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This document has been written as a tutorial for processing spectra taken with an Alpy 600 

spectrograph using BASS. The same approach can be used for most slit spectrographs. Please refer 

to the BASS User Manual for more detailed information on any aspect of processing. 

Acknowledgement of Sample Spectra 

The spectra used in this tutorial were obtained from François Cochard of Shelyak Instruments during 

the BAA Alpy Workshop in 2016. 

Notes 

This tutorial specifies how to access screens using the menus. Many of the most common and useful 

screens are also accessible from buttons below the menu bar. 

  

http://www.shelyak.com/
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1 - Stack and Calibrate Images 

First you need to stack individual images of the same target, and apply image calibrations for bias, 

dark and flat field. Even if you only have 1 image of your target, then you will need to follow this 

process to perform the image calibrations. (Note wavelength calibration comes later.) 

You can of course perform stacking and calibration in your preferred image processing software. In 

which case jump to section 2 or 3 as appropriate. 

 

Menu: File -> Stack Images 

CƛǊǎǘ ǎŜƭŜŎǘ ȅƻǳǊ ά[ƛƎƘǘ LƳŀƎŜǎέΦ ¢ƘŜǎŜ ŀǊŜ ǘƘŜ ƛƳŀƎŜǎ ƻŦ ȅƻǳǊ ǘŀǊƎŜǘ ǎǘŀǊ ǎǇŜŎǘǊǳƳΦ 

9ƴǎǳǊŜ ǘƘŀǘ άƴƻ ŀƭƛƎƴƳŜƴǘέ ƛǎ ǎŜƭŜŎǘŜŘΦ !ƴȅ ŀƭƛƎƴƳŜƴǘ ǿƻǳƭŘ ƛƴǾŀƭƛŘŀǘŜ ǘƘŜ ƎŜƻƳŜǘǊƛŎ ŎƻǊǊŜŎǘƛƻƴǎ to 

be applied later on. 
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Next select your dark, bias and flat images. 

If the exposure time of your dark frames is the same as your light images then you do not need bias 

frames. However, including bias frames allows BASS to scale 1 set of dark frames to match any light 

exposure time. 

Flat darks can improve the quality of your flat field, but they must match the exposure time of your 

flat images. 

If you have a master cosmetic file listing the hot pixels in your camera, then this should be selected 

in the Cosmetic file box. Creating a cosmetic file is explained in the next section. 

 

Now press stack. 
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Change the caption of your stacked image to a sensible name, in this case Vega. To do this, simply 

double click the image and then change the Caption box. 

This will update the legend on the plot. 

 

Finally save your image with an appropriate name. 

Menu: File -Ҕ {ŀǾŜ ƛƳŀƎŜ ŀǎΧ 

It is good practice to include the object, the date and sometimes the time, and a description of the 

processing step, e.g. Vega_20150820_Stack.fit. 
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2 - Hot Pixel and Cosmic Ray Removal 

This step is often needed to clean up the image. Without this step you may have spikes in your final 

spectrum due to hot pixels or cosmic ray hits. 

There are 2 approaches that can be used: 

¶ Create a master hot pixel map from your master dark image. This gives a reliable hot pixel 

removal but will not remove cosmic ray hits from your stacked spectrum image. 

¶ Detect and remove them from your stacked image. This approach is harder since you have 

to avoid removing the spectrum which can look a bit like hot pixels. This step is needed if 

you have cosmic ray hits. 

The best approach is a mix of the two methods. First apply a master hot pixel map created using 

your master dark image. If you have any cosmic ray hits, then follow up with a correction to your 

stacked image to remove the cosmic rays. 

 

To access the screen: 

Menu: Image -> Cosmic, Hot & Cold Pixel Removal 

 

No hot pixels or cosmic rays detected in this image at the 74% threshold. 
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a. Creating a Hot Pixel Map 

An excellent way to detect hot pixels is to use a master dark image. Such an image will have been 

ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŎǊŜŀǘŜŘ ōȅ .!{{ ŀǎ ƭƻƴƎ ŀǎ ȅƻǳ ƭŜŦǘ άSave master imagesέ ǘƛŎƪŜŘ ƛƴ ǘƘŜ άStack imagesέ 

screen. Also, you can typically use the same map for several months. 

To help see the hot pixels it is a good idea to amend the black and white levels by clicking the button 

 

Then adjust the black and white level to low values. Here 0 and 2500. A white level of 2500 means 

any pixels of 2500 ADU and above will be white, and between 0 and 2500 scaled from black to white. 

 

Now you can start on the hot pixel removal. Adjust the threshold percentage until you pick up the 

majority of the hot pixels. The hot pixels will be indicated by little green crosses. The threshold ADU 

value will be shown when you move or hover your mouse on the slider. 

 

A 0.45% (408 ADU) threshold has been used in the screenshot above as this picked up the hot pixels 

without saturating the image. If this was a spectrum image then a higher percentage would be 

needed to avoid removing the brighter parts of the spectrum. 

Use the side bars to move around your image to check you have picked up the majority of the hot 

pixels while leaving most pixels untouched.
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/ƭƛŎƪ ǘƘŜ ά/ƻǎƳŜǘƛŎ CƛƭŜέ ǘŀō ŀƴŘ ǇǊŜǎǎ ǎŀǾŜ ǘƻ ŎǊŜŀǘŜ ŀ ƳŀǎǘŜǊ ŦƛƭŜ ƭƛǎǘƛƴƎ ȅƻǳǊ Ƙƻǘ ǇƛȄŜƭǎΦ A good 

ŦƛƭŜƴŀƳŜ ǿƻǳƭŘ ōŜ άŎƻǎƳŜǘƛŎΦƭǎǘέΦ 

 

 

This hot pixel map can be applied to your stacked image by pressing the Apply button. 
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You can aƭǎƻ ǳǎŜ ƛǘ ƛƴ ŦǳǘǳǊŜ ǇǊƻŎŜǎǎƛƴƎ ōȅ ǎŜƭŜŎǘƛƴƎ ǘƘŜ άCosmetic Fileέ ƻƴ ǘƘŜ άOther Imagesέ ǘŀō ƻŦ 

ǘƘŜ άStack Imagesέ ǎŎǊŜŜƴΦ 
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b. Cosmic & Hot Pixel Removal from a Spectrum 

Note a hot pixel map would not remove cosmic ray hits as they happen on single images. If you have 

cosmic ray hits then you must remove them by running the Cosmic, Hot & Cold Pixel Removal. 

As before adjust the black and white levels using the button , so that the spectrum and any 

cosmic rays and hot pixels look nice and clear. 

 

Adjust the threshold slider until you remove the cosmic ray hits or hot pixels, but without removing 

any of the spectrum. This can be tricky, so ensure you take your time and be careful. It is very 

important not to remove any bright parts of the spectrum image when removing hot pixels and 

cosmic rays. 

 

No clear cosmic ray hits were seen in the sample images for this tutorial. So instead a high resolution 

spectrum taken with an Lhires III with plenty of hot pixels is shown above. 
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3 - Geometric Corrections 

The geometric corrections must be applied to both your stellar images (stacked) and neon or other 

emission line calibration images at the same time. Otherwise the geometry of your wavelength 

calibration image and star images will be out of sync. This will cause your wavelength calibration to 

vary with vertical position in the image and therefore be wrong. 

If you are using a slit spectrograph but are not using a wavelength calibration lamp, then you can use 

a street light or similar spectrum with emission lines to perform the Smile / Slant correction. 

Make sure you have all your different stacked stellar spectrum images and your wavelength 

calibration image (e.g. Neon line spectrum) open in BASS. 

¢ƘŜ LƳŀƎŜ {ǘǊƛǇ ±ƛŜǿ ǎƘƻǳƭŘ ōŜ ǎŜǘ ǘƻ άwŀǿ LƳŀƎŜ ΦΦέ ŀǘ ŀ ǇŜǊŎŜƴǘŀƎŜ ǘƘŀǘ ŜƴŀōƭŜǎ ȅƻǳ ǘƻ ǎŜŜ ŀ ƎƻƻŘ 

level of detail. 

It is advisable to apply the geometric corrections in the following order: 

1 Rotate / Tilt Correction 

2 Smile / Slant Correction 

This is because the rotation / tilt adjustment will change the slant angle, but the slant will not change 

the tilt. 
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a. Rotate / Tilt Correction 

Click on one of your star images so that this image is now selected, border turns yellow. 

Make sure that the black and white levels are set such that the spectrum image is clear. 

Menu: Image -> Black & White Levels 

 

Do not worry if you have some negative pixel values. This is caused by random noise in dark current 

and bias. 

To make your spectrum perfectly horizontal we use the following menu screen. 

Menu: Image -> Rotate / Tilt correction 

Ensure apply to all open images is ticked 
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Draw a rectangle around your spectrum image. 

 

Click Apply. 

Check that the correction looks sensible, i.e. you now have a horizontal spectrum. 

If it looks wrong then press reset and try again. 
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b. Smile / Slant Correction 

Make the neon image the first image by right clicking the image, select Sequence, then 01. 

 

Menu: Image -> Smile / Slant Correction 

aŀƪŜ ǎǳǊŜ ǘƘŜ ά!ǇǇƭȅ ǘƻ ŀƭƭ ƻǇŜƴ ƛƳŀƎŜǎέ ƛǎ ǘƛŎƪŜŘΦ 

Choose a nice bright calibration line, not too close to any edges, and draw a rectangle around the 

line. Keep the selection height within the emission line (or the ends will add noise to the 

calculations). 
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{Ŝǘ ǘƘŜ ǊŜƎǊŜǎǎƛƻƴ ǘƻ [ƛƴŜŀǊ ŀƴŘ ǘƘŜƴ ǇǊŜǎǎ ά¢ǊȅέΦ 

 

If the bright red line follows your emission line then great. Otherwise try adjusting the Pixel Average 

ŀƴŘ wŜƎǊŜǎǎƛƻƴ ǇŀǊŀƳŜǘŜǊǎ ǘƘŜƴ ǇǊŜǎǎ ά¢Ǌȅέ ŀƎŀƛƴΦ Repeat until you have a good fit. 

 

When happy, again make sure the Ψ!ǇǇƭȅ ǘƻ ŀƭƭ ƻǇŜƴ ƛƳŀƎŜǎΩ checkbox is ticked, and then press 

Apply.  
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You should now have nice straight and vertical emission lines, noting this will also have been applied 

to your spectrum image. 

 

If you are happy with these results then now save both your neon and stellar images, giving them a 

different name, e.g. aŘŘƛƴƎ άψƎŜƻέ ǘƻ ǘƘŜ ŜƴŘΦ  
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4 - Select Binning Regions 

Make sure your star spectrum image is selected, click on it if necessary. A yellow border shows it is 

selected. 

Enlarge the image so you have a clear and detailed view of a good part of your star spectrum image. 

¢ƘŜ ȊƻƻƳ ƭŜǾŜƭ ƛǎ ŎƘŀƴƎŜŘ ƛƴ ǘƘŜ άLƳŀƎŜ {ǘǊƛǇ ±ƛŜǿέ ƛƴ ǘƘŜ ǘƻǇ ŎŜƴǘǊŜ ƻŦ ǘƘŜ ǎŎǊŜŜƴΦ 

Adjust the black and white levels so that the spectrum image appears bright and you can see the 

faintest parts of the spectrum image easily. Do not worry above the spectrum looking over exposed. 

Menu: Image -> Black & White Levels 

 

  




































































