blank by setting
these pixels to zero. This approach has a drawback which is that
the size of the image files grows due to both smaller pixels and
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the imaged area of sky is not much larger than the galaxy, or
our own calibration. Overall, we are confident of the photomet-
ric calibration of our images, without claiming high-precision
photometry.

5. Description of the final data set

The final data set for each of our 57 sample galaxies consists
of images in the broad B and I bands, as well as in Hα. In ad-
dition, Ks images were obtained for all galaxies, as described
in detail in Paper I. For all except two galaxies (NGC 1300 and
NGC 7727), R-band images were obtained, and in some cases
(NGC 628, NGC 3184, NGC 3351, NGC 3631, NGC 4321,
NGC 4395, NGC 5371, and NGC 5457) we obtained also a
V-band image. All images were reduced to equivalent exposure
times of 1 s, and were placed on the same pixel grid for each
galaxy. This latter step implies that all images in the final data
set have pixels of 0.241 arcsec squared (the smallest pixel size
used, namely that of the near-IR INGRID camera, see Paper I),
and that all images of any given galaxy are exactly aligned to
each other, are correctly oriented (to within the accuracy dic-
tated by the DSS images), and are of the same size. For each
galaxy, we also produced a continuum-subtracted Hα image.

We updated the headers of the FITS image files to in-
clude a description of the world coordinate system. For this,
we used the position of the galaxy as given on the NASA-IPAC
Extragalactic Database, NED, and tied this in with the centre
position on our images. We also included a keyword in the
header of each image giving the calibration constant which can
be used to derive surface brightnesses and magnitudes from the
images. The images described in this paper are available for
general use through the CDS.

6. Conclusions

We present an extensive set of optical broad- (B, R, and I)
and narrow-band (Hα) images of a sample of 57 Northern,
not highly inclined, spiral galaxies of all types. The images
were obtained partly from the literature and from the ING data
archive, but mostly from our own observations with the 1 m
JKT and the 2.5 m INT on La Palma. In this paper, we describe
the observations and the data reduction procedures. Because of
the characteristics of the data set, obtained over the years with
different instrumentation, we developed a set of IRAF scripts,
described in detail here, which allow us to handle the volume
of data involved in this project. We also describe in some detail
the procedures followed to subtract the continuum from our
Hα emission line images, and estimate uncertainties associated
with the continuum subtraction. For each of our 57 galaxies,
our final data set consists of aligned images in the B, I and Ks

(from Paper I) broad bands, as well as in Hα. For 55 of these

galaxies, the set also contains an R-band image, while a V-band
image is available for eight galaxies.

We will use the image set in subsequent papers to inves-
tigate the distribution and properties of the H  regions in the
disks and central regions of the galaxies, the properties of their
bars and central regions, and the mutual influence of star for-
mation and spiral arms. The images described in this paper will
be made available for general use through the CDS.
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