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Abstract: The aim of this project was to construct a Hertzsprung-Russell (HR) diagram using blue B and visual V 
magnitudes of stars with CCD images obtained from observations of the Double Cluster and the Dragonfly Cluster. It was 
found that the Double Cluster and Dragonfly Cluster contain young main sequence type stars with an expected short 
lifetime due to their high mass. Furthermore an estimation of the distances to the clusters revealed that the Dragonfly 
Cluster is further away than the Double Cluster.

The HR Diagram (centre): The scaled magnitudes of each measured star were estimated for the Band V filters then
plotted alongside published star magnitudes. The errors were calculated using the uncertainty on the gradient and offset 
of the calibration plot fits as well as the instrumental uncertainties in counting photoelectrons. 

Estimating Background

Simulating Star Clusters Detecting Stars

Aperture Photometry and Matching Stars

Purpose: Locate and count stars in an 
image using a flood-fill algorithm
Å Use threshold to get inverse binary 

image (white background, black stars)
Å Threshold=μij+5∙σmax,, where μij is the 

mode value for each pixel and σmax  is 
the maximum standard deviation value 
in the image

Å Want to find number of joined up black 
pixels (stars)

Å When a black pixel is found the count 
begins and the pixel is turned white

Å Look at 4-way adjacent pixels
Å First count ends when all adjacent 

pixels are either white or already 
counted (Figure 3)

Purpose: Simulate realistic star field with 
background to test and optimise analysis 
methods
ÅAssume star has Gaussian intensity 

profile
Å Input star positions and flux retrieved 

from Aladin
ÅGenerate some stars out of frame to 

allow light to leak into frame
ÅBackground generated independently 

of stars using different functions for the 
mean and standard deviation 

ÅSimulated flat or planar backgrounds to
test (Figure 2)

Purpose: Background noise exists within data, must be 
estimated so it can be removed, leaving just stars to 
remain
Å Used statistical filtering method with a box size of 

65×65 pixels (Figure 1)
Å Works by scanning through image, central pixel 

value in image is replaced by mode value of all 
pixels in the box

Å Mode μwas found to be better than median and 
mean filters as there was least deviation from 
background values, other methods were affected by 
presence of stars more and so were less accurate 
(Figure 2)

Purpose: Estimate magnitudes m of stars in Band V
frames and match to published data
ÅConstruct 25 pixel width box around central point 

of star in background-subtracted frame
ÅSum all pixel values within box to get raw flux value 

F
ÅConvert raw flux to magnitude using                           

m = -2.5log10(F× gain/texp) + c, where texp is the 
exposure time of the data and c is a scaling factor

ÅMatch stars measured to published stars by setting 
3 pixels as maximum separation of central star 
coordinates in a frame (Figure 4)

ÅScaling factor calculated using the linear fit of a
calibration plot of measured star magnitudes vs 
published (Figure 5)

Figure 1: Statistical filtering method illustration
Figure 2: Filters of an M103 Cluster simulation 

with a flat background

Figure 3: Flood-fill algorithm illustration

Figure 5: Calibration plot for B star magnitudes

Figure 4: Separation in central coordinates 
between a measured star (i) and published star 

(j)


