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ABSTRACT 
This project is an assessment of the effectiveness an 8 inch 

telescope and a mirrorless camera to obtain photometric data and 
the plausibility of using the equipment available to physics students 
at the University of Tampa for measuring variable star and transiting 
exoplanet light curves. Although the initial goals of this project were 
not realized, we were able to use the telescope for astrophotography. 

1 INTRODUCTION 
Astrobiology is currently one of the fastest growing and most

exciting felds in astronomy. Though planets outside of our solar
system had been theorized for centuries, it wasn’t until 1992 that
there was a confrmed exoplanet discovery (Wolszczan & Frail,
1992). Since then, there have been over 5000 exoplanets confrmed
and there are over 8000 exoplanet candidates awaiting confrmation.
There are multiple methods of exoplanet detection. Amongst these,
the transit photometry method has been used to detect the most
exoplanets. In the transit photometry method, an exoplanet’s orbit
passes in front of its host star as seen from Earth, blocking a small
portion of the host star’s light. Thus the planet can be detected as a
periodic small dip in the host star’s stellar fux. Transit photometric
exoplanet detection is generally performed by large telescopes that
orbit Earth, where there is no atmospheric interference. The now
retired Kepler telescope revolutionized the feld of astrobiology in
its success of thousands of transit exoplanet detections.

Though transit exoplanet detections are generally performed by
large orbital telescopes, it is still possible to perform such a
detection on Earth (Zellem et al., 2020). Normally, this would
require an SSP photometer, which are not only expensive but
diffcult to fnd due to their discontinuation by their manufacturer
Optec. However, this project will seek to circumvent the use
of a photometer by adapting a camera to the telescope used in
order to assess its effectiveness as a possible substitution for a
photometer. DSLR/mirrorless cameras are not only less expensive
than photometers but are also much more accessible.

2 MATERIALS AND METHODS 
The physics group at the University of Tampa had the following

equipment available for this project:

• Celestron NexStar 8SE telescope

• Celestron PowerTank 12v power supply

• Nexstar handmount to serial cable

• Serial to USB connection cable

• AstroImageJ software

I was personally able to provide the following camera and
computer equipment:

• Laptop with CPWI telescope control software

• DSLR or mirrorless camera

• Remote shutter release

• 10 inch circular LED key light

• Camera to telescope mount adapter

Type of Sensor 
When choosing a camera for observations, an important factor to

be aware of is the type of sensor it has. Photometers normally use a
CCD sensor due to their better performance in low-light situations
than CMOS sensors and their low noise. Compared to CCD sensors,
CMOS sensors are faster, less expensive to produce, and require
less power than CCD sensors, making them ideal for consumer-
level cameras. Although CMOS sensors have many advantages
for consumer photography, CCD sensor cameras typically are
preferable for astrophotography and photometry due to their
superior low-light performance and resulting low noise. However,
with the right accommodations, CMOS sensors can provide equally
as impressive astrophotography images and accurate photometric
data. For the purposes of this research paper, a Sony a6000 was
used, which has a 24.3 megapixel APS-C CMOS sensor.

Selecting a Transit Observation Star 
In order to select an observation star with a transiting

exoplanet, it must frst be determined what transits will
be visible at the location and time of observation. The
University of Hertforshire offers a publicly available transit
follow-up tool at https://observatory.herts.ac.uk/ 
exotransitpredict/main/allout.php. Using this tool,
the latitude and longitude of the observation location can be entered
and visible transiting exoplanets will be given for each night for the
next 30 days at that location. As well, the start and end times of the
transit, transit duration, transit depth, and magnitude of the host star
are given for each transiting exoplanet. The ideal transit for viewing
should be selected as having a short transit time (< 2 hrs), large
transit depth, and a low host star magnitude. Transit depth is the
difference in magnitude that occurs during the exoplanet transit. A
large transit depth is preferred because the greater the difference in
magnitude, the greater the chance that it can be deciphered from
the image data and is not lost in the data’s noise. A low host star
magnitude is preferred because the lower the magnitude the brighter
the star will appear, which will allow for shorter exposure times.
With shorter exposure times, more images can be captured during
the duration of the transit.

Experimental Setup 
A trial of the CPWI software was conducted to ensure the

telescope worked with the laptop and software. The handmount
of the Celestron NexStar 8SE was connected to the laptop using
the Nexstar handmount to serial and Serial to USB cables. The
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CPWI software was opened on the laptop and it was confrmed
that the CPWI software was properly able to communicate with the
telescope.

The equipment was taken to a dark viewing area to minimize
light pollution. The telescope was setup on its tripod and powered
by use of the 12V Celestron PowerTank. CPWI was opened and
an alignment was performed using the program. To perform an
alignment, the location and time were input into the program. The
telescope was then turned to face north and leveled horizontally.
One or multiple alignment stars are then chosen in the program, the
telescope would automatically slew to them one by one, and they
would be centered in the eyepiece or camera’s view using manual
slewing. The star could be brought into focus using the focusing
knob on the telescope. After the alignment was complete, the star
being observed was entered into the program and slewed to by the
telescope.

Once the telescope had the observation star centered in view,
the camera could be attached to the telescope. The eyepiece was
removed from the telescope and the camera was attached using the
camera mount to Celestron telescope adapter. The remote shutter
release was connected to the camera and held in place by the
camera’s shoe mount. The focus was readjusted so that the star
was in focus on the camera. If the observation star is too dim for
focusing, the telescope should be slewed to a bright star and focused,
then slewed back to the observation star. With the camera attached
and the observation star in focus, the setup is stellar imaging.

Imaging 
For astrophotography and photometry, the camera must be in

manual mode which will allow for manual input of all the exposure
and image settings. The image quality should be set to RAW, which
will save the images as RAW fles with no data compression. The
ISO of the camera should be kept under ISO1600, with the lowest
possible ISO for imaging the observation star being preferable. The
white balance should not be in automatic mode and should be set to
a constant color temperature.

There are a few types of exposures necessary to get the most
accurate data out of the image collection process. The images taken
of the observational star are referred to as light frames. Light frames
will provide the actual data image data of the star, while all other
types of frames are for calibration of the light frames. All light
frames should be taken at the same exposure and camera settings.
To fnd the ideal shutter speed for light frames, test exposures must
frst be taken. The shutter speed should be set to bulb mode on
the camera, which will allow for shutter speed control through the
remote shutter release. The test exposures should be taken at 30 s,
60 s, 90 s, and 120 s shutter speeds, with longer exposure times
being tested if necessary. Once those exposures are taken, their
histograms should be viewed in the camera and compared with the
ideal exposure histogram to determine between which test exposures
the ideal exposure will lie. The ideal exposure should have the
image data approximately 1/4 from the left of the histogram, as
shown in Figure ??. Then another round of test exposures varying
by 10 s should be done to fnd the ideal exposure time. For imaging
an observation star with a transiting exoplanet, the shutter release
should be set to take an image on regular intervals at the same shutter
speed for the entire duration of the transit. The more light frames,
the better the data will be.

Fig. 1. This is an example of an ideal histogram used for calibrating the
images form the telescope.

Fig. 2. Sample Photometric light curve from AstroImageJ (Patriot
Astrophotography, 2021)

Calibration frames must also be taken, which will be applied to
the light frames for more accurate images and data. There are three
types of calibrations frames: fat, dark and bias frames. Flat and dark
frames can be taken during or immediately after light frame image
collection, however, for transit photometry, it is recommended they
are taken after, as to not disturb the light curve data collection from
the light frames. For fat and dark frames, it is important that the
camera’s orientation is exactly as it was for the light frames, and
that it is not rotated on the axis of the mount. Flat frames are taken
to reduce vignetting and imperfections resulting from dust and other
particles on the lens. For fat frames, the camera must be at the same
exposure settings with the exception of shutter speed. The camera
can be put into aperture priority mode, in which the shutter speed
will be automatically chosen for a perfect exposure. For fat frames,
the front element of the telescope lens must be evenly illuminated.
To accomplish this, a battery-powered 10-inch circular LED key
light was held up to the front element of the telescope. Alternatively,
a white t-shirt can be stretched before the front element of the
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Fig. 3. Example of light trails at 4 s exposure length. Fig. 4. Example of light trails at 60 s exposure length.

Fig. 5. 10 s exposure of Jupiter though hazy clouds. Fig. 6. 15 s exposure of Saturn though hazy clouds.

Fig. 7. Plieades asterism imaged with 2.5 s exposure time. Fig. 8. Pleades asterism imaged with the 200 mm lens.
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Fig. 9. Jupiter before (left) and after (right) post processing. Fig. 10. Saturn before (left) and after (right) post processing.

Fig. 11. Jupiter and the four Galilean moons (labeled) Fig. 12. Saturn with its major moons (labeled). The orange hazy atmosphere
of Titan is visible.

Fig. 13. Mars after post processing. Some dull-grey surface features are Fig. 14. Composite image of the Moon created from three separate images.
barely visible on the right side of the planet.
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telescope lens and a suffciently large white screen from a portable
device can be shone through the t-shirt. It is recommended to gather
as many fat frames as you can, with a minimum of 20. Dark frames
are taken to reduce the thermal noise from the image sensor that
may be in the light frames. Dark frames should be taken at the same
exposure settings as the light frames, including the same shutter
speed. It is recommended that dark frames are taken during or after
light frame collection to ensure that the camera’s image sensor is
operating at a similar temperature that it was at for the light frames.
For dark frames, the lens cap should be placed on the telescope so
that no light is picked up by the camera. Bias frames are taken to
reduce camera sensor noise. They can be taken at any time, and
it is not required that they are taken during the same night as the
observation imaging. Bias frames are taken with a camera mount
cover on the camera at the fastest exposure possible.

Image Processing 
AstroImageJ is used for image processing for the transiting

exoplanet. First the light, fat, dark, and bias frames
must be separated into individual folders. The light frames
can then be imported as an image sequence by going to
File>Import>Image Sequence. The individual light frames
are referred to as slices of the image sequence in AstroImageJ.
The slices can be individually switched by using the left and right
keyboard arrows. To calibrate the light frames using the fat, bias,
and dark frames, you must open the Data Processor tool, denoted
by DP on the toolbar. First, the light frames must be identifed and
matched to the image sequence by opening the folder that contains
all the light frames under the Science Image Processing section
of the Data Processor tool. Under the Bias Subtraction section,
the boxes labeled Build and Enable should be checked. Checking
Build will build a master bias frame which is compiled from all
the individual bias frames, and Enable will subtract the master bias
frame from the light frames. Then the folder containing all the
bias frames should be opened under that section. This should be
repeated for the dark and fat frames. Under the Save Calibrated 
Images section, the Enable box should be checked, which will save
the newly calibrated light frames individually so that they can be
reopened as a new image sequence. Once the calibrated frames
are done being exported they can be reopened as a new image
sequence. Before the images can be analyzed for photometric data,
they must frst be aligned so that the stars are in the same position in
each slice of this image sequence. The slices are aligned by going
to Process>Align Stack using WCS or apertures. This will
allow you to place apertures on the frst slice of the stack, which will
be used by the program to align the other slices. Once the virtual
alignment is complete, the aligned images are exported to a new
directory and can be reopened as a new image sequence (Patriot
Astrophotography, 2021).

Before transit photometry can be conducted, an appropriate
aperture size must be found. This is by right-clicking the transit
observation star or target star and then plotting its seeing profle
under the Analyze tab. From the seeing profle, AstroIamgeJ will
determine the appropriate aperture sizes for the target star. Transit
photometry is performed in AstroImageJ using the Multi-Aperture 
Photometry tool. After clicking on the Multi-Aperature Photometry 
tool, the appropriate aperture sizes determined from the seeing
profle should be pre-set as the sizes used by the tool under the

aperture settings. After clicking Place Apertures, the target star can
be selected by left-clicking on the star. It is important to note the
value, peak, and int cnts of the target star listed at the top right
of AstroImageJ, as they will be of use when choosing comparison
stars. Once the target star is placed within an aperture, comparison
stars will need to be selected. When choosing comparison stars, it is
preferable for them to have similar size values and peaks. With the
target and comparison stars selected, the Multi-Aperture Photometry 
tool is run and creates a light curve for the target star, plotting the
normalized relative fux of the target star vs time. A sample of
an AstroImageJ-generated light curve for a transiting exoplanet is
shown in Figure 2. In the Multi-plot Reference Star Settings, the
target star and comparison stars will have a colored checkbox border
of either red, yellow, or green. The comparison stars should have
green checkbox borders to obtain the best data. If the comparison
stars are not green, then new comparison stars should be chosen and
the analysis should be repeated (Collins et al., 2017).

3 RESULTS 
Observations were conducted in Florida at Withlacoochee River

Park, Sydney Dover Trails, and BSA Camp Soule. Unfortunately,
unsatisfactory weather and atmospheric conditions limited the
number of observation nights during the semester. Additionally,
due to mechanical errors in the telescopes, useful photometric
data were able to be collected. Typically, a telescope’s tracking
mechanism is able to account for the Earth’s rotation and keep a
target star stable during the course of the observation. The tracking
mechanism in the telescopes were not tracking correctly which
resulted in light trails as the stars slowly drifted in position. For
the long exposures necessary to gather photometric data, this was
an intolerable problem. Examples of exposures taken with the light
trail issue are shown in Figures 3 and 4. In Figures 7 and 8 it can be
seen how inclement atmospheric conditions effect on the images.

Due to this, the project became limited to short exposure lengths
and examining the imaging capabilities of the telescope-camera set-
up. Bright objects that could allow for short exposure lengths and
still produce adequate images included the Moon, Jupiter, Saturn,
and Mars. Jupiter’s bands are visible in Figure 9, and Saturn’s
rings are visible in Figure 10. In Figures 11 and 12, longer
exposures of Jupiter and Saturn reveal their moons. In order to
determine which moon was which, the times and dates of the images
were entered into the Jupiter and Saturn moon tools available at
skyandtelescope.org. In Figure 13, some surface detail is visible on
Mars. The image of the Moon present in Figure 14 was compiled
from three images of the Moon which each contained a different
portion. The top, middle, and bottom thirds of the Moon were
imaged individually and then stitched together.

4 DISCUSSION/CONCLUSION 
Over the course of the project, a number of issues were run into.

Inclement weather greatly limited the number of observation nights.
Furthermore, on observation nights with clear forecasts, even some
high atmospheric clouds occasionally rolled through, which would
be detrimental to any long photometric data collection like those
needed for transit photometric detection. There was also the issue of
tracking errors within the telescope. Imperfect tracking created light
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trails in longer exposures. Though it is possible to conduct transit
photometry and obtain a transit light curve with the equipment and
tools outlined within this paper, it requires clear nights and dark
skies which are rare in the Tampa Bay area, where observations
were conducted. The imperfect tracking of the telescope would also
have to be troubleshot before any transit photometric data could be
conducted in the future. Although the project became limited to
short exposures of star felds and objects within our solar system,
the images produced were more than satisfying; Particularly, the
level of detail captured in Jupiter and Saturn. Though it would have
been preferable to obtain transit photometric data, certain conditions
did not allow for it, but we were able to conduct astrophotography
at short exposure lengths.
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